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57 ABSTRACT

Methad for preparing high signal strength promaters
and terminators and DNA compositions employing
such promoters and terminators. TS phage is cleaved to
provide for DNA sequences having intact promoiers.
These promoters are inserted into vectors separated
from a balanced terminator by 2 gene of interest and the
terminator is desirably followed by a marker allowing
far selection of transformants. High efficiencies in tran-
scription of DNA can be achieved with the highly ac-
tive TS promoters. The promoters and terminators are
used in hybrid DNA for efficient expression of struc-
tural genes and transcription to provide RNA sequen-
ces.

15 Claims, 1 Drawing Figure
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CLONED HIGH SIGNAL STRENGTH
PROMOTERS

The government has rights in the invention pursuant
to Grant Nos. Al 08619 and GM 27241 awarded by the
National Institute of Health.

The research was supported in part by a grant from
the Deutsche Forschungsgemeinschaft.

BACKGROUND OF THE INVENTION

1. Field of the Inveation
Having established the feasibility of producing 3 wide

variety of naturally occurring and synthetic polypep- .

tides by means of hybrid DNA technology, there are
continuing and extensive efforts to provide for more
efficient and economic methods for producing the poly-
peptides. In developing a process for the commercial
production of polypeptides, many factors will be in-
volved in optimizing the economic and efficient pro-
duction of the polypeptides. Included among these fac-
tors are regulatory signals, which are DNA sequences
involved with the regulation of replicaton, transcription
and translation.

One area of interest is at the level of transcription,
Transcription involves the enzyme RNA polymerase.
The RNA polymerase binds to a site aglled & promoter.
It has been observed that promoters vary in their activ-
ity, as evidenced by the number of initiations of RNA
per unit time or the strength of binding of the enzyme to
the promoter site. The promoter may have one or more
sequences that bind, which may or may not be contigu-
ous. The more active promoters are referred to as
strong promoters.

It was found that when introducing a strong pro-
moter into a vector and émploying the resulting plasmid
for transformation, one could not select transformants
based on expression of markers which allowed for selecw
tion. Therefore, cloning of the strong promoters was
not feasible. It is therefore desirable that methods be
provided which would allow for the screening of strong
promoters and terminators and their subsequent cloning
to be used in conjunction with the replication, transcrip-
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tion and translation ‘of the genes for production of 45

DNA, RNA, and polypeptides.

2. Description of the Prior Art

Promoters from bacterial and viral sources have been
cloned in E. cofl, and their signal strength in vitro has
been studied using expression from distal promoterless
sequences encoding B-galactosidase or other proteins
(Casadaban and Cohen (1980} J. Mol. Biol 138, 179-207;
West and Rodriguez (1980)-Gene 9, 175-193). Attempts
to clone small DNA fragments carrying the strong
promoters of bacteriophage TS5 have been unsuccessful
{v. Gabain and Bujard (1979) PNAS USA 76, 189, 193),
Fragments of T3 DNA having both a strong promoter
and a strong lermination signal have been cloned.
(Breunig (1979) Dissertation (Universitat Heidelberg,
Heidelberg, Germany)) Analysis has shown that tran-
scriptional regions of several E. colf plasmids are orga-
nized in uvnits where initiation and termination signals;
are balanced. (Stuber and Bujard (1981} PNAS USA 78:
167-171) Pzsand Pag promoters of the T5 bacteriophage
are reported as among the most efficient RNA polymer-
ase binding sequences. (Stuber et al (1978) Mol. gen.
Genet. 166 141-149; Niemann (I981) Diplomarbeit
(Universitat Heidelberg, Heidelberg, Germany)).
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SUMMARY OF THE INVENTION

Methods for cloning, sequencing and using strong
promoters and terminators are provided, as well as
compositions resulting from the methods. By cleaving
T35 phage and selecting fragments specifically binding
to RNA polymerase, fragments containing promoters
are isolated. A vector is constructed having a strong
promoter, followed by a DNA sequence of interest,
optionally followed by one or more translational stop
codons in one or more reading frames, followed by a
balanced terminator, followed by a marker allowing for
selection of transformants. Upon introducing the result-
ing plasmid into a microorganism host, efficient tran-
seription of the gene is obtained with substantially lesser
expression of the marker as compared to the gene. The
level of expression of the marker permits selection of
transformants having the above described construct.
The construct or regulatory portions thereof are used
for efficient transcription of RNA or gene expression.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 115 a flow chart of the preparation of a plasmid
for cloning strong promoters and terminators.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

Methods and compositions are provided for prepar-
ing and cloning strong promoter and terminator regula-
tory signals and utilization of the strong regulatory
sequences in the transcription and expression of genes of
interest.

Particularly, TS phage promoters are isolated, cloned
in conjunction with a strong terminator, and appropri-
ate vectors developed for insertion of DNA sequences
of interest, usually structual genes, to provide for high
and efficient transcription and/or expression of the
sequence.

The compositions of this invention are characterized
as having in the downstream direction of transcription
the following units: a strong T3 phage promoter; op-
tionally a structural gene which may be a marker; a
balancing terminator; and optionally a marker allowing
for selection of transformants containing the construct,
which marker has a relatively low level of expression in
comparison with the amount of RNA polymerase initia-
tion at the promoter. In the absence of a promoter in the
construct, the construct can be used for the cloning and
characterization of promoters of different strengths.

In referring to strong promoters, it is intended that
the binding affinity of RNA polymerase is stronger than
the commonly employed promoters such as lac and up
and at least comparable to and normally greater than
the combination of lac and trp promoters. For the most
part, the strongest promoters among prokaryotes are
the T3 phage promoters and these will be employed as
exemplary of naturally occurring or synthetic strong
promoters. Itis to be understood, that other prokaryotic
and cukaryotic promoters, either naturally occorring or
synthetic, could find application in the subject inven-
tion.

The compositions of this invention will include linear
segments for insertion of DNA having the strong regu-
latory signal sequences (i.e., the promoter and termina-
tor) adjacent opposite ends of the linear segment and
plasmids formed by introducing a DNA sequence from
a source other than the source of the promoter as a
bridge between the strong regulatory signal sequences.
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The termini may be blunt or staggered ended, baving
the same or different termini to allow for directed posi-
tioning of inserted sequences.

The compositions which are employed as already
indicated have a promoter, a balanced terminator, and
desirably 2 marker which are in the direction of tran-
scription when the signal sequences are joined. The
terminator is balanced, so that a small but useful amount
of expression of the marker can occur. Normally, in
most situations, a gene will bridge the promoter and
terminator to provide circular DNA. The gene may be
a non-structural gene or a structural gene providing
RNA eg. ribosomal or messenger, or providing a
poly(amino acid). .

Desirably, the gene is followed by one or a plurality
of translational stop codons e.g. ocop or nonsense co-
dons, or preferably a plurality, usually up to about six,
more usually from about two to five, where there is at
least one stop codon in each reading frame. The stop
codons aid in the efficiency of termination, both at the
level of transcription and. expression.

Next in the direction of transcription is the terminator
sequence. The terminator sequence is balanced with the
promoter in the sense that the marker is transcribed not
more than about one-fourth of the times that a géne
upstream from the terminator is transcribed, where both
genes are under the control of the same promoter. Usu-
ally, it will be desirable that a sufficient amount Of the
marker is transcribed to allow for selection of transfor-
mants. In view of the fact that the marker is transcribed
from a strong promoter, it will usually be sufficient that
the marker is transcribed in relation to the transcription
of the gene intermediate the promoter and terminator in
only about 1 to 20, usually only 5 to 15 number % of the
gene. The strength of the promoter is reflected in the
level of expression of the marker which is transcribed
from the same promoter as the gene whosa expression is
desired.

In addition to the DNA sequences indicated above,
there will normally be other regulatory signals neces-
sary for expression involved with the DNA sequence,
such as translational start and stop sites. In addition to
the foregoing regulatory signals, other regulatory sig-
nals may be included, such as additional promoters,
operators, initiators, catabolite activator protein binding
sites, etc. Furthermore, the promoter and terminator
may be separated by more than one gene, that is, a
plurality of genes, including multimers and operons.

The above DNA sequence construct will have a
replicating system or be.cleaved and be inserted into a
vector to provide a plasmid. The vector is distinguished
by having one or more DNA sequences which serve to
insure stable replication of the plasmid and may also
provide opportunities for high copy numbers of the
plasmid in the microorganism host. The vectors may be
derived from chromosomal or extrachromosomal
sources. The sources include plasmids, viruses (phage),
chromosomes, or the fike. In addition, the vector or the
essential portions thereof may be prepared syntheti-
cally.

The plasmids may then be used for transformation of
an appropriate microorganism host. Meéthods of intro-
ducing DNA into an appropriate host are well known.
lustrative of such methods, but not exhaustive of such
methods, are transformation e.g. calcium shock, trans-
fection, and conjugation. Descriptions of these methods
may be found in Genetic Engineering, ed. Setlaw and
Hotllaender, Vol. 1, Plenum Press, New York and Lon-
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don, 1979; Molecular Cloning of Recombinant DNA,
ed. Scott and Werner, Vol. 13, Academic Press, Inc.
New York, 1973, and references cited therein.

In order to allow for flexibility in preparing the con.
struct and selfireplicating sequence or plasmid contain-
ing the construct restriction sites should be present to
allow for unique insertions and isolation of the various
elements. The restriction sites may be naturally present,
introduced by linkers, result by partial sequential nucle-
otide removal from a chain using an exonuclease, or the
like. Desirably, the restriction sites will provide for
different ends to permit only the proper orientation of
the inserted fragment.

A wide variety of structural genes are of interest for
production of proteins, including but not limited to
proteins of physiological interest, proteins as chemicals;
and enzymes which may be of direct interest or of inter-
est in transforming another product, which may be
proteinaceous or non-proteinaceous. The proteins may
be prepared as a single unit or as individual subunits and
then joined together in appropriate ways, Furthermore,
as appropriate, the protein products may be modified by
glycosylation, acylation with aliphatic acids, e.g. lipid
acids, phosphorolation, sulfonation or the like. The
different classes of proteins which may be prepared
inciude protamines, histones, albumins globulins, sclero-
proteins, phosphoproteins, mucoproteins, chromopro-
teins, lipoproteins, nucleoproteins, anid the remaining
proteins which are unclassified.

The following is a represernitative list of proteins of
interest. _ )
Insulin; growth hormone; interferon e.g. leukocyte,

tumphoblastoid, T-immune and fibroblast; 8-lipotro-

pin; B-endorphin; dynorphin; histocompatability pro-
teins; immunoglobulins e.g. IgA, IgD, IgE, 1gG and
1gM and fragments thereof; hemoglobin, somatome-
dins; lymphokines; growth factors e.g. epidermal,
fibroblast, platelet-derived, multiplication stimulating

and nerve; hematoporetic-stimulating factors e.g.

erythropoietin, colony-stimulating, erythroid poten-

tating activity or burst-promoting activity and lym-
phopoietins; albumin and prealbumin;

Prealbumin

Albumin
a-Lipoprotein
a-Acid glycoprotein
a-Antitrypsin
a-Glycoprotein

Transcortin
" 4.68-Postalbumin

Tryptophan-poor
ar-glycoprotein
ap-yx-Glycoprotein

Thyroxin-binding globulin

Inter-a-trypsin-inhibitor

Ge-globulin:

(Ge 1-1),
(Ge 2-1),
{Gc 2-2),
Haptoglobin:
(Hp I'I):
(Hp 2'1)»
(Hp 2-2),

Ceruloplasmin

Cholinesterase
az-Lipoprotein(s)
ax-Macroglobulin
az-HS-Glycoprotein
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Zn-ay-glycoprotein
az-Neuramino-glycoprotein
Erythropoietin
B-lipoprotein
Transferrin
Hemopexin
Fibrinogen
Plasminogen
ay-glycoprotein 1
az-glycoprotein II
Immunoglobulin G
(1gG) or yG-globulin
Moal. formula:
¥aK2 OF Y2A2
Immunoglobulin A (IgA) or yA-globulin
Mol. formula:
{azx2)” or (a2A2)”
Immunoglebulin M (IgM} or yM-globulin
Mol. formula:
(uaka)® or (p2Ap)
Immunoglobulin D (IgD) or yD-Globulin (yD}
Mol. formula:
{(821¢2) or {82A7)
Immunoglobulin E (IgE) or yE-Globulin (YE)
Mol. formula:
{eak) or (€2A2)
Free light chains
Complement factors:
<1
C1q
C'r
C'1s
2
c'3
BiA
aD
C'4
c's
C'6
oy}
'8
C9.
Important protein hormones include:

Peptide and Protein Hormones

Parathyroid hormone: {parathormone)

Thyrocalcitonin

Insulin

Glucagon

Relaxin

Erythropoietin

Melanotropin: (Melanocyte-stimulating hormone; inter-
medin)

Somatotropin: {(growth hormone)

Corticotropin: {(adrenocorticotropic hormone)

Thyrotropin

Follicle-stimulating hormone

Leuteinizing hormone: (interstitial cell-simulating hor-
mone)

Luteomammotropic hormone: {Luteotropin, prolactin)

Gonadotropin: {chorionic gonadotropin).

Tissue Hormones

Secretin

Gastrin

Angiotensin T and II
Bradykinin

Human placental lactogen
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Peptide Hormones from the Neurohypophysis
Oxytocin
Vasopressin

Releasing factors (RF): CRF, LRF, TRF, Somatotro-
pin-R¥, GRF, FSHRF, PIF, MIF.

In addition to various non-enzymatic proteins of
physiological interest, enzymes can also be produced as
an end product or for intracellular transformation of a
substrate present in the host or substrate introduced
extracellularly, or for enzymatic transformation in vi-
tro.

In accordance with the LU.B. classification, the en-
zymes fall into varying categories such as 1. oxidore-
ductases; 2, transferases; 3. hydrolases; 4. lyases; 5. isom-
erases; 6. ligases. Enzymes of particular interest will be
hydrolases and oxidoreductases for use in commercial
processing, for example, hydrolases for hydrolysing
polysaccharides, lipids and polypeptides; oxidoreduc-
tases for oxidation of alcohols and aldehydes, epoxida-
tion, and the like.

The microorganism host may be bacteria, such as
Escherichia, Bacillus, Aerobacter, Klebsiella, Proteus,
Pseudomonas, Streptococcus, Staphylococcus, -Clo-
stridium, Mycobacterivm, Streptomyces and Actino-
myces; Fungt e.g. Gymnomycota, Dimastygomycota,
Enmycota, Zygomycetes, Ascomycetes and Basidomy-
cetes, such as, Candida, Aspergillus, Rhizobus, Micro-
sporum, and Fonsecaes; Protozoa e.g. Mastigophora,
Sarcodina, Sporozoa and Celiophora, such as, Trypano-
soma, Codosiga, Protospongra and Entameba, and Alga
e.g. Dinoflagellates, Euglenoids, and Diatoms.

Higher cells, e.g., mammalian, may also be employed
as hosts, where viral, e.g., bovine papilloma virus or
other DNA sequence is available which has plasmid-
like activity.

Depending upon the nature of the host, a wide vari-
ety of vectors may be employed. The vector will have
an intact replicon and be capable of replication in the
host. In addition, replicons can be developed which
may have one or more other regulatory signals. Regufa-
tory signals can include temperature sensitive replicons,
runaway-replication sequences, temperature sensitive
operators, and the like. Various additional DNA se-
quences may be present providing for restriction sites,
markers, termination sequences, or the like. Desirably,
the vector should be of a substantially different size
from the construct to allow for excision of the construct
and ease of separation of the construct from the vector
by molecuiar weight separation techniques e.g. electro-
phoresis and density gradient centrifugation.

The subject invention also provides for a technique
for screening the strength of promoters and terminators,
thus allowing for the determination of the use of a pro-
moter or terminator in a particular application, where it
may be desirable to have promoters Or termingators or
combinations thereof of varying strength. In screening
promoters and/or terminators one employs a promoter
or terminator of known activity, A DNA construct is
made having the sequence described previously, where
appropriate restriction sites are provided for introdune-
ing the various elements. The construct provides in the
direction of transcription the promoter, a first gene
marker, optionally termination codens, such as non-
sense codons and cop terminator, the terminator, and a
second gene marker. This DNA construct is inserted
into an appropriate vector. Where the promoter and
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terminator are propetly balanced, there will be a sub-
stantial differentiation between expression of the first
gene marker and expression of the second gene marker.
The ratio of expression between the first and second
marker will provide for a comparative evaluation of the
activity of the promoter or terminator, depending upon
which is of known value. Thus, one can degrade a DNA
sequence such as a chromosome, or an extrachromo-
somal element, such as a-plasmid or double minute,
isolate the promoters by selective binding with RNA
polymerase and insert the DNA fragments which bind
to the RNA polymerase into the previously described
construction. By deterraininig the relative proportion of
expression of the first and second gene markers, one can
determine the strength of promoters in relation to a
fixed terminator. Similarly, one can isolate DNA se-
quences having terminator sequences; insert the sequen-
ces into the above described construct at the appropri-
ate site and then measure the relative expression of the
two gene markers.

Various markers can be chosen for gvaluating the
relative activities of promoters and terminators. Conve-
niently, markers which allow for selection such as resis-
tance to-antibiotics, toxins or heavy metals can be used.
By varying the concentration of the selective agents in
the nutrient medivm, one. can determine the relative
proportions of the enzyme expressed by the genes in
relation to the growth of the host. Alternatively, one
can use growth factors e.g. having a gene which com-
plements 2 mutant gene in ap auxotrophic host, where
the gene expresses 2 product necessary for a biosyn-
thetic pathway. A third marker provides virus incom-
patibility, preventing plaque formation. Other markers
which allow for comparison will come readily to mind,

The terminators may be svaluated in the presence
and absence of rho, so that one: can determine the de-
pendency of the terminator on rho, as well as the effec-

‘tiveness of the terminator in relation to the concentra-

tion of tho.

The methods for preparing the subject compositions
will be conventional. The various DNA fragments and
sequences can be obtained from a variety of sources by
restriction mapping and endonuclease cleavage to pro-
vide fragments having the desired intact sequence or
gene. The fragments can be further processed employ-
ing endo- or exonucleases to remove nucleotides unre-
lated to desired regulatory sequences. or structural
genes. By appropriate choice of restriction enzymes,
cohesive or blunt ended fragments can be generated.
Furthermore, chains can be extended with single nucle-
otides or oligonucleotides, linkers can be added, or
otherwise processing to provide for termini having
desired properties.

Desirably, a vector is employed having appropriate
restriction sites, a competent replication system for the
intended host, and optionally one or more markers
which allow for selection, For hybrid DNA technology
it would be useful to have a plasmid having a snique
restriction site between a TS5 promoterand a terminator,
desirably having at least one stop codon on the up-
stream side of the terminator. In this manner, one or
more structural genes may be introduced between the
promoter and terminator.

As appropriate, downstream from the promoter, but
remaining proximal to the promoter, may be an opera-
tor, activator, ribosomal start signal sequence, or the
like, to allow for controlled expression of the inserted
gene(s).
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The strategy described above provides a vehicle
which can be used with one or more hosts for gene
expression, where the gene after processing in 2 prede-
termined way can be directly inserted into the vehicle
to provide a competent plasmid for expression of the
desired gene(s).

Atternatively, the gene(s) of interest may be ligated
to the appropriate regulatory signal sequences before
insertion into the vehicle. In this instance, only the
promoter and terminator regulatory signals need be
present.

To provide for enhanced flexibility, the region be-
tween the promoter and terminator may be designed so
as to provide for a plurality of restriction cleavage sites,
allowing for the introduction and removal of DNA
fragments without interruption of the remainder of the
vehicle. Thus, by having a plurality of unique restric-
tion sites or restriction sites limited to the region be-
tween the promoter and terminator in the downstream
direction of trauscription, regulatory signals and genes
may be readily inserted and removed.

Another strategy is to prepare 3 construct having all
of the desired DNA sequences for transcription and
expression in appropriate sequence, with the construct
having predetermined termini and inserting the con-
struct into an appropriate vector which has been linear-
ized to provide complementary termini,

in developing the construct, a vector will normally
be used in order to clope the various sequences. The
construct will allow for the insertion of the different
sequences in the correct direction and desirably only in
the proper orientation. Therefore, it will usually be
desirable to have the sequence and insertion site be
asymunetric in having different termini with the termini
of the sequence and insertion site being complementary.

The particular restriction enzymes will vary widely
with the various sequences, there being a large number
of restriction enzymes of known base or sequence
specificities commercially available.

The following examples are offered by way of iflus.
tration and not by way of limitation. ’

EXPERIMENTAL

Materials and Methods

Restriction endonucleases HindI¥I, Hincll, Sall,
BamHI and T4 Ligase were from New England Biolabs
{Beverly, Mass,, USA), Sau3A was from BRI, (Neu-
Isenburg, Germany) and EcoRI and Hpall from (Bo-
ehringer Mannheim, Federal Republic of Germany).
DNA polymerase I, phage fd DNA (replicative form),
plasmid AD16/30 containing a 28 bp HindIll/BamHi}
adapter sequence and, lac represser were supplied by
private sources. The isolation of bacteriophage T35
DNA, plasmid DNA E. coli RNA polymerase and £
coli termination factor rho have been described previ-
ously, (v. Gabian and Bujard, Mol. gen. Genet. (1977)
157, 301-311; Clewel and Helinski (1969) PNAS USA
62, 1157-1166; and Knopf and Bujard (1975) Eur. J.
Biocher. 53, 371-385).

A 780bp DNA fragment carrying the & colf 1ac regu-
latory region (promoter/operator: P/O), an N-terminal
portion of the B-galactosidase structural gene sufficient
for intracistronic complementation of the M15 deletion;
as well as a portion of the i-gene(i) was isolated from a
Hincil digest of a pACYC 214 plasmid (a-plasmid re-
lated to pACYC 184 by insertion at a BamHI site of a
BamH1 restriction cleavage fragment from F'-lac carry-
ing the lac gene) by repressor binding and subsequent
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adsorption 10 nitrocellose. This fragment was then em-
ployed in the construction of an exemplary plasmid for
analyzing strong promoters and strong terminators as
depicted in FIG. 1.

Utilizing the Hpall cleavage site within the 8-gal
structural genes the fragment was reduced in size and
provided with BamHI and Sall cleavage sites by vari-
ous subcloning. The resulting fragment (feft most part
of Figure) contains the intact control region of the lac
operon and an N-terminal portion of the £-gal struc-
tural gene coding for 66 amino acids {a). Introduction
of this fragment by blunt end ligation into the HiadIll
site of pACYC184 (Chang and Cohen (1978) J. Bac-
teriol. 134, 1141-1158) yielded pBU1O, a vector suit-
abje for terminator cloning. The major terminator of the
coliphage fd genome was isolated as a 338bp Sau3A
fragment (Beck et al. (1978) Nucl Acids Res. 5,
4495-4503), ligated with 2 BamHI1/HindlIl adaptor
sequence and integrated into pBU10 to yield pLBUL

Cleavage of the lac sequence in pBUI0 by Hpall
destroys the lac promoter and liberates upon Cleavage
with HindI1l a fragment containing the lac operator and
a region coding for a functional a-fragment, Integrating
this DNA sequence into pBR322 leads to pBU12a. Fi-
nally, replacement of the Hindlil/Sall portion of
pBUI2a by a partial digest of the HindIII/8all fragment
of pLBU! containing the fd terminator resulted in
pLBU3, a vector suitable for integration of efficient
promoters at the EcoRl site. The regions encoding
chloramphenicol (Cm), ampicillin (Ap) and tetracycline
(Tc) resistance are indicated as cat, bla and tet respec-
tively.

The plasmid, pBU1G, had the following properties: (i)
it contains the a fragment of B-galactosidase (a~protein)
and complemented the M15 deletion of the lac operon;
(i) the Tc resistance it specified was under the control
of the lac promoter, as shown in M15 14 strains; (iii) the
HindIII site between the lac gene fragment and the tet
gene was restored; the stop codon immediately foliow-
ing the HindI{I site limited the length of the lacZ gene
product to 68 amino acids.

Insertion of the fd terminator upstream to the tet gene
resulted in-a 0% reduction in the level of Tc resistance,
but no detectable change in the levels of B-galactosidase
activity in M5 deletion strains. The results obtained as
1o the properties imparted to various E. coli strains by
varions plasmids is set forth in the following table:

Seven independent plasmid isolates from clones con-
tained the expected 352bp HindIil-generated fragment
containing the fd terminator. Electrophoretic analysis
of all seven BamHI-cleaved isolates and DNA sequence
analysis of one of these showed that in all instances the
fd terminator had been integrated in an orientation op-
posite the direction of transcription within the fd phage
genome. Sequence analysis also revealed a transiational
stop codon in frame with the a-protein less than 10bp
down stream from the HindIII cleavage forming the
conjunction between the lac-derived segment and the
fd-derived DNA fragment; a translational stop signal on
this position would be expected to result in an a-frag-
ment containing 71 amino acids.

For the cloning of exogenous promoters, the lac pro-
moter on the lac/tet construct had to be removed or
destroyed in such a way that a site for the subsequent
integration of promoters was retained. To do this, the
Hpall cleavage site at position —17 of lac was em-
ploved, as described above. Colonies that showed both
a reduced level of T resistance and the presence of a
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lac operator sequence, which could be detected on the
multicopy plasmid by its ability to bind the lac represser
and induce chromosomal 8-gal synthesis, were identi-
fied. Endonuclease analysis (HindIII/EcoRI double
digest) of plasmids recovered from several isolates
yielded two types of vectors: one of these represented
by pBU12 harbored the expected 253bp lac fragment;
the other represented by pBU12a yielded a 420bp frag-
ment. DNA sequence analysis showed that in pBU12a,
a 160bp fragment of unknown origin, containing two to
three stop codons in each of the possible translational
reading frames, had been integrated between the EcoRI
site and position — 15 of the lac promoter. The presence
of the stop codons made the fragment an efficient termi-
nator of any translation that occurred upstream of the
translational initiation site for the a-fragment.

When the HindlII/Sall segment of pBU12a was re-
placed with an identically genersted fragment of
pLBU! carrying the {d terminator, the plasmid pl.BU3
was obtained, which conferred neither T¢ resistance
nor B-gal activity to E. coli M15 strain. Although this
plasmid contained a tet region and 2 DNA. sequence
encoding the a-fragment of lac, it conferred neither
resistance nor G-gal activity to the E. coli M15 strain. It
was therefore chosen as the T3 promoter cloning vehi-
cle.

A population of about 200 short fragments of T3
DNA was obtained by double digestion of the 120kb
phage genome with Haelll and Alul endonucleases.
These fragmenis were ligated with excess synthetic
EcoR1 links and the resulting molecules were cleaved
with EcoRI endonuclease and ligated into the EcoR1
cleavage site of pLBU3. Transformation of E. cofi C600
and selection for A-gal activity plus high level Te-resist-
ance yielded 33 colonies resistant to Te-concentrations
between 8 and 70 pug/ml. Plasmids were isolated from
13 colonies resistant to 70 ug/ml, which earlier experi-
ments using multicopy plasmids had suggested was the
highest level detectable in E coli K12 (Cabello et al.
(1976) Nature 259, 285-290). ‘

Digestion of the varicus isolates with EcoRI endonu-
clease liberated between one and ten fragments of vari-
ous sizes fromi each constructed plasmid, Complexing of
such fragment mixtures with RNA polymerase, fol-
lowed by filter binding analysis, identified between one
and three fragments of each plasmid that interacted
very efficiently with the enzyme; these fragments were
isolated from polyacrylamide gels and individually re-
cloned in pLBU3. In each case, they gave rise to colo-
nies resistant to 70 pg/ml Te. Plasmiids isolated from
each of these clones carried the expected DNA frag-
ments, as shown by EcoRI cleavage and gel electropho-
resis. The promoter library which was obtained con-
tained about 25 different strong promaoters of coliphage
T5.

A plasmid pGBUZ07 containing an EcoRI-generated
fragment of 212bp was selected for further study. In
vitro transcription on the plasmid was mapped by anal-
ysis of RINA transcripts made on fragments of the plas.
mid produced by cleavage with different restriction
endonucleases. Cleavage of the plasmid with EcoRI
endonuclease yielded principally a single RNA species
about 130 nt in length. The size of the transcript in-
creased to 530 nt when a HindHI digest of pGBU207
was used as a template. BamHI digested DNA vielded
transcripts of about 740 and 900 at in length. Correla.
tion of transcript length with the distance of the DNA
cleavage site from a fixed point insert indicated that in
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all of these instances in vitro transcription was initiated
at the same promoter and that it progressed toward the
tet region of the plasmid. The experiments also showed
the functioning of the termination signal introduced
between the lac fragment and the tet gene. Under the
high salt conditions used for this in vitro transcription
experiment, termination of about 30% of transcription
within the fd DNA fragment gave rise to the 740 nt
transcript, while a read- through transcript extended to
the BamHI cleavage site located 890bp from the pro-
moter. The data strongly suggested that RNA termina-
tion cccurring in the fd terminator placed in the reverse
orientation is rho dependent, in contrast to the rho-
mdependent termination that occurs when the termina-
tor is in its normal orientation.

Since the rate of complex formation between RNA
polymerase and promoter signals is a reflection of the
strength of the promoter, the relative rate of complex
formation of the 212bp fragment of pGBU207 was com-

pared with complex formation involving the previously-

studied T5 promoters Pas and Pys (Stuber and Bujard
(1981), supra). The results showed that the promoter
used to express downstream - genetic functions in
pGBUZ07 has a signal strength similar to that of Pzsand
Pag, which are among the most efficient RNA polymer-
ase binding sequences identified from any source. (Nie-
mann (1981), supra).

The above results demonstrate that novel DNA se-
quences can be prepared from the strong TS5 promoters,
which can then be used for the expression of a wide
variety of poly(amino acids). Furthermore, by employ-
ing a promoter, optionally a structural gene, a termina-
tor, and a marker, test plasmid structures are provided
which aillow for screening of the effectiveness of a pro-
moter and/or, a terminator, particularly as they interre-
late with each other. ‘Therefore, combinations can be
prepared which allow for highly efficient transcription
of a wide variety of structural genes, with concommi-
tant selection of the transformants by employing an
appropriate marker downstream from the balanced
terminator.

Although the foregoing invention has been described
in some detail by way of illustration and example for
purposes of clarity of understanding, it will be obvious
that certain changes and modifications may be practiced
within the scope of the appended claims,

We clain:

1. A linear DNA sequence having proximal to one
end a strong T3 phage promoter, proximal to the other
end a strong transcriptional terminator balanced with
said strong TS5 promoter, and having intermediate said
promoter and terminator at least one of (1) a marker for
selection adjacent to said terminator.or (2) a replication
system foreign to T35, wherein the direction of said
promoter is away from said terminator and said marker
is expressed at a frequency of less than about one-fourth
the frequency of a structural gene, when said structoral
gene s inserted between said promoter and terminator,
$o as to be under the transcriptional control of said
promoter and to bridge said linear DNA sequence to
provide a circular DNA sequence.

2. A linear DNA sequence according to claim 1,
having intermediate said other end and said strong ter-
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minator at least one stop codon in at least one reading
frame.

3. A linear DNA sequence according to claim 2,
having a plurality of stop codons with at least one in
each reading frame,

4. A linear DNA sequence according to any of claims
1, 2 or 3, wherein said marker is a gene imparting bioci-
dal resistance.

5. A linear DNA sequence according to any of claims
1, 2 or 3, wherein said marker is a DNA sequence hav-
ing at least one gene in a metabolic synthetic pathway.

6. A linear DNA sequence according to any of claims
1, 2 or 3, having a marker intermediate said promoter
and said terminator.

7. A linear DNA sequence according to claim 6,
wherein said marker provides biocidal resistance,

8. A linear DNA sequence according to claim 6,
wherein said marker has at least one gene for an enzyme
in a metabolic synthetic pathway.

9. A linear DNA sequence according (o any of claims
1, Z or 3, wherein said replication system is for a proka-
ryote.

10. A linear DNA sequence according to any of
claims 1, 2 or 3; wherein said replication system is for a
eukaryote.

11. A method for determining the strength of a pro-
moter which comprises:

inserting said promoter into a linear DNA sequence

. having in the downstream direction for expression
proximal to one end; a gene allowing for detection
of expression; a transcriptional -terminator of
known strength; a marker allowing for determina-
tion of expression; and a replication system recog-
nized by a predetermined host; whereby a circular
DNA sequence is obtained;

transformmg said host with said circular DNA LI

quence;
growing said host in putrient medium under condi-
tions allowing for determination of the extent of
expression of said gene and said marker; and

determining the strength of said promoter is deter-
mined by the relative degree of transcription of
said gene and said marker,

12. A method according to claim 11, wherein said
host is auxotrophic and said gene provides prototrophy.

13. A method according to any of claims 11 or 12,
wherein said marker provides biocidal resistance.

14. A method according to claim 13, wherein. inter-
mediate said gene and said terminator are a plurality of
stop codons, with at'least one stop codon in each read-
ing frame.

15, A circular DNA sequence having in downstream
order of transcription a strong TS phage promoter, a
structural gene foreign to TS5 phage under transcrip-
tional control of said promoter, a transcriptional termi-
nator which is balanced with said promoter and a repli-
cation system and having.a ‘marker for selection down.
stream from said terminator, wherein said marker is
expressed at a frequency of less than about one-fourth
the frequency of which the structural gene is expressed

and is under transcriptional ‘control of said promoter.
* * * * *
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CLONED HIGH SIGNAL STRENGTH PROMOTERS

BACKGROUND OF THE INVENTION
5 Field of the Invention

' Having established the feasibility of producing a
wide variety of naturally occurring and synthetic polypep~
tides by means of hybrid DNA technology, there are continuing
and extensive efforts to provide for more efficient and

10 economic methods for producing the polypeptides. In develop-
ing a process for the commercial production of polypeptides,
many factors will be involved in optimizing the economic and
efficient production of the polypeptides. Included among.
these factors are regulatory signals, which are DNA sequences

15 involved with the regulation of replication, transcription
and translation.

One area of interest is at the level of transcrip-
tion. Transcription involves the enzyme RNA polymerase. The
RNA polymerase binds to a site called a promoter. It has

20 Dbeen observed that promoters vary in their activity, as
evidenced by the number of initiations of RNA per unit time
or the strength of binding of the enzyme to the promoter
site. The promoter may have one or more sequences that bind,
which may or may not be contiguoug. The more active promo-

25 ters are referred to as strong promoters.

It was found that vhen introducing a strong
promoter into a vector and employing the resulting plasmid-
for trangfqgmatl%g,wﬂne,ﬁﬁpl% not select t;ansforgants bas§d Ry
on expression of markers which allowed for selectlon There-

30 fore, cloning of the strong promoters was not feasible. It
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is therefore desirable that methods be provided which would
allow foxr the screening of strong promoters and terminators
and their subsequent ¢loning to be used in conjunction with
the replication, transeription and traenslation of the genes
5 for production of DNA, RNA, and polypeptides.
Fe Description of the Prior Art

o~

i Promoters from bacterial and viral sources have
- been cloned in E. COll, and their signal strength in vitro
has been studied u31ng expression from distal promoterless
‘10 sequences encoding fgalactosjdase or other prote%%s
& {Casadaban and Cohen (1980)é; l Blol 138, Aé&Qﬁ@%; West
{~ and Rodriguez {1980) Gene 9, .  Attempts to clone
small DNA fragments carrying the strong promotexrs of
; bacteriophage T5 have been iuciegsful {(v. Gabain and
¥ {15  Bujard (1979) PNAS USA zg,gzgs&gag, Fragments of TS5 DNA
baving both a strong promoter and a strong termination signal
rave been cloned. (Breunig (1979) pissertation {Univarsitat
Heidelberg, Heidelberg, Germany)) Analysis has shown that

R transcriptional regions of several E. coli plasmids are

. 20 organized in units where initiation and termination 51gnals
:fﬁ ¢ are balanced. (Stuber and Bujard (1981} PNAS USA //7/
i P25 and P 26 promoters of the T5 bacteriophage are reported as
; among the most efficient RNA polymerase binding sequences.
g (Stuber et al (1978) Mol. gen. Genet. 166 141-149; Niemann
§5 25  (1981) Diplomarbeit {(Universitat Heidelberg, Heidelberg,
% Germany) ).
% ' SUMMARY OF THE INVENTION
Methods for cloning, sequencing and using strong
promoters and terminators are provided, as well as composi-
30 +tions resulting from the methods. By cleaving T5 phage and
selecting fragments specifically binding to RNA polymerase,

—

fragments containing promoters are isolated. A vector is
constructed having a strong promoter, followed by a DNA
sequence of interest, optionally followed by one or wore
35 translational stop codons in one or more reading frames,
followed by a balanced terminatox, followed by a marker
allowing for selection of transformants. Upon introducing
the resulting plasmid into a microorganism host, efficient
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transcription of the gene is obtained with subgtantially
lesser expression of the marker as compared to the gene. The
level of expression of the marker permits selection of
transformants having the above described construct. The
construct or regulatory portions thereof are used for effi-
cient transcription of RNA or gene expression. '
BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a flow chart of the preparation of a

plasmid for cloning strong promoters and terminators.
DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Methods and compositions are provided for preparing

and cloning strong promoter and terminator regulatory signals
and utilization of the strong regulatory sequences in the
transcription and expression of genes of interest.

Particularly, TS5 phage promoters are isolated,
cloned in conjunction with a strong terminator, and appro-
priate vectors developed for insertion of DNA sequences of
interest, usually structual genes, to provide for high and
efficient transcription and/or expression of the sequence.

The compositions of this invention are character-
ized as having in the downstream direction of transcription
the following units: a strong TS5 phage promotexr; optionally
a structural gene which may bé a marker; a balancing termina-
tor; and optionally a marker allowing for selection of trans-
formants containing the construct, which marker has a rela-
tively low level of expression in comparison with the amount
of RNA polymerase initiation at the promoter. In the absence
of a promoter in the construect, the construct can be uged for
the cloning and characterization of promoters of different
strengths.

in referring to strong promoters, it is intended
that the binding affinity of RNA pelymerase is strongexr than
the commonly employed promoters such as lac and trp and at
least comparable to and normally greater than the combination
of lac and trp promoters. Foxr the most part, the strongest
promoters among prokaryotes are the T5 phage promoters and
these will be employed as exemplary of}§§§£g§§ oCcourring or
synthetic strong promoters. It is to be understood, that
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other prokaryotic and eukaryotic promoters, either naturally
occurring or synthetic, could find application in the subject
invention.

The compositions of this invention will include
linear segments for insertion of DNA having the strong
regulatory signal sequences (i.e., the promoter and termi-
nator) adjacent opposite ends of the linear segment and
plasmids formed by introducing a DNA seguence from a source
other than the source of the promoter as a bridge between the
strong regulatory signal sequences. The termini may be blunt
or staggered ended, having'the same or different termini to
allow for directed positioning of inserted sequences.

The compositions which are employed as already
indicated have a promoter, a balanced terminator, and desir-~
ably a marker which are in the direction of transcription
when the signal sequences are joined. The terminator is
balanced, so that & small but useful amount of expression of
the marker can occur. Normally, in most situations, z gene
will bridge the promoter and terminator to provide circular
DNA. The gene may be a ncn-gtructural gene or a structural
gene providing RNA e.g. ribosomal or messenger, or providing
a poly{anino acid).

Desirably, the gene is followed by one or a plural-
ity of translational stop codons e.g. oop or nonsense codons,
or preferably a plurality, usually up to about six, nove
usually from about two to five, where there is at least one
stop codon in each reading frame. The stop codons aid in the
efficiency of termination, both at the level of transcription
and expression.

Next in the direction of transcription is the
terminator sequence. 7The terminator sequence is balanced
wvith the promoter in the sense that the marker is transcribed
not more than‘abouﬁizrc' of the times that a gene up-
stream from the terminator is transcribed, where both genes
are under the control of the same promoter. Usually, it will
be desirable that a sufficient amount of the marker is tran--
scribed to allow for selection of transformants. In view of
the fact that the marker is transcribed from a strong ﬁro~
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moter, it will usually be sufficient that the marker is
transcribed in relation to the transcription of the gene
intermediate the promoter and terminator in only about 1 to
20, usually. only 5 to 15 nunber % of the gene. The strength
of the promoter is reflected in the level of expression of
the marker which is transcribed from the same promoter as the
gene whose expression ig desired.

In addition to the DNA sequences indicated above,
there will normally be other regulatory signals necessary for
expression involved with the DNA sequence, such as transla-
tional start and stop sites. In addition to the foregoing
requlatory signals, other regulatory signals may be included,
such as additional promoters, operators, initiators,
catabolite activator protein binding sites, etc. Further-
more, the promoter and terminator may be separated by more
than one gene, that is, a plurality of genes, including
multimers and operons. ,

The above DNA sequence construct will have & repli-
cating system or be cleaved and be inserted ipnto a vector to
provide a plasmid. The vector is distinguished by having one
or more DNA sequences which serve to insure stable replica-
tion of the plasmid and may also provide opportunities for
high copy numbers of the plasmid in the microoganism host.
The vectors may be derived from chromosomal or extrachromo-
somal sources. The sources include plasmids, viruses
{phage), chromosomes, or the like. 1In addition, the vector
or the essential portions thereof may be prepared
synthetically.

. The plasmids may ihen be used for trapnsformation of
an appropriate microorganism host. Methods of introducing
DNA into an appropriate host are well known, Illustrative of
such methods, but not exhaustive of such methods, are trans-
formation e.g. calcium shock, transfection, and conjugation.
Descriptions of these methods may be found in Genetic
Engineering, ed. Setlaw and Hollaender, Vel. 1, Plenum Press,
New York and London, 1979; Molecular Cloning of Recowbinant
DNA, ed. Scott and Werner, Vol. 13, Academic Press, Inc. New
York, 1973, and references cited therein.
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In order to allow for flexibility in preparing the
construct and self-replicating sequence or plasmid containing
the construct restriction sites should be present to allow
for unique insertions and isolation of the various elements.
The restriction sites may be naturally present, introduced by
linkers, result by partial sequential nucleotide removal from
a chain using an exonuclease, or the like. Desirably, the
restriction sites will provide for different ends to permit
only the proper orientation of the inserted fragment.

A wide variety of structural genes are of interest
for production of proteins, including but not limited to
proteins of physiological interest, proteins as chemicals,
and enzymes which may be of direct interest or of interest in
transforming another product, which may be proteinaceous or
non-proteinaceocus. The proteins may be prepared as a single
unit or as individual subunits and then joined together in
appropriate ways. Furthermore, as appropriate, the protein
products may be modified by glycosylation, acylation with
aliphatic acids, e.g. lipid acids, phosphorolation, sulfona-
tion or the like. The different classes of proteins which
may be prepared include protamines, histones, albumins
globulins, scleroproteins, phosphoproteins, mucoproteins,
chromoproteins, lipoproteins, nucleoproteins, and the remain-
ing proteins which are unclassified.

The following is a representative list of proteins
of interest. ‘

Insulin; growth hormone; interferon e.g. leukocyte,
lunphoblastoid, T-immune and fibroblast; B-lipotropin;
g-endorphiny dynorphin; histocompatability proteins; immuno-
globulins e.g. IgA, IgD, IgE, IgG and IgM and fragments
thereof; hemoglobin, somatomedins; lymphokines; growth
factors e.g. epidermal, fibroblast, platelet-derived,
multiplicatidn stimulating and nerve; hematoporetic-stimula-
ting factors e.g. erythropoietin, colony-stimulating,
erythroid potentating activity or burst-promoting activity
and lymphopoietins; albumin and prealbumin;




Prealbumin
Albumin

&, -Lipoprotein

~Acid glycoprotein
~-Antitrypsin
~Glycoprotein

a
5

o

B b b s

fi Transcortin
i 4.6S~Postalbumin
) Tryptophan-poor
‘f‘i 1@ w,~glycoprotein ‘
e a,-x-Glycoprotein
i Thyrexin-binding globulin
Pl Inter-g~trypsin-inhibitor
Ge~globulin:
15 (Ge 1-1),
| (Ge 2-1),
: (Ge 2-2),
Haptogiobin:
, (Hp 1-1),
{20 (Ep 2-1),
- (Bp 2-2),
Ceruloplasnmin
Cholinesterase

azmbipoprotein(s}

25 ~Macroglobulin

%
’ aZ—HS~Glycoprotein

P zﬁmgzmglycoprotéin
{f»: a,-Neuramino-glycoprotein

i E;:ythropoietin

foiu 36 B.lipoprotein

Transferrin

Hemopexin
Fibrinogen
Plasminogen
ifj;, 35 B,-glycoprotein I
LE L Bz—glycoprotein I
i Immunoglobulin ¢
Pl (I1gG) oxr yG-globulin
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Mol. formula:
YK OF Yphy
Immunoglobulin A (IgA}
oxr yA-globulin
Mol. formula:

(a2K2)n or (azAz)n
Tmmunoglobulin M

{IgM) or yM-globulin
Mol. formula:

(pZKZ)S or (pzhz)s
Immunoglobulin D {(IgD}

or yb-Globulin (yD)
Mel. formula:

(8,x,) or (6,A,)
Immunoglobulin E  (IgE)

or YE-Globulin (yE)
Mol. formula:

(sZKZ) or (azkz)
Free light chains
Complement factors:
crl

C'ig
ctiz
Clls
o2
c'3
By8
c'4
c's
c'e6
ct7
c's
c'a.

Importain protein hormones include:
Peptide and Protein Hormones

Parathyroid hoxmone
{parathormone)
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Thyrocalcitonin
Insulin
Glucagon
Relaxin
Erythropoietin
Melanctropin
{Melanocyte-stimulating hormone; intermedin)
Somatotropin
{growth hormone)
Corticotropin
{adrenocorticotropic hormone)
Thyrotropin
Follicle~stimulating hormone
Leuteinizing hormone
{(interstitial cell-simulating hormone)
Luteomammotropic hormone
(Luteotropin, prolactin)
Gonadotropin
(chorionié gonadotropin).
Tissue Hormones
Secretin
Gastrin
Angilotensin I and II
Bradykinin
Human placental lactogen
Peptide Hormones from the Neurohypophysis
Oxytocin
Vasopressin
Releasing factors (RF)\
CRF, LRF, TRF, Somatotropin-RF, GRF, FSH-
RF, PIF, MIF.

In addition to various non-enzymatic proteins of
physioclogical interest, enzymes can also be produced as an
end product or for intracellular transformation of a sub-
strate present in the host or substrate introduced extra-
cellularly, or for enzymatic transformation in vitro.
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In accordance with the I[.U.B. classification, the
enzymes fall into varying categories such as 1. oxidoreduc—
tases; 2. transferases; 3. hydrolases; 4. lyases; 5. iso-
merases; 6. ligases. Enzymes of particular interest will be
hydrolases and oxidoreductases for use in commercial pro-
cessing, for example, hydrolases for hydrolysing polysac-
charides, lipids and polypeptides; oxidoreductases for oxida-
tion of alcohols and aldehydes, epoxidation, and the like.

The microorganism host may be bacteria, such as
Escherichia, Bacillus, Aerobacter, Klebsiella, Proteus,
Pseudomonas, Streptococcus, Staphylococcus, Clestridium,
Mycobacterium, Streptomyces and Actinomyces; Fungi e.q.
Gymnomycota, Dimastygomycota, Eumycota, Zygomycetes, Ascomy-~
cetes and Basidomycetes, such as, Candida, Aspergillus,
Rhizobus, Microsporum, and Fonsecaea; Protozoa e.q.
Mastigophora, Sarcodina, Sporozoa and Celiophora, such as,
Trypanosoma, Codosiga, Protospongra and Entameba, and Alga
e.g. Dinoflagellates, Euglenoids, and Diatoms.

Higher cells, e.g., mammalian, may also be
employed as hosts, where viral, e.g., bovine papilloma virus
or other DNA sequence is available which has plasmid-~like
activity.

Depending upon the nature of the host, a wide
variety of vectors may be employed. The vector will have an
intact replicon and be capable of replication in the host.

In addition, replicons can be developed which may have one or
more other regulatory signals. Regulatory signals can
include temperature sensitive replicons, runaway-replication
sequences, temperature sensitive operators, and the like.
Various additional DNA sequences may be present providing for
restriction sites, markers, termination sequences, or the
like. Desirably, the vector should be of a substantially
different size from the construct to allow for excision of
the construct and ease of geparation of the construct from
the vector by molecular weight separation techniques e.g.
electrophoresis and density gradient centrifugation.

The subject invention also provides for a technique
for screening the strength of promoters and terminators, thus
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allowing for the determination of the use of a promoter or
terminator in a particular application, where it may be
desirable to have promoters or terminators or combinations
thereof of varying strength. In screening promoters and/or
terminators one emplovs a promoter or terminator of known
activity. A DNA construct is made having the sequence
described previously, where appropriate restriction sites are
provided for introducing the various elements. The construct
provides in the direction of transcription the promoter, a
first gene marker, optionally termination ceodons, such as
ndnsense codons and oop terminator, the terminator, and a
second gene marker. This DNA construct is inserted into an
appropriate vector. Where the promoter and terminator are
properly balanced, there will be a substantial differentia-
tion between expression of the first gene marker and expres-
sion of the second gene marker. The ratio of expression
between the first and second marker will provide for a com-
parative evaluation of the activity of the promoter or
terminator, depending upon which is of known value. Thus,
one ¢an degrade a DNA seguence such as a chromosome, ©r an
extrachromosomal element, such as a plasmid or double minute,
isolate the promoters by selective binding with RNA pcly-
merase and insert the DNA fragments which bind to the RNA
polymerase into the previously described construction. By
determining the relative proportion of expression of the
first and second gene markers, one can determine the strength
of promoters in relation to a fixed terminatoxr. Similarly,
one can isolate DNA sequences having terminator seqguences,

- insert the sequences into the above described construct at

the appropriate site and then measure the relative axpression
of the two gene markers.

various markers can be chosen for evaluating the
relative activities of promoters and terminators. Conveni-
ently, markers which allow for selection such as resistance
to antibiotics, toxins or heavy metals can be used. By’
varying the concentration of the selective agents in the
nutrient medium, one can determine the relative proportions
of the enzyme expressed by the genes in relation to the
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growth of the host. Alternatively, one can use growth fac-
tors e.g. having a gene which complements a mutant gene in an
auxotrophic host, where the gene expresses a product neces-
sary for a biosynthetic pathway. A third marker provides
virus incohpatibility, preventing plagque formation. OCther

markers which allow for comparison will come readily to mind.

The terminators may be evaluated in the presence
and absence of rho, so that one can determine the dependency
of the terminator on rho, as well as the effectiveness of the
terminator in relation to the concentration of rho.

The methods for preparing the subject compositions
will be conventional. The various DNA fragments and
sequences can be obtained from a variety of sources by
restriction mapping and endonuclease cleavage to provide
fragments having the desired intact sequence or gene. The
fragments can be further processed employing endof or
exonucleases to remove nucleotides unrelated to desired
regulatory sequences or structural genes. By appropriiate
choice of restriction enzymes, cohesive or blunt ended frag-
ments can be generated. Furthermore, chains can be extended
with single nucleotides or oligonucleotides, linkers can be
added, or otherwise processing to provide for termini haviﬁg
desired properties.

Desirably, a vector is employed having appropriate
restriction sites, a competent replication system for ithe
intended host, and optionally one or more markers which allow
for selection. For hybrid DNA technology it would be useful
to have a plazmid having a unique restriction site between a
TS promeoter and a terminator, desirably having at least one
stop codon on the upstream side of the terminator. In this
marmer, one or more structural genes may be introduced
between the promoter and terminator.

As appropriate, downstream from the promoter, but
remaining proximalnto the promoter, may be an operator,
activator, ribosomal start signal sequence, or the like, to
allow for controlled expression of the inserted gene(s).

The strategy described above provides a vehicle
which can be used with one or more hosts for gene expression,
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where the gene after processing in a predetermined way can be
directly inserted into the vehicle to provide a competent
plasmid for expression of the desired gene(s).

Alternatively, the gene(s) of interest may be
ligated to the appropriate requlatory signal sequences before
insertion into the vehicle. In this instance, only the
promoter and terminator regulatory signals need be present.

To provide for enhanced flexibility, the region
between the promoter and terminator may be designed so as to
provide for a plurality of restriction cleavage sites, allow-
ing for the introduction and removal of DNA fragments without
interruption of the remainder of the vehicle. Thus, by
having a plurality of unique restriction sites oxr restriction
sites limited to the region between the promoter and termina-
tor in the downstream direction of transcription, regulatory
signals and genes may be readily inserted and removed.

Another strategy is to prepare a construct having
all of the desired DNA sequences for transcription and
expression in appropriate sequence, with the construct having
predetermined termini and inserting the construct into an
appropriate vector which has been linearized to provide
complementary termini.

In developing the construct, a vector will normally
be used in order to clone the various sequences. The con~
struct will allow for the insertion of the different
sequences in the correct direction and desirably only in the
proper orientation. Therefore, it will usually be desirable
to have the sequence and insertion site be asymmetric in
having different termini with the termini of the sequence and
insertion site being complementary. '

The particular restriction enzymes will vary widely
with the various sequences, there being a large number of
restriction eﬁzymes of known base or seguence gpécificities
commercially available. k

' The following examples are offered by way of illius-
tration and not by way of limitation.
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EXPERIMENTAL
Materials and Methods
Restriction endonucleases HindIII, HincII, Sall,

BamHI and T4 Ligase were from New England Biolabs (Beverly,
Mass., USA), Sau3A was from BRL (Neu-Isenburg, Germany) and
EcoRI and Hpall from (Boehrigﬁer Mannheim, Federal Republic
of Germany}. DNA polymerase I, phage fd DNA (replicative
form), plasmid AD16/30 containing a 28 bp HindIII/Bamkl
adapter sequence and, lac represser were supplied by private
sources. The isolation of bacteriophage TS DNA, plasmid DNa
£. coli RNA polymerase and E, coli termination factor rho
have been described prev1ously, (V Gabian and Bujard, Mol.
gen. Genet. (1977) 157, 301-311; Clewel and Helinski (1969)
PNAS USA 62, 1157~1166; and Knopf and Bujard (1975) Eur. J.
Biochem. 53, 371-385).

A 780bp DNA fragment carrying the E. coli lac
regulatory region (promoter/operator: P/0), an N-terminal
portion of the B-galactosidase structural gene sufficient for
intracistronic complementation of the M15 deletion, as well
as a portion of the iwgene(i) was isclated from a HincIl
digest of a pACYC 214 plasmid (a plasmid reléﬁeg to pACYC 184
by insertion at a BamHI site of a §QEHIAxaﬁxxucxian cleavage
fragment from F'~lac carrying the lac gene) by repressor
binding and subsequent adsorption to nitrocellose. Thig
fragment was then employed in the construction of an
exemplary plasmid for analyzing strong promoters and strong
terminators as depicted in the Figure.

Utilizing the Hpall cleavage site within the g-gal
structural genes the fragment was reduced in size and pro-
vided with BamBI and Sall cleavage-sites by various sub-
cloning. The resulting fragment (left most part of Figure)
contains the intact control region of the lac operon and an
N-terminal portion of the g-~gal structural gene codinyg for 66
amino acids {a}. Introduction of this fragment by blunt end
ligation into the HindIIlI site of pACYCl84 (Chang and Cohen
(1978) J. Bacteriol. 134, 1141-1156) yielded pBULlO, a vector
suitable for terminator cloning. The major terminator of the
coliphage fd genome was isolated as a 338bp $Sau3a fragment




1 ¢495- 1503
(. (Beck et al. (1978) Nucl. Acids Res. 5,,44954503), ligated
with a BamHI/HindI1I adaptor sequence and integrated into
pBUlO to yield pLBUL.
Cleavage of the lac sequence in pBULO by Hpall
5 destroys the lac promoter and liberates upon cleavage with
HindIIil a fragment containing the lac operator and a region
coding for a functional a~fragment. Integrating this DNA
sequence into pBR322 leads to pBUl2a. Finally, replacement
of the HindIIX/Sall portion of pBUl2a by a partial digest of
10 the HindI1Il/Sall fragment of pLBUL containing the fd termi-
nator resulted in pLBU3, a vector suitable for integration of
efficient promoters at the EcoRI site. The regions encoding
chloramphenicol (Cm), ampicillin (Ap) and tetracycline (Tc)
resistance are indicated as cat, bla and tet respectively.
15 The plasmid, pBULl0, had the following properties:
0, (i) it contains the o fragment of g-galactosidase (a-protein)
complemented the M15 deletion of the lac operon; {ii) the Tc
resistance it specified was under the control of the _ag
promoter, as shown in M15 lq strains; (iii) the HindiIl site
20 between the lac gene fragment and the tet gene was restored;
the stop codon immediately following the HipndIII site limited
the length of the lacZ gene product to 68 amino acids.
{ Insertion of the fgd terminator upstream to the tet
gene resulted in a 90% reducticn in the level of Tc¢ resis-
25  tance, but no detectable change in the levels of
f~galactosidase activity in M15 deletion strains. The
T results obtained as to the properties imparted to various E.
L coli strains by various plasmids is set forth in the Zol-

lowing table:

o 30 seven independent plasmid isolates from clones
contained the expected 352bp HindIlI-generated fragment
containing the fd terminator. Electrophoretic analysis of
all seven ggmﬁl—cleaved isolates and DNA sequence analysis of
one of these showed that in all instances the fd terminator

35 had been integrated in an orientation opposite the direction
of transcription within the fd phage gencme. Seguence
analysis also revealed a translational stop codon in frame
with the a-protein less than 10bp down stream from the
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HindIII cleavage forming the conjunction between the
lac~derived segment and the fd-derived DNA fragment; a
translational stop signal on this position would be expected
to result in an a-fragment containing 71 amino acids.

Foryfthe cloning of exogenous promoters, the lac
promoterkg§;$§e lac/tet construct had to be removed or
destroyed in such a way that a site for the subseguent inte-
gration of promoters was retained. To do this, the Hpall
cleavage site at position -17 of lac was employed, as
described above. Colonies that showed both a reduced level
of T¢ resistance and the presence of a lac operator seguence,
which could be detected on the multicopy plasmid by its
ability to bind the lac represser and induce chromosomal
B-gal synthesis, were identified. Endonuclease analysis
(HindIII/EcoRI double digest) of plasmids recovered from
several isolates yielded two types of vectors: one of these
represented by pBUl2 harbored the expected 253bp lac frag-
ment; the other represented by pBUl2a yielded a 420bp frag-
ment. DNA sequence analysis showed that in pBUl2a, & 160bp
fragment of unknown orxigin, containing two to three stop
codons in each of the possible translational reading frames,
had been integrated between the EcoRI site and position ~15
of the lac promoter. The presence of the stop codons made
the fragment an efficient terminator of any translation that
occurred upstream of the translational initiation site for
the ao~fragment.

when the BindIII/Sall segment of pBUl2a was
replaced with an identically generated fragment of pLBUL
carrying the fd terminator, the plasmid pLBU3 was obtained,
which conferred neither Tc resistance nor B-gal activity to
E. coli M15 strain. Although this plasmid contained a tet

rregion'and a DNA sequence encoding the a-fragment of lac, it

conferred neither resistance nor p-gal activity to the
E. coli M15 strain. It was therefore chosen as the T5 pro-
Hgféfiéloning vehicle.

A population of about 200 short fragments of TS5 DNA
was obtained by double digestion of the 120kb phage genome
with HaeIII and Alul endonucleases. These fragments were
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ligated with excess synthetic EcoRI links and the resulting
molecules were cleaved with EcoRl endonuclease and ligated
into the BcoRl cleavage site of pLBU3. Transformation of E.
coli C600 and selection for B-gal activity plus high level
Tééiesistance’yielded 35 colonies resistant to Tc-concantra-
tions between 8 and 70 pg/ml. Plasmids were isolated from 13
colonies resistant to 70 pg/ml, which earlier experiments
using multicopy plasmids had suggested was the highest level
detectable in E. coli K12 {Cabello et al. (1976) Nature 259,
285-290). -

Digestion of the various isélates with EcoRI
endonuclease liberated between one and ten fragments of
various sizes from each constructed plasmid. Complexing of
such fragment mixtures with RNA polymerase, followed by
filter binding analysis, identified between one and three
fragments of each plasmid that interacted very efficiently
with the enzyme; these fragments were isolated from poly-
acrylamide gels and individually recloned in pLBU3. In each
case, they gave rise to colonies resistant to 70 ug/ml Tc.
Plasmids isolated from each of these clones carried the
expected DNA fragments, as shown by EcoRI cleavage and gel
electrophoresis. The promoter library which was obtained
contained about 25 different strong promoters of coliphage T8
LEETTZ(E98 3 r—supras .

A plasmid pGBU207 containing an EcoRI-generated
fragment of 212bp was selected for further study. In vitro
transcription on the plasmid was mapped by analysis of RNA
transceripts made on fragments of the plasmid produced by
clea?age with different restr%ction endonucleases. Cleavage
of the plasmid with EcoRI endonuclease yielded principally a
single RNA species about 130 nt in length. The size of the
transcript increased to 550 nt when a HindiIl digest of
pGBU207 was used as a template, BamHI digested DNA yielded
transcripts of about 740 and 900 nt in length. Correlation
of transcript length with the distance of the DNA cleavage
site from a fixed point insert indicated that in all ¢of these
instances in vitro transcription was initiated at the sane
promoter and that it progressed toward the tet region of the
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plasmid. The experiments also showed the functioning of the
termination signal introduced between the lac fragment and
the tet gene. Under the high salt conditions used for this
in vitro transcription experiment, termination of about 50%
of tranmscription within the fd DNA fragment gave rise to the
740 nt transcript, while a read- through transcript extended
to the BamHI ¢1eavage site located 890bp from the promoter.
The data strongly suggesied that RNA termination occurring in
the fd terminator placed in the reverse orientation is rho
dependent, in contrast to the rho-independent termination
that occurs when the terminator is in its normal orientation.

Since the rate of complex formation between RNA
polymerase and promoter signals is a reflection of the
strength of the promoter, the relative rate of complex forma-
tion of the 212bp fragment of pGBU207 was compared with
complex formation involving the previously studied T5 pro-
moters P, and 926 {Stuber and Bujard (1981), supra). The
results showed that the promoter used to express downstream
genetic functions in pGBU207 has a signal strength similar to
that of P, and P,., which are among the most efficient RNA
polyimerase binding sequences identified from any source.
(Niemann (1981), supra).

The above results demonstrate that novel DNA
sequences can be prepared from the strong TS5 promoters, which
can then be used for the expression of a wide variety of
poly{amino acids). Furthermore, by employing a promoter,
optionally a structural gene, a terminator, and a marker,
test plasmid structures are provided which allow for
screening of the effectiveness of a promoter and/or a termi-
nator, particularly as they interrelate with each othex.
Therefore, combinationg can be prepared which allow for
highly efficient transcription of a wide variety of struc-
tural genes, with concommitant selection of the transformants
by employing an appropriate marker downstream from the bal-
anced terminator.

Although the foregoing invention has been described
in some detail by way of illustration and example for pur-
poses of clarity of understanding, it will be obvious that
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certain changes and modifications may be practiced within the
scope of the appended claims.
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IN THE CLAIMS

/

1. A linear DNA cequencejhav1ng proximal to one

nd a strong T5 phage promoter, (prox;mal to the other end a
ﬁ;*,'g strong terminator balanced w1§yésald strong T5 promoter, and
q»\ having at least one intermedifte said promoter and terminator
5 of a marker for selection a ]acent to sald terminator and
distal from said other endy

to T5.

or a replication system foreign
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2. A linear DNA sequence according te Claim 1,
having intermediate said other end and said strong terminator
at least one stop codon in at least one reading franme. )

3. A linear DNA sequence according to Claim 2,
having a plurality of stop codons with at least one in each

reading frame.

4, A linear DNA sequence according to any of
¢laims 1, 2 or 3, wherein said marker is a gene imparting

biocidal resistance.

5. A linear DNA sequence according to any of
Claims 1, 2 or 3, wherein said marker is a DNA seguence
having at least one gene in a metabolic synthetic pathway.

6. A linear DNA sequepce according to any of
Claims 1, 2 or 3, having gi?é%i@ggﬁggé*sys%eﬁvintermediate

said promoter and said terminator.

7. A linear DNA sequence according to Claim 6,
wherein said marker provides biocidal resistance. ’

8. A linear DNA sequence according to Claim 6,
vherein said marker has at least one gene for an enzyme in a

metabolic synthetic pathway.

9. A linear DNA sequence according to any of
Claims 1, 2 or 3, .wherein said replication system is for a

prokaryote.

10. 2 linear DNA sequence according to any of
Cclaims 1, 2 or 3, wherein said replication system is for a

eukaryote.
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11. Alcircular DNA sequghce having in downstream
] order of transcription a strong phage promoter, a struc-
ég/ tural gene foreigr to T5 phage,/ a balanced terminator, and a
;eplication system -

12. A cijcular DNA sedquence according to Claim 11,
wherein said replication system is recognized by prokaryotes.

is. sequence according to Claim 14,
wherein said mammal Wotein is an enzyme.
16. 2 sequence according to any of

\i
Cclaims 11, 12 or 13, haif

7

at least one stop codo

intermediate said structural gene
and said strong termi zha plurality of stop codons, having

n each reading frame.

17. A circular DNA seduence according to any of
ﬂ)f7claims 11, 12 or 13, having a /marker for selection downstream
from said terminator. “

7

18. A proRaryotic cell having a circular DNA

sequence according. to

20. A method \ preparing a poly(amino acid)
which comprises:
int. medium prokaryotic cells
said structural gene expresses

e

growing in a nuE‘
according to Claim 18, whefeid
5 said poly{amino acids).

N e
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21. A
which comprises:

thod for preparing a pely(amino acid)

growing skid eukaryotic cell according to Claim 19

in a nutrient mediuf, wherein said structural gene expresses

22. A meth according to Claim 21, wherein said
eukaryotic cell is yeast.
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'3%2%7 23. A method for det¢rmining the strength of a

A

10

promoter which comprises:

inserting said promgter into a linear DNA seguence
having proximal to one end iy the downstream direction for
transcription a gene allowi for detection of ‘expression; a
terminator of known strength; a marker allowing for determi-
nation of expression; and g replication systems recognized by
a predeterminéd host; wherfeby a circular DNA sequence is
obtained;

transforming spaid host with said circulaxr DNA
sequence; and

growing said fhost in nutrient medium under condi-
tions allowing for determination of the extent of expression

of said gene and said/marker.
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ltﬁ?(. A method according to Claim,@é% wherein said
auxotrophic and said gene provides prototrophy.
1% 1,

-38. A method according to any of claims.24 or ##,
said marker provides biocidal resistance.

A

26 A method accerding to Claim»%?? wherein inter-

said gene and said terminator are a plurality of stop
with at least one stop codon in each reading frame.




CLONED HIGH SIGNAL STRENGTH PROMOTERS e
e e U SO . ;/,/”” e
ABSTRACT OF THE DISCLOSURE - C/
Method for preparing high signal strength promoters
and terminators and DNA compositions employing such promoters
5 and terminators. T5 phage is cleaved to provide for DNA
segquences having intact promoters. These promoters are in-
serted into vectors separated from a balanced terminatcr by a
gene of interest and the terminator is desirably followed by
a marker allowing for selection of transformants. High
10 efficiencies in transcription of DNA can be achieved with the
highly active TS5 promoters. The promoters and terminators
are used in hybrid DNA for efficient expression of structural
genes and transcription to provide RNA sequences.
A The government has rights in the invention pursuant
15 to Grant Nos. Al 93619 and GM %?gé; awarded by the National
Institute of Health.
I The research was supported in part by a grant from
the Deutsche Forschungsgemeinschaft.
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Failure 10 respond within the pericd for resgonse will cause the spplicstion to become sbandoned. 35U.8.C.133
Part | THE FOLLOWING AYTACHMENTI{S) ARE PART OF THIS ACTION:
1. Notics of Refarences Citad by Examiner, PTQ:892 2, {:}Noﬂce of informal Parent Drawing, PTO.948
3. E Notics of Retarances Cited by Applicant, PTO-1444 4. [ Notice of tnfarmal Patent Apptication, Form PTO152
i s
Part . SUMMARY OF ACTION
1, Claimy i hatl 'Q\C are pending in the' application.
Of the above, cinims are with:drawn from consideration,
2. C} Claims : have baen cancalled,
8 [Fernims A== o ﬁ&béﬁbaoéfﬂb etz d Puhuanf
2 ‘fo o
4, Claims 1’ ara rejsciod.
5. I:} Claims are odjscted 0.

are subjedt

- B Claims

. D The format drawings fitad on

~

haz been

N {:}Thu drawing correction regueast fited on

D Acknowledgment is made of the elairm for priority under 35 U.S.C, 1194, The certitisd copy has

1 rostricticn of elaction requirsmant,

are acooprable,

[Taporoved. {Tdisapproved,

Bbana raceived. C}not bean racaived. Bbeen fited in parent application, serial no.

fitos on

10, BSince this ahpﬁcaﬂon appesrs 10 be in asondition for aliowanze sxcept for farmal mattars, prosgcut
cordance with the practics under Ex parie Gusyle, 1935 C.D. 11; 453 0.6, 218,

11. [ Jowee

PTOLG2E frav, 7-79)
EXAMINER'S ACTION

) 7
age 40

ion as 10 the merits I closed in ac-
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Serial Number 265,276
Art Unit 172 —2-

The disclosure is objected to as failing to
provide an adequate disclosure of the invention as
required by the first paragraph of 35 U.S.C. 112, This
?aragraph of the statute, requires that the
specification shall contain a written description of
the invention, and of the manner and process of making
and using it, in such full, clear, concise and exact
terms as to enable any person skilled in the art to
which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set
forth the best mode contemplated by the inventor of
carrving out his invention. The journal citations on
pages 2 and 15 do not correctly cite the pages and onz
refererice on page 2 is incomplete. Alse, on page 17,
the Gentz reference is incomplete and no earlier
citations thereof can be found.

Claims 1-10 are rejected under 35 U.S.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distinctly claim the subject
matter which the applicant regards as his or her
invention. The claims are indefinite as to what is
between the promoter and terminator. It appears that
either a marker or foreign replication system are
present but the language of the claims does not make

that clear.
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Serial Number 265,276
Art Unit 172 -3=

' The disclosure is objected to as failing tc¢
provide an adequate disclosure of the claimed invention
as required by the first paragraph of 35 U.S.C. 1l12.
This paragraph of the statute, requires that the
specification shall contain a written description of
the invention, and of the manner and process of making
and using it, in such full, clear, concise and exact
terms as to enable any person skilled in the art to
which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set
forth the best mode contenmplated by the inventor of
carrying out his invention., The disclosure requires
that the various DNA sequences be in a particular order
in order for the invention to function. The claims do
not require such order. They do not specify where in
the DNA sequence the promoter is inserted which is
essential.

Claimg 23-26 are rejected under 35 U.S.C.
112, first paragraph, for the reasons set forth in the
preceding paragraphs.

Claims 23~26 are rejected undexr 3% U.8.C.
112, second paragraph, as being indefinite for failing
to particularly point out and distinctly claim the
subject matter which the applicant regards as his or

her invention. The c¢laims are indefinite in the
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Serial Number 265,276
Art Unit 172 e

recitation of "proximal to one.end". Proximal to one
end of what?

Applicants are requested to supply copies of
the journal articles cited in the specification because
they are unavailable to the exaniner.

Claims 1-26 are rejected under 35 U.S5.C. 112,
second paragraph, as being indefinite for failing. to
particularly point out and distinctly claim the éubject
matter which the applicant reégards as his or her

invention. The claims are indefinite in the recitation

of "a replication svstem"™. It is not clear what that
encompasses.

703-557-3685/86 -

Esther M. Kepplinger:ab

6~16-82 (fi;fiﬁjjh,}iq A{ “ilﬁk{§~_,

ESTHER M, KEPPLINGER
PRIVARY EXAMINER
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TO SEPARATE, HOLD TOP AND BOTTOM EOGES, SNAP~APART AND DISCARD CARBON

=y

FORM PTO-892 US: DEPARTMENT OF COMMERCE
{REV. 3~78) PATENT AND TRADEMARK OFFICE

NOTICE OF REFERENCES CITED

SERIAL NO, IGROVP ART UNIT

QAbSAT76 [ 7

ATTACHMENT
T

o)
PAPER
NUMBER ;Z

APPLICANT{S)

.

ot el

U.S. PATENT DOCUMENTS

* DOCUMENT NO,

DATE,

suB.
HAKE CLASS CLASS

FILING DATE IF
APPROPRIATE

FORE{GN PATENT DOCUMENTS

» DOCUMENT NO.

DATE COUNTRY

SUB.

NAmE CLASS CLASS  |SHMTS.y PR
Ispet,

PERTINENT

DwWe

OTHER REFERENCES (including Author, Title, Date, Pertinent Pages, Etc.)

Sadian 2het Fuas 78(0

/é"?»/’?!(;‘? i Twu—’uﬂ :

K

EXAMINMER

DATE

gi /] H‘ /{L{ﬁ/i/’v&wm %d&a\

* A copy’of this reference is not being furnished with this office action.
{See Manuail of Patent Examining Procedure, section 707.05 {a}.)
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In rée application of
Herman Bujard et al.
Serial No. 265,276

Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS

)

)

) Bxaminer: 1

) L

) Art Ynit: 172 1})
) S

) Zp 71{
) o g
} AMENDMENT /

)

)

San Francisco, CA 24105

Commiesaioner of Patents and Trademarks

Washington, D.C. 20231

Sir:

In response to the Office Action of June 30, 1982,

please make the following amendments:

IN THE SPECIFICATION:

Page 2, line 10, after "B" insert b = b (a

hyphen);
line
B179-2074n 3
line
line
line

Page

11,

12,
15,
21,

14,

rerestrictiondx.

Page
54495450 3bs
Page

Page

«
15,

/

change "I" to W~Jov; change "179207" to

e
change "175193" to xl175-193k~;

e
change "189193" to £~<189~-183-tn;
aftexr "USA"™ insert &«38:167-171pa-.

/
line 22, change “reStruction®" to

line 1, change "44954503" to

line 16, after "(u~§;otein)“ insert Avandée,

18,
17,

i

line 6, change "om tje" to &<on thewesy.
/

line 24, cancel "(Gentz (1981), supxaj}".




IN THE CLAIMS:

1<,

1. (amended) A linear DNA‘ééquence having proximal
to one end a strong T5 phage promofer, proximal to the other

end a strong terminator balanced/with said strong T5 promoter,

and having [at least one iftdrediate said promoter and

terminator of a marker for action adjacent to said

A
terminator and distal froW sald other end,] intermediate said

-
promotexr and terminator/at least one marker for selection

adjacent to gaid termﬂéator(ggif replication system foreign

to T5,

Page 46

S

Claim 23, line 8, change "systems" Lo gcsystemb-.

REMARKS

In view of the ahove amendments and the following
remarks, the Examiner is earnestly requested to withdraw the
rejections, allow Claims 1~26, and pass this appiication to
issue.

It is noted that the claims are free of the prior
art, '

Applicants sincerely apologize for the erronecus
page numbers. This is an unfortunate result of modern
technology where miscoding fox a hyéhen may result in its
absence in the final copy. The appropriate hyphens have now
been introduced to indicate the page ranges. The reference
to Gentz was in error and has been deleted. A number of minor
typographical exrors were noted and have now been corrected.
The incomplete citation is a reference of record and that
citation has now been incorporated into the specification.
It is therefore believed, that the minor errors noted by the

Examinexr have all been corrected,

-
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Turning now to the claims, it is believed some
explanation will be helpful in clarifying the situation.
Claims 1~10 concern a linear DNA sequence. The terminator
appears to be an inverted repeat, so that it has no direction.
By contrast, the promoter is directional, allowing for
transcription in only one direction. The linear sequence has
the promotér near one end and the terminator near the other
end. The promoter may provide for transcription in either
direction. Thus, the gene of interest, many genes being
defined in the claims, may be a portion of the linear sequence
or may be provided by insertion between the promoter and the
terminator. When the gene is introduced by insertion, the
promoter directs transcription toward the end of the linear
sequence adjacent the promoter. When the gene of interest is
intermediate the promoter and the terminator, the promoter
directs transeription along the linear sequence toward the
terminator. Claims 1-10 reguire that the linear DNA sequence
either have a replication system (this will be discussed later)
or a gene foreign to the 75 phage.

It is hoped that with the change in language of
the claim, the claim is now definite and avoids the rejection.

The fact of there being a particular order or
direction is not entirely true, As indicated above, the
promoter can be pointed in either direction, which then
determines whether the gene will be inserted to join the ends
of the linear sequence or is present on the linear sequence
prior to insertion,

By contrast, Claims 11-19 are concerned with
circular DNA where the direction is now important, siace
downstream defines the direction of transcription. It is

believed that Claim 11 clearly defines the proper order.
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Claims 20-22 are dependent upon the circular DNA seguerce
Claims 11-19,

Claim 23 again is concerned with a linear DN&
seguence. A linear sequence has two ends. Claim 23 requires
that proximal to one end in the downstream direction is a
gene, The point of the first step is the insertion of a
promoter into the linear DNA sequence to form a circular DNA
seguence. Thus, when the promoter is inserted between the
ends of the linear DNA sequence, it is followed by the gene
and the promoter defines the downstream direction. After the
gene is a terminator, which is then followed by another gene,
which in turn is followed by a replication system. The purpose
of the two genes is to determine the effectiveness of the
terminator. If the terminator is ineffective, then the second
gene will be expressed. Therefore, Claim 23 provides a basis
for evaluating promoters, terminators, and their relative
effectiveness, |

So far as a replication system is concerned, this
is discussed on page 5, lines 18-28. A.replication system
will include an origin and any other regulatory sequences
which are necessary for binding of DNA polymerase to provide
for replication of the two DMA strands. It is believed this
language has found extensive use, see for example U.S, Patent
No. 4,237,224, and should find acceptance.

The articles referred to in the Description of the
Prior Art accompany this response, but not the dissertations,
which are believed to be of no more relevance than the published
articles.

In. view of the above amendments and remarks, the
application is considered in good and proper form for allowance,
énd the Examiner is earnestly reguested to pass this application

to issue.
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If, in the opinion of the Examiner, a telephone

conference would expedite the prosecution of this application,

the Examiner is invited to c¢all the undersigned attorney,

collect, at (415) 493-2590.

jq/gs/g,w,

BIR/gs

Enclosures

Respectfully submitted,

TOWNSEND and TOWNSEND

i,

sBertram I. Rowland
Reg. No. 20,015

1. Casabadan and Cohen (1980} J. Mol. Biol. 138:179-207
2. West and Rodriguez (1980) Gene 9:175~193

3. Von Gabain and Bujard (1979) PNAS USA 76:189-193

4. Stuber et al. {1978) Molec. gen. Genet, 166:141-149

1 hereby cerdify that this correspondence is being deposited

with the United Ststes

Postal Sarvics as first class majl iy

an envelape adiressed. to: Commissioner &
: Gomp ater g
Trademarks, ¥ashinglon, D.6. 20231, onmﬁﬁﬁ

{Dats of Deposity

I?ﬁs & ¥OWNSEND
Date ?/34//). BVV/Z » 7

Bettram 1. Rovdang
Reg. No. 20,015




TOWNSEND and TOWNTND
Steuart Street Tower

One Market Plaza

San Franciscow ‘,Q‘ 94108
(415) 54% 5?36/0,,

. S 5490-35
Docket No.

‘Herman Bujard ét al. Date_ November 8, 1982
Serial No, 265,276
Filed May 20, 1981

For CLONED HIGH SIGNAL STRENGTH PROMOTERS

THE COMMISSIONER OF PATENTS & TRADEMARKS
Washington, D.C. 20231

Sir:
Transmitted herewith is an amendment in the above-identified application.

D No additional fee is enclosed because this application was filed prior to
October 25, 1965 (effective date of Publi¢ Law 89-83.)

D No additional fee is required.

The fee has been calculated as shown below,

CLAIMS AS AMENDED
t 123 2 14) {5) 18} {7}
CLAIMS RIGHEST NO,
REMAINING PREVIOUSLY PRESENT | RATE | ADDITIOMAL
AFTER PAID FOR' EXTRA FEE
AMENOMENT
TOTAL . =
CLAIMS MINUS x x 85 x
otal i * .
CLAMS 29 MINUS 26 X 3 x$16 | x 30,00
TOTAL ADDITIONAL FEE
FOR THIS AMENDMENT $30.00

* 14 the entry in Column 2 is lass than the antry in Column 4, write 70" in Column 5.
*21f the “Highest Number Previcusty Paid For™ IN THIS SPACE is fess than 10, write 710" in this space.

D A check in the amount of S is attached.

Charge $ 30.00 to Deposit Account No....20-1430 A duplicate
copy of this sheet is enclosed.

. Piease charge any additional fees or credit overpayment to Deposit Account No,
_20~-1430 A duplicate copy of this sheet is enclosed.

TOWNSEND and TOWNSEND

Gk lilor

rno‘ﬁﬁ R To e

égrtram(y
Reg. No. 20,015
BIR/gs
Page 50 T&T R6 REV.




IN THE UNITED STATES PA

in re application of

Herman Bujard et al.

Examiner: £, Keppli x

Art Unit: | 172

7

SUPPLEMENTAL AMENDMENT

Serial No. 265,276
Piled: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS

San Francisco, CA 94105
Commissionexr of Patents and Trademarks
Washington, D.C. 20231
Sir:
Supplemental to the response to the Office Action
of June 30, 1982, please add the following claims.

IN THE CLAIMS:

ene——

27. A DNA seguence having replication system

recognized by a microorganism, a mayker for selection and
in downstream order of transcriptifn, a strong promoter, a
structural gene foreign to said gtrong promoter and a
palanced terminator, wherein safid strong promoter intends
a promoter which inhibits expyfession of said warker in the
absence of a balanced terminhtor.

28. A DNA ¥equence according to Claim 27, wherein

said replication syst 1s recognized by a prokaryote,

29. A DNA cording to Claim 27, wherein

said replication system 1s\recognized by a eukaryote.

Page 51

REMARKS
In view of the following remarks, the Examiner is
earnestly requested to add Claims 27-29 to the subject

application and allow Claims 1-29.

BOPAY 117146788 BASRTA PO-1430 1 103 AL 000N
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Support for new Claims 27-29 may be found on page
1, lines 26-30, page 2, line 38 and in the original claims.

After responding to the Office Action of June 30,
1982, upon review of the claims, it was found that theilr scope
did not reflect the proper breadth of the subject invention.

The subject claims are believed to be patentable
over the prior art for the following reasons. First, it had
not be appreciated previocusly that a strong promoter, such
as the T% phage promoters, could inhibit c¢cloning of a plasmid.
Only with the discovery of the subject invention is it shown
that one can clone strong promoters and use either the wild
type terminator or a different terminator, where the utility
of the terminator may be determined by the method disclosed
in the subject invention., Therefore, the subject invention
now allows for the use of a variety of strong promoters with
balanced terminators for the high yield expression of strue-
tural genes of interest.

In view of the above remarks, the Examiner is
earnestly requested to enter the above amendments and pass
this application to issue.

If, in the opinion of the Examiner, a telephone
conference would expedite the prosecution cf this application,
the BExaminer is invited to call the undersigned attorney,
collect, at {415) 493~2590.

Respectfully submitted,

TOWNSEND and TOWNSEND

bate :‘f/./ 7 Fo by SW,&ZM&/

Bertram 1. RoWwland
Reg. No. 20,015

BIR/gs




7y

i

{

UNITED STATES DEPARTMENT OF COMMERGE
Pateqt and Trademark Qffice

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D C. 20231

FIRST NAMED APPLICANT 1 ATTORNEY DOCKET NO.

= s
i

SERIAL NUMBER | FILING DATE

$6°% &

fesl

T

‘j}

i

£
;

LRI TS
IS INDEPD

L8 5% o

ARTUNIT | PAFER NUMBER

1V 5-'

DATE MAILED: ey e

- 2 RaaE v fe
Yt
This is 3’ communication fron: the examiner in chargs of your application. JA N 0 3 1983

COMMISSIONER OF PATENTS AND TRADEMARKS

[(Ivmis appticatian has pean sxamines @"/" 10 communisation filad oa 28X [CJrnis action 15 msda finst,

A shortened statutory pariod for respanse 10 this ac1ion is 581 10 8XPHR wwrcws MOnthis), __swomeeeewtdys from tha date of this fetter,

Faiture to respond within the pariod for résponse will cause the application to become sbandoned, 35 U.S.C. 133

Part§ THE FOLLOWING ATTACHMENTIS) ARE PART OF THIS ACTION:
1. MNotice of References Clisd bby Examiner, PYO-892 2, Notice of Infarmal Patent Drawiag, PTC.948
3. [ ] Notice of Reterenices Cited by Applicant, PTO-1449 4. [ Notice of informat Patent Application, Eorm PTO-1 53

. . 5.}
Part il SUMMARY OF ACTION .
@/ o .
1. Cisims l 2 ‘i ara ing in the e
Of the gbove, claims " ars withd from ideration.
2. D Ciins have bean cancelied.
3. [3 Cigims. ord alipived,
- 1 X
4. [z%iaims }q, . - are rej
5, E} Claims ore ohjected to.
6. 1:3 Claims atn sunject 1o rastricrion of slection cequirament.
7, [j The format deewings filed on arg prabla,
8, E}TM draving carrection raquest filed on i has boen [ TJapproved,  [[ldisapproved,
o, B Acknowledgrrant is made of the staim for priority under 38 US.C. 112, The cortified copy has
Db«n raceivad, - [TInot besn received. {jbwn tiled in parent application, serial no. +
o filed on .
10, ms‘mce this application appesrs 1o be iA sandition for allowance axcepy for formal matters, prosecution as to the morits is closed in ac.
cordance with the practice unger Ex parte Guayis, 1935 C.0. 13,453 0.G, 213,
11, D Othee
PTOL-326 {rev. 7-79)

EXAMINER'S ACTION
Page 53
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SERIAL NO. 265,276
ART UNIT 172 -

The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide
support for the claimed invention. This paragraph of .
the statute reguires that the specification shall
contain a written description of the invention and of
the manner and process of making and using it, in such
full, clear, concise and exact terms as to enable any
person skilled in the art to which it pertains, or with
which it 1s most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention. The
recitation that the promoter "intends a promoter
which...terminator "is new matter since no basis can be
found for such recitation. The areas pointed out by
applicants does not provide support.

Claims 27-29 are rejected under 35 U.8.C.
112, first paragraph, for the reasons set forth in the
objection to the specification.

Claims 27-29 are rejected under 35 U.S.C.
112, second paragraph, as being indefinite for failing
to particularly point out and distinctly claim the
subject matter which the applicant regards asg the
invention., The claims are indefinite in the recitation

of "intends" since that is not a definite limitation.
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SERIAL NO. 265,276
ART UNIT 172 -3

The specification is objected to under 35
U.5.C.112, first paragraph, as failing toc provide
suppert the claimed invention. This paragraph of the
statute requires that the specification shall contain a
written description of the invention and of the manner
and process of making and using it, in such full,
clear, concise and exact terms as to enable any person
skilled in the art to which it pertains, or with which
it is most nearly connected, to make and use thé same,
and shall set forth the best mode contemplated by the
inventor of carrying out his invention. No basis for
having the replication syétem intermediate the promoter
and terminator éan be found.

Claims 1-10 are rejected under 35 U.S.C. 112,
first paragraph, for the reasons set forth in the
objection to the specification.

Claims 11-29 are rejected under 35 U.8.C.
112, second paragraph, as being indefinite for failing
to particularly point out and distinctly claim the
subject matter which the applicant regards as the
invention. The claims are indefinite in the recitation
of "a balanced terminator". It is not clear in what

way or with what it is balanced.
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SERIAL NO. - 265,276
ART UNIT 172 —h

The following is a quotatioh of 35 U.5.C. 103
which forms the basis for all cbviousness rejections
set forth in this Office éction:

A patent may not be obtained.though
the invention is not identically
disclosed or described as set forth in
section 102 of this title, if the
differences between the subject matter
sought to be patented and the priocr art
are such that the subject matter as a
whole would have been cobvious at the
time the invention was made to a person
having ordinary skill in the art to
which said subject matter pertains.
Patentability shall not be negatived by
the manner in which the invention was
made.

Claims‘l, 4-15, 17-22 and 27-29 are rejected
under 35 U.8.C. 103 as being unpatentable over
Casadaban et al in view of Stiber et al(v}. Casadaban
et al shows analysis of promoters and terminators by
preparing plasmids containing ara promoter, promcters
such as T5, structural lac genes, a marker for
ampicillin resistance and a terminator. The sequenée

of the elements appears to be as claimed and the
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SERIAL NO. 265,276
ART UNIT 172 ‘ -5-

terminator of the reference appears to be "strong”,
sfiber et al teach that to prepare stable plasmids the
strength of the promoter and terminator should be
compatible. Thus, it would be obvie#t§ to use balanced
promoter and terminator as in Stlber in the plésmids of
Casadaban et al for stability. The usefvarious
structural genes and replication systems for either

prokaryotes or eukaryotes would be obvious.

EKEPPLINGER:hm
703-557-3685

12/15/82

ESTHER M. KEPPLINGEE
PRIMARY EXAMINER

Sl M /Gﬁ@&

/1
N
“&&Z/\
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FORM PTO-892 U.S. DEPARTMENT OF COMMERCE SERIAL RO IGROUP ART UNIT

ATTACHMENT
{REV, 3-78} PATENT AND TRADEMARK OFFICE O

ALsa26 | (72 R I

NOTICE OF REFERENCES CITED APBLICANT(S)

U.S. PATENT DOCUMENTS

SUB- FILING DATE IF
. DOCUMENT NO. DATE NAME CLASS CLASS APPROPRIATE

FOREIGN PATENT DOCUMENTS
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EXAMINER DATE 14
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Stevart Sreet Sovien °490-35
One Mar"bv’\gﬁ Plazs ~~

San Franclsgd, CA 94105
(415} 5439860 E vt

In re application of HERMAN J. BUJA%Q@% \"49
gl

Atty, Docket No.
3/11/83

Date

Serial No. 263,276

Filed 5/20/81
For  CLONED HIGH SIGNAL STRENGTH PROMOTERS

THE COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

Sir:
Transmitted herewith is an amendment in the above-identified application.

[1 Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verified slatement
previously submitted,

[ A verified statement to establish small entity status under 37 CFR 1.9 and 1.27 is enclosed.
[1 No additional fee is required,

The fee has been calculated as shown below:
OTHER THAN A

(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS ’ HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE ADDIT, RATE ADDIT,
AFTER PAID FOR EXTRA | FEE OR FEE
AMENDMENT \
*%
toraL|® 30 | miNus|” 29 |= 1 x5= | $ x10= |$ 19
INDEP. | * minus | = x15= | $ x30= |$
[ ] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +50= |8 +100= | §
TOTAL
ADDIT, FEE | ® OR TOTAL |$ 10

* 1f the entry in Col. 1 is less than the entry in Col: 2, write “0” in Col. 3.
** 1f the “Highest Number Previously Paid For’® IN THIS SPACE is less than 20, write “20” in this space.
%% If the ““Highest Number Previously Paid For” IN THIS SPACE is less than 8, write “3°" in this space.

The *Highest Number Previously Paid For” (Total or Independent) is the highest number fourd from the equivalent
box in Col. 1 of a prior amendinent or the number of claims oviginally filed.

[X] Please charge my Deposit Account No. 20-14830 in the amount.of $ 10.00 A duplicate copy of this
sheet is attached.

[X] The Commissioner is hereby authorized to charge payment of the following fees associated with this communication
or credit any overpayment to Deposit Account No. 20-1430. A duplicate copy of this sheet is attached.

IX] Any filing fees under 37 CFR 1.16 for the presentation of extra claims,

[ 1 Any patent application processing fees under 37 CFR 1.17.

TOWNSEND & TOWNSEND

Reég. No.: 20,015
"Attorney of Record Bertram I. Rowland
BIR/gl
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE <; (i:f?'
~

In re application of
[ ——

Examiner: E. K&€pplinger
(15

San Francisco, CA, 94105

Herman Bujard et al.
Serial No. 265,276 Art Unit: 172

Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS

AMENDMENT

B L= ey )

Commigsioner of Patents and Trademarks
Washington, D.C. 20231
Sir:
In response to the Office Action dated January 3,

1983, please amend the above»refeienced application as

follows:

IN THE SPECIFICATION: L////

Page 4, line 33, cancel "onefourth" and substitute

therefor --one-fourth—- .

IN THE CLAIMS: d//////
Claim 1, as amended, at, line 7 before "marker”

insert --of (1) a == and at ne 8 before "a replication”

insert =={2)m- .
Claim 6, ling 2, change “"replication system" to -=-
marker-- .

Please amend Claim 11 as follows:

11. {amended)} A circular DNA sequence having in

downstream order of tkanscription a strong T5 phage promoter,

a structural gene forelgn to T5 phage under transcriptional

'aijalancgéj terminator which is

(3, ® contrel of said promote

balanced with said pxomoé%r, and a replication system.
N

14274

H6R74 DI/PR/BE RESRTE . PO-1430 1 103 10.000H

Page 60




Please amend claim 27 as fo}lows:

27. ({(Amended) A DNA sequg¢nce having a replication
system recognized by a microorganigm, a marker for selection
and in downstream ordeﬁ of transctiption, a strong promoter,
a structural gene foreign to
{balanced] terminator which

wherein said strong promoter/is characterized by substantially

strong promoter and a

alanced with said promoter,

complete absence of [intends a promoter which inhibits]

expression of said marker fin the absence of a [balanced]

Hced with said promoter.

T

terminator which is bala
BRI - ot onsns

please add new claim 30,as follows:

30, A DNA seguence agcording to claim 27, wherein said

expression of said marke 4t a frequency of less than
about one-fourth the freq cy. at which the structural gene
is expressed and said mEx¥er is under transcriptional

control of gaid promotey.
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REMARKS

Claims 1~29 were examined and rejected. The
rejections were based both on 35 U.5.C. 112, first and
second paragraphs, and on the prior art. Each of the rejections
will be discussed in ordexr below,

Claims 1, 6, and 27 have been amended. WNew Claim
30 has been added. Re~examination and reconsideration of
the Claims, as amended,; ave requested.

Claims 27-29, added by the amendment dated
November 8, 1982, were rejected under 35 U.S.C. 112, first
paragraph, as lacking support in the specification. Specifically,
the rejection states that the definition of "strong" promoter
as one "which irhibits expression of said marker in the
absence of a balanced terminator"” lacks support. Applicants
traverse this rejection. At page 1, line§‘26~30, it ig
clearly stated that "strong" §;omoters, when inserted into a

2
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vector, prevent expression of markers on the vector. Purther
support is found at page 2, line 37 through page 3, line 2
where it is disclosed that inclusion of a balanced tefiinator
allows expression of the marker. Based on this disclosure,
one skilled in the art could identify "strong® promoters
based on their ability to inhibit expression of markers on
vectors which lack balanced terminators. Applicants
respectfully request that this rejection be withdrawn.

As to the rejection of Claims 27-29 under
35 U.8.C. 112, second paragraph, the definition of "strong”
promoter has been amended in Claim 27 to avoid any possible
ambiguity in the language.

Claims 1~10 were rejected under 35 U.§.C. 112,
first paragraph, as lacking sufficient support in the specification
In particular, the Examinér stated that there was no basis
for claiming that the replication system was "intermediate”
the promoteér and terminator.

Applicants belisve that this rejection results
from a misunderstanding of the intended coverage of claim 1.
Claim 1 is directed specifically at a linear DNA segment,
such as that described on page 4, line 4 through page 5,
line 28 of the specification., Such a linear segment includes
a promoter and a terminator adjacent its opposite ends. The
promoter in one orientation (the replication system being
present on the linear segment) is oriented to define a
direction of transcription away from the terminator so that
a structural gene of interest may be joined to each end of
the linear segment, whereby the gene will be under the
regqulatory control of the promoter. Thus, the portion of
the segment "intermediate” the promoter and terminator in
the linear seguence will not be under the regulatory control
of the promoter in the constructed plasmid. This region

provides a convenient region for carrying a marker for

3
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selection or a replication system, or both. Such a DNA
segment is particularly useful for constructing cloning
vehicles for a wide variety of structural genes. Where the
marker is present, the proﬁoter may be in either direction,
where the structural gene of interest may be introduced to
be in tandem with the marker or together with a replication
system may serve to join the two ends.

The construct and its use may be formulized as
follows:

>
(1) (a) ~P-M=T-
(b) “Pop-r-
&
(2) PR e

where P is the promoter and the arrow indicates
the direction of transcription;

M is a marker;

T is a termipator; and

R is the replication system. When the ends &re
joined to form a plasmid, the follohing constructions can be
made; where G is the. structural gene of intevest:

ey

from (1) (a) P~G-M-Tn
P

from (1) {(b) EG—P—M—TJ

o
from {2) C§~P~R—Tn

Claim 1 has been amended to more clearly define
the linear DNA sequence as just described. Claim 6 has been
amended to coﬁform with claim 1, as amended. Applicants
submit that the rejecticn of claims 1~10 undexr 35 U.S.C. 112

has been overcome.
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Claims 11-29 were rejected under 35 U.S.C. 112,
second paragraph, as being indefinite in the recitation of
the term "a balanced terminator.®

Claims 11 and 27 have been amended to recite "a
terminator which is balanced with the promoter” rather than
a "palanced terminator.® Such terminators are clearly
defined in ﬁhe‘specification. At page 4, lines 31-34, it is
stated that the terminator is balanced when expression of a
downstream marker occurs with a frequency not greater than
about one-fourth of the expression of the gene upstream from
the terminator. Moreover, the method described from page
10, line 37 through page 11, line 31 of the specification is
directed specifically at a technique for selecting balanced
promoter/terminator pairs. Applicants submit that Claims 11
and 27 now described the nature of the "balanced" terminator
with sufficient particularity.

Claims 12~22 and 28-29 dependent on Claims 11 and
27, also avoid the 35 U.S.C. 112 rejections for the reasons
just set forth.

Applicants do not understand the rejection of
Claims 23-26 based on the recitation of "a balanced terminator.”
None of said claims 23~26 employ that language. Since no
other rejections were stated relative to claims 23-26,
applicants believe that claims 23-26 should now be in condition
for allowance.

For the above reasons, applicants submit that the
formal rejections under 35 U.S.C. 112 have been overcome.
The prior art rejections will now be discussed.

Before discussing the prior art rejections and.

cited references in detail, however, a brief explanation of




the present invention is in order. The present invention
provides balanced regulatory systems capable of strong
expression of a wide variety of structural and other genes.
The regulatory systems are characterized by a strong promoter
in conjunction with a strong (balanced) terminator. In

particular, the present invention is able to utilize the

styrong promoters of bacteriophage T5 which have heretofore
not been useful in constructing vectors for expression of
foreign genes. The present invention successfully uses such
promoters by assuring that the strong promoters are matched
with a balanced terminator, as defined in the specification.
In the absence of a balanced terminator, expression of the
genes on the vector is not observed.

The present invention relies on a novel method for
selecting balanced terminators to allow for construction of

the claimed linear segments and plasmids. The method is

best described beginning at the end of page 10 of the specification
and continuing on page 1l. After selecting a promoter or
terminator having a known activity, e.g. a strong promctexr

such as the T5 promoter, a plasmid can be constructed having

a first marker upstream of the terminator and a second

marker immediately downstream. By determining the relative
proportion of expresssion of the first and second markers,

the relative strength of the promoter and terminator can he .
assessed, Using a known strong promoter, a weak term;gator

results in dlﬂlnlshed expre351on of both gene markers. A

e e e A 5 S s

stxong terminator, however, provides a much hlgher relative
expression of the gene marker upstream of the terminator
compared to tbat downstream of the terminator.

. None of the prior art cited by the Examiner either

teaches or suggests such a method for selecting balanced
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promoter/terminator pairs or the resulting DNA sequences
which utilize such pairs.

Casadaban and Cohen, the primary reference, teaches
a method for identifying DNA fragments which include either
promoters or terminators, but which does not determine their
relative strengths. The prior art method relies on inserting
the DNA fragments into a construct comprising the ara promoter
and the ;gg'structural gene on & plasmid., The ara promoter
is inducible, and when it is turned on, the DNA construct
can be used to determine whether the inserted DNA segment
acts as a terminator. Expression of the lac gene is graatly
reduced if the inserted fragment includes a texminator,
When the ara promoter is turned off, the DNA construct can
be used to determine if the inserted segment acts as a
promoter. Since the ara promoter is inactive, expression of
the lac¢ gene will be observed only if the inserted fragment
includes a promoter.

The Examiner apparently relies on page 191 of the
article where it is disclosed that a HindIXI fragment of
bacteriophage TS5, when inserted into the cloning vehicle
just described, provides expression of the lac gene when thé
ara promoter is turned off. While the particular fragments
inserted may have included the strong “early" promoters of
the T5 phage {as c¢laimed herein), at least some of the
inserted fragments would have included the T5 terminator as
well as the promoter, and expresgion of the lac gene could
have resulted from read through past the T5 terminator.
HindIII digestion of 75 results in fragments ranging from
2.0kb to about 17.2kb (See von Gabian and Bujard, Table 1y,
which fragments are sufficiently large to include both the

promoter and terminator. The fragments inserted in the




vector pLBU3 in the Experimental section of the present
invention, however, had an average length of about 200 base
pairs and could not have included both a promoter and matched
terminator.

Regardless of the origin of the strong termina:or,
the article of Casadaban and Cohen nowhere teaches the
criticality of providing a terminator which is balanced with
the strong promoter, e.g. the T5 promoter. In fact, the
observed expression of the lac gene would suggest to one
skilled in the art that a balanced terminator is unnecessary
since Casadaban and Cohen took no steps to assure its
presence. As explained above, such expression based on the
above results and their interpretation was most likely the

fortuitous result of simultaneously introducting a T5 terminator

on the same fragment as the promoter, which allowed read
through expressioniof the lac¢ gene.

The Examiner relies on the article by Stuber and
Bujard to teach the inclusion of a balanced terminator in
the DNA segquences of Casadaban and Cohen. The basis for
this teaching, however, is a single sentence at the end of
the article which states that the authors "have strong
indications that for plasmid stability the signal strength
of the promoters and terminators have to be compatible.”
There is no indication of what is meant by “compatible, " nor
is there any suggestion of how such compatibility might be
assessed. Applicants submit that such a vague suggestion
would hardly teach one skilled in the art how to construct
the DNA segquences and plasmids of the present invention
where suitablé promoters and terminators may be indentified
by a specific procedure. The statement is an intuitive

prognostication, an invitation to research, not a basis for

rejection.
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As described above, Claim 1 has been amended to
more clearly set forth the linear DNA sequence of the present
invention. The sequence comprises a strong T5 promoter at
one end and a terminator which balanced with the TS promoter
at the other end. Either an origin of replication or a
marker for selection is included intermediate the promoter
and terminator. This linear DNA sequence is particularly
useful for prbviding the strong expression of a wide variety
of structural genes compatible with the T5 promoter. In the
typical case where the sequence includes both a marker and
an origin of replication, it is necessary only to insert the
structural gene in the proper orientation to obtain the
expression vector.

Applicants submit that the structure of Claim 1,
as amended, is nowhere taught or suggested by the cited
prior art. Casadaban and Cohen do not consider DNA fragments
where the T35 promoter is located at one end and there is a
marker and/or a ¥eplication system on the fragment. More
importantly, Casadaban and Cohen do not teach the criticality
of providing a balanced terminator. Even when combined with
the suggestion of Stuber and Bujard, there iz no enabling disclosure
as to how one would select such a terminator and provide the
DNa structure as claimed, nor is there any reason to prepare
the claimed fragment.

Claims 2~10, dependent on Claim 1, are also allowable
for the reasons just set forth.

Claim 11 is directed at a circular DNA seqguence
including in order of transcription, a strong T5 promoter, a
structural gene foreign to the TS5 phage, a terminator which
is balanced with the promoter, and a replication system.

Claim 11 has been amended to provide that the structured

gene is under transcriptional control of the strong T5
promoter, For the reasons given earlier, the structure

taught by Casadaban and Cohen is clearly excluded.




Claims 12-22, dependent on claim 11, are alsc
allowable for the reasons just set forth.

Claim 23 is directed at the method for determining
the strength of a promoter as described above. These
claims were not rejectéé based on the art. Moreover, the
rejection undex 35 U.S5.C. 112 appears inapposite. For these

reasons, applicants assume that claims 23-26 are now in

condition for allowance.

Finally, claim 27 is directed at a DNA sequence
including a strong promoter (not limited to the strong 15
promoters) and a balanced terminator. Applicants submit
they are entitled to such patent protection based on the
advances they have made over the prior axrt. Although
others may have suggested that there might be a need for
providing balanced promoter/terminator pairs, applicants
herein are the first to provide a method for matcﬁing a
balanced terminator with any desired strong promoter in
order to provide an expression vector capable of enhanced
expression of an inserted structural gene, as well as estab-
lishing that such need exists. )

New claim 30 has been added to provide additional
description of the balance between the terminator and the
promoter. Support for the amendment is found on page 4,
lines 30-35 of the specification.

In view of the above amendments and remarks, the
Examiner is earnestly requested to withdraw the rejections
and pass this application to issue.

If, in the opinion of the Examiner, a telephone

conference would expedite prosecution of this application,

10
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the Examiner is invited to telephone the undersigned attorney

at {415) 493-2590.

Respectfully submitted,

TOWNSEND and TOWNSEND

pate: S /////3 Bys /L C»/W

# Bartram I. Rowiend
Reg. No. 20,013

{ herehy certify that this correspondencs is being deposited
with the United States Postal Service es first class mail in
an envelope addressed lo: Commissémeg )i 71 zgog'a angd
Trademarks, Washingion, 0.6, 20231 on 3L/ 83

y {Date gi et
10 & YOWNSERD

Name Bertram 1. Rowland
20,015
Reg, No. =’

10
Date 3/1%/83 ?*f

o

11
Page 70




| URITED STATES DEPARTMENT OF COMMERCE
“Patent and Trademark Office

Address ;- COMMISSIONER OF PATENTS AND TRADEM
Washington, 0.C, 20231 DEMARKS

SERIAL NUMBER I FILING DATE I S FIRST NAMED APPLICANT lATTORNEV DOCKET NO.
06/265,276 0S/20/81 BUJARD H B490-35
) B 30
r ‘1%32%{}&9 & TOWNSEND 1 EXAMINER
& T STREET TOWER : EFPLT B
ONE MARKET FLAZA o . KEFFLINGER. &
SAN FRANCISCO, A 94105 S ARTUNMIT | FPAPER NUMBER
‘ 174 7

DATE MAILED: D6 20,/83

This is 8 coramunication from ths sxaminer in charge of your aplicstion, '

COMMiSS!ON‘ER QF PATENTS AND YTRAREMARKS

(™™ This application has been examined Y%smnsive‘ 1o communication filed on . 31 {4183 {1 This action is made final,

A shortened statutory period for respanse to this action is set to expire ... 3 MONR(5}, ot S 425, [r0m the date of this leiter,

Eaiture to respond within the period for responseiwill cause the application to become abandoned, <35 U.S.C, 133

Pant i THE FOLLOWING ATTACHMENT(S)-ARE PART OF THIS ACTION: - .
L {7 Notice of Heferences Cited by Examiner, PTOR82, 20 [T Netice se'Patent Drawing, PTO-848.

3. [T Motice of Ant Cited by Appticant, PTO-1449 + 4 7] Notice of informal Patent Application, Form PT0-152
5. [ tnformation on How to Effect Drawing Changes, PTO-1473 = 8. 3

Pant it SUMMARY OF ACTION

1. {fi Claims i e %’O ' e are pending in the zpplication,
Qf the sbove, claims . : are withdrawn from consideration,

2. {1 Claims i : : ) have been cancetied.

3, {] Ciaims : I : ate allowed.

4 Eé/cllaims | — 30 . are rejected.

S, [} Claims k are objected to,

&, [} Ciaims . .. are subject to restriction or election requirament.

7. {77 This application has beeg filed with informal drawings which are acceptable for examination purposes untit-such time as allowable subject -

L
matter is indicated,
-8.{ 1 Allowsble subject matter having bees indigated, formai drawings are required in response to this Office action,
. . : : A

3. [} The corrected or substitute drawings have been received on . . These drawings are [ acceptable;
{4 not acceptable {see explanation).

10, {771 The[ ]} proposed drawing correction and/or the ™) proposed additional or substitute sheetls] of drawings, fiied on
has (have) been || approved by the examiner, [} disapproved.by the examiner [see explanstion),

1L {71 The proposed drawing corection, filed .y has been [Tlapproved, [} disspprovettisse exmana;ion}’. Howaver,
the Patent and Trademark Office no tonger makes drawing changes.. 1tis now sppticant's responsibility to ensure that the drawings are
conected. Correttions MUST be effected in accordance with the instructions set forth on the attached latter “INFORMATION ON HOW TO
EFFECT DRAWING CHANGES™,; PTO-1474, ' . -

"

12, 777 Acknowledgment is made of the claim for priority under 35 U.S.C. 119, The centiticg copy has [ been recetved: [ Jnot been received

"3 peen filed in parent appiication, serial no. . . ; fifed on .
13. {7} Since this application appears to be in condition for ailowance except for formal matlers, prosecution a5 o the merits 's closed in
accordance with the practice ynder Ex parte Quayle, 1935 C.D. 11; 453-0.G. 213

14, [ 7 Other

Page 71 proL-22s (Ruv. 7-82) EXAMINER'S ACTION.
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Serial No. 265,276 A

rt Unit 172

The specification is objected to undexr 35
U.8.C.112, first paragraph, as failing to provide support
for the invention as now claimed. This paragraph of the
statute requires that the specification shall contain a
written description of the invention and of the manner and
process of making and using it, in such full, clear, concise
and exact terms as to enable any person skilled in the art
to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set fcrth the
best node contemplated by the inventor of carrying out his

Teesdabion
invention. The imventiesn that the "promoter is
characterized by....in the absence of a termination which is
balanced with said promoter” is not supported by the
specification. Applicants peint to portions of the
specification as basis‘ﬂdequate support is not found thete,
however, since thé components of the first vector ars not
made clear nor is the reason for lack of expression of the
marker.

Claimg 27-~29 are rejected under 35 U.S.C, 112,
first paragraph, for the reasons set forth in the\objection
to the specification.

Claims 1-22 ard 27-30 are rejected under 35 U.S.C.
112, second paragraph, as being indefinite for failing to

particularly point out and distinetly claim the subject




Page 73

Serial No. 265,276 -3
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matter which the applicant regards as the invention. The
claims are indefinite in the recitation of a terminatocr
which is "balanced with said promoter®. It is not clear in
what way they are balanced. Recitation that they are
balanced to allow a particular amount of marker transcribed
would obviate the rejectign. For example, the recitation on
page 4, lines 31-35 would be sufficient.

The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide support
for the claimed invention, This paragraph of the statute
reguires that the specification shall contain a written
description of the invention and of the manner and process
of making and using it, in sunch full, clear, concise and
exact terms as to enable any person skilled in the art to
which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set Fforth the
best mode contemplated by the inventor of carryving ouvt his
invention. There is no basis for having the replication
system intermediate the promoter and terminator on a linear
piece of DNA. Applicant's arguments have been noted but the,
issue can best be resolved by applicants pointing out uwi
portions of the specification providing the support.

Claims 1-10 are rejected under 35 U.S.C. 112,
first paragfaph, for the reasons set forth in the obiection

to the specification.
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The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute reguires
that the specification shall contain a written description

of the invention and of the manner and process of making and

‘using it, in such full, clear, concise and exact terms as to

enable any person skilled in the art to which it pertains,
or with which it is most nearly connected, to make and use
the same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention. The
specification does not disclose what terminators may be
utilized to balance the promoter or what terminators of known
strength may be used., It would require an undue anmount of
experimentation for one skilledvin the art to determine which
terminators would function in the invention. It appears.
that only the terminator of the coliphage f£d genome is
disclosed which is not basis for the broad recitation.

Clains 1~§b are rejected under 35 U.S5.C. 112,
first paragraph, for the reasons set forth in the obiection
to the specification.

Claims 1-30 are rejected under 35 U.S8.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distinctly claim the sublect

matter which the applicant regards as the invention.
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The claims are indefinite in the recitation of "terminator".
It is clear what they are a terminator of. It is a
transcription terminator?

Claimg 23-26 are rejected under 35 U.5.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distinctly claim the subject
matter which the applicant regards as the invention.

The claims are indefinite in that they do not clearly recite
where the promoter is inserted into the linear DNA which is
essential to the invention.

Claims 23~26 are rejected under 35 U.S.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distihctly claim the subject
matter which the applicant regards as the invention.

The claims are confusing since the preamble recites
determination of the strength of a promoter but no positive
determination step is recited.

The specification is objected to under 35
U.$.C.112, first paragraph, as failing toc provide an
adequate written description of the invention. This
paragraph of the statute requires that the specification
shall contain a written description of the invention and of
the manner and process of making and using it, in such full,
clear, concise and exact terms as to enable any person

skilled in the art to which it pertains, or with which it is
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most nearly connected, tg make and use the same, and shall
set forth the best mode contemplated by the inventor of
carrying out his invention, The specification requires a
particular sequence of components for the invention to
function and such order must be'clearly recited. The claims
only limit the position of the gene.

Claims 23~26 are rejected under 35 U.S.C. 112,
first paragraph, for the reasons set forth in the objection
to the specification.

The specification is objected to under 35
U.8.C. 112, first paragraph, as failing to provide an
enablihg disclosure. This paragraph of the statute requires
+hat the specification shall contain a written description
of the inventioﬁaand of the mannexr and process of making and
using it, in such full, clear, concise and exact terms as to

enable any person skilled in the art to which it pertains,

or with which it is most nearly connected, to make and use

the same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention. The
specification discloses only T5 phage strong promoters and -
it would require an undue amount of experimentation fox one
gskilled in the art to determine other promeoters which c¢ould
be utilized. '
Claims 27-30 are rejected under 35 U.S.C. 112,

first paragraph, for the reasons set forth in the objection

to the specification.
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The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute requires
that the specification shall contain a written description
of the invention and of the manner and process of making and
using it, in such full, clear, concise and exact terms as to
enable any person skilled in the art to which it pertains,
oy with which it is most nearly connected, to make arnd use
the same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention. Although the
specification mentions a replication system for eukaryotes,
no example or specific disclosures of such are given and
the specification is therefore non-enabling for such
recitation. It would require an undue amount of
experimentation to discover systems and ways of placing such
components inte a vector for insertion in a eukaryotic
system.

Claims 10, 13-17, 1%, 21, 22 and 29 are rejécted
under 35 U.8.C. 112, first paragraph, for the reasons set
forth in the objection to the specification.

The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute requires

that the specification shall contain a written description
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A\,
of the invention and of the manner and process of making and
uging it, in such full, clear, concise and exact terms as to
enable any person skilled in the art to which it pertains,
or with which it is most nearly connected, to make and use
the same, and shall set forth the best mode contemplated by
the inventor of carrxying out his invention. The
specification does not adeqguately show determining the
strength of a promoter as claimed. Tt is not c¢lear that one
skilled in the art could perform the invention as claimed.
The disclosure does not show measuring unknown promnoters of
assay their strength.

Claims 23~25 are rejected under 35 U.S5.C. 112,
first paragraph, fér the reasons set forth in the objection
to the specification.

The followiné is a guotation of 35 U.S8.C. 103
which forms the basis for all obviousness rejections
set forth in this Office action:

A patent may not be obtained though
the invention is not identically
disclosed or described as set foxth in
section 102 of this title, if the
differences between the subject matter
sought to be patented and the prioct art
are such that the subject matter as a

whole would have been obvious at the
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time the invention was made to a person
having ordinary skill in the art to
which said subject matter pertains.
Patentability shall not be negatived by
the manner in which the invention was
made.,

Claims 11~-30 are rejected under 35 U.S5.C, 103 as
being unpatentable over Casabadan et al. Casabadan et al
show analysis of promoters and terminators by preparing
plasmids containing promoters;(ara or T5), struc{uxal lac
genes, a marker for ampicillin resistance and a terminator
}n a sequence as claimed. The terminator in a sequence as
claimed. The terminator appears to be "balanced” with the
promoter since the gene and markexr are expraessed. The W
replacement of one promoéer for anofher in Casadaban et al
redds on the method of claims 23-26.

Applicants urge that Casadaban et al nowhere
teaches the criticality of providing a terminator which is
balanced with the strong promoter. The use of such
ambiguous language is insufficient to establish a difference
over the reference.

Applicants urge that the circular DNA of claim 11

: distinguishes over Casadaban et al. Applicants usé€ unclear
terms at their point of novelty, howeveyr and thus no

difference is seen.
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Applicant urge that ne prior art shows a strong
promoter and balanced terminator as in claim 27. The clainms
do not distinguish over Casadaban et al, however, by
reciting such relative and indefinite terms as "strong" and

"balanced",

KEPPLINGER: sab Gl {\\ ‘"IW/\"/QM 51,\

{703)557~3032 ESTHER M. KEPPLINGER

PRIMARY EXAMINER
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Forxr: CLONED HIGH SIGNAL
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STRENGTH PROMOTERS

L

San Francisco, CA 94105
Commissioner of Patents and Trademarks
Washington, D.C. 20231
Sir:
In response to the Office Action of June 20, 1983,
please make the following amendments:

IN THE CLAIMS:
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1. {thride amended) A linear DNA sequence

having proximal to ond end a strong T5 phage promoter,

proximal to the other 4nd a strong transcriptional

terminator balanced with said strong T5 promoter, and having
intermediate said promotgr and terminator at least one of
{1) a marker for selectioh adjacent to said terminator or
{(2) a replication system foreign to T5, wherein the

direction of said promoter is away from said terminator and

said marker is expressed atla frequency of less than about

one-fourth the freguency of structural geﬁe under the

transcriptional. control of sald promoter and bridging said

linear DNA sequence to provid;\a circulayr DNA sequence.
Y

.

v
Claim 11, line 4, after "promoter, a" insert

b«transcriptional4n.




L)

s (amended} A circular DNA sequence aceordimy
soany—-of-Ctatmestdy-12-0p=b3

downstream from said terminato:

aving a marker for selection

wherein said marker is

expressed at a frequency of less than about one~fourth the

frequency of which the structural gene is expressed and is

under transcriptional control of said promoter.

10

15

/
%5( {amended) A method for determining the
strength of a promoter which comprises:
inserting said promoter into a linear DNA sequence

having in the downstream direction for expression proximal

to one end: {in the downstream direction for transcription]
a gene allowing for detection of expression; a

transcriptional terminator of known strength; a marker

allowing for determination of expressioh; and a replication
system recognized by a predetermined host: whereby a
circular DNA sequence is obtained;

transforming said host with said circular DNA
sequence; [and]

growing said host in nutrient medium under
conditions allowing for determination of the extent of
expression of sald gene and said marker; and

determining the strength of said promoter is

determined by the relative degree of transcription of said

gene and said marker.
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27. {twice \amended) A DNA sequence having a

replication system recqgnized by a microorganism, a marker
for selection and in downstream order of transcription, a
strong promoiter, a strucural gene foreign to said strong

promoter and a transcriptional terminator which is balanced

\
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with said promoker, wherein said strong promoter is

characterized by substantially complete absence of

expression of said\marker in the absence of a terminator,

and is at a frequen of less than about one~fourth the

frequency at which tg§ structural gene is expressed and said

marker is under transc>ﬁptional control of said promoter.
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/

Cancel Claim 30.

REMARKS

In view of the above amendments and the following
remarks, the Examiner is earnestly requested to withdraw the
rejections, allow Claims 1~29, the only c¢laims under
consideration, and pass this application to issue.

A sincere effort has been made to avoid the
rejections under 35 USC 112. However, it appears that
applicants’ discnssion in the previous response hés been
inadequate to explain the subject invention. As the
Examiner is aware, the promoter ig the site for binding of
RNA polvmerase. Downstream from the promoter sequence is
the Pribnow box, which appears to designate a base
downstream from the Pribnow box for transcriptional
initiation. The theory of strong and weak promoters appears
to involve the binding efficiency of RNA polymerase to the
promoter site. By contrast, the terminator is usually
distant from the prbmoter, downstream from the structural
gene, and involves an inverted repeat, so that a single
strand can bind to itself to provide for self-hybridization
and looping out. The terminator structure may have

additional complexities, Its function is to stop the RNA




Page 84

polymerase, so that transcription ends at a site upstream
from the terminator.

It is not apparent that a promoter acts like a
slingshot. Why the nature of the promoter should affect the
terminator efficiency is not at all clear. However, it was
found that where one had a strong promoter, such as a T%
phage promoter, and used a terminator from a different
source, which terminator turned out to be a "weak"
terminator, no expression of a marker was observed.
Therefore, one could not select for a plasmid in which this
construct exigsted,

For whatever reason, in the absence of a balanced
terminator, a transcript or messenger RNA capable of
translation was not obtained. This observation was first
made by the subject inventors. (This will be discusssad
subsequently.} Therefore, as a first aspect of
patentability, the subject inventors were the first to
recognize the existence of the problem. Secondly, because
one doés not' obtain transcription, there would appear to be
no obvious reason, Inoperability can be due from a wide
variety of sources. It was the subiject inventors' insight
to realize that the problem might lie with the terminator.
Therefore, by changing the 3'-non-coding end of the sequence
to include a strong terminator, coupled with a strong
promoter, expression of the marker was now achieveable.
Based on this observation and the observation that a
terminator could be leaky, the subject inventors then
conceived of the idea that by placing a marker downstream
from the terminatox, one could obtain transcription of a
structural gene at a high level of transcription and

transcription of a marker at a substantially reduced level.
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In many situations this is desirable, since the marker and
structural gene can be produced concomitantly and the
desired product produced at a much higher level than the
marker.

Applicants, who are respected academicians &t
recognized universities, state on page 1, lines 26f££, "It

was found that when introducing a strong promoter intc a

vector and employing the resulting plasmid for

transformation, one c¢ould not select transformants based on
expression of markers which allowed for selection.® This is
their observation and it is believed that in the absence of
reasons for the Examiner to doubt such observation, the
Examiner should take the observation at face value.
Furthermore, in the Experimental section, thatbpart
beginning on page 16, line 27, the manner of using the
subject invention to analyze for strong promoters is
described. The plasmid pLBU3 was prepared, having a

structural gene downstream from a restriction site into

‘which a promoter could be inserted, which structural gyene

complemented an auxotrophic host, which lacked g~gal

activity. The plasmid had the fd terminator and downstream
from the fd terminator, a tet gene, which provided
tetracycline resistance. The T5 phage was digested with two
endonucleases and the various fragments screened for
promoters. One plasmid pGBU207 (page 17, line 25) was
chosen for further analysis. PFinally, it is indicated that
the plasmid pGPU207 was shown to have a promoter which
appeared to be different from Pog and Pogr described
previously, but had similar signal strength.

It is submitted that Claims 27-29 are clearly

supported by the specification. There is no reason to doubt
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the statement made by the inventors, nor is it considered
necessary that applicants provide a declaration or further
evidence of the correctness of their statement based on
their observations. For the reasons given above, the
Examiner is earnestly requested to withdraw the rejection of
Claims 27-29.

Claim 1 has been amended, as well as other claims,
to include the limitation which the Examiner suggested,
support for which appears on page 4, lines 31~35., The
additional amendment to Claim 1 finds sdpport on page 4,
lines 4~10 and 18-20.

There is the additional amendment, which indicates
that the promoter is directed away from the terminator in
the lineaf DNA. ‘The fact that the promoter is directed away
from the terminator and the linear segment follows from the
discussion beginning at page 4, line 13. Since the promoter
is directed toward the terminator "when the signal sequences
are joined™® inﬁends that the structural gene which serves to
join the promoter and balanced terminator is in the
direction of transcription. Since the language is clearly.
inherent in the language of the specification, it is well
established that support for language in the claim may be
supplied by its inherency in the specification.

For better understanding of the above discussion,
the Examiner's attention is directed to the Figure. Please
consider the structural of the plasmid pLBUl. In that
plasmid, the promoter, indicated by the black box, is
directed toward the terminatox, indicated by the black
diamond. If one now cleaved the plasmid at the HindIII site

intermediate the promoter and the terminator, the promoter
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would now be directed away from the terminator on the linear
DNA segment.

The rejection of Claims 1-22 and 27~30 under 35
USC 112 has been avoided by amendment as suggested by the
Examiner.

The rejection of Claims 1-~10 under 35 USC 112 for
failing to support having a replication system intermediate
the promoter and terminator is respectfully traversed. The
Examiner's attention is once again directed to the Figure
and the plasmid pLBUl. Again, let us assume that the
HindIIX site is cleaved. Based on the description of the
plasmid, the replication system is now intermediate the
promoter and terminator. Therefore, in the linear DNA
gegment, all that is indicated is that the linear DNA
segment provides a convenient portable DNA sequence which
has all the necessary elements for controlled exgression of
a structural gene.

There is clearly language in support of such
seéquence on page 4, lines 4-10. "In that paragraph, the
linear DNA sequence is indicated as being useful to be
bridged by a structural gene which results in a plasmid. A
plasmid is an extrachromosomal element capable of
independent replication. On page 5, line 18, it is stated
that, "The above DNA sequence construct will have a
replicating system. . . ." Purthermore, on page 12, line
24, a vector is described having a competent replication
system and a unique restriction site between a T5 promoter
and a terminator. Upon cleavage at the unique restriction
site, the result would be a linear DNA fragment having a
competent replication system intermediate the promoter and

terminator. As already discussed, the Figure also supports
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this construction. It is therefore submitted, that
applicants have ample support for this structure.

The rejection of Claims 1-30 under 35 USC 112 is
respectfully traversed. The rejection is based on the
allegation that it would require undue experimentation to
determine other terminators. First, quite clearly, the
terminators of the T5 phage could be used, since it is known
that the T5 phage is in fact capable of replication.
Secondly, undue experimentation requires a very large class
without any direction as to selection. That is not true in
the present situation. Strong promoters will be involved
with structural genes which are required in relatively high
proportions for an organism. Therefore, one would look to
those structural genes and their transcriptional regulatory
sequences for strong promoters and strong terminators.
Furthermore, the subiect invention provides for an easy way
to screen these regulatory sequences. Under the —
gircumstances, it is submitted ghat it is not undue
gxperimentation to provide for screening for a promoter,%
where applicants have shown a nunber of different strong
promoters.

Under the applicable law as stated in Tabuchi et

al. v. Nubel et al,, 194 USPQ 521 (CCPA 1977), reasonable

experimentation is permitted. So long as guidelines are
provided, and one can expect success within a reasonazble
class, this degree of experimentation is permissible, It is
submitted that the law recognizes the level of
experimentation provided for in the subject application as

being acceptable.
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The rejection of Claims 1-30 under 35 USC .12 for
failing to define the terminator as a transcriptional
determinator has been avoided.

The rejection of Claims 23-26 under 35 USC 112 is
respectfully traversed. This rejection is based on the
failure to indicate where the promoter is inserted. It
would appear that the Examiner has overlocked the limitation
at the end of the second paragraph which indicates that a
circular DNA sequence is obtained., Thus, the insertion acts

as a bridge and it therefore inserted between the two ends

of the linear DNA. The Examiner is respectfully reguested

to withdraw this rejection.

The next rejection is of Claims 23-26 under 35 USC
112. This rejection is based on the failure to specify the
specific determination step. Claim 23 has been amended to
provide the determination step. Support for the new
language may be found on page 11, lines 16~19. The
rejection having been avoided, the Examiner is earnestly
requested to withdraw this rejection.

The next rejection is of Claims 23-26 for failure
to indicate the particular sequence of components. The
promoter component has already been discussed as to its
pesition. The amendment of Claim 23 has provided. the
original intention ensuring that the proper order is now
provided. Applicants thank the Examiner for bringing the
indefiniteness to applicants' attorney's attention.

The rejection of Claims 27-30 under 35 USC 112
because of undue experimentation is respectfully traversed,
Applicants are the first to recognize the phenomenon which
is provided for in Claim 27, namely the regquirement of a

balanced terminator with a strong promoter. Furthermore,
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applicants now provide for a marker for selection which is
downstream from the terminator, which construction is novel
and has utility, as has been discussed above. The fact that
applicants have used the strongest known prokaryotic
promoters does not mean that this invention should be
limited to the specific promoters actually exemplified by
applicants.. As already indicated, strong promoters are
known, since they are almost always present in association
with products which are expressed in large amcunts or high
rates by a host. Therefore, there are a large number of
promoters which can be used, particularly viral promoters,
which are in many cases known to be strong.

The Examiner's rejection of eukaryotic replication
systems in Claims 10, 13-17, 19, 21, 22 and 29 is
respectfully traversed, The Examiner is well aware that
working exemplification is not required. The Examiner has
given no reason other than the absence of such working
exemplification to reject thé subject claims. In the
absence of a basis for believing the subject invention is
inoperative in eukaryotes, the Examiner is earnestly
requested to withdraw this rejection.

The rejection of Claims 23-25 for not adequately
showing how to determine strength of the promoter is
traversed for the reasons already discussed. Specifically,
applicants did exactly that with T5 phage promoters. The
Examiner is therefore respectfully requested to withdraw
thig rejection.

The next rejection appears to be to Claims 11-30,
but applicants will treat this rejection as Claims 1-30
based on 35 USC 103, over Casadaban and Cohen. 1 am sure it

does not escape the Examiner's notice, that one of thea

10
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coinventors of the subject application is a coauthor of that
article. TFurthermore, another coinventor Bujard, also
appears prominently in the article. If one looks at the
discussion on page 194, certain things are evident. On an
insertion of 75 phage fragments into the construction
described in the article, only one fragment was found to be
useful. Of the three hybrid plasmids, the authors state:

"All three hybrid plasmids contained identical

HindIII~-generated fragments, one of which was the

same size as the vector plasmid. . . and the othex

was the size of T5 HindIXII fragment number 1% or

12, which were not resolved in our gels of

HindIII~-cleaved T5 DNA. Since no other T5

fragment capable of promoter activity was isolated

in three separate experiments, it seems likely
that either the other fragments lack a promoter in
the appropriate relationship to a HindIIXI cleavage
gite to accomplish expression of lac, or that the
presence of such a fragment from the virulent T5
phage is lethal to non-infected E. goli.”
It would appear that it was this observation that is the
basis for the statement on page 1 of the subject
application. Nanrely, where one uses a strong promoter, one
does not observe transcription. The strong promoter
interferes with transcription of the marker, so that
expression is not observed. In contrast, when the promoter
and terminator are balanced, transcription is obtained and
expression of the lac gene is observed. It should be
further noted, that the correct explanation was not
suggested in this article.

What conclusions can one come to? First, the
promoter which was observed from TS5 is unlikely and based on
the present invention, cannot be a strong promoter. The
Bxaminer of course realizes that there must be a large
number of promoters in T5 phage, since one speaks of

promoters 25 and 26. Under the circumstances, since the

promoter observed by Casadaban and Cohen was successful in

i1
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providing expression, based on the present invention, it
cannot be termed a strong promoter. The fact is, that the
other promoters did not allow for expression and it is these
promoters, such as PZS and 926' and the promoter of the
subject invention, which prevented transcription. It seens
very unlikely in view of the results of the digestion of T5
DNA with HaelIT and AluI, which produced a large number of
promoters, that the observation in the article of failure to
obtain transcription other than with a single promoter, is
based on the fgct that HindIIT is somehow special and
inhibits all the other promoters from being in the right
position to provide for transcription.

Based on the above discussion, it is evident_that

Casadaban and Cohen do not suggest the subjeéct invention,

™,

rather they lead away from it. Their observation of an

early T5 promoter (see page 19%4), suggests that the promoterz

is not a strong onevas defined by the subject application
and therefore does not suggest tpe subject invention., Since
all the claims in the subject application are concerned with
strong promoters and it was only by the obsexrvation that a
strong promoter must be coupled with a balanced terminator,
that the strong promoters were isolated and characterized,
it is believed that the rejection over the prior art should
be withdrawn.

So far as the unclear language, admittedly the
claims are not in the mathematical precision that applicants
would like. However, the subject invention does not readily
lend itself to such mathematical precision. Rathex, it is
based on an observation that in certain situations where a
promoter is introduced into a vector, which has a terminator

not normally associated with the promoter, transcription is

12




Page 93

not observed. However, where one provides for a terminator
which 1s balanced with the promoter and the promoter is a
strong one, termination is observed. The invention being
based on this cbservation, one must use terminology suzh as
strong and weak, balanced and unbalanced. Based on the
application disclosure and the specific description of
strong terminators and strong promoters, it is believed that
the language is sufficiently clear and definite to allow a

person skilled in the art to understand the invention and

what is claimed. Furthermore, to the extent that the claims '

require a marker downstream from the terminator which is
under the transcriptional control of the promoter upstream
from the terminator, these constructions are novel and
provide for a novel result. So far as a means for measuring
strength of promoters, the fact that promoters and
terminators needed to be balanced was not known until the
subject invention. 'The subject invention provides for a
means for measuring balanced terminators and promoters, as
well as the strength of the prométer and terminator, and the
inventors should be allowed to claim this discovery.

In view of the above amendménts and remarks, the
application is considered in good and proper form for
allowance, and the Examiner is earnestly regquested to
withdraw the rejections and pass this application to issue.

1f, in the opinion of the Examiner, a telephone

conference would expedite the prosecution of the subject

13
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application, the Examiner is invited to call the undersigned
attorney at (415} 493-25%0.
Respectfully submitted,
TOWNSEND and TOWNSEND
- ~
S 7,
/. ' Zu/
By/ /.
(Bertram I. Rowland
Reg. No. 20,015

Date 9\4?0 /9’3

BIR/gS

| hereby certity that this correspondence Is being deposited
wiih the United States' Postal Swrvice as #irst class mail in
4 :Pja

an envelops addressed tor Commissiongy tents. and )
Trademarks, Washington, D.C. 20231, onj LT
{Date of Deposit)

Date 946 /€3 Egé g 2 'ENS”&/&?:’}?END

Bertram I. Rowland
Reg. No. 20,015
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Serial No. 265,276

Art Unit 174 -2 e

Claims 1=~10 are rejected under 35 U.S8.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distinctly claim the subject
matter which the applicant regards as the invention.
The claims are indefinite and confusing in the
recitation of "wherein the direction of said promoter
is away from said terminator™, “to provide a circular
DNA sequence® and "a structural gene”., It is not clear
to what the direction refers, The phrase is unclear.
The claims are unclear because they recite "a linear
DNA sequence® and "to provide a circular DNA sequence.
what is being claimed--linear or circular? The
reference to é structural gene is unclear since none is
positively recited.

Claims 11-16 and 18-22 are reijected under 35
U.S5.C. 112, second paragraph, as being indefinite for
failing to particularly point out and distinctly claim
the subiject matter which the applicant regards as the
invention. Thege claims are indefinite in the
recitation of a terminator which is "balanced with said
promoter'. The suggested amendment was made to other
claims but not the recited claims.

The speécification is objected to under 35
U.8.C.112, first paragraph, as failing to provide an

enabling disclosure. The specification does not
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disclose what terminators may be utilized to balance
the promoter or what terminators of known strength may
be used, It would reguire an undue amount of
experimentation to determine what terminators would
function. Applicants urge that the terminators of the
75 phage could be used. Which terminators? Applicants
later urge that there are many promoters some of which
are not strong. Therefore, there must be many
terminators to balance the promoters. It would require
an undue amount of experimentation to determine which
termindtors to utilize. This paragraph of the statute
requires that the specification shall contain a written
description of the invention and of the manner and
process of making and using it, in such full, clear,
concise and exact terms as to enable any person skilled
in the art to which it pertains, or with which it is
most nearly connected,-tc make and use the same, and
shall set forth the best mode contemplated by the
inventor of carrying out his dnvention.

Applicants urge that some experimentation is
permitted and undue experimentation reguires a very
large class without any direction as to selection since
strong promotersg are involved with structural genes
reguired in high proportions. Such direction does not

appear to beé given in the specification but even if it
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is, such direction still involves a large class of
possibilities which is outside the realm of permitted
experimentation.

Claimg 1-29 are rejected under 35 U.S.C. 112,
first paragraph, for the reasons set forth in the
objection to the specification,

The specification is objected to under 35
U.S5.C.112, first paragraph, as failing to provide an
enabling disclosure, The specification is non-enabling
for promoters other that T35 phage. This paragraph of
the statute requires that the specification shall
contain a written description of the invention and of
the manner and process of making and using it, in such
full, clear, concise and exact térms as to enable any
person skilled in the art to which it pertains, or with
which it is mdst nearly connected, to make and use the
same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention.

applicant urges that other promoters such as
viral promoters could be used. Such examples are not
given in the specification and it would require an
undue amount of experimentation to determine other
promoters which could be used,

Claims 27-29 are rejected under 35 U.S.C.
112, first paragraph, for the reasons set forth in the

objection to the specification,
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The following is a quotation of 35 U.S.C. 103
which forms the basis for all obviousness rejections
set forth in this Office action:

A patent may not be obtained though
the invention is not identically
disclosed or described as set forth in
section 102 of this title, if the
differences between the subject matter
sought to be patented and the prior art
are such that the subject matter as a
whole would have been obvious at the
time the invention was made to a person
having ordinary skill in the art to
which said subject matter pertains.
Patentability shall not be negatived by
the manner in which the invention was
made.

The factual inguiries set forth in Graham v,
John Deere Co., 383 U.S. 1,863.Ct. 684, 15 L.Ed. 2nd
545 (1966) 148 USPQ 459, that are applied for
establishing a background for determining obviousness
under 35 U.S8.€. 103 are summarized as follows:

1. Deternining the scope and contents of
the prior art;

2. Ascertaining the differences between
the prior art and the claims at

issue; and
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3. Resolving the level of ordinary skill
in the pertinent art,

Claims 11-16, 18-22and 27-29 are rejected
under 35 U.8.¢. 103 as being unpatentable ovér
Casabadan et al for reasons of record. Applicants urgs
that the promoter of Casabadan et al, based on the
present invention, cannot be a strong promoter since
successful expression occurred. Such a relative term
does not define a difference. Moreover, the fact that
expression occurred may be based on the presence>of “a
balanced terminator™. Applicants have not demonstrated
a difference in the promoters particularly since the
language used to distinguish is "strong”™ which is a
relative term.

Claims 27-29 are rejected under 35 U.S8.C.
112, second paragraph, as being indefinite for failing
to particularly point out and distinctly claim the
subject matter which the applicant regards as the
invention. The claims are indefinite in the
recitation of "is at a freguency...promoter", It is
not clear what is at said frequency.

Applicant's amendment necessitated the new

grounds of rejection Accordingly, THIS ACTION IS MADE

FINAL. See MPEP 706.07{a). Applicant is reminded of the

extension of time policy as set forth in 37 CFR
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1.136(a). The practice of automatically extending the
shortened statutory period an additional month upon the
filing of a timely response to a final rejection has
been discontinued by the Office., See 1021 TMOG 35.

A shortened statutory period for response to
this final action is set to expire three months from
the date of this action. In the event a first response
is filed within two months of the mailing date of this
final action and the advisory action is not mailed
until after the end of the three~month shortened
statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed,
and any extension fee pursuant to 37 CFR 1.136{(a) will
he calculated from the mailing date of the advisory
action. In no event will the statutory period for
response expire later than six months from the date of
this final action.

Any inqgquiry concerning this communication
should be directed to Examiner Kepplinger at telephone

number 703-557-2319.

E.Kepplinger/pnrij
703-557-2319

12-23~83

Qdm W\ : /{'L{’/])Q‘-«&&/\,

ESTHER M. KEPPLINGER
PRIMARY, EXAMINER
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C, 20231

SERIAL NUMBER |  FILING DATE | FIRST NAMED APPLICANY [ aTrorneY DockeT MO,
Ab52A76 57:10/«31 W %90 — 35
r b EXAMINER
€ K plger
arr ubd | "Faper NUMBER
174 lo

DATE MAILED

EXAMINER INTERVIEW SUMMARY RECORD

Al participants (applicant, applicant’s representative, PTQ personnel:
e, i%()‘ﬂlm )QWL )
{2 . (@
Date of interview___ 3 /é /i if

Type: [ Telephonic @’{ersonal {copy is given to [ appflicant @{pplicam‘s raproasentativel.

Exhibit showm or demanstration conducted: [ Yes QINO. ¥ yas, brief description:

Age st 1 was reached with respett to some or all of the alaims in question.  {J was not reached.

Ciniros di d: m

identification of prior art digcussed: MQ

ﬂ'kak e, G/Qob " ﬁ—-/ﬂ{m Mwweiw tud, MM(ML Mﬁwﬂ i’f
W %&W WilL WMC@M ?&MWM
Hhat Y DNA JZMWGMLM whor O2ir o M(AJ (W de Wuj e i 27
21 v temenl elon W Consnnin o Cebonsod fr ks

(A fuller description, if necessary, and & copy of the amendmgms i¥ available, which the examingr sgreed would render the clabns alfowable must be
suached, Alsa, where no copy of the armendmants which woutd rendar the clalms allowable is available, 3 summary theraof must be stteched.)

Uniess tha paragraphs balow bave been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW {p.g., tams 1.7 on the reverse sidde of this farrl. 1T -8 response (o the
1ss¢ Office sction has alteady been filed, then applrant is given one month from this interview date to provide 3 statement of the substance of the intervisw,

31t is not necessary for applicant to provida a separate reocrd of the substance of the Interview.

[} Since the examiner’s interview surnimary above {inciuding any attachments) raflects 3 complete responss to gach of the ob;ccnons. rejections and
requiremenis that may be present in the last Office sction, and since the claims are noyealiowable, this complated form is considered to fulfill the

rasponse reguirements of the jast Office action,
Mo N &ﬂ// L =

Exammer s Signature

81-3679 PTOL-413 {rev. 1-81)
Page 102 ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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IN THE UNITED‘S@A?@?}?ATENT AND TRADEMARK OFFICE
»i\:: 5\

In re application of N -

A

b
L

Hermann Bujard et al. Examiner: E. Kepplifger

Serial No. 265,276 Art Unit: 174

-

Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS =~

AMENDMENT UNDER RULE 116

et N i N S S S o s o

8an Franc¢isco, CA 94105
Commissioner of Patents and Trademarks
Washington, D.C., 20231
Sir:
In response to the FINAL REJECTION of January 10,
1984, please make the following amendments:

IN THE CLAIMS:

| 2
.
1

Dz

1. {fourth amendment) A lineax DNA seégquence
having proximal to one end a strong T5 phage promoter,
proximal to the other end é strong transcripitional
terminator balanced with said strong TS5 promoter, and having
intermediate said promoter and terminator at least one of
{1} a marker for selection adjacent to said terminator or
(2) a replication system foreign to T5%, wherein the
direction of sald promoter is away from said terminator and
said marker is expressed at a freguency of less than about
one~fourth the freguency of a structural gene, when said

structural gene is inserted between said promoter and

terminator, so as to be under the transcriptional control of

said promoter and [bridging] to bridge said linear DNA

sequence to provide a circular DNA sequence. ]

Page 103

Cancel Claims 27, 28 and 28.

8y
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REMARKS

In view of the above amendments and the following
remarks, the Examiner is respectfully requested to withdraw
the rejections and allow Claims 1-26, the only claims in
this application.

The courteocus interview granted applicants’
attorney is gratefully acknowledged.

In the interview it was agreed to clarify Claim 1
which appeared to be confusing concerning whether a linear
or circular DNA sequence was being claimed. The circular
aspect is a limitation on the linear DNA sequence defining a
property of the linear DNA sequence wheh employed for
expression. It was explained to the Examiner that the
linear DNA seguence could be a product which was sold in the
marketplace for use by others as a vector for expression of
a gene of interest. Thus, the public would be provided with
a readily available DNA seguence which they could use to
insert a gene to be expressed, resulting in a circular
plasmid which would then be used 'to transform a compatible
host,

The guestion of the breadth of the terminator was
considered. Applicants have in the application a terminator
foreign to T5, namely the f£4 terminator, which is found to
be operative with the TS5 promoter. The means for selecting
appropriate terminators is amply described in the
specification, beginning at page 10, line 37. The insight
that a terminator can affect the utility of a promoter is in
part the basis for the subject invention in providing for
the availability of strong 15 promoters for use in DNA
constructs. The particular terminator is hot crucial to the

subject invention, so long as it is operative with the
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promoter. Having shown that a terminator from a different
phage can be uéed with the T5 strong promoter it is
submitted that the general availability of balanced
terminators for the strong promoters has been demonstrated.
Furthermore, the T5 términator would clearly be operable
since T5 is viable and able to express its structural genes.
Thug, applicants have two species which are useful in the
subject invention and are believed to demonstrate the
generality of terminators,

It was agreed that the art did not suggest the
invention as claimed in Claims 1-26. These claims are
limited to T5 phage and it was the insight of applicants to
realize that these promoters could only be used with an
appropriate terminator. Based on this insight they further
established a technique for measuring the strength of
promoters and terminators employving two structural geres,
one prior to the terminators and one subsequent to the
terminator in the direction of transcription. The only
reference cited concerning the ciaims presently under
consideration is Casadaban, which is an article co-authored
by one of the subject co-inventors, As was pointed out to
the Examiner, on page 194 of that article, there is an
indication that only a few fragments from the T35 phage
provided for expression. In order for a fragment to provide
for expression, it would be necessary that the fragment have
a promoter at its 3'-end. Thus, when the fragment was
inserted in front of the structural gene present in the
vector, the gene would be under the transcriptional control
of such promoter. However, it was found in many cases that
there was no expression and subsequently it was concluded

that the terminator which was subseguent to the struciural




gene present in the vector was not effective; thus, the
strong promoter from the TS5 phage was able to inhibit any
expression of any struactural gene. 1In effect, the resulting
plasmid became a cryptic plasmid. Clearly, the referance
does not teach the basis for the observed failures with the
{ various fragments: 8o far as the few fragments that were
operative, it is unlikely that they were strong promoters
and it is submitted that the reference does not suggest the
subject invention.

The amendments whidh have been made are not new

matter, merely clarify language which was present in the

claims, and are therefore believed to be appropriate and do
not require citation of specific support in the
specification.

In view of the above amendments and remarks, the
application is considered in good and proper form for
allowance, and the Exanminer is respectfully requésted to
withdraw the rejections and pass this application to issue.
Failing this, the Egaminer is reSpectfully requested to
enter the above amendments for purposes of further
procedure.

If, in the opinion of the Examiner, a telephone

conference would expedite the prosecution of the subjact

application, the Examiner is invited to call the undersigned
atterney at (418) 493-2590.
Regpectfully submitted,

TOWNSEND and TOWNSEND

Dpate 3/ //«/o"}/ BW%&/L{;”*;%;Z'W/ //

“Bertram I. Rowland
Reg. No. 20,015

| hereby certily that this correspondence is being deposited
BIR/gs with the United States Postal Service as first class mail in

an envelope addressed to: Commissioneir‘ézf atenty and
Trademarks, Washington, D.C. 20231, on .,Z:..,Z&i/ p /.

Date of Deposty

Berirain 1 Rowlafid
Page 106 Beg. He: 2 8i5




UNITED STATES DEPARTMENT OF CONMIMERCE
Patent and Trademark Office
Address : COMMISSIONER OF PATENTS AND TRADEMARKS
. Washington, D.C. 2023
SERIAL NUMBER FILING DATE | FIRST NAMED APPLICANT | AYTORNEY DOCKET NO,
GEIEEEEVS BE/20/8Y BUJARD 4 g i3
FDOA TOWMBEND ]
CTOBTREET TOWER
MARKET PL&ZA
FRAMOTSCG 0A 94108 ART UNIT

DATE MAILED:

Below is a communication from the EXAMINER in ¢harge of this application.

COMMISSIONER OF PATENTS, AND TRADEMARKS

. ADVISORY ACTION
of CoNTINUES 3
Vi THE PERIOD FOR RESPONSE IS-EXFENBER TO RUN MONTHS FROM THE DATE OF THE FINAL REJECTION.

855 Q.G. 1109.
N Appellant's Briet is due in accordance with Rule 192 (a).

Applicant's response to the final rejection, filed N + has been considered with the following
eftect, but it is not deemed 10 place the application in condition for aliowance: : ‘

1. 0 The proposed amendments to the claim andior specification will not be entered and the tinal rejection stands because:

a. [ There is no convincing showing under Rufe 116{o).

b. B They raise new issues that would require further consideration-andior search,

e L1 They raise the issue of naw matter,

d 0] They.are not deemed to place the application in betier form for appeal by materially reducing or simplifying the issues for appeat,
[ They present additional claims without cancelling a corresponding number of finally rejected claims.

2. 3 Newly proposed or amended claim: - would be aliowed if submitted in & separaiely
tited amendment cancalling the non.allowatle claims.

3. [ Upon the filing of -an appeal, the proposed amendment 3 wittve [ witt not be, entered and the status of the claims in this appli-

cation would be as follows:

a L) Claims would be aliowable,

b [ Claims would not be allowable.
Howsever:
{1} ) The rajection of clatms ) . on references is deemed to be cvercome by applicant's

' response, .
[e] {1 The rejsction of claims an non-teference grounds only is deamed 1o be overcome by
applicant’s responss.
-

4. [} The atfidavit, exhibit or request for reconsideration has been entered but dogs not avercoms the rejection

7

Trie affidavit or exhibit will ndt be admitted because applicant has not shown geod and sufficient reasons why it was not garlier
presented. .

8. ] Treapplicationhaving been examined under the special accelerated examining procedure {M.P.E.P, 708.02}, the proposed amendmant:
has not been cansidered since it does not prima tagie place the application in condition tor alfowance or in betler condition forappeal.

Page 107
PTHL-303 (Rev, 10801
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Serial No. 265,276 -
Art Unit 128

THE PERIOD FOR RESPONSE CONTINUES TO RUN 3 MONTHS
FROM THE DATE OF THE FINAL REJECTION. Any extension cf
time must be obtained by filing a petition under 37 CFR
1.136 (a) accompanied by the proposed response and the
appropriate fee. The date on which the response, the
petition, and the fee have been filed is the date of
the response and also the date fér the purposes of
determining the period of extension and the corre-
sponding amount of the fee.

The amendment £iled March 15, 1984 under 37 CFR
1.116 in response tovthe final rejection will be
entered upon the filing of an appeal, but is not deemed
to place the application in condition for allowance.
Upon the filing of an appeal and entry of the
amendment, the status of the claims would be as
follows:

Allowed claims: 1-18, 17 and 23 -26
Rejected claims: 11-16 and 18-22
Claims ocbijected to: -

The rejection of claims 11-16 and 18-22 as
indefinite in the recitation of "balanced with said
promoter™ still stands. Also, the rejection of claims
11~16 and 18~-22 ovexr Casabadan et al stands.
Applicants argue that the plasmids with T35 became
cryptic and while a few fragments were operative, it is

unlikély that the promoters were strong. On page 194




Serial No, 265,276 -3

Art Unit 128

of Casabadan et al, plasmids containing T5 promoters
and lac genes were formed which showed increased lac
expression. Thus, the promoter functioned and it
appears to be "strong". Since expression occurred, it
appears that a terninator was present and was "balanced

with the promoter®.

Kepplinger:pw

= ‘} .
AJC 703 e /V‘ : /C'Z,'ﬁ/[&&%g%%
557~3920 ' ~

ESTHER M. KEPPLINGER
4/9/84 PRIMARY EXAMINER
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICROUP 120
In re application of
Hermann Bujard et al. Examiner: E. Xepplinger
Serial No. 265,276 Art Unit: 128
Filed: May 20, 1981

For: CLONED HIGH SIGNAL

EXTENSION FEE
STRENGTH PROMOTERS

ol S e o Y rt” oat? vash N St

San Francisco, CA 94105
Commissigner of Patents and Trademarks
Washington, D.C. 20231
Six:

The Commissioner is authorized to charge Deposit
Account No. 20-1430 in the amount $50.00 for an extension
fee for response within the first month.

The Commissioner is further authorized to charge
any additional fees or credit any overpayment to Deposit
Account No. 20-1430. This sheet‘is provided in triplicate
for accounting purposes.

Respectfully submitted,

TOWNSEND and TOWNSEND

Date 9//;) ’)é}’

BIR/gs

Reg. No. 20,015

| hershy certify that this correspondence is being deposited
with the United Stotes Postal Service as firgt class mail in

an envelope addressed lo: w'ﬁmq*ww 01 nts /and

Washinglon, BA aoan.. g éy

Trademarks ’ ohite of Deponts
30 & TOMNSEND

Detd %;7337 By Bertram {. Rowland

Reg. No. 20,015

GLEEE 080040

2014
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TOWNSEND AnD TGWNSEND
Steuart Street Tower i :

One Market Plaza

San Francisco, CA 941G
{415} 543-9600

Atty. Docket No.___>490-35

April 27, 1984

Date,

I hereby certify that this correspondence is being deposited

Serial No. 265,276 with the Unied States Postal Service as first class mail in
) an envelopg add{essed to: Commissioner atenty’ and

. Mag 30, 1991 Trademarks, Washington, D.C. 20231, on ( D__::’_?
e it}

§ Deposity

For CLONED HIGH SIGNAL STRENGTH ANSED. 8
PROMOTERS Dats 5/ Ao‘%’/ B\/ L

THE COMMISSIONER OF PATENTS AND TRADEMARKS =%,
Washington, D.C. 20231 , ertram 1. Rowtand
Reg, No, 20,015

Sir:
Transmitted herewith is an amendment in the above-identified application.

[l Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verified statement
previously submitted.

I A verified statement to establish small entity status under 37 CFR 1.9 and 1.27 is enclosed.
[x} No additional fee is required.

X Extension Fee (1 month}
The fee has been calculated as shown below:

OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT,
AFTER PAID FOR EXTRA FEE QR FEE
AMENDMENT i
TOTAL | * minus | = ‘ x5= | $ x10= | $
INDEP, | * minus | *** = x15= | § x30= |8
[ ] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +50= | $ +100= | §
TOTAL L
ADDIT, FEE | ° OR TOTAL | $

* 1f the entry in Col. 1 iz less than the entry in Col. 2, write 0 in Col. 3.
*% 1f the *Highest Number Previously Paid For” IN THIS SPACE is less than 20, write #20 in this space.
%% f the “‘Highest Number Previously Paid For” IN THIS SPACE is less than 3, write **3"" in this space.

The *Highest Number Previously Paid For” (Total or Independent) is the highest number found from the equivalent
box in Col. 1 of a prior amendment or the number of claims originally filed.

[ 1 Please charge my Deposit Account No. 20-1430 in the amount of § Q- A duplicate copy of this
sheet is attached.

X} The Commissioner is hereby authorized to charge payment of the following fees associated with this communication
or credit any overpayment to Deposit Account No, 20-1430. A duplicate copy of this sheet is attached,

[X] Any filing fees under 37 CFR 1.18 for the presentation of extra claims.

IX] Any patent application processing fees under 37 CFR 1.17.

, y
TOWNSEND & TOWNSENE y/
p e

pertram I. Rowland

Reg. No.: 20,015
Attorney of Record

Page 111,,,,
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N THé UNITED STATES PATENT AND TRADEMARK OFPICE
In re Application of

Hermann Bujard et al. Examiner: E. Kepplingex

Serial No. 265,276 Art Unit: 128
Filed: May 20, 1981
Second Amendment
Foxr: CLONED HIGH SIGNAL Under Rule 116

STRENGTH PROMOTERS

o St g Save e St St s o vt ot

San Francisco, CA 94105

Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

In response to the Advisory Action of April 12,
1984, please make the following amendments:

Please cancel claims 11-16 and 18-22, without
prejudice to renewal.

Please rewrite claim 17 as follows:

~~27. A eircular DNA sequence having a downstream
order of transcription a strong TS5 phage promoter, a
structural gene foreign to TS5 phage, a balance terminator, a
marker for selection, and a replication system.--

~-28. A circular DNA seguence according to claim
27, wherein said replication system is recognized by
prokaryotes, ==

~=29. A circular DNA sequence according to claim
27, wherein said replication system is recognized by
eukaryotes, -~

Remarks

In view of the above amendments and the following

remarks, the Examiner 1s earnestly requested to pass this

application to issue, since all of the claims are now

allowable.
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Rejected claims 11-16 and 18-22 have been
cancelled. Claim 17 has been written in indepen&ent form,
since it previously depended upon rejected and now cancelled
claims. Since the claim was multiply dependent, it has been
divided up into three claims which are identical in scope
with claim 17 as originally £filed.

In view of the above amendments and remarks, the
application is considered to be in good and proper form for
allowance and the Examiner is respectfully requested to pass
this application to issue.

If for any réason the Examiner feels that a
telephone conference would in any way expedite prosecution
of the subject application, the Examiner is invited to
telephone the undersigned at (415) 493-2590,

Respectfully submitted,

TOWNSEND and TOWNSEND

. g
pate 7/} 7/@'

BIR:svh

ertram I. Rowland
- Reg. No. 20,015

(415) 493-2590

i hereby cedily that thig correspondence is b itad
) i } ¢ 8 bsing depost
with the Unitey States Postal Service ag tirst clags nf);ﬂs tlid
an envelops addressed to: Commissioner atents’ ang
Trademarks, Washington, DL 20231, o ¥/ D/ 4

{Date of Deposity

¥ 7% SHY
s g
Dats ;}Y,_f N el
i Bertram £ Rowland:
Reg. No. 20,015
2




UNITED STATES bEpARTMEN? OF COMMERCE
Fatent and Trademark Office

Addrass: COMMISSIONER OF PATENTS AND THADEMARKS
Waghington, D.C. 2023

SERIAL NUMBER | FILING DATE |  FIRST NAMED APPLICANT | ATTCRNEY DOCKET NO.
QARG 276 MB/R20/81 ELiJaRD - H PR (e R
[T ynuNsEMD & TOMNSEND T EXAMINER
BYEUART BTREET TOMER HERPLINGER B
DNE MRRKET PLAZA
GaM FRANCIGCD, Ca 94105 : ) ART UNIT | paper numsen
T8
' is”

PN AT
DATE MAILED: RERE LA

Below is a communication from tha EXAMINER in charge of this application,

COMMISSIONER OF PATENTS, AND TRADEMARKS -

. ADVISORY ACTION

{ CoNTIAUES ﬂ
THE PERIOD FOR RESPONSE IS EXTERBEDTO RUN . MONTHS FROM THE DATE OF THE FINAL REJECTION,
855 0.G. 1109.

.

Appe!lanv!‘s Briet is due in accordance with Ruie 192 (a).

Applicant’s rasponse to the final rejection,.filed has been considered with the following -
effect, but it Is not deemed to place the application In condition tor altowance: :

1. (3 1he proposed amendments 10 the claim andfor specification will not be entered and the final rejection stands because:

) Thereis no convincing showing under Rule 116h).

O They raise new issues that would require further consideration-and/or search.

3 They raise the issus of new matter.

£ They are not deemed to place the application in better form for appeal by materially reducing or simplitying the issues for appest:
& They present additional claims without cancelling a corresponding numbar of finally rejected claims,

P ap Tw

2. f] Newly proposed or amended claims would be allowad If submitted ina separately
filed amendment cancelling the non-allowable claims. .

3 {3 Upon the filing of an appeal the proposad amendmem T witt be E} will not be, entered and the status of the claims in this appll
calion would be as follows:

a. I Claime ; would be aliowable. -
b. {1 ciaims would not be allowable,
However:
{1 O vhe rejection of claims on refarences is-deemed to De overcomsa by applicant's
e response.

@ I The refection of claims
applicant’s response,

on non-referance grounds only is deemed 10 be overcome by

4. T the atfidavit, exhibit of request for reconsideration has been entered but does not overcome the rejection:

5. {1 The aftidavit or exhibit will not be admilted because applicant has not shown good and sufticient-reasens why It was not eariier
presented. .

6 L) The application having been examined undec the special accelerated examining procedurs {M.9.E.P. 708.02), the proposedamendment |
nas not been consideres since il does not prima facie place the application in condition for aliowancaor il barter condition for appeat.

s e RN S 0
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Serial No. 265276 -

Art Unit 128

THE PERIOD FOR RESPONSE CONTINUES TO RUN FOUR
MONTHS FROM THE DATE OF THE FINAL REJECTION. Any
extension of time must be obtained by filing a petition
under 37 CFR 1.136(a) accompanied by the proposed
response and the appropriate fee, The date\on which
the response, the petition, and the fee have been filed
is the date of the response and also the date for the
purposes of determining the period of extension and the
corresponding amount of the fee.

The amendment filed April 30, 1984 under 37 CFR
1.116 in response to the final rejection has been
considered but is not deemed to place the application
in condition for allowance and will not be entered
because:

The proposed amendment ralses new issues that
would require further coansideration and/or search.

The directed claims 27-29 cannot be entered since
claims 27~30 were previously in the application and
cancelled. Moreover, the claims would be reijected over
Casabadan et al as set forth relating to claims 27-29
in the final rejection, Paper No. 9. The proposed
cancellation of claims 11-16 and 18~22 would, however,
eliminate some rejections if resubmitted.

The proposed amendment is not deemed to place the
application in better form for appeal by materially

simplifying the issues for appeal.
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Serial No, 265276 P

Axrt Unit 128

Applicant is advised that this application and the
art to which this application pertains has been
transferred to another group. All further papers
submitted in this application should carry the
following items: ‘

1. Serial Number {checked for accuracy).

2. Group Art Unit 128,
3. Name of Examiner now in charge of this
application BEsther Kepplinger,
4, Filing date.
5. Title of invention.
Any inquiry concerning this Eommunication should
be directed to Examiner Kepplinger at telephone number

703-557~3920.

Kepplinger:xt
A/C 703
557~3920
5/23/84 \
ij;£«¢ y\/\' kif%nél“€§L”»
ESTHER M. KEPPLINGER

" PRIMARY EXAMINER
ARY UNIT 128
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re application of

Examiner: B. Kepplinger
Ayt Unit: 128 RE»CEIVED
T e

GROUP 129

San Francisco, CA 94105

Hermann Bujard et al.
Serial No. 265,276

Filed: May 20, 1981

FEE FOR
EXTENSION OF TIME

For: CLONED HIGH SIGNAL
STRENGTH PROMOTER

Commissioner of Patents of Trademarks
Washington, D.C. 20231
Sir:

The Commigsioner is authorized to charge $150.00
to Deposit Account No. 20-1430 for an extension of time to
file the enclosed response within the second month.

The Commissioner is further authorized to charge

any additional fee or credit any overpayment related to
filing the enclosed response to Deposit Account No. 20-1430,
This sheet is provided in triplicate for accounting
purposes.

Respectfully submitted,

TOWNSEND and TOWNSEND
A
Vi

Date 4 /d%/y By //

Bertram I. Rowland
Reg. No. 20,015

BIR/gs

PERB4 06/15/84 2652746 20~1430 2 116 180, G00H
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\‘}g IN THE UNITED STA;TES PATENT AND TRADEMARK OFFICE

‘f%ﬂfe application of Z

Hermann Bujard et al. Examiner: E. Keppl'ﬁger

Serial No. 265,276 Art Unit: 128

Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTER

THIRD AMENDMENT
UNDER RULE 116

San Francisco, CA 94105
Commissioner of Patents of Trademarks
Washington, D.C. 20231
Sir:
In response to the Advisory Action of May 30,
1984, please amend the subject application as follows:
IN THE CLATIMS:

Cancel Claims 11-16 and 18-22, without prejudice.

REMARKS .

Cancellation of the above claims plaqes the
subject application in condition for allowance, Claims 1-10,
17 and 23-26, the only remaining claims in this application,
having been allowed. Newly submitted Claims 27-29
{misnumbered) are not to be considered. The Examiner is
esarnestly requested to pass this application to issue,

Respectfully submitted,

TOWNSEND and TOWNSEND

pate J/J%W y sy Ao s %/

ertram I. Rowland
Reg. No. 20,015 e

BIR/gs I hereby certify that- this. correspondence is being - deposited 1

with the United States. Postal Service as first olass  mail in
an envelope addressed to: Commissioner te nd
Trademarks, Washington, D.C. 20231, on

{Date of DepoQit)

Dete é’/{/%/,/ . r%m

Bertram |, Rowland
Reg. No., 20,018
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UNITED STATES DePARTMENT OF COMMERCE
| Patent and Trademark Offics

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER FILING DATE | FIRST NAMED APPLICANT [ ATromrnEY DOCKET NO. -
s2 76 4?.9 /*zc Pymde et ol 543y - 33
8
- ] - EXAMINGR
. s P
('o K ¢ s
A
ART UfIT ; "PAPER NUMBER
(2.3 4

DATE MAILED!

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, spplicant’s reprasentative, PTO personnel}:
to_Voe &*’A/tum ngvt,wk {3

2} {4)

Date of interview W 1 y (6{ ?A/

Type: Q/T elephonic [ Personal {copy isgiven to [ applicant ) applicant’s representative).

Exhibit shown or demonstration sanducted: [ Yes %. 1f yes, brief deseription:

Agreement EKes reached with respecy 10 some or 3t of tha claims in question, [T was nat resched.

Claims discussed: |7

tdentification of prior art discussedt:

Description of the general nature of what was agreud (0 if an agresment was reached, or 30y other comments: (JL;,E, %H & “.{ PN
(;Q wades. 'tf,\ﬁ, Q—KA&M &M«&{‘W SQI, M%M wﬂ(‘, -mu/zf‘

{4 fuller description, if necessary, end 2 Copy of the amendments, if svailable; which the examiner agresd wouild render the claims allowabls must be
atteched, Also, whers no copy of the amendmants which would render the claims aliowsble is available, a sumenary thereof must be attached.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION I8

NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW {a:g, oms 17 0n the reverss side of this forml. 1 a rasponse 10 the
jast Office action has already besn $iled, then spplicant is given ane month from this Interview date o provide a staternent of the substance of the interview,

[ 1t is.not necessary for applicant to provide a separats reocrd of the substance of the interviow.

] Since the examiner’s interview summary above {including any attach s} reflects & complete responsa to sach of the objections, rejections and
requxmments that may be present in the last Office actiorn, and since the claims sre aléowab!e, this complesed form is considered to fulfill the

responss pequiraments of the last Office. action.
sthe M. /@J/

81.3679 PTOL-413 lrev. 1-81} Examiner's Signature \Q
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UNITED STATES Do ARTMENT OF COMMERCE
Patent and Trademark Office

Address. COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, §.C. 20231

SERIAL NUMBER [ FILING DATE FIRST NAMED APPLICANT { ATTORNEY DOCKET NO.

5216

. EXAMINER

r

ARY UNIT | PAPER NUMBER

54 ;%”f}
/

DATE MAILED:

Thiz 13 3 commurcaiin HOM the Rxaming 0 Charge of your anotcalen

COMMISSIONER OF PATERTR AND TRAGEMARKS

1. LG(’ms 1S AN ATTACHMENT TO THE ROTICE OF ALLOWANCE AND BASE ISSUE FEE DYE, PTOL 85,
2. E:Q;/AH the clzizs being aliowible, PROSECUTION ON THE MERITS IS CLOSED in ihis applicstion. f not atiached hereto, & Notice of Allgw.
ance or other approprisle communication will be sent in due course,

A. ™1 Note the attached PTQ-152, Notice of Informalily, which indicates that the dectaration {or oathl is deficient anic that a substitute
i§ requiretd: The sudstitute deciaration {of oath) MUST BE SUBMITTED WITHIN THE THREE MONTH STATUTORY PERIOD SET
FOR PAYMENT OF THE BASE ISSUE FEE IN THE "NOTICE OF ALLOWANCE AND BASE ISSUE FEE DUE” (PTOL-85Y, profar-
ably with and attached to the base issue fee. Note thal the statule does not permit extension of the hwee month pariod set for pay-
ment of the base issue fee, Fallure to timely file the substitute declaration {or oath) will rasuil in ABANDONVENT of the spplivas
tion, The fransmittal lettzr accompanying the declsration {or cath) should inticate the following in the upper right hand cormers:

Issue Baten Humber, Date of the Notice of Allowance, and Sarial Number.

B. 7 Forma! drawings are now required and MUST BE SUSMITTED WITHIN THE THREE MONTH STATUTGORY PERIOD SET FOR PAY-
MENT OF THE BASE ISSUE FEE IN THE “NOTICE OF ALLOWANCE AND BASE 1SSUE FEE DUE" (PTOL-E5). Note that the
statute doas not permit extension of the three month period set to pay the base issue fee. Fallwre o timely submit the drawings
with result in ABANDONMENT of the application: The drawings should de submitted 25 & separate papet with & Yansmitial jelter
which is sddressed to the Official Drafisman and which indicates the folfowing in the upper right band cormer.

Issue Batch Number; Date of the Netice of Allowance, and Serial Numbar,

& The clajms are aliowed in view of: ¢
2 {Z(Appﬁcant’s ication filed 3{"3/?4 and & /f(/ﬁt/

b [/ The interview summarized on the dttached EXAMINER INTERVIEW SUMMARY RECORD, PTOL-4L.
L. ? The attached Examinetr’s Amendment,

[

4 71 An Examiner’s Amendment which will Tollow iy dué course,

D. @/The attowed claims are 110, {7 &ank > 2b
3 ,5 ¥

3: {7} Note the attached £ of R for Aoy

4, {71 Note attached NOTICE OF REFERENCES CITED, PTO~892, which is part of this communication, The listed references are tonsidered to
be pertinant to the claimed invention, but the claims are deemed 10 be palenlable thereover,

5. [} Note attached LIST OF ART CITED BY APPLICANT, PTC-1449.

6. {71 The grawings filed on [Jate acceptable as filed, [} are acceptable subject to corection as ind cated on the
altacheg Notice re Drawings, PT0-348, In order to avoid ABANDONMENT of this apptication, corraction is required. Corrections can onfy
be made in accordance with the instructions set forth in the attached lelter HINFORMATION ON HOW TO EFFECT DRAWING CHANGES'.
PTO-1474.

7. {7} The [T proposed drawiag correction and/or the | ] oroposed additional or substitute sheells) of drawings filed o ... —
has thave) been approved by the examiner, Applicani is reminded thut in order to avoid abandonment of this applicant, execution of the
proposed changes or submissian of additional or Substitute drawings MUST te made in actordance with the instructions ses torth in the {elter,
CINFORMATION OGN HOW TO EFFECT DRAWING CHANGES'', PTO-1474, attached to Paper Now e

8. T The proposéd drawing correction, fied , has been approved. However, the Patent and Tracemark Office no

tonger makes drawing changés, 1 is now applicapt’s tesponsibillty to ensure that the drawings are corrected, Corrections ae required and
$MUST be effecied in accordance with ths instructions Set forth on the altactied letter “INFORMATION ON HOW TO EFFECT DRAWING
CHANGES'', PT0Q-1474, . B

T dn order 1o aveid ABANDONMENT, the draving informalities noted oo the Notice ra Drawing, PT0-948, atlached to Pager No. .., must

now be corrected, Applicant is reminded that the corrections can aoly be mide in sccordance with the instrogtions st forth in the letler
HNFORMATION ON HOW TO EFFECT DRAWING CHANGES™, PT0O-1474, alached to the PTO-248.

10. Asknowirdgment is made of the claim for pricfity under 35 U.S.0. 118, The certitied copy has; | been regeived. 7 not bean rzceived.

been {iled in parent application, Serfal Ho. tiled on

ESTHER M. KEPPLINGER

Page 12(yo¢ % (Rev-8-32 NOTICE OF ALLOVABILITY PRIMARY EXAMINER
ART UNIT 128




Serial MNo. 265276 -
Art Unit 128

In c¢laim 17, Yine 1, delete "according®. .

In line 2, deleted “to any of claims 11,12, or 13,

"and inserted}~having in downstream order of

transcription a strong TS phage promoter, a structural
4»% 1 gene foreign to T5 phage under transcriptional control

of said promoter, & transcriptional terminator which is

balanced with Said promoter and a replication system

and--,

The above change was authorized by applicant's
attorney, Bertram Rowland, in a telephone interview on

August 1, 1984,

Kepplinger:cvm

A/C 703

557-3920 <:\

7f,Ar% ??@ &/f i/
8/2/84 Ceollaan P10 Batgep ’5’“”‘”‘?‘\? o
ESTHER M. KEPPLINGER 2
PRIMARY EXAMINER
ART UNIT 128
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o :
UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address : COMMISSIONER OF PATENTS AND TRAREMARKS
Washington, D.C. 20231

NOTICE OF ALLOWANCE
AND ISSUE FEE DUE

— - All communications regarding this
. o o application should give the serial
TOWNSEND & TOWMNEEND . * number, date of filing, name of
STEUART STREET TOMER applicant, and batch number.
ONE MARKET. PLAZA Please direct all communications
id - s Fi [>-+4
GAN FRANGCISCOs CA 941059 - 1 the Attention of “OFFICE OF
’ PUBLICATIONS" unless advised

to the contrary.

The application Identitied below has'been e ined and found allowabl
for issuance of Latters Patent. PROSECUTION ON THE MERITS IS CLOSED.

[ SCISERIALNO. | FILING DATE |TOTAL CLAMS| - EXAMINER AND GROUP ART UNIT [ DATE MAILED

v BeLTAE e UEPN/BT 414 KEFPLINGER: E 128 08,09/84
Kimad : ,

Applicant AR DL, HERMANN G,
TITLE OF

INVENTION ¢ opegfy HIGH SIGN6L STRENGTH FROMOTERS

| ATTY'SDOCKETNO, | CLASSSUBCLASS. | BATCHNOJ APPLN.TYPE ISMALLENTITY] FEEDUE | DATE DUE

AR AREN06L000 017 UTILITY MO B5U0.00 11409784

The amount of the issue fee Is specified by 37 C.F.R. 1.18.2s follows: for an origina! or reissue patent, except for a design or plant patent, $500; -
for o design posent, $175; and for & plans patent; $250, I the applicant quatifies for and has filed'a verified staterment of small entity status in
acsordance with 37 C.F.R, 1,27, the issue fee is one-half the respective amount afor ioned. The issue fee due printed sbove reflects
applicant’s status as of the time of mailing this notice: A verified statement of small entity status may be filed prior 10 or with payment of

_the issue fee, However, in accordance with 37 C.F.R. 1.28, failura to establish status ss a small eatity prior 10 or with payment of the issus fes
precludes payment of the Jssue fae In the amount so established for small entities and pracludes a refund of any portion thereo! odid prior'to
esteblishing status ss 8 $mall entity. Py

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE s indicated dbove. The appli-
cation shall otherwise be regerded as ABANDONED. The issua fee will not be accepted from anvone other than the applicant; a registersd
attorney or agent; of the sssignee or othear party in intsrest a5 shown by. the records of the Patent and Trademork Office, Whers an suthorizetion
10 charge the issus fee to a deposit sccaunt has been fifed bafore the mailing of the notics of alléwance, the issus fes is charged 1o the deposit
account at the time of mailing of this notics in secordancs with 37.C.E.R; 1.311, {f the issue fee has been 50 charged, it s indicated sbove,
In order to minimize deldys i the lsuance of 3 patent based on this application, this Notice may have been mailed prior to completion of final
processing. The naturs and/or sxtent of the remuining revision or processing requirements maey cause stight delays of the patent. lrv agdition,
ifpr jor is to be reopaned, this Notics of Allowanse will be vacated and the appropriate Office action wilt follow in due course; {f the
issue fee has siready biees pald and prosecution Is recpened, the spplicant may. request a refund or request that the fee be credited 1o ¢ Daposit
Account, However, spplicant may wait antii the spplication is either found atiowable or held abandonid, 1£. allowed, upon receint of & new Notics
of Aliowance, spplicant may request that the previously submitted issue fee be applied, If abandoned, applicant may request refund or creditto
3 Dapdasit Aceount. -
in the-case of each patent issulng without an assignment, the cumplate post office address of the inventor{s] will be primed in the patent heading:
- and in the Officis! Goxette, 1f the lnventor’s address is now differant from the address which appears in the spplication, plesse 6l inthe informa-
tion in the spaces provided on PTOL-85b enclosed; If there are address changes for more then two inventors, entér the additionel addresses on
the reverse side of the PTOL-85t. ’ .

The appropriate spaces in the ASSIGNMENT DATA section of PTOL85b must be completed in-all cases, 1 it is desived 1o have the patent issue
10 an sssignes, an assignment must have been previously submitted to tha Patent and Tradamark Office or must be submitted nct later than the
date of paynent of the issue fee asrequired by 37 C,F.R, 1.334. Whire there is an assignmeny, the assignee’s name and address rmust be provided
on the FTOL-85b to ensure its incluston in tha printed petent, : . .
Advarce arders for 10-or more printed coples of the prospective paterit can be made by complsting the information in Section 4 of FTOL-86b
-and submitting paymant therewsith: If use of 2 Depbsit Account is being authorizad for payment, PTOL-B5¢ should also be forwarded, The order

ust be for ot least 10 coples and myst accompany the jseus fee: The copies ordered will be sent only to the address specified in section toor
TAof ?iGL%Sb‘ i —

IMPORTANY
ATTENTION IS DIRECTED TO 37 C.F.R. 1.334

Note sttached communication from Examiner,

[ ] vis notice is issued in view o THE PATENT WILL ISSUE TO APPLIGANT
applicant’s communication filed SUNLESS AN ASSIGNEE 1S SHOWN IN
o ‘ : fTEM 3 ON FORM PTOL-855; ATTACKED

Page 122 , -
PATENT AND TRADEMARK OFFICE COPY




u.s. Departme‘nt of Commerce
ISSUE FEE TRANSMITTAL Patent and Trademark Office

THis foren is provided in fieu of 8 formal transmittal and should be used for rensmitting the lssue Fee. Sections 1A through 4 must becompleted a5 sppropriste,

PTOL-BSE (Rav, 8-82}

MAILING INSTRUCTIONS

INVENTOR(S) ADDRESS cmgg%gc/ssm:\ L NO,
INVENTOR'S NAME ﬁ Q2

Al further correspondence including the lssue Fee Receipt,
the Patant, and advanced orders will e mailed tothe addressee

ot kY artered in section 1 on PTOL-83e, unless you direct otherwiss
Stroet Address & K U"é by specifying the sppropriate neme asd address in 1A below,
8 ;2,,\ A 2A. prﬁnsﬂc}%mwssxowen OF PATENTS AND TRADE-
it te and 2ip Codl tola RN A i3 requested 1o apply the Issue Fee to the
City, State and Zip Code 4;:’\ §3 %7 spplicetion identified bolow,
COINVENTOR'S NAME [EEE 1 TOWNSEND and TOWNSEND
tSiphature/ot party in intpfest ol (Grord} {Date)}
Street Address // / =/
o 10/24/8.
City, Srate and Zp Code e Tedue F it & Face: fr 5
anyone other than the applicant; a
registered at(c}:\mev o:y zs;em:t or t?é
., i N assignee or other party 1n interest as
73 Check if additional changes are on reverss side, P By the records of the Patant and
Trademark Office.
T SCISERIAL NO. | FILING DATE | TOTAL CLAIMS] EXAMINER AND GROUP ART UNIT | DATE MAILED
0% /2008 i1 FEPPLINGER i
First
Rophears _ BILISED: HERIA
TS Son  CAfRED HIGH SINRAL FTEENMOTH FRONQTERS

T TATTY'S DOCKETNO. | CLASSSUBCLASS - | BATCH NO.J APPLN.TYPE [SMALLENTITY]

FEEDUE | DATE DUE

ang

I e

T i3oan

1 hersby certify that this correspondence is being depositgd
with the United States Postal Serviee as first class mafl in

UTILITY ’\’f
L4

e

an envelope addressed to: Commissioner ¢ tents /and.
Tradematks, Washington, D.C.. 20231, on.k )
{Date. of Deposit)

o /4] »Z/W By

28B. For printing on the patent front

Rowland

page, list the names of not more T
than 3 registered patent atrornevs LBertran, .
or agents QR afrernatively, the

name of & firm having as a mem- 2

ber a registerad sttorney or agent,
1f no name is fisted, no neme 3
witl be printed,

- Bettram 1. Rowland
Reg. No. 20015

USE THIS SPACE

3. ABSIGNMENT DATA {print or type)

SRR LRI g ol s o -
A. é‘} This application is NOT assighed. h :% C; Teademark OFF.
2 Assignrmen teraiousiisobiticted fo the Petentand Trademark Office,
(3) Assigaroent submitied herawith, & =L ie i .

8. For Printing On The Patent: {Unless an assignee iy identifiad below, no
BEsignee date will sppear on the patant, Inclusion of assignee data below
is only appropriate when an assignmient has been previcusly submitted to
the PTO or is submitted herewith, Completion of this form is NOT g

. substitute for fiting of an assignment as required by 37 C.F.R, 1.334).

FT{1I NAME OF ASSIGNEE; The Board of Trustees of
the Leland Stanford Jr. University

{7} ADDRESS: (City & State or Country) )
Stanford, California

T R ESRTI
ASSt 154 ATION: California.

eg are enclose:.
5 (3 Advanced ordse !
<4

sighient recording

The following fees should be charged 1o
20-1430 ‘

{PTOL-85c or additional copy of
PTOL-BEb musy he encioend)

I Issue fee .

}&Advanced order . %
! Assignmens recording

deposit ace. Ao,

Number o} advanced order copivs requisted, L0
{rmust bs for 10 or morz copies)

TRANSMIT THIS FORM WITH FEE
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Ap,‘,w Patentee: HERMANY . BUJARD ET AL . Docket No, $81-17

Sgﬁal or Patent No.: 285,246
Filed of. May 20, 1981

&%rﬂ{“{ @' "CLONED HIGH-SIGNAL STRENGTH PROMOTERS"

g VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS
/ {87 CFR 1.9(f) and 1.27(d)} — NONPROFIT ORGANIZATION

4> %.
g\‘g“
3 iClave that [ am an official empowered to act on behalf of the nonprofit organization identified below:
NAME OF ORGANIZATION: STANFORD UNTVERSITY
ADDRESS OF ORGANIZATION: 105 Encina Hall, Stanford, CA 94305
TYPE OF ORGANIZATION

[ ] UNIVERSITY OR OTHER INSTITUTION OF HIGHER EDUCATION
[ ] TAX EXEMPT UNDER INTERNAL REVENUE SERVICE CODE [26 USC 561(a) and 501(c) {3)]
[ 1 NONPROFIT SCIENTIFIC OR EDUCATIONAL UNDER STATUTE OF STATE OR THE UNITED STATES OF

AMERICA
{(NAME OF STATE )
(CITATION OF STATUTE )

[ ] WOULD QUALIFY AS TAX EXEMPT UNDER INTERNAL REVENUE SERVICE CODE {26 USC 501(a) and
501(¢) (3)] 1F LOCATED IN THE UNITED STATES OF AMERICA
[ 1 WOULD QUALIFY AS NONPROFIT SCIENTIFIC OR EDUCATIONAL UNDER STATUTE OF STATE OF THE
UNITED STATES OF AMERICA IF LOCATED IN THE UNITED STATES OF AMERICA
{(NAME OF STATE 3
{CITATION OF STATUTE )

I hereby declare that the nonprofit organization identified above qualifies as a nonprofit organization as defined in 37
CFR 1.9(e) for purposes of paying reduced fees under section 41(a) or (b} of Title 35, United States Code with regard
to the invention entitled Cloned Bigh~Signal Strength Promoters

by inventor(s), Hermann G. Bujard, Annie Chang, and Stanlev Cohen

described in

[ 1 thespecification filed herewith
KXl  application serial no.___ 265,276 , filed__May 20, 1981
{ ] Patent no, , issued

I hereby declare that rights under contract or law have been conveyed fo and remain with the nonprofit organization
with regard to the above identified invention.

If the rights held by the nonprofit organization are not exclusive, each individual, concern or organization having rights
to the invention is listed below* and no rights to the invention are held by any person; other than the inventor, who
could not qualify as a small business concern under 37 CFR 1,9(d) or by any concern which would riot qualify as a small
business eoncern under 37 CFR 1.9(d) or a nonprofit organization under 87 CFR 1.9(e). *NOTE: Separate verified
stateriients are required from each named person, concern or organization havmg rights to the invention averring to their
status as small entities (37 CFR L.27).

NAME
ADDRESS
[ 1 INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION
NAME
ADDRESS
{ ] INDIVIDUAL [ 1 SMALL BUSINESS CONCERN [ 1 NONPROFIT ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of en-
titlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any maintenance
fee due dfter the dafe on which status as a small entity is no longer appropriate. [37 CFR 1.28(b)]

1 hereby declare that all statements made of my own knowledge are true and that gl statements raade on information
and belief are belisved 1o be true; and further that these statements were made with the knowlaedge that willful false
statemernits and the like are punishable by fine or imprisonment, or both, under 18 USC §1001, and' may jeopardize the
validity of the application, any patent issuing thereon, or any patent to which this verified statement is directed.

NAME OF PERSON SIGNING Katbharine Ku

TITLE IN ORGANIZATION Associate Director, Technology Licensing

ADDRESS OF PERSON SIGNING 105 BEncina Hall, Stanford, CA 94305

SIGNATURE MWM 7&(_ " DATE___10/17/84
Page 124
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rorm PTO87S L., DE. TMENT OF COMMERCE | SERIAL NUMBER BILING DATE
IRE Y. 11T FPATEMNT aND TRADEMARK OFFICE
PATENT APPLICATION FEE DETERMINATION R CTEINT TRy N s e
RECORD )
@ ’ /LX
CLAIMS AS FILED - PARTd!
£6 [£3] ) tel (5}
FOR NUMBER NUMBER RATE BASIC FER
FILED FILED $65.50
TOTAL ~15= = X 82,00 é’_
TLAIMS - .
INDEPENDENT -tz = X $10,00
CLAIMS é 1 9 2)

TOTAL FILING
FEE - /f 5 v,

t2) - 1) (51 ) m
CLAIMS .
HIGHEST NO. .
REMAINING ‘ PERvIGUSLY PRESENT RATE ADDITIONAL
AFTER oD FOR EXTRA FEE
AMENOMERT
* ¥
LowiNus = Com T 52 A n
AMENOMENT 4 ki
INDEP. ( i MINUS = L L - S—
i | s 553
TOTAL ADDITIONAL FEE FOR
THIS AMENDMENT
m————
TOTAL MINYS = x 52 =
* .
amenpuenT | NOEP MInUS H xse | v
TOTAL ADDITIONAL FEE FOR
THIS AKENDMENT s
TOTAL MINUS = % 52 =
*
INDEP. MINUS = * 510 =
AMENDMENT
TOTAL ADDITIONAL FEE FOR
THIS AMEND)AENTW
TOTAL MINUS 2 % 52 =
* E 2.3
AMENDMENT INDER, . MINUS ks x50 S

TOTAL ADDITIONAL FEE FOR
THIS AMENOMENT e o

If the entry in Column 2 is fess than the entry in Column 4, write 10" in Columa 5.

Jf the “Highes) Number Previously Paid For” IN THIS SPACE is less than 10, write *'10" in this spavce.

The *'Highest Number Previously Paid For'' {*'Total” or *'Indep.”’} Is the highest nuniber found in the appropriare
box in Column 2. ’
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FORMAT NO. 9 COUNTRY COBE PCT/FOREIGN APPLICATION SERIAL NUMBER Month F"ngymm Yewr
recorp | 8loj1
REIGN .
FIORITY RECORD | 8|0/ 2 ;
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