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On the cover: Representation of a fullerene molecule with a noble gas atom trapped
inside. At the Permian-Triassic sedimentary boundary the noble gases helium and argon
have been found trapped inside fullerenes. They exhibit isotope ratios quite similar to
those found in meterorites, suggesting that a fireball meteorite or asteroid exploded
when it hit the Earth, causing major changes in the environment. {Image copyright ©

Dr. Luann Becker. Reproduced with permission.)
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786 fenestrated membrane

fenestrated membrane [wisToL] One of the layers of elas-
tic tissue in the tunica media and tunica intima of large arteries.
{ 'fen-a,strdd-2d 'mem,bran |

fenestration [arcH] The arrangement of openings, espe-
cially windows, in the wall of a building. [Bi1OL] 1. A trans-
parent or windowlike break or opening in the surface. 2. The
presence of windowlike openings. ([ ,fen-a'stréi-shan }

fenitrothion [orRG cHEM] CoH;;NOsPS A yellow-brown
liquid, insoluble in water; used as a miticide and insecticide
for rice, orchard getabl Is, and cotton, and for fly
and mosquito control. { ,fen-a-tr5'thTiin }

fennel [BoT] = Foeniculum vulgare. A tall perennial herb of
the family Umbelliferae; a spice is derived from the fruit.
{ 'fen-al }

fennel oll [MaTER] The essential oil obtained from fennel;
a colorless liquid with aromatic scent and bitter taste, insoluble
in water and boiling at 160-220°C; used in medicine, perfumes,
and liqueurs.  Also known as oil of fennel. { 'fen-al ,6il }

fen peat See low-moor peat. [ 'fen pét )

Fenske equation See Fenske-Underwood equation.

,sk& i kwa-zhan }

Fenske-Underwood equation [cHEM ENG] A Equation in
plate-to-plate distillation-column calculations relating the num-
ber of theoretical plates needed at total reflux to overall relative
volatility and the liquid-vapor composition ratios on upper and
lower plates. Also known as Fenske equation. ([ ifen-ské&
‘an-dar,wid i kwé-zhan }

fenster See window. ([ 'fen-star )

fensulfothion [ORG cHEM] C;H;;S;0,P A brown liquid
with a boiling point of 138-141°C; used as an insecticide and
nematicide in soils. { fen,sal-fo'tht,4n )

fentinacetate [ORG CHEM] CyH;30,Sn A  yellow to
brown, crystalline solid that melts at 124-125°C; used as a
fungicide, molluscicide, and algicide for early and late blight
on potatoes, sugarbeets, peanuts, and coffee. ~ Also'known as
triphenyltinacetate. { ,fent-an'as-a,tat

fenuron * [OrRGCHEM] CgHppN;O A white, crystalline com-
pound with a melting point of 133-134°C; soluble in water;
“used as a herbicide ‘to kill'weeds and bushes. [ ,fen'yu,rin }

fenuron-TCA ' [ORG CHEM] C; H,3CI3N;0; * A white, crys-
talline compound with a melting point of 65-68°C; moderately
soluble in water; used as a herbicide for noncrop areas.  { ,fen-
'yu,riin ((&sE }

FEP resin See fluorinated ethylene propylene resin. { lefiglpe
'ezan} jucrs ;

ferbam ‘[ORGcHEM] CgH,gFeN;S; [iron(IIT) dimethyldithio-
carbamate] A fungicide for p ing fruits, vegetabl -
ons, and ornamental plants. { 'for-bam ) 7

ferberité ' [MNERAL] FeNO, “A black mineral of the wol-
framite solid-solution series occurring as monoclinic, prismatic
crystals and having a‘submetallic luster; hardness is 4.5 on
Mohs scale, and specific gravity is 7.5." { ‘for-basit }

ferghanite  [MINERAL]  U(VO4)p'6H,0  Sulfur-yellow
mineral composed of hydrated uranium vanadate, occurring in
scales. ~ { for'gli,nit }

fergusonite  [MINERAL]  Y;0,'(Nb,Ta),0s  Brownish-
black rare-earth mineral with a tetragonal crystal form; it'is
i with formanite. ' { 'far-ga-sa,nit } '

Fermat numbers [MaTH] The numbers of the form F, =
2% +1forn=0,1,2,... [ 'ferrmd ,nom-barz }

Fermat’s last theorem [MaTH] The proposition, proven in
1995, that there are no positive integer solutions of the equation
X"+ y =7 forn=3. {fer'miz last "thiram )

Fermat's principle [opTics] The principle that an electro-
magnetic wave will take a path 'that involves'the least travel
time when propagating between two points. - Also known as
least-time principle: stationary time principle.’ { fer'miiz 'prin:
sa-pal }

Fermat’s spiral [maTH] A plane curve whose equation in
polar coordinates (7,0) is *=a%, where a is a constant. - { fer'-
miiz spi-rali} i ;

Fermat's theorem [maTH]  The proposition that, if piis a
prime number and a is a positive integer which is not divisible
by p, then a?~! — 1 is divisible by p. { 'fer,miz thir-am }

ferment [BIOCHEM] An agent that can initiate fermentation
and other metaboli { foriment }

fermentation « [MicroOBIO] An enzymatic transformation of
organic substrates, especially carbohydrates, generally accom-
panied by the evolution of gas; a physiological counterpart of

{ 'fen-

Fennel (Foeniculum vulgare).
(USDA) 2
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Fermi hole

i i isms to live and grow in the
oxidation, permitting certain _nrgan_:s;lllmﬁ al processes for the
absence of air; used in ‘-'al;:lll::l-la!i's I:lcohols Bt ikt ccdee
"“{',:’f i g:,"::::c:u?:s and bacteria; alcoholic fermenta-

ton i o B
:ﬁn ?su;ha best-known example. Also known as Zymosis,
{ far-man'ta-shan } Hin
fermentation accelerator : [mmj) oomguat: ci;ﬂzm:
i jon (as for wines
ﬁl‘"&?ﬁﬂﬁﬁgﬁ (changeS: can be an enzyme or other
catalytic agent. { ,formen‘td-shan ak'sel-3,rad-ar ) i
BI10] A culture tube with a verti-
fermentation tube [MICRO B o Bl
cal closed arm to collect gas f°;”’°dtl'l’|;; ‘ y
icroorganisms.  { far:men'ta-shan , )
iomonmmm - [FOOD ENG] A v.essel uged for ffermennl n'g. such
as a vat for fermenting mash in brewing. { far me';l or )
ferment oll  [MATER] A volatile oil formed by the fermenta-
tion of plant material in which the oil was not present originally.
{ \forjment ,6il } PV

ferml See femtometer.  { ‘fer i
e ) T e e
down area in the Fermi age model; it e diqud -+
ared, not time. Also known as age; neutron age; symbolic
age of neutrons. { ‘fer'mé 4] } o R
overhe, gt e B s AT eqyauol;_ ;h slowing-
age model which states that the_La}?laclan of the -do\f
down density equals the partial da:lvauve of 'l.he slowmI 1g- e ;
density with respect to the Fermi age. { 'fer-m& &) ikw
zhan } - i

Ferml age model [NUCLEO] A rfuodel !.ufed in stygiylng_thc
slowing down of neutrons by elastic collisions; it :s_gssumed
that the slowing down takes place by a very large num!:er of
very small eneigy changes. ~{ 'fer'me 3j ,mid-al '} 3

Ferml beta-decay theory [NUC pHYS] Theory in yvlnch a
nucleon source current interacts with an elecuon-nequ}o ﬁ_eld
to produce beta decay, in a manner analogous to the interaction
of an electric current with an electromagnetic field during the
emission of a photon of electromagnetic radiation. { 'fer-me
ibad-a difka thg-a-re } . 16

Ferml constant [NUC PHYs] A universal constant, intro-
duced in beta-disintegration theory, that expresses the strength
of the interaction between the transforming nucleon and the
electron-néutrino field. { 'fer-m& kin-stont }

Fermi derlvative [RELAT]. A generalization of covariant dif-
férentiation along a curve that reduces to covariant differentia-
tion when the curve is geodesic; an, orthonormal tetrad
consu.mcle,d at each point along a timelike curve such that the
Fermi derivative of the tetrad along the:curve is zero has (1)
its timelike basis vector equal to the cufve's unit tangent vector
and (2) its spatial basis vectors nonrotating along the curve.
{ 'fer-me da,riv-ad:iv } T e

Ferml-Dirac distribution function  (sTat MECH] A function
specifying the probability that a member of an assembly of
mm_fe““ﬁm such as electrons in a.semiconductor
or metal, will occupy a certain energy state, when thermal

eguili?ﬁum exists. ( fer'me dilrak  dis-tra'byti-shon fopk-
shan )

Fermi-Dirac gas See Fermi gas. {'ifer:me dilrak :

. ‘mé dijrak-,gas }.
Fermi-Dirac statistics [STAT. MECH] . The suﬁ;ﬁcs of an
assembly of identical half-inte

1 f ident Ber 5pin particles; such particles
have wave functions antisymmetrical with res| i

b W ; pect to particle
interchange and satisfy- the Pauli exclusi inciple,: .
boog e il : Husxon principle.: - fer:
Fermi distribution . [soLm STATE} - Distributi i
°f. electrons in a semiconductor or metal a.s-givesl:); fh:!ll:;‘;f
Dmc_ distribution function; nearly all.energy levels below the
Fermi level are filled, and nearly

{ 'fer'mé dis-tra,byii:shan }
Fermi energy - [STAT MECH] . 1, The average.
.trons in a metal, equal to three-fifths of the- F:::u‘l:g{ei?:lele;-
See Fermi level:  { 'fer'mé en-ar-je } ¥ e
Fermi gas [STAT MECH] An assemb}: of independe; parti
cles that obey Ferr.ni-Pirac statistics, :nd tl;;:fore 01;:9. l.h;
Pauli exclusion principle; this concept is used in th yﬁ-ee
:il::::l:::?ry of mcri'als and in one model of the behﬁi'ibl’ Qf

1n a nucleus. ““Fﬂ'ﬂﬁD'
-Dirac gas.

all above this level are empty.

{ 'fer'me. gas )
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Figure 2A
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Figure 2B
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Figure 2C
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Figure 3A
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Figure 3B
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Figure 3C
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Figure 4A
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Figure 4B
1 mM Hz0; -AA
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Figure 5A
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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INCREASE IN STRESS TOLERANCE WITH
ASCORBIC ACID DURING FERMENTATION

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Ser. No. 11/105.162. filed on Apr. 13, 2005, which is
incorporated herein by reference. This application claims
priority from U.S. Ser. No. 11/105,162 and from PCT/US06/
012854, filed on Apr. 7, 2006, also incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field
of increasing stress tolerance in organisms used for indus-
trial production. More particularly, it relates to a process for
making [.-ascorbic acid available to organisms during indus-
trial production.

BACKGROUND

[0003] Microorganisms and cells can be easily grown on
an industrial scale and are frequently employed in the
commercial production of compounds such as organic acids,
amino acids, vitamins. polyols, solvents, biofuels, therapeu-
tics, vaccines, proteins, and peptides. Both prokaryotic and
eukaryotic microorganisms are today easily and successfully
used for the production of heterologous proteins as well as
for the production of natural or engineered metabolites.
Among prokaryotes, Escherichia coli and Bacillus subtilis
are often used. Among eukaryotes, the yeasts. Saccharony-
ces cerevisiae and Kluyveromyces lactis, are often used.
However, in an industrial process, wherein the organism is
used as a means for production, stress on the organism
typically leads to lower or zero production of the product,
lower or zero productivity, a lower or zero yield of the
product, or two or more thereof. Bacteria. yeast, other fungi.
cultured animal cells, and cultured plant cells show similar
responses to stress. (Close, D. C., et al., Oxidative Stress,
Exercise, and Aging, H. M. Alessio, A. E. Hagerman, Eds.
(2006), pp. 9-23; Sugiyama, K., et al., (2000), J Biol. Chem.
275, 15535-15540: Mongkolsuk. S. and Helmann. J. D.
(2002), Molecular Microbiology 45, 9-15). Techniques for
minimizing stress would therefore be useful for improving
industrial production by these organisms.

[0004] Stresses may have cellular (internal or intracellu-
lar) origins, environmental (external or extracellular) ori-
gins, or both. Classical examples of the internally-originat-
ing stresses include protein and metabolite overproduction
(in terms of weight/volume) and protein and metabolite
overproductivity (in terms of weight/volume per unit time),
among others. Examples of externally-originating stresses
include high osmolarity, high salinity. oxidative stress. high
or low temperature, non-optimal pH, presence of organic
acids, presence of toxic compounds, and macro- and micro-
nutrient starvation.

[0005] Stress is typically caused by stressors (or stimuli).
Stressors are negative influences on a cell that require the
cell to dedicate more effort to maintain equilibrium than is
required in the absence of the stressor. This greater effort can
lead to a higher or lower metabolic activity. lower growth
rate, lower viability, or lower productivity, among other
effects, Stressors are agents of a physical, chemical or
biological nature that represent a change in the usual intra-
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cellular or extracellular conditions for any given life form.
It follows that while a specific condition (e.g.. a temperature
of 65° C.) may be stressful (or even lethal) to a certain
species that normally lives at 37° C., it may be optimal for
a thermophilic organism.

[0006] At the cellular level, stress can damage DNA,
lipids, proteins, membranes, and other molecules and mac-
romolecules, induce apoptosis (programmed cell death). cell
necrosis and cell lysis, and impair cell integrity and cell
viability. These effects are often mediated by the generation
of reactive oxygen species (ROS).

[0007] ROS can be generated through both intracellular
and extracellular stimuli. The majority of endogenous ROS
are produced through leakage of these species from the
mitochondrial electron transport chain. In addition, eytosolic
enzyme systems, including NADPH oxidases and by-prod-
ucts of peroxisomal metabolism, are also endogenous
sources of ROS. Generation of ROS also can occur through
exposure to numerous exogenous agents and events includ-
ing ionizing radiation, UV light, chemotherapeutic drugs,
environmental toxins, and hyperthermia. Oxidative damage
caused by intracellular ROS can result in DNA base modi-
fications, single- and double-strand DNA breaks, and the
formation of apurinic/apyrimidinic lesions, many of which
are toxic and/or mutagenic. Therefore, the resulting DNA
damage may also be a direct contributor to deleterious
biological consequences (Tiffany, B. et al., (2004) Nucleic
Acids Research 32, 3712-3723).

[0008] One example of an industrial process known to be
hampered by stress responses is the production of lactic acid
by bacteria or yeast. During a typical lactic acid fermenta-
tion, the accumulation of lactic acid in the medium also
causes a drop in pH of the medium. The stress of low pH is
amplified by the ability of the organic free acid to diffuse
through the membrane and dissociate in the higher pH of the
cytoplasm. The accumulation of lactic acid inhibits cell
growth and metabolic activity. The toxicity of these stresses
is mediated at least in part by reactive oxygen species. As a
result, the extent ol lactic acid production is greatly reduced
by the accumulation of lactic acid in the medium.

[0009] The addition of Ca(OH),, CaCO;, NaOH, or
NH,OH to the fermentation medium to neutralize the lactic
acid and to thereby prevent the pH drop is a conventional
operation in industrial processes to counteract the negative
effects of free lactic acid accumulation. These processes
allow the production of lactate(s) by maintaining the pH at
a constant value in the range of about 5 to 7, which is well
above the pKa of lactic acid (3.86).

[0010] However, this neutralization procedure has major
disadvantages. Additional operations are required to regen-
erate free lactic acid from its salt and to dispose of or recycle
the neutralizing cation, which adds expense to the process.
The added operations and expense could be lessened if free
lactic acid could be accumulated by organisms growing at
low pH values. To this end, the use of recombinant yeast that
are engineered for industrial production of free lactic acid,
and, in particular, recombinant yeast from strains showing
greater tolerance for extreme environmental conditions have
been described. Engineered strains of recombinant yeast
functionally transformed with a gene for lactate dehydroge-
nase (LDH) in the genera Saccharomyes, Zygosaccharomy-
ces, Torulaspora. and Kluveromyees have been produced as
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described in U.S. Pat. Nos. 6.429.006 and 7.049,108. While
these recombinant strains show improved efliciency of lactic
acid production at low pH. they are still adversely affected
by stresses. In addition, it may be necessary to use organisms
or strains that are less tolerant of extreme environmental
conditions for the industrial production of specific com-
pounds.

[0011] Ascorbic acid is a known antioxidant that is pro-
duced in all higher plants and many higher animals. Ascor-
bic acid has been shown to modulate the heat shock response
in yeast through an effect on ROS(C. Moraitis and B. P. G.
Curran. (2004), Yeast 21, 313-323), and to improve cell
viability and reduce proteolysis of the end product of high
cell-density fermentation (Xiao, A. et al. (2006). Appl.
Microbiol. Biotechnol. 72, 837-844). These eflects suggest
that ascorbic acid could improve stress tolerance in general
in organisms utilized for industrial production.

[0012] We have shown that recombinant yeast that are
functionally transformed to produce L-ascorbic acid. the
biologically active enantiomer. from D-glucose produce
lower levels of ROS and exhibit improved growth and
viability under conditions of low pH. oxidative stress, and in
the presence of high concentrations of lactic acid. (Brandu-
ardi, P., et al., International Specialised Symposium on
Yeast. ISSY25, Systems Biology of Yeast—From Models to
Applications. “L-ascorbic acid production from D-glucose
in metaboloic engineered Saccharomyces cerevisiae and its
effect on strain robustness.” Hanasaari, Espoo, Finland, Jun.
21, 2006).

[0013] Accordingly. it would be advantageous to indus-
trial fermentation processes if the organisms and cells vsed
for industrial production could endogenously produce L
-ascorbic acid from D-glucose.

SUMMARY OF THE INVENTION

[0014] The present invention relates to a method of
increasing stress tolerance in a recombinant organism that is
engineered for industrial production of at least one product.
The method comprises making [-ascorbic acid available to
the recombinant organism.

[0015] In one embodiment. ascorbic acid is made avail-
able by functionally transforming the recombinant organism
with a coding region encoding a1 mannose epimerase (ME),
a coding region encoding an l.-galactose dehydrogenase
(LGDH), and a coding region encoding a D-arabinono-1.4-
lactone oxidase (ALO). In a further embodiment. the func-
tionally transformed, recombinant organism is further func-
tionally transformed with a coding region encoding a
myoinositol phosphatase (MIP).

[0016] In another embodiment, the L-ascorbic acid is
made available by culturing the recombinant organism in
culture medium containing an effective amount of L-ascor-
bic acid.

DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows the main plant pathway for the
synthesis of L-ascorbic acid from D-glucose.

[0018] FIG. 2 shows the optical density at 660 nm of
BY4742 (A) and YMLOO7w (yap! mutant strain) () yeast
in the absence (FIG. 2a) and presence (FIGS. 2b-2¢) of
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oxidative stress. Yapl activates genes required for the
response to oxidative stress: deletion of this gene leads to the
observed phenotype.

[0019] FIG. 3 shows the impact of two stressors on yeasl
growth. FIGS. 3a-3bh show the optical density at 660 nm of
BY4742 wt (A) and YMLOO7w (o) yeast in the presence of
H,0, in medium +/-ascorbic acid. FIG. 3¢ shows the optical
density at 660 nm of wild type yeast GRFc. CEN.PK
113-5D, and BY4741 in the presence of 40 g/l lactic acid and
zero, or increasing levels of ascorbic acid.

[0020] FIG. 4 shows the optical density at 660 nm of
BY4742 wt (A); YMLOO7w expressing ALO, LDGH and
ME (), and YMLOO7w expressing ALO. LDGH. ME and

MIP (M) yeasts in the presence of oxidative stress (FIGS.
4a-4b).
[0021] FIG. 5 shows the optical density at 660 nm of wild

type GRFc (A): GRFI8U expressing ALO, LDGH and ME
(O): and GRF18U expressing ALO, LDGH, ME and MIP
(M) yeast strains in the absence (FIG. 5a) and presence (2
mM of H,0,) of oxidative stress. (FIG. 5b).

[0022] FIG. 6 shows ROS (upper panels) and viability
(bottom panels) determination by flow cytometric analyses
of 8. cerevisiae cells producing (YMLOO7w ALO, LDGH,
ME, MIP. open area) or not producing (YMLOO7w, full area)
ascorbic acid when grown in minimal glucose medium in the
presence (right) or absence (left) of hydrogen peroxide.

[0023] FIG. 7 shows growth curves of strains BY4742¢
(O) and BY4742 ALO, LDGH, ME, MIP (H) inoculated in
minimal glucose medium at pH 2.2 (a). or in minimal
glucose medium pH 3.0 containing 38 g/ of lactic acid (b).

[0024] FIG. 8 shows growth curves of strains BY4742¢c
(1) and BY4742 ALO. LDGH, ME. MIP (M) that were first
grown for 24 h in minimal glucose medium under nonlim-
iting conditions, and then transferred to minimal glucose
medium at pH 2.2 (a), or to minimal glucose medium pH 3
containing 38 g/l of lactic acid (b).

[0025] FIG. 9 shows growth curves, as measured by
OD660, and lactic acid production by S. cerevisiae strain
NRRL Y-30696 grown in minimal glucose medium contain-
ing 2.78 g/I. CaCO; and increasing concentrations of ascor-
bic acid (AA). 0 g/L AA (D). 0.16 g/ AA (+), 0.3 /L AA
(A). or 0.6 g/L ()

DETAILED DESCRIPTION

[0026] The present invention relates to a method of
increasing stress tolerance in recombinant cells or organisms
that have been engineered for the industrial production of
products such as organic acids, amino acids, vitamins,
polyols. solvents, biofuels, therapeutics. vaccines. proteins,
and peptides by increasing the available amount of ascorbic
acid.

[0027] A “recombinant™ cell or organism is one that con-
tains a nucleic acid sequence that is not naturally occurring
in that cell or organism, or one that contains an additional
copy or copies of an endogenous nucleic acid sequence,
wherein the nucleic acid sequence is introduced into the cell
or organism or into an ancestor cell thereof by human action.
Introduction of the gene into the cell or organism is known
as “transformation” and the recipient organism or cell is said
to be “transformed.” Recombinant DNA techniques are
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well-known to those of ordinary skill in the art, who will also
understand how to choose appropriate vectors and promoters
for the transformation of particular organisms or strains.
(For example, see methods in Sambrook, J. and Russell, D.
W., Molecular Cloning: A Laboratory Manual, 3™ Edition,
Cold Spring Harbor Laboratory Press. 2001). Very basically.
a coding region of the homologous and/or heterologous gene
is isolated from a “donor” organism that possesses the gene.
The recombinant organism, as well as the donor, may be a
prokaryote, such as a bacterium, or a eukaryote, such as a
protozoan, alga, fungus, plant, or animal.

[0028] In one well-known technique, a coding region is
isolated by first preparing a genomic DNA library ora cDNA
library, and second. identifying the coding region in the
genomic DNA library or cDNA library, such as by probing
the library with a labeled nucleotide probe that is at least
partially homologous with the coding region. determining
whether expression of the coding region imparts a detectable
phenotype to a library microorganism comprising the coding
region, or amplifying the desired sequence by PCR. Other
techniques for isolating the coding region may also be used.

[0029] Methods for preparing recombinant nucleotides
and transferring them into a host organism are well-known
to those of ordinary skill in the art. Briefly, the desired
coding region is incorporated into the recipient organism in
such a manner that the encoded protein is produced by the
organism in functional form. That is, the coding region is
inserted into an appropriate vector and operably linked to an
appropriate promoter on the vector. If necessary. codons in
the coding region may be altered. for example. to create
compatibility with codon usage in the target organism, to
change coding sequences that can impair transcription or
translation of the coding region or stability of the transcripts.
or to add or remove sequences encoding signal peptides that
direct the generated protein to a specific location in or
outside the cell. e.g., for secretion of the protein. Any type
of vector, e.g., integrative, chromosomal, or episomal, may
be used. The vector may be a plasmid. cosmid. yeast
artificial chromosome, virus, or any other vector appropriate
for the target organism. The vector may comprise other
genetic elements, such as an origin of replication 1o allow
the vector to be passed on to progeny cells of the host
carrying the vector, sequences that facilitate integration into
the host genome, restriction endonuclease sites, etc. Any
promoter active in the selected organism, e.g.. homologous,
heterologous, constitutive, inducible. or repressible may be
used. An “appropriate” vector or promoter is one that is
compatible with the selected organism and will generate a
functional protein in that organism. The recombinant organ-
ism thus transformed is referred to herein as being “func-
tionally transformed.”

[0030] The recombinant cells and organisms of the inven-
tion can be obtained by any method allowing a foreign DNA
to be introduced into a cell, for example, transformation,
electroporation, conjugation, fusion of protoplasts or any
other known technique (Spencer J. F. et al. (1988). Journal
of Basic Microbiology 28, 321-333). A number of protocols
are known for transforming yeast, bacteria, and eukaryotic
cells. Transformation can be carried out by treating the
whole cells in the presence of lithium acetate and of poly-
ethylene glycol according to Ito H. et al. ((1983), J. Bacte-
riol., 153:163), or in the presence of ethylene glycol and
dimethyl sulphoxyde according to Durrens P. et al. ((1990)
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Curr. Genet., 18:7). An alternative protocol has also been
described in EP 361991. Electroporation can be carried out
according to Becker D. M. and Guarente L. ((1991) Methods
in Enzymology. 194:18). The use of non-bacterial integra-
tive vectors may be preferred when the yeast biomass is used
at the end of the fermentation process as stock fodder or for
other breeding, agricultural or alimentary purposes.

[0031] The transformed organism is propagated in an
appropriate culture medium. Culturing techniques and spe-
cialized media are well known in the art. For industrial
production, the organism is preferably cultured in an appro-
priate medium in a fermentation vessel.

[0032] Organisms frequently utilized for industrial pro-
duction are yeast and bacteria. Yeast to be transformed can
be selected from any known genus and species of yeast.
Yeast species are described by N. I. W. Kreger-van Rij,
("The Yeasts,” (1987) Biology of Yeasts, A. H. Rose and .
S. Harrison, Eds. London: Academic Press, Chapter 2) In
one embodiment. the yeast genus is selected from the group
consisting of Saccharomyces, Zygosaccharomyces, Can-
dida, Hansenula, Kluyveromyces, Debaromyces, Nadsonia,
Lipomyces, Torulopsis, Kloeckera, Pichia, Schizosaccharo-
myees, Trigonopsis, Brettanomyces, Cryptococcus, Tricho-
sporon, Aureobasidium, Lipomyees, Phaffia, Rhodotorula,
Yarrowia, and Schwanniomyces. In another embodiment, the
yeast is selected from 8. cerevisiae strains, including
GRF18U, W3031B., BY4742 (MATa; his3: leu2. lys2: ura3,
BEuroScarf Accession No. Y10000); 7. bailii ATCC 60483;
K. lactis PM6-TA; BY4741 (MATa; his3: leu2: met15: ura3,
Furoscarf Accession No. Y00000), CEN.PK 113-5D (MAT o
ura3-52; cir+), and yeast strains engineered to produce lactic
acid, including NRRL Y-30696, NRRL Y-30698. NRRL
Y-30742; K. lactis PM6-7/pEPL2, PMI/CI[pELP2];
Zygosaccharomyces  bailii - ATTC36947/pLAT-ADH,
ATCC60483/pLAT-ADH.

[0033] Yeast have been widely utilized in the production
of products. Yeast biomass is an important product as
cultures for development of food products as well as a
nutrient rich food and feed component. Genetic engineering
has broadened the value of yeast production systems pro-
viding a route to organic acids (Porro, D. et al. (2002), U.S.
Pat. No. 6.429,006); vitamins (Shivan, D., US2003/
0104584): polyols (Geertman, J. M, et al.. (2006) Metabolic
Engineering. June 30:(Epublication): biofuel (Ho. N. W. Y.
and Tsao, G. T, (1998), U.S. Pat. No. 5,789.210): (Bosman,
F.. et al. (2006) U.S. Pat. No. 7.048,930); proteins (Gerard,
G. F.. et al. (2006). U.S. Pat. No. 7.115.406): and peptides
(Lee, S. Y., et al., Lett. Appl. Microbiol (2003), 36, 121-
128.).

[0034] Bacteria to be transformed can be selected from
any known genus and species of the Eubacteria or the
Archaea (also encompassed herein by the term, “bacteria”).
Bacteria are cataloged at the NCBI Taxonomy website:
http://www.ncbi.nlm.nih.gov/entrez/query.fegi?db="Tax-
onomy. In one embodiment the bacteria can be selected from
the genera Bacillus, Escherichia, Lactobacillus, Lactococ-
cus, Pseudomonas. or Acetobacter.

[0035] Bacteria have been widely utilized to produce
industrial products. The natural range of available products
has been extended by mutagenesis and screening and further
by genetic engineering. Bacteria provide routes to organic
acids (WO2006/083410): amino acids (WO2005/090589);
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vitamins (Santos, et al., Abstracts of Papers, 232nd ACS
National Meeting, San Francisco, Calif., United States, Sep.
10-14, 2006, BIOT-243); polyols (Dunn-Coleman, N. S., et
al. (2006) U.S. Pat. No. 7.074,608); solvents (Harris, L. M.,
et al. (2001), Journal of Industrial Microbiology & Biotech-
nology 27, 322-328): biofuels (Ingram, L. O. and Zhou, S.
WO2000/071729); therapeutics (Pizza, M., et al. (2006)
U.S. Pat. No. 7.115,730): proteins (Gerard, G. F., et al.
(2006) U.S. Pat. No. 7.115.406); and peptides (Knapp. S., et
al. (1992) U.S. Pat. No. 5.159.062).

[0036] Filamentous fungi are widely utilized to produce
organic acids (Bizukoje, M. and Ledakowicz, S., Process
Biochemistry (2004), 39, 2261-2268.); and proteins (Wang.
L.. et al., (2003) Biotechnology Advances 23, 115-129).
Filamentous fungi to be transformed can be selected from
any known genus and species. Fungi are cataloged at the
NCBI Taxonomy Website: http://www.ncbi.nlm.nih.gov/
Taxonomy/Browser/wwwitax.cgi?id=4751.

[0037] In one embodiment the filamentous fungi can be
selected from the genera Rhizopus, Aspergillus, or Tricho-
derma.

[0038] In one embodiment of the invention, the recombi-
nant organism is functionally transformed with coding
regions that encode a mannose epimerase (D-mannose:l-
galactose epimerase: ME), L-galactose dehydrogenase
(LGDH); and D-arabinono-1.4-lactone oxidase (ALO).
These coding sequences enable the recombinant organism to
produce enzymes necessary lor the endogenous production
of L-ascorbic acid from D-glucose. As a result of transfor-
mation with ME, LGDH. and ALO, and endogenous pro-
duction of L-ascorbic acid. the organism shows increased
tolerance to stress when compared with a strain of the same
organism that cannot produce [-ascorbic acid.

[0039] An ME is any GDP-mannose-3,5-epimerase
(5.1.3.18), that is any enzyme that catalyzes the conversion
of GDP-mannose to GDP-L-galactose (FIG. 1). An exem-
plary ME is encoded by the sequence listed as SEQ ID
NO:1.

[0040] In one embodiment, the ME has at least about 95%
identity with SEQ ID NO: 1. “Identity” can be determined by
a sequence alignment performed using the ClustalW pro-
gram and its default values, namely: DNA Gap Open Pen-
alty=15.0, DNA Gap Extension Penalty=6.66, DNA Matrix=
Identity, Protein Gap Open Penalty=10.0, Protein Gap
Extension Penalty=0.2, Protein matrix=Gonnet. Identity can
be caleulated according to the procedure described by the
Clustal W documentation: **A pairwise score is calculated for
every pair of sequences that are to be aligned. These scores
are presented in a table in the results. Pairwise scores are
calculated as the number of identities in the best alignment
divided by the number of residues compared (gap positions
are excluded). Both of these scores are initially calculated as
percent identity scores and are converted to distances by

dividing by 100 and subtracting from 1.0 to give number of

differences per site. We do not correct for multiple substi-
tutions in these initial distances. As the pairwise score is
calculated independently of the matrix and gaps chosen, it

will always be the same value for a particular pair of

sequences.”

[0041] In another embodiment, the recombinant organism
transformed with the coding sequences for ME, LGDH., and
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ALO is further functionally transformed with a coding
region encoding a myoinositol phosphatase (MIP). An MIP
is any myoinositol phosphatase (3.1.3.25), that also cata-
lyzes the conversion of [-galactose-1P to L-galactose. |.-ga-
lactose-1-phosphatase has been annotated as inositol/myo-
inositol monophosphatase galactose-1-phosphatase and may
be referred to as MIP/VTC4 (Conklin, P. L. et al. (2006) 1.
Biol. Chem. 281, 15662-70). In one embodiment, the MIP
has at least about 95% identity with SEQ 1D NO:2. Identity
is determined as described above.

[0042] In another embodiment, the recombinant organism
is further transformed with a coding region encoding an
enzyme selected from L-galactono-1.,4-lactone dehydroge-
nase (AGD), D-arabinose dehydrogenase (ARA) or L-gu-
lono-1.4-lactone oxidase (GLO), as described, for example,
in U.S. Pat. No. 6,630,330, which is incorporated herein by
reference.

[0043] Although the pathway for the production of ascor-
bic acid in plants is shown in FIG. 1. the present invention
is not limited to the enzymes of the pathways known for the
production of L-ascorbic acid intermediates or L-ascorbic
acid in plants, yeast, or other organisms. (Examples of
known L-ascorbic acid pathways in plants and animals are
described in Conklin, P. L.. et al. (2006). J. Biol. Chem. 281,
15662-15670: and in Valpuesta. V. and Botella, M. A. (2004)
Trends in Plant Science 12, 573-577). One of ordinary skill
in the art will understand that increasing flux through any
pathway resulting in L-ascorbic acid biosynthesis will result
in production of higher levels of L-ascorbic acid. This can be
accomplished by increasing the levels of enzymes in the
pathway that are limiting.

[0044] The coding regions for any of the desired enzymes
may be isolated from any source or may be chemically
synthesized. Following transformation with the coding
regions for ME, LGDH, and ALO, (with or without the
coding region for MIP). the recombinant organism is cul-
tured in medium containing a carbon source that can be
converted to L-ascorbic acid. such as D-glucose.

[0045] When the recombinant organism for industrial pro-
duction is a eukaryotic organism. it is important to ensure
that each of the enzymes used to produce ascorbic acid is
appropriately compartmentalized in the eukaryotic cell. This
is accomplished by including sequences encoding targeting
labels in the recombinant vector. These types of sequences
are disclosed, for example, in Alberts, B., et al., Molecular
Biology of the Cell, 4™ Edition, New York: Garland Science
Publ., 2002, pages 659-710.

[0046] With respect to the invention, “production™ means
the process of making one or more products using a recom-
binant organism. Production can be quantified at any
moment in time after commencement of the process by
determining the weight of a product produced per weight or
volume of the medium on which the recombinant organ-
ism's growth and survival is maintained. or weight or
volume of the recombinant organism’s biomass. “Produc-
tivity” means the amount of production, as quantified above,
over a given period of time (e.g., a rate such as g/L per hour,
mg/L. per week, or g/g of biomass per hour). “Yield” is the
amount of produet produced per the amount of substrate
converted into the product. This definition of “yield™ also
applies to endogenous production of L-ascorbic acid.
[0047] Stress tolerance, as used herein, may manifest as a
decrease in the negative impact of stress on the organism,
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such as a decline in the production of ROS or a positive
effect on productivity, yield, or production. An increase in
stress tolerance can be measured by a number of parameters.
for example, as an increase in growth rate, an increase in cell
density, a decrease in the inhibition of productivity, an
increase in viability, an increase in metabolism, or an
increase in yield, productivity, or production. An “effective
amount” of L-ascorbic acid is an amount of L-ascorbic acid
present in the culture medium that gives rise to an improve-
ment in stress tolerance as measured by any of these
parameters, when compared with stress tolerance of the
organism grown in medium that does not contain [.-ascorbic
acid.

[0048] As shown in FIGS. 2-5, yeast transformed with
coding sequences for ME, LGDH, and ALO, or with this
group of coding sequences plus a coding sequence for MIP,
have greater stress tolerance than yeast that are not so
transformed. FIG. 7 shows that endogenously produced
L-ascorbic acid correlates with increased tolerance to low
pH and oxidative stresses. This increased stress resistance
can manifest as one or more of increased growth rate of the
transformed organism, increased viability of the transformed
organism, or increased production by the transformed organ-
ism.

[0049] We also show. in FIG. 3, that the addition of
L-ascorbic acid to the fermentation medium improves stress
tolerance, in particular, tolerance to low pH and oxidative
stress. Accordingly, in one embodiment of the invention, the
available amount of ascorbic acid is increased by adding
[-ascorbic acid to the fermentation medium. Exogenous
L-ascorbic acid may be added to cultures that do or do not
produce [-ascorbic acid endogenously.

[0050] Though not wishing to be bound by a single theory.
we suggest that the increased stress tolerance results from an
increase in antioxidant levels (specifically, L-ascorbic acid)
and a reduction in the levels of endogenous reactive oxygen
species (ROS) in the organism, imparting greater resistance
to oxidative stress, as shown in FIG. 6. The increased stress
tolerance makes organisms that endogenously produce
ascorbic acid particularly suitable for industrial production.
Such organisms include plant and animal cells that produce
ascorbic acid either naturally or through genetic engineer-
ing. (e.g.. organisms described in Valpuesta, V. and Botella,
M. A. (2004) Trends in Plant science 9, 573-577 and
genetically engineered plant and animal cells.)

[0051] Organisms with increased stress tolerance that are
to be used for industrial production may be created by any
methods known to those of skill in the art for engineering
recombinant organisms. The organism may be co-trans-
formed with the necessary coding regions for production of
L-ascorbic acid (i.e.. ME, LGDH. ALO+/-MIP) and the
coding sequences for the industrial product that the organ-
ism will produce. The organism may first be engineered to
express the [-ascorbic acid coding sequences and then
subsequently be transformed with coding regions for the
industrial product. Alternatively. the organism may first be
engineered to produce the industrial product and subse-
quently be transformed with the coding regions for produc-
tion of L-ascorbic acid.

[0052] Endogenous production of L-ascorbic acid by the
recombinant organism is particularly useful if the recombi-
nant organism is cultivated under conditions of osmotic, pH.
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temperature, or oxidative stress. Osmotic stress is a condi-
tion in which the organism or cell encounters a difference in
osmolarity from the optimal osmolarity defined for the
respective microorganism. For example, in the yeast S
cerevisiae, an osmolarity greater than 500 mOsmol leads to
a siress response.

[0053] A pH stress occurs if an organism or strain of
organism encounters a difference in pH value from the
optimal pH value for that strain of more than one to three pH
units. For example, in the wild type strain of the yeast S.
cerevisiae, the typical optimal pH for performance of bio-
processes is 5.0. A pH of less than 4.0 or more than 6.0 may
cause a stress response in this strain that can affect the
transcription of pH sensitive genes.

[0054] Temperature stress is a condition in which the
organism encounters a cultivation temperature different the
optimal temperature value for growth or production for a
particular organism. In the yeast, S. cerevisiae, a temperature
at or above 32° C. can cause stress responses. For the
bacterium E. coli, a temperature at or above 38° C. can lead
10 stress responses.

[0055] Oxidative stress is a general term used to describe
the steady state level of oxidative damage in a cell. caused
by the reactive oxygen species (ROS). This damage can
affect a specilic molecule or the entire organism. Reactive
oxygen species, such as free radicals and peroxides, repre-
sent a class of molecules that are derived from the metabo-
lism of oxygen and exist inherently in all aerobic organisms.
Oxidative stress results from an imbalance between forma-
tion and neutralization of pro-oxidants. Animal cells, as well
as single-celled organisms, can be exposed to significant
oxidative stress during standard cell culture conditions.

[0056] Endogenous production of L-ascorbic acid is also
particularly useful in a cell or organism if it is subjected to
stress due to overproduction of a metabolite or a protein.
Such stresses may be indicated, for example, by the upregu-
lation of genes related to the UPR (unfolded protein
response), which is known in the art. (Foti, D. M., et al.
(1999) 1. Biol. Chem. 274, 30402-30409).

[0057] In one embodiment., the recombinant organism
may be a yeast that has been engineered to produce and
secrete lactic acid. The applications of lactic acid and its
derivatives encompass many fields of industrial activities
(e.g.. chemistry, cosmetics, and pharmacy). as well as impor-
tant aspects of food manufacture and use. Furthermore,
today there is growing interest in the production of such an
organic acid to be used directly for the synthesis of biode-
gradable polymer materials.

[0058] Lactic acid may be produced by chemical synthesis
or by fermentation of carbohydrates using single-celled
organisms. The latter method is now commercially preferred
because organisms have been developed that produce exclu-
sively one isomer, as opposed to the racemic mixture gen-
erated by chemical synthesis. The most important non-
recombinant industrial organisms currently used to produce
lactic acid, such as species of the genera Lactobacillus,
Bacillus, and Rhizopus, produce L(+)-lactic acid. Production
by fermentation of D(=)-lactic acid or mixtures of L(+)- and
D(=)-lactic acid are also known.

[0059] During a typical lactic acid fermentation. the accu-
mulation of lactic acid in the medium is detrimental to
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metabolic activity. In addition, the accumulation of lactic
acid lowers the pH of the medium, which also inhibits cell

growth and metabolic activity. As a result, the extent of

lactic acid production is reduced as the lactic acid product
accumulates.

[0060] Methods for the construction of recombinant yeasts
expressing at least one copy of a lactate dehydrogenase
(LDH) gene, which shifts the glycolytic flux towards the
production of lactic acid, have been described in U.S. Pat.
Nos. 6,429,006 and 7,049,108, both of which are incorpo-
rated herein by reference. These references report that lactic
acid can be produced by metabolically modified yeasts
belonging to the genera of Kluyveromyces, Saccharomyees,
Iorulaspora and Zygosaccharomyees. While any yeast spe-
cies could be used. these species are preferred because these
strains can grow and/or metabolize at very low pH, espe-
cially in the range of pH 4.5 or less. In addition, genetic
engineering methods for these strains are well-developed.
and these strains are widely accepted for use in food-related
applications.

[0061] The yield of lactic acid can be increased by increas-
ing copy numbers of the LDH gene in each yeast. Higher
yields (>80% g/g) of lactic acid may be obtained from these
engineered yeast strains if both the ethanolic fermentation
pathway and the use of pyruvate by mitochondria are
replaced by lactic fermentation. The recombinant yeast can
also be transformed to overexpress a lactate transporter, for
example, the JEN1 gene encoding for the lactate transporter
of 8. cerevisiae, can to ensure secretion of the product.

[0062] The expression of a LDH gene in yeasl strains
allows the production of lactic acid at acid pH values so that
the free acid is directly obtained and the cumbersome
conversion and recovery of lactate salts are minimized. In
this invention, the pH of the fermentation medium may
initially be higher than 4.5, but will decrease to a pH of 4.5
or less, preferably to a pH of 3 or less at the termination of
the fermentation.

[0063] The gene coding for LDH may be from any species
(e.g.., mammalian, such as bovine. or bacterial), and it may
code for the L(+)-LDH or the D(-)-LDH. Alternatively, both
types of LDH genes may be expressed simultaneously. In
addition, any natural or synthetic variants of LDH DNA
sequences, any DNA sequence with high identity to a
wild-type LDH gene, any DNA sequence complementing
the normal LDH activity may be used.

[0064] The co-expression of ascorbic acid in a lactic acid
producing microorganism to improve the stress tolerance
and robustness of that organism could be accomplished by
introduction of ME, LGDH. ALO, and, optionally, MIP. The
transformation of the yeast strains could be carried out by
means of either integrative or replicative plasmid or linear
vectors. In a particular embodiment of the invention, the
recombinant DNA is part of an expression plasmid which
can be of autonomous or integrative replication.

[0065] For the production of lactic acid, the recombinant
yeast strains that endogenously produce ascorbic acid and
produce and secrete lactic acid would be cultured in a
medium containing a carbon source, D-glucose, and other
essential nutrients. The lactic acid would be recovered at a
pH of 7 or less, preferably at a pH of 4.5 or less, and even
more preferably at a pH of 3 or less. Because the pH of the
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culture medium would be reduced, less neutralizing agent
would be required. The formation of lactate salt would be
correspondingly reduced and proportionally less regenera-
tion of free acid would be necessary in order to recover lactic
acid.

[0066] Because the recombinant yeast are more stress
tolerant due to the endogenous production of [-ascorbic
acid, the yeast cells separated from the lactic acid product
could be utilized again as seed microorganisms for a fresh
lactic acid fermentation. In addition. the yeast cells could be
continuously separated and recovered during the lactic acid
fermentation, and hence, the fermentation could be carried
out continuously at low pH with less severe effects of pH
and oxidative stress on yeast viability, production. produc-
tivity, and yield.

[0067] The following definitions are provided in order to
aid those skilled in the art in understanding the detailed
description of the present invention.

[0068] “Ascorbic acid™ as well as “ascorbate™ as used
herein, refers to L-ascorbic acid.

[0069] “Ascorbic acid precursor” is a compound that can
be converted by an organism of the present invention, either
directly or through one or more intermediates, into L-ascor-
bic acid.

[0070] “Amplification” refers to increasing the number of
copies of a desired nucleic acid molecule or to increase the
activity of an enzyme. by whatsoever means.

[0071] “Codon” refers to a sequence of three nucleotides
that specify a particular amino acid.

[0072] “DNA ligase™ refers to an enzyme that covalently
joins two pieces of double-stranded DNA.

[0073] “Electroporation” refers to a method of introducing
foreign DNA into cells that uses a brief, high voltage DC
charge to permeabilize the host cells. causing them to take
up extra-chromosomal DNA.

[0074] “Endonuclease™ refers to an enzyme that hydro-
lyzes double stranded DNA at internal locations.

[0075] “Engineered for industrial production™ refers to a
recombinant organism that has been genetically modified to
produce an industrial product.

[0076] Enzyme 1.1.3.37. D-arabinono-1.4-lactone oxi-
dase, refers to a protein that catalyzes the conversion of
D-arabinono-1.4-lactone+0 | to D-erythroascorbate+H,O,.
The same enzyme due to broadness of substrate range
catalyses the conversion of L-galactono-1.4-lactone+O, to
L-ascorbic acid+H,0,. Erroneously the same enzyme is
referred to as L-galactono-1,4-lactone oxidase (enzyme
1.1.3.24) (Huh, W. K. et al. (1998), Mol. Microbiol. 30,
895-903)

[0077] Enzyme 1.3.2.3, L-galactono-1.4-lactone dehydro-
genase, refers to a protein that catalyzes the conversion of
[.-galactono-1.,4-lactone+2 ferricytochrome C to L-ascorbic
acid+2 ferrocytochrome C.

[0078] Enzyme 1.1.3.8. L-gulono-1.4-lactone oxidase,
refers to a protein that catalyzes the oxidation of L-gulono-
1.4-lactone to L-xylo-hexulonolactone which spontaneously
isomerizes to L-ascorbic acid.
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[0079] Enzyme GDP-mannose-3,5-epimerase (5.1.3.18),
refers to a protein that catalyzes the conversion of GDP-
mannose to GDP-L-galactose.

[0080] Enzyme myoinositol phosphatase (3.1.3.23), refers
1o a protein that catalyzes the conversion of L-galactose-1P
to L-galactose. [.-galactose-1-phosphatase has been anno-
tated as inositol/myo-inositol monophosphatase galactose-
1-phosphatase and may be referred to as MIP/VTC4 (Con-
klin, P. L. (2006) J. Biol. Chem. 281, 15662-70).

[0081] Other enzymes of interest, and their classification
numbers, are as follows:

GDP-Mannose 3,5-epimerase 5.1.53.18
L-Galactono- 1. 4-lactone dehydrogenase 1.3.2.3
UDP-Glucuronate 4-epimerase 5.1.3.6
L-Gulono-1,4-lactone oxidase 1.1.3.8
Myoinosital 1-P monophosphatase 3.1.3.25
UDP-Glucose 4-epimerase 5.1.3.2
D-arahinose 1-dehydrogenase (NAD) 1.1.1.116
D-arabinose 1-dehydrogenase (NADP) 1.1.1.117

[0082] The term “expression” refers to the transcription of’
a gene to produce the corresponding mRNA and translation
of this mRNA to produce the corresponding gene product,
i.e.. a peptide, polypeptide, or protein.

[0083] The term “fermentation”™ refers to a process in
which organisms growing in a liquid or solid medium
produce an industrial product. As used herein, the term does
not refer exclusively to non-oxidative metabolism.

[0084] The phrase “functionally linked” or “operably
linked™ refers to a promoter or promoter region and a coding
or structural sequence in such an orientation and distance
that transcription of the coding or structural sequence may
be directed by the promoter or promoter region.

[0085] The phrase “functionally transformed” refers to an
organism that has been transformed with an exogenous
nucleic acid and is capable of producing a functional protein
or peptide encoded by that amino acid.

[0086] The term “gene” refers to chromosomal DNA,
plasmid DNA, cDNA, synthetic DNA, or other DNA that
encodes a peptide, polypeptide, protein, or RNA molecule,
and regions flanking the coding sequence involved in the
regulation of expression.

[0087] The term “genome” encompasses both the chro-
mosomes and plasmids within a host cell. Encoding DNAs
of the present invention introduced into host cells can
therefore be either chromosomally integrated or plasmid-
localized.

[0088] “Heterologous DNA™ refers to DNA from a source
different than that of the recipient cell.

[0089] “Homologous DNA” refers to DNA from the same
source as that of the recipient cell.

[0090] “Hybridization™ refers to the ability of a strand of
nucleic acid to join with a complementary strand via base
pairing. Hybridization occurs when complementary
sequences in the two nucleic acid strands bind 1o one
another.
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[0091] The term “medium™ refers to the chemical envi-
ronment of the organism, comprising any component
required for the growth of the organism and one or more
precursors for the production of ascorbic acid. Components
for growth and precursors for the production of ascorbic acid
may or may be not identical.

[0092] “Open reading frame (ORF)” refers to a region of
DNA or RNA encoding a peptide, polypeptide, or protein.

[0093] “Plasmid” refers to an extra chromosomal. repli-
catable piece of DNA.

[0094] “Polymerase chain reaction (PCR)™ refers to an
enzymatic technique to create multiple copies of one
sequence of nucleic acid. Copies of DNA sequence are
prepared by shuttling a DNA polymerase between two
amplimers. The basis of this amplification method is mul-
tiple cycles of temperature changes to denature. then re-
anneal amplimers, followed by extension to synthesize new
DNA strands in the region located between the flanking
amplimers.

[0095] The term “promoter™ or “promoter region” refers to
a DNA sequence. usually found upstream (5') to a coding
sequence, that controls expression of the coding sequence by
controlling production of messenger RNA (mRNA) or other
functional RNAs, (e.g.. tRNAs, rRNAs, sRNAs). by pro-
viding the recognition site for RNA polymerase and/or other
factors necessary for start of transcription at the correct site.

[0096] A “recombinant cell” or “transformed cell™ is a cell
that contains a nucleic acid sequence not naturally occurring
in the cell or an additional copy or copies of an endogenous
nucleic acid sequence, wherein the nucleic acid sequence is
introduced into the cell or an ancestor thereof by human
action.

[0097] The term “recombinant vector” or “recombinant
DNA or RNA construct™ refers to any agent such as a
plasmid. cosmid, virus, autonomously replicating sequence,
phage, or linear or circular single-stranded or double-
stranded DNA or RNA nucleotide sequence, derived from
any source, capable of genomic integration or autonomous
replication, comprising a nucleic acid molecule in which one
or more sequences have been linked in a functionally
operative manner. Such recombinant constructs or vectors
are capable of introducing a 5' regulatory sequence or
promoter region and a DNA sequence for a selected gene
product into a cell in such a manner that the DNA sequence
is transcribed into a functional mRNA. which may or may
not be translated and therefore expressed.

[0098] “Restriction enzyme” refers to an enzyme that
recognizes a specific sequence of nucleotides in double
stranded DNA and cleaves both strands: also called a
restriction endonuclease. Cleavage typically occurs within
the restriction site or close to it.

[0099] “Selectable marker” refers to a nucleic acid
sequence whose expression confers a phenotype facilitating
identification of cells containing the nucleic acid sequence.
Selectable markers include those, which confer resistance to
toxic chemicals (e.g. ampicillin, kanamycin) or complement
a nutritional deficiency (e.g. uracil, histidine, leucine).
[0100] *“Screenable marker” refers to a nucleic acid
sequence whose expression imparts a visually distinguishing
characteristic (e.g. color changes, fluorescence).
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[0101] “Transcription” refers to the process of producing
an RNA copy from a DNA template.

[0102] “Transformation™ refers to a process of introducing
an exogenous nucleic acid sequence (e.g., a vector, plasmid,
or recombinant nucleic acid molecule) into a cell in which
that exogenous nucleic acid is incorporated into a chromo-
some or is capable of autonomous replication. A cell that has
undergone transformation, or a descendant of such a cell, is
“transformed” or “recombinant.”

[0103] “Translation™ refers to the production of protein
from messenger RNA.

[0104] “Unit” of enzyme refers to the enzymatic activity
and indicates the amount of micromoles of substrate con-
verted per mg of total cell proteins per minute.

[0105] *“Vector” refers to a DNA or RNA molecule (such
as a plasmid. cosmid. bacteriophage, yeast artificial chro-
mosome, or virus. among others) that carries nucleic acid
sequences into a host cell. The vector or a portion of it can
be inserted into the genome of the host cell.

[0106] The term “yield” refers to the amount of industrial
product or L-ascorbic acid produced by the recombinant
organism, as (molar or weight/volume) divided by the
amount of precursor consumed (molar or weight/volume)
multiplied by 100.

[0107] List of Abbreviations:
Asc L-ascorbic acid (vitamin C)

AGD L-galactono-1,4-lactone dehydrogenase (without sig-
naling peptide)

ALO D-arabinono-1.4-lactone oxidase

ARA D-arabinose dehydrogenase

Gal [-galactono-1.4-lactone

Gul L-gulono-1.4-lactone

LGDH L-galactose dehydrogenase

ME Mannose epimerase

MIP Myoinositol phosphatase

RGLO L-gulono-1.4-lactone oxidase

TCA trichloroacetic acid

TPI triosephosphateisomerase
EXAMPLES

[0108] The following examples are included to demon-
strate particular embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventors to function well in the practice
of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should. in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.
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Materials and Methods
[0109]

[0110] Ascorbic acid was determined spectrophotometri-
cally following the method of Sullivan, M. X. et al. (1955),
Assoc. Off. Agr. Chem.. 38, 514-518). The sample (135 ul)
was mixed in a cuvette with 40 pl of H,PO,, (85%). Then 675
ul of a,a-Bipyridyl (0.5%) and 135 pl FeCl; (1%) were
added. After 10 min the absorbance at 525 nm was mea-
sured. In some experiments, the identity of the ascorbic acid
was confirmed by HPLC (Tracer Extrasil Column C8, 5 uM,
15x0.46 cm, Teknokroma, S. Coop. C. Ltda. # TR-016077;
Eluent: 5 mM cetyltrimethylammonium bromide, 50 mM
KH PO, in 95/5H,0/Acetonitrile; Flow rate: 1 ml min™",
Detection UV @ 254 nm) with pure L-ascorbic acid (Ald-
rich, A9,290-2) as standard.

[0111]

1. Determination of Ascorbic Acid

2. Amplification of Specific Gene Sequences

[0112] To amplify specific gene sequences. PfuTurbo
DNA polymerase (Stratagene #600252) was used on a
GeneAmp PCR System 9700 (PE Appl. Biosystems, Inc.).
Standard conditions used were: 400 pM dNTP. 0.5 uM
primers. 0.5 mM MgCl, (in addition to the buffer), and 3.75
U Pfu per 100 pl reaction.

[0113] The sequences of the genes used have been pub-
licly reported via Genbank. as follows, except for MIP. The
MIP sequence listed as SEQ ID NO:4 differed from the
Genbank sequence, accession no. NM__ 111155, by two
translationally silent point substitutions: at bp271, A (NM__
111155) to T (SEQ ID NO:4): at bp 685, T (NM__11155) to
G (SEQ ID NO:4).

Gene Genbank accession no(s). SEQ ID NO:
ME AY116953 3
MIp n.a. 4
ALO U40390, ABOO9401 5.6
LGDH 7
[0114] The following program was used for amplification
of ALO:
94° C. 5 min
94° C. 45 s
50° C, 308 } 33 cycles
f i of I min 40 s
120.C 7 min
4° C. To
completion
[0115] The following program was used for amplification

of LGDH:

94° C. 5 min

94° C. 45 s

56° C. 30 s } 33 cycles
72° C. 1 min 40 s

72°C, 7 min
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-continued

4°C, To
completion

[0116] The following program was used for amplification
of ME:

94° C. 3 min
94° C. 15s
507 C. 30 } 30 cycles
72°C. 1 min 30 s
72 C. 7 min
4° C. To
completion

[0117] The following program was used for amplification
of MIP:

94° C. 5 min
94° C. 155
59.8° C. 30s } 28 cycles
=0 45 s
72°.C. 7 min
4° C. To
completion

[0118] Template DNA for LGDH, ME, and MIP: 50 ng
plasmid ¢cDNA library pFL61 Arabidopsis (ATCC #77500
(Minet M. etal. (1992), Plant J. 2, 417-422)). Template DNA
for ALO: 50 ng genomic DNA from 8. cerevisiae GRF18U,
extracted using a standard method. PCR products were
blunt-end cloned into the EcoRV site of pSTBIlue-1 using the
perfectly blunt cloning kit from Novagen Inc. (#70191-4).

Gene
Oligonuclectides used amplified
SEQ ID NO:B: tttcaccatatgtctactatce ALO
SEQ ID NO:9: aaggatcctagtcggacaacte (yeast)
SEQ ID NO:10: atgacgaaaatagagcttcgage LGDH
SEQ ID NO:11: ttagttctgatggattccacttgg (plant)

SEQ ID NO:12: gcgoccatgggaactaccaatggaaca ME

SEQ ID NWO:13: gcgctcgagtcactcttttccatca (plant)
SEQ ID NO:14: atccatggcggacaatgattcte MIP
SEQ ID NO:15: aatcatgcccctgtaagccge (plant)

[0119] 3. Plasmid Construction

[0120] The naming convention used herein is that pST-
Blue-1 containing, for example, ALO in the sense direction
regarding its multiple cloning site (MCS) was designated
pSTB ALO-1. In a further example, pSTBlue-1 containing
ALO in the antisense direction regarding its MCS was
designated pSTB ALO-2, and so on.

[0121] Inserts were cloned using either the pYX series
(R&D Systems, Inc.) or the centromeric expression plasmids
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pZ; and pZ, (P. Branduardi. et al. The Yeast Zygosaccharo-
myvees bailii: a New Host for Heterologous Protein Produc-
tion, Secretion and for Metabolic Engineering Applications,
FEBS Yeast Research, FEMS Yeast Res. (2004) 4, 493-504).
Standard procedures were employed for all cloning pur-
poses, (Sambrook. J. and Russell. D. W., Molecular Clon-
ing: A Laboratory Manual, 3™ Edition, Cold Spring Harbor
Laboratory Press, 2001).

pSTB LGDH-1 EcoRI  pYX022 pH LGDH HIS 3 (marker)
pSTB ALO-1 EcoRI  pYX042 pLALO  LEU 2 (marker)
pSTB ME-1 EcoRl pZ; pZ; ME  Kan® (marker)
pSTB ME-1 EcoRl  pZ, PZyME  Hph' (marker)
pSTB MIP-1 EcoRlI  pYX012 pUMIP  URA 3 (marker)

[0122] Forall the work performed below, the yeast control
strains were transformed with the corresponding empty
vectors.

[0123] 4. Yeast Cultivation and Examination:

[0124] Yeast strains used were S. cerevisiae GRF18U
(Brambilla, L. et al., 1999, FEMS Microb. Lett. 171, 133-
140), 8. cerevisiae GRFc (Brambilla et al. 1999 FEMS
Microb. Lett. 171: 133-140), S. cerevisiae BY4742 (MATa:
his3: leu2. lys2; ura3, EuroScarl Accession No. Y10000), S.
cerevisiae YMLOO7w (BY4742; MATa: his3: leu2, lys2;
ura; YMLO0O7w::KanMX4 (the yap] deleted strain) FuroS-
carf Accession No. Y10569); CEN.PK 113-5D (MATa
ura3-52; cir+) (see, for example, VanDijken et al. (2000)
Enzyme Microb. Technol. 26, 706-714); and BY4741
(MATa: his3: leu2; met 15: ura3, Buroscarf Accession No.
Y00000). or strains derived from them through transforma-
tion with the different developed plasmids. All strains were
cultivated in shake flasks in minimal medium (0.67% w/v
YNB (Difco Laboratories, Detroit, Mich. #919-15). 2% w/v
glucose or mannose, with addition of the appropriate amino
acids or adenine or uracil, respectively, to 50 ML-") and/or
the appropriate antibiotic (G418 or hygromicin to 500 mg/I
and 400 mg/l, respectively) under standard conditions (shak-
ing at 30° C.). The initial optical density at 660 nm was
about 0.05 for ascorbic acid determination, and 0.1 for the
kinetics of the recovery from oxidative stress.

[0125] Cells were recovered by centrifugation at 4000 rpm
for 5 min at 4° C., washed once with cold distilled H,O. and
treated as follows: for determination of intracellular ascorbic
acid, cells were resuspended in about 3 times the pellet
volume of cold 10% TCA., vortexed vigorously. kept on ice
for about 20 min, and then the supernatant was cleared from
the cell debris by centrifugation.

[0126] 5. Yeast Transformation:

[0127] Transformation of yeast cells was performed by the
standard LiAc/ss-DNA/PEG method (Gietz, R. D. and Schi-
estl, R. H. (1996). Transforming Yeast with DNA, Methods
in Mol. and Cell. Biol.).

[0128] Experimental Results

[0129] 6. Expression of Arabidopsis thaliana ME, MIP,
LDGH and §. cerevisiae ALO in GRF18U

[0130] The genes encoding A. thaliana ME, S. cerevisiae
ALO, A. thaliana LGDH, and A. thaliana MIP were placed
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under the control of the TPI (triosephosphateisomerase)
promoter each on its own integrative plasmid, except ME,
which was sub-cloned in a centromeric plasmid. Two or
more of the genes were integrated into S. cerevisiae
GRF18U and BY4742. Each gene was integrated at a unique
locus.

[0131] FIG. 1 provides a schematic representation of the
current understanding of the physiological biosynthetic
pathway leading from D-glucose to L-ascorbic acid in
plants. The following enzymes are involved: A, L-galac-
tono-1.4-lactone dehydrogenase (1.3.2.3), B, L-galactose
dehydrogenase. C. myoinositol phosphatase (3.1.3.23). D.
pyrophosporylase, E, GDP-mannose-3,5-epimerase
(5.1.3.18), F. mannose-1-phosphate guanylyltransferase
(2.7.7.22), G, phosphomannomutase (5.4.2.8), H, mannose-
6-phosphate isomerase (5.3.1.8). 1. glucose-6-phosphate
isomerase (5.3.1.9). I. hexokinase (2.7.1.1).

[0132] In the pathway shown in FIG. 1, ALO catalyzes
reaction A. LGDH catalyzes reaction B, ME catalyzes
reaction E. and MIP catalyzes reaction C.

[0133] Wild-type yeast cells are known to produce GDP-
mannose (reactions F-I in FIG. 1) and to transport it to the
endoplasmic reticulum.

[0134] The table below shows the conversion of D-Glu-
cose and D-Mannose to ascorbic acid by 8. cerevisiae GRFc
(control), or S. cerevisiae GRF18U transformed with (i)
ALO and LDGH: (ii) ALO, LDGH and ME;: or (iii) ALO,
LDGH., ME and MIP. Cells were grown on mineral medium
(2%, glucose or mannose, 0.67% YNB) starting from an
0D of 0.05. After 24 hours of growth, ascorbic acid was
determined. While both the wild-type GRFc and GRFI18U
cells transformed with ALO and LGDH did not accumulate
ascorbic acid, cells transformed with ALO, LDGH and ME,
or ALO, LDGH, ME and MIP, respectively unexpectedly
accumulated considerable amounts (i.e. greater than back-
ground levels) of ascorbic acid.

[0135] Transformed yeast were batch grown on glucose-
or mannose-based media:

Total (ascorbate
plus erythroascorbate)
on glucose-containing

Total (ascorbate plus
erythroascorbate) on
mannose-containing

Expressed gene media media
Wt (control) 0.0205 0.0220
ALO, LGDH (control) 0.0210 00221
ALO, LDGH, ME 0.0302 0.0332
ALO, LDGH, ME, MIP 0,0450 0,0296

(Total {ascorbate plus erythroascorbate) values are mg/OD™® of Biomass/
L)

[0136] The values determined in the control strain indicate
the production of erythroascorbate normally produced by
wild type yeasts.

[0137] We conclude that the yeast endogenously possesses
activities which can nonspecifically catalyze reactions from
GDP-L-galactose to [-galactose (see FIG. 1). Specifically,
though not to be bound by theory, we conclude that GDP-
L-galactose spontaneously hydrolyses to L-galactose-1-P
and that a nonspecific phosphatase catalyzed the conversion
of L-galactose-1-P to [-galactose. which was then converted
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to L-ascorbic acid by LGDH and ALO. MIP provided
superior catalysis of L-galactose-1-P to L-galactose than did
the putative nonspecific phosphatase (ALO. LGDH, ME,
MIP vs. ALO, LGDH, ME).

[0138] We did not observe any ascorbic acid accumulation
in the medium.

[0139] 7. Sensitivity to Oxidative Stress

[0140] FIG. 2 shows that YMLOO7w yeast hosts are par-
ticularly sensitive to oxidative stress. Yaplp activates genes
required for the response to oxidative stress; deletion of this
gene leads to the observed phenotype (Rodrigues-Pousada C
A, et al. (2004) FEBS Lett,

[0141] 567, 80-85)

[0142] The following yeast strains have been analyzed:
[0143] BY4742 (A).

[0144] YMLO07w (O)

[0145] FIG. 2A. The yeast strains were grown on mineral
medium (2% glucose, 0.67% YNB) starting from an OD  of
0.1.

[0146] FIG. 2B. The yeast strains were grown on mineral
medium (2% glucose, 0.67% YNB) starting from an OD®*”
of 0.1 in the presence of 0.8 mM of H,O,.

[0147] FIG. 2C. The yeast strains were grown on mineral
medium (2% glucose, 0.67% YNB) starting from an OD%*
of 0.1 in the presence of 1.0 mM of H,O,.

[0148] The two strains grew in the absence of H,0, (FIG.
2A) while growth of the YMLOO7w yeast host was strongly
delayed in medium containing 0.8 mM of hydrogen perox-
ide (FIG. 2B) and completely impaired in the medium
containing 1 mM of hydrogen peroxide (FIG. 2C).

[0149] 8. Effect of Ascorbic Acid in Media on Stress
Tolerance

[0150] FIG. 3 shows that the growth sensitivity of
YMLOO7w yeast, as shown in FIG. 2, can be rescued by
adding ascorbic acid to the medium, and that the effect of
ascorbic acid in the medium on robustness is concentration
dependent and can be optimized for different yeast strains.

[0151] FIG. 3A. The yeast strains were grown on minimal
medium (2% glucose, 0.67% YNB) starting from an OD®*"
of 0.1 in presence of 0.8 mM of H,0,. Ascorbic acid was
added at T=0 at a final concentration of 15 mg/l.. BY4742
(A); YMLOOTw (O).

[0152] FIG. 3B. The yeast strains were grown on mineral
medium (2% glucose, 0.67% YNB) starting from an QD%
of 0.1 in presence of 1.0 mM of H,O,. Ascorbic acid was
added at T=0 at a final concentration of 15 mg/L.. BY4742
(A); YMLOOTw (O).

[0153] FIG. 3C. Three yeast strains (GRFc, BY4741, and
CEN.PK 113-5D) were grown in 2xYNB medium (2%
glucose. 1.34% YNB), containing lactic acid at 40 g/, pH3.
Ascorbic acid was added to the medium at the concentra-
tions shown. The data demonstrate that the negative effects
of lactic acid on growth can be overcome by exogenous
ascorbic acid, and that the effect of ascorbic acid is dose
dependent.
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[0154] 9. Effect of Endogenous Ascorbic Acid on Sensi-
tivity to Oxidative Stress

[0155] FIG. 4 shows that the growth defects of the
YMLOO7w yeast hosts can be rescued following expression
of ALO, LDGH, ME, and MIP.

[0156] The following yeast strains have been analyzed:
[0157] BY4742 (A)

[0158] YMLOO7w expressing ALO, LDGH and ME ()
[0159] YMLOO7w expressing ALO, LDGH. ME and MIP
(m)

[0160] FIG. 4A. The yeast strains were grown on minimal

medium (2% glucose, 0.67% YNB) starting from an QD"
of 0.1 in presence of 0.8 mM of H,O,.

[0161] FIG. 4B. The yeast strains were grown on minimal
medium (2% glucose, 0.67% YNB) starting from an OD%"
of 0.1 in presence of 1.0 mM of H,0,.

[0162] Endogenous production of ascorbic acid “rescued™
the yeast from stress-induced growth inhibition in a manner
similar to that obtained by adding ascorbic acid to the culture
medium (see FIG. 3).

[0163] 10. Effect of Endogenous Ascorbic Acid on
Robustness of GRF Yeast Strains

[0164] FIG. 5 shows that the wild type GRF yeast strain is
sensitive to fermentative stress conditions (stress condition
induced by adding 2 mM of H,0.,): surprisingly, the recom-
binant yeast strains producing ascorbic acid show a strong
robustness, indicating an increased tolerance to stress. The
following yeast strains were analyzed: GRFc (closed tri-
angle); GRF18U expressing ALO, LDGH and ME (open
square); and GRFI8U expressing ALO. LDGH, ME and
MIP (closed square).

[0165] FIG. 5A. The yeast strains were grown on mineral
medium (2% glucose, 0.67% YNB) starting from an OD660
of 0.1.

[0166] FIG. 5B. The yeast strains were grown on mineral
medium (2% glucose, 0.67% YNB) starting from an OD660
of 0.1 in presence of 2.0 mM of H,O,. The wild type strain
does not consume glucose.

[0167] All the strains used in this experiment bear the
same auxotrophic complementation and the same antibiotic
resistance cassettes (that are necessary for the expression of
the diflerent heterologous genes), so that it was possible to
use the same media for all of them, either the ones express-
ing 3 or 4 heterologous genes or the wild type strain.

[0168] For this experiment. as a classical example of
stress, we challenged wild type yeast cells with H,O,. As
expected. wild type cells grow well in the absence of H,O,
(FIG. 5A), but the same yeast cells do not grow in the
presence of the H,O, (FIG. 5B). It is generally accepted that
this external stressor leads to damage to DNA, damage to
lipids, damage to proteins, and damage to membranes.
among other subcellular structures. and ultimately leads to a
loss of cell viability and cell integrity. Therefore, it is not
surprising that the presence of this stressor leads to zero
production, zero productivity and zero vield of the product
(in this case, wild type yeast biomass), as shown in FIG. 5B.
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[0169] By the transformation of wild type GRF yeast with
(i) LGDH, ALO, and ME or (ii) LGDH, ALO, ME and MIP,
the recombinant yeast produced ascorbic acid, as described
above, whereas wild type yeasts do not naturally produce
ascorbic acid. Surprisingly. the bioprocess based on these
recombinant yeasts showed a high production, high produc-
tivity, and a high yield of the product, yeast biomass (FIG.
5B). Values for production. productivity. and yield are
greater than 0.00 in the recombinant yeast (values for the
control strain).

[0170] This experiment shows the two recombinant GRF
yeasl strains are more tolerant to stress than wild type GRF
yeast, and may therefore be more suitable for certain indus-
trial processes. Though not to be bound by a single theory,
we consider it likely the recombinant yeast are less sensitive
to diverse stressors. possibly through both direct scavenging
of reactive oxygen species (ROS) by ascorbic acid and
interference by ascorbic acid with unwanted stress reactions,
such as apoptosis. cell death, viability loss. and loss of cell
integrity.

[0171] 11. Effect of Endogenous Ascorbic Acid on ROS
and Viability

[0172] The S cerevisiae strains YMLOO7w and
YMLOO7w transformed to express ALO, LDGH, ME, and
MIP were grown in minimal glucose medium with or
without addition of H,O,. Each culture was then split into
two, and one was stained with dehydrorodamine for the
detection of reactive oxygen species (ROS), the other was
stained with propidium iodide for viability determination.
Samples were then analyzed with a flow cytometer and
compared. FIG. 6 demonstrates a correlation between ascor-
bic acid production and reduction in ROS formation, as well
as reduction of the fraction of nonviable cells.

[0173] 12. Effect of Endogenous Ascorbic Acid on Sen-
sitivity to Low pH and Lactic Acid

[0174] The S. cerevisiae strains BY4742¢c and BY4742
transformed to express ALO, LDGH, ME, MIP were inocu-
lated in minimal glucose medium, minimal glucose medium
at low pH (2.2), or minimal glucose medium at pH 3.0
containing 38 g/l of lactic acid. FI1G. 7 shows growth curves
for BY4742¢ (open squares) and the same yeast background
transformed to produce ascorbic acid (dark squares) in
minimal glucose medium, pH 2.2 (FIG. 7a). and in minimal
glucose medium containing 38 g/l lactic acid, pH 3.0 (FIG.
7b). In the transformed yeast strain producing ascorbic acid,
peak levels of cells at low pI are approximately three-fold
greater and peak levels of cells in medium containing lactic
acid are approximately five-fold greater compared with the
non-transformed strain.

[0175] The same experiment was conducted after the two
yeast strains were grown for about 24 hours in minimal
glucose medium and then inoculated in minimal glucose
medium at low pH (2.2), or minimal glucose medium at pH
3.0 containing 38 g/l of lactic acid. The results are shown in
FIG. 8. At low pH, the transformed strain producing lactic
acid showed more than a six-fold increase in peak cell
numbers compared with the non-transformed strain (FIG.
8a). In medium containing lactic acid, the non-transformed
strain showed no increase in growth. whereas the trans-
formed yeast strain producing ascorbic acid showed expo-
nentional growth with an approximately 3.5 fold increase at
peak levels (FIG. 8b).
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[0176] 13. Effect of Exogenous Ascorbic Acid on Growth
of Lactic Acid Producing Yeast m850.

[0177] & cerevisiae strain NRRL Y-30696 was inoculated
in minimal glucose medium and 2.78 g/, CaCO; or minimal
glucose medium with 2.78 g/L. CaCO, and 0.16, 0.3, or 0.6
¢/l ascorbic acid. OD660 (open symbols) and lactic acid
(closed symbols) were monitored with time. The pH
dropped in each case to 2.5 at 67 hours. FIG. 9 shows that
growth, as measure by OD660, increased with increasing
ascorbic acid, 0 g/L. (O), 0.16 g/L (+). 0.3 2/L (&), or 0.6 g/I.
(#), while lactic acid production was equivalent at each
level.

[0178] 14. Construction of a Yeast Strain Co-Producing
Lactic Acid and Ascorbic Acid.

[0179] &S. cerevisiae NRRL Y-30696 (Y-30696) has previ-
ously been engineered to produce lactic acid. The ability to
co-produce a low level of endogenous ascorbic acid could be
introduced by integrating the genes required for ascorbic
acid production into Y-30696. As shown above, production
of significant endogenous [.-ascorbic acid can be achieved
by the expression of sequences encoding ME, LGDH, and
ALO+/-MIP. One or more of these genes, functionally
coupled to an appropriate promoter, could be added to the
L-LDH bearing plasmid of ¥-30696, while additional genes,
coupled to appropriate promoters, could be introduced at the
sites of the deleted PDC genes. Methods for these steps are
known in the art, and are found in Sauver, M., et al. (2004)
Applied Environmental Microbiology 70. 6086-6091.

[0180] While the compositions and methods and yeast

strains of this invention have been described in terms of

particular embodiments, it will be apparent to those of skill
in the art that variations may be applied without departing
from the concept. spirit and scope of the invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

<210> SEQ ID NO 1

<211> LENGTH: 377

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 1

Met Gly Thr Thr Asn Gly Thr Asp Tyr Gly Ala Tyr Thr Tyr Lys Glu
i 5 10 15

Leu Glu Arg Glu Gln Tyr Trp Pro Ser Glu Asn Leu Lys Ile Ser Ile
20 25 30

Thr Gly Ala Gly Gly Phe Ile Ala Ser His Ile Ala Arg Arg Leu Lys
35 40 45

His Glu Gly His Tyr Val Ile Ala Ser Asp Trp Lys Lys Asn Glu His
50 55 60

Met Thr Glu Asp Met Phe Cys Asp Glu Phe His Leu Val Asp Leu Arg
L 70 75 BO

Val Met Glu Asn Cys Leu Lys Val Thr Glu Gly Val Asp His Val Phe
a5 90 g8

Asn Leu Ala Ala Asp Met Gly Gly Met Gly Phe Ile Gln Ser Asn His
100 105 110

Ser Val Ile Met Tyr Asn Asn Thr Met Ile Ser Phe Asn Met Ile Glu
115 120 125

Ala Ala Arg Ile Asn Gly Ile Lys Arqg Phe Phe Tyr Ala Ser Ser Ala
130 135 140

Cys Ile Tyr Pro Glu Phe Lys Gln Leu Glu Thr Thr Asn Val Ser Leu
145 150 155 160

Lys Glu Ser Asp Ala Trp Pro Ala Glu Pro Gln Asp Ala Tyr Gly Leu
165 170 175

Glu Lys Leu Ala Thr Glu Glu Leu Cys Lys His Tyr Asn Lys Asp Phe
180 185 130

Gly Ile Glu Cys Arg Ile Gly Arg Fhe His Asn Ile Tyr Gly Pro Fhe
185 200 205

Gly Thr Trp Lys Gly Gly Arg Glu Lys Ala Pro Ala Ala Phe Cys Arg
210 215 220

Lys Ala Gln Thr Ser Thr Asp Arg Phe Glu Met Trp Gly Asp Gly Leu
225 230 235 240

Gln Thr Arg Ser Phe Thr Phe Ile Asp Glu Cys Val Glu Gly Val Leu
245 250 255

Arg Leu Thr Lys Ser Asp Phe Arg Glu Prc Val Asn Ile Gly Ser Asp
260 265 270

Glu Met Val Ser Met Asn Glu Met Ala Glu Met Val Leu Ser Phe Glu
275 280 285

Glu Lys Lys Leu Pro Ile His His Ile Pro Gly Pro Glu Gly Val Arg
290 295 300

Gly Arg Asn Ser Asp Asn Asn Leu Ile Lys Glu Lys Leu Gly Trp Ala
305 310 315 320

Pro Asn Met Arg Leu Lys Glu Gly Leu Arg Ile Thr Tyr Phe Trp Ile
325 330 335

Lys Glu Gln Ile Glu Lys Glu Lys ARla Lys Gly Ser Asp Val Ser Leu
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15
-continued
340 345 350

Tyr Gly Ser Ser Lys Val Val Gly Thr Gln Ala Pro Val Gln Leu Gly
355 360 365

Ser Leu Arg Ala Ala Asp Gly Lys Glu
370 375

<210> SEQ ID NO 2

<211> LENGTH: 271

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 2

Met Ala Asp Asn Asp Ser Leu Asp Gln Phe Leu Ala Ala Ala Ile Asp
1 5 10 15

Ala Ala Lys Lys Ala Gly Gln Ile Ile Arg Lys Gly Phe Tyr Glu Thr
20 25 30

Lys His Val Glu His Lys Gly Gln Val Asp Leu Val Thr Glu Thr Asp
35 40 45

Lys Gly Cys Glu Glu Leu Val Phe Asn His Leu Lys Gln Leu Phe Pro
50 55 60

Asn His Lys Phe Ile Gly Glu Glu Thr Thr Ala Ala Phe Gly Val Thr
65 70 75 BO

Glu Leu Thr Asp Glu Pro Thr Trp Ile Val Asp Pro Leu Asp Gly Thr
a5 90 95

Thr Asn Phe Val His Gly Phe Pro Phe Val Cys Val Ser Ile Gly Leu
100 105 110

Thr Ile Gly Lys Val Pro Val Val Gly Val Val Tyr Asn Pro Ile Met
115 120 125

Glu Glu Leu Phe Thr Gly Val Gln Gly Lys Gly Ala Phe Leu Asn Gly
130 135 140

Lys Arg Ile Lys Val Ser Ala Gln Ser Glu Leu Leu Thr Ala Leu Leu
145 150 155 160

val Thr Glu Ala Gly Thr Lys Arg Asp Lys Ala Thr Leu Asp Asp Thr
165 170 175

Thr Asn Arg Ile Asn Ser Leu Leu Thr Lys Val Arg Ser Leu Arg Met
180 185 190

Ser Gly Ser Cys Ala Leu Asp Leu Cys Gly Val Ala Cys Gly Arg Val
195 200 205

Asp Ile Phe Tyr Glu Leu Gly Phe Gly Gly Pro Trp Asp Ile Ala Ala
210 215 220

Gly Ile Val Ile Val Lys Glu Ala Gly Gly Leu Ile Phe Asp Pro Ser
225 230 235 240

Gly Lys Asp Leu Asp Ile Thr Ser Gln Arg Ile Ala Ala Ser Asn Ala
245 250 255

Ser Leu Lys Glu Leu Phe Ala Glu Ala Leu Arg Leu Thr Gly Ala
260 265 270

<210> SEQ ID NO 3

«211> LENGTH: 1134

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 3

atgggaacta ccaatggaac agactatgga gcatacacat acaaggagct agaaagagag 60
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-continued
caatattgge catctgagaa tctcaagata tcaataacag gagctggagg tttcattgea 120
tctocacattg ctegtegttt gaagoacgaa ggtcattacg tgattgette tgactggaaa 1B0
aagaatgaac acatgactga agacatgttc tgtgatgagt tccatcttgt tgatcttagg 240

gttatggaga attgtctcaa agttactgaa ggagttgatc atgtttttaa cttagetget 300
gatatgggtg gtatgggttt tatccagagt aatcactctg tgattatgta taataatact 360
atgattagtt tcaatatgat tgaggetgcet aggatcaatg ggattaagag gttcttttat 420
gcttcgagtg cttgtatcta tccagagttt aagcagttgg agactactaa tgtgagottg 4B0
aaggagtcag atgcettggeoc tgcagagect caagatgett atggtttgga gaagettget 540
acggaggagt tgtgtaageoa ttacaacaaa gattttggta ttgagtgteg aattggaagg 600
ttccataaca tttatggtcoe ttttggaaca tggaaaggtg gaagggagaa ggctcocaget 660
gctttctgta ggaaggctca gacttccact gataggtttg agatgtgggg agatgggett 720
cagacccgtt cttttacctt tatcgatgag tgtgttgaag gtgtactcag gttgacaaaa 7BO
tcagatttcc gtgagccggt gaacatcgga agogatgaga tggtgagcat gaatgagatg 840
gctgagatgg ttctcagett tgaggaasaag aagettccaa ttcaccacat tcctggeceg 900
gaaggtgtte gtggtcgtaa ctcagacaac aatctgatca aagaaaaget tggttggget 960
cctaatatga gattgaagga ggggcottaga ataacctact tctggataaa ggaacagatce 1020
gagaaagaga aagcaaaggg aagcgatgtg togetttacg ggtcatcaaa ggtggttgga 1080
actcaagcac cggttcaget aggctcacte cgegoggetg atggaaaaga gtga 1134
<210> SEQ ID NO 4

<211> LENGTH: 1028

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 4

ctaggctcga gaagcttgtc gacgaattca gatatccatg goggacaatg attctctaga 60
tcagtttttg gectgecgeoca ttgatgocge taaaaaagot ggacagatca ttcgtaaagg 120
gttttacgag actaaacatg ttgaacacaa aggccaggtg gatttggtga cagagactga 1B0
taaaggatgt gaagaacttg tgtttaatca tctcaageoag ctotttocca atcacaagtt 240
cattggagaa gaaactacag ctgcatttgg tgtgacagaa ctaactgacg aaccaacttg 300

gattgttgat cctcttgatg gaacaaccaa tttcgttcac gggttccctt teogtgtgtgt 360

ttccattgga cttacgattg gaaaagtccc tgttgttgga gttgtttata atcctattat 420

ggaagagcta ttcaccggtg tccaagggaa aggagcattc ttgaatggaa agcgaatcaa 480
agtgtcagct caaagcgaac ttttaaccge tttgoctcgtg acagaggcgg gtactaaacg 540
agataaagct acattagacqg atacaaccaa cagaatcaac agtttgotaa ccaaggtcag 600

gtcceottagg atgagtggtt cgtgtgcact ggacctcotgt ggogttgegt gtggaagggt 660
tgatatctte tacgagetcg gtttoggtgg tccatgggac attgcageag gaattgtgat 720
cgtgaaagaa gctggtggac tcatctttga tccatccggt aaagatttgg acataacatc 780
gcagaggatc gcggcttcaa acgcttcoctet caaggagtta ttcgcoctgagg cgttgogget 840
tacaggggca tgattatcac gaattctgga tccgatacgt aacgcgtctg cagcatgegt 200

ggtaccgagce ttttccctat agtgagtcgt attagagett ggegtaatca tggtcatage 960
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tgtttecetgt gtgaattgtt atccgetcac atttcacaca acatacgage cggaagcata 1020
aagtgtaa 1028
<210> SEQ ID NO 5

<211> LENGTH: 1581

«<212> TYPE: DNA

<213> ORGANISM: Saccharocmyces cerevisiae

<400> SEQUENCE: 5

atgtctacta tcccatttag aaagaactat gtgttcaasaa actgggoccgg aatttattct 60
gcaasaccag aacgttactt ccaaccaagt tcaattgatg aggttgtcga gttagtaaag 120
agtgccagge tagctgaaaa aagettagtt actgttggtt cgggecatte tcctagtaac 180
atgtgcgtta ctgatgaatg gcocttgttaac ttagacagat tggacaaagt acaaaagttt 240

gttgaatatc ctgagttaca ttatgccgat gtcacagttg atgocggtat gaggotttac 300

caattgaatg aatttttggg tgcgaaaggt tactctatcc aaaatttagg ctctatctca 360
gaacaaagtg ttgctggcat aatctctact ggtagtcatg gttcctcacc ttatcacggt 420
ttgatttett ctcaatacgt aaacttgact attgttaatg gtaagggega attgaagtte 480
ttggatgccg aaaacgatcc agaagtcottt aaageotgett tactttcagt tggaaaaatt 540
ggtatcattg tctctgcotac tatcagggtt gttcccgget tcaatattaa atccactcaa 600
gaagtgatta cttttgaaaa ccttttgaag caatgggata ccctatggac ttcatctgaa 660
tttatcagag tttggtggta cccttatact agaaaatgtg ttctatggag gggtaacaaa 720
actacagatg cccaaaatgq tccagcocaag tcatggtggg gtaccaageot gggtagattt TEO
ttctacgaaa ctctattatg gatctctacc aaaatctatg cgccattaac cccatttgtg 840
gaaaagttcg ttttcaacag gcaatatggg aaattggaga agagctctac tggtgatgtt 900
aatgttaccg attctatcag cggatttaat atggactgtt tgttttcaca atttgttgat 960

gaatgggggt gccctatgga taatggtttg gaagtcttac gttcattgga tcattctatt 1020
gocgeaggetg ccataaacaa agaattttat gtccacgtge ctatggaagt cocgttgeotca 1080
aatactacat taccttctga acccttggat actagcaaga gaacaaacac cagtcccocggt 1140
ccegtttatg gecaatgtgtg ccgeccatte ctggataaca caccatcceca ttgcagattt 1200
gctcegttgg aaaatgttac caacagtcag ttgacgttgt acataaatge taccatttat 1260
aggccgtttg goctgtaatac tccaattcat aaatggttta ccoctttttga aaatactatg 1320
atggtagcgg gaggtaagcc acattgggoc aagaacttoc taggotcaac cactctaget 1380
gctggaccag tgaaaaagga tactgattac gatgactttg aaatgagggg gatggcattg 1440
aaggttgaag aatggtatgg cgaggatttg aaaaagttcc ggaaaataag aaaggagcaa 1500
gatccegata atgtatteott ggcaaacaaa cagtgggota tcataaatgg tattatagat 1560
cctagtgagt tgtccgacta g 1581
<210> SEQ ID NO 6

<211> LENGTH: 2138

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: &

cccatgtcta ctatcccatt tagaaagaac tatgtgttca aaaactggge cggaatttat 60
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-continued
tctgcaaaac cagaacgtta cttccaacca agttcaattg atgaggttgt cgagttagta 120
aagagtgcca ggctagctga aaaaagotta gttactgttg gttogggeca ttotoctagt 1B0
aacatgtgcg ttactgatga atggottgtt aacttagaca gattggacaa agtacaaaag 240

tttgttgaat atcctgagtt acattatgec gatgtcacag ttgatgoegg tatgaggett 300

taccaattga atgaattttt gggtgcgaaa ggttactcta tccaaaattt aggctctatce 360
tcagaacaaa gtgttgctgg cataatctct actggtagtc atggtteccte accttatcac 420
ggtttgattt cttctcaata cgtaasacttg actattgtta atggtaaggg cgaattgaag 4B0
ttettggatg ccgaaaacga tccagaagtc tttaaagetg ctttactttc agttggaaaa 540
atcggtatca ttgtcteotge tactatcagg gttgttoccocecg geottcaatat taaatccact 600
caagaagtga ttacttttga aaaccttttg aagcaatggg ataccctatg gacttcatct 660

gaatttatca gagtttggtg gtacccttat actagaaaat gtgttctatg gaggggtaac 720

aaaactacag atgcccaaaa tggtccagcocc aagtcatggt ggggtaccaa gectgggtaga 7BO
tttttctacg aaactctatt atggatctct accaaaatct atgogccatt aaccccattt 840
gtggaaaagt tcgttttcaa caggcaatac gggaaattgyg agaagagete tactggtgat 200
gttaatgtta ccgattctat cagcggattt aatatggact gtttgttttc acaatttgtt 960

gatgaatggg ggtgccctat ggataatggt ttggaagtct tacgttcatt ggatcattct 1020
attgcgcagg ctgcocataaa caaagaattt tatgtccacg tgectatgga agtcogttge 1080
tcaaatacta cattacctte tgaaccecttg gatactageca agagaacaaa caccagtcce 1140
ggtcocegttt atggecaatgt gtgecgocca ttectggata acacaccatc ccattgeaga 1200
tttgctocogt tggaaaatgt taccaacagt cagttgacgt tgtacataaa tocctaccatt 1260
tataggccgt ttggotgtaa tactcocaatt cataaatggt ttaccctttt tgaaaatact 1320
atgatggtag cgggaggtaa gccacattgg gccaagaact tcctaggeotc aaccactcta 1380
gctgotggac cagtgaaaaa ggatactgat tacgatgact ttgaaatgag ggggatggca 1440
ttgaaggttg aagaatggta tggcgaggat ttgaasaaagt tccggaaaat aagaaaggag 1500
caagatcccg ataatgtatt cttggecaaac aaacagtggg ctatcataaa tggtattata 1560
gatcctagtg agttgtccga ctagtetett tttgtctcaa taatctotat attttactaa 1620
aaaagaatat atatatatat atttatatat agcagtgtga tgactgttca tgtacattet 1680
aataactatt cctagctgcc tatcaaagac ttttttttga attagagett tttagtaatc 1740
atgggaccct tttttoctttt cattatcctt actatagttt ttttttggaa aagccgaacg 1800
cggtaatgat tggtcgtata agcaaaaacg aaacatcgge atggcataac gtagatccta 1860
tctacaggga agtttttaga aatcagatag aaatgtattt tgagtgctgt atatattgca 1820
gtactttttt tctetetagg atttaagtat gtttagtatt aactcatatc acatttttte 1380
tttgtaaaaa gcaaccattc gcaacaatgt cgatagtaga gacatgcata togtttgttt 2040
cgacaaatcc gttttatcca ttttgtactg gattgettct gaattgtgtg gttacaccge 2100
tttacttttg gaaaacgcaa aatggtagaa tcgtggtc 2138
<210> SEQ ID NO 7

<211> LENGTH: 960

<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana

APPX 0409



Case 1:18-cv-00924-CFC Document 399-8 Filed 10/07/19 Page 40 of 137 PagelD #: 30832

US 2007/0141687 Al Jun. 21, 2007

-continued

<400> SEQUENCE: 7

atgacgaaaa tagagcttcg agotttgggy aacacaggge ttaaggttag cgccgttggt 60
tttggtgcoct ctecgotogg aagtgtettc ggtccagtcg cocgaagatga tgcegtogeco 120
accgtgeogeg aggotttocg tctoggtate aacttctteg acacctcece gtattatgga 180
ggaacactgt ctgagaaaat gcttggtaag ggactaaagg ctttgcaagt ccctagaagt 240
gactacattg tggectactaa gtgtggtaga tataaagaag gttttgattt cagtgeotgag 300
agagtaagaa agagtattga cgagagcttg gagaggcttc agcttgatta tgttgacata 360
cttcattgee atgacattga gttogggteot cttgatcaga ttgtgagtga aacaattcct 420
getocttcaga aactgaaaca agaggggaag acccggtteoa ttggtatcac tggtetteeg 480

ttagatattt tcacttatgt tcttgatcga gtgcocctccag ggactgtcga tgtgatattg 540

tcatactgtc attacggcgt taatgattcg acgttgctgg atttactacc ttacttgaag 600
agcaaaggtg tgggtgtgat aagtgecttct ccattagcaa tgggoctcct tacagaacaa 660
ggtccteooctg aatggeocacce tgottccccot gagctcaagt ctgcaagcaa agoccgeagtt 720
gctcactgeoa aatcaaaggq caagaagatc acaaagttag ctetgcaata cagtttagea 780

aacaaggaga tttcgtcggt gttggttggyg atgagetctg tctcacaggt agaagaaaat 840
gttgcagcag ttacagagct tgaaagtctg gggatggatc aagaaactct gtctgaggtt 900

gaagctatte tcgagectgt asagaatctg acatggoccaa gtggaatcca tcagaactaa 960

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Segquence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR Primer for D-arabineono-1,4-lactone
oxidase from S. cerevisiae

<400> SEQUENCE: 8

tttcaccata tgtctactat cc 22

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR Primer for D-arabinono-1,4-lactone
oxidase from 5. cerevisiae

<400> SEQUENCE: 9

aaggatccta gtocggacaac to 22

<210> SEQ ID NO 10

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Segquence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR Primer for L-galactose
dehydrogenase from A. thaliana

<400> SEQUENCE: 10

atgacgaaaa tagagcttcg age 23

<210> SEQ ID NO 11
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<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR Primer for L-galactose
dehydrogenase from A. thaliana

<400> SEQUENCE: 11

ttagttctga tggattccac ttgg 24

<210> SEQ ID NO 12

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR Primer for D-mannose-L-galactose
epimerase from Arabidepsis thaliana

<400> SEQUENCE: 12

gcgoccatggg aactaccaat ggaaca 26

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial seguence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR Primer for D-mannose-L-galactose
epimerase from A. thaliana

<400> SEQUENCE: 13

gegoctcgagt cactctttte catca 25

<210> SEQ ID NO 14

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial seguence

<220> FEATURE:

<223> OTHER INFORMATION: Forward PCR Primer for mycinositol phosphatase
from A. thaliana

<400> SEQUENCE: 14

atccatggeg gacaatgatt cte 23

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial seguence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse PCR Primer for myoinositol phosphatase
from A. thaliana

<400> SEQUENCE: 15

aatcatgecce ctgtaagecq ¢ 21
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What is claimed is:
1. A method of increasing stress tolerance in a recombi-

nant organism that is engineered for industrial production of

at least one product comprising functionally transforming
the recombinant organism with a coding region encoding a
mannose epimerase (ME), a coding region encoding an
L-galactose dehydrogenase (LGDH), and a coding region
encoding a D-arabinono-1.4-lactone oxidase (ALO).
whereby the recombinant organism is enabled to produce
ascorbic acid endogenously.

2. The method of claim 1., wherein the recombinant
organism is further functionally transformed with a coding
region encoding a myoinositol phosphatase (MIP).

3. The method of claim 1, wherein the recombinant
organism is further functionally transformed with a coding
region encoding an enzyme selected from the group con-
sisting of L-galactono-1.4-lactone dehydrogenase (AGD),
D-arabinose dehydrogenase (ARA), and L-gulono-1.4-lac-
tone oxidase (GLO).

4. The method of claim 1. wherein the recombinant
organism produces lactic acid.

5. The method of claim 1, wherein the recombinant
organism is an organism selected from the group consisting
of bacteria, yeast, filamentous fungi. and animal cells.

6. The method of claim 1. wherein the recombinant
organism is a yeast belonging to a genus selected from the
group consisting of Saccharomyees, Zygosaccharomyces,
Candida, Hansenula, Kluyveromyces, Debaromyees, Nad-
sonia, Lipomyces, Torulopsis, Kloeckera, Pichia, Schizosac-
charomyces, Trigonopsis, Brettanomyees, Cryptococcus,
Trichosporon, Aureobasidium, Lipomyces, Phaffia, Rhodot-
orula, Yarrowia. and Schwanniomyces.

7. The method of claim 5, wherein the recombinant
organism is a yeast selected from the group consisting of S.
cerevisiae strain GRF18U: 8. cerevisiae strains W3031B,
BY4741. BY4742, CEN.PK 113-5D and YMLOO7w: K.
lactis strain CBS2359; Z bailii strain ATCC 60483: S.
cerevisiae strains NRRL Y-30696, NRRL Y-30698, NRRL
Y-30742; K. lactis strains PM6-7/pEPL2, PMI/C1[pELP2];
7. bailii strains ATTC36947/pLAT-ADH, ATCC60483/
pLAT-ADH.

8. The method of claim 5, wherein the recombinant
organism is a bacterium of a genus selected from the group
consisting of Bacillus, Escherichia, Lactobacillus, Lacto-
coccus, Pseudomonas, and Acetobacter.

9. The method of claim 5, wherein the recombinant
organism is a bacterium selected from the group of bacterial
strains producing lactic acid consisting of Bacillus coagu-
lans, Lactobacillus helveticus, Lactobacillus delbrueckii,
Lactobacillus casei, Lactobacillus acidophilus, Lactobacil-
lus bulgaricus, Lactobacillus pentosus, and Streptococcus
thermophilus.

10. The method of claim 5, wherein the recombinant
organism is a filamentous fungus of a genus selected from
the group consisting of Aspergillis, Rhizopus, and Tricho-
derma.

11. The method of claim 5, wherein the recombinant
organism is a filamentous fungus selected from the group
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consisting of Aspergillus kawachii, Aspergillus nidulans,
Aspergillus niger, Aspergillus orvzae, Rhizopus arrhizus,
Rhizopus microsporus, Rhizopus oryzae, Trichoderma har-
zianum, Trichoderma reesei, and Trichoderma viride.

12. The method of claim 1, wherein the ME has at least
about 95% identity with SEQ ID NO:1.

13. The method of claim 2, wherein the MIP has at least
about 95% identity with SEQ ID NO:2.

14. The method of claim 1, wherein the recombinant
organism is a yeast, and wherein the yeast is engineered to
produce at least one product selected from the group con-
sisting of organic acids, amino acids. vitamins, polyols,
solvents, biofuels, therapeutics, vaccines, proteins, and pep-
tides.

15. The method of claim 1, wherein the recombinant
organism is a yeast, and wherein the yeast is engineered to
produce organic acids.

16. The method of claim 1, wherein the recombinant
organism is a yeast, and wherein the yeast is engineered to
produce lactic acid.

17. The method of claim 1. wherein the recombinant
organism is a bacterium and wherein the bacterium is
engineered to produce at least one product selected from the
group consisting of organic acids. amino acids. vitamins,
polyols. solvents. biofuels, therapeutics, vaccines. proteins,
and peptides.

18. The method of claim 1, wherein the recombinant
organism is a bacterium and wherein the bacterium is
engineered to produce organic acids.

19. The method of claim 5, wherein the recombinant
organism is a bacterium and wherein the bacterium is
engineered to produce lactic acid.

20. The method of claim 1, wherein the recombinant
organism is a filamentous fungus and wherein the filamen-
tous fungus is engineered to produce at least one product
selected from the group consisting of citric acid, lactic acid,
and enzymes.

21. A method of increasing stress tolerance in a recom-
binant organism that is engineered for industrial production
of at least one product, comprising culturing the recombi-
nant organism in a medium containing an effective amount
of ascorbic acid.

22. The method of claim 21, wherein the effective amount
of L-ascorbic acid is 0.005 to 2.0 grams/liter.

23. The method of claim 21 wherein the effective amount
of L-ascorbic acid is 0.015 to 0.1 gram/liter.

24. The method of claim 21, wherein the recombinant
organism is engineered for the industrial production of lactic
acid.

25. The method of claim 21, wherein the recombinant
organism is a bacterium, a yeast. a filamentous fungus, or an
animal cell.

26. A method of increasing stress tolerance in an organism
that produces lactic acid comprising culturing the organism
in a medium containing 0.005 to 2.0 grams/liter of ascorbic
acid.
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METHOD FOR THE RECOMBINANT
PRODUCTION AND PURIFICATION OF
PROTEIN KINASES

BACKGROUND OF THE INVENTION

Protein kinases regulate many different cell proliferation,
differentiation, and signaling processes by adding phosphate
groups to proteins (Hunter, T., Cell 50 (1987) 823-829). Pro-
tein kinases are usually named after their substrate, their
regulatory molecules, or some aspect of a mutant phenotype.
With regard to substrates, the protein kinases may be divided
into two groups: those that phosphorylate tyrosine residues
(protein tyrosine kinases, PTK) and those that phosphorylate
serine or threonine residues (serine/threonine kinases, STK).
Almost all kinases contain a similar 250-300 amino acid
catalytic domain. The N-terminal domain binds and orients
the ATP (or GTP) donor molecule. The larger C terminal part
binds the protein substrate and carries out the transfer of
phosphate from ATP to the hydroxyl group of a serine, threo-
nine, or tyrosine residue.

The kinases may be categorized into families by the differ-
ent amino acid sequences (generally between 5 and 100 resi-
dues) located on either side of, or inserted into loops of, the
kinase domain. These added amino acid sequences allow the
regulation of'each kinase as it recognizes and interacts with its
target protein. The primary structure of the kinase domains is
conserved and can be further subdivided into 11 subdomains.
Each of the 11 subdomains contain specific residues and

motifs orpatterns of amino acids that are characteristic of that -

subdomain and are highly conserved (Hardie, G., and Hanks,
S., The Protein Kinase Facts Books 1. Academic Press, San
Diego, Calif., 1995, pp. 7-20).

The second messenger dependent protein kinases prima-
rily mediate the effects of second messengers such as cyclic
AMP (cAMP) cyclic GMP, inositol triphosphate, phosphati-
dvlinositol, 3.4.5-triphosphate, cyclic ADP ribose, arachi-
donic acid and diacylglycerol. Cyclic -AMP dependent pro-
tein kinases (PKA) and mitogen-activated protein kinases
(MAPK) are e.g. members of the STK family. Cyclic -AMP is
an intracellular mediator of hormone action in all procaryotic
and animal cells that have been studied. Such hormone-in-
duced cellular responses include thyroid hormone secretion,
cortisol secretion, progesterone secretion, glycogen break-
down, bone resorption, and regulation of heart rate and force
of heart muscle contraction. PKA is found in all animal cells
and is thought to account for the effects of cyclic -AMP in
most of these cells. Altered PKA expression is implicated in
a variety of disorders and diseases including cancer, thyroid
disorders, diabetes, atherosclerosis, and cardiovascular dis-
ease.

MAP kinases like p38 also regulate intracellular signaling
pathways. They mediate signal transduction from the cell
surface to the nucleus via phosphorylation cascades. Several
subgroups have been identified, and each manifests different
substrate specificities and responds 1o distinet extracellular
stimuli (Egan, S. ., and Weinberg, R. A., Nature 365 (1993)
781-783).

Protein kinase B (PKB/AKkt) is a component of an intrac-
ellular signalling pathway of fundamental importance that
functions to exert the effects of growth and survival factors,
and which mediates the response to insulin and inflammatory
signals (Datta. S. R.. etal.. Genes Dev. 13 (1999) 2905-2927:
Brazil, D. P., and Hemmings, B. A., Trends Biochem. Sci. 11
(2001) 657-664). The recombinant production and purifica-
tion of PKB is described in WO 2003/016516 using Phenyl
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TSK hydrophobic interaction chromatography. PKB was
adsorbed to the column and eluted after washing PKB using
a linear gradient.

Src kinases are implicated in cancer. immune system dys-
function and bone remodeling diseases. For general reviews.
see Thomas, S. M., and Brugge, J. S., Annu. Rev. Cell Dev.
Biol. 13 (1997) 513-609. Members of the Src family are e.g.
Sre, Fyn, Yes, Fgr, Lyn, Hek. Lek. and Blk. These are nonre-
ceptor protein kinases that range in molecular mass from 52 to
62 kD. All are characterized by a common structural organi-
zation that is comprised of six distinct functional domains:
Src homology domain 4 (SH4), a unique domain. SH3
domain, SH2 domain. a catalytic domain (SH1), and a C-ter-
minal 15 regulatory region.

In prokaryotic organisms, the protein synthesis, also
referred to as translation, takes place on the ribosomes in the
cytoplasm. In expressing recombinant DNA in prokaryotic
hostorganisms, suchas, e.g.. £. coli the resultant recombinant
gene product/protein often precipitates in the cytoplasm in
the form of insoluble inclusion bodies. After completion of
fermentation and lysis of the cells, the inclusion bodies are
isolated and optionally purified and the recombinant protein
contained therein is solubilized by adding denaturants such as
urea or guanidinium hydrochloride and naturation of said
protein is accomplished by reducing the denaturing condi-
tions. Such methods are well-known and have long been used
successfully also for the industrial manufacture of recombi-
nant proteins (cf., e.g.. Lee. S. Y., Trends Biotechnol. 14
(1996) 98-105: Panda. A. K., et al.. J. Biotechnol. 75 (1999)
161-172; Mattes, R., Semin. Thromb. Hemost. 27 (2001)
325-336; Clark, E. D., Curr. Opin. Biotechnol. 12 (2001)
202-207; Misawa, S., and Kumagai, 1. Biopolymers 51
(1999) 297-307; and Lilie. H.. Current Opinion Biotechnol. 9
(1998) 497-501).

However, expression of mammalian proteins in microbial
host cells like E. eoli is often a challenging task due to poor
solubility, improper folding, lack of stability and other prob-
lems. Past attempts to produce such protein kinases by recom-
binant expression in microbial host cells pursuant to known
methods in the art generally result in general only low
amounts of active soluble kinases but with large amounts of
undesired and inactive dimers and higher aggregates.

Now it was surprisingly found, that using the method of the
invention kinases can be recovered after recombinant produc-

5 tion in microbial host cells in a correctly folded form in large

amounts.
SUMMARY OF THE INVENTION

The invention relates to an improved method for the recom-
binant production and purification of protein kinases in
prokaryotes via inclusion bodies.

The object of the invention therefore is a method for the
recombinant production and purification of a protein kinase

5 selected from the group consisting of tyrosine protein kinases

and serine/threonine kinases comprising a) expressing a
nucleic acid encoding said kinase in a microbial host cell, b)
forming inclusion bodies containing said protein kinase, and
c) isolating, solubilizing. naturing, and purifying said protein
kinase wherein said purification is performed by hydrophobic
interaction with an hydrophobic adsorbent under conditions
whereby at least 70% of said correctly folded protein kinase
are not bound to said adsorbent and the protein kinase not
bound to said adsorbent is recovered and unfolded protein is

5 bound to the adsorbent.

Preferably said protein kinase is Src, PKB. c-Met. Lick.
Aurora or p38 MAPK.
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The adsorbent according to the invention comprises a solid
or gel material, perferably a solid or gel material comprising
cellulose, cross-linked dextran, cross-linked agarose or the
like modified with hydrophobic residues like phenyl-. butyl-,
or octylresidues (HIC adsorbent. hydrophobic interaction
chromatography adsorbent).

Preferably the kinase is treated with the hydrophobic
adsorbent in an aqueous solution comprising at least 0.1 M.
more preferably at least IM of a salt wherein the salt prefer-
ably comprises a cation. selected from the group consisting of
sodium, potassium and ammonium, and an anion selected
from the group consisting of chloride, sulfate (except not with
ammonium) and phosphate, more preferably NaCl or KC1.
Higher salt concentrations are possible as long as the protein
kinase does not bind in an undesired large amount exceeding
70% of the total amount of protein kinase protein material.
wherein the total amount of protein kinase material includes
the correctly folded protein kinase, the not correctly folded
protein kinase aggregates, and other undesired protein kinase
material. In addition high salt concentrations (e.g., above 5M)
may destabilze and/or denature protein kinases.

In addition the above hydrophobic interaction treatment is
performed preferably in the presence of at least about 0.5 M
arginine, guanidine or a compound comprising the general
formula |

R,—CO—NRR, ,

or combination thereof,

wherein

R and R are hydrogen or a saturated or unsaturated branched
or unbranched C-C alkyl chain and

R, is hydrogen. NHR, ora saturated or unsaturated branched
or unbranched C -C; alkyl chain.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: Src activity after renaturation and hydrophobic
chromatography as described. Activity is found in superna-
tant (SN) (EL=eluate).

FIG. 2: SDS page of renaturation and butyl chromatogra-
phy fractions, Coomassie stained. While retaining activity in
butyl supernatant (SN) high amounts of inactive Src protein
are cut off.

1: Molecular weight protein standard, 2: Renaturation, 3:
Renaturation+KCl, 4: Butyl SN, 5: Ultrafiltration/concen-
tration.

FIG. 3: Activity of Src after renaturation and addition of
KCl or ammonium sulfate. Addition of ammonium sulfate
that is common in hydrophobic chromatography results in
loss of active-Sre in supernatant. KClup to 1M keeps active
Src in solution and allows separation of inactive Src on Butyl
sepharose.

FIG. 4: SDS page, Coomassie Blue staining. Lane 1 stan-
dard proteins, lane 2 Aurora kinase preparation afier refolding
and Butyl Sepharose. Arrow: Aurora kinase.

FIG. 5: Size exclusion chromatography of Aurora kinase
after refolding and Butylsepharose batch. Superdex 75 (Phar-
macia) 10/30. Buffer: 50 mM TRIS pH7.5, 500 mM NaCl,
10% Glycerol, 3 mM Chaps. Flow rate: 0.5 ml/min.,

DETAILED DESCRIPTION OF THE INVENTION
The invention relates to an improved method for the recom-

binant production and purification of protein kinases in
prokaryotes via inclusion bodies.
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The object of the invention therefore is a method for the
recombinant production and purification of a protein kinase
selected from the group consisting of tyrosine protein kinases
and serine/threonine kinases comprising a) expressing a
nucleic acid encoding said kinase in a microbial host cell. b)
forming inclusion bodies containing said protein kinase, and
¢) isolating, solubilizing. naturing, and purifying said protein
kinase wherein said purification is performed by hydrophobic
interaction with an hydrophobic adsorbent under conditions
whereby at least 70% of said correctly folded protein kinase
are not bound to said adsorbent and the protein kinase not
bound to said adsorbent is recovered and unfolded protein is
bound to the adsorbent.

Preferably said protein kinase is Src, PKB, c-Met, Lck,
Aurora or p38 MAPK.

The adsorbent according to the invention comprises a solid
or gel material, perferably a solid or gel material comprising
cellulose, cross-linked dextran. cross-linked agarose or the
like modified with hydrophobic residues like phenyl-, butyl-,
or octylresidues (HIC adsorbent, hydrophobic interaction
chromatography adsorbent).

Preferably the kinase is treated with the hydrophobic
adsorbent in an aqueous solution comprising at least 0.1 M,
more preferred 1M of a salt wherein the salt preferably com-
prises a cation, selected from the group consisting of sodium,
potassium and ammonium, and an anion selected from the
group consisting of chloride, sulfate (except not with ammo-
nium) and phosphate, more preferably NaCl or KCI. Higher
salt concentrations are possible as long as the protein kinase
does not bind in an undesired large amount exceeding 70% of
the total amount of protein kinase protein material. wherein
the total amount of protein Kinase material includes the cor-
rectly folded protein kinase. the not correctly folded protein
kinase aggregates, and other undesired protein kinase mate-
rial. In addition high salt concentrations (e.g., above SM) may
destabilze and/or denature protein kinases.

In addition the above hydrophobic interaction treatment is
performed preferably in the presence of at least about 0.5 M
arginine, guanidine or a compound comprising the general
formula I

R,—CO—NRR, m,

or combinations thereof,

wherein

R and R1 are hydrogen or a saturated or unsaturated branched
or unbranched C -C, alkyl chain and

R, is hydrogen, NHR, or a saturated or unsaturated branched
or unbranched C -C; alkyl chain.

The protein kinases which can be produced and purified
according to the invention have been defined above. Prefer-
ably the method according to the invention is useful for the
production and purification of Src kinases and cyclic -AMP
dependent protein kinases (PKA). Members of the Src family

5 aree.g. Src, Fyn, Yes, Fgr, Lyn, Hck, Lck, and BIk. These are

nonreceptor protein kinases that range in molecular mass
from 52 to 62 kD. All are characterized by a common struc-
tural organization that is comprised of six distinct functional
domains: Src homology domain 4 (SH4), a unique domain,
SH3 domain, SH2 domain, a catalytic domain (SH1), and a
C-terminal 15 regulatory region. Cyclic -~AMP dependent
protein kinases (PKA) are members of the STK family.
Cyclic -AMP is an intracellular mediator of hormone action
in all procaryotic and animal cells that have been studied.
Such hormone-induced cellular responses include thyroid
hormone secretion. cortisol secretion, progesterone secre-
tion, glycogen breakdown, bone resorption, and regulation of
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heart rate and force of heart muscle contraction. PKA is found
in all animal cells and is thought to account for the effects of
cyclic -AMP in most of these cells.

The above described protein kinases that can be produced
according to the current invention all play an important role in
biochemical processes. For further elucidation of metabolic
correlations not only the natural protein kinases are of interest
but also mutants of these naturally occuring protein kinases.

An adsorbent (HIC or hydrophobic adsorbent) useful
according to the invention comprises preferably a gel matrix
substituted with hydrophobic ligands. The degree of substi-
tution is usually in the range of 10-50 pmol/ml gel. Preferred
ligands are e.g. C,-Cg alkyl residues or simple aryl (like
phenyl) residues. Usually hydrophobic interaction is
increased by adding salt. If HIC adsorbents are used for
chromatography the kinase in the correctly folded form is not
bound to a considerable extent and therefore recovered in the
flow-through.

Especially preferred is the use of a cross-linked agarose
substituted with phenyl-, butyl- or octylgroups. Such adsor-
bent is for example phenyl-, butyl- or octyl-Sepharose (e.g.
cross-linked agarose, 4% spherical, mean particle size 90 pm.
particle size range 45-165 pm, degree of substitution approx.
50 pmol butyl groups/ml gel), available from Amersham Bio-
sciences (General Electric Healthcare).

The treatment with the hydrophobic adsorbent can be per-
formed according to methods known to one of ordinary skill
in the art, e.g. treatment of the solution containing the kinase
with a suspension of the adsorbent or as a chromatography
(HIC). For example, the hydrophobic adsorbent is equila-
braited in the renaturation buffer and added to the renatur-
ation solution of the protein. The mixture is agitated, prefer-
ably in a cold storage room, for about one hour. The adsorbent
is separated from the solution by filtration, such as for
example plaited paper filter. Other chromatographic steps,
such as for example ion exchange and size exclusion chro-
matography. optionally may be performed to achieve further
purification.

The term *“at least 70% of said protein kinase are not
bound™ means that from the protein recovered after recombi-
nant production and naturation, which contains said protein
kinase in a correctly folded form, not correctly folded form
(e.g. multimers and the like) and other protein impurities from
the host cell present after naturation in the aqueous solution
containing the kinase. at least 70% of the correctly folded
form are not bound to the adsorbent and found either in the
supernant after treatment of the kinase solution with the
adsorbent (the chromatographic material) or if the adsorbent
(the chromatographic material) is used within a chromato-
graphic HIC purification found in the flow-through.

The term “chromatographic material” as used herein refers
to the material that is used for a purification process and more
specifically comprises the adsorbent in the solution of the
protein kinase. Preferably, the chromatogrpahic material
comprises the use of the cross-linked agarose substituted with
phenyl. butyl. or octyl groups, such as butyl-sepharose, in the
solution of the protein kinase.

The term “correctly folded” means that the protein after
naturation adopts the natural three dimensional structure.
This is independent of catalytical activity and comprises also
catalytically inactive mutants. Preferably active protein
kinases are produced according to the current invention.

Binding of a correctly folded kinase to the adsorbent with
a rate below 30% can be reached by treating an aqueous
solution of such a kinase after naturation with at least 0.1 M of
a salt solution, more preferably at least 1M of a salt, wherein
the salt is selected from one or more of the group comprising
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of a cation selected from the group consisting of sodium,
potassium. and ammonium, and an anion seelected from the
group consisting of chloride, sulfate, and phosphate, except
that where the cation is ammonium the anion is not sulfate.
More preferably. the salt is KCl or NaCl Higher preferred salt
concentrations are possible as long as the protein kinase do
not bind in a undesired large amount exceeding 70% of the
total amount of protein kinase protein material. In addition
very high salt concentrations may destabilze protein kinases.

In a preferred embodiment of the invention, wherein the
protein kinase is applied to a chromatogrpahic material in an
aqueous solution containing at least 0.1 M of a salt, and more
preferably. at least 1M of'a salt, the aqueous solution contains
(comprises) in addition at least 0.5 M of arginine, guanidine
ora compound having the general formula I or combinations
thereof. The aqueous solution containing in addition at least
0.5M arginine, guanidine or a compound having the general
formula I or combinations thereof, preferably comprise one
or more compounds selected from the group consisting of
guanidine, arginine, general formula | compounds, and phar-
maceutical salts of guanidine, arginine and general formula
compounds.

The compounds having the general formula I preferably
comprise one or more compounds selected from the group
consisting of formamide. acetamide, urea or urea derivatives,
such as ethyl urea or methyl urea, and pharmaceutically
acceptable salts of such compounds. The term guanidine
comprises and includes the base guanidine as well as phar-
maceutrically acceptable salts of guanidine. The term argin-
ine comprises and includes the base arginine as well as phar-
maceutically acceptable salts of arginine. For example,
arginine can be used as a hydrochloride or as another titrated
form of the base arginine. Preferably however L-arginine.
more preferably the hydrochloride form of L-arginine, is
employed.

Insoluble inclusion bodies are formed during recombinant
expression of polypeptides in microbial host cells. Inclusion
bodies are refractile aggregates of protease-resistant mis-
folded desired protein that occur upon over-expression of the
encoding gene (Misawa, 8., and Kumagai. 1., Biopolymers 51
(1999) 297-307).

Suitable prokaryotic host cells for recombinant gene
expression are, for example, gram-negative or gram-positive
organisms, such as, e.g.. £. coli and Bacillus subtilis. Suitable
E. coli strains are, for instance, I. coli strains such as BL.20,
BL21, UT5600, AB101, XL1, K12, X1776 and W3110.
However, other enterobacteriaceae as well as microorgan-
isms such as Klebsiella, Salmonella or Bacillus subtilis,
Pseudomonas or Streptomyces are also suitable as host cells.
Also suitable as host cells are yeast strains, such as. e.g..
Saccharomyces, Pichia, Hansenula, Kluyveromyees and
Schizosaccharomycees.

The nucleic acid coding for the polypeptide is usually
inserted in an expression vector. Suitable vectors are well-
known to one skilled in the art and are, for example, plasmids
or phages. See. e.g.. “Sambook. 1., Russel. D. W., Molecular
Cloning, 3rd Edition, Chapter 157, relevant parts thereof are
which hereby incorporated by reference.

The fermentation of the host cells is also accomplished
according to methods known to one skilled in the art. Afiera
predetermined number of cells has been reached (measured
via the optical density of the fermentation broth/cell suspen-
sion), the expression of the recombinant polypeptide is
induced and cultivation is performed until the stationary
phase is reached (in the case of batch cultures). After comple-
tion of cell growth, the cells are harvested and the inclusion
bodies are isolated and processed by solubilization and matu-
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ration according to known methods. Recovery of the correctly
folded protein kinases from the solution. and not bound to the
adsorbent, is according to methods known to those of ordi-
nary skill in the art, depending upon the purity of the IB and
intended use of the kinase. For example, as a first step the
adsorbent is removed from the solution (e.g. via filtration,
ultrafiltration, centrifugation etc). If further treatment steps
are required the steps are varying. For example. for a change
of the buffer salts dialysis may be employed. The protein
kinase recovered afterwards is still in solution and can be
further processed. If further purification steps follow. that
don’t require a concentrated protein solution, the recovered
solution is directly applied. e.g. to a Ni-affinity-column. From
this column the protein can be recovered as concentrated
solution. If a step follows that needs a concentrated solution,
e.g., a size-exclusion-chromatography. a concentration step.
e.g, ultrafiltration, is inserted.

In general after the purification is finished the correctly
folded protein kinase is recovered from the solution. Depend-
ing upon the ultimate product desired for the kinase, the
solution may be even freeze dried, potentially afier deminer-
alization by e.g.. dialysis or ion exchange, (for e.g., a desired
protein powder) or a concentration step with ultrafiltration is
applied (for e.g.. a desired liquid formulation).

The invention provides therefore an improved method for
the recombinant production and purification of a protein
kinase selected from the group consisting of tyrosine protein
kinases and serine/threonine kinases comprising: a) express-
ing a nucleic acid encoding said kinase in a microbial host
cell, b) forming inclusion bodies containing said kinase, and
¢) isolating, solubilizing, naturing, and purifying said kinase,
wherein said purification is performed by hydrophobic inter-
action with an hydrophobic adsorbent under conditions
whereby at least 70% of said correctly folded protein kinase
are not bound to said adsorbent and the protein kinase not
bound to said adsorbent is recovered. With the method of the
invention substantial amounts of correctly folded protein
kinases can be recovered and purified up to a purity of about
>90-95% and more.

The following examples, figures and references are pro-
vided to aid the understanding of the present invention, the
true scope of which is set forth in the appended claims. It is
understood that modifications can be made in the procedures
set forth without departing from the spirit of the invention.

The following exmaples are provided for illustrative pur-
poses and are not intended to limit the scope of applicants
invention.

EXAMPLE 1
Recombinant Production of Src

a) Cloning

Sre kinase domain was cloned BamHI/HindIIT into pQE32
(QIAGEN GmbH) with an N-terminal thrombin cleavage site
introduced by PCR Constructs for the bacterial expression of
mouse full length wild type Src kinase and derivatives for
application in kinase assays and for structural purposes were
cloned according to the following procedure.

The ORF coding for mouse full length Src kinase was
amplified from ¢DNA plasmid pUSE Src wt (Upstate) via
standard PCR using gene-specific oligonucleotide primers
and Tgo/Tag DNA Polymeerases (Roche Diagnostics
GmbH), and subsequently sub cloned via BamHI and HindI11
restriction, sites into bacterial expression vector pQE32
(Qiagen GmbH). An N-terminal thrombin cleavage site was
introduced by PCR. This vector served as a template for the
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generation of truncated and mutated versions of Src kinase
domain and full lenth via site-directed mutagenesis. All
inserts under control of the T5 promotor were confirmed by
sequencing.

b) Fermentation

Vectors plus co-vector pUBS520 (Brinkmann, U., Mattes,
R. E.. Buckel, P., Gene 85 (1989) 109 | 14) were subsequently
transformed into E. coli BL21 strain (Stratagene) for protein
expression by large scale fermentation as inclusion bodies.

To prepare the inoculum 1 ml of a glycerol stock of the
appropriate E. coli strain, harboring the expression plasmid to
produce recombinant kinase protein, is added to 100 ml LB
media and incubated for 8 to 10 hours ona rotary shakerat 37°
C. This pre-culture is transferred to the sterilized fermenter
vessel containing further LB media and glucose. The tem-
perature of the main culture is maintained at 37° C. when
insoluble expression of the kinase protein to inclusion bodies
is desired. For example. proteins were expressed in £. coli
BL21 grown at 37° C. in LB medium supplemented with
ampicillin (100 pg/ml) to an absorbance of 0.5-0.8 before
overnight induction at 37° C. with 0.5 mM IPTG (isopropl-
D-thiogalactopyranoside). The dissolved oxygen concentra-
tion of the media throughout the fermentation is kept above
20% saturation by increasing the agitation speed. Additional
feeding of the culture is performed with the addition of glu-
cose at rising pH values and the continuous dosing of a
yeasl-tryptone solution (2 ml/min). The fed batch fermenta-
tion ends when no more increase of the optical density is
measurable. The culture broth is harvested by centrifugation
after incubation, resuspended and inclusion bodies are then
prepared (Example 1, part ¢) according to the given proce-
dure.

REFERENCES

Brinkmann, U., Mattes, R. E., Buckel, P., Gene 85 (1989)
109-114: High level expression of recombinant genes in
Escherichia coli is dependent on the availability of the dnaY
gene product.

c¢) IB Preparation

The biomass is suspended in a buffer containing Tris and
MgS0O,. Lysozym and DNase (e.g. Benzonase from Merck)
are added if required before disintegration of the cells of the
biomass (bacteria cells). The bacteria cells are disrupted by

5 homogenization to release the inclusion bodies from inside.

Additional DNase keeps the suspension liquid what is essen-
tial for further handling. Afier an incubation period at room
temperature a second buffer solution containing NaCl, EDTA
and Brij solution is added to the suspension. The total incu-
bation time is about one hour. The covered inclusion bodies
are separated from the supernatant by centrifugation after an
additional incubation time at room temperature. Then the
pellet is suspended with a third buffer solution containing Tris
and EDTA to wash the IBs (endotoxin release) and incubated

5 under stirring at room temperature and centrifuged.

d) Naturation of Src

1.3 g inclusion bodies were suspended in 100 ml 0.1M
TRIS pH 8.0, 8M Guanidin HCI, 10 mM EDTA. 10 mM DTT
at room temperature. This Src solubilisate is added dropwise
under stirring into 101 refolding buffer containing 1M TRIS
pH 7.0, 0.5M Arginine, 10 mM DTT. 10 tablets of Complete.
The refolding process is continued 3-5 days at 8° C. without
stirring.

Dialysis against different buffers commonly used in the
priorart (acetate, phosphate, MES, TRIS pH 5-9 with various
additives) at this stage was not successful due to high aggre-
gation of inactive not corerctly folded Src and then co-immu-
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noprecipitation of the active fraction. It was necessary to
remove the inactive, not correctly folded Src solubilised in
renaturation buffer by hydrophobic chromatography before
dialysis.

e) Hydrophobic Batch Chromatography

The refolded protein solution was set to 1M KCI. Subse-
quently 40 g Butylsepharose 4 Fast Flow (Amersham) were
added and binding allowed for 1 h at 8° C. After removal of
Butylsepharose by filtration the supernatant contains the cor-
rectly folded active Src protein. Under these conditions not
correctly  folded. non-active protein is bound to
Butylsepharose. This method allows separation of active and
inactive Src (FIGS. 1 and 2). Further purification can be
achieved if necessary by additional chromatography steps i.e.
Ni-chelate chromatography and size exclusion chromatogra-
phy or other methods known to one of ordinary skill in the art.
depending upon the subsequent intended application of the
protein.

Addition of KC1 (0.2M. 0.5M and 1.0M) proved to be
superior versus ammonium sulfate as can be seen in FIG. 3,
Similar concentrations of ammonium sulfate already result in
precipitation of active Src. Using conditions that lead to bind-
ing of the active Src on hydrophobic materials were not suit-
able because of high loss of activity on the column. Eluates
show only low Src protein and activity recovery.

{) Src Assay

Phosphorylation of Sre substrate peptide YA 133 labeled by
Src kinase is measured by using a phosphotyrosine antibody
Eu labeled (PT66 Lance Eu-W1024 (Wallac)) and detection
of time resolved fluorescence signal.

EXAMPLE 2
Recombinant Production of Aurora

a) Cloning

Vector constructs for the bacterial expression of human
full-length wildtype Aurora A kinase and derivatives for
application in kinase assays (e.g. Elisa, HTRF, FP) and for
biostructural purposes were designed and cloned according to
the following procedure.

The ORF coding for human full-length Aurora A kinase
(residues 1-403) was amplified from a human Hel.a cDNA
library (Clontech) via standard PCR using gene-specific oli-
gonucleotide primers and Pwo DNA polymerase (Roche
Diagnostics GmbH), and subsequently subcloned into bacte-
rial expression vectors. These vectors served as a template for
the generation of truncated versions of Aurora A via PCR
using gene-specific oligonucleotide primers and of Aurora A
muteins via site-directed mutagenesis. For the final expres-
sion constructs wildtype and mutant Aurora A kinase
domains (residues 114-403) were amplified from the corre-
sponding Aurora A basic vectors via PCR using gene-specific
primers and Pwo DNA polymerase. PCR products were sub-
cloned via Ndel and Xhol restriction sites into modified
pQE40 expression vectors under control of a T5 promoter
with and without an N-terminal RGS-(His),-tag. All vector
insert sequences were confirmed by sequencing. Vectors were
subsequently transformed into E. coli BL21. 20 and UT5600
strains co-transformed with the pUBS520 co-repressor plas-
mid (Brinkmann, U., Mattes, R. E., Buckel, P.. Gene. 85
(1989) 109-114). Aurora protein was subsequently expressed
by large scale fermentation as inclusion bodies. Proteins were
expressed in £. coli strains BL21 and UT5600 grownat 37°C.
in LB medium supplemented with ampicillin (100 pg/ml) and
kanamycin (50 pg/ml) to an absorbance of 0.5-0.8 before
overnight induction at 37° C. with 1 mM isopropyl-D-thioga-
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lactopyranoside. After induction, cells were harvested by
centrifugation, resuspended and inclusion bodies were pre-
pared according to the given procedure.

b) Fermentation

To prepare the inoculum 1 ml of a glycerol stock of the
appropriate £. coli strain, harboring the expression plasmid to
produce recombinant kinase protein, is added to 100 ml LB
media and incubated for 8 to 10 hours ona rotary shakerat 37°
C. This pre-culture is transferred to the sterilized fermenter
vessel containing further LB media and glucose. The tem-
perature of the main culture is maintained at 37° C. Additional
feeding of the culture is performed with the addition of glu-
cose at rising pH values and the continuous dosing of a
yeast-tryptone solution (2 ml/min). The fed batch fermenta-
tion ends when no more increase of the optical density is
measurable. The culture broth is harvested by centrifugation.

c¢) IB Preparation

The biomass is suspended in a buffer containing Tris and
MgSO,. Lysozym and DNase (e.g. Benzonase from Merck)
are added if required. The bacteria cells are disrupted by
homogenization to release the inclusion bodies from inside.
After an incubation period at room temperature a second
buffer solution containing NaCl, EDTA and Brij solution is
added to the suspension. The covered inclusion bodies are
separated from the supernatant by centrifugation after an
additional incubation time at room temperature. Then the
pellet is suspended with a third buffer solution containing Tris
and EDTA to wash the IBs and incubated under stirring at
room temperature and centrifuged.

d) Naturation of Aurora

160 mg inclusion bodies were suspended in 10 ml 0.1M
TRIS pH 8.0, 8M Guanidin HCI, 10 mM EDTA, 10 mM DTT
at room temperature. This aurora solubilisate is added drop-
wise under stirring into 1 1 refolding buffer containing 1M
TRIS pH 7.0, 0.5M Arginine, 10 mM DTT. The refolding
process is continued 1 day at 8° C. without stirring.

¢) Hydrophobic Batch Chromatography

The refolded protein solution was set to 1M KCl. After 30
min 5 g Butylsepharose 4 Fast Flow (Amersham Biosciences)
were added and binding allowed for 1 hat 8 C. After removal
of Butylsepharose by filtration the supernatant contains
mainly the correctly folded active aurora protein. Under these
conditions not correctly folded protein is bound to
Butylsepharose. Further purification can be achieved if nec-

5 essary by additional chromatography steps. e.g.. ion

exchange. size exclusion chromatography, etc.

f) Analysis of Refolded Protein

After refolding the supernatant of the Butyl Sepharose
batch contains >90% monomeric Aurora kinase as is seen by
SDS-Page and size exclusion chromatography.

Various embodiments of the invention have been
described. The descriptions and examples are intended to be
illustrative of the invention rather than limiting. Indeed. it will
be apparent to those of skill in the art that modifications may

5 be made to the various embodiments of the invention

described without departing from the spirit of the invention or
scope of the appended claims set forth below.

Each reference cited herein is hereby incorporated by ref-
erence in its entirety.
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The invention claimed is:

1. A method for the recombinant production and purifica-
tion of a correctly folded protein kinase selected from the
group consisting of tyrosine protein kinases and serine/threo-
nine kinases comprising:

a) expressing a nucleic acid encoding said protein kinase in

a microbial host cell. wherein inclusion bodies contain-
ing said protein kinase are formed in said host cell,

b) isolating said protein kinase from the cell, solubilizing

said protein kinase, and then renaturing said protein
kinase to provide a renatured protein kinase, and

¢) purifying said renatured protein kinase by hydrophobic 3

interaction chromatography with a hydrophobic adsor-
bent wherein said renatured protein kinase is applied
directly to said hydrophobic adsorbent in an aqueous
solution comprising at least a 1 M salt solution wherein
the cation is selected from the group consisting of
sodium. potassium and ammonium, and an anion
selected {rom the group consisting of chloride, phos-
phate and sulfate, except that where the cation is ammo-
nium, the anion is not sulfate,

whereby at least 70% of said protein kinase recovered is

correctly folded and is not bound to said hydrophobic
adsorbent.

2. The method according to claim 1, wherein the hydro-
phobic adsorbent comprises a gel matrix substituted with
hydrophobic ligands in the range of 10-50 pmol/ml gel.
wherein the hydrophobic ligands are selected from the group
C,-Cy alkyl residues or simple aryl(phenyl) residues.

3. The method according to claim 2, wherein the hydro-
phobic adsorbent comprises a cross-linked agarose substi-
tuted with phenyl-, butyl- or octyl groups.

4. The method according to claim 3, wherein the hydro-
phobic adsorbent is selected from the group consisting of
phenyl-. octyl- or butyl-sepharose.

5. The method of claim 1, wherein the salt is KCI or NaCl.,

6. The method according to claim 1, wherein the aqueous
solution comprises in addition at least (.5 M arginine. guani-
dine or a compound having the general formula [
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R;—CO—NRR, (I,

or combinations thereof,
wherein

R and R, are hydrogen or a saturated or unsaturated
branched or unbranched C,-C, alkyl chain and

R, is hydrogen. NHR, or a saturated or unsaturated
branched or unbranched C,-C; alkyl chain.

7. A method for the recombinant production and purifica-
tion a correctly folded protein kinase selected from the group
consisting of a Src, a PKB. a c-Met, a Lck, an Auroraora p38
MAPK protein kinase comprising:

a) expressing a nucleic acid encoding said protein kinase in

a microbial host cell, wherein inclusion bodies contain-
ing said protein kinase are formed in said host cell,

b) isolating said protein kinase from the cell, solubilizing
said protein kinase, and then renaturing said protein
kinase to provide a renatured protein kinase, and

¢) purifying said renatured protein kinase by hydrophobic
interaction chromatography with a hydrophobic adsor-
bent wherein said renatured protein kinase is applied
directly to said hydrophobic adsorbent in an aqueous
solution comprising at least a 1 M salt solution wherein
the cation is selected from the group consisting of
sodium, potassium and ammonium, and an anion
selected from the group consisting of chloride, phos-
phate and sulfate, except that where the cation is ammo-
nium, the anion is not sulfate,

whereby at least 70% of said protein kinase recovered is
correctly folded and is not bound to said hydrophobic
adsorbent.

8. The method according to claim 7, wherein the hydro-
phobic adsorbent comprises a gel matrix substituted with
hydrophobic ligands in the range of 10-50 pmol/ml gel,
wherein the hydrophobic ligands are selected from the group
comprising C,-Cg alkyl residues or simple aryl(phenyl) resi-
dues.

9. The method according to claim 8, wherein the hydro-
phobic adsorbent comprises a cross-linked agarose substi-
tuted with phenyl-, butyl- or octyl groups.

10, The method according to claim 9, wherein the hydro-
phobic adsorbent is selected from the group consisting of
phenyl-. octyl- or butyl-sepharose.

11. The method of claim 7, wherein the salt is KCl or NaCl.

12. The method according to claim 7, wherein the aqueous
solution comprises in addition at least 0.5 M arginine. guani-
dine or a compound having the general formula |

R,—CO—NRR, (.

or combinations thereof,
wherein
R and R, are hydrogen or a saturated or unsaturated
branched or unbranched C-C, alkyl chain and
R, is hydrogen, NHR, or a saturated or unsaturated
branched or unbranched C,-C, alkyl chain.

* * #* L3 &
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PROCESS FOR BACTERIAL PRODUCTION
OF POLYPEPTIDES

RELATED APPLICATIONS

This is a divisional application claiming priority to appli-
cation Ser. No. 09/422,712, filed Oct. 21, 1999, now U.S.
Pat. No. 6,180,367; which application claims priority to
provisional application No. 60/106,052, filed Oct. 28, 1998,
the contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for producing and
recovering heterologous polypeptides from bacterial cells.
More particularly, this invention relates to a process wherein
recovery of soluble or aggregated recombinant heterologous
polypeptides from bacterial cyloplasm and periplasm is
facilitated or increased.

2. Description of Related Disclosures

Lscherichia coli has been widely used for the production
of heterologous proteins in the laboratory and industry. F.
coli does not generally excrete proteins to the extracellular
medium apart from colicins and hemolysin (Pugsley and

Schwartz, Microbiology, 32: 3-38 (1985)). Heterologous ~

proteins expressed by E. coli may accumulate as soluble
product or insoluble aggregates. See FIG. 1 herein. They
may be found intracellularly in the cytoplasm or be secreted
into the periplasm if preceded by a signal sequence. How
one proceeds initially in the recovery of the products greatly
depends upon how and where the product accumulates.
Generally, to isolate the proteins, the cells may be subjected
to treatments for periplasmic extraction or be disintegrated
to release trapped products that are otherwise inaccessible.

=]

20

3

=

The conventional isolation of heterologous polypeptide

from gram-negative bacteria poses problems owing to the
tough, rigid cell walls that surround these cells. The bacterial
cell wall maintains the shape of the cell and protects the

cytoplasm from osmotic pressures that may cause cell lysis; |

it performs these functions as a result of a highly cross-
linked peptidoglycan (also known as murein) backbone that
gives the wall its characteristic rigidity. A recent model
described the space between the cyloplasmic and outer
membranes as a conlinuous phase filled with an inner
periplasmic polysaccharide gel that extends into an outer
highly cross-linked peptidoglycan gel (Hobot et al., J. Bact.,
160: 143 (1984)). This peptidoglycan sacculus constitutes a
barrier to the recovery of any heterologous polypeptide not
excreled by the bacterium into the medium.

To release recombinant proteins from the E. coli
periplasm, treatments involving chemicals such as chloro-
form (Ames et al., J. Bacteriol., 160: 1181-1183 (1984)),
guanidine-HCI, and Triton X-100 (Naglak and Wang,
Enzyme Microb. Technol., 12: 603-611 (1990)) have been
used. However, these chemicals are not inert and may have
detrimental effects on many recombinant protein products or
subsequent purification procedures. Glycine treatment of E.
coli cells, causing permeabilization of the outer membrane,
has also been reported to release the periplasmic contents
(Ariga et al.,J. Ferm. Bioeng., 68: 243-246 (1989)). These
small-scale periplasmic release methods have been designed
for specific systems. They do not translate easily and effi-
ciently and are generally unsuitable as large-scale methods.

The most widely used methods of periplasmic release of
recombinant protein are osmotic shock (Nosal and Heppel,
J. Biol. Chem., 241: 3055-3062 (1966); Neu and Heppel, J.

50

e

@n

2

Biol. Chem., 240: 3685-3692 (1965)), hen eggwhite
(HEW)-lysozyme/ethylenediamine tetraacetic acid (EDTA)
treatment (Neu and Heppel, J. Biol. Chem., 239: 3893-3900
(1964); Witholt et al., Biochim. Biaphys. Acta, 443: 534-544
(1976); Pierce et al., ICheme Research. Event, 2: 995-997
(1995)), and combined HEW-lysozyme/osmotic shock treat-
ment (French et al., Enzyme and Microb. Tech., 19: 332-338
(1996)). Typically, these procedures include an initial dis-
ruption in osmotically-stabilizing medium followed by
selective release in non-stabilizing medium. The composi-
tion of these media (pH, protective agent) and the disruption
methods used (chloroform, HEW-lysozyme, EDTA,
sonication) vary among specific procedures reported. A
variation on the HEW-lysozyme/EDTA treatment using a
dipolar ionic detergent in place of EDTA is discussed by
Stabel et al., Vererinary Microbiol., 38: 307-314 (1994). For
a general review of use of intracellular lytic enzyme systems
to disrupt E. coli, sece Dabora and Cooney in Advances in
Biochemical Engineering/Biotechnology, Vol. 43, A.
Fiechter, ed. (Springer-Verlag: Berlin, 1990), pp. 11-30.

Conventional methods for the recovery of recombinant
protein from the cytoplasm, as soluble protein or refractile
particles, involved disintegration of the bacterial cell by
mechanical breakage. Mechanical disruption typically
involves the generation of local cavitation in a liquid
suspension, rapid agitation with rigid beads, sonication, or
grinding of cell suspension (Bacterial Cell Surface
Technigues, Hancock and Poxton (John Wiley & Sons Ltd,
1988), Chapter 3, p. 55). These processes require significant
capital investment and constitute long processing time.

HEW-lysozyme acts biochemically to hydrolyze the pep-
tidoglycan backbone of the cell wall. The method was first
developed by Zinder and Arndt, Proc. Natl. Acad. Sci. USA,
42: 586590 (1956), who treated E. coli with egg albumin
(which contains HEW-lysozyme) to produce rounded cel-
lular spheres later known as spheroplasts. These structures
retained some cell-wall components but had large surface
arcas in which the cytoplasmic membrane was exposed.

U.S. Pat. No. 5,169,772 discloses a method for purifying
heparinase from bacteria comprising disrupting the envelope
of the bacteria in an osmotically-stabilized medium, e.g.,
20% sucrose solution using, e.g., EDTA, lysozyme, or an
organic compound, releasing the non-heparinase-like pro-
teins from the periplasmic space of the disrupted bacteria by
exposing the bacteria to a low-ionic-strength buffer, and
releasing the heparinase-like proteins by exposing the low-
ionic-strength-washed bacteria to a buffered salt solution,

There are several disadvantages to the use of the HEW-
lysozyme addition for isolating periplasmic proteins. The
cells must be treated with EDTA, detergent, or high pH, all
of which aid in weakening the cells. Also, the method is not
suitable for lysis of large amounts of cells because the
lysozyme addition is inefficient and there is difficulty in
dispersing the enzyme throughout a large pellet of cells.

Many different modifications of these methods have been
used on a wide range of expression systems with varying
degrees of success (Joseph-Liazun et al., Gene, 86: 291-295
(1990); Carter et al., Bio/Technology, 10: 163-167 (1992)).
Although these methods have worked on a laboratory scale,
they involve too many steps for an efficient large-scale
TCCOVETY Process.

Efforts to induce recombinant cell culture to produce
lysozyme have been reported. EP 155,189 discloses a means
for inducing a recombinant cell culture to produce
lysozymes, which would ordinarily be expected 1o kill such
host cells by means of destroying or lysing the cell wall
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structure. Russian Pat. Nos. 2043415, 2071503, and
2071501 disclose plasmids and corresponding strains [or
producing recombinant proteins and purifying water-
insoluble protein agglomerates involving the lysozyme
gene. Specifically, the use of an operon consisting of the
lysozyme gene and a gene that codes for recombinant
protein enables concurrent synthesis of the recombinant
protein and a lysozyme that breaks the polysaccharide
membrane of E. coli.

U.S. Pat. No. 4,595,658 discloses a method for facilitating
externalization of proteins transported to the periplasmic
space of E. coli. This method allows selective isolation of
proteins that locate in the periplasm without the need for
lysozyme treatment, mechanical grinding, or osmotic shock
treatment of cells. U.S. Pat. No. 4,637,980 discloses pro-
ducing a bacterial product by transforming a temperature-
sensitive lysogen with a DNA molecule that codes, directly
or indirectly, for the product, culturing the transformant
under permissive conditions to express the gene product
intracellularly, and externalizing the product by raising the
temperature to induce phage-encoded functions. JP
61-257931 published Nov. 15, 1986 discloses a method for
recovering IL-2 using HEW-lysozyme. Asami et al., J.
Ferment. and Bioeng., 83: 511-516 (1997) discloses syn-

chronized disruption of E. coli cells by T4 phage infection, ,

and Tanji et al., J. Ferment. and Bioeng., 85: 74-78 (1998)
discloses controlled expression of lysis genes encoded in T4
phage for the gentle disruption of E. coli cells.

The development of an enzymatic release method to

recover recombinant periplasmic proteins suitable for large- -

scale use is reported by French et al., Enzyme and Microbial
Technology, 19: 332-338 (1996). This method involves
resuspension of the cells in a fractionation buffer followed
by recovery of the periplasmic fraction, where osmotic

shock immediately follows lysozyme treatment. The effects 5

of overexpression of the recombinant protein, S. thermovi-
olaceus c-amylase, and the growth phase of the host organ-
ism on the recovery are also discussed.

In a l0-kiloliter-scale process for recovery of IGF-I
polypeptide (Hart et al., Bio/Technology, 12: 1113 (1994)),
the authors attempted the typical isolation procedure involv-
ing a mechanical cell breakage step followed by a centrifu-
gation step to recover the solids., The results were disap-
pointing in that almost 40% of the total product was lost to
the supernatant after three passes through the Gaulin homog-
enizer. Hart et al., Bio/Technology 12: 1113 (1994). See FIG.
2 herein. Product recovery was not significantly improved
even when the classical techniques of EDTA and HEW-
lysozyme additions were employed.

While HEW-lysozyme is the only practical commercial
lysozyme for large-scale processes, lysozyme is expressed
by bacteriophages upon infection of host cells. Lysis of E.
coli, a natural host for bacteriophages, for example the T4
phages, requires the action of two gene products: ¢ and 1.
Gene e encodes a lysozyme (called T4-lysozyme for the T4
phage) that has been identified as a muramidase (Tsugita and
Inouye,J. Biol. Chem., 243: 391 (1968)), while gene [ seems
to be required for lysis, but does not appear to have
lysozyme activity. Gene t is required for the cessation of
cellular metabolism that occurs during lysis (Mukai et al.,
Vir, 33: 398 (1967)) and is believed 1o degrade or alter the
cytoplasmic membrane, thus allowing gene product e to
reach the periplasm and gain access to the cell wall (Josslin,
Vir, 40: 719 (1970)). Phage are formed by gene t- mutants,
but lysis of the £. coli host does not oceur except by addition
of chloroform (Josslin, supra). Wild-type T4-lysozyme
activity is first detected about eight minutes after T4 infec-
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tion at 37° C., and it increases through the rest of the
infection, even if lysis inhibition is induced. In the absence
of secondary adsorption, cells infected by gene ¢ mutants
shut down progeny production and metabolism at the normal
time, but do not lyse (Molecular Genetics of Bacteriophage
74, 1. D. Karam, ed. in chief (American Society for
Microbiology, Washington DC, ASM Press, 1994), p. 398).

Recovery of insoluble IGF-1 using T4-lysozyme was
disclosed on Oct. 28, 1997 al the “Separation Technology
VII meeting entitled *Separations for Clean Production™ in
Davos, Switzerland, sponsored by the Enginecring Founda-
tion.

Upon cell lysis, genomic DNA leaks out of the cytoplasm
into the medium and results in significant increase in fluid
viscosity that can impede the sedimentation of solids in a
centrifugal field. In the absence of shear forces such as those
exerted during mechanical disruption to break down the
DNA polymers, the slower sedimentation rate of solids
through viscous fluid results in poor separation of solids and
liquid during centrifugation. Other than mechanical shear
force, there exist nucleolytic enzymes that degrade DNA
polymer. In E. coli, the endogenous gene endA encodes for
an endonuclease (molecular weight of the mature protein is
approx. 24.5 kD) that is normally secreted to the periplasm
and cleaves DNA into oligodeoxyribonucleotides in an
endonucleolytic manner. It has been suggested that endA is
relatively weakly expressed by E. coli (Wackernagel et al.,
Gene, 154: 55-59 (1995)).

For controlling cost of goods and minimizing process
time, there is a continuing need for increasing the total
recovery of heterologous polypeptide from cells. At large
scale, there is a significant incentive to avoid mechanical cell
breakage to release the soluble or aggregated recombinant
polypeptide from the cytoplasmic and periplasmic compart-
ments and to condition the lysate for efficient product
recovery in the subsequent step.

SUMMARY OF THE INVENTION

Accordingly, this invention provides processes using bio-
chemical disruption to recover both soluble and insoluble
heterologous product from bacterial cells.

In one aspect the present invention provides a process for
recovering a heterologous polypeptide from bacterial cells
comprising:

(a) culturing bacterial cells, which cells comprise nucleic
acid encoding phage lysozyme and nucleic acid encoding a
protein that displays DNA-digesting activity under the con-
trol of a signal sequence for secretion of said DNA-digesting
protein, wherein said nucleic acids are linked to a first
promoter, and nucleic acid encoding the heterologous
polypeptide and a signal sequence for secretion of the
heterologous polypeptide, which nucleic acid encoding the
heterologous polypeptide is linked to a second promoter,
wherein the second promoter is inducible and the first
promoter is either a promoter with low basal expression or
an inducible promoter, the culturing being under conditions
whereby when an inducer is added, expression of the nucleic
acid encoding the phage lysozyme and DNA-digesting pro-
tein is induced after about 50% or more of the heterologous
polypeptide has accumulated, whereby the phage lysozyme
accumulates in a cytoplasmic compartment, whereby the
DNA-digesting protein is secreted to the periplasm, and
whereby the cells are lysed to produce a broth lysate; and

(b) recovering accumulated heterologous  polypeptide
from the broth lysate.

In yet another aspect, the invention supplies a process for
recovering a heterologous polypeptide from bacterial cells in
which it is produced comprising:
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(a) culturing the bacterial cells, which cells comprise
nucleic acid encoding phage lysozyme, gene 1, and nucleic
acid encoding a protein that displays DNA-digesting
activity, wherein these nucleic acids are linked to a first
promoter, and nucleic acid encoding the heterologous
polypeptide, which nucleic acid is linked to a second
promoter, wherein the second promoter is inducible and the
first promoter is either a promoter with low basal expression
or an inducible promoter, the culturing being under condi-
tions whereby when an inducer is added, expression of the
nucleic acids encoding the phage lysozyme, gene t, and
DNA-digesting protein is induced afler about 50% or more
of the heterologous polypeptide has accumulated, and under
conditions whereby the phage lysozyme accumulates in a
cytoplasmic compartment, whereby the DNA-digesting pro-
tein is secreted into the periplasm, and is whereby the cells
are lysed to produce a broth lysate; and

(b) recovering accumulated heterologous polypeptide
from the broth lysate.

In a third aspect, the invention provides a process for
recovering a heterologous polypeptide from bacterial cells in
which it is produced comprising:

(a) culturing the bacterial cells, which cells comprise
nucleic acid encoding phage lysozyme, gene t, and nucleic
acid encoding a protein that displays DNA-digesting
activity, wherein the nucleic acid encoding the phage
lysozyme and DNA-digesting protein is linked to a first
promoter that is inducible or with low basal expression, the
gene 1 is linked to a second inducible promoter, and the
nucleic acid encoding the heterologous polypeptide is linked
to a third inducible promoter, under conditions whereby
when an inducer is added and all three promoters are
inducible, expression of the nucleic acids encoding the
phage lysozyme, gene 1, and DNA-digesting protein is

20
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induced after about 50% or more of the heterologous

polypeptide has accumulated, with the third promoter being
induced before the first promoter and the second promoter
induced after the first promoter, and whereby if the phage
lysozyme and DNA-digesting protein are linked to a pro-
moter with low basal expression, expression of the gene tis
induced after about 50% or more of the heterologous
polypeptide has accumulated, and under conditions whereby
the phage lysozyme accumulates in a cytoplasmic
compartment, whereby the DNA-digesting protein is
secreted into the periplasm, and whereby the cells are lysed
to produce a broth lysate; and

(b) recovering accumulated heterologous polypeptide
from the broth lysate.

Biochemical lysis or biochemically-assisted mechanical
lysis is superior to mechanical disruption for recovering
heterologous polypeptide from bacterial cells. Coordinated
expression of nucleic acid encoding phage lysozyme with
gene | and DNA-digesting protein, and nucleic acid encod-

ing the heterologous polypeptide of interest provides a s:

highly effective method for releasing insoluble or soluble
polypeptide from the entanglement with the peptidoglycan
layer, as well as releasing product trapped in the cytoplasm,
When the phage lysozyme gene is cloned behind a tightly-
controlled promoter, for example, the pBAD promoter (also
referred 1o as the ara promoter), cytoplasmic accumulation
of phage lysozyme may be induced by the addition of an
inducer (such as arabinose) at an appropriate time near the
end of fermentation. By placing the nucleic acid expression
of heterologous polypeptide and Iytic enzymes under sepa-
rate promoter control, one can independently regulate their
production during fermentation. Without a signal sequence,

@n
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the accumulated phage lysozyme is tightly locked up in the
cyloplasmic compartment, and gene t functions 1o release
the phage lysozyme to degrade the peptidoglycan layer.
Furthermore, the optimal pH for T4-phage-lysozyme
activity, which is a preferred embodiment, is about 7.3,
which is about the neutral pH of most typical harvest broths.

The induction of the genes encoding the bacteriophage
lysozyme, DNA-digesting protein, and gene t after expres-
sion of the nucleic acid encoding the heterologous polypep-
tide results in a significant amount of insoluble or soluble
heterologous polypeptide recovered from the cytoplasm or
periplasm of bacteria. Besides product yield, the success of
a recovery process is judged by the ease of operation, the
process flow, the turn-around time, as well as the operation
cost. The present invention alleviates several if not all these
bottlenecks encountered in the large-scale recovery process.

The processes herein also allow use of biochemical cell
lysis at high cell density and increased scale. At high density,
excessive expression of T4-lysozyme, gene 1, and endA
could have disastrous results, such as premature cell lysis
and reduction in heterologous polypeptide production.
Further, it would not be expected that induction at the end of
a long fermentation process and after substantial product
accumulation would produce enough of the lytic enzymes to
be effective. The present processes do not pose problems at
high cell densities such as increased viscosity and excessive
foaming during the fermentation process. It is expected that
the processes herein will enable the attainment of high cell
density, effective induction and action of the system, and the
processing of broth lysates derived from high-density cul-
tures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic diagram of how a polypeptide
product is disposed in the cytoplasm and in the periplasm,
that is, it forms an aggregate, proteolyzed fragment, or
folded soluble polypeptide.

FIG. 2 depicts IGF-I aggregate recovery from the super-
natant and pellet by the typical isolation procedure involving
mechanical cell disruption followed by centrifugation, after
three passes through the Gaulin homogenizer.

FIG. 3 depicts a plasmid map of pS1130, an expression
plasmid for rhuMAb CD18 F(ab').-leucine zipper precursor
(herein also referred to as anti-CD18 antibody fragment).

FIGS. 4A-1, 4A-2, 4B-1, and 4B-2 show the sequence of
the expression cassette of pS1130 (SEQ ID NOS:1 and 2).

FIG. 5 shows plasmid construction of plI154 used to
co-express T4-lysozyme and endA (£. coli DNase).

FIG. 6 shows a plasmid map of pLBIGF57 used to
express [GF-L

FIG. 7 shows plasmid construction of plJ155 used to
express T4-lysozyme, endA, and gene t, which construction
is from pJJ154.

FIG. 8 depicts a schematic of the two-plasmid system for
co-expression of T4-lysozyme, a preferred phage lysozyme,
endA, a preferred DNA-digesting protein, and gene
(pJJ155) with IGF-I-encoding nucleic acid in accordance
with an example of this invention.

FIGS. 9A-9E disclose photographs from phase-contrast
microscopy of the harvest broth and resuspended pellets
from centrifugation of fermentation broth with and without
co-expression of T4-lysozyme and endA and t-gene before
and after EDTA addition. Specifically, the photographs show
the resuspended pellet from centrifugation of control broth
with no lytic enzyme co-expression before and after EDTA
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addition respectively (FIGS. YA and 9B), the fermentation
harvest undiluted whole broth resulting from co-expression
of IGF-1 with the three lytic enzymes, T4-lysozyme, endA,
and t-gene (FIG. 9C), the resuspended pellet from centrifu-
gation of harvest broth with co-expression of IGF-I with the
three lytic enzymes and no EDTA addition (FIG. 9D), and
the resuspended pellet from centrifugation of harvest broth
with the co-expression of IGF-I with the three Iytic enzymes
and EDTA addition (FIG. 9E).

FIGS. 10A and 10B show, respectively, nucleic acid
quantitation in the supernatant and pellet by OD260 deter-
mination for IGF-I-expressing E. coli with co-expression of
the three lytic enzymes versus control, and total protein in
the supernatant and pellet from 1GF-l-expressing E. coli
with co-expression of the three lytic enzymes versus no
co-expression control.

FIG, 11 shows IGF-I product recovery by centrifugation
using three lytic enzymes versus no-lysis control broth for
various centrifugation speeds.

FIG. 12 shows solids recovery during centrifugation using
three lytic enzymes co-expressed with IGF-I versus no-lysis
control broth for various centrifugation speeds.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
A. Delinitions
As used herein, “phage lysozyme” refers to a cytoplasmic
enzyme that facilitates lysis of phage-infected bacterial
cells, thereby releasing replicated phage particles. The

lysozyme may be from any bacteriophage source, including 3

T7, T4, lambda, and mu bacteriophages. The preferred such
lysozyme herein is T4-lysozyme.

As used herein, “T4-lysozyme” or “E protein” refers to a
cytoplasmic muramidase that facilitates lysis of T4 phage-

infected bacterial cells, thereby releasing replicated phage 33

particles (Tsugita and Inouye, J. Mol Biel, 37: 201-12
(1968); Tsugita and Inouye, J. Biol. Chem., 243: 391-97
(1968)). It is encoded by gene e of T4 bacteriophage and
hydrolyzes bonds between N-acetylglucosamine and

N-acetylmuramic acid residues in the rigid peptidoglycan 4

layer of the E. coli cell envelope. The enzyme is a single
polypeptide chain of a molecular weight of 18.3 kd. It is
approximately 250-fold more active than HEW-lysozyme
against bacterial peptidoglycan (Matthews et al., J. Mol.
Biol., 147: 545-558 (1981)). The optimal pH for
T4-lysozyme enzyme activity is 7.3, versus 9 for HEW-
lysozyme (The Worthington Manual; pp 219-221).

As used herein, “gene 17 or “t gene” or *holin” refers to
a lytic gene of bacteriophage T4 that is required for lysis but
does not appear to have lysozyme activity. See also Molecu-
lar Genetics of Bacteriophage T4, supra, p. 398-399.

The term “protein that displays DNA-digesting activity”
or “DNA-digesting protein” refers to a protein that will
digest DNA such as, for example, mammalian or bacterial

DNase. Preferably, the DNA-digesting protein is human s:

DNase or bacterial endA.

As used herein, the phrase “lytic enzymes™ refers collec-
tively to at least phage lysozyme and DNA-digesting pro-
tein; where applicable it also refers to a phage gene t gene
product or equivalent in combination with phage lysozyme
and DNA-digesting protein.

As used herein, the phrase “agent that disrupts the outer
cell wall” of bacteria refers to a molecule that increases
permeability of the outer cell wall of bacteria, such as
chelating agents, ¢.g., EDTA, and zwitterions.

As used herein, the term “bacteria™ refers 1o any bacte-
rium that produces proteins thal are transported to the
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periplasmic space. Generally, the bacteria, whether gram
positive or gram negative, has phage lysozyme and nuclease
expression under control so that they are only expressed near
the end of the fermentation, a preferred embodiment, or
expressed at a low level during fermentation. The nuclease
is generally relatively stable when secreted to the periplasm
or medium. The term “non-temperature-sensitive bacteria”
refers to any bacterium that is not significantly sensitive to
temperature changes. One preferred embodiment herein is
bacteria that are not temperature sensitive. The most pre-
ferred bacteria herein are gram-negative bacteria.

As used herein, “a time sufficient to release the polypep-
tide contained in the cytoplasm or periplasm™ refers to an
amount of time sufficient to allow the lysozyme to digest the
peptidoglycan to a sufficient degree to release the cytoplas-
mic or periplasmic aggregate or soluble heterologous
polypeptide.

As used herein, “signal sequence” or “signal polypeptide™
refers to a peptide that can be used to secrete the heterolo-
gous polypeptide or protein that displays DNA-digesting
activity into the periplasm of the bacteria. The signals for the
heterologous polypeptide or DNA-digesting protein may be
homologous to the bacteria, or they may be heterologous,
including signals native to the heterologous polypeptide or
DNA-digesting protein being produced in the bacteria.

The promoters of this invention may be “inducible”
promoters, i.c., promoters that direct transcription al an
increased or decreased rate upon binding of a transcription
factor.

As used herein, a promoter “with low basal expression” or
a “low-basal-expression promoter” is a promoter that is
slightly leaky, ie., it provides a sufficiently low basal
expression level so as not to affect cell growth or product
accumulation and provides a sufficiently low level of pro-
motion not to result in premature cell lysis.

“Transcription factors™ as used herein include any factors
that can bind to a regulatory or control region of a promoter
and thereby effect transcription. The synthesis or the
promoter-binding ability of a transcription factor within the
host cell can be controlled by exposing the host to an
“inducer” or removing a “repressor” from the host cell
medium. Accordingly, to regulate expression of an inducible
promoter, an inducer is added or a repressor removed from
the growth medium of the host cell.

As used herein, the phrase “induce expression™ means 1o
increase the amount of transcription from specific genes by
exposure of the cells containing such genes to an effector or
inducer.

An “inducer” is a chemical or physical agent which, when
given to a population of cells, will increase the amount of
transcription from specific genes. These are usually small
molecules whose effects are specific to particular operons or
groups of genes, and can include sugars, alcohol, metal ions,
hormones, heat, cold, and the like. For example,
isopropylthio-fi-galactoside (IPTG) and lactose are inducers
ol the tacll promoter, and L-arabinose is a suitable inducer
of the arabinose promoter.

A“repressor” is a factor that directly or indirectly leads to
cessation of promoter action or decreases promoter action.
One example of a repressor is phosphate As the repressor
phosphate is depleted from the medium, the alkaline phos-
phatase (AP) promoter is induced.

As used herein, “polypeptide” or “polypeptide of interest”™
refers generally to peptides and proteins having more than
about ten amino acids. The polypeptides are “heterologous,”
i.c., foreign to the host cell being utilized, such as a human
protein produced by E. coli. The polypeptide may be pro-
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duced as an insoluble aggregate or as a soluble polypeptide
in the periplasmic space or cyloplasm.

Examples of mammalian polypeptides include molecules
such as, e.g., renin, a growth hormone, including human
growth hormone; bovine growth hormone; growth hormone
releasing factor; parathyroid hormone; thyroid stimulating
hormone; lipoproteins; ol-antitrypsin; insulin A-chain;
insulin B-chain; proinsulin; thrombopoietin; follicle stimu-
lating hormone; calcitonin; luteinizing hormone; glucagon;
clotting factors such as factor VIIIC, factor IX, tissue factor,
and von Willebrands factor; anti-clotting factors such as
Protein C; atrial naturietic factor; lung surfactant; a plasmi-
nogen activator, such as urokinase or human urine or tissue-
type plasminogen activator (1-PA); bombesin; thrombin;
hemopoietic growth factor; tumor necrosis factor-alpha and
-beta; enkephalinase; a serum albumin such as human serum
albumin; mullerian-inhibiting substance; relaxin A-chain;
relaxin B-chain; prorelaxin; mouse gonadotropin-associated
peptide; a microbial protein, such as beta-lactamase; DNase;
inhibin; activin; vascular endothelial growth factor (VEGF);
receplors for hormones or growth factors; integrin; protein A
or D; rheumatoid factors; a neurotrophic factor such as
brain-derived neurotrophic factor (BDNF), neurotrophin-3,
-4, -5, or -6 (NT-3, NT-4, N'1-5, or N'T-6), or a nerve growth
factor such as NGF-f3; cardiotrophins (cardiac hypertrophy
factor) such as cardiotrophin-1 (CT-1); platelet-derived
growth factor (PDGF); fibroblast growth factor such as
aFGF and bFGF; epidermal growth factor (EGF); transform-
ing growth factor (TGF) such as TGF-alpha and TGF-beta,

including TGF-B1, TGF-B2, TGF-B3, TGF-p4, or TGE-BS5; 3

insulin-like growth factor-I and -II (IGF-I and IGF-II);
des(1-3)-1GI-l (brain IGF-I), insulin-like growth factor
binding proteins; CD proteins such as CD-3, CD-4, CD-8,
and CD-19; erythropoieting osteoinductive factors; immu-

notoxins; a bone morphogenetic protein (BMP); an inter- 3

feron such as interferon-alpha, -beta, and -gamma; colony
stimulating factors (CSFs), e.g., M-CSF, GM-CSF, and
G-CSF; interleukins (1Ls), e.g., IL-1 to 1L-10; anti-HER-2
antibody; superoxide dismutase; T-cell receptors; surface

membrane proteins; decay accelerating factor; viral antigen 4

such as, for example, a portion of the AIDS envelope;
transport proteins; homing receptors; addressing; regulatory
proteins; antibodies; and fragments of any of the above-
listed polypeptides.

The preferred exogenous polypeptides of interest are
mammalian polypeptides, most preferably human polypep-
tides. Examples of such mammalian polypeptides include
1-PA, VEGF, gp120, anti-HER-2, anti-CD11a, anti-CD18,
DNase, IGF-1, IGF-I1, brain IGF-1, growth hormone, relaxin
chains, growth hormone releasing factor, insulin chains or
pro-insulin, urokinase, immunotoxins, neurotrophins, and
antigens. Particularly preferred mammalian polypeptides
include, e.g., IGF-I, DNase, or VEGE, most preferably
IGF-1, if the polypeptide is produced as an insoluble aggre-

gate in the periplasm, and anti-CD18 antibodies or frag- ss

ments thereof such as anti-recombinant human CD18 Fab,
Fab' and (Fab'), fragments, if the polypeptide is produced in
a soluble form in the periplasm.

As used herein, “IGF-1" refers to insulin-like growth
factor from any species, including bovine, ovine, porcine,
equine, and preferably human, in native-sequence or in
variant form and recombinantly produced. In a preferred
method, the IGF-1 is cloned and its DNA expressed, e.g., by
the process described in EP 128,733 published Dec. 19,
1984.

The expression “control sequences” refers 1o DNA
sequences necessary for the expression of an operably-
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linked coding sequence in a particular host organism. The
control sequences that are suitable [or bacteria include a
promoter such as the alkaline phosphatase promoter, option-
ally an operator sequence, and a ribosome-binding site.

Nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader is
operably linked to DNA for a heterologous polypeptide if it
is expressed as a preprotein that participates in the secretion
of the polypeptide; a promoter or enhancer is operably
linked to a coding sequence if it affects the transcription of
the sequence; or a ribosome binding site is operably linked
1o a coding sequence if it is positioned so as to facilitate
translation. Generally, “operably linked” means that the
DNA sequences being linked are contiguous and, in the case
of a secretory leader, contiguous and in reading frame.
Linking is accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic oligonucleotide
adaptors or linkers are used in accordance with conventional
practice.

As used herein, the expressions “cell,” “cell line,” and
“cell culture” are used interchangeably and all such desig-
nations include progeny. Thus, the words “transformants™
and “transformed cells” include the primary subject cell and
cultures derived therefrom without regard for the number of
transfers. It is also understood that all progeny may not be
precisely identical in DNA content, due to deliberate or
inadvertent mutations. Mutant progeny that have the same
function or biological activily as screened for in the origi-
nally transformed cell are included. Where distinct desig-
nations are intended, it will be clear from the context.

B. Modes for Carrying Out the Invention

In one embodiment, the invention provides a process for
recovering a heterologous polypeptide, soluble or insoluble,
from bacterial cells in which it is produced. This process
involves, in a first step, culturing the bacterial cells, which
cells comprise nucleic acid encoding the Iytic enzymes,
wherein these nucleic acids are linked to a first promoter,
and nucleic acid encoding the heterologous polypeptide,
which nucleic acid is linked to a second inducible promoter.
In an alternative embodiment, the phage lysozyme and
DNA-digesting protein are linked to a first inducible pro-
moter or a promoter with low basal expression, the t-gene is
linked to a second inducible promoter, and the heterologous
polypeptide is linked to a third inducible promoter.

The culturing takes place under conditions whereby
expression of the nucleic acids encoding the lytic enzymes,
when induced, commences after about 50% or more of the
heterologous polypeptide has accumulated, and under con-
ditions whereby the phage lysozyme accumulates in a cyto-
plasmic compartment and the DNA-digesting protein is
secreted into the periplasmic compartment.

In the processes herein, induction of the promoters is
preferred; however, the processes also contemplate the use
of a promoter for the phage lysozyme and DNA-digesting
protein that is a promoter with low basal expression (slightly
leaky), wherein no induction is carried out. This type of
promoter has a leakiness that is low enough not to result in
premature cell lysis and results in a sufficiently low basal
expression level so as not to affect cell growth or product
accumulation,

In a second step, the accumulated heterologous polypep-
tide is recovered from the bacterial cells. An agent that
increases permeability of the outer cell wall of the bacterial
cells may be added, as described in detail below, before the
recovery step is carried out. The need to disrupt cells
mechanically to release the phage lysozyme is either
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reduced or is completely avoided. In a preferred
embodiment, after lylic enzyme expression the cells are
incubated for a time sufficient to release the heterologous
polypeptide contained in the cytoplasm or periplasm.

While the processes can apply to the recovery of insoluble
aggregates such as IGF-I, VEGE, and DNase by sedimen-
tation of product, they are also applicable to heterologous
polypeptides that are soluble in the cytoplasm or periplasm,
such as, for example, anti-CD 18 antibody fragment. Advan-
tages for recovery of soluble heterologous polypeptides by
biochemical cell lysis include avoiding or reducing the need
for mechanical lysis, thereby avoiding loss of heat-labile
proteins, and obtaining a low and consistent fluid viscosity
compatible with downstream recovery processes such as
expanded bed absorption technology and centrifugation.

Expanded bed absorption (EBA) chromatography,
described, for example, in “Expanded Bed Adsorption:
Principles and Methods”, Pharmacia Biotech, 1SBN
91-630-5519-8), is useful for the initial recovery of target
proteins from crude feed-stock or cell culture. The process
steps of clarification, concentration, and initial purification
can be combined into one unit operation, providing
increased process economy due to a decreased number of
process steps, increased yield, shorter overall process time,

reduced labor cost, and reduced cost. In EBA chromatogra- 2

phy an adsorbent is expanded and equilibrated by applying
an upward liquid flow to the column. A stable fuidized bed
is formed when the adsorbent particles are suspended in
equilibrium due to the balance between particle sedimenta-

tion velocity and upward liquid flow velocity. Crude cell 3

mixture or broth lysate is applied to the expanded bed with
an upward flow. Target proteins are bound to the adsorbent
while cell debris and other contaminants pass through unhin-
dered. Weakly bound material is washed from the expanded

bed using upward flow of a wash buffer. Flow is then 3

stopped and the adsorbent is allowed to settle in the column.
The column adaptor is then lowered to the surface of the
sedimented bed. Flow is reversed and the captured proteins
are eluted from the sedimented bed using an appropriate

buffer. The cluate contains the target protein in a reduced 4

clution pool volume, partially purified in preparation for
packed bed chromatography (Pharmacia Biotech, supra).
EBA, wherein the whole cell lysate containing soluble
product is pumped up through the column and the protein is
absorbed onto a resin (fluidized bed) and the cell debris
flows through, utilizes only one chromatography step,
thereby saving a step.

In another embodiment, the invention provides a process
for recovering soluble heterologous polypeptide from the
cytoplasm or periplasm of bacterial cells. This process
involves culturing bacterial cells, which cells comprise
nucleic acid encoding phage lysozyme and nucleic acid
encoding a DNA-digesting protein that displays DNA-
digesting activity under the control of a signal sequence for

secretion of said DNA-digesting protein. In this process, the 55

nucleic acids are linked to a first promoter, and nucleic acid
encoding the heterologous polypeptide and a signal
sequence for secretion of the heterologous polypeptide,
which nucleic acid encoding the heterologous polypeptide is
linked to a second inducible promoter. This culturing takes
place under conditions whereby over-expression of the
nucleic acid encoding the phage lysozyme and DNA-
digesting protein is weakly and constitutively promoted or,
il induced, commences alter about 50% or more of the
heterologous polypeptide has accumulated, and under con-
ditions whereby the heterologous polypeptide and DNA-
digesting protein are secreted into the periplasm of the
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bacteria and the phage lysozyme accumulates in a cytoplas-
mic compartment.

In a second step, the resulting heterologous polypeptide is
recovered from the broth lysate.

In a third embodiment, the invention provides a process
for recovering a heterologous polypeptide from bacterial
cells in which three different promoters are used.
Specifically, in the first step, the bacterial cells are cultured,
where the cells comprise nucleic acid encoding phage
lysozyme, gene 1, and nucleic acid encoding a protein that
displays DNA-digesting activity, as well as nucleic acid
encoding the heterologous polypeptide. The nucleic acid
encoding the lysozyme and DNA-digesting protein is linked
to a first promoter that is inducible or with low basal
expression, the gene t is linked to a second inducible
promoter, and the nucleic acid encoding the heterologous
polypeptide is linked to a third inducible promoter.

The culturing is carried out under conditions whereby
when an inducer is added and all three promoters are
inducible, expression of the nucleic acids encoding the
phage lysozyme, gene t, and DNA-digesting protein is
induced after about 50% or more of the heterologous
polypeptide has accumulated, with the third promoter being
induced before the first promoter, and the second promoter
induced last, and whereby if the phage lysozyme and DNA-
digesting protein are linked to a promoter with low basal
expression, expression of the gene t is induced after about
50% or more of the heterologous polypeptide has accumu-
lated. Culturing is also carried out under conditions whereby
the phage lysozyme accumulates in a cytoplasmic
compartment, whereby the DNA-digesting protein is
secreted to and accumulates in the periplasm, and whereby
the cells are lysed to produce a broth lysate.

In a second step, accumulated heterologous polypeptide is
recovered from the broth lysate.

In the above processes, while the signal sequence for the
DNA-digesting protein may be any sequence, preferably, it
is a native sequence of the DNA-digesting protein. Also, in
a preferred embodiment, the DNA-digesting protein is
DNase or bacterial, e.g., E. coli endA product.

In a preferred embodiment, the culturing step takes place
under conditions of high cell density, that is, generally at a
cell density of about 15 10 150 g dry weight/liter, preferably
al least about 40, more preferably about 40-150, most
preferably about 40 to 100. In optical density, 120 OD550
(Ass0) is about 50 g dry wi/liter. In addition, the culturing
can be accomplished using any scale, even very large scales
of 100,000 liters. Preferably, the scale is about 100 liters or
greater, more preferably at least about 500 liters, and most
preferably from about 500 liters 1o 100,000 liters.

The nucleic acids encoding the lytic enzymes are linked
to one promoter, i.e., put in tandem, as by placing a linker
between the nucleic acids. The promoter for the heterolo-
gous polypeptide expression is different from that used for
the lytic enzymes, such that one is induced before the other.
While the promoters may be any suitable promoters for this
purpose, preferably, the promoters for the lylic enzymes
with or without gene t and heterologous polypeptide are,
respectively, arabinose promoter and alkaline phosphatase
promoter.

The promoters for the heterologous polypeptide and for
the lytic enzymes for all three processes herein must be
different, such that the nucleic-acid-encoded heterologous
polypeptide expression is induced before expression of
nucleic-acid-encoded lytic enzymes or al a much higher
level, when the promoters are inducible. While the promot-
ers may be any suitable promoters for this purpose,

APPX 0445



Case 1:18-cv-00924-CFC Document 399-8 Filed 10/07/19 Page 78 of 137 PagelD #: 30870

US 6,258,560 B1

13

preferably, the promoters for the phage lysozyme and het-
crologous polypeptide are, respectively, arabinose promoter
and alkaline phosphatase promoter. Alternatively, the com-
partmentalization of the phage lysozyme and DNA-
digesting protein may allow for the use of a promoter with
low basal expression for expression of the nucleic acid
encoding phage lysozyme and DNA-digesting protein. If a
promoter with low basal expression is employed, such as
arabinose as opposed 1o lac or trp promoter, then an aclive
step of induction is not required.

The induction of expression of the nucleic acid encoding
the lytic enzymes is preferably carried out by adding an
inducer to the culture medium. While, in this respect, the
inducers for the promoters may be added in any amount,
preferably if the inducer is arabinose, it is added in an
amount of about 0~1% by weight, and if inducer is added,
0.1-1% by weight.

In the processes described above, typically the expression
clements are introduced into the cells by transformation
therein, but they may also be integrated into the genome or
chromosome of the cells along with their promoter regions.
This applies 1o any of the Iytic enzymes or the heterologous
polypeptide gene. The bacterial cells may be transformed
with one or more expression vectors containing the nucleic

acid encoding the lytic enzymes, and the nucleic acid 2

encoding the heterologous polypeptide. In one such
embodiment, the bacterial cells are transformed with two
vectors respectively containing the nucleie acid encoding the
Iytic enzymes and the nucleic acid encoding the heterolo-

gous polypeptide. In another embodiment, the nucleic acid :

encoding the lytic enzymes and the nucleic acid encoding
the heterologous polypeptide are contained on one vector
with which the bacterial cells are transformed. In another
specific embodiment that may be preferred, the phage

lysozyme and DNA-digesting enzyme are carried on a 33

plasmid to ensure high copy number and the gene 1 is
integrated into the host chromosome to down-regulate
expression and prevent premature cell lysis to avoid leaki-
ness.

In the first step of the above processes, the heterologous
nucleic acid (e.g.. cDNA or genomic DNA) is suitably
inserted into a replicable vector for expression in the bac-
terium under the control of a suitable promoter for bacleria.
Many vectors are available for this purpose, and selection of
the appropriate vector will depend mainly on the size of the
nucleic acid to be inserted into the vector and the particular
host cell 1o be transformed with the vector. Each vector
contains various componenls depending on its function
(amplification of DNA or expression of DNA) and the
particular host cell with which it is compatible. The vector
components for bacterial transformation may include a
signal sequence for the heterologous polypeptide and will
include a signal sequence for the DNA-digesling protein and
will also include an inducible promoter for the heterologous
polypeptide and gene t and an inducible promoter or a
non-inducible one with low basal expression for the other
lytic enzymes. They also generally include an origin of
replication and one or more marker genes.

In general, plasmid vectors containing replicon and con-
trol sequences that are derived from species compatible with
the host cell are used in connection with bacterial hosts. The
vector ordinarily carries a replication site, as well as marking
sequences that are capable of providing phenotypic selection
in transformed cells. For example, E. coli is typically
transformed using pBR322, a plasmid derived from an E.
coli species. See, e.g., Bolivar et al,, Gene, 2: 95 (1977).
pBR322 contains genes conferring ampicillin and tetracy-
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cline resistance and thus provides an casy means for iden-
tifving transformed cells. The pBR322 plasmid, or other
microbial plasmid or phage, also generally contains, or is
madified to contain, promoters that can be used by the
bacterial organism for expression of the selectable marker
genes.

If the heterologous polypeptide is to be secreted, the DNA
encoding the heterologous polypeptide of interest herein
contains a signal sequence, such as one at the N-terminus of
the mature heterologous polypeptide. In general, the signal
sequence may be a component of the vector, or it may be a
part of the heterologous polypeptide DNA that is inserted
into the vector. The heterologous signal sequence selected
should be one that is recognized and processed (i.c., cleaved
by a signal peptidase) by the host cell. For bacterial host
cells that do not recognize and process the native heterolo-
gous polypeptide signal sequence, the signal sequence is
substituted by a bacterial signal sequence selected, for
example, from the group consisting of the alkaline
phosphatase, penicillinase, lpp, or heat-stable enterotoxin 11
leaders.

Expression vectors contain a nucleic acid sequence that
enables the vector to replicate in one or more selected host
cells. Such sequences are well known for a variety of
bacteria. The origin of replication from the plasmid pBR322
is suitable for most Gram-negative bacteria.

Expression vectors also generally contain a selection
gene, also termed a selectable marker. This gene encodes a
protein necessary [or the survival or growth of transformed
host cells grown in a selective culture medium. Host cells
not transformed with the vector containing the selection
gene will not survive in the culture medium. Typical selec-
tion genes encode proteins that (a) confer resistance to
antibiotics or other toxins, e.g., ampicillin, neomycin,
methotrexate, or tetracycline, (b) complement auxotrophic
deficiencies, or (¢) supply critical nutrients not available
from complex media, e.g., the gene encoding D-alanine
racemase for Bacilli. One example of a selection scheme
utilizes a drug to arrest growth of a host cell. Those cells that
are successfully transformed with a heterologous gene pro-
duce a protein conferring drug resistance and thus survive
the selection regimen.

The expression vector for producing a heterologous
polypeptide also contains an inducible promoter that is
recognized by the host bacterial organism and is operably
linked to the nucleic acid encoding the heterologous
polypeptide of interest. It also contains a separate inducible
or low-basal-expression promoter operably linked to the
nucleic acid encoding the lytic enzymes. Inducible promot-
ers suitable for use with bacterial hosts include the
f-lactamase and lactose promoter systems (Chang et al.,
Nature, 275: 615 (1978); Goeddel et al., Nafure, 281: 544
(1979)), the arabinose promoter system, including the ara-
BAD promoter (Guzman et al., J. Bacteriol, 174:
7716-7728 (1992); Guzman et al, J. Bacteriol, 177:
4121-4130 (1995); Siegele and Hu, Proc. Nail. Acad. Sci.
USA, 94: 8168-8172 (1997)), the rhamnose promoter
(Haldimann et al.,J. Bacteriol., 180: 1277-1286 (1998)), the
alkaline phosphatase promoter, a tryptophan (trp) promoter
system (Goeddel, Nucleic Acids Res., 8: 4057 (1980) and EP
36,776), the Py, ., and P, . promoters (Lutz and
Bujard, Nucleic Acids Res., 25: 1203-1210 (1997)), and
hybrid promoters such as the tac promoter. deBoer et al.,
Proc. Natl. Acad. Sci. USA, 80: 21-25 (1983). However,
other known bacterial inducible promoters and low-basal-
expression promoters are suitable. Their nucleotide
sequences have been published, thereby enabling a skilled
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worker operably to ligate them to DNA encoding the het-
crologous polypeptide of interest or to the nucleic acids
encoding the lytic enzymes (Siebenlist et al., Cell, 20: 269
(1980)) using linkers or adaptors to supply any required
restriction sites. If a strong and highly leaky promoter, such
as the trp promoter, is used, it is generally used only for
expression of the nucleic acid encoding the heterologous
polypeptide and not for lytic-enzyme-encoding nucleic acid.
The tac and P, promoters could be used for either, but not
both, the heterologous polypeptide and the lytic enzymes,
but are not preferred. Preferred are the alkaline phosphatase
promoter for the product and the arabinose promoter for the
Iytic enzymes.

Promoters for use in bacterial systems also generally
contain a Shine-Dalgarno (S.D.) sequence operably linked to
the DNA encoding the heterologous polypeptide of interest.
The promoter can be removed from the bacterial source
DNA by restriction enzyme digestion and inserted into the
veetor containing the desired DNA. The phoA promoler can
be removed from the bacterial-source DNA by restriction
enzyme digestion and inserted into the vector containing the
desired DNA.

Construction of suitable vectors containing one or more of
the above-listed components employs standard ligation tech-

niques. Isolated plasmids or DNA fragments are cleaved, 2

tailored, and re-ligated in the form desired to generate the
plasmids required.

For analysis to confirm correct sequences in plasmids
constructed, the ligation mixtures are used to transform £.

coli K12 strain 294 (ATCC 31,446) or other strains, and 3

successful transformants are selected by ampicillin or tetra-
cycline resistance where appropriate. Plasmids from the
transformants are prepared, analyzed by restriction endonu-
clease digestion, and/or sequenced by the method of Sanger

et al., Proc. Natl. Acad. Sci. USA, 74: 5463-5467 (1977) or 3

Messing et al., Nucleic Acids Res., 9: 309 (1981), or by the
method of Maxam et al., Methods in Enzymology, 65: 499
(1980).

Suitable bacteria for this purpose include archacbacteria

and cubacteria, especially cubacteria, more preferably

Gram-negative bacteria, and most preferably Enterobacteri-
aceac. Examples of useful bacteria include Escherichia,
Enterobacter, Azotobacter, Erwinia, Bacillus, Pseudomonas,
Klebsiella, Proteus, Salmonella, Serratia, Shigella,
Rhizobia, Vitreoscilla, and Paracoccus. Suitable E. coli hosts
include E. coli W3110 (ATCC 27,325), E. coli 294 (ATCC
31,446), E. coli B, and E. coli X1776 (ATCC 31,537). These
examples are illustrative rather than limiting. Mutant cells of
any of the above-mentioned bacteria may also be employed.
It is, of course, necessary to select the appropriate bacteria
taking into consideration replicability of the replicon in the
cells of a bacterium. For example, E. coli, Serratia, or
Salmonella species can be suitably used as the host when
well-known plasmids such as pBR322, pBR325,
pACYC177, or pKN410 are used to supply the replicon.
E. eoli strain W3110 is a preferred host because it is a
common host strain for recombinant DNA product fermen-
tations. Preferably, the host cell should secrete minimal
amounts of proteolytic enzymes. For example, strain W3110
may be modified to effect a genetic mutation in the genes
encoding proteins, with examples of such hosts including E.
coli W3110 strain 1A2, which has the complete genotype
tonAA (also known as AthuA); E. coli W3110 strain 9E4,
which has the complete genotype tonAA ptr3; E. coli W3110
strain 27C7 (ATCC 55,244), which has the complete geno-
type tonAA ptr3 phoAAELS A(argF-lac)169 ompTA
degP41lkan’; E. coli W3110 strain 37D6, which has the
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complete genotype tonAA pir3 phoAAELS A(argF-lac)169
ompTA degP41kan” rbs7A ilvG; E. coli W3110 strain 40B4,
which is strain 37D6 with a non-kanamycin resistant degP
deletion mutation; E. coli W3110 strain 33D3, which has the
complete genotype tonA ptr3 laclq Lacl.8 ompT degP kan”;
E. coli W3110 strain 36F8, which has the complete genotype
tonA phoA A(argF-lac) ptr3 degP kan® ilvG+, and is tem-
perature resistant at 37° C; E. coli W3110 strain 45F8,
which has the complete genotype fhuA(tonA) A(argl-lac)
pte3 degP41(kanS) A omp A(nmpe-fepE) ilvG+ phoA+
phoS*(T10Y); E. coli W3110 strain 33B8, which has the
complete genotype tonA phoA A(argh-lac) 189 deoC degP
IlvG+(kanS); F. coli W3110 strain 43E7, which has the
complete genotype fhuA(tonA) A(argF-lac) ptrd degP41
(kanS) AopmTA(nmpe-fepE) ilvG+ phoA+; and an E. coli
strain having the mutant periplasmic protease(s) disclosed in
U.S. Pat. No. 4,946,783 issued Aug. 7, 1990.

Host cells are transformed with the above-described
expression vectors of this invention and cultured in conven-
tional nutrient media modified as appropriate for inducing
the various promoters if induction is carried oul.

Transformation means introducing DNA into an organism
so that the DNA is replicable, either as an extrachromosomal
element or as chromosomal integration. Depending on the
host cell used, transformation is done using standard tech-
niques appropriate to such cells. The calcium treatment
employing calcium chloride, as described in section 1.82 of
Sambrook et al., Molecular Cloning: A Laboratory Manual
(New York: Cold Spring Harbor Laboratory Press, 1989), is
generally used for bacterial cells that contain substantial
cell-wall barriers. Another method for transformation
employs polyethylene glycol/DMSO, as described in Chung
and Miller, Nucleic Acids Res., 16: 3580 (1988). Yet another
method is the use of the technique termed electroporation.

Bacterial cells used to produce the heterologous polypep-
tide of interest described in this invention are cultured in
suitable media in which the promoters can be induced as
described generally, e.g., in Sambrook et al., supra.

Any other necessary supplements besides carbon,
nitrogen, and inorganic phosphate sources may also be
included at appropriate concentrations, introduced alone or
as a mixture with another supplement or medium such as a
complex nitrogen source, The pH of the medium may be any
pH from about 5-9, depending mainly on the host organism.

For induction, typically the cells are cultured until a
certain optical density is achieved, e.g., a Ass, of about
80-100, at which point induction is initiated (e.g., by
addition of an inducer, by depletion of a repressor,
suppressor, or medium component, ¢le.), to induce expres-
sion of the gene encoding the heterologous polypeptide.
When about 50% or more of the heterologous polypeptide
has accumulated (as determined, e.g., by the optical density
reaching a target amount observed in the past to correlate
with the desired heterologous polypeptide accumulation,
e.2., a Agsp of about 120-140), induction of the promoter is
effected for the lysis enzymes. The induction typically takes
place at a point in time post-inoculation about 75-90%,
preferably about 80-90%, of the total fermentation process
time, as determined from prior experience and assays. For
example, induction of the promoter may take place at from
about 30 hours, preferably 32 hours, up to about 36 hours
post-inoculation of a 40-hour fermentation process.

Gene expression may be measured in a sample directly,
for example, by conventional northern blotting to quantitate
the transcription of mRNA (Thomas, Proc. Natl. Acad. Sci.
USA, 77: 5201-5205 (1980)). Various labels may be
employed, most commonly radioisotopes, particularly 2P.
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However, other techniques may also be employed, such as
using biotin-modified nucleotides for introduction into a
polynucleotide. The biotin then serves as the site for binding
to avidin or antibodies, which may be labeled with a wide
variety of labels, such as radionuclides, fluorescers,
enzymes, or the like.

For accumulation of an expressed gene product, the host
cell is cultured under conditions sufficient for accumulation
of the gene product. Such conditions include, e¢.g.,
temperature, nutrient, and cell-density conditions that permit
protein expression and accumulation by the cell. Moreover,
such conditions are those under which the cell can perform
basic cellular functions of transcription, translation, and
passage of proteins from one cellular compartment 1o
another for the secreted proteins, as are known 1o those
skilled in the art.

After product accumulation, when the cells have been
lysed by the lytic enzymes expressed, optionally before
product recovery the broth lysate is incubated for a period of
time sufficient to release the heterologous polypeptide con-
tained in the cells. This period of time will depend, for
example, on the type of heterologous polypeptide being
recovered and the temperature involved, but preferably will
range from about 1 to 24 hours, more preferably 2 to 24
hours, and most preferably 2 to 3 hours. If there is overdi-

gestion with the enzyme, the improvement in recovery of 2

product will not be as great.

In the second step of this invention, the heterologous
polypeptide, as a soluble or insoluble product released from
the cellular matrix, is recovered from the lysate, in a manner

that minimizes co-recovery of cellular debris with the prod- 3

uct. The recovery may be done by any means, but preferably
comprises sedimenting refractile particles containing the
heterologous polypeptide or collecting supernatant contain-
ing soluble product. An example of sedimentation is cen-

trifugation. In this case, the recovery preferably takes place, 33

before EBA or sedimentation, in the presence of an agent
that disrupts the outer cell wall to increase permeability and
allows more solids to be recovered. Examples of such agents
include a chelating agent such as EDTA or a zwitterion such

as, for example, a dipolar ionic detergent such as ZWIT- -

TERGENT 316™ detergent. See Stabel et al., supra. Most
preferably, the recovery takes place in the presence of
EDTA. Another technique for the recovery of soluble prod-
uct is EBA, as described above.

If centrifugation is used for recovery, the relative cen-
trifugal force (RCF) is an important factor. The RCF is
adjusted to minimize co-sedimentation of cellular debris
with the refractile particles released from the cell wall at
lysis. The specific RCF used for this purpose will vary with,
for example, the type of product to be recovered, but
preferably is at least about 3000xg, more preferably about
3500-6000xg, and most preferably about 4000-6000xg. For
the case with t-gene co-expression, about 6000 rpm provides
as good a recovery of retractile particles from lysed broth as
for intact cells.

The duration of centrifugation will depend on several
factors. The sedimentation rate will depend upon, ¢.g., the
size, shape, and density of the refractile particle and the
density and viscosity of the fluid. The sedimentation time for
solids will depend, ¢.g., on the sedimentation distance and
rate. It is reasonable to expect that the continuous disc-stack
centrifuges would work well for the recovery of the released
heterologous polypeptide aggregates or for the removal of
cellular debris at large scale, since these centrifuges can
process at high fluid velocitics because of their relatively
large centrifugal force and the relatively small sedimentation
distance.
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The heterologous polypeptide captured in the initial
recovery step may then be further purified from the con-
taminaling protein. In a preferred embodiment, the aggre-
gated heterologous polypeptide is isolated, followed by a
simultaneous solubilization and refolding of the
polypeptide, as disclosed in U.S. Pat. No. 5,288,931.
Alternatively, the soluble product is recovered by standard
techniques.

The following procedures are exemplary ol suitable puri-
fication procedures for the soluble heterologous polypeptide
released from the periplasm or the cytoplasm: fractionation
on immunoaffinity or ion-exchange columns; ethanol pre-
cipitation; reverse-phase HPLC; chromatography on silica
or on a cation-exchange resin such as DEAE; chromatofo-
cusing; SDS-PAGE; ammonium sulfate precipitation; and
gel filtration using, for example, SEPHADEX™ G-75.

The following examples are offered by way of illustration
and not by way of limitation. The disclosures of all patent
and scientific references cited in the specification are
expressly incorporated herein by reference.

EXAMPLE 1

Co-expression of Lytic Enzymes with Soluble
Product
A. Co-expression with T4-lysozyme and endA endonu-
clease:
Background

rhuMAb CD18 is a recombinant F(ab'),antibody fragment
with two 214-residue light chains and two 241-residue
heavy chains. It binds to the MAC-1 (CD11b/CDI18)
receplor, effectively blocking the binding of neutrophils to
the endothelium. In the fermentation process described
below, rhuMab CD18 is produced as a F(ab'),-leucine zipper
precursor in E. coli and secreted into the periplasm. The
desired recovery process targets the soluble fraction of the
accumulated product and depends on the F(ab'),-leucine
zipper being released from the periplasm for initial capture.

T4-lysozyme co-expression was introduced to weaken the
peptidoglycan sacculus, and the over-expression of endA
protein was introduced to degrade genomic DNA released
from the cells under conditions such that the cells are
permeabilized or lysed.

In E. coli, the gene endA encodes for an endonuclease
normally secreted to the periplasm that cleaves DNA into
oligodeoxyribonucleotides in an endonucleolytic manner. It
has been jsuggested that endAis relatively weakly expressed
by E. coli (Wackernagel et al., supra). However, one could
over-express the endonuclease with the use of a compatible
plasmid. By inserting the endA gene with its signal sequence
behind the ara-T4-lysozyme casselte in the compatible plas-
mid pJJ153, now plJ154, expression of both T4-lysozyme
and endonuclease will be induced upon addition of arabi-
nose. While T4-lysozyme is locked inside the cytoplasm,
endonuclease is secreted into the periplasmic space and kept
away from the genomic DNA located in the cytoplasm
during the fermentation process. An effective enzymatic
degradation of DNA upon cell lysis is expected to reduce or
even eliminate multiple passes through the mechanical dis-
ruption device, an operation often needed for both cell
disruption and viscosity reduction. Success in doing so
would bring significant time and cost reduction to the
[ECOVETY Process.

Materials and Methods

pS1130 Plasmid Construction: Plasmid pS1130 (FIG. 3)
was constructed to direct the production of the rhuMAb
CD18 F(ab'),-leucine zipper precursor in E. coli. 1t is based
on the well-characterized plasmid pBR322 with a 2138-bp
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expression cassette (FIG. 4 SEQ ID NOS:1 2 and 3)
inserted into the EcoRI restriction site. The plasmid encodes
for resistance to both tetracycline and beta-lactam antibiot-
ics. The expression casselte contains a single copy of each
gene linked in tandem. Transcription of each gene into a
single dicistronic mRNA is directed by the E. coli phoA
promoter (Chang et al., Gene, 44: 121-125 (1986)) and ends
at the phage lambda 1, terminator (Scholtissek and Grosse,
Nuc. Acids Res.,, 15: 3185 (1987)). Translation initiation
signals for each chain are provided by E. coli STII (heat-
stable enterotoxin) (Picken et al., Infection and Immunity,
42: 269-275 (1983)) Shine-Dalgarno sequences.

rhuMAb CD18 was created by humanization of the
murine monoclonal antibody muMAb H52 (Hildreth and
August, J. Immunology, 134: 3272-3280 (1985)) using a
process previously described for other antibodies (Carter et
al., Proc. Natl. Acad. Sci. USA, 89: 4285-4289 (1992);
Shalaby et al., J. Exp. Med., 175: 217-225 (1992); Presta et
al., J. Immunol,, 151: 2623-2632 (1993)). Bricfly, cDNAs
encoding the muMAb H52 variable light (V,) and variable
heavy (V,,) chain domains were isolated using RT-PCR from
a hybridoma cell line licensed from Hildreth (Hildreth and
August, supra). The complementarity-determining regions
(CDRs) of the muMAb H52 were transplanted into the

human antibody framework gene encoding huMAb 2

UCHT1-1 (Shalaby et al., supra) by site-directed mutagen-
¢sis. Non-CDR, murine framework residues that might
influence the affinity of the humanized antibody for its
target, human CD18, were identified using molecular mod-

eling. These residues were altered by sile-directed mutagen- 3

esis and their influence on CD18 binding was tested. Those
framework residues that significantly improved affinity were
incorporated into the humanized antibody. The expression
vector encoding the final humanized version of muMAb

H52 in an Fab' format was named pH52-10.0 and it is a 3

derivative of pAKI19 (Carter et al, Bio/lechnology, 10:
163-167 (1992)).

Plasmid pS1130 differs from pH52-10.0 in the heavy-
chain coding region. The C-terminus of the heavy chain was

extended from CysProPro to the natural hinge sequence 4

CysProProCysProAlaProleuleuGlyGly (SEQ 1D NO:4)
and then fused to the 33-residue leucine zipper domain of the
yeast transcription factor GCN4. As described above, the
leucine zipper domains dimerize to bring two Fab' molecules
together and drive F(ab'), complex formation. The two
cysteine residues in the heavy-chain hinge region then
disulfide bond to those from an adjacent Fab' to form a
covalently-linked F(ab"),.

Plasmid pS1130 was constructed in a multi-step process
outlined below:

First, a filamentous phage (f1) origin of replication was
introduced into pH52-10.0 to create plasmid pSO858. Plas-
mid pSO0858 was constructed by ligating the 1977-bp
HindIII-HindIII fragment, containing the Fab' expression

cassette of pH52-10.0, with the 4870-bp HindIlI-HindIIl ss

fragment of plasmid pS0191 (referred to as phGHr (1-238)
in Fuh et al., J. Biol. Chem., 265: 3111-3115 (1990)).
Second, oligonucleotide-directed mutagenesis was per-
formed on pSO858 to create plasmid zpil#6. The heavy-
chain coding region was extended to include the 2-hinge
cysteine residues and pepsin cleavage site:
(CysProProCysProAlaProLeuLeuGlyGly; SEQ ID NO:4). A
Notl restriction site was also introduced. The sequence of
the introduced DNA was confirmed by DNA sequencing.
Third, a DNA fragment cencoding the GCN4 leucine
zipper domain flanked by Notl and Sphl restriction sites was
generated (WO98/37200 published Aug. 27, 1998). This
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107-bp Notl-Sphl DNA fragment was subsequently cloned
into similarly-cut zip1#6 1o create plasmid ps1111.

Fourth, DNA sequencing of the GCN4 leucine zipper
fragment revealed an error in the coding sequence. This
error was corrected by oligonucleotide-directed mutagenesis
and confirmed by DNA sequencing. The resulting correct
plasmid was named pS1117.

The final step in the construction of pS1130 was to restore
the letracycline-resistance gene and remove the [1 origin
from pS1117. This was accomplished by ligating the 2884-
bp Pstl-Sphl fragment of pS1117 containing the Fab'-zipper
expression casselte with the 3615-bp Pstl-Sphl fragment of
pH52-10.0.

plI154 Plasmid Construction: Plasmid plJ154 (FIG. 5) is
a pACYC177 derivative that is compatible with pBR322
vectors. To construct pJI154, pJJ153 as deseribed below was
digested with Mlul and the vector fragment was ligated with
PCR-amplified endA gene designed to encode Mlul ends.
The correct orientation of the plasmid was screened for by
restriction digest to produce plJ154.

The construction of pJJ153 (a pACYC177 derivative that
is compatible with pBR322 vectors) is shown in FIG. 5. The
Clal/AlwNI fragment from pBR322 was inseried into Clal/
AlwNI-digested pBAD18 (Guzman et al., supra) to produce
pJJ70. One round of site-directed mutagenesis was then
performed, changing HindlIl to Stul to obtain pll75. A
sccond round of site-directed mutagenesis was done to
change Mlul to Sacll, to produce pJJ76. Then Xbal/HindlIII
fragments [rom pJI76 and from pBKIGF2B were ligated,
and Xbal/HindlIl fragments from this ligation product and
from a T4 lysozyme/tac plasmid were ligated to produce
pT4LysAra. Then BamHI (filled in)/Scal-digested
pACYC177 was ligated with Clal/HindIII (both ends filled
in)-digested pT4LysAra to produce plJ153. The maps for
pACYC177, pT4LysAra, and pJJ153 are shown in FIG. 5.

Bacterial Strains and Growth Conditions: Strain 33B8 (F.
coli W3110 tonA phoA A(argF-lac) 189 deoC degP ilvG+
(kanS)) was used as the production host for the
co-expression of T4-lysozyme and DNA-digesting protein
from plasmid pJJ154 and the expression of rhuMAb CD18
F(ab'),-leucine zipper from plasmid pS1130. Competent
cells of 33B8 were co-transformed with pJJ154 and pS1130
using standard procedures. Transformants were picked from
LB plates containing 20 ug/ml tetracycline and 50 ug/ml
kanamyein (LB+Tet20+Kan50), streak-purified, and grown
in LB broth with 20 ug/ml tetracycline and 50 ug/ml
kanamycin in a 37° C. or 30° C. shaker/incubator before
being stored in DMSO at -80° C.

For control runs, the host 33B8 was transformed with
pS1130 and pJJ96 (analogous to pJJ154 except no nucleic
acids encoding the T4-lysozyme and endA product were
inserted into the vector) and isolated from similar selective
medium.

rhuMADb CD18 F(ab'),-Leucine Zipper Fermentation Pro-
cess: A shake flask inoculum was prepared by inoculating
sterile medium using a freshly thawed stock culture vial.
Appropriate antibiotics were included in the medium to
provide selective pressure to ensure retention of the plasmid.
The shake flask medium composition is given in Table 1.
Shake fasks were incubated with shaking at about 30° C.
(28° C-32° C.) for 14-18 hours. This culture was then used
to inoculate the production fermentation vessel. The inocu-
lation volume was between 0.1% and 10% of the initial
volume of medium.

The production of the F(ab'),-zipper precursor of rhuMAb
CD18 was carried out in the production medium given in
Table 2. The fermentation process was carried out at about
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30° C. (28-32° C.) and about pH 7.0 (6.5-7.9). The acration
rate and the agitation rate were set to provide adequate
transfer of oxygen to the culture. Production of the F(ab'),-
zipper precursor of rhuMAb CDI18 occurred when the
phosphate in the medium was depleted, typically 36-60
hours after inoculation.

TABLE 1
Shake Flask Medium Composition

Ingredient Quantity/Liter
Tetracycline 420 mg
Tryptone 812 g
Yeast extract 46 g
Sodium chloride 12 g
Sodium phosphate, added as pH7 solution 4-6 mmol

TABLE 2

Production Medium Composition

Ingredient Quantity/Liter
Tetracyeline 4-20 mg
Glucose® 10-250 g
Ammonium sulfate® 28 g
Sodium phosphate, monobasic, dihydrate® 1-5 g
Potassium phosphate, dibasic* 1-5 g
Potassium phosphate, monobasic® 05-5g
Sodium citrate, dihydmte® 0.5-5 g
Magnesium sulfate, heptahydrte® 1.0-10 g
FERMAX ™ (antifoam) 0-5 ml
Ferric chloride, hexahydrate® 20-200 mg
Zinc sulfate, heptahydrate® 0.2-20 mg
Cobalt chloride, hexahydrmte® 0.2-20 mg
Sodium molybdate, dihydrte® 0.2-20 mg
Cupric sulfate, pentahydrate® 0.2-20 mg
Boric acid® 0.2-20 mg
Manganese sulfate, monohydrate® 0.2-20 mg
Casein digest 15-25 g
Methionine® 05 g
Leucine® 0-5 g

*A portion of these ingredients was added to the fermentor initially and
the remainder was fed during the fermentation. Ammonium hydroxide was
added as required to control pH.

The timing of arabinose addition ranged from 50 to 65
hours post-inoculation. Bolus additions of 0.1% to 1% (final
concentration) arabinose were tested for the induction of
co-expression of T4-lysozyme and endA endonuclease.

The fermentation was allowed to proceed for about 65
hours (60 to 72 hours), after which the broth was harvested
for subsequent treatment for product recovery.

Assessment of Reduction of Broth Viscosity by endA
Endonuclease Over-expression: Aliquots of harvested broth
from the rhuMAb CD18 F(ab').-leucine zipper fermentation
with or without the co-expression of endA product in
addition to phage lysozyme described above was subjected

to one cycle of freeze-thaw. The thawed broth was diluted 33

1:3 into water or 20 mM MgCl, before incubation in a 37°
C. water bath with agitation. Samples were removed at
intervals and the viscosity of the diluted broth was measured
by using the Falling Ball viscometer.

Results:

Effect of Over-Expression of EndA in Addition to
T4-Lysozyme on Broth Viscosity: As shown in Table 3,
diluted freeze-thawed harvest broth from the above fermen-
tation process in the absence of endA over-expression had
broth viscosity in excess of 800 cP at the start of the 37° C.
incubation. After 60 minutes of incubation, there was little
change in the H,O-diluted [reeze-thawed fermentation broth
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viscosity, while the MgCl.-buffer-diluted broth showed sig-
nificant reduction in the broth viscosity. Upon extended 37°
C. incubation for up to over 2.5 hours, the viscosity of the
frecze-thawed diluted harvest broth with no over-expression
of endA in addition to T4-lysozyme leveled off at about 40
cP. The viscosity of the diluted freeze-thawed harvest broth
with over-expression of endA was less than 20 cP even
before any 37° C. incubation.

TABLE 3
37° C. Incubation Broth Viscosity
Co-expression Treatment (min) (cP)
T4-lysozyme + H,0 control + 0 <20
endA (plJ154) 20 mM MgCl, 0 <20
H,O control + 60 <20
20 mM MgCl, 60 <20
T4-lysozyme H.O control + 0 =800
only (plJ153) 20 mM MgCl, 0 =800
H.O control + 600 =800
20 mM MgCl, 60 36
H-O control + 120 41
20 mM MgCl, 120 36
H,O control + 163 40
20 mM MgCl, 165 42

B. Co-expression of T4-Lysozyme, Gene 1, and EndA Endo-
nuclease:
Background

As described in Example IA, over-expression of endA
brings significant benefit in lowering the viscosity of per-
meabilized or lysed broth. It helps in conditioning the
fermentation broth for the subsequent product recovery step.
By co-expressing T4-lysozyme and t-gene in addition to
endA, cells can be biochemically lysed and at the same time
yield a well-conditioned broth lysate with fluid viscosity
sufficiently low and compatible with product isolation steps
such as centrifugation or EBA.

The fermentation process described above was used to
produce rhuMAb CD18 as a F(ab'),-leucine zipper precursor
directed by plasmid pS1130 in E. coli, with the
co-expression of lytic enzymes and DNA-digesting protein
directed by the plasmid pJJ155. in E. coli. The antibody
fragment product was secreted and accumulated in the
periplasm. The lytic enzymes were compartmentalized away
from their substrate until released by the action of the t-gene
product. The desired recovery process targets the soluble
fraction of the F(ab'),-leucine zipper released from the
periplasm for initial capture.

Materials & Methods

P11155 Plasmid Construction: Like plJ154, pJJ155 is a
pACYC177 derivative that is compatible with pBR322
vectors. To construct plJ155, pJJ154 as described above was
digested with Kpnl and the vector fragment was ligated with
PCR-amplified t-gene designed to encode Kpnl ends. The
correct orientation of the plasmid was screened for by
restriction digest to product plJ155. A map for plJ155 is
shown in FIG. 7.

Bacterial Strains and Growth Conditions: Most experi-
ments were carried out with transformed 33B8 as described
above except that pJJ154 was replaced by plJJ155.

Fermentation Process Description: See Example 1A,
Results

Cell growth of 33B8 co-transformed with pS1130 and
pJI155 (33B8/pS1130/pll155) was not significantly differ-
ent from that of the control (33B8 transformed with pS1130
only). After addition of 0.5% 1o 1% arabinose at 50-65 hours
10 induce the co-expression of the lytic enzymes and DNA-
digesting protein, OD550 of the 33B8/pS1130/pJJ155 cul-
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ture steadily dropped to 30-40% of peak cell density,
suggesting cell lysis.

Table 4 shows the effect of co-expression of
T4-lysozyme+endA+l-gene on the release of soluble anti-
CD18 antibody fragment into the medium. The supernatant
from centrifugation of the harvested broth lysate after incu-
bation in the presence of 25 mM EDTA was assayed by
ion-exchange HPLC chromatography for product quantita-
tion. Greater than 80% of the soluble anti-CD18 antibody
fragments was found in the supernatant fraction for the
experimental condition where co-expression of lytic
enzymes and DNA-digesting protein was induced, com-
pared to less than 10% found for the control and the
condition with no t-gene (plJ154) or mechanical disruption.

TABLE 4

Co-Expression % of Total Product Released

None (control) <10
T4-Lysozyme + endA (plJ154) <10
T4-Lysozyme + endA + t-gene >80
(plJ155)

Conclusions

Endonuclease degrades DNA and lowers broth viscosity.

Over-cxpression of £, coli endogenous endonuclease in 2

addition to T4-lysozyme reduces the need for mechanical
cell disruption for the shearing of released DNA. The release
of the phage lysozyme from the cytoplasmic compartment
mediated by the expressed t-gene protein initiates the bio-

chemical disruption process, resulting in cell lysis and the 3

release of cellular contents including heterologous
polypeptide, genomic DNA, and the DNA-digesting protein,
which was trapped in either the periplasm or the cytoplasm
up to this time. By holding the broth lysate for appropriate

digestion of substrates by the lytic enzymes and DNA- 35

digesting protein co-expressed, the broth viscosity and prod-
uct release from cellular matrix were improved for better
product recovery.

EXAMPLE IT

Co-expression of Lytic Enzymes with IGF-I
Background

IGF-I was sclected as a heterologous polypeptide for
evaluation of refractile particle recovery due to large-scale
needs. Co-expression of lytic enzymes and DNA-digesting
protein was used to improve the release of the IGF-I
refractile particles from cell-wall structures in the absence of
mechanical disruption.

Upon cell lysis, in addition to releasing T4-lysozyme from
the cytoplasmic compartment, genomic DNA released from
the cytoplasm would have contributed significant viscosity
to the broth lysate fluid. Hence, the co-expression of an
E.coli endonuclease together with Iytic enzymes was useful
in reducing fluid viscosity following cell lysis and improv-
ing product recovery during centrifugation.

Materials & Methods

pLBIGF57 Plasmid Construction: The plasmid
pLBIGFS7 for the expression of 1GF-1 (FIG. 6) was con-
structed from a basic backbone of pBR322. The transcrip-
tional and translational sequences required for the expres-
sion of nucleic acid encoding IGF-I were provided by the
phoA promoter and trp Shine-Dalgarno sequence. Secretion
of the protein was directed by a TIR variant of the lamB
signal sequence. This TIR variant does not alter the primary
amino acid sequence of the lamB signal; however, silent
nucleotide sequence changes result, in this particular variant,
in an increased level of translated protein.
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The details of pLBIGF57 construction follow. A codon
library of the lamB signal sequence was constructed to
screen for translational initiation region (TIR) variants of
differing strength. Specifically, the third position of codons
3 to 7 of the lamB signal sequence was varied. This design
conserved the wild-type amino acid sequence and yet
allowed for divergence within the nucleotide sequence.

As previously described for the screening of the STII
signal sequence codon library (S. African Pat. No. ZA
96/1688; Simmons and Yansura, Nature Biotechnology, 14:
629-634 (1996)), the phoA gene product served as a reporter
for the selection of the lamB TIR variants. The codon library
of the lamB signal sequence was inserted downstream of the
phoA promoter and trp Shine-Dalgarno and upstream of the
phoA gene. Under conditions of low transcriptional activity,
the quantity of alkaline phosphatase secreted by each con-
struct was now dependent on the efficiency of translational
initiation provided by each TIR variant in the library. Using
this method, lamB TIR variants were selected covering an
approximate 10-fold activity range. Specifically, lamb TIR
variant #57 provides an approximately 1.8-fold stronger TIR
than the wild-type lamB codons based on the phoA activity
assay.

The vector fragment for the construction of pLBIGF57
was generated by digesting pBK131Ran with Xbal and
Sphl. This Xbal-Sphl vector contains the phoA promoter
and trp Shine-Dalgarno sequences. The coding sequences
for IGF-I and the lambda t, transcription terminator were
isolated from pBKIGF-2B (U.S. Pat. No. 5,342,763) fol-
lowing digestion with Ncol-Sphl. The lamB signal sequence
fragment was isolated from pLBPhoTBK#57 (TIR variant
#57; generated as described above) following digestion with
Xbal-Ncol. These three fragments were then ligated
together to construct pLBIGF57.

Bacterial Strains and Growth Conditions: Most experi-
ments were carried out with strain 43E7 (E. coli W3110
fhuA(tonA) A(argl-lac) ptr3 degP4 (kanS) AompTA(nmpe-
fepE) ilvG+ phoA+). Adouble-plasmid system involving the
product plasmid (pL.BIGF57) and plJJ155 for the lytic
enzymes was emploved. Competent cells of 43E7 were
co-transformed with pLBIGF57 and plJ155 using the stan-
dard procedure. Transformants were picked after growth on
an LB plate containing 50 pg/ml. carbenicillin (LB+
CARBS0™) and 50 ug/ml kanamycin, streak-purified and
grown in LB broth with 50 gg/mL CARB50™ and 50 ug/ml
kanamyecin in a 37° C. shaker/incubator before being tested
in the fermentor.

For comparison, 43E7 transformed with pL.BIGF57 alone
was used in the control case conducted under similar con-
ditions. pLBIGF57 confers both carbenicillin and tetracy-
cline resistance to the production host and allows 43E7/
pLBIGF57 to grow in the presence of either antibiotic.

Fermentation Process: The fermentation medium compo-
sition and experimental protocol used for the co-expression
of nucleic acid encoding IGF-1, endA, T4-lysozyme, and
t-gene if used were similar 1o those of the scaled-down
high-metabolic rate, high-yield 10-kiloliter IGF-1 process.
Briefly, a shake flask seed culture of 43E7/pLLBIGF57 or
43E7/pLBIGF57/plI155 was used to inoculate the rich
production medium. The composition of the medium (with
the quantities of each component utilized per liter of initial
medium) is described below:
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Ingredient Quantity/L
Glucose™ 200-500 g
Ammonium Sulfate 2-10 g
Sodium Phosphate, Monobasic Dihydrate 1-5 g
Potassium Phosphate, Dibasic 1-5 g
Sodium Citrate, Dihydrate 05-5 g
Potassium Chloride 05-5 g
Magnesium Sulfate, Heptahydrate 0.5-5 g
PLURONIC ™ Polyol, Lol 0.1-5 mL
Ferric Chloride, Heptahydrate 10-100 mg
Zinc Sulfate, Heptahydrate 0.1-10 mg
Cobalt Chloride, Hexahydrate 0.1-10 mg
Sodium Molybdate, Dihydrate 0.1-10 mg
Cupric Sulfate, Pentahydrate 0.1-10 mg
Boric Acid 0.1-10 mg
Manganese Sulfate, Monohydrate 0.1-10 mg
Hydrochloric Acid 10-100 mg
Tetracyeline 4-30 mg
Yeast Extract* 525 g
NZ Amine AS* 525 ¢
Methionine® 05 g
Ammonium Hydroxide as required to

control pH
Sulfuric Acid as required to

control pH

*A portion of the glucose, yeast extract, NZ Amine AS, and methionine is
added to the medium initially, with the remainder being fed throughout the
fermentation.

The fermentation was a fed-batch process with fermen-
tation parameters set as follow:

Agitation: Initially at 800 RPM, increased 1o 1000 RPM at 3

8 0D
Agration: 15.0 slpm
pH control: 7.3
Temp.: 37° C.

Back pressure: 0.7 bar

Glucose feed: computer-controlled using an algorithm
which regulates the growth rate at approximately 95% of
the maximum carly in the fermentation and which then
controls the dissolved oxygen concentration (DO.) at

30% of air saturation after the DO, drops to 30%.
Complex nitrogen feed: constant feed rate of 0.5 ml/min

throughout the run
Run Duration: 40 hours

The timing of arabinose addition ranged from 24 hr 1o 36
hr. Bolus additions of 0.1% to 1% (final concentration)
arabinose were tested to define the induction strength nec-
essary for producing the most preferred amounts of
T4-lysozyme for better product recovery at the centrifuga-
tion step.

Recovery of Refractile Particles from Harvested Broth:
Broth was harvested at the end of fermentation when a target
drop in ODs, was observed and was either processed soon
after or stored briefly at 4° C. prior to use. The test protocol
used involved four process steps:

I. Add IM EDTA to the harvest broth to bring the final
concentration of EDTA to 25 mM. EDTA chelates the
divalent cations and disrupts the outer cell surface structure.
This makes the peptidoglycan layer inside unbroken cells
accessible to degradation by T4-lysozyme and weakens the
cell wall to promote cell lysis.

II. Hold the lysate at room temperature or incubate at 37°
C. for further degradation of cell wall. This step simulates
the longer process times associated with the larger-scale
process.

III. Recover refractile particles and solids from the lysate
by centrifugation. Bench-scale centrifugation in a SOR-
VALL™ GSA rotor at different speeds (3000 rpm to 6000
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rpm; equivalent to RCF’s of approximately 2500 g to 6000
g al rmax, respectively) was used to collect the solids as
pellets,

An additional step to wash the pellet with buffer would
remove the lysate entrained by the pellet and minimize the
amount of contaminating /. celi proteins in the refractile
particle preparations.

Samples of the supernatant and pellet from centrifugation
of broth, lysate resuspended in buffer were evaluated [or
product recovery. The amount of product present in the
samples was analyzed by a HPLC reverse-phase method.
Product recovery efficiency was calculated by expressing the
amount of product recovered in the pellet by the process step
as a percent of the total product present in the pellet and
supernatant combined. To evaluate the quality of the refrac-
tile particles recovered, the amount of total protein present
in the pellet and the supernatant was measured by the Lowry
method (J. Biol. Chem., 193: 265 (1951)).

The contribution of endonuclease activity was assessed by
the efficiency of solids recovery during sedimentation from
the broth lysate by centrifugation. Also, the amount of
nucleic acids present in the pellet and the supernatant was
measured by 0D, readings.

Results:

IGF-I Fermentation and Product Expression

FIG. 8 shows in general the two-plasmid system
employed in this Example for co-expression of lytic
enzymes and endA with IGF-1 using pJJ155. The initial
growth rate of 43E7/pLBIGF57/plI155 showed no signifi-
cant difference from that of the 43E7/pL.BIGF57 control.
Peak cell densities reached in these broths were similar.
However, compared to the control, a significant loss in
optical density was observed in cultures after induction for
Iytic enzyme co-expression, indicating cell lysis. Examina-
tion of the harvest broth by phase-contrast microscopy
showed that, in comparison to the no-co-expression control,
very few intact E. coli cells were present and freed refractile
particles were evident as a result of the co-expression of Iytic
enzymes and DNA-digesting protein. See FIGS. 9A-9E.

The respiration rates across this collection of runs looked
very similar to the control except for significant continuous
loss in oxygen uptake rate (OUR) with a concomitant loss in
kla soon after the arabinose addition.

The success of the biochemical cell lysis technique as
deseribed in this invention is evident from the differences in
the partitioning of nucleic acids and total prolein between
the solid (pellet) and liquid (supernatant) [ractions as a result
of the co-expression of the lytic enzymes and DNA-
digesting protein versus the control with no co-expression
(FIGS. 10A and 108, respectively). The percent of total
nucleic acids calculated from A260 readings and the percent
of total protein as measured by the Lowry protein assay both
increased in the supernatant from the centrifugation of
biochemically lysed broth over that from control broth.

The product recovery from the two conditions is summa-
rized in FIG. 11. With the biochemically-lysed IGF-I brath,
IGF-I product was released together with degraded DNA
polymer into the broth lysate. The efficiency of recovering
the small dense refractile particles increased with the RCEF
used during centrifugation. As higher g force was used, the
percent of the lysed broth recovered as pellet (reported as %
pellet) increased (FIG. 12), and so did the amount of 1GF-1
product in the pellet. At approximately 6000xg, close to
95% of the product was captured in the pellet.

Conclusion

As disclosed herein, a simple manipulation of gene

expression during the fermentation process resulted in a
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biochemical cell lysis that could replace the conventional
mechanical disruption traditionally used for product recov-
ery at production scale. In vivo co-expression or coordinated
expression of T4-lysozyme and t-gene product is a highly
effective technique for the disintegration of cells while the
over-expressed endA protein degrades the leaked DNA,
lowers broth viscosity, and efficiently conditions the broth
lysate for product recovery in the initial product capture

28

step. Biochemical cell lysis is applicable to the recovery of
soluble as well as insoluble product. The compartmental-
ization of the co-expressed enzymes away from their sub-
strates until the desired moment for cell lysis is essential and
a critical design in the invention. The invention brings
significant reduction in process cost, process time, and hence
opportunity cost to other products that may be sharing the
same production facility.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1
<211> LENGTH: 6550
<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 1

gaattcaact tctccatact ttggataagg aaatacagac atgaaaaatc 50
tcattgectga gttgttattt aagettgocc aaaaagaaga agagtcgaat 100
gaactgtgtg cgcaggtaga agctttggag attatcgtca ctgcaatget 150
tegecaatatyg gogcaaaatyg accaacageg gttgattgat caggtagagyg 200
gggegctgta cgaggtaaag ccogatgoca geattcctga cgacgatacg 250
gagctgctge gogattacgt aaagaagtta ttgaagcatc ctcogtcagta 300
aaaagttaat cttttcaaca gctgtcataa agttgtcacg gocgagactt i50
atagtcgett tgtttttatt ttttaatgta tttgtaacta gaattcgage 400
tegocgggga toctctagag gttgaggtga ttttatgaaa aagaatatceg 450
catttettet tgeatctatg ttegtttttt ctattgetac aaacgegtac 500
gctgatatcc agatgaccca gtccccgage tccctgtccg cotctgtggg 550
cgatagggtc accatcacct gtcgtgccag tcaggacatc aacaattatc 600
tgaactggta tcaacagaaa ccaggaaaag ctccgaaact actgatttac 650
tatacctcca ccocctccacte tggagtcoccet totegettet ctggttetgg 700
ttetgggacy gattacactce tgaccatcag cagtctgcaa ccggaggact 750
tegcaactta ttactgtcag caaggtaata ctctgecgec gacgttegga 800
cagggcacga aggtggagat caaacgaact gtggctgcac catctgtott 850
catcttcceg ccatctgatg agcagttgaa atctggaact goctctgttg 200
tgtgcctgot gaataacttc tatcccagag aggoccaaagt acagtggaag 950
gtggataacg ccctccaatc gggtaactcc caggagagtg tcacagagcea 1000
ggacagcaag gacagcacct acagectcag cagcaccctg acgctgagea 1050
aagcagacta cgagaaacac aaagtctacg cctgcgaagt cacccatcag 1100
ggcctgagot cgooccgtcac aaagagocttc aacaggggag agtgttaage 1150
tgatcctcta cgccggacge atcgtggoge tagtacgcaa gttcacgtaa 1200
aaacggtatc tagaggttga ggtgatttta tgaaaaagaa tatcgoattt 1250
cttcttgeat ctatgttogt ttttteotatt gotacaaacg cgtacgetga 1300
ggttcagctg gtggagtotg geoggtggeoct ggtgcagocca gggggotcac 1350
teegtttgte ctgtgeocaact teotggetaca cctttaccga atacactatg 1400
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-continued
cactggatge gtcaggccce gggtaaggge ctggaatggg ttgcagggat 1450
taatcctaaa aacggtggta ccagccacaa ccagaggttc atggaccgtt 1500
tcactataag cgtagataaa tccaccagta cagcctacat gcaaatgaac 1550
agcctgegtg ctgaggacac tgoccgtctat tattgtgeta gatggogagg 1600
cctgaactac ggctttgacg tcogttattt tgacgtctgg ggtcaaggaa 1650
ccctggtecac cgtctoccteg goctoccacca agggoccatc ggtottocce 1700
ctggcacect cctcoccaagag cacctcotggg ggoacagegg cectgggetg 1750
cctggtcaag gactacttcc ccgaaccggt gacggtgtcg tggaactcag 1800
gcgecctgac cagocggogtg cacaccttcoc cggeotgtoct acagtectca 1850
ggactctact ccctcagcag cgtggtgace gtgcoccoctcoca goagottggyg 1900
cacccagacc tacatctgca acgtgaatca caagcccagc aacaccaagg 1950
tcgacaagaa agttgageccc aaatcttgtg acaaaactca cacatgcceq 2000
ccgtgocccag caccagaact gotgggegge cgcatgaaac agoctagagga 2050
caaggtcgaa gagctactct ccaagaacta ccacctagag aatgaagtgg 2100
caagactcaa aaagcttgtc ggggagcgct aagcatgoga cggocctaga 2150
gtecctaacg ctoggttgec gocgggegtt ttttattgtt aactcatgtt 2200
tgacagctta tcatcgataa gctttaatgc ggtagtttat cacagttaaa 2250
ttgctaacge agtcaggcac cgtgtatgaa atctaacaat gegctcateq 2300
tecatcctegy caccgtcace ctggatgotg taggoatagg cttggttatg 2350
ccggtactge cgggectott gogggatatc gtccattccg acagcatcge 2400
cagtcactat ggcgtgctge tagcgctata tgogttgatg caatttctat 2450
gcgoaccogt totcggagea ctgtoogace gotttggecg cogcoccagte 2500
ctgoctogeott cgotacttgg agccactatc gactacgcga tcatggogac 2550
cacacccegte ctgtggatce tctacgecgg acgcatogtg goocggcatca 2600
cecggogecac aggtgeggtt gotggegect atatcgecga catcaccgat 2650
ggggaagatc gggctocgoca cttcocgggotc atgagogeott gtttoggegt 2700
gggtatggtg gcaggcoccceg tggccggggg actgttggge geocatcteoct 2750
tgcacgcace attcottgcog goggoggtge tcaacggoct caacctacta 2800
ctgggotgct tcctaatgca ggagtcgcat aagggagagc gtocgtccgat 2850
gocccttgaga gocttcaace cagtcagcte cttocoggtgg gogcoggggoa 2900
tgactategt cgccgcactt atgactgtet teotttatcat gecaactegta 2550
ggacaggtgc cggcagcgct ctgggtcatt ttocggocgagg accgettteg o000
ctggagcgeg acgatgatcg goctgteget tgoggtatte ggaatcttge 3050
acgccoctoge tcaagoctte gtcactggte cocgcocaccaa acgtttegge 3100
gagaagcagg ccattatcge cggcatggeg goccgacgege tgggcotacgt 3150
cttgctggeg ttogegacge gaggotggat ggecttoecce attatgatte 3200
ttctegotte cggoggeatc gggatgocog cgttgocagge catgotgtcoco 3250
aggcaggtag atgacgacca tcagggacag cttcaaggat cgoctcgogge 3300
tecttaccage ctaacttcga tcactggacce gotgatcgtc acggogattt 3350
atgccgoctc ggogagcaca tgg gggt tggcatggat tgtaggogec 3400
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gccctatace ttgtctgoct coccgogttg cgtcgoggtg catggageocg 3450
ggccaccteg acctgaatgg aagccggegg cacctocgecta acggattcac 3500
cactccaaga attggagcca atcaattctt goggagaact gtgaatgege 3550
aaaccaaccc ttggcagaac atatccatcg cgtccgcoccat cteoccagcage 3600
cgcacgegge gcatctcoggy cagegttggyg tocctggocac gggtgogeat 3650
gatcgtgete ctgtcgttga ggacccgget aggcoctggogg ggttgoctta 3100
ctggttagca gaatgaatca ccgatacgcg agcgaacgtg aagcgactge 3750
tgctgcaaaa cgtctgecgac ctgagcaaca acatgaatgg tcttoggttt 3800
ccgtgttteg taaagtctgg aaacgoggaa gtcageocgece tgoaccatta 3850
tgttcocggat ctgcatcgeca ggatgotget ggotaccetg tggaacacct 3500
acatctgtat taacgaagcyg ctggcattga ccectgagtga tttttectetg 3950
gtcccgeocge atccataccg ccagttgttt accctcacaa cgttccagta 4000
accgggcatg ttcatcatca gtaacccgta tcgtgageat cctctctegt 4050
ttcatcggta tcattacccc catgaacaga aattccccocct tacacggagg 4100
catcaagtga ccaaacagga aaaaaccgcc cttaacatgg ccocgetttat 4150
cagaagccag acattaacgc ttctggagaa actcaacgag ctggacgegg 4200
atgaacaggc agacatctgt gaatcgcttc acgaccacge tgatgagett 4250
taccgcaget goctcgegog tttoggtgat gacggtgaaa acctctgaca 4300
catgcagctc ccggagacgg tcacagcttg tctgtaagcg gatgoccggga 4350
gcagacaagc ccgtcaggge gegtcagqegg gtgttggegg gtgtegggge 4400
gcagccatga cccagtcacg tagcgatage ggagtgtata ctggettaac 4450
tatgcggcat cagagcagat tgtactgaga gtgcaccata tgeggtgtga 4500
aataccgcac agatgcgtaa ggagaaaata ccgcatcagg cgotcttcocg 4550
cttcctoget cactgactcg ctgegotcgg togttocgget goggogageg 4600
gtatcagectc actcaaagge ggtaatacgg ttatccacaqg aatcagggga 4650
taacgcagga aagaacatgt gagcaaaagg ccagcaaaag goccaggaacc 4700
gtaaaaaggeo cgogttgeotg geogtttttce ataggeotccg cccoccectgac 4750
gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagq 4800
actataaaga taccaggcgt ttcccocctgg aagctccococtce gtgogotcte 4850
ctgttcogac cctgecocgett accggatacc tgtcocgoctt tetcoctteg 4500
ggaagcgtgg cgctttoctca tagctcacge tgtaggtate tcagtteggt 4550
gtaggtcgtt cgctccaage tgggotgtgt goacgaaccc coogttcage 5000
ccgaccgctg cgoccttatce ggtaactatc gtcttgagte caacccggta 5050
agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag 5100
agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggoctaact 5150
acggctacac tagaaggaca gtatttggta tctgcocgctct gectgaagcca 5200
gttaccttcg gaaaaagagt tggtagctct tgatccggea aacaaaccac 5250
cgctggtage ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa 5300
aaaaaggatc tcaagaagat cctttgatct tttctacggg gtotgacget 5350
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cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa 5400
aaggatctte acctagatcc ttttasatta aaaatgaagt tttaaatcaa 5450
tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatec 5500
agtgaggcac ctatctcagc gatctgtcta tttegttcat ccatagttge 5550
ctgactccce gtcgtgtaga taactacgat acgggagggc ttaccatctg 5600
gccccagtge tgcaatgata ccgogagacc cacgctcacc ggotccagat 5650
ttatecagcaa taaaccagcc agoccggaagg gocgagogea gaagtggteoco 5700
tgcaacttta tccgecctcca tocagtctat taattgttge cgggaagcta 5750
gagtaagtag ttcgccagtt aatagtttge gcaacgttgt tgcoccattget 5800
gcaggcateg tggtgtcacg ctogtegttt ggtatggett cattcagete 5850
cggttcccaa cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa 5900
aagcggttag ctcctteggt cotccgatcg ttgtcagaag taagttggee 5950
gcagtgttat cactecatggt tatggcagca ctgcataatt ctettactgt 6000
catgccatcc gtaagatget tttctgtgac tggtgagtac tcaaccaagt 6050
cattctgaga atagtgtatg cggcgaccga gttgotcttg ccocggegtca 6100
acacgggata ataccgcgcc acatagcaga actttaaaag tgotcatcat 6150
tggaaaacgt tcttcgggge gaaaactctc aaggatctta cogotgttga 6200
gatccagtte gatgtaaccec actcgtgcac ccaactgatc ttcageatct 6250
tttactttca ccagegtttc tgggtgagca aaaacaggaa ggcaaaatge 6300
cgcaaaaaag ggaataaggg cgacacggaa atgttgaata ctcatactct 6350
tecctttttca atattattga agcatttatc agggttattg tctcatgage 5400
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgeg 6450
cacatttccc cgaaaagtge cacctgacgt ctaagaaacc attattatca 6500
tgacattaac ctataaaaat aggcgtatca cgaggcccoctt tegtcttcaa 6550

<210> SEQ ID NO 2

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 2

Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val Phe

Ser Ile Ala Thr Asn Ala Tyr Ala Asp Ile Gln Met Thr Gln Ser
20 25 30

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr
35 40 45

Cys Arg Ala Ser Gln Asp Ile Asn Asn Tyr Leu Asn Trp Tyr Gln
50 55 60

Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Tyr Thr Ser
65 70 75

Thr Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser
80 85 20

Gly Thr Asp Tyr Thr Leu Thr Ile Ser Ser Leu Gln Pre Glu Asp
95 100 105

Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Asn Thr Leu Pre Pro Thr
110 115 120
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-continued

Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
125 130 135

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
140 145 150

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg
155 160 165

Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly
170 175 180

Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr
185 180 185

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
200 205 210

Lys His Lys Val Tyr Ala Cye Glu Val Thr His Gln Gly Leu Ser
215 220 225

Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
230 235

<210> SEQ ID NO 3
<211> LENGTH: 300
<212> TYPE: PRT
<213> ORGANISM: Human

<400> SEQUENCE:

L

Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val Phe

1
Ser Ile Ala Thr Asn Ala Tyr Ala Glu Val Gln Leu Val Glu Ser
20 25 30

Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys
35 40 45

Ala Thr Ser Gly Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met
50 55 60

Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn
65 70 75

Pro Lys Asn Gly Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg
80 85 90

Phe Thr Ile Ser Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln
95 100 105

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala
110 115 120

Arg Trp Arg Gly Leu Asn Tyr Gly Phe Asp Val Arg Tyr Phe Asp
125 130 135

Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
140 145 150

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
155 160 165

Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe
170 175 180

Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
185 190 195

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
200 205 210

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr
215 220 225

Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys
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230 235 240

Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
245 250 255

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Arg Met Lys
260 265 270

Gln Leu Glu Asp Lys Val Glu Glu Leu Leu Ser Lys Asn Tyr His
275 280 285

Leu Glu Asn Glu Val Ala Arg Leu Lys Lys Leu Val Gly Glu Arg
250 2895 300

<210> SEQ ID NO 4

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<221> MAME/KEY: Artificial

<222> LOCATION: 1-11

<223> OTHER INFORMATION: Hinge sequence

<400> SEQUENCE: 4

Cys Pro Pro Cys Pro Ala Pro Leu Leu Gly Gly
1 5 10

What is claimed is:

1. A process for recovering a heterologous polypeptide

from bacterial cells comprising:

(a) culturing the bacterial cells which comprise a first
nucleic acid encoding phage lysozyme and the gene t
product, and a second nucleic acid encoding a protein
that displays DNA-digesting activity under control of a

signal sequence for secretion of the DNA-digesting

protein, wherein the first and second nucleic acids are
operatively linked to a first promoter that is the same
for both and wherein both are linked on the same
nucleic acid construct, and a third nucleic acid encod-
ing the heterologous polypeptide, which third nucleic
acid is linked to a second promoter, wherein the second
promoter is inducible and the first promoter is different
from the second promoter and is either (i) inducible or
(ii) a weak constitutive promoter that does not require
the addition of an inducer to function as a promoter,

(b) adding an inducer specific for induction of expression
of the nucleic acid encoding the heterologous polypep-
tide from the second inducible promoter,

(¢) optionally, when the first promoter driving expression
of the nucleic acids encoding the phage lysozyme, the
gene t product, and DNA-digesting protein is an induc-
ible promoter, adding an inducer specific for the first
promoter after accumulation of about 50% or more of
the maximum accumulation of the heterologous
polypeptide 1o be recovered,

(d) lysing the cells, and

(¢) recovering accumulated heterologous polypeptide
from the broth lysate.

2. The process of claim 1 wherein the heterologous

polypeptide is a mammalian polypeptide.

3. The process of claim 2 wherein the mammalian
polypeptide is insulin-like growth factor-I (IGF), DNase,
vascular endothelial growth factor (VEGF), anti-CD18 anti-
body or fragment of an anti-CD18 antibody.

4. The process of claim 3 wherein the mammalian
polypeptide is IGF-I or an anti-CD18 antibody fragment.

.
=]

e

65

5. The process of claim 1 wherein the culturing is carried
out under conditions whereby the heterologous polypeptide
is scereted into the periplasm of the bacterial cells.

6. The process of claim 1 wherein the signal sequence is
a native sequence of the DNA-digesting protein.

7. The process of claim 1 wherein the DNA-digesting
protein is a eukaryotic DNase or bacterial endA.

8. The process of claim 1 wherein the lysozyme is
T4-lysozyme.

9. The process of claim 1 wherein the heterologous
polypeptide is soluble in the periplasmic space and the
recovery step is done using an expanded bed absorption
process or sedimentation.

10. The process of claim 9 wherein the heterologous
polypeptide is an anti-CD18 antibody or fragment thereof.

11. The process of claim 1 wherein the induction of
expression of the nucleic acids encoding the lysozyme, gene
t, and DNA-digesting protein is carried out by adding an
inducer 1o the culture medium.

12. The process of claim 1 wherein before recovery the
broth lysate is incubated for a time sufficient to release the
heterologous polypeptide contained in the cells.

13. The process of claim 1 wherein the recovery com-
prises sedimenting refractile particles containing the heter-
ologous polypeptide or collecting supernatant containing
soluble heterologous polypeptide.

14. The process of claim 1 wherein the bacterial cells are
Gram-negative cells.

15. The process of claim 14 wherein the bacterial cells are
E. coli.

16. The process of claim 1 wherein the recovery step takes
place in the presence of an agent that disrupts the outer cell
wall of the bacterial cells.

17. The process of claim 16 wherein the agent is a
chelating agent or zwitterion.

18. The process of claim 1 wherein one or more of the
nucleic acids, including the promoter therefor, is integrated
into the genome of the bacterial cells.

19. A process for recovering a heterologous polypeptide
from bacterial cells comprising:
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(a) culturing the bacterial cells which comprise a first
nucleic acid encoding phage lysozyme and a protein
that displays DNA-digesting activity under control of a
signal sequence for secretion of the DNA-digesting
protein, a second nucleic acid comprising gene 1,
wherein the first nucleic acid encoding the phage
lysozyme and DNA-digesting protein is operatively
linked to a first promoter that is either (i) inducible or
(ii) a weak constitutive promoter that does not require
the addition of an inducer to function as a promoter, the
second nucleic acid comprising gene t is linked to a
second inducible promoter, and the third nucleic acid
encoding the heterologous polypeptide is linked to a
third inducible promoter and wherein cach of the
promoters responds to a different inducer,

(b) adding an inducer specific for induction of expression
of the nucleic acid encoding the heterologous polypep-
tide from the third inducible promoter,

(c) optionally when the first promoter driving expression
of the nucleic acid encoding the phage lysozyme and
the DNA-digesting protein is an inducible promoter,
adding inducers specific for the first and second pro-

15

=
S

40

molers after accumulation of about 50% or more of the
maximum accumulation of the heterologous polypep-
tide to be recovered such that the first promoter driving
expression of the nucleic acid encoding phage
lysozyme and the DNA-digesting protein is induced
before the promoter driving expression of the nucleic
acid encoding gene t, or

(¢") when the first promoter driving expression of the
nucleic acid encoding the phage lysozyme and the
DNA-digesting protein is a weak constitutive promoter,
adding an inducer specific for the promoter driving
expression of gene t after accumulation of about 50%
or more of the maximum accumulation of the heter-
ologous polypeptide to be recovered,

(d) lysing the cells, and

(e) recovering the accumulated heterologous polypeptide
from the broth lysate.

20. The process of claim 19, wherein one or more of the

nucleic acids, including the promoter therefor, is integrated
into the genome of the bacterial cells.

£ % ok % %
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(571 ABSTRACT

A process is described for producing organic acids such as
lactic acid. The process includes the steps of producing
lactic acid by fermentation. resulting in an aqueous fermen-
tation broth containing lactic acid. and adding a calcium
base, such as calcium carbonate. to the fermentation broth.
thereby producing calcium lactate in the broth. Biomass is
removed from the broth. thereby leaving an aqueous solu-
tion or dispersion of calcium lactate. The calcium lactate is
reacted with a source of ammonium ions, such as ammo-
nium carbonate, or a mixture of ammonia and carbon
dioxide. thereby producing an ammonium lactate. Contami-
nating cations can be removed by ion exchange. The free
lactic acid or a derivative thereof can be separated from the
ammonium ions, preferably by salt-splitting electrodialysis.

58 Claims, 5 Drawing Sheets
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PRODUCTION AND RECOVERY OF
ORGANIC ACIDS

This is a continuation in part of the U.S. application titled
“Production and Recovery of Organic Acids.” filed on Oct.
10. 1996. application Ser. No. 08/728.836 now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to carboxylic acids such as
lactic acid. and to processes for producing and recovering
them.

Lactic acid has a number of commercial uses, for example
in food manufacturing. pharmaceuticals, plastics, textiles,
and as a starting material in various chemical processes.
Lactic acid is commonly produced by fermentation of
sugars, starch. or cheese whey. using microorganisms such
as Lactobacillus delbrueckii to convert monosaccharides
such as glucose. fructose, or galactose, or disaccharides such
as sucrose or lactose. into lactic acid. The broth that results
from fermentation contains unfermented sugars.
carbohydrates, amino acids, proteins, and salts, as well as
lactic acid. Some of these materials cause an undesirable
color. The lactic acid therefore must be recovered from the
fermentation broth before it can be put to any substantial
use.

During the production of an organic acid such as lactic
acid by fermentation. the increasing concentration of the
acid in the fermentation broth reduces the pH. As the pH
decreases. the growth of the microorganism is inhibited and
eventually stops. and therefore acid production stops. To
prevent this, the pH of the fermentation broth typically is
controlled by adding a base for neutralization. Calcium
bases. such as calcium hydroxide. have been preferred for
neutralization of lactic acid fermentation broths, but their
use results in the production of calcium lactate. which has
some undesirable consequences for the ultimate recovery of
the lactic acid. In particular, in order to recover free acid
from the calcium lactate. a mineral acid such as sulfuric acid
is often added. While this does permit recovery of free acid.
it also generates gypsum as an unwanted byproduct. Further,
the cost of the sulfuric acid is a significant factor in the
overall cost of the process.

A need exists for improved processes that will permit
production and recovery of organic acids at a desired level
of purity and at a reduced cost.

SUMMARY OF THE INVENTION

The present invention relates to a process for producing a
carboxylic acid. preferably one selected from the group
consisting of mono-. di-, and tricarboxylic acids having 3-8
carbon atoms. Examples include lactic acid. citric acid.
malic acid. maleic acid. fumaric acid. adipic acid. succinic
acid. tartaric acid. o-ketoglutaric acid, and oxaloacetic acid.

The process includes production of the organic acid by
fermentation employing a microorganism. resulting in an
aqueous fermentation broth containing the organic acid. An
alkaline earth base is added to the fermentation broth during
and/or after the fermentation process. in an amount effective
to allow growth of the microorganism producing the organic
acid. thereby producing an alkaline earth salt of the organic
acid in the broth. Biomass can optionally be removed from
the broth. Whether the biomass is removed at this point in
the process or nol. an aqueous solution or dispersion is
present that contains the alkaline earth salt of the organic
acid. The alkaline earth salt of the organic acid. either with
or without biomass. is then reacted with a source of ammo-
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nium jons selected from the group consisting of ammonia.
ammonium salts, and substituted ammonium salts. thereby
producing an ammonium salt or substituted ammonium salt
of the organic acid. Free organic acid or a derivative thereof
can then be separated and recovered.

The alkaline earth base is preferably a calcium base. for
example selected from a group consisting of calcium
hydroxide, calcium carbonate, calcium bicarbonate and cal-
cium oxide. with calcium carbonate being especially pre-
ferred. The alkaline earth base can be added in an amount
effective to control the pH of the broth between about 5.5
and about 7.0.

A preferred method for removal of the biomass from the
broth is microfiltration. A preferred method for separating
and recovering the free acid is salt-splitting electrodialysis.
When salt-splitting electrodialysis is used. it is preferred to
first reduce the level of soluble contaminants such as diva-
lent cations in the solution by ion exchange.

When the organic acid produced is lactic acid. the equiva-
lent ratio of ammonia to lactic acid is preferably between
about (.75 and about 2.0, most preferably between about 1.0
and 1.5. The pH after the exchange reaction with a source of
ammonium ions is preferably between about 7.0 and about
11.0. most preferably between about 7.5 and 10.0. The
optimum pH may vary with the source of the ammonium
ions.

In one embodiment of the present invention. a process for
producing lactic acid includes the steps of producing lactic
acid by fermentation. resulting in an aqueous fermentation
broth, adding a calcium base to the fermentation broth
during and/or after the fermentation process to maintain the
broth pH at a level high enough to allow growth of the
microorganism producing the organic acid. thereby produc-
ing calcium lactate in the broth. removing biomass from the
broth, thereby producing an aqueous solution or dispersion
of calcium lactate, reacting the calcium lactate with a source
of ammonium ions selected from the group consisting of
ammonia. ammonium salts, and substituted ammonium
salts, thereby producing ammonium lactate or a substituted
ammonium lactate. removing contaminant cations by ion
exchange. and separating and recovering free lactic acid by
salt-splitting electrodialysis. Optionally the acid may be
converted to a derivative, such as an ester. and recovered in
that form.

The process can also include the step of heating the
fermentation broth prior to removing biomass. to an extent
effective to solubilize the majority of the calcium lactate
present in the broth. The process can also include the step of
concentrating the calcium lactate solution or dispersion prior
to reaction with the source of ammonium ions. for example
by crystallization of the calcium lactate followed by filtra-
tion.

The present invention presents opportunities for recycling
streams generated at one point in the process for use at
another point in the process. For example, in one embodi-
ment of the present invention, a calcium carbonate precipi-
tate is formed by the reaction of the calcium lactate with the
source of ammonium ions, and the precipitate can be
recycled to the fermentation broth. As another example. the
salt-splitting electrodialysis step can generate ammonia.
which can be recycled to the step in which calcium lactate
is reacted with the source of ammonium ions.

An especially preferred embodiment of the present inven-
tion is a process for producing lactic acid that includes the
steps of producing lactic acid by fermentation. resulting in
an aqueous fermentation broth containing lactic acid. adding
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calcium carbonate to the fermentation broth, thereby pro-
ducing calcium lactate in the broth. heating the broth to an
extent effective to solubilize the majority of the calcium
lactate, removing biomass from the broth by filtration,
thereby producing an aqueous solution or dispersion of
calcium lactate. concentrating calcium lactate by crystalli-
zation followed by filtration. adding a source of ammonium
ions. selected from the group consisting of ammonium
carbonate and a mixture of ammonia and carbon dioxide. to
the aqueous solution or dispersion of calcium lactate.
thereby producing ammonium lactate and calcium
carbonate, separating the calcium carbonate and recycling it
to the fermentation broth, removing contaminant cations by
ion exchange. and separating and recovering free lactic acid
by salt-splitting electrodialysis.

Another embodiment of the present invention concerns an
improved process for producing lactic acid or a derivative
thereof from a medium comprising calcium lactate salt.
which salt is a product of fermentation, where (i) carbohy-
drates are fermented to lactic acid, (ii) a calcium base is used
in the fermentation as neutralizing agent for pH adjustment
so that an aqueous solution or dispersion of calcium lactate
is formed. and (iii) a product calcium base is formed in the
process. The improvement comprises (a) reacting a source of
ammonium ions with the aqueous solution or dispersion of
calcium lactate to form water soluble ammonium lactate and
a product calcium base: (b) converting the water soluble
ammonium lactate to lactic acid or a derivative thereof and
a by-product that comprises ammonia; (¢) separating the
by-product that comprises ammonia; (d) using the
by-product that comprises ammonia as a source of ammo-
nium ions for step (a): (e) separating the product calcium
base formed in step (a); and (f) using the product calcium
base from step (e) as a neutralizing agent in the lactic acid
fermentation.

In various specific embodiments of this improved process.
conversion of the water soluble ammonium lactate to lactic
acid or a derivative thereof in step (b) can be done by
distillation. The separation of the by-product that comprises
ammonia in step (c) can be done by. for example, distillation
or crystallization.

The present invention has a number of advantages over
prior art processes. It allows the production and recovery of
organic acids at reduced cost. Further. it produces solutions
of the organic acid having relatively high concentrations.
thus reducing or eliminating the need for further concentra-
tion steps.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process flow diagram for an organic acid
production and recovery process in accordance with he
present invention.

FIG. 2 is a graph of the solubility of calcium lactate in
water at various temperatures.

FIGS. 3. 4. and 5 are graphs reflecting test results that are
described in Example 1.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to FIG. 1. a process in accordance with the
present invention begins with the production of an organic
acid by fermentation 10. Fermentation procedures and start-
ing materials are well known to persons skilled in the art.

If the organic acid to be produced is lactic acid. a suitable
fermentation procedure is as follows. The feed to this
fermentation can consist of a mix of glucose syrup. light
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steepwater. corn gluten filtrate, and trace vitamins and
minerals. Typical concentrations are about 110 gm. d.s./liter
of glucose, 10 gm. d.s./liter of light steepwater, and 7 gm.
d.s/liter of corn gluten filtrate. The trace vitamins and
minerals can be (on a dry substance basis) 0.5 g/l of
diammonium phosphate. 0.04 g/l of manganese sulfate. 68
ppm of choline. 4.4 ppm of riboflavin, and 2.0 ppm of niacin.
Residual sulfur dioxide in the light steepwater and corn
gluten filtrate can be neutralized with stoichiometric
amounts of hydrogen peroxide. The organism can be of the
species L. casei ssp. rhamnosus. for example ATCC 11443.
The fermentation can be conducted at 108° F. The fermen-
tation is finished when the glucose is exhausted. typically in
about 20 hours. The yield on glucose will typically be about
95%. The fermentation broth will typically contain less than
25% by weight lactic acid. Often at least 80% by weight of
the total lactate values in the broth are present as calcium
lactate.

In order to maintain the rate of acid production. it is
desirable to control the pH of the fermentation broth
between about 5.5 and about 7.0. This is preferably done by
adding to the broth an alkaline earth carbonate or bicarbon-
ate base, preferably calcium carbonate. The addition of this
calcium base is preferably done during the fermentation
process. It keeps the pH of the broth from dropping too low.
and results in the production of calcium lactate.

The broth is heated 12 in order to solubilize the calcium
lactate. preferably to a temperature of about 40°-60° C. FIG.
2 shows the solubility of calcium lactate at temperatures
ranging from 0° C. to 70° C. Depending on the extent of the
heating, some calcium lactate may remain in an undissolved
state.

Next, biomass may be (but does not have to be) removed
from the broth. If biomass is removed. it is preferably by
tight membrane filtration 14. For example. the broth or
liquor can be filtered using ultrafiltration or nanofiltration,
for example with ceramic elements having a 0.02 micron
pore size. Diafiltration can be used to attain a lactate
recovery of at least 95%. The retentate stream. consisting of
biomass and other insolubles. can be used as animal feed or
in the alternative can be recycled to the fermentation biore-
actor.

If the lactate broth is microfiltered. the permeate can then
be nanofiltered at 140° F. on a nanofiltration membrane
having a molecular weight cut-off of 250 to 1000. Diafil-
tration can be used to attain a recovery of calcium lactate of
at least 95%.

As an alternative to filtration. other procedures such as
centrifugation, filter pressing, or rotary vacuum filtration
could be used to produce a substantially particulate-free
liquor.

If biomass is not removed at this point in the process. then
the processing of the broth and its contents can continue as
described below with the biomass still present.

It is desirable to concentrate the solution of calcium
lactate at this point. and this can be accomplished by
crystallizing 16 the calcium lactate and then separating 18
the crystallized material, for example by filtration 18. Crys-
tallization can be done using standard techniques known to
those skilled in the art.

The next step in the process involves an exchange reac-
tion 20. A source of ammonium ions. and preferably also a
source of carbonate ions. are added to the solution. The
source of ammonium ions can be in the form of ammonia,
an ammonium salt, or a substituted ammonium salt or
mixtures thereof. For example. the materials added in this
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step can be gaseous ammonia, agqueous ammonium
hydroxide, ammonium carbonates or bicarbonates, gaseous
mixtures of ammonia and carbon dioxide. or mixtures of one
or more of these. If gaseous carbon dioxide is used. it can be
taken from the gas stream liberated in the fermentation step
10.

A preferred process for the formation of the ammonium
lactate (or other organic acid salt) is to first react the
precipitated calcium lactate with ammonia in an aqueous
medium to raise the pH of the reaction media to about 7.0
or higher. and then add ammonium carbonate or other source
of ammonium ion to raise the pH to the desired level to form
soluble ammonium lactate.

The result of this exchange reaction 20 is the formation of
ammonium lactate and calcium carbonate. The calcium
carbonate will typically precipitate. so it can be separated
22. for example by crystallization, and can optionally be
recycled 24 to the fermentation step 10. The remaining
solution can then be processed so as to recover the acid as
such or as a derivative such as an ester. A preferred way of
doing this is by salt-splitting electrodialysis.

Salt-splitting electrodialysis usually requires a relatively
high purity solution as its starting material. Therefore. when
salt-splitting electrodialysis 28 is used. the ammonium lac-
tate solution is preferably first treated 26 with an ion
exchange resin to reduce the residual level of divalent
cations such as calcium to less than about 100 ppm. pref-
erably less than about 5 ppm. more preferably less than
about 2 ppm. to reduce fouling of the electrodialysis mem-
branes. Exchangers such as Rohm and Haas Duolite C-467.
weak acid cation resin, or the like may be used for this
purpose. This procedure extends the life of the electrohy-
drolysis membranes.

The remaining solution can be separated into free lactic
acid and ammonia. for example by salt-splitting electrodi-
alysis 28. Salt splitting electrodialysis (SS-ED) is capable of
splitting a salt into its comresponding acid and base. It uses
electrical current to drive salt ions through cationic and
anionic permeable membranes. and also uses a special
bipolar membrane (one side anionic and one side cationic)
to split water into H" and OH™ to combine with the salt anion
and cation respectively. Only charged compounds are trans-
ferred to the product streams.

Electrodialysis has the advantage of being able to produce
an acid (or base) from a salt solution without forming
another salt as a byproduct. Further. salt splitting electrodi-
alysis produces a high quality end product. The major
drawbacks of salt splitting electrodialysis are the yield loss.
electrical consumption. and the cost and life of the mem-
branes. The yield or lactic acid recovery can be improved at
additional electrical and capital costs. Electrodialysis appa-
ratus and conditions are disclosed in U.S. Pat. Nos. 5,198,
086. 5.250.159. and 5.268.079. each of which is incorpo-
rated here by reference.

The ammonia generated by electrohydrolysis can be
recycled 30 to the exchange reaction 20. This then leaves
free lactic acid 32. which can optionally be further purified.
for example by carbon treatment or ion exchange. The free
acid optionally may be derivatized, for example to lactic
acid esters. or polymerized to form polylactic acid. The
product may also be subjected to further purification steps,
such as carbon treatment, molecular distillation. or liquid/
liquid extraction.
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EXAMPLE 1

A series of reactions was performed in 120 ml. screw cap
bottles containing the quantities of components listed in
Table 1.

TABLE 1
Expenmental Design and Data
Caleium  Saturated Total
Bottle Lactate (NH,),CO, Water Wt Ammonia/Lactic
Number Grams Grams Grams Grams Molar Ratio
1 5.0005 18.05 17.10  40.1505 201
2 5.0079 13.51 21.63  40.1479 1.50
3 5.0024 9.03 2602 40.0524 1.01
4 5.0013 6.79 28.26 40.0513 0.76
5 5.0043 4.50 30.52 40,0243 050
6 5.0008 228 3281 40.0908 0.25
7 5.0004 0.00 3501 40,0104 0.00

Solid calcium lactate (Sigma Chem. Co.. Lot 113H2522,
60.23% lactate. 13.92% calcium, 25.85% water) was added
to each bottle followed by the appropriate quantity of water
and the aqueous, saturated ammonium carbonate solution.
The saturated ammonium carbonate solution was prepared
by stirring excess ammonium carbonate (Sigma Chem. Co..
Lot 26H3613. 32.3% NH,) with water for 24 hours in a
sealed flask at 24° C. and separating the solution by filtra-
tion. The pH of this saturated solution was 8.41 and con-
tained 6.46% NH,. The bottles were sealed and vigorously
shaken at 24° C. for 4 hours. The solids were allowed to
settle for 20 minutes and the supernatant was clarified
through 0.45 micron filters. The pH of the filtered solutions
was measured and analyzed for lactic acid. calcium and
carbonate. The results of these analyses are shown in Table
z

TABLE 2
_Analytical Data
Total % of Total Lactic % of Total % of Total
Bottle  Water Acid Calcium CO,
Number Grams Soluble Soluble Soluble
1 33.15 89.56 0 59.76
2 3397 9375 0.30 45.11
3 3470 94.57 8.26 19.26
4 35.11 93.25 2045 19.55
5 3549 79.29 25.89 1942
6 35.97 70.12 37.46 1248
7 36.30 62.75 43.15 0.00

Lactic acid and carbonate were determined by High
Pressure Liquid Chromatography with a Dionex ion exclu-
sion column (IonPac ICE-AS6) with an eluent flow rate of
1 ml/min with 0.4 mM heptafluorobutyric acid. The detector
was a conductivity detector with chemical suppression. The
column was regenerated with 0.01M tetrabutylammonium
hydroxide at 5 ml/min. Calcium was determined by atomic
spectroscopy. The percent of total lactic acid. calcium and
CO; which is soluble was calculated on the basis of the total
grams of water in the system. This is a combination of the
water contained in the calcium lactate. saturated ammonium
carbonate and added water. The calculated results are shown
in Table 3 and are represented in FIGS. 3. 4, and 5.
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TABLE 3
Calculated Data
% Lactic ppm

Bottle pH Acid Calcium % Carbonate
Number  Final In Solution In Solution In Solution

1 8.33 7.57 43 3.70

2 7.82 7.76 5 204

3 7.01 7.67 1590 0.57

4 6.92 748 3893 0.43

5 6.80 630 4877 0.28

6 6.62 5.50 6961 0.09

7 6.63 4.88 7945 0.00

At an ammonia to lactic acid mole ratio of one. greater
than 94% of the lactic acid was solubilized as the ammonium
lactate while greater than 90% of the calcium was insoluble.
As this ratio increased toward two, the insoluble calcium
increased to greater than 99%.

EXAMPLE 2

Calcium lactate (10.03 g). water (43.12 g) and saturated
ammonium carbopate (26.92 g) were placed in a 250 ml
screw cap bottle and shaken vigorously for two hours and
allowed to stand overnight at 24° C. This is approximately
double the quantities of reagents used in Example 1. Bottle
2 where the molar ratio of ammonia to lactic acid is 1.5/1.
The mixture was separated using a medium, porous glass
filter and the solid fraction was washed three times with
about 20 ml of ice cold water. The total weight of the filtrates
was 134.38 g and contained 42.5 ppm calcium and 4.60%
lactic acid. The recovery of the lactic acid in the soluble
phase was 102%. The weight of the precipitate was 4.4140
g and contained 31.0% calcium, a recovery of 98%. A
portion of the precipitate (0.5201 g) was extracted with
2.0866 g of hot water and the mixture filtered through a 0.45
micron filter disc. This filtrate contained only 6 ppm of lactic
acid. The Infra-red analysis spectrum of the precipitate was
consistent with that of carbonate with some slight contami-
nant of organic matter. This data is consistent with a calcium
carbonate precipitate which contains only traces of lactic
acid.

The preceding description of specific embodiments of the
present invention is not intended to be a complete list of
every possible embodiment of the invention. Persons skilled
in this field will recognize that modifications can be made to
the specific embodiments described here that would be
within the scope of the present invention.

We claim:

1. A process for producing an organic acid. comprising the
steps of:

producing by fermentation an organic acid selected from

the group consisting of mono-, di-. and tricarboxylic
acids having 3-8 carbon atoms, resulting in an aqueous
fermentation broth;

adding an alkaline earth base to the fermentation broth in

amount effective to maintain the broth pH at a level
high enough to allow continued production of the
organic acid. thereby producing an alkaline earth salt of
the organic acid in the broth;

reacting the alkaline earth salt of the organic acid with a

source of ammonium ions selected from the group
consisting of ammonia. ammonium salts, substituted
ammonium salts. and mixtures thereof. thereby produc-
ing an aqueous solution or dispersion containing

55

65

8

ammonium salt or substituted ammonium salt of the
organic acid and divalent cations;
reducing the concentration of divalent cations to a level
sufficient to permit salt-splitting electrodialysis;

converting the ammonium or substituted ammonium salt
of the organic acid to free organic acid or a derivative
thereof; and

recovering the free organic acid or derivative thereof.

2. The process of claim 1. where the organic acid is lactic
acid.

3. The process of claim 1. where the alkaline earth base
is a calcium base.

4. The process of claim 1. where the alkaline earth base
is selected from the group consisting of calcium carbonate.
calcium bicarbonate. calcium oxide, and calcium hydroxide.

5. The process of claim 1. where the alkaline earth base
is added during the fermentation process.

6. The process of claim 1. where the alkaline earth base
is added in an amount effective to control the pH of the broth
between about 5.5 and about 7.0.

7. The process of claim 1. where biomass is removed from
the broth prior to reacting the alkaline earth salt of the
organic acid with the source of ammonium ions.

8. The process of claim 7. where biomass is removed from
the broth by microfiltration.

9. The process of claim 1. where the source of ammonium
ions comprises ammonia.

10. The process of claim 1. where the source of ammo-
nium ions comprises a mixture of ammonia and at least one
ammonium salt or substituted ammonium salt.

11. The process of claim 1. where the source of ammo-
nium ions comprises ammonium carbonate.

12. The process of claim 1. where the alkaline earth salt
of the organic acid is reacted with ammonia in an aqueous
medium to raise the pH to above about 7, and then ammo-
nium carbonate is added thereto.

13. The process of claim 1, where the derivative of the
organic acid is an ester.

14. The process of claim 1. where the ammonium or
substituted ammonium salt of the organic acid is converted
to the free acid or derivative thereof by salt-splitting elec-
trodialysis.

15. The process of claim 14. where the concentration of
divalent cations is reduced prior to salt-splitting electrodi-
alysis by ion exchange.

16. The process of claim 1. where the pH after the reaction
with a source of ammonium ions is between about 7.0 and
about 11.0.

17. The process of claim 1, where the pH after the reaction
with a source of ammonium ions is between about 7.5 and
about 10.0. .

18. A process for producing lactic acid. comprising the
steps of:

producing lactic acid by fermentation, resulting in an

aqueous fermentation broth;
adding a calcium base to the fermentation broth in an
amount effective to maintain the broth pH at a level
high enough to allow continued production of the lactic
acid. thereby producing calcium lactate in the broth;

reacting the calcium lactate with a source of ammonium
ions selected from the group consisting of ammonia.
ammonium salts. substituted ammonium salts. and
mixtures thereof, thereby producing aqueous solution
or dispersion containing an ammonium lactate or sub-
stituted ammonium lactate divalent cations:

reducing the concentration of divalent cations to a level

sufficient to permit salt-splitting electrodialysis;
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converting the ammonium or substituted ammonium lac-
tate to free lactic acid or a derivative thereof; and
recovering the free lactic acid or derivative thereof.

19. The process of claim 18, where the calcium base is
calcium carbonate.

20. The process of claim 18, where the calcium base is
added in an amount effective to control the pH of the broth
between about 5.5 and about 7.0.

21. The process of claim 18. where biomass is removed
from the broth prior to reacting the calcium lactate with the
source of ammonium ions.

22. The process of claim 21. where the biomass is
removed from the broth by microfiltration.

23. The process of claim 18. where the source of ammo-
nium ions comprises ammonia.

24. The process of claim 18. where the source of ammo-
nium ions comprises a mixture of ammonia and at least one
ammonium salt or substituted ammonium salt.

25. The process of claim 18, where the source of ammo-
nium ions comprises ammonium carbonate.

26. The process of claim 18. further comprising the step
of heating the fermentation broth prior to removing biomass,
to an extent effective to solubilize the majority of the
calcium lactate present in the broth.

27. The process of claim 18, where the calcium lactate is
reacted with ammonia in an aqueous medium to raise the pH
to above about 7, and then ammonium carbonate is added
thereto.

28. The process of claim 18. further comprising the step
of concentrating the calcium lactate solution or dispersion
prior to reaction with the source of ammonium ions by
crystallization of the calcium lactate followed by filtration.

29. The process of claim 18, where a calcium carbonate
precipitate is formed by the reaction of the calcium lactate
with the source of ammonium ions. and the precipitate is
recycled to the fermentation broth.

30. The process of claim 18, where the ammonium salt or
substituted ammonium salt of lactic acid is converted to free
lactic acid or derivative thereof by salt splitting electrodi-
alysis.

31. The process of claim 30. where the concentration of
divalent cations is reduced prior to salt splitting electrodi-
alysis by ion exchange.

32. The process of claim 18, where the equivalent ratio of
ammonia to lactic acid is between about (.75 and 2.0.

33. The process of claim 18. where the equivalent ratio of
ammonia to lactic acid is between about 1.0 and 1.5.

34. The process of claim 18, where the pH after the
reaction with a source of ammonium ions is between about
7.0 and about 11.0.

35. The process of claim 18. where the pH after the
reaction with a source of ammonium ions is between about
7.5 and about 10.0.

36. The process of claim 18, where the salt-splitting
electrodialysis generates ammonia. which is recycled to the
reaction of calcium lactate with the source of ammonium
ions.

37. A process for producing lactic acid. comprising the
steps of:

producing lactic acid by fermentation. resulting in an

aqueous fermentation broth;

adding calcium carbonate to the fermentation broth,

thereby producing calcium lactate in the broth;
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solubilizing the majority of the calcium lactate;

removing biomass from the broth by filtration. thereby
producing an aqueous solution or dispersion of calcium
lactate;

adding a source of ammonium ions. sclected from the
group consisting of ammonium carbonate and a mix-
ture of ammonia and carbon dioxide. to the aqueous
solution or dispersion of calcium lactate. thereby pro-
ducing ammonium lactate and calcium carbonate;

separating the calcium carbonate and recycling it to the
fermentation broth;

removing contaminant cations by ion exchange; and

converting the ammonium lactate to free lactic acid by

salt-splitting electrodialysis.

38. In a process for producing lactic acid or a derivative
thereof from a medium comprising calcium lactate salt.
which salt is a product of fermentation. where (i) carbohy-
drates are fermented to lactic acid. (ii) a calcium base is used
in the fermentation as neutralizing agent for pH adjustment
so that an aqueous solution or dispersion of calcium lactate
is formed, and (iii) a product calcium base is formed in the
process, the improvement comprising:

(a) reacting a source of ammonium ions with the aqueous

solution or dispersion of calcium lactate to form water
soluble ammonium lactate and a product calcium base;

(b) converting the water soluble ammonium lactate to
lactic acid or a derivative thereof and a by-product that
comprises ammonia;

(c) separating the by-product that comprises ammonia:

(d) using the by-product that comprises ammonia as a
source of ammonium jons for step (a);

(e) separating the product calcium base formed in step (a);
and

(f) using the product calcium base from step (e) as a
neutralizing agent in the lactic acid fermentation.

39. The process of claim 38. where the conversion of the
water soluble ammonium lactate to lactic acid or a derivative
thereof in step (b) is done by electrodialysis.

40. The process of claim 39, where prior to the salt-
splitting electrodialysis. contaminant cations are removed by
ion exchange.

41. The process of claim 38. where the conversion of the
water soluble ammonium lactate to lactic acid or a derivative
thereof in step (b) is done using bipolar membranes.

42. The process of claim 38, where the conversion of the
water soluble ammonium lactate to lactic acid or a derivative
thereof in step (b) is done by distillation.

43. The process of claim 38. where the source of ammo-
nium ions is selected from the group consisting of gaseous
ammonia. agqueous ammonium hydroxide. ammonium
carbonates. or bicarbonates. mixtures of ammonia with
carbon dioxide, and combinations thereof.

44. The process of claim 38, where the pH in step (a) after
the reaction with the source of ammonium ions is between
about 7.0 and about 11.0.

45. The process of claim 38, where the pH in step (a) after
the reaction with the source of ammonium ions is between
about 7.5 and about 10.0.

46. The process of claim 38. where the separation of the
by-product that comprises ammeonia in step (c) is done by
distillation.

47. The process of claim 38, where the separation of the
by-product that comprises ammeonia in step (c) is done by
crystallization.
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48. The process of claim 38, where the ammonium lactate
is concentrated prior to the conversion in step (b).
49. The process of claim 38, where the product calcium
base is selected from a group consisting of calcium

hydroxide. calcium carbonate, calcium bicarbonate. and 5

calcium carbonate.

50. The process of claim 38, where prior to the conversion
in step (b). an ion exchange is performed to reduce the
concentration of divalent cations in solution to less than
about 100 ppm. and the conversion of step (b) is then done
by salt-splitting electrodialysis.

51. The process of claim 1. where the concentration of
divalent cations is reduced prior to the conversion step to
less than about 100 ppm.

52. The process of claim 1. where the concentration of
divalent cations is reduced prior to the conversion step to
less than about 5 ppm.

12

53. The process of claim 1. where the concentration of
divalent cations is reduced prior to the conversion step to
less than about 2 ppm.

54. The process of claim 18, where the concentration of
divalent cations is reduced prior to the conversion step to
less than about 100 ppm.

55. The process of claim 18, where the concentration of
divalent cations is reduced prior to the conversion step to
less than about 5 ppm.

56. The process of claim 18. where the concentration of

10 divalent cations is reduced prior to the conversion step to

less than about 2 ppm.

57. The process of claim 1, where the conversion to the
free acid or derivative thereof is done by distillation.

58. The process of claim 18. where the conversion to the

15 free acid or derivative thereof is done by distillation.

EE I
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METHODS FOR MAKING AND
COMPOSITIONS COMPRISING
FERMENTATION PRODUCTS OF
CORDYCEPS SINENSIS

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 12/411,940, filed Mar. 26, 2009 now
abandoned, which is a continuation of U.S. patent application
Ser. No. 12/003.736, filed Dec. 31, 2007 now abandoned,
which is a division of U.S. patent application Ser. No. 10/755,
468, filed Jan. 13, 2004 now abandoned. which claims prior-
ity under 35 U.S.C. §119(a) to Taiwan Patent Application No.
092127864, filed Oct. 3, 2003, all of which are incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates to novel and non-obvious
methods and media for preparing fermentation products of
Cordveeps sinensis. The present invention also relates to
novel and non-obvious compositions comprising fermenta-
tion products of Cordveeps sinensis produced by the methods
of the invention or obtained from other sources. The present
invention also relates to novel and non-obvious methods of
treating patients by administering the compositions of the
invention. In one embodiment, the Cordyceps sinensis myce-

lia is Paecilomyvees hepiali mycelia. In another embodiment 3

the compositions of the invention are used 1o treat patients
infected with hepatitis C.

BACKGROUND OF THE INVENTION
A. Cordveeps sinensis

Cordyceps sinensis (Berk.) Sace., also known as Chinese
caterpillar fungus and “DongChongXiaCao.” is a black.
blade-shaped fungus found primarily at high altitudes in the
mountains of northwest and southwest China. The fungus is
parasitic, growing on and deriving nutrients fromthe larvae of’
moths in the genera [Hepialus and Thitarodes. Cordvceps
sinensis spores infect Hepialus and Thitarodes caterpillars in
late summer or early fall while the caterpillars are hibernating
underground. The fungus then multiplies by yeast-like bud-
ding and grows in the form of threadlike hyphae, ultimately
killing the host. During the following spring, the fruiting body
(i.e.. the sexual, teleomorphic form) of the fungus grows out
of the caterpillar’s head and emerges above ground.

Because wild Cordveeps sinensis is rare, scientists have
attempted to adapt anamorphic (asexual) forms of the fungus
for growth under laboratory conditions. However. the isolated
fungus is difficult to culture without a host due to its low
growth rate and specialized nutritional requirements. In addi-
tion. it is difficult to obtain pure isolates from wild Cordyveeps
sinensis and as a result, the various laboratory cultures have
not yielded uniform mycelia. Accordingly, the various iso-
lates have been given different anamorph names, including:
Cephalosporium  sinensis (also called Cephalosporium
dongchongxiacao), Chrysosporium sinense, Hirsutella hepi-
alid, Hirsutella sinensis, Mortierella hepiali, Paecilomyces
hepiali, Paecilomyces sinensis, Scydalilum sp., Scvtalidium
hepiali, Sporothrix insectorum, Stachvbotrys sp.. Tolvpo-
cladimn sinensis, etc. Recent molecular evidence has
revealed that Hirstuella sinensis is the true anamorph of
Cordveeps sinensis.
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Cordveeps sinensis has a long history of medicinal use in
China, and although the various isolates of Cordveeps sinen-
sis are morphologically distinet, they share similar chemical
compositions and pharmacological properties. A variety of
bioactive ingredients have been isolated from Cordyceps sin-
ensis, including: proteins, peptides, all essential amino acids,
cyclic dipeptides, and polyamines: monosaccharides,
polysaccharides, and sugar derivatives: cordycepin (3'deoxy-
adenosine); cordycepic acid (D-mannitol); sterols, including
ergosterol; nucleosides and nucleotides; superoxide dismu-
tase; fatty acids; metal elements: vitamins: and other inorgan-
ics.

Cordveeps sinensis has been reported to produce both
immuno-stimulating and immunosuppressive effects. Thus. it
appears that Cordvceps sinensis may be a bi-directional
modulator of the immune system. For example, some studies
reported that Cordveeps sinensis enhances the activities of
macrophages and natural killer (NK) cells, while other stud-
ies reported that the fungus inhibits these activities under
different circumstances. Cordyceps sinensis has been shown
1o suppress or enhance antibody production and the prolifera-
tion of T cells, thymocytes, and natural killer cells. Cordveeps
sinensis has also been shown to suppress or enhance expres-
sion of 1L1, IL2. IL6, IL10, CD4. CDS5, CD8, CD25. tumor
necrosis factor, interferons, etc. The combination of
Cordveeps sinensis with persicae semen (peach seed) has
been used to treat severe post-hepatitis cirrhosis by decreas-
ing levels of IgG and IgA, increasing cell-lymphocyte rosette
rate, enhancing the efficiency of natural killer cells, and
increasing the CD4%/CD8* cell ratio. In addition, Cordvceps
sinensis has been shown to increase CD4%/CD8” ratios and
reduce the amount of viral proteins expressed in patients
chronically infected with the hepadnavirus, hepatitis B.

In view of these potential therapeutic uses for Cordyceps
sinensis, a need exists for a consistent and plentiful supply of
highly bioactive material. Conventional cultivation methods
for Cordyveeps sinensis include solid media stationary incu-
bation. liquid media rotating shaking incubation. liquid-state
fermentation, and submerged liquid-state fermentation.
However, current methods for producing Cordyeeps sinensis
fermentation products require substantial time and labor, and
generally produce low yields of product with poor bioactivity.

For example, U.S. application Ser. No. 11/450.747 and

5 International Application No. PCT/CN98/00258, which are

incorporated herein by reference. disclose liquid culture
methods for producing Cordveeps sinensis lermentation
products. The method disclosed in the 747 application
requires the following separate steps:
1. Isolating new fungal strains from nature:
2. Selecting fungal strains that are capable of developing
stromata;
3. Plate-culturing on solid media for more than 10 genera-
tions, at least 5 generations of which are grown under
low temperatures of 0-10° C.;
4. Performing a second cultivation in liquid culture media
at a temperature of 12° C. on a rocking device for 12
days; and
5. Fermenting at a temperature of 12° C. in a starter vat for
10 days and then expanding the volume of culture media
10-fold until the needed quantity is reached.
The mediaused in the third step of the method disclosed in the
747 application contains beef tea, lactalbumin hydrolysate,
yeast powder. glucose, milk. nucleic acid, magnesium sulfate,
sodium dihydrogen phosphate, and vitamins. The media used
in the fourth and fifih steps of the method disclosed in the *747
application contains silk worm chrysalis powder, protein pep-
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tone, corn flour, wheat gluten, glucose, magnesium sullate,
and dipotassium hydrogen phosphate.

The method disclosed in PCT/CN98/00258 also requires
five separate culture steps involving:

1. Culturing a slant strain for 5-6 days:

2. Culturing a primary seed culture for 2-4 days:

3. Culturing a secondary seed culture for 2-4 days:

4. Culturing a scaled up seed culture for 3 days: and

5. Culturing a large scale fermentation culture for 5-6 days.
The media used in PCT/CN98/00258 contains glucose.
sucrose, peptone, bran, KH,PO,, and MgSO,.

From start to finish, large-scale fermentations according to
these methods require long periods of time and generally do
not yield highly bioactive product. The present invention
improves upon these current large scale fermentation meth-
ods for manufacturing Cordveeps sinensis fungal mycelia,
thereby satisfying longstanding needs in the art.

B. Hepatitis C Virus

Hepatitis C virus (HCV), also known as “non-A non-B
hepatitis,” is a contagious blood-borne virus. HCV is a mem-
ber of the Flaviviridae family of viruses and comprises a
single-stranded. positive-sense RNA genome that encodes a
long polyprotein precursor of about 3,000 amino acids, which
is processed by both cellular and viral proteases to yield at
least 10 individual proteins. An estimated 150 to 200 million
people worldwide are infected with hepatitis C. including
nearly 4 million in the United States. The virus is cleared

spontaneously in less than 20% of HC V-infected individuals, 3

and in the majority of patients, the virus persists and causes
chronic hepatitis that may lead to end-stage liver discases,
cancer, or even death.

Hepatitis C viruses have a high level of genetic heteroge-
neity and thus have been grouped by their degree of sequence
identity into six separate genotypes (types 1 through 6), and
further divided into numerous subtypes. Geographic distribu-
tion and responses to therapeutic treatments differ between
genotypes. Genotypes laand 1b are the most prevalent in the
United States and Western Europe, followed by genotypes 2
and 3. Among hepatitis C patients in northern Taiwan,
approximately 58% to 73% are infected with genotype 1band
approximately 7.4% to 16.5% are infected with genotype 2a.
while in southern Taiwan, around 48% to 64.3% are infected
with genotype 1b and around 35% to 41% are infected with
genotype 2a.

Hepatitis C therapy traditionally includes treatment with
interferons, such as interferon-ce 2A (ROFERON-A, Roche).
Current hepatitis C therapy uses a combination of pegylated
interferon-c, for example, PEGINTRON (Schering-Plough)
or PEGASYS (Roche), and the guanosine analog, ribavirin,
for example. REBETOL (Schering-Plough) or COPEGUS
(Roche). The current standard therapy for treating chronic
hepatitis C is a combination of weekly injections of pegylated
interferon (IFN)-ct 2A and daily oral doses of ribavirin for a
period of 24 or 48 weeks. Both drugs are indirect antivirals
because they do not target a specific HCV protein or genome
element. A sustained viral response (SVR). which is defined
as patients remaining HCV-free (undetectable levels of virus)
for 6 months after the termination of therapy. is achieved in
only halfof'the treated patients and in less than half of patients
with high levels of virus. The SVR is higher in patients
infected with genotypes 2 and 3, but much lower in patients
infected with genotypes 1 and 4 through 6. In addition, the
standard therapy is associated with considerable adverse
effects. including: depression, fatigue, and “flu-like™ symp-
toms such as fever, headache, muscle soreness. and nausea,
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caused by IFN-a; and hemolytic anemia, cough, rash, and
insomnia. caused by ribavirin. These symptoms tend to dis-
appear after two to three weeks, but then reappear. often with
new side effects, at the end stage of therapy. Such late-stage
adverse effects Include: severe [atigue and muscle soreness,
leucopenia, anemia, dysphoria, weight loss, and hair loss.

Due to the side effects. the cost, and the inefliciency of the
current standard therapy. there is a large unmet need for safe,
effective HCV therapies. The instant invention solves some of’
the problems associated with current HCV therapy. thereby
satisfying longstanding needs in the art.

SUMMARY OF THE INVENTION

The present invention relates to novel and non-obvious
methods and media for preparing fermentation products of
Cordyveeps sinensis. The invention also relates to novel and
non-obvious compositions comprising Cordvceps sinensis
fermentation products and methods for treating various dis-
eases or disorders by administering an effective amount of
such compositions.

In one embodiment, the invention relates to a novel and
non-obvious nutrient medium comprising:

about 1% to about 5% (w/w) of at least one carbon source;

about 0.1% to about 3% (w/w) of at least one nitrogen

source;

about 0.05% to about 1% of at least one inorganic salt; and

about 0.01% to about 0.2% (w/w) manganese, and/or about

0.001% to about 0.01% (w/w) copper, and/or about
0.01% to about 0.2% (w/w) iron, and/or about 0.02% to
about 0.2% cobalt, and/or about 0.05% to about 0.5%
(w/w) calcium, and/or about 0.0003% to about 0.003%
(w/w) selenium;

wherein the pH of the medium is about 5 to about 7.

In some embodiments the carbon source is about 1% to
about 5% (w/w) sucrose and/or about 1% to about 5% (w/w)
glucose. In other embodiments, the nitrogen source is about
0.2% to about 1.2% (w/w) yeast extract, and/or about 1.5% to
about 3% (w/w) soy bean powder, and/or about 0.1% to about
0.35% (w/w) (NH,),HPO,. In other embodiments. the inor-
ganic salt is about 0.1% to about 0.15% (w/w) KH,PO,,
and/or about 0.5% to about 1% (w/w) MgSO,.7H,0, and/or
about 0.1% to about 0.25% (w/w) K,HPO,. and/or about

5 0.05% to about 0.06% (w/w) KCL

In another embodiment, the invention relates to a novel and
non-obvious method for producing a Cordyeeps sinensis fer-
mentation product comprising:

a. inoculating a solid nutrient medium (i.e.. a plate culture)
with at least one strain of Cordveeps sinensis and incu-
bating at about 18° C. to about 28° C. for about 4 to 8
days:

b. inoculating a flask comprising a first liquid nutrient
medium (i.e., a seed culture) with at least a portion of the
culture from (a) and incubating at about 18° C. to about
28° C. for about 2 to 4 days:

c. inoculating a second flask comprising liquid nutrient
medium (i.e., a second, or scaled up seed culture) with at
least a portion of the culture from (b) and incubating at
about 18° C. to about 287 C. for about 2 to 3 days:

d. inoculating a vat chamber comprising liquid nutrient
medium (i.e., a fermentation culture) with at least a
portion of the culture from (c) and incubating at about
18° C. to about 28° C. for about 1 to 3 days: and

e. recovering the Cordyveeps sinensis fermentation product.

In one embodiment, the Cordyceps sinensis is Paecillomy-
ces hepiali.
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In another embodiment, the invention relates to a novel and
non-obvious method for producing a Cordveeps sinensis fer-
mentation product comprising:

a. inoculating a solid nutrient medium with at least one

strain of Cordyeeps sinensis and incubating at about 18°
C. 1o about 28° C. for about 4 10 8 days:

b. inoculating a flask comprising a first liquid nutrient
medium (i.e., a seed culture) with at least a portion of the
culture from (a) and incubating at about 18° C. to about
28° C. for about 2 to 4 days;

c. inoculating a second flask comprising liquid nutrient
medium (i.e., a second, or scaled up seed culture) with at
least a portion of the culture from (b) and incubating at
about 18° C. to about 28° C. for about 2 to 3 days:

d. inoculating a vat chamber comprising liquid nutrient
medium (i.e.. a fermentation culture) with at least a
portion of the culture from (c) and incubating at about
18° C. to about 28° C. for about 3 to 7 days: and

e. recovering the Cordveeps sinensis fermentation product:
wherein the method does not comprise additional culture
steps between steps (a) and (b). (b) and (c). and/or (¢) and (d).

In one embodiment. the Cordveeps sinensis is Hirsutella
sinensis.

The invention also relates to novel and non-obvious adju-
vant compositions comprising a Cordyeceps sinensis fermen-
tation product. In some embodiments. the Cordyceps sinensis
fermentation products used in the compositions of the inven-
tion are produced by the methods of the invention. In other
embodiments, the Cordveeps sinensis fermentation products
are obtained from other sources.

In some embodiments, the adjuvant compositions of the
invention further comprise extracts from Astragalus mem-
branaceus. In some embodiments, the adjuvant compositions
of the invention further comprise zinc. In some embodiments,
the adjuvant compositions comprise about 50% to about 90%
(wiw) of a Cordyeeps sinensis fermentation product, about
10% to about 50% (wiw) of Astragalus membranaceus
extract, and/or about 5% to about 10% (w/w) zinc.

In some embodiments. the adjuvant compositions of the
invention further comprise a conventional hepatitis C therapy.
In some embodiments the conventional hepatitis C therapy
comprises an interferon and a guanosine analog. In other
embodiments, the interferon is interferon-ct and the gua-
nosine analog is ribavirin. In other embodiments, the inter-
feron-a is pegylated.

The invention also relates to methods for treating patients
infected with or who may have been exposed to hepatitis C
comprising administering an effective amount of a composi-
tion comprising a conventional hepatitis C therapy and an
adjuvant composition of the invention. In other embodiments,
the invention relates to methods for treating patients infected
with or who may have been exposed to hepatitis C comprising
administering an effective amount of an adjuvant composi-
tion of the invention, and separately administering an effec-
tive amount of at least one conventional hepatitis C therapy. In
some embodiments. the adjuvant compositions of the inven-
tion and conventional hepatitis C therapies are administered
simultaneously. In other embodiments, the adjuvant compo-
sitions of the invention and conventional hepatitis C therapies
are administered sequentially. In other embodiments, the
adjuvant compositions of the invention and conventional
hepatitis C therapies are administered spaced out over a
period of time.

In some embodiments, the adjuvant compositions of the
invention increase the effect and reduce the negative side
effects of conventional hepatitis C therapies. In other embodi-
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ments, the adjuvant compositions of the invention increase
the effect of conventional hepatitis C therapies by at least
two-fold.

The invention also relates to methods for treating patients
infected with or who may have been exposed to hepatitis B,
comprising administering a therapeutically effective amount
of an adjuvant composition of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1. Schematic representation of one embodiment of the
method of the invention for Paecilomyees hepiali fermenta-
tion.

FIG. 2. Results from treating patients infected with HCV
genotype 1b or 2a and 2b with pegylated-interferon-ct at 180
meg/vial weekly for 24 weeks in combination with ribavirin
at 1000 (if body weight was <75 kg) or 1200 mg (if body
weight was =75 kg) daily for 24 weeks, with or without
adjuvant agent comprising Paecilomyees hepiali mycelia and
Astragalus membranaceus extract. The data are presented as
the percentage of patients showing a sustained virus response
(SVR), defined as undetectable HCV RNA virus at 6 months
after the end of conventional treatment with interferon and
ribavirin.

DETAILED DESCRIPTION OF THE INVENTION
A. Definitions

In the context of the present invention the following terms
are to be understood as follows:

The term “Cordvceps sinensis fermentation product™ as
used herein refers to the product of a process of mycelial
fermentation of one or more laboratory isolates of Cordveeps
sinensis, including but not limited to: Cephalosporium may-
dis, Cephalosporium sinensis (also called Cephalosporium
dongchongxiacao), Chrysosporium sinense, Hirstuella hepi-
alid, Hirsutella sinensis, Mortierella hepiali, Paecilomyces
hepiali, Paecilomyces sinensis, Paecilomyces variotii, Scvta-
lidium hepiali, Sporothrix insectorum, Stachybotrys char-
tarum, Stachyvbotrys clindrospora, Stachvbotrys dichroa,
Tolypocladium caledonica, Tolypocladimn sinensis, and Ver-
ticillium bulbillosum. The fermentation products of the inven-
tion are generally a light yellow to dark brown powder with a
slightly bitter taste and aromatic odor.

The term “Paecilomyees hepiali” as used herein refers to
the Chen et Dai strain of the Cordyeeps sinensis fungus.
Morphologically, when cultivated on potato dextrose agar
(PDA) at 26° C. for about one month, the strain produces
synnemata either singly or in clusters from the loose cottony
aerial mycelia. The synnemata is white in color and turns to
yellow upon aging. The aerial mycelia are yellow to orange in
color. Under the microscope, the branching mycelia is trans-
parent, septated, and about 2.5 to 4 pum in diameter. The
conidiospores are arranged singly. alternately. or oppositely.
Some flask-shaped conidiospores are arranged as a simple
brush-like structure. The conidia on the conidiospores are
near spherical in shape. smooth, and arranged in a single
chain. In liquid culture grown under continuous agitation, the
conidia may have a spherical or elliptical shape.

The term “Astragalus membranaceus” as used herein
refers 1o the perennial leguminosae herbaceous plant also
known as milk-vetch root. The plant is mainly cultivated in
southern China. and the root has been used to prepare extracts
for several therapeutic purposes. Numerous bioactive con-
stituents of Astragalus membranaceus have been discovered,
including polysaccharides, monosaccharides. flavonoids.
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alkaloids (such as choline and betaine), amino acids, glucu-
ronic acid. folic acid, metallic elements (such as selenium).
and diatomite materials.

The phrases “therapeutically effective amount™ and *“effec-
tive amount™ as used herein mean an amount sufficient to
provide a benefit in the treatment of a disease, or in the
improvement ofone’s general health and sense of well-being.
Therapeutically effective amounts will vary depending on the
patient and symptoms being treated. In general, a therapeuti-
cally effective amount of Cordveeps sinensis fermentation
product is about 0.1 g to about 30 g administered in single or
divided daily doses. In some embodiments, the dose is about
1 g to about 10 g. In other embodiments. the dose is about 2 g
to about 5 g. In other embodiments, the dose is 3.5, 3.6, 3.7,
3.8.39.4,4.1,42.43, 4.4, or4.5 g. In general, a therapeu-
tically effective amount of Astragalus membranaceus extract
is about 0.1 g to about 30 g administered in single or divided
daily doses. In some embodiments, the dose is about 0.1 g to
about 5 g. In other embodiments. the dose is about 3 g to about
7 g. Inother embodiments, the doseis 1.0, 1.1. 1.2, 1.3, 1.4, or
1.5g.

Asused herein, the terms “mammal” and “patient” include,
but are not limited to, domestic pets, farm animals and live-
stock. and humans.

As used herein, the terms “sustained viral response” and
“SVR™ are defined as patients remaining HCV-{ree (undetect-
able levels of virus) for 6 months after the termination of
therapy.

Asused herein, the term “interferon” includes recombinant
and non-recombinant forms of interferon-c., as well as pegy-
lated and non-pegylated forms of interferon-ct.

As used herein, the term “conventional therapy™ with
respect to Hepatitis C refers to therapies comprising an inter-
feron and a guanosine analog.

As used herein, the term “slant culture™ refers to any cul-
ture made on the slanting surface of solid medium that has
been solidified in a tube that has been inclined from the
perpendicular in order to provide a greater surface area for
growth.

As used herein, the term “seed culture™ refers to any liquid
culture incubated in a flask using a rocking device (shaker)
before being transferred into a fermentor (vat) chamber.

As used herein, the term *“fermentor culture™ refers to any
liquid culture incubated in a vat chamber used for growing
large amounts of mycelia.

As used herein, the term “flask™ refers to any container for
holding a liquid of a volume at or below 2000 ml.

As used herein, the term “vat chamber” or “fementor
chamber” refers to any container for holding a liquid of a
volume at or greater than 10 L. Vat/fementor chambers often
contain a temperature control system (such as a heater and/or
cooler system) to provide a constant temperature, and an
agitator for aeration.

As used herein, the term “about™ with respect to any
numerical value or range of values means=10%. All numeri-
cal values and ranges recited herein are to be understood as
being modified by the term “about” even where not expressly
stated.

B. Methods and Media for Producing Cordveeps
sinensis Fermentation Products

The invention provides novel and non-obvious methods
and media for making Cordveeps sinensis fermentation prod-
ucts. The methods and media of the invention produce greater
yields of Cordyveeps sinensis fermentation products having
improved potency in a time span much shorter than prior art
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methods. For example, the methods of the invention reduce
the time required for fermentation by about 50% to about 90%
compared to some prior art methods, and the resulting myce-
lia contain about 30% to about 80% more active ingredients
than mycelia produced by some prior art methods. In addi-
tion, the methods and media of the invention eliminate the
need for multiple seed cultures, substantially reducing the
time and labor involved in producing Cordyeeps sinensis
mycelia compared to some prior art methods.

1. Nutrient Media

The novel and non-obvious nutrient media used in the
methods of the invention may be solid and/or liguid. The
media may comprise sources of carbon, nitrogen. inorganic
salts, and trace elements. The media may further comprise
any additional nutritional material that supports the growth,
reproduction, fermentation catabolism, and anabolism of
Cordveeps sinensis mycelia. The composition of the fermen-
tation media of the invention may be varied depending on the
strain of Cordyeeps sinensis used.

Sources of carbon for the nutrient media of the invention
may include carbohydrates such as sugars, for example, glu-
cose, fructose, dextrose, maltose, mannitol, sucrose, xylose,
and the like, and/or starches such as grains, for example,
cornstarch, comn meal, oats, ryes, wheat germ, and the like. In
general, the amount of carbohydrate usually varies from
about 0.5% to about 10% by weight and often from about 1%
to about 5%. The carbon sources may be used individually, or
several carbon sources may be combined in the media. For
example, in some embodiments, the media may contain about
1% to about 5% of sucrose and/or about 1% to about 5% of
glucose. In other embodiments. the media may contain about
1.5% to about 2.5% of sucrose and/or about 1.5% to about
2.5% of glucose. In some embodiments, the media may con-
tain 1.5%, 2%, 2.5%. 3%, 3.5%, or 4.5% of sucrose and/or
1.5%, 2%, 2.5%, 3%, 3.5%, or 4.5% of glucose.

Nitrogen sources for the nutrient media of the invention
may include. for example, ammonium nitrate, ammonium
sulfate, corn steep liquor, cottonseed flour, diammonium
hydrogen phosphate. distiller’s solubles, fish meal, hydroly-
sates of casein. meat extract, peanut meal. peptone, primary
yeast, rice bran, sodium nitrate, soybean cake, soybean meal,
soybean powder, tomato paste, yeast hydrolysates. and the
like. In general, the amount of nitrogen source usually varies
from about 0.05% to about 10% by weight and often from
about 0.1% to about 5%. The nitrogen sources may be used
individually, or several nitrogen sources may be combined in
the media. For example, in some embodiments, the media
contains about 0.1% to about 5% yeast powder and/or about
1% to about 5% soy bean powder and/or about 0.01% to about
0.5% diammonium hydrogen phosphate ((NH,),HPO,). In
other embodiments, the media contains about 0.2% to about
1.2% yeast powder and/or about 1.5% to about 3% soy bean
powder and/or about 0.01% to about 0.035% (NH,),HPO,. In
some embodiments, the media contains 0.35% yeast powder
and/or other nitrogen sources. In other embodiments, the
media contains 0.2%, 0.4%. 0.6%. 0.8%. 1.0%. or 1.2% yeast
powder and/or 1.5%, 1.75%, 2.0%, 2.25%, 2.5%, 2.75%, or
3% soy bean powder and/or 0.01%, 0.015%, 0.02%, 0.025%,
0.03%, or 0.035% (NH,).HPO,, and/or other nitrogen
sources.

Among the inorganic salts which may be used in the nutri-
ent media of the invention are the customary salts capable of’
yielding ammonium, calcium, carbonate, chloride. magne-
sium, potassium, phosphate, sodium. sulfate, and like ions.
Exemplary inorganic salts include KH,PO,, MgSO,.7H,0,
K,HPO,, and KCI. In general, the amount of inorganic salt
usually varies from about 0.01% toabout 1% % by weight and
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often from about 0.1% to about 0.5%. The inorganic salts may
be used individually, or several inorganic salts may be com-
bined in the media. For example. in some embodiments, the
media contains about 0.01% to about 0.5% KH,PO, and/or
about 0.01% to about 1% MgSO,.7H,0 and/or about 0.02%
to about 0.5% K.HPO, and/or about 0.01% to about 0.5%
KCl. In other embodiments, the media contains about 0.1% to
about 0.15% KH,PO, and/or about 0.05% to about 0.6%
MgS0,.7H,0 and/or about 0.1% to about 0.25% K,HPO,
and/or about (L05% to about 0.06% KCI. In other embodi-
ments, the media contains 0.1%. 0.11%, 0.12%. 0.13%.
0.14%. or 0.15% KH,PO, and/or 0.05%, 0.15%, 0.25%,
0.35%. 0.5%, 0.75%, or 1%. MgSO,.7H,0 and/or 0.1%,
0.13%, 0.2%. 0.23%, or 0.25% K,HPO, and/or 0.05%, to
0.052%, 0.054%. 0.056%., 0.058%, or 0.060% KCI.

Among the trace elements which may be used in the nutri-
ent media of the invention are barium, cadmium, calcium,
chromium, cobalt, copper, iron, lead. manganese, molybde-
num, nickel, selenium, strontium, zinc, etc. Sources of such
trace elements may include, for example, MnSO,,
CuS0,.5H,0. FeS0,.7H,0, CoS0,.7H,0, CaCl,, KH,PO,.
MgSO,. Na,SeO,. etc. In general, the amount of trace ele-
ment usually varies from about 0.0001% to about 5% of the
media and often from about 0.001% to about 0.5%. The trace
elements may be used individually, or several trace elements
may be combined in the media. For example. in some
embodiments, the media contains about 0.01% to about 0.2%
manganese and/or about 0.001% to about 0.01% copper and/
or about 0.01% to about 0.2% iron and/or about 0.02% to
about 0.2% cobalt and/or about 0.05% to about 0.5% calcium
and/or about 0.0003% to about 0.003% selenium. In other
embodiments, the media contains 0.02%, 0.03%, 0.04%, or
0.05% manganese (e.g.. MnSO,) and/or 0.001%. 0.002%.
0.003%, 0.004%, 0.005%, or 0.006% copper (e.g..
CuS0,.5H,0) and/or 0.02%, 0.03%, 0.04%, 0.05%, 0.06%,
0.07%, 0.08%, 0.09%, or 0.1% iron (e.g., FeS0,.7H,0) and/
or 0.02%, 0.05%, 0.1%, or 0.2% cobalt (e.g.. CoS0,.7H,0)
and/or 0.07%, 0.1%, 0.12%., or 0.15% calcium (e.g.. CaCl,)
and/or 0.0003%. 0.0006%., 0.001%. or 0.0026% selenium
(e.g., Na,SeO,).

The pH of the nutrient media of the invention may vary
from about 5.0 to about 7.0. In some embodiments. the pH is
within the range of about 6.5 to about 6.7. In some embodi-
ments, the pH is 6.5, 6.6, or 6.7.

2. Fermentation Methods

The media compositions described above may be used in
the novel and non-obvious fermentation methods of the
invention. The methods of the invention may be carried out
using either a solid media or a liquid media, or both. Various
modifications of the nutrient media and methods disclosed
herein may be made by those skilled in the art. in view of
practical and economic considerations, such as the scale of
fermentation and local supply of components.

The fermentation method of the invention may be carried
out at temperatures ranging from about 18° C. to about 37° C.
Insome embodiments, the temperatures range from about 18
C. to about 22° C. or from about 24° C. to about 28° C. In
some embodiments, the temperatures are 18° C., 20° C., 22°
C.,24°C.,26° C..or28°C.

The fermentation method of the invention may be per-
formed by surface or submerged culture, or a combination of
both. In some embodiments, the fermentation is carried out in
liquid culture with aeration and agitation. In some embodi-
ments, an anti-foaming agent, such as silicon oil, vegetable
oil (e.g.. 0.01% soybean oil), or other surfactants, may be
added to the liquid cultures of the invention. In some embodi-
ments, the liquid cultures of the invention may be agitated at

uu

(

L

30

tad

Ll

s

o
!

2

10

speeds of about 30 rpm to 130 rpm. and ventilation rates of
about 200 to 800 m*/h. In some embodiments, the liquid
cultures of the invention may be agitated at speeds of 50, 75,
85, or 100 rpm, and ventilation rates of 300, 500, 650, or 750
m’/h.

The fermentation method of the invention may be initiated
in asterilized flask of' media from a slant culture, plate culture,
or other source. Ifa plate culture is used, the culture may be
initiated by streaking, spreading, or otherwise plating fungus
from a slant culture or other source. The plate culture may be
incubated at about 18° C. to about 28° C. for about 4 to 8 days.
or until the growth of the fungus is satisfactory. before initi-
ating a liquid seed culture. In some embodiments, the plate
culture may be incubated at 18° C. for 4, 5. 6. 7, or 8 days, at
22°C. for4,5,6.7. or8days, at 24° C. for 4, 5. 6, 7, or 8 days,
at26°C. for4, 5,6, 7, or 8 days, orat 28° C. for4. 5,6, 7, or
8 days. An isolated fungal strain may be used to inoculate the
first seed culture, or a mixture of fungal strains may be used.

The method of the invention may involve one or more seed
cultures before initiating a large-scale fermentation culture.
In some embodiments, the method of the invention involves a
single seed culture and a scaled up seed culture. In some
embodiments, the seed culture is grown at a temperature of
about 18° C. to about 28° C. for about 2 to 10 days, depending
on the strain of Cordveeps sinensis used, oruntil growth of the
fungus is satisfactory. In some embodiments, the seed culture
is incubated at about 187 C. to about 28% C. for about 2 to 4
days. In some embodiments, the seed culture is grown at 18°
C.for2,3,4.5,6.7,8.9,0r 10 days, at 22° C. for 2. 3, 4. 5,
6,7,8,9,0r 10days, at 24°C. for 2,3,4,5,6,7, 8,9, 0r 10
days,at 24°C. for2,3,4,5,6,7, 8.9, 0or 10 days, orat 28° C.
for2,3,4,.5.6.7.8,9, or 10 days.

The seed culture may then be scaled up. and the scaled up
seed culture may be incubated at about 18° C. to about 28° C.
for about 2 to 10 days, depending on the strain of Cordveeps
sinensis used, or until the growth of fungus is satisfactory. In
some embodiments, the scaled up seed culture is incubated at
about 18° C. to about 28° C. for about 2 to 3 days. In some
embodiments. the scaled up seed culture is grown at 18° C. for
2,3,4,5,6,7.8,9,0r 10days, at 22°C.for 2,3.4. 5,6, 7. 8,
9,or 10 days, at 24° C. for 2. 3.4, 5,6, 7, 8, 9, or 10 days, or
at28°C.for2.3,4.5.6.7.8, 9. or 10 days. The scaled up seed
culture may then be used to initiate the large-scale fermenta-
tion step.

In some embodiments, the seed culture steps may be
repeated until there is a sufficient amount of fungus to start the
large scale fermentation. Such intermediate stage seed cul-
tures, when used, are developed in essentially the same man-
neras described above. That is, part of the contents of the flask
from the previous seed culture is used to inoculate the
medium of the next seed culture and the seed cultures are
incubated at about 18 C. to about 28° C. for about 2 to 10
days. However. an advantage of the method of the invention is
that it produces large quantities of highly active fungal myce-

5 lia using only a single seed culture and scaled up seed culture,

as opposed to some prior art methods, which require at least
a primary, secondary, and scaled up seed culture before inocu-
lating the large-scale fermentation.

The conditions of the large-scale fermentation step will
depend on the particular Cordveeps sinensis strain used in the
fermentation. For example. if Paecilomyees hepiali is used,
the large-scale fermentation step may involve incubating the
fungus at about 18° C. to about 28° C., 20° C. 10 26° C., 0r 22°
C.to 24° C. for any of about 0.5 to 10 days. 1 to 5 days. or 1.5
to 2.5 days. In some embodiments, the large-scale fermenta-
tion of Paecilomyees hepiali is incubated at 22° C. for 1.8
days, a1 24° C. for 1.8 days, at 26° C. for 1.8 days, at 22° C. for
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2 days, at 24° C. for 2 days, at 26° C. for 2 days, at 22° C. for
2.3 days. at 24° C. for 2.3 days. or at 26° C. for 2.3 days.
Alternatively, il Hirsutella sinensis is used, the large-scale
fermentation step may involve incubating the fungus at about
18°C. toabout 28° C.,20°C.1026° C.,0r22° C. 10 24° C. for
any of about 1 to 10 days, 3 to 8 days, or 3.5 to 7.5 days. In
some embodiments, the large-scale fermentation of Hirsu-
tella sinensis is incubated at 18° C. for 3.5 days, at 18° C. for
4.5 days, at 18° C. for 5.5 days, at 18° C. for 6.5 days, at 18°
C. for 7.5 days. at 20° C. for 3.5 days, at 20° C. for 4.5 days.
at 20° C. for 5.5 days, at 20° C. for 6.5 days, at 20° C. for 7.5
days,at22°C, for3.5 days,at 22° C. for4.5 days, at 22° C. for
5.5 days. at 22° C. for 6.5 days, or at 22° C. for 7.5 days.
Alternatively. if Paecilomyces sinensis is used, the large scale
fermentation step may involve incubating the fungus at about
18°C.toabout 28° C.,20°C.1026° C..or22° C.10 24° C. for
any of about 0.5 to 10 days. 1 to 5 days. or 1.5 to 2.5 days. In
some embodiments, the large-scale fermentation of Paecilo-
myees sinensis is incubated at 22° C. for 1.7 days, at 24° C. for
1.8 days, at 26° C. for 1.9 days, at 22° C. for 1.9 days, at 24°
C. for 2 days, at 26° C. for 2.1 days, at 22° C. for 2.3 days, at
24° C. for 2.4 days. or at 26° C. for 2.5 days. The resulting
mycelia may then be harvested, freeze dried, milled, and/or
filtered for use in the formulations of the invention.

In some embodiments, the large scale fermentation may be
allowed to continue until a sufficient amount ol mycelia is
produced. However, an advantage of the method of the inven-
tion is that it produces large quantities of highly active fungal
mycelia in substantially shorter fermentation times than prior
art methods. For example, if Paecilomyees hepiali is used, the
large scale fermentation may take only 1.5 to 2.3 days. as
opposed to prior art methods, which typically require at least
510 7 days of large scale fermentation. Similarly. if Hirsutella
sinensis is used, the large scale fermentation may take only 3
1o 8 days, as opposed to prior art methods, which typically
require at least 35 to 60 days of large scale fermentation.

The large scale fermentation may be conducted in a suit-
able container, such as, for example, a stirred tank reactor
with means for maintaining a constant temperature, steriliz-
ing the fermentation media and the container, and aerating the
fermentation media. In some embodiments, the culture media
of the invention is made up in the reactor container and
sterilized by heating at temperatures above about 120° C.
Upon cooling the container and media to about 18° C. to
about 28° C., the sterilized media is inoculated with all or part
of the scaled up seed culture and the fermentation is permitted

1o proceed for a period of time until a sufficient amount of

mycelia is produced, while aerating the media.

At the end of the fermentation process, the Cordyceps
sinensis fermentation products may be isolated and recovered
from the culture by any suitable methods known in the art. For
example, in one embodiment, the fermentation broth may be
drained and discarded. and the solid residue comprising the
fungal mycelia may be sterilized by heat, for example. by
high pressure steam, and then dried and crushed into a pow-
der. In another embodiment, the mycelia may be freeze dried
for about 48 hours and then milled. The resulting powder may
be used directly in the various compositions and formulations
provided by the present invention. Alternatively, the powder
may be further processed. for example, by extraction with
organic solvents, such as, 75% ethanol. After evaporation to
dryness, the extract may then be used in the various compo-
sitions and formulations of the present invention. Alterna-
tively, the organic solvent-extracted fermentation product
may be turther extracted with water. hot water. organic sol-
vents such as, for example, ether or ethyl acetate, or polar
solvents such as, for example, acetone or alcohol. Residual
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impurities may be removed with solvents such as, for
example. petroleum ether or hexane. by adsorptive chroma-
tography with active carbon or silica gel. or by gel filtration
through, for example, a SEPHADEX column (Pharmacia).
Other methods for removing impurities are known in the art.

Accordingly, in one embodiment, the fermentation method

of the invention comprises:

a. inoculating a solid nutrient medium (i.e. a plate culture)
with at least one strain of Cordyeeps sinensis and incu-
bating at about 18° C. to about 28° C. for about 4 to 8
days:

b. inoculating a first liquid nutrient medium (i.e. a seed
culture) with at least a portion of the culture from (a) and
incubating at about 18° C. to about 28° C. for about 2 to
4 days:

c.inoculating a second liquid nutrient medium (i.e. a scaled
up seed culture) with at least a portion of the culture from
(b) and incubating at about 18° C. to about 28° C. for
about 2 to 3 days;

d. inoculating a third liquid nutrient medium (i.e. a large-
scale fermentation culture) with at least a portion of the
culture from (c¢) and incubating at about 18° C. to about
28° C. for about 1 to 3 days or for about 3 to 7 days: and

e. recovering the Cordyeeps sinensis fermentation product.

An exemplary process of the fermentation method of the

invention using Paecilomyees hepialiis depicted in FIG. 1.

C. Uses for Cordyceps sinensis Fermentation
Products

The Cordyeeps sinensis fermentation products produced
by the methods and media of the invention, or obtained by
other sources. may be used for treating a mammal afflicted
with a variety ol diseases, disorders, ailments, and/or symp-
toms. The fermentation products of the invention may also be
used for treating a mammal that may have been exposed to a
variety of diseases, disorders, ailments. and/or symptoms.

1. Uses and Formulations for Cordveeps sinensis Fermen-
tation Products

The inventors have discovered that Cordveeps sinensis fer-
mentation products produced using the methods and media of
the invention have increased bioactivities compared to
Cordyceps sinensis fermentation products produced by other
methods. Thus. the Cordveeps sinensis fermentation products
produced using the method and media of the invention may be
used in any therapeutic method known in the art involving
Cordveeps sinensis fermentation products. The fermentation
products, or extracts thereof, may be used in pharmaceutical
and dietary compositions containing one or more other com-
ponents or biologically active agents. such as adjuvants, phar-
maceutically acceptable surfactants, excipients, carriers,
diluents. vehicles, binding and filling agents. lubricants. dis-
integrants, wetting agents, suspending agents. emulsifying
agents, preservatives, and/or other suitable ingredients. If
desired. sweetening, flavoring and/or coloring agents may
also be added.

Examples of adjuvants include. for example, alum, MPL.,
and QS21. Examples of surfactants include, for example,
glycerides. Examples of suitable excipients include, but are
not limited to, lactose. Examples of binding and filling agents
may include, for example. pregelatinized maize starch. poly-
vinylpyrrolidone, hydroxypropyl methylcellulose, lactose,
pentosan, and microcrystalline cellulose or calcium hydrogen
phosphate. Examples of lubricants may include. for example.
magnesium stearate, talc, orsilica. Examples of disintegrants
may include, for example, potato starch or sodium starch
glycolate. Examples of wetting agents may include, for
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example, sodium lauryl sulfate. Examples of suspending
agents may include, for example, sorbitol syrup, cellulose
derivatives, or hydrogenated edible fats. Examples of emul-
sifying agents may include. for example, lecithin, acacia,
almond oil. oily esters. ethyl alcohol. or fractionated veg-
etable oils. Examples of preservatives may include, for
example, methyl or propyl-p-hydroxybenzoates or sorbic
acid. Examples of other suitable ingredients may include, but
are not limited to, vitamins, antioxidants, amino acids. metal
salts, minerals, meat extracts, vegetable extracts, and flavor
enhancers.

Pharmaceutical compositions comprising the Cordyceps
sinensis fermentation products of the invention may be for-
mulated in any dosage form including, for example, powders.
granules, capsules, cachets, tablets, dispersions, aqueous or
non-agueous solutions or suspensions, and oil-in water or
water-in-oil emulsions. The compositions may be formulated
as discrete unit dosage forms with each dose containing a
predetermined amount of Cordveeps sinensis fermentation
product. In some embodiments, the compositions are pre-
pared by uniformly and intimately admixing the active ingre-
dient with liquid carriers or finely divided solid carriers or
both, and then, if’ necessary, shaping the product into the
desired presentation. In some embodiments, the formulations
are present as a dry product for constitution with water or
other suitable vehicle before use. Any methods known to
those skilled in the art may be used to formulate and admin-
ister the compositions of the invention.

Suitable routes of administration for the pharmaceutical
compositions of the invention may include intradermal, trans-
dermal (e.g., slow release polymers), intramuscular, intrap-
eritoneal, intravenous, subcutaneous, oral, epidural, and
intranasal routes. Any other convenient route of administra-
tion can be used including, for example, infusion or bolus
injection. or absorption through epithelial or mucocutaneous
linings. In some embodiments. the compositions may be
added directly to foods and ingested during normal meals.

2. Formulations and Uses of Cordveeps sinensis Fermen-
tation Products for Treating Hepatitis C Infection or Exposure

Hepatitis C therapy traditionally includes treatment with
interferons, such as interferon-o2A (ROFERON-A, Roche).
Current hepatitis C therapy uses a combination of pegylated
interferon-c, for example, PEGINTRON (Schering-Plough)
or PEGASYS (Roche), and the guanosine analog. ribavirin,
for example, REBETOL (Schering-Plough) or COPEGUS
(Roche). However, this conventional combination therapy is
not fully effective (with only approximately 55% of patients
showing a sustained virological response) and its frequent
side-effects reduce health-related quality of life in many
patients.

The inventors have discovered that Cordyceps sinensis fer-
mentation products have a potent adjuvant effect for enhanc-
ing the effectiveness of conventional hepatitis C therapies. In
one embodiment, the invention relates to adjuvant composi-
tions comprising an effective amount of a Cordyceps sinensis
fermentation product. The Cordveeps sinensis fermentation
product used in the adjuvant compositions of the invention
may be obtained from any suitable source, or may be pro-
duced using the fermentation methods and media described
above.

In some embodiments, the Cordveeps sinensis fermenta-
tion produets used in the adjuvant compositions of the inven-
tion are from Paecilomyces hepiali. In other embodiments,
the Cordveeps sinensis fermentation products are from Hir-
sutella sinensis. In some embodiments, the adjuvant compo-
sitions of the invention further comprise an effective amount
of Astragalus membranaceus root extract. In some embodi-
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ments, the adjuvant compositions of the invention further
comprise an effective amount of zinc.

In some embodiments, the adjuvant agent comprises about
50% to about 90% (w/w) of Cordyvceps sinensis fermentation
product, about 10% to about 50% (w/w) of Astragalus mem-
branaceus root extract, and/or about 5 to about 10% (w/w)
zine. In some embodiments, the adjuvant agent comprises
about 70% to about 80% (w/w) of Cordvceps sinensis fer-
mentation product, about 10% to about 30% (w/w) of
Astragalus membranaceus root extract, and/or about 5% to
about 10% (w/w) zinc. In some embodiments, the adjuvant
agent comprises about 70% to about 80% (w/w) of Cordyeeps
sinensis fermentation product, about 10% to about 20%
(wiw)of Astragalus membranaceus root extract, and/or about
5% to about 10% (w/w) zinc. In some embodiments, the
adjuvant agent comprises 80% (w/w) of Cordyceps sinensis
fermentation product. 18% (w/w) of Astragalus membrana-
ceits root extract, and 2% (w/w) zinc. In some embodiments,
the adjuvant agent comprises 70% (w/w) of Cordveeps sin-
ensis fermentation product, 28% (w/w) of Astragalus mem-
branaceus root extract, and 2% (w/w) zinc. The adjuvant
compositions of the invention may be formulated and admin-
istered by any of the methods discussed above.

In other embodiments, the invention relates to methods of’
treating patients who are infected with hepatitis C and/or
patients who may have been exposed to hepatitis C compris-
ing administering to the patient a conventional hepatitis C
therapy and an effective amount of an adjuvant composition
of the invention. In some embodiments. the conventional
hepatitis C therapy comprises an interferon or a pegylated
interferon. In some embodiments, the conventional hepatitis
C therapy further comprises a guanosine analog such as rib-
avirin. In some embodiments, the dosage of interferon may be
about 50 1o about 150 mcg per week and the dosage of
ribavirin may be about 800 to about 1200 mg per day.

In some embodiments, the adjuvant compositions of the
invention may be formulated in a separate dosage form from
the conventional hepatitis C therapeutic agents. In some
embodiments, the adjuvant compositions of the invention
may be combined with the conventional hepatitis C therapeu-
tic agents into a single dosage form. If the adjuvant agents of
the invention and the conventional hepatitis C therapeutic
agents are formulated in separate dosage forms, the separate
dosage forms may be administered simultaneously, sequen-
tially, or spaced out over a period of time.

The inventors have found that the adjuvant compositions of
the invention increase the sustained virologic response
attained with conventional hepatitis C therapy and reduce the
number and type of adverse effects. This enhancing effect of
the adjuvant agents of the invention was particularly pro-
nounced in patients with cirrhosis. Without being bound by
theory. it is believed that the interferon component of conven-
tional therapy kills hepatitis C virus and the adjuvant agent
serves to boost the immune system by increasing levels of TgG
and IgA, and by increasing the CD4%/CD8" cell ratio.

EXAMPLES

Reference will now be made in detail to specific embodi-
ments of the invention. While the invention will be described
in conjunction with these embodiments, it will be understood
that the invention is not limited to those embodiments. On the

s contrary, the invention is intended to cover alternatives, modi-

fications, and equivalents, which may be included within the
invention as defined by the appended claims.
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A, Adjuvant Preparation

1. Hirsutella sinensis Fermentation

The Hirsutella sinensis mycelia used in the experiments
discussed below were produced by the following method.

The Hirsutella sinensis strain was purified from natural
fresh Cordveeps sinensis obtained from Mainland China. The
strain was plate-cultured for 30 days at 18° C. on solid
medium containing the components discussed below for the
seed culture media plus 2.0% agar.

A series of sequential liquid cultures and fermentations
were then performed over a period of about 27 days.

1. The seed culture was prepared as follows:

Culture media (a total of 0.6 L in water):

slucrose 24 g
(NH4),HPO, 015 g
KH;PO, 0.6 g
K;HPO, 1.38 g
MgS0,*TH,0 03 g
KCl 03 g
MnSO, 0.6 g
CusSO, 5*H,0 0.0096 g
FeS0,*7TH,0 0.6 g
CaCl, 0.9 g
NaSeOy 00072 g

6 flasks (size 250 mL) were each filled with 100 mL culture
media. The flasks containing the media were sterilized,
cooled to 18° C., and adjusted 1o pH 6.5. Each flask was
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inoculated with firsutella sinensis strain from a plate culture.

The inoculated cultures were incubated for 10 days at 18° C..
in a shaking incubator at a speed of 175 rpm.
2. The scaled up seed culture was prepared as follows:
Culture media (a total of 6 L in water):

sucrose 240 g
(NH,),HPO, 15 g
KH,PO, 6 g
K,HPO, 13.8 g
MgS0,*7TH,O jg
KCI g
MnSO, 6 g
CuS0,*5H,0 0.096 g
FeS0,*TH,0 6 g
%2¢g

0072 g

6 flasks (size 3 L) were each filled with 1000 mL culture
media. The flasks containing the media were sterilized.
cooled to 187 C., and adjusted to pIl 6.5. Each flask was
inoculated with the Hirsutella sinensis strain from the seed
culture. The inoculated cultures were incubated for 10 days at
187 C., in a shaking incubator at a speed of 130 rpm.

3. The fermentation steps were carried out as follows (note,
however, that the mycelium product produced in any of the
following fermentation steps may be used as raw material for
the adjuvant agents of the invention. since the main difference
among the three fermentation steps is the amount of raw
material produced):

Small Scale Fermentation Culture: Fermentation media (a
total of 40 L in water in a 100 L fermentor chamber):

SUCrose
(NH,),HFO,

1600 g
e
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~continued
KH,PO, 40 g
K,HPO, 92 g
MaSO0,*TH,0 20 g
KCl 20 g
MnSO4 40 g
Cus0,*5H,0 0.64 g
FeS0,*TH,O0 40 @
CaCl, 60 g
NaSeO, 048 g

The fermentation chamber containing the culture media was
sterilized, cooled to 18° C., and adjusted to pH 6.5. The media
was inoculated with the Hirsutella sinensis strain from the
scaled up seed culture by adding the 6 L scale-up seed culture
to the fermentor chamber. The inoculated cultures were incu-
bated for 7 days at 18° C. with a stir-speed of 80-200 rpm.

Middle Scale Fermentation Culture: Fermentation media
(a total of 500 L in water in a 1000 L fermentor chamber):

sucrose 20 kg
(NH),HFO, 125 g
KH,PO, 00 g
K;HPO, 1150 g
MgS0,*7H,0 250 g
KCl 250 g
MnSO4 500 g
CuS0,*5H,0 8 g
FeS0,4*7TH,0 500 g
CaCl, 750 g
NaSeO; 6g

The fermentation chamber containing the culture media was
sterilized, cooled to 187 C., and adjusted to pH 6.5. The media
was inoculated with the Hirsutella sinensis strain from the
100 L fermentor chamber. The inoculated cultures were incu-
bated for 5 days at 18° C. with a stir-speed of 50-80 rpm.
Large-Scale Fermentation Culture: Fermentation media (a
total of 8000 L in water in a 10000 L. fermentor chamber):

sucrose 320 ke
(NH,),HPO, 2000 g
KH,PO, 8000 g
K HPO, 18.4 kg
MgS0,*TH,O 4000 g
KCl 4000 g
MnSO4 8000 g
CuS0,*5H,0 128 g
FeS0,*TH,0 8000 g
CaCl, 12 kg
NaSeO, 9 g

The fermentation chamber containing the culture media was
sterilized, cooled to 187 C., and adjusted to pH 6.5. The media
was inoculated with the Hirsutella sinensis strain from the
1000 L fermentor chamber. The inoculated cultures were
incubated for 4 days at 18° C. with a stir-speed of 40-70 rpm.
The fermented culture medium (broth) was separated from
the solid product, and a mycelia cake was produced using a
plate and frame filter press. The water was then removed from
the mycelia cake by freeze-drying.

A comparison between the method of the invention for
producing Hirsutella sinensis mycelia and the method dis-
closed in U.S. application Ser. No. 11/450,747 is shown as
Table 1.
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TABLE 1

Comparison between the method of the invention for producing
Hirsurella sinensis mycelia and the method disclosed in
6 ,.\mlh‘-uh'nn No. 11/450,747

LS. Application

Method of the Invention  No. 11/450,747

Plate culture =10 generations

(10 days/generation)

3 generations
(10 days/generation)

30 days =100 days

18° C. =5 generations at 0-10° C,
pH 6.5 pHE

Solid medium as shown  Solid medium containing
above beef tea, lactalbumin hydro-

Iysate, yeast powder, glu-
cose, milk, nucleic acid,
magnesium sulfate, sodium
dihydrogen phosphate, and

vitamins
Seed cultures Culturing a seed culture  Culturing a seed culture for
in rocking for 10 days; 12 days

device (shaker)
(liquid medium)

Culturing a scaled up seed The culture volume is then
culture for 10 days: expanded 8-fold and

187 C. fenmented stepwise before
pH 6.5 transfer into a vat fermentor
Liquid medium as shown 18° C.

above pH 7.5

Liquid medium containing
silk worm chrysalis powder,
protein peptone, corn four,
wheat gluten, glucose, mag-
nesium sulfate, and dipo-
tassium hydrogen phosphate
12 days for each

Fermentation 3-7 days for each

culture fermentation culture fenmentation culture step
in vat expansion step Small Scale Fermentation
fennentor Small Scale Fermentation Culture: 12 days

Middle Scale Ferment:
Culture: 12 days
Large Scale Fermentation
Culture: 12 days

(Total: 36 days)

(liquid medium)  Culture: 7 days

Middle Scale Fermenta-
tion Culture: 5 days
Large Scale Fermentation

Culture: 4 days

on

(Total: 16 days) 18°C.

18°C. pH7.5

pH 6.5 Liguid medium containing
Liquid medium as shown  silk worm chrysalis powder,
above protein peptone, corn flour,

Expansion: 15-20 times
the seed culture media
volume

wheat gluten, glucose, mag-
nesium sulfate, and dipo-
tassium hydrogen phosphate
Expansion: 8 times the seed
culture media volume

The advantages of the method of the invention over prior
art methods are as follows:

a) the method of the invention involves growing the fungus

foronly 3 generations in the plate culture stage, whereas
the method of the *747 application requires more than 10
generations: and

b) the method of the invention involves fermenting the

fungus for only 3-7 days in media that is 15 to 20 times
the volume of the serial fermenting cultures, whereas the
fermentation step of the 747 application requires 12
days in media that is only 8 to 10 times the volume of the
serial fermenting cultures.

Without being bound by theory, it is believed that the
advantages of the method of the invention are due to the
operating pH and the novel formulation of the media used.
including the use of specialized trace elements. The advan-
tages of the method of the invention over prior art methods
reduce the cost and time of producing Cordyveeps sinensis
mycelia and also increase the bioactivity of the mycelia, as
discussed in greater detail below.

2. Paecilomyces hepiali Fermentation

The Paecilomyces hepiali myceliaused inthe clinical trials
discussed below were produced by the following method.
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The Paecilomyces hepiali strain was purified from natural
fresh Cordyveeps sinensis obtained from Mainland China. The
strain was plate-cultured for 7 days at 24° C. on solid medium
containing the components discussed below for the seed cul-
ture media plus 2.0% agar.

A series of sequential liquid cultures and fermentations
were then performed over a period of about 9 days.

1. The seed culture was prepared as follows:

Culture media (a total of 0.8 L. in water):

SUCTose 16 g
glucose 16 g
yeast powder 24 g
KH,PO, 0.8 g
MgS0,*7TH,0 4 g
KCl 04 g
MnSO, 0.6 g
CuS0,*5H,0 0.0256 g
FeS0,*TH20 0.6 g
CaCl, 0.24 g
NaSe( 0.00896 g

8 flasks (size 250 mL) were each filled with 100 mL culture
media. The flasks containing the media were sterilized,
cooled to 24° C., and adjusted to pll 6.5. Each flask was
inoculated with a Paecilomyces hepiali strain from a plate
culture. The inoculated cultures were incubated for 4 days at
24° C.. in a shaking incubator at a speed of 175 rpm.

2. The scaled up seed culture was prepared as follows:

Culture media (a total of 8 L in water):

sucrose 160 g
glucose 160 g
yeast powder 24 g
KH,PO, 8g
MgS0,*7H,0 40 g
KCl 4g
MnSO, 6 g
CuS0,*5H,0 0256 g
FeS0,*TH,0 6g
CaCl, 24 g
NaSeOy 0.096 g

8 flasks (size 3 ) were each filled with 1000 mL culture
media. The flasks containing the media were sterilized,
cooled to 24° C., and adjusted to pH 6.5. Each flask was
inoculated with the Paecilomyces hepialistrain from the seed
culture. The inoculated cultures were incubated for 3 days at
24° C., in a shaking incubator at a speed of 145 rpm.

3. The large scale fermentation was carried out as follows:

Fermentation media (a total of 8000 L in water in a 10000

L fermentor chamber):

slicrose 160000 g
glucose 160000 g
yeast powder 24000 g
KH,PO, 8000 g
MgSO,*TH,O 40000 g
KCI 4000 g
MnSO, 6000 g
CuS0,*5H,0 256 g
FeS0,4*7TH,0 6000 g
CaCly 24000 g
NaSeO, 96 g

The fermentor chamber containing the culture media was
sterilized, cooled to 24° C., and adjusted to pH 6.5. The media

APPX 0486



Case 1:18-cv-00924-CFC Document 399-8 Filed 10/07/19 Page 121 of 137 PagelD #: 30913

US 8,722,056 B2

19

was inoculated with the Paecilomyces hepiali strain from the
scaled up seed culture by adding the 6 [ scaled up seed culture
to the fermentor chamber. The inoculated cultures were incu-
bated for 2 days at 24° C. with a stir-speed of 50-100 rpm. The
fermented culture medium (broth) was separated from the
solid product, and a mycelia cake was produced using a plate
and frame filter press. The water was then removed from the
mycelia cake by freeze-drying.

5

20
trophotometer, and amino acid analyzer, respectively. Table 3
presents the results of this analysis.

TABLE 3

Comparison between the compositions of myeelium produced by
the method of the invention and CordyMax Cs-4 mveelinm

Component Mycelia CordyMax

Total nucleoside 1.8% {(1.4%) 0.7% (0.1%)

A comparison between the method of the invention for
{Adenosine)

producing the Paecilomyces hepiali mycelia and the method

8 f R 2 e Total Polysaccharide 9% 6%
disclosed in PCT/CN98/00258 is shown as Table 2. Stperanide dismtitases 4x10°Ulg 2% 10°Ulg
(SOD)
TABLE 2 Total Free Amino Acid 20300 3800
is (mg/100 g)
: e 3 ! ' - ine* 20 3
Comparison between the method of the invention for producing the :"i:.::lrie[;r:”w j_,:: _‘z”
Paecilomyces hepiali mycelia and the method disclosed in L Methionine® 33 5 "3.;
PCT/CN9S/00258 SRt opng : S
- — L-Isoleucine® 670 110
. : e = L-Leucine® 1400 110
Method of the Invention  PCT/CN98/00258 1-Phenylalanine® 861) 30
20 Tryptophan* 260 28
plate 7 days 5-6 days L-Lysine* 1400 250
culture 24° C, 25°C. L-Arginine” 1000 120
pH 6.5 pH 6.4 L-Histidine® N.D. 100
Solid medium as shown  Compostion of culture media not y-Aminobutyric Acid 1830 250
above avaliable o-Phosphorserine 80 N.D.
Seed Culturing a seed culture  Culturing a primary seed culture 25 Taurine . 18 70
2 5 o-Phosphoethanolamine 62 70
cultures for 4 days; for 5-6 days: Hiéa ND ND.
in rocking Culturing a scaled up Culturing a secondary seed culture IJ_ -\‘sp-nnic Acid '74;' II'!"J
device seed culture for 3 days:  for 4 days; L-Serine 720 64
(shaker) 24°C. Culturing a scaled up seed culture Asparagine 650 N.D.
(liquid pH 6.5 for 4 days: and 30 L-Glutamic acid 670 ROG
medium)  Liguid medium as 25%C. : Sarcosine N.D. N.D.
ghown above pH 6.4 L.—l—,-l\minuadipic Acid 160 26
Liquid medium containing glll_ls:um:. iG-h‘l\‘i::'l{:ne 12::: 4:’};':
sucrose, peptone, bran, potassium L-Citrulline 1100 ND
dihydrogen phosphate, DL-2-Aminobutyric Acid 40 25
magnesium sulfate 35 L{-)-Proline 1600 250
Fermenta- 2 days in a 10000 L 5-6 days for each fermentation L(-)-Cystine 140 N.D.
tion vat fermentor culture expansion step L-Cystathionine 95 37
culture directly from seed culture The culture volume is expanded L—Tym:_iinc 680 140
in vat 24°C. and fermented step-wise until a p-Adanine N.D. 30
- e ” - . - 3= i i Tl 1 L
fermentor  pH 6.5 2000 L vat fermentor volume is DL-3 .'\.ITIl].'lnISOhI]T} Fig Acid 74 L
e PR ) 40 Ethanolamine 100 18
(liquid Liquid medium as reached 2 :
: i DL-plus allo-6- 56 15
medium)  shown above 24-25°C, Hydroxylysine
Expansion: 1300~1400  pH 6.4 L-Omithine 530 69
times the seed culture Liquid medium containing glicose, L.-1-Methylhistidine 400 N.D.
media volume sucrose, powder of soya-bean L-3-Methylhistidine N.D. N.D.
cake, bran, potassium dihydrogen 45 L—.v\llscrirlw 1300 100
phosphate, magnesium sulfate, L-Carnosine . 170 ND
soya-bean oil L-Hydroxyproline N.D. N.D.
Expansion: 10 times the seed *Essential aminio acid
culture media volume "Semi-Essential amino acid
N.D. = pot determined
30
The major advantages of the method of the invention over These data demonstrate that the Paecilomyces hepiali
prior art methods are as follows: mycelia produced by the method of the invention contain
a) the method of the invention involves fermenting the greater quantities of functional ingredients than Paecilomy-
fungus in a vat for only 2 days, whereas the method of the ss ces hepiali mycelia produced by prior art methods.
PCT/CN98/00258 requires 5-6 days: and 3. Astragalus membranaceus Extraction
b) the method of the invention allows the total volume to be Dried root of Astraglus membranaceus (Fisch.) Bgc
expanded about 1300-1400 times, whereas the method of the  (Shaanxi. China) was extracted with hot water twice ata 1:10
PCT/CNO8/00258 involves only a 10-fold expansion of cul- (v/v) ratio and centrifuged to remove the particulate material.
ture volume. 9 The extraction fluids were combined, concentrated, and
The Paccilomyees hepiali mycelia produced by the fore- Sf‘my'_d;"e;'_ g‘egf{“‘“’“?“ rano.;.c.. the wmgh:lmtm Ofm‘;
going method (“Mycelia™) were compared to a commercially matc:lna (dnie bo : ;:"-"5; us memaranaceus) 1o the extracte
. : o i . 2 wider, w n fio
available Paecilomyces hepiali mycelia preparation, Cordy- PUWEES, Was dall 2. 1C
Max Cs-4, NUSKIN (“CordyMax™). The total nucleosides, g5  4- Adjuvant Formulation

polysaccharide, superoxide dismutases. and total free amino
acids were analyzed by HPLC, ethanol participation, spec-

The adjuvant compositions used in the examples discussed
below were prepared as follows.
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50-90% (w/w) of fermented Cordyeeps sinensis powder,
10-50% of extracted Astraglus membranaceus powder, and/
or 5-10% of zine were placed into a U-type granulator and
mixed for 3 minutes. Water was added and the combination
was kneaded to produce a wet granule. After drying the wet
granule in an oven at 50° C. for 8 hrs, the granule was sealed
in a drum and cooled to room temperature. The dry granule
was sieved through an 0.8 mm mesh and mixed in a tumbler
for 6 minutes with the following excipients: Povidone K-90
(Polyvinylpyrrolidone K-90; Poly[1-(2-0x0-1-pyrrolidinyl)
ethylene]. CORUM), calcium phosphate dibasic (Sigma).
Crospovidone XL (CORUM), magnesium stearate (Merck).
Opadry 11 (Colorcon), and ariable vellow (BASF). The mixed
powder was tableted and packaged with press through pack-
aging (PTP. U.M. GRAVURE).

B. Animal Safety Studies

1. 14 Day Subacute Toxicity Study

Rats were administered water extracts of the Hirsutella
sinensis mycelia described above (“Mycelia™) or vehicle con-

trol (“Control”) once daily by oral gavage for 14 days. The ,

amount o' extract used in this study (5 g/kg) was equivalent to
10-times the recommended dose for humans. The dependent
variables examined in this study were: (1) behavior (active
contraction); (2) body weight and intake of food and water:
(3) hematology parameters, such as hemochrome, thromb-
ocyte. red blood cell. hemoleukocyte, and clotting time: (4)
clinical chemistry, such as bilirubin, AST, ALT, BUN, crea-
tinine, glucose, total protein, albumin, K, Na, Ca: (5) urinaly-
sis, such as settling rate, protein, electrolytic containing pH

value: and (6) histopathology. such as heat, liver, lung, kid- -

ney, stomach, and cholecyst. The results are shown in Table 4
(data are presented as the average of each test group=the
standard deviation).

22
TABLE 4-continued

Results of 14 day subacute toxicity study examining the
effects of Hirsutella sinensis mycelia on rats

5 Variable Control Mycelia
ALB 3.2 mg/dL £ 0.2 mg/dL 3.2 mg/dL = 0.1 mg/dL
BUN 18 mg/dL = 0,05 mg/dL 18.9 mg/dL = 1.5 mg/dL

(

-

=

Among the dependent variables, including the body weight
and intake of food and water, there was no statistically sig-
nificant difference between the treatment and the control
groups. These results indicate that under the conditions used
in this experiment, the water extracts of Hirsutella sinensis
mycelia were not toxic to rats.

2. 90 Day Subacute Toxicity Study

Rats were administrated water extracts of the Paecilomyces
hepiali mycelia described above or vehicle control once daily
by oral gavage for 90 days. Three experimental groups were
examined: (1) control (*Control™): (2) 2500 mg/kg dosing
(“Mycelia 2500™); and (3) 7500 mg/kg dosing (“Mycelia
75007). The amount of extract used in experimental groups 2
and 3 was equivalent to 100 times and 300 times the recom-
mended dose for humans, respectively. The dependent vari-
ables examined in this study were: (1) mortality: (2) clinical
observations: (3) body weight; (4) food consumption; (5)
hematology parameters, such as Hb, HCT, PLT, RBC, and
WBC: (6) clinical chemistry, such as ALT, TP. BUN. Cre, and
Glu: and (7) histopathology. such as heart, liver, lung. kidney,
and stomach. The results are shown in Table 5 (data are
presented as the average of each test groupxthe standard
deviation).

TABLE 5

Results of 90 day subacute toxicity study examining the effects of

Paecilomyces hepiali mycelia on rats

Variable  Control Myeelia 2500 Mycelia 7500
Body 4l4g+1l5g 416g+215g 4125g+25g
weight
change
Hb 13.6 g/dL = 0.25 g/dL 14.35 g/dL. £ 0.2 g/dL 13.85 g/dL £ 0.3 g/dL
HCT 38.58% = 0.83% 40.53% £ 0.5% 40.25% = 0.7%
PLT B43.5 sec = 37.5 sec 921 sec = 44 sec T81 sec = 19 sec
RBC 7.45% 1091 = 0.06 % 7.8 % 10%uL = 0.04 x 7.65 x 108/ = 0.06 x
108/uL 108l 10%uL
WBC 4.6 % 107/l = 0.6 % 4x 103Ul £ 0.5 x 5.15 10%L = 0.45
10% L 1080 104l
ALT 545U/L =425 UL S25U/ML =445 UL 60 U/L = 4.5 UL
v 6.46 g/dL = 0.35 g/dL. 6.5 g/dL = 0.3 g/dL 6.52 g/dL = 0.35 g/dL.
BUN 22 mg/dL = 3.05 mg/dL 18.55 mg/dL = 2.95 mg/dL. 18 mg/dL = 0.315 mg/dL
Cre 043 mg/dL £ 0.02 mg/dl. 0.4 mg/dL = 0.02 mg/dL 0.44 mg/dL = 0,03 mg/dL
Glu 1555 mg/dl £ 6.45 mg/dL. 144 mg/dL = 5.05 mg/dL 152.5 mg/dL = 4.4 mg/dL
TABLE 4 . Among the dependent variables. there was no significant

difference between the treatment and the control groups.
These results indicate that under the conditions used in this
experiment, the water extracts of Paecilomyces hepiali myce-

Results of 14 day subacute toxicity study examining the
effects of Hirsutella sinensis mycelia on rats

Variable Control Mycelia lia were not toxic to rats.

Body weight 369g33¢g 418g=90g gy, e Pioassay Expetiments

change Human peripheral blood mononuclear cells (PBMCs)
Food 26.7g£07g 266p220g were suspended in RPMI (6x10° cells/mL; Sigma) supple-
SOpIpUCH ) mented with 5% fetal calf serum (FCS) and penicillin/strep-
Water intake 462g=1.1g 27g=50g il 3 PSG i A bated at 37° C d
Hb 12.8 g/dL = 0.2 g/dL. 12.9 g/dL = 0.3 g/dL tomycin/glutamine ( B ) and were incu ated at 37° C. an
WBC 89x 10uL £05x 107 9.8 x 103l = 0.8 x 10%/uL 65 5% CO, for 16 hours with 5 pg/ml. Brefeldin A and 50 ug/mL

ul. of Paecilomyces hepiali mycelia obtained from five different

sources: (1) Pharmanex: (2) Formosa Kingstone Bioproducts
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Int’l Corp.: (3) GeneFerm Biotechnology Co. Ltd.: (4) Green
Strong Corp.; and (5) the method of the invention. Negative
control cells were incubated with PBS. and positive control
cells were incubated with phorbol myristate acetate (PMA)
plus ionomycine. After incubation, the PBMCs were har-
vested, suspended in two 1.5 mL tubes, and incubated with
anti-CD4 antibodies (anti-CD4 clone RPA-T4, BD Pharmin-
gen) or anti-CD8 antibodies (anti-CD8 clone HIT8a, 8D
Pharmingen) at 4° C. for 30 min in the dark. The cells were
washed with 5% FCS and then incubated with Cytofix/Cy-
toperm™ (BD Pharmingen) for 20 minutes at 4° C. The cells
were then washed once with 250 pl. of 1xPerm/Wash (BD
Pharmingen). Intracellular cytokines were stained with anti-
human I1.-2 antibody (clone MQ1-17H12, BD Pharmingen)
or anti-IFN-y antibody (clone 45.B3, BD Pharmingen) at 4°
C. for 30 minutes in the dark. After washing with 5% FCS, the
number of IL-2 or IFN-y positive cells (as a % of CD4" or
CD8" cells, respectively) was detected by flow cytometry.
Table 6 presents the results of this experiment (control data
was set to 1 and all other data is shown relative to the control).

TABLE 6

5

15

24

study, the experimental protocol described above was used to
examine the immune-stimulation of Paecilomyces hepiali
myecelia produced by the method of the invention compared to
the immune-stimulation of Paecilomyees hepiali mycelia
produced by the method of the invention combined with
Astragalus membranaceus extract. The results of this experi-
ment are presented in Table 8 (control data was set to 1 and all
other data is shown relative to the control).

TABLE 8

Relative number of IL-2 and IFN-y positive cells after treatment with
FPaecilomyces hepiali mycelia with or without Astragals
membranacens extract

PBS Positive Mycelia Mycelia +
Control Control Alone Extract
CD4*/IL-2* 1 21 15 17
CD8YVIFN-y* 1 1% 10 11

Relative number of IL-2 and IFN-y positive cells after treatment with
Faecilomyees hepiali myeelia from different sources

Negative Positive Green Method of

Control  Control Pharmanex  Formmosa GeneFerm Strong  Invention
CD4YIL-2* 1 15 5 7 10 19
CD8*/TFN-y* 1 20 3 4 [ 10

The CD4*/1L-2 data demonstrate that Paecilomyces hepi-
ali mycelia produced by the method of the invention show the
highest potency for immune-stimulation and are around 2 to
4 times more potent than Paecilomyces hepiali mycelia from
other sources. The CD8+/IFNy data confirm that the mycelia
of the invention have the highest potency for immune-stimu-
lation, and are around 1.5 to 3 times more potent than mycelia
from other sources. Since CD4%/11.-2 and CD8+/IFNy data
are good indicators of the ability to kill hepatitis C virus in the
liver. these results suggest that the mycelia of the invention
have greater antiviral activity than mycelia from other
sources.

The experimental protocol described above was used to
compare the bioactivities of Paecilomyces hepiali mycelia
produced by the method of the invention with Hirsutella
sinensis mycelia produced by the method of the invention.
The results are shown in Table 7 (control data was set to 1 and
all other data is shown relative to the control).

TABLE 7

Relative number of IL-2 and IFN-y positive cells after
treatment with Hirsutella sinensis or Paecilomvees hepiali mycelia

Positive
PBS Control Control Ph. H.s.
CD4YIL-2% 1.00 34.6 9.4 29
CDSYIFN«y* 1.00 42.6 10.4 iR

The results demonstrate that Paecilomyces hepiali mycelia
produced by the method of the invention have a higher
potency for immune-stimulation than Hirsutella sinensis
mycelia produced by the method of the invention.

In order to investigate the therapeutic effects of Paecilo-
myces hepiali mycelia combined with Astragalus membrana-
ceus extract, two experiments were performed. In the first

35

The CD4*/1L-2 data demonstrate that the combination of
Paecilomyces hepiali mycelia produced by the method of the
invention and Astragalus membranaceus extract has a higher
potency for immune-stimulation than Paecilomyces hepiali
myecelia alone.

The second experiment examined the superoxide scaveng-
ing activity of Paecilomyces hepiali mycelia produced by the
method of the invention compared to the superoxide scaveng-

" ing activity of Paecilomyces hepiali mycelia produced by the
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method of the invention combined with Astragalus mem-
branaceus extract. Superoxide scavenging activity is indica-
tive of an ability to prevent liver damage caused by free
radicals. The superoxide scavenging activity was analyzed by
nitroblue tetrazolium chloride (NBT) assay. NBT absorbs
superoxide and changes the color of the reaction solution to
purple, which is absorbed at 560 nm. 25 pl of test sample or
superoxide dismutase (SOD) standard (“positive control™)
was added to each well ina 96-well plate and 63 pM NBT, 300
uM xanthine, and 0.03 U/ml xanthine oxidase (each obtained
from Sigma) were added. The absorbance at 560 nm was
measured at 1 minute intervals for 5 minutes total, Table 9
presents the results of this study (control data was setto 1 and
all other data is shown relative to the control).

TABLE 9

Relative levels of superoxide dismutase activity after treatment with
Faecilomyces hepiali mycelia with or without Astragalus
membranacens extract

Mycelia Mycelia +
Positive Control Alone Extract
SOD (U/mg) 1.00 0.468 2.384

These results show that the combination of Paecilomyces
hepialimyeelia produced by the method of the invention and
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Astragalus membranaceus extract has a 5-fold higher super-
oxide scavenging activity (antioxidant activity) than Paecilo-
myees hepiali mycelia alone. Thus, adjuvant agent of the
invention comprising Astragalus membranaceus and
Paecilomyees hepiali mycelia has higher potency, and may
exhibit therapeutic synergy compared to adjuvant agents
comprising Paecilomyces hepiali mycelia without Astragalus
membranaceis.

D. Hepatitis C Clinical Trials 1-3

Three double-blinded clinical trials were conducted to
examine the effects of the adjuvant agent of the invention
comprising Hirsutella sinensis mycelia and Astragalus men-
branaceus extract for treating hepatitis C patients. Patients
were treated with a-interferon, with or without ribavirin, for
one week and on the second week. the patients were randomly
assigned into two groups. The two groups were treated with
the adjuvant agent of the invention or placebo concurrently
with c-interferon. with or without ribavirin. for 24 weeks. and
then with the adjuvant agent of the invention without ct-inter-
feron and ribavirin for another 24 weeks. Blood samples were
collected and any side effects were documented throughout
the experiment period. The dependent variables examined
were: (1) blood chemistry: WBC, hemoglobin, platelet,
BUN, creatinine, SGOT/SGPT, and HCV-RNA; and (2)
occurrence of side effects.

Experimental conditions and results of the individual clini-
cal trials are described below.

1. Clinical Trial #1

A total 28 patients infected with hepatitis C were treated
with interferon-a 2A (ROFERON-A, Roche, “IFN™)at 3 MU
subcutaneously 3 times per week for 6 months. All patients
recruited in this study had not been previously treated with
ROFERON-A. On the second week. the patients were ran-
domly assigned into two groups and either treated with the
adjuvant agent of the invention (N=10) at 3180 mg (about
70% to 80% (w/w) of Hirsutella sinensis mycelia, about 10%
10 20% (wiw) of Astragalus membranaceus extract, and about
5% to 10% of zinc) per day or placebo (N=18, adjuvant agent
in which the active raw materials were replaced with micro-
crystalline cellulose) concurrently with ROFERON-A until
the treatment was completed. After treatment was finished,
the patients were examined again in follow-up visits at 6 and
12 months.

Serum samples from each patient were analyzed for the
presence of HCV RNA using a LightCycler-RNA Amplifica-
tion Kit SYBR Green 1 (Roche Diagnostics GmbH). Each 20
pl. of the PCR mixture contained LightCycler-RT-PCR
Buffer, SYBR Green (Roche). 5 mM MgCl,, 0.25 uM for-
ward primer (5-GAGGAACTACTGTCTTCACGCAGAA-
3'). 0.5 pM reverse primer (5'-CTTTCGCGACCCAACAC-
TACTC-3"), LightCycler-RT-PCR  Enzyme Mix, and
template RNA. RT-PCR amplification was performed using a
10 min cycle at 55° C. to allow for reverse transcription,
followed by a 30 sec cycle at 95° C. to allow for denaturation,
followed by 45 cycles at 95° C. for 5 sec, 55° C. for 10 sec, 72°
C. for 13 sec, and 85° C. for 5 sec to allow for amplification.
All reactions were performed in a LightCycler (Roche Diag-
nostics GmbH).

Table 10 summarizes the results for these patients.
“Response”™ is defined as the percentage of patients who
showed no detectable levels of HCV RNA.
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TABLE 10

Patients showing no detectable levels of HCV RNA after
treatrnent with IFN with adjuvant agent of the invention or placebo

Response
6 Months 12 Months
Group 3 Months 6 Months Post Treatment  Post Treatment
IFN + adjuvant 410 7/10 710 7/10
(40%) (70%) (70%)* (T0%)
IFN + placebo 10V18 6/18 2/18 2/18
(55.5%) (33.3%) (11.1%)* (11.1%)
*SVR
These results show that: (1) the adjuvant agent enhanced

the therapeutic effect of IFN: and (2) the recurrence of hepa-
titis C was lower in the group treated with the adjuvant agent
than the placebo group.

2. Clinical Trial #2

A total 20 patients infected with hepatitis C were treated
with interferon-c. 2A (ROFERON-A, Roche, “IFN™) at 3
MU, three times a week subcutaneously and ribavirin
(COPEGUS, Roche, “ribavirin™) at 1000 mg, twice a week
for 6 months. All patients recruited in this study had not been
previously treated with ROFERON-A or COPEGUS. On the
second week, the patients were randomly assigned into two
groups treated with the adjuvant agent of the invention at
3180 mg (about 70% to 80% (w/w) of Hirsutella sinensis
mycelia, about 10% to 20% (w/w) of Astragalus membrana-
ceus extract, and about 5% to 10% of zinc) per day (N=8) or
placebo (N=12, adjuvant agent in which the active raw mate-
rials were replaced with microcrystalline cellulose) concur-
rently with ROFERON-A and COPEGUS until the treatment
was completed. The patients were examined again in follow-
up visits at 6 and 12 months.

Serum samples from each patient were analyzed for the
presence of HCV RNA as discussed above. Table 11 summa-
rizes the results for these patients (“response” is defined as the
percentage of patients who showed no detectable levels of
HCV RNA).

TABLE 11

Patients showing no detectable levels of HCV RNA after treatment
with IFN and ribavirin with adjuvant agent of the invention or placebo

Response

6 Months Post 12 Months Post
Group 3 Months 6 Months Treatment Treatment
IFN + 38 78 8 T8
ribavirin + (7.5%) (87.5%) (87.5%)* (87.5%)
adjuvant
IFN + 012 212 212 0/12
ribavirin + 0%)  (16.7%) (16.7%)* (P}
placebo
*SVR

These results show that: (1) the adjuvant agent enhanced
the therapeutic effect of the combination therapy of IFN and
ribavirin; (2) the recurrence of hepatitis C was lower in the
group treated with the adjuvant agent than the placebo group:
(3) in the group treated with adjuvant agent, the patients who
exhibited an SVR remained HCV-free for one year after the
treatment was completed; and (4) ribavirin did not appear to
improve the therapeutic effect for hepatitis C in this study.

3. Clinical Trial #3

A total 32 patients infected with hepatitis C were treated
with interferon-c. 2A (ROFERON-A. Roche, “IFN™) at 3
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MU, three times a week subcutaneously and ribavirin
(COPEGUS. Roche, “ribavirin™) at 1000 mg, twice a week
for 6 months. All patients recruited in this study had not been
previously treated with ROFERON-A or COPEGUS. On the
second week., the patients were randomly assigned into two
groups and either treated with the adjuvant agent of the inven-
tion at 3180 mg (about 70% to 80% (w/w) of Hirsutella
sinensis mycelia, about 10% to 20% (w/w) of Astragalus
membranaceus extract, and about 5% to 10% of zinc) per day
(N=16) or placebo (N=16, adjuvant agent in which the active
raw materials were replaced with microcrystalline cellulose)
concurrently with ROFERON-A and COPEGUS until the
treatment was completed. The patients were examined again
in follow-up visits at 6 and 12 months.

Serum samples from each patient were analyzed for the
presence of HCV RNA as discussed above. Table 12 summa-
rizes the results for these patients. “Recurrence” is defined as
patients who exhibited undetectable levels of HCV RNA at
the end of conventional treatment but exhibited detectable
levels of HCV RNA at 6 months post conventional treatment
(“response” is defined as the percentage of patients who
showed no detectable levels of HCV RNA).

TABLE 12

Patients showing no detectable levels of HCV RNA after treatment
with IFN and ribavirin with adjuvant agent of the invention or placebo

Response

6 Months Post

Group 3 Months 6 Months Treatment Recurrence
IFN + 16/16 (100%) 16/16 15716 (64%)*  1/16 (6%)
ribavirin + (100%)

adjuvant

IFN + LOV16 (63%) 10/16 316 (19%)*  7/16 (44%)
ribavirin + (63%)

placebo

*SVR

Table 13 summarizes the adverse events observed for these
patients. The percentages indicate the number of patients who
experienced a particular adverse event during the treatment
period.

TABLE 13

Patients experiencing an adverse event during treatment with INF and
ribavirin with adjuvant agent of the invention or placebo

INF + Ribavirin + INF + Ribavirin +

Adverse Event Adjuvant Placebo
Fever, headache, myalgia 83% 90%
Fatigue 75% 5%
Arthralgia 83% 75%
Irregular bowel movement 63% 83%
Mild hair loss 56% 63%
Rash 69% 69%
Depression 63% 69%
[rritability 13% 19%
Insomnia 75% 83%
Weight loss 56% 90%
Anemia
10 g/dl < hemoglobin < 11 g/dl 31% 36%
9 g/dl = hemoglobin < 10 g/dl 6% 13%
Hemoglobin < 9 g/dl 6% 0%
Leukopenia
3,000/UL < leukocytes < 3,500/UL 19%% 31%
2,500/UL < leukocytes, 3,000/UL 0% 0%
Leukaocytes < 2,500/UL 1% 6%
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Taken together, these results show that: (1) the combina-
tion therapy of interferon, ribavirin, and the adjuvant agent
increased the sustained virological response rate and
decreased the rate of relapse of hepatitis C; and (2) the adju-
vant agent decreased several of the adverse events caused by
conventional treatment with interferon and ribavirin, such as
irregular bowel movement, weight loss. anemia and leukope-
nia.

E. Hepatitis C Clinical Trials 4 and 5

Two open label clinical trials were conducted to examine
the effects of the adjuvant agent of the invention comprising
Paecilomyces hepiali mycelia and Astragalus membranaceus
extract for treating hepatitis C patients. For trial 4, patients
were treated with interferon c-2a with ribavirin and the adju-
vant agent described above for 24 weeks. and then with the
adjuvant agent without ce-interferon and ribavirin for another
24 weeks. For trial 5, the patients were assigned into two
groups. The two groups were treated with or without (control
group) the adjuvant agent of the invention concurrently with
peginterferon a.-2a and ribavirin for 24 weeks, and then with
or without (control group) the adjuvant agent without a-in-
terferon and ribavirin for another 24 weeks. Blood samples
were collected and any side effects were documented
throughout the experiment period. The dependent variables
examined were: (1) blood chemistry: WBC, hemoglobin,
platelet, BUN, creatinine. SGOT/SGPT, and HCV-RNA: and
(2) occurrence of side effects.

1. Clinical Trial #4

A total 32 patients infected with hepatitis C were treated
with interferon-a2 A (ROFERON-A, Roche, “IFN™)at 3 MU,
three times a week subcutaneously and ribavirin (COPEGUS,
Roche. “ribavirin™) at 1000 (if body weight was <75 kg) or
1200 mg (if body weight was =75 kg) daily. All patients
recruited in this study had not been previously treated with
ROFERON-A or COPEGUS. The patients were infected with
HCV genotype 1b (N=24) or HCV genotype 2a+2b (N=8).
The patients were treated with the adjuvant agent of the
invention at 3180 mg (about 70% to 80% (w/w) ol Paecilo-
myees hepiali mycelia, about 10% to 20% (w/w) of Astraga-
lus membranaceus extract, and about 5% to 10% of zinc) per
day concurrently with ROFE RON-A and COPEGUS for 24
weeks (3 months), and then with the adjuvant agent without
ROFERON-A and COPEGUS for another 24 weeks (6
months) until the treatment was completed. The patients were
examined again in a follow-up visit at 6 months (“6 months
post INF treatment™).

Serum samples from each patient were analyzed for the
presence of HCV RNA as discussed above. Table 14 summa-
rizes the results for these patients (“response” is defined as the
percentage of patients who showed no detectable levels of
HCV RNA).

TABLE 14

Patients showing no detectable levels of HCV RNA after treatment
with IFN and ribavirin and adjuvant agent of the imvention

Response

6 Months Post INF

HCV Genotype 3 Months 6 Months Treatment

b 21/24 (87.5%) 19/24 (79.2%) 12/24 (50%)*
2a+2b R/8 (100%) &/8 (100%) 7/8 (87.5%)*
*SVR

Table 15 summarizes the undesirable effects for these
patients. The percentages indicate the number of patients that
experienced a particular adverse event during the first and
sixth months of treatment.
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TABLE 15

Patients experiencing an adverse event during treatment with INF

and ribavirin and adjuvant agent of the invention or placebo

Effect 1* Month 6" Month
Fever 97% 0%
Fatigue 94% T2%
Rigors 60% 0%
Nausea, Vomiting 9% 3%
Myalgia B1% 34%
Asthenia 59% 0%

Table 16 compares the anemia and leucopenia side effects
for these patients to those listed in the REBETOL package
insert for treatment with REBETOL and interferon o without
the adjuvant composition of the invention. The percentages
indicate the number of patients that experienced a particular
adverse event during the treatment period.

TABLE 16

Patients experiencing anemia or leucopenia adverse events after
treatment with IFN and ribavirin and the adjuvant agent of
the invention

Effect REBETOL Package Insert  Clinical Trial Patients
Hemoglobin 14% 9.4%
concentration
<10 mg/dl

WRBC
WHO grade 3 21% 0%
(1000-1999 cells/pl)
WHO grade 4 % 0%

(<1000 cells/yl)

These results show: (1) the combination therapy of inter-
feron, ribavirin, and the adjuvant agent increased the sus-
tained virological response rate for hepatitis C genotypes 1b
and 2a+2b compared to published trial results of 36% for
genotype 1b and 59% for genotype 2a+2b over a treatment
period of 48 weeks, from Roche’s package insert of ROF-
ERON-A: and (2) the adjuvant agent exhibits a trend towards
reducing some of the side effects caused by conventional
treatment comprising interleron and ribavirin.

2. Clinical Trial #5

A total 37 patients infected with hepatitis C were treated
with pegylated interferon-a 2A (PEGASUS, Roche, “Peg-
TFN™) at 180 meg. once per week subcutaneously and ribavi-
rin (COPEGUS, Roche, “ribavirin™) at 1000 (if body weight
was <75 kg) or 1200 mg (if body weight was =75 kg) daily. All
patients recruited in this study had not been previously treated
with PEGASUS or COPEGUS. The patients were assigned
into two groups. The two groups were treated with or without
the adjuvant agent of the invention at 3180 mg (about 70% to
80% (w/w) of Paecilomyces hepiali mycelia, about 10% to
20% (wiw) of Astragalus membranaceus extract, and about
5% to 10% of zinc) per day concurrently with PEGASUS and
COPEGUS for 24 weeks, and then with (N=20) or without
(N=17) the adjuvant agent without PEGASUS or COPEGUS
for another 24 weeks.

FIG. 2 summarizes the response rates for these patients.
The figure shows the SVR for in patients infected with HCV
genotypes 1b and 2a+2b with and without adjuvant.

These results show that the combination therapy of peg-
interferon a-2a, ribavirin, and the adjuvant agent of the inven-
tion increased the sustained virological response rate for
hepatitis C genotype 1b by 22% (from 55% to 77%) and by
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17% (from 83% to 100%) for genotypes 2a+2b compared to
peg-interferon and ribavirin alone.

F. Hepatitis B Experiment

The hepatitis B virus producing cell lines. 1.3ES8 and
HepG2.2.15, which express the adw and ayw genotypes of
Hepatitis B, respectively, were used to evaluate the effect of
the mycelia of the invention on the levels of HBs and HBe
surface antigens. The 1.3ES8 and HepG2.2.15 cell lines are
human hepatoma cells that have been stably transfected with
the HBV genome (see Journal of Virology, 2005 February:
79(3): 1813-1823, and Journal of Virology, 2003 May: 77(9):
5503-5506). These cells produce infectious HBV viral par-
ticles and secrete the HBV HBs and HBe antigens into the
culture medium.

The 1.3ES8 and HepG2.2.15 cells were cultured for two
and four days (day 2 and day 4), respectively, with or without
the adjuvant agent of the invention (200 pg/ml in DMSO)
(about 70% to 80% (w/w) of Paecilomyces hepiali mycelia,
about 10% to 20% (w/w) of Astragalus membranaceus
extract, and about 5% to 10% of zinc). The culture medium
was collected and stored at —=20° C. for testing. 50 ul of the cell
culture media was added to ELISA plates coated with anti-
HBs or anti-HBe and analyzed according to manufacturer’s
instructions (SURASE B-96 (TMB) (GENERAL BIOLOGI-
CALS, 45GE3) was used for HBs measurement, and EASE
BN-96 (TMB) (GENERAL BIOLOGICALS, 4BNE3) was
for HBe measurement). Briefly, the plates were incubated at
40° C. for 2 hours for the HBs test, or at 40° C. overnight for
HBe test. The wells were washed six times with washing
buffer and peroxidase conjugated antibody was added. 50 ul
of anti-HBs-peroxidase and 100 pl of anti-HBe-peroxidase
was added, respectively. Alter a 1 hour incubation at 40° C.,
the wells were washed six times with washing buffer. 100 ul
of tetramethylbenzidine (TMB) substrate was added and the
plates were incubated in the dark for 30 minutes. Finally, 100
ul of 2M H,S0, was added to stop the reaction. The absor-
bance was read at a wavelength of 450 nm in an ELISA plate
reader.

Table 17 summarizes the results of these experiments.
“Inhibition rate” refers to the ability of the adjuvant agent of
the invention to inhibit the secretion of HBs and HBe antigen
by the 1.3ES8 and Hep(52.2.15 cells (percentages indicate the
amount of inhibition relative to control cells that were not
treated with the adjuvant agent of the invention).

TABLE 17

Relative level of inhibition of HBV surface antigen expression in
cells treated with adjuvant agent of the invention

Inhibition Rate
Day 2 Day 4
HepG2.2.15 HepG2.2.15
1.3ES8 Cells Cells 1.3ES8 Cells Cells
HBs antigen 22% % 22% 20%
HBe antigen 62% 0% 62% 26%

These results show that the adjuvant agent of the invention
inhibits secretion of hepatitis B HBs and HBe antigens. The
results also show that the adjuvant agent has greater inhibi-
tory effects in 1.3ES8 cells than in HepG2.2.15 cells. Thus,
the data demonstrate that the adjuvant agent of the invention
has a greater anti-viral effect on the adw genotype of hepatitis
B than the ayw genotype.

Based on the in vitro, in vivo, and human studies described
above, it is clear that Cordyeeps sinensis fermentation prod-
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ucts have a number of beneficial therapeutic uses. The bioas-
say studies revealed that Cordveeps sinensis fermentation
products produced by the method of the invention show much
higher potency for immune-stimulation than mycelia from
other sources. In addition, potency can be enhanced by adding
Astragalus membranaceus extracts to the Cordyceps sinensis
fermentation products. The bioassay studies also indicate that
the adjuvant agents of the invention comprising Cordyeeps
sinensis fermentation products have a strong ability to kill
hepatitis C virus in human liver cells in vitro. The human
studies confirm these in vitro and in vivo results by demon-
strating that the adjuvant agent of the invention not only
increases the cure rate of HCV patients treated with conven-
tional treatment, but also decreases the adverse effects caused
by conventional treatments. Thus, the adjuvant agents of the
invention have novel and non-obvious therapeutic utility.

The invention claimed is:

1. A method for producing Cordveeps sinensis fermenta-

tion product comprising:

(a) inoculating a plate culture comprising solid nutrient
medium with at least one strain of Cordyveeps sinensis
and incubating the inoculated plate culture at about 18°
C. to about 28° C. for about 4 to 8 days:

(b) inoculating a first seed culture comprising liquid nutri-
ent medium with at least a portion of the inoculated plate
culture from step (a) and incubating the first seed culture
at about 18° C. to about 28" C. for about 2 to 4 days:

(c) inoculating a second seed culture comprising liquid

nutrient medium with at least a portion of the inoculated 3

plate culture from step (b) and incubating the second
seed culture at about 18° C. to about 28° C. for about 2
to 3 days:

(d) inoculating a fermentation culture comprising liquid
nutrient medium with a least a portion of the incubated
seed culture from step (c) and incubating the fermenta-
tion culture at about 18° C. to about 28° C. forabout 1 to
3 days: and

(e) recovering the Cordyeeps sinensis fermentation prod-
uct from the incubated fermentation culture of step (d).
wherein the nutrient media in steps (a) through (d) each
comprise: about 0.001% to about 0.01% (w/w) copper
and about 0.0003% to about 0.003% (w/w) selenium.

2. A pharmaceutical composition comprising a Cordyceps

sinensis fermentation product produced by a method com-
prising:

(a) inoculating a plate culture comprising solid nutrient
medium with at least one strain of Cordyeeps sinensis
and incubating the inoculated plate culture at about 18°
C. to about 28° C. for about 4 to 8 days:

(b) inoculating a first seed culture comprising liquid nutri-
ent medium with at least a portion of the inoculated plate
culture from step (a) and incubating the first seed culture
atabout 18° C. to about 28° C. for about 2 to 4 days:

(¢) inoculating a second seed culture comprising liquid
nutrient medium with at least a portion of the inoculated
plate culture from step (b) and incubating the second
seed culture at about 18° C. to about 28° C. for about 2
to 3 days;

(d) inoculating a fermentation culture comprising liquid
nutrient medium with a least a portion of the incubated
seed culture from step (¢) and incubating the fermenta-
tion culture at about 18° C. to about 28° C. for about 1 to
3 days: and

(e) recovering the Cordveeps sinensis fermentation prod-
uct from the incubated fermentation culture of step (d).
wherein the nutrient media in steps (a) through (d) each
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comprise: about 0.001% to about 0.01% (w/w) copper
and about 0.0003% to about 0.003% (w/w) selenium;
and a pharmaceutically acceptable carrier.

3. A method for treating a patient infected with or exposed
to hepatitis C comprising administering effective amounts of:

the composition of claim 2:

an interferon; and

a guanosine analog:

to a patient in need thereof.

4. The method of claim 3, further comprising administer-
ing an effective amount of an extract from Astragalus mem-
branaceus.

5. A method for treating a patient infected with or exposed
to hepatitis B. comprising administering a therapeutically
effective amount of the composition of claim 2 to a patient in
need thereof.

6. A method for producing Cordveeps sinensis fermenta-
tion product comprising:

(a) inoculating a plate culture comprising solid nutrient
medium with at least one strain of Cordyceps sinensis
and incubating the inoculated plate culture at about 18°
C. to about 28° C. for about 4 to 8 days;

(b) inoculating a first seed culture comprising liquid nutri-
ent medium with at least a portion of the inoculated plate
culture from step (a) and incubating the first seed culture
at about 18° C. to about 28° C. for about 2 to 4 days:

(c) inoculating a second seed culture comprising liquid
nutrient medium with at least a portion of the inoculated
plate culture from step (b) and incubating the second
seed culture at about 18° C. to about 28° C. for about 2
to 3 days:

(d) inoculating a fermentation culture comprising liquid
nutrient medium with a least a portion of the incubated
seed culture from step (¢) and incubating the fermenta-
tion culture at about 18° C. to about 28° C. forabout 3 to
7 days: and

(e) recovering the Cordveeps sinensis fermentation prod-
uct from the incubated fermentation culture of step (d).
wherein the method does not comprise additional cul-
ture steps between steps (a) and (b). (b) and (c), and/or
(c) and (d), and wherein the nutrient media in steps (a)
through (d) each comprise: about 0.001% to about
0.01% (w/w) copper and about 0.0003% to about
0.003% (w/w) selenium.

7. A pharmaceutical composition comprising a Cordyeeps
sinensis fermentation product produced by a method com-
prising:

(a) inoculating a plate culture comprising solid nutrient
medium with at least one strain of Cordyveeps sinensis
and incubating the inoculated plate culture at about 18°
C. to about 28° C. for about 4 to 8 days;

(b) inoculating a first seed culture comprising liquid nutri-
ent medium with at least a portion of the inoculated plate
culture from step (a) and incubating the first seed culture
at about 18° C. to about 28 C. for about 2 to 4 days:

(c) inoculating a second seed culture comprising liquid
nutrient medium with at least a portion of the inoculated
plate culture from step (b) and incubating the second
seed culture at about 18° C. 1o about 28° C. for about 2
to 3 days:

(d) inoculating a fermentation culture comprising liquid
nutrient medium with a least a portion of the incubated
seed culture from step (¢) and incubating the fermenta-
tion culture at about 18° C. to about 28° C. for about 3 to
7 days; and

(e) recovering the Cordyveeps sinensis fermentation prod-
uct from the incubated fermentation culture of step (d),
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wherein the method does not comprise additional cul-
ture steps between steps (a) and (b). (b) and (c). and/or
(c) and (d). and wherein the nutrient media in steps (a)
through (d) each comprise: about 0.001% to about
0.01% (w/w) copper and about 0.0003% to about
0.003% (w/w) selenium: and a pharmaceutically accept-
able carrier.

8. A method for treating a patient infected with or exposed
to hepatitis C comprising administering effective amounts of:

the composition of claim 7;

an interferon; and

a guanosine analog:

to a patient in need thereof.

9. The method of claim 8. further comprising administer-
ing an effective amount of an extract from Astragalus mem-
branaceus.

10. A method for treating a patient infected with or exposed
to hepatitis B, comprising administering a therapeutically
effective amount of the composition of claim 7 to a patient in
need thereol.

11. An adjuvant composition for use with a conventional
therapy for treating a patient infected with or exposed to
hepatitis C comprising:

about 50% to about 90% (w/w) of a Cordveeps sinensis

fermentation product: and about 10% to about 50%
(w/w) of an Astragalus membranaceus extract; and

a pharmaceutically acceptable carrier,

wherein the adjuvant composition enhances the sustained

virological response of the convention therapy. and

wherein the Cordyceps sinensis fermentation product is 3

produced by a method comprising:

(a) inoculating a plate culture comprising solid nutrient
medium with at least one strain of Cordyeeps sinensis
and incubating the inoculated plate culture at about 18°
C. to about 28° C. for about 4 10 8 days:

(b) inoculating a first seed culture comprising liquid nutri-
ent medium with at least a portion of the inoculated plate
culture from step (a) and incubating the first seed culture
at about 18° C. to about 28° C. for about 2 to 4 days:

(c) inoculating a second seed culture comprising liquid
nutrient medium with at least a portion of the inoculated
plate culture from step (b) and incubating the second
seed culture at about 18° C. to about 287 C. for about 2
to 3 days;

(d) inoculating a fermentation culture comprising liquid
nutrient medium with a least a portion of the incubated
seed culture from step (¢) and incubating the fermenta-
tion culture at about 187 C. to about 28° C. forabout 1 to
3 days; and
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(e) recovering the Cordyeeps sinensis fermentation prod-
uct from the incubated fermentation culture of step (d).
wherein the nutrient media in steps (a) through (d) each
comprise: about 0.001% to about 0.01% (w/w) copper
and about 0.0003% to about 0.003% (w/w) selenium.

12. The composition of claim 11, wherein the Cordvceps
sinensis is Paecilomyces hepiali.

13. The composition of claim 11, further comprising zinc.

14. The composition of claim 13, wherein the concentra-
tion of Cordveeps sinensis fermentation product is about 70%
to about 80% (w/w). the concentration of Astragalus mem-
branaceus extract is about 10% to about 20% (w/w), and the
concentration of zinc is about 5% to about 10%.

15. A method for treating a patient infected with or exposed
to hepatitis C comprising administering effective amounts of’

the composition of claim 11;

an interferon: and

a guanosine analog:

to a patient in need thereof.

16. The method of claim 15, wherein the interferon is a
pegylated interferon-c. 2A and the guanosine is ribavirin.

17. The method of claim 15, wherein the composition of
claim 11, the interferon, and the ribavirin are administered
simultaneously.

18. The method of claim 15, wherein the composition of
claim 11, the interferon, and the ribavirin are administered
sequentially.

19. The pharmaceutical composition of claim 2, wherein
the nutrient media in steps (a) through (d) each further com-
prise: about 0.01% to about 0.2% (w/w) manganese and/or
about 0.01% to about 0.2% (w/w) iron and/or about 0.02% to
about 0.2% (w/w) cobalt and/or about 0.05% to about 0.5%
(w/w) calcium and/or zine.

20. The pharmaceutical composition of claim 7, wherein
the nutrient media in steps (a) through (d) each further com-
prise: about 0.01% to about 0.2% (w/w) manganese and/or
about 0.01% to about 0.2% (w/w) iron and/or about 0.02% to
about 0.2% (w/w) cobalt and/or about 0.05% to about 0.5%
(w/w) calcium and/or zinc.

21. The adjuvant composition of claim 11, wherein the
nutrient media in steps (a) through (d) each further comprise:
about 0.01% to about 0.2% (w/w) manganese and/or about
0.01% to about 0.2% (w/w) iron about 0.02% to about 0.2%
(w/w) cobalt and/or about 0.05% to about 0.5% (w/w) cal-
cium and/or zinc.
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