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{S7} ABSTRACT

Method for preparing high signal strength promoters
and terminators and DNA compositions employing
such promoters and terminators. T5 phage is cleaved to
provide for DNA sequences having intzxcz promoters.
These promoters are inserted into vecrom separated
from a baianced terminator by a gene ofimerest and me
terminator is desirabiy followed by a marker aliowing
for selection of Iransformants. High efficiencics in tran-
scription of ‘DNA can be achieved with the highly ac~
rive T5 promoters. The promoters and terminators are
used in hybrid DNA for efficient expression of struc~
turai genes and transcription :0 provide RNA sequcm(:63.

15 Ciaims, 1 Drawing Figure
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CLONED HIGH SIGNAL STRENGTH
PROMOTERS

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

The research was supported in part by a grant from
the Dentsche Forschungsgcmeinschaft.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Having established the feasibility ofproducing 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 optirnizing the economic and efficient pro—
duciion of the polypeptides. Included among these Fae»
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 milled a 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 ofbinding 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 employing the resulting plasmid
for transformation, one could not select rransformants

based on expression of markers which allowed for selec~
tiou. Tiierefore, cloning of the strong promoters was
not feasible. It is therefore desirable that methods be
provided which would allow for the screening ofstrong
promoters and terminstors 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
}’romoters from bacterial and viral sources have been

cloned in E colt‘. and their signal strength in vitro has
been studied using expression from distal promotcrless
sequences encoding Bgalsctosidase or other proteins
(Casadaban and Cohen (I980) J. Mol. Biol 138, 1794.07;
West and Rodriguez (1980) Gene 9, I75-l93). Attempts
to clone small DNA fragments‘ carrying the strong
promoters of bacteriophage T5 have been unsuccessful
(V. Gabain and Bujard (2979) PNAS USA 76, l39, l93),
Fragments of T5 DNA having both a strong promoter
and a strong termination signal have been cloned.
(Breunig (I979) Dissertation (Universitat Heidelberg,
Heidelberg, Germany)) Analysis has shown that tran-
scriptional regions of several E. coil‘ plasmids are orga»
nized in units where initiation and termination signals.
are balanced. (Stuber and Bujard (1981) PNAS USA 78:
167-171) P25 and P26 promoters of the T5 bacteriophage
are reported as among the most efficient RNA polymer-
ase binding sequences. (Stuber er al (1978) Mol. gen.
Genet. I66 l4l—l-49; Niemann (I98!) 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
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 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-
scription 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 theabove described construct.
The construct or regulatory portions thereof are used
for efficient transcription of RNA or gene expression.

BRIEF DESCRIVFION OF THE DRAWING

FEG. 1 is a flow chart of the preparation of a plasmid
for cloning strong promoters and terminazors.

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, T5 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 T5 phage promoter; op~
tionally a structural gene which may be a marker: a
balancing terrninalor; and optionally a marker allowing
for selection of transformants containing the construct,
which marker has n 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 up promoters. For the most
part. the strongest promoters among prokaryotes are
the T5 phage promoters and these will be employed as
exemplary of naturally occurring or synthetic strong
promoters. it is to be understood, that other prokaryotic
undeultaryotic promoters. either naturally occurring or
synthetic. could find application in the subject inven-non.

The compositions of this invention will include linear
segments for insertion of DNA having the strong regu»
latory signal sequences (i.::., 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 ternnni may be blunt or staggered ended, having
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 a 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 nonstructural gene or a structural gene providing
RNA e.g. ribosornal or messenger, or providing a
poly(amino acid). .

Desirably, the gene is followed by one or a plurality
of translational stop coclons e.g. oop or nonsense co-
dons, or preferably a plurality, usually up to about six,
more usually from about two to live, 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 andexpression.

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 gene
upstream from the terminator is transcribed, where both
genes are under the control of the same prornoter._ Usu-
ally, it will be desirable that a sufficient amount of the
marker is transcribed to allow for selection of transfor—
tnants 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 relationto the transcription
of the gene intermediate the promoter and terminator in
only about l to 20, usually only 5 to l5 number % of the
gene. The strength of the promoter is reflected in the
level of expression of the roarlter which is transcribed
from the same promoter as the gene whose 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 like. 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 hcfst. Methods of intro»
ducing DNA into an appropriate host are well known.
Illustrative 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
Hollaender, Vol. 1, Plenum Press, New York and Lon—
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don, l979; Molecular Cloning of Recombinant DNA,
ed. Scott and Werner, Vol. 13, Academic Press, Inc.
New York, i973, and references cited therein.

In order to allow for flexibility in preparing the com
struct and self-replicating 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 3 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, eg. lipid
acids, phosphorolation, sulfonation or the like. The
different classes of proteins which may be prepared
include protamines, histories, albumins globulins, sclero-
pfoieins. pilosphoproteins, mucoproteins, chromopro-
reins, lipoproteins, nuclcoproteins, and the remaining
proteins which are unclassified.

The following is a representative list of proteins of
interest. _ ,
lnsulin; growth hormone; interferon e.g. leukocyte,

lurnphoblastoid, 'I‘~immune and fibroblast; Bdipotro»
pin; B~endorphin; dynorphin; histocompatability prow
teins; immunoglobulins e.g. IgA, Igl), lg.E, IgG and
IgM and fragments thereof; hemoglobin, sornatome~
dins; lymphokines; growth factors e.g. epidermal,
fibroblast, platelet-derived, multiplication stimulating
and nerve; hemat0poretic~stimulat§ng factors e.g.
erythropoietin, colony-stimulating, erythroid poten—
taxing activity or burst-promoting activity and lynx»
phopoietins; albumin and prealburnin;
Prealbumin
Albumin

<zz~I..ipoprotei.n
a1~Acid glycoprotein
at-Antitrypsin
a 1-Glycoprorein

Transcortin
’ 4.65-Postalbumin

'I‘ryptophan«poor
ctpglycoprotein
<1;-x~Glycoprotein

Thyroztin~binding globulin
Inter~a~trypsin~inhibitor
Cvc~globulin;

(Gc 1-1),
(Gc 2-1),
((30 2~2),

llaptoglobin:
1'1)!
2'1)»

(Hp 2-2).
Ceruloplasmin
Cholinesterase

a2-l..lpoprotein(s)
<12-Macroglobtzlin
az~HS~Glycoprotein
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Zn-ctz-giycoprotein
at;-Neuramino-glycoprotein

Erythropoietin
8-lipoprotein

Transferrin

‘Hemopexin
Fibrinogcn
Plasminogen

a2-giycoprotein I
ag-glycoprotein II

lmmuncglobulin G
(IgG) or 7/G-globulin

Moi. formula:

wt: or 72?»:
lmmunoglobuhn A (lgA) or 7A-globulin
Moi. formula:

(a:zK2)" Or (a2>\2)"
lmmunoglobulin M (lgM) or 7M-globulin
Moi. formula:

(u2x2)5 or (11»2?~2)5
Immunoglobuiin D (lgD) or 'yD-Globulin (~/D)
Moi. formula:

(32K2) or (32?~2)
Immunoglobulin E (IgE) or 'yE—Globulin (715)
Moi. formula:

(em) 0? (em)
Free light chains
Complement factors:
C’1

C".lq
Cir
013

C2
C3

BIA
a2D

C4
C5
C’6
C’?
C8
C9.

Important protein hormones include:

Peptide and Protein Plormones
Parathyroid hormone: (parathorrnone)
Thyrocalcitonin
Insulin

Glucagon
Rclaxin

Erythropoietin
Melanotropin: (Melanocyte~stimulating hormone; inten

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
Gaszrin

Angiotensin I and II
Bradykiniu
Human placental, lactogen
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Peptide Hormones from the Neurohypophysis

Oxytocin
Vasoprcssin
Releasing factors (RF): CRF, LRF, TRF, Somatotro-

pin-RF, CERF, FSHRF, PIF, MIR

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

In accordance with the I.U.Bi classification. the en-

zymes fall into varying categories such as l. ox§dore~
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; oxidoreduo
tases for oxidation of alcohols and aldehydes, epoxida-
lion, and the like,

The microorganism host may be bacteria, such as
Escherichia, Bacillus, Acrobacter. Klehsiella, Proteus,
Pseudomonas, Streptococcus, Staphylococcus, Clo-
stridium, Mycobacterium, Streptomyces and Actino~
myces; Fungi e.g. Gyrnnomycota, Dimastygornycota,
Eumycota, Zygomycctcs, Ascomycctes and Basidorny-
cetes, such as, Candida, Aspergillus, Rhizobus, Micro»
sporum, and Fonsecaea; Protozoa e.g. Mastigophora,
Sarcodina, Sporozoa and Celiophora, such as, Trypa.no~
soma, Codosiga. Protospongra and Entameba, and Alga
e.g. Dinoflagellates, Euglenoids, and Diatorns.

Higher cells, c.g., mammalian, may also be employed
as hosts, where viral, e.g., bovine papilloma virus or
other DNA sequence is available whiclr has plasmid-
iike 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 developer: which
may have one or more other regulatory signals. Regui'a~
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 molecular weight separation techniques eg. 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 pm
moter 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 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 introduc~
ing the various elements. The construct provides in the
direction of transcription the promoter. 21 first gene
marker, optionally nomination cocloris, such as non-
sense codons and oop 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 properly balanced, there willbe 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 extrachromc»
sornal element, such. as aplasmid 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 detennining 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 evaluating the
relative activities of promoters and terminators. Conve~
niently, markers which allow for selection such as resis~
tancc 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 growth of the host. Alternatively, one
can use growth factors e.g. having a gene which com-
plements a. mutant gene in an auxotrophic host, where
the gene expresses a product necessary for a biosym
thetic pathway‘. A third marker provides virus incom~
patibility, preventing plaque formation. Other markers
which allow for comparison will come readily to mind.

The tcrminators may be evaluated in the presence
and absence of rho, so that one can determine the de-
pendency of the tenninator on tho, as well as the effec~
“tiveness of the terminator in relation to the concentra-
tion of rho.

The methodsfor 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 endonucleasc cleavage to pro~
vide fragments having the desired intact sequence or
gene. The fragments can be further processed employ-
ing cndo— or cxonucleases to remove nucleotides unre-
lated to desired regulatory sequences. or structural
genes. 8y appropriate choice of restriction enzymes,
cohesive or blunt ended fragments can be generated.
Furthczmore, 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 unique
restriction site between 2: T5 promoter and 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).

 

5

l0

l5

20

'25

30

35

-15

50

55

65

8
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 a prede-
termined 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 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 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 com
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 clone 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
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 enzymes of known base or sequence
speciiicitics commercially available.

The following examples are offered by way of illus~
tration and not by way of limitation. '

EXPERIMENTAL

Materials and Methods

Restriction endonucleases Hindlli, Hincll, Sail,
Bamiil and T4 Ligase were from New England Biolabs
(Beverly, Mass, USA), Sau3A was from BRL (Neu-
Isenburg, Germany) and ECORI and Hpall from (Bo-
ehringer Mannheim, Federal Republic of Germany).
DNA polymerase I, phage fd DNA (rcplicative form),
plasmid A1316/30 containing a 28 bp Hfindlll/Bamlril
adapter sequence and, lac rcpresser were supplied by
private sources. The isolation of bacteriophage T5
DNA, plasmid DNA E. colt‘ RNA polymerase and E.
colt‘ termination factor rho have been described previ~
ously, (v. Gahian and Bujard, Moi. gen. Genet. (1977)
157, 30l~3l l; 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 13. colt‘ lac regu»
latory region (promoter/operator: P/D), an N~tcrminal
portion of the ,8~galactosid'ase structural gene sufficient
for intracistrcmic cornplementation. of the M15 deletion,
as well as a portion of the i-genc(i) was isolated from a
Hincll digest of a pACYC 214 plasmid (aplasmid re-
lated to pACYC 184 by insertion at a Bamfll site of a
BamHI restriction cleavage fragment from F‘~lac carry~
ing the lac gene) by rcpressor binding and subsequent
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adsorption to nitrocellose. This fragment was then em-
ployed in the construction of an exemplary plasmid for
analyzing strong promoters and strong terrninators 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 Bamlil and Sell cleavage sites by vari~
ous subcloning. The resulting fragment (left most part
of Figure) contains the intact control region of the lac
operon and an N—terminal portion of the B-gal struc-
tural gene coding for 66 amino acids (a). Introduction
of this fragment by blunt end ligation into the Hindlll
site of pACYCl84 (Chang and Cohen (1978) J. Bac-
teriol. 134, ll4l»—ll56) yielded pBUlO, a vector suit-
able 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 a Bamlrll/'1-Iindlll adaptor
sequence and integrated into pBUl0 to yield pLBUl.

Cleavage of the lac sequence in pBUl0 by Hpall
destroys the lac promoter and liberates upon cleavage
with Hindlll a fragment containing the lac operator and
a region coding for a functional o.-fragment. Integrating
this DNA sequence into pBR322 leads to pBU12a. Fi~
nally, replacement of the Iriindlll/Sail portion of
pBUl2a by a partial digest of the Hindlll/Sail fragment
of pLBUl containing the fd terminator resulted in
pLBU3, a vector suitable for integration of efficient
promoters at the EcoRI site. The regions encoding
cliloramphenicol (Cm), ampicillin (Ap) and tetracycline
(Tc) resistance are indicated as cat, bla and tet respec-
tively.

The plasmid, pBU it), had the following properties: (i)
it contains the a. fragment of B-galactosidase (avprotein)
and complemented the M15 deletion of the lac operon;
(ii) the To resistance it specified was under the control
of the lac promoter, as shown in M15 E4 strains; (iii) the
Hindlll site between the lac gene fragment and the tet
gene was restored; the stop codon immediately follow-
ing the Hindlll site limited the length of the lacZ gene
product to 68 amino acids.

insertion of the id terminator upstream to the teat gene
resulted in a 90% reduction in the level of’l‘c resistance,
but no detectable change in the levels oi‘B~galactosidase
activity in M35 deletion strains. The results obtained as
to the properties imparted to various E. coil‘ strains by
various plasmids is set forth in the following table:

Seven independent plasmid isolates from clones con-
tained the expected 35223;) Hindlll-generated fragment
containing the fol terminator. Electrophoretic analysis
of all seven Barnl-[Lcleaved 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 fcl phage
genome. Sequence analysis also revealed a translational
stop codon in frame with the or-protein less than lObp
down stream from the HindIII cleavage forming the
conjunction between the lac—derived segment and the
fd-derived DNA fragment; is translational stop signal on
this position would be expected to result in an a-frag~
merit containing ‘ll amino acids.

For the cloning of exogenous promoters, the lac pro-
moter on the lac/tet construct bad 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 «—- l7 of lac was em~
played. as described above. Colonies that showed both
a reduced level of To resistance and the presence of :3
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lac operator sequence, which could be detected on the
rnulticopy plasmid by its ability to bind the lac represser
and induce chromosomal B-gal synthesis, were identi~
fled. Endonuclease analysis (liindlll/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 fragment;
the other represented by pBU12a yielded a 420bp frag-
ment. DNA sequence analysis showed that in pBUl2a,
a l60bp fragment of unknown origin, ‘containing two to
three stop codons in each of the possible translational
reading frames, had been integrated between the Ecokl
site and position —— l5 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 ct-fragment.

When the Hindlll/Sall segment of p}3Ul2a was re-
placed with an identically generated fragment of
pLl3Ul carrying the id terminator. the plasmid pLBU3
was obtained, which conferred neither Tc resistance

nor 8~gal activity to E. colt‘ M15 strain. Although this
plasmid contained a tet region and a DNA sequence
encoding the <1-fragment of lac, it conferred neither
rcsistance nor B—gal activity to the E. coli Mlistrain. It
was therefore chosen as the T5 promoter cloning vchi~
ole.

A population of about 200 short fragments of T5
DNA was obtained by double digestion of the l20kb
phage genome with Haelll and Alul cndonuclcases’.
These fragments were ligated with excess synthetic
EcoRI links and the resulting molecules were cleaved
with Beam endonuclease and ligated into the EcoRI
cleavage site of pLBU3. Transforxnation ofE. coir‘ C600
and selection for fi~gal activity plus high level Tc»resist~
ance yielded 35 colonies resistant to Tcwconcentzations
between 8 and 70 pg/ml. Plasmids were isolated from
13 colonies resistant to 70 gag/ml, which earlier experi~
merits using multicopy plasmids had suggested was the
highest level detectable in E. coli K12 (Cabcllo et al.
(1976) Nature 259, 285-29,0). ‘

Digestion of the various isolates with EcoRI endonu~
clease liberated between one and ten fragments of vari-
ous sizes from 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 colow
nies resistant to 70 pg/ml Tc. Plasmids isolated from
each of these clones carried the expected DNA frag-
ments, as shown by E‘.coRI cleavage and gel electropho-
resis. Tlie promoter library which was obtained con-
tained about 25 different strong promoters of collphage
T5.

A plasmid pGBU207 containing an Ecol?)-generated
fragment of 2l2bp was selected for furtlterstudy. In
vitro transcription on the plasmid was mapped by anal-
ysis of RNA transcripts made on fragments ofthe plas-
mid produced by cleavage with different restriction
endonucleases. Cleavage of the plasmid with ECORI
endonuclease yieldcdiprincipally a single RNA species
about no nt in length. "Flue size of the transcript in»
creased to 530 nt when a Hindi}! digest of pCrBU207
was used as 3 template. l3ntnHI digested DNA yielded
transcripts of about 740 and 900 nt 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
tee 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 50% of transcription
within the id DNA fragment gave rise to the 740 nt
transcript, while a read— through transcript extended to
the Bamfil cleavage site located 89019;: from the pro—
motor. '-Yhe data strongly suggested that RNA tenm'na~
tion occurring in the id terminator placed in the reverse
orientation is rho dependent, in contrast to the rho-,
independent 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 21217;: fragment of pGBU207 was com-
pared with complex formation involving the previously»
studied T5 promoters P35 and P95 (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 P25 and
P25, which are amongvthe most efficient RNA polymer»
asc binding sequences identified from any source. (Nie-
mann (I981), supra).

The above results demonstrate that novel DNA se-

quences can be prepared from the strong T5 promoters,
which can then be used for the expression of a wide
variety of poly(axnino acids). Furthermore, by employ~
ing a promoter, optionally a structural gene, a termina-
tor, and a marker, test plasmid structures are provided
which allow, 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 2: wide variety of structural genes, with eoncommi~
tan: selection of the transforrnants by employing an
appropriate marker downstream from the balanced
terminator.

Although the foregoing invention has been described
some detali by way of iilustraticn 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 claim:

1. A linear DNA sequence having proximal to one
end a strong T5 phage promoter, proximal to the other
end’ a strong transcriptional terminator balanced with
said strong T5 promoter, and having intermediate said
promoter and terminator at ‘least one of (1) a marker for
selection adjacent to said terminaroror (2) a replication
system foreign to T5, 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 structural
gene is inserted between said promoter andterminator,
so as to be under the transcriptional control of said
promoter and to bridge said linear DNA sequence to
provide 3 circular DNA sequence.

2. A linear DNA sequence according to claim 1,
having intermediate said other end and said strong tor»
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rninator 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 to any of claims
1, 2 or 3. wherein said replication system is for a prokaw
ryote.

10. A linear DNA sequence according to any of
claims I, 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 detcrmina~
tion of expression; and a replication system recog-
nized by a predetermined host; whereby a circular

v DNA sequence is obtained; .
transforming said host with said circular DNA se-

quence; ‘
growing said host in nutrient medium under condi~

tions aliowing 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 3. strong TS phage promoter, a
structural gene foreign to T5 phage under transcrip~
tional control of said promoter, a transcriptional termi~
nator which is balanced with said promoter and a repIi~
cation system and having a marker for selection down-
stream from said terrninator, wherein said marker is
expressed at a frequency of less than about onefourth
the frequency of which the structural gene is expressed
and is under tra'nscriptional‘cont.rol of said promoter.ll 3 ii i I
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CLONED HIG8 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 been 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 contiguous. The more active promow

25 ters are referred to as strong promoters.

It was found that when introouoing a strong

promoter into a vector and employing the resulting plasmid‘

W t"‘*“%§’¢~fz.?’z3’:%““%>‘§2‘:5"€:‘.i;'a‘?aT‘e M base.
on expression of markers which allowed for selection. There»

30 fore, cloning of the strong promoters was not feasible. It

2
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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, transcription and translation of the genes

kg 5 for production of DNA, RNA, and polypeptides.

1}“ Qescrintion of the Prior Art
3” Promoters from bacterial and viral sources have

* been cloned in E, coli, and their signal strength in vitro

has been studied using expression from distal promoterless

as 6910 sequences encoding &galactos'dase or other prote%%§;07
6; (Casadaban and Cohen (l98O)é;7 ll 3Biol. l§§,A‘ ~ ; west
6‘ and Rodriguez (1980) Gene g,gl¥9eeg1. Attempts to clone

small DNA fragments Carrying the strong promoters of

bacteriophage T5 have been ggggg essful. (V. Gabain andfl &—l5 Bujard (1979) PNAS USA 2Q,“ , Fragments of T5 DNA
having both a strong promoter and a strong termination signal

lave been cloned. (Breunig (1979) Dissertation (Universitat
Heidelberg, Heidelberg, Germany)) Analysis has shown that

 

,2 transcriptional regions of several E. coli plasmids are
 

. 20 organized in units where initiation and termination signals

‘:9 5, are balanced. (Stuber and Bujard (l98l} PNAS USA;?f'f%7’(7€
P25 and P26 promoters of the TS bacteriophage are reported as

, among the most efficient RNA polymerase binding sequences.

é?p; (stuber et al (1978) Mol. gen. Genet. l§§ 141-149; Niemann

%‘ 25 (1981) Diplomerbeit (Universitat Heidelberg, Heidelberg,
g Germany)).
‘ ‘ SUMMARY or THE INVENTION

5 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 vectox is

constructed having a strong promoter, followed by a DNA

sequence of interest, optionally followed by one or more

35 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 resulting plasmid into a microorganism host, efficient
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transcription 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 effi-

cient transcription of RNA or gene expression. l
BRIEF DESCRIETION OF THE DRAWING

Fig. l is a flow chart of the preparation of a

plasmid for cloning strong promoters and terminators.

DESCRI?TION OF THE SPECIFIC EMBODIMEN§§

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, $5 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 T5 phage promoter; optionally

a structural gene which may be a marker; a balancing termina~

tor; and optionally a marker allowing for selection of trans~

formants containing the construct, which marker has a relaw

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 construct, the construct can be used for

the cloning and characterization of promoters of different

strengths.

In referring to strong promoters,

that the binding affinity of RNA polymerase is stronger than

the commonly employed promoters such as leg and Egg and at

least comparable to and normally greater than the combination

of lag and try promoters. For the most part, the strongest

promoters among prokaryotes are the T5 phagefipromote‘s and

these will be employed as exemplary ofgnetueleg occurring or
It is to be understood, that

it is intended

synthetic strong promoters.
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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 sequence 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 de§ir«

ably a marker which are in the direction of transcription

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 e non~structural gene or a structural

gene providing RNA.e.g. ribosomal or messenger, or providing
a poly(amino 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, 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. q

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 transcrihed

not more than about,_, 0 the times that a gene upw
where both genesstream from the terminator is transcribed,

are under the control of the same promoter. Usually. it will
be desirable that a sufficient amount of the marker is tram»-

scribed to allow for selection of transformants. In View of

the fact that the marker is transcribed from a strong pro~
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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.on1y 5 to 15 number % of the gene. The stxength

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 is 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

regulatory 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 a

cating 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 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 chxomosomal or extrachromo»

repli-

The sources include plasmids, viruses
the vector

somal sources.

(phage), chromosomes, or the like.

or the essential portions thereof may be prepared

In addition,

synthetically. V

"The plasmids may then be used for transformation of

Methods of introducing
Illustrative of

an appropriate microorganism host.

DNA into an appropriate host are well known.

such methods, but not exhaustive of such methods,

formation e.g. calcium shock, transfection, and conjugation.

Descriptions of these methods may be found in Genetic

Engineering, ed. setlaw and Hollaender, Vol. 1, Plenum Press,

New York and London, 1979; Molecular Cloning of Recombinant

DNA, ed. Scott and werner, Vol. l3, Academic Press, Inc. New

York, 1973,

are trans-

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—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 modifiefi 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,

lumphoblastoid, Twimmune and fibroblast; fi—1ipotrOpin;

swendorphin; dynorphin; histocompatability proteins; immuno~

globulins e.g. IgA, 1gD, IgE, IgG and IgM and fragments
thereof; hemoglobin, somatomedins; lymphokines; growth

factors e.g. epidermal, fibroblast, platelet~derived,

multiplication stimulating and nerve; hematoporetic«stimula—

ting factors e.g. erythropoietin, colonymstimulating,

erythroid potentating activity or burst—promoting activity

and lymphopoietins; albumin and prealbumin;
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Prealbumin

Albumin

a1—Lipoprotein

cl-Acid glyboprotein

al~Antitrypsin

a1—Glycopxotein
Transcortin

4.6S—Postalbumin

V Tryptophan~poor

al~glycoprotein ‘
a1—x~G1ycoprotein

Thyroxinwbinding globulin

Inter~a—trypsin—inhibitor

Gc—globulin:

(Ga lml),

(G0 2*l).

(Ga 2&2),

Haptogiobinz

(Hp 1~1).

(Hp 2-1).

(Hp 2-2).

Ceruloplasmin

Cholinesterase

a2»Lipoprotein(s)

a2~Madroglobulin

«Z-HS~Glycoprotein
Zn~a2~g1ycoprotein

a2~Neuramino-glycoprotein
Egythropoietin

8~lipoprotein
Transferrin

Hemopexin

Fibrinogen

Plasmihagen

szwglycoprotein E

82—glycoprotein II
Immunoglobulin G

(IgG) or yG—g1obulin



M01. formula:‘

Y2“2 °” Y2‘2

Immunoglobulin A (IgA)r

 

or yA~globulin

5‘! 5 M01. formula:
*“o‘y (d2K2)n or (a2A2)n
£4’ Immunoglobulin M J

(IgM) or yM—g1obulin

F? H‘ M01. formula:

?3fi?1‘ 10 (p2K2)5 or (u2A2)5
o:;L Immunoglobulin D (IgD)V
‘ H or yDwG1obu1in (yD)

M01. formula:

(52K2) or (62A2)
Immunoglobulin E (IgE}

or yE~Globu1in (yE)
Moi. formula:

(s2K2) or (a2A2)
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35 Importain protein hormones include: 
Peptide and Protein Hormones

 
 

V3; Parathyroid hormone

(parathormone)
    



 
55:’.1

Page 19$»

10

15

20

25

30

35

Thyrocalcitonin
Insulin

Glucagon

Relaxin

Erythropoietin

Melanotropin

(Melanocyte~stimulating hormone; intermedin)

Somatotropin _
(growth hormone}

Corticotropin

(adrenocorticotropic hormone)

Thyrotropin

Fo1licle~stimulating hormone

Leuteinizing hormoneA

(interstitial cel1—simulating hormone)

Luteomammotropic hormone H
(Luteotropin, prolactin)

Gonadotropin V

(chorionio gonadotropin).
Tissue Hormones

Secretin

Gastrin

Angiotensin I and II

Bradykinin

Human placental lactogen

Peptide Hormones from the Neurohypophysis

Oxytocin

Vasopressin

Releasing factors (RF)J

CRF, LRF, TRF, SOmatotropin—RF, GRF, FSH"

RF, PIP, MIF. A

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 sub-

strate present in the host or substrate introduced extraw

cellularly, or for enzymatic transformation gg vitro-
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In accordance with the I.U.B. classification, the

enzymes fall into varying categories such as 1. oxidoreducw
iso~tases; 2. transferases; 3. hydrolases; 4. lyases; 5.

merases; 6. ligases. Enzymes of particular interest will he

hydrolases and oxidoreductases for use in commercial pro~

cessing, for example, hydrolases for hydrolysing polysac~

charides, lipids and polypeptides; oxidoreductases for oxide»

tion of alcohols and aldehydes, epoxidation, and the like.

The microorganism host may be bacteria, such as

Klebsiella,

Clostridium,

Escherichia, Bacillus, Aerobacter, Proteus,

Pseudomonas, Staphylococcus,

Mycobacterium, Streptomyces and Actinomyces; Fungi e.g.

Streptococcus,

Gymnomycota, Dimastygomycota, Eumycota, Zygomycetes, Ascomy~

cetes and Basidomycetes, such as, Candida, Aspergillus,

Rhizobus, Microsporum, and Fonsecaea; Protozoa e.g.

Mastigophora, Sarcodina, Sporozoa and Celiophora, such as,

Trypanosoma, Codosiga, Protospongra and Entameba, and Alga

e.g. Dinoflagellates, Euglenoids, and Diatoms.

9-9».

employed as hosts, where viral, e.g., bovine papilloma virus

or other DNA sequence is available which has plasmid-like

activity.

Higher cells, mammalian, may also be

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 separation of the construct from

the vector by molecular weight separation techniques etg.

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 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 introducing the various elements. The construct

provides in the direction of transcription the promoter, a

first gene marker, optionally termination codons, such as

nonsense 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 differentiaw

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 can degrade a DNA sequence such as a chromosome, or an

extrachromosomal element, such as a plasmid or double minute,

isolate the promoters by selective binding with RNA poly-

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 terminator. Similarly,

one can isolate DNA sequences having terminator sequences,

-insert the sequences into the above described construct at

the appropriate site and then measure the relative expression
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.

tors e.g. having a gene which complements a mutant gene in an

Alternatively, one can use growth fac—

auxotrophic host, where the gene expresses a product neces~

A third marker provides
other

sary for a biosynthetic pathway.

virus incompatibility, preventing plaque formation.

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 endo— or

exonucleases to remove nucleotides unrelated to desired
regulatory sequences or structural genes. By appropriate

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 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 unique restriction site between a

T5 promoter and a terminator, desirably having at least one

stop codon on the upstream 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 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 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

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 remainéer of the vehicle. Thus, by

having a plurality of unique restriction sites or 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 eesirably only in the

proper orientation.

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 enzymes of known base or sequence specificities

commercially available. i

V The following examples are offered by way of i1lus~

tration and not by way of limitation.

Therefore, it will usually be desirable



..m»...e/I‘M

&P
E

 

 

10

15

20

25

’3o

35

14

EXPERIMENTAL

Materials and Methods

Restriction endonucleases gggdlll, §;gcII, §g;I,

ggmfll and T4 Ligase were from New England Biolabs (Beverly,

Mass., USA), Sau3A was from BRL (Neu-Isenburg, Germany) and

§ggRI and gggll from (Boehrigfier Mannheim, Fefieral Republic
of Germany}. DNA polymerase I, phage gg DNA (replicative

form), plasmid ADl6/30 containing a 28 bp gigdIII/gggfll

adapter sequence and, lac represser were supplied by private

sources. The isolation of bacteriophage T5 DNA, plasmid DNA

E. coli RNA polymerase and E. coli termination factor rho
_...._ ,.........

have been described previods1y§ (V. Gabian and Bujard, Mol.

gen. Genet. (1977) ;§Z, 30l~3ll; Clewel and Helinski (1969)

PNAS USA §g, 11S7«ll66; and Knopf and Bujard (1975) Eur. J.

Biochem. §§, 371-385).

A 780bp DNA fragment carrying the E; coli ac

regulatory region (promoter/operator: P/O), eh Nwterminal

portion of the fiwgalactosidase structural gene sufficient for

intracistronic complementation of the M15 deletion, as well

as a portion of the i~gene(i) was isolated from a gggcll

digest of a pACYC 214 plasmid (a plasmid relafieg to pACYC,l84
by insertion at a gggfll site of a gggfilkxaexxucxion cleavage
fragment from F'«lac carrying the lac gene) by repressor

binding and subsequent adsorption to nitrocellose. This

fragment was then employed in the construction of an

exemplary plasmid for analyzing strong promoters and strong

terminators as depicted in ghe Figure.

Utilizing the gggll cleavage site within the 3~gal

structural genes the fragment was yeduced in size and pro-

vided with gggfil and ggli cleavage sites by various sub»
cloning. The resulting fragment (left most part of Figure)

contains the intact control region of the leg operon and an

N—terminal portion of the 5-gal structural gene coding for 66

amino acids (a). Introduction of this fragment by blunt end

ligation into the gigdlll site of pACYCl84 {Chang and Cohen

(1978) J. Bacteriol. lgg, 1141-1155) §ie1ded.pBUl0, a vector
suitable for terminator cloning. The major terminator of the

coliphage gg genome was isolated as a 338bp §§g3A fragment

 



Page25_

15 9"/‘?$"Y6Z>3
fit (Beck et al. (1978) Nucl. Acids Res. g, eeesasoa), ligated

10

15

20

25

30

35

with a gggfll/ggndlll adaptor sequence and integrated into

pBUl0 to yield pLBUl.

Cleavage of the lag sequence in pBU1O by gpall

destroys the lag promoter and liberates upon cleavage with

gindlll a fragment containing the lag operate: and a region

Integrating this DNA

Finally, replacement

coding for a functional aufragment.

sequence into pBR322 leads to pBUl2a.

of the gindlll/ggll portion of pBUl2a by a partial digest of

the gggdlll/gall fragment of pLBUl containing the gg termi-

nator resulted in pLBU3, a vector suitable for integration of

efficient promoters at the §ggRI site. The regions encoding

chloramphenicol (Cm), ampicillin (Ap) and tetracycline (Tc)

resistance are indicated as cat, bla and get respectively.

The plasmid, pBUlO, had the following properties: aMJ/

(i) it contains the a fragment of Bwgalactosidase (a—protein%
complemented the M15 deletion of the lag operon; (ii) the Tc

resistance it specified was under the control of the gag

promoter, as shown in M15 lg strains; (iii) the gigdlll site

between the lag gene fragment and the Egg gene was restored;

the stop codon immediately following the gigdlll site limited

the length of the gggz gene product to 68 amino acidsl

Insertion of the gg terminator upstream to the Egg

gene resulted in a 90% reduction in the level of To resis~

tance, but no detectable change in the levels of

8~galactosidase activity in M15 deletion strains. The

results obtained as to the properties imparted to various g;

coli strains by Various plasmids is set forth in the fol-

lowing table:

Seven independent plasmid isolates from clones

contained the expected 3S2bp gggdlllngenerated fragment

containing the gg terminator. Electxophoretic analysis of

all seven §§gHI—cleaved isolates and DNA sequence analysis of
one of these showed that in all instances the gg terminator

had been integrated in an orientation opposite the direction

of transcription within the gg phage genome? Sequence

analysis also revealed a translational stop codon in frame

with the a~protein.less than lobp down stream from the
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gigdlli cleavage forming the conjunction between the

lgg~derived segment and the §§~derived DNA fragment; a

translational stop signal on this position would be expected

to result in an a~fragment containing 71 amino acids.

For he cloning of exogenous promoters, the lag

promoterfigglsée lag/get construct had to be removed or
destroyed in such a way that a site for the subsequent intew

gration of promoters was retained. To do this, the ggall

cleavage site at position -17 of leg was employed, as

described above. Colonies that showed both a reduced level

of To resistance and the presence of a lag operator sequence,

which could be detected on the multicopy plasmid by its

ability to bind the lag represser and induce chromosomal

Bwgal synthesis, were identified. Endonuclease analysis

(gigdlll/§ggRI double digest} of plasmids recovered from

several isolates yielded two types of vectors: "one of these

represented by pBU12 harbored the expected 253bp lag frag-

ment; the other represented by pBUl2a yielded a szohp frag-

ment. DNA sequence analysis showed that in pBUl2a, e leobp

fragment of unknown origin, containing two to three stop

codons in each of the possible translational reading frames,

had been integrated between the §ggRI site and position ~15

of the lag promoter. The presence of the stop codons made

the fragment an efficient terminator of any translation that

occurred upstream of the txanslational initiation site for

the awfragment.

when the gigdlrl/§§lI segment of pBUl2a was

replaced with an identically generated fragment of pLBUl

carrying the gg terminator, the plasmid pLBU3 was obtained,

which conferred neither Tc resistance nor B-gal activity to

§; ggl; M15 strain. oAlthough this plasmid contained a Egg

region and a DNA sequence encoding the aufragment of lag, it

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

HSté£ cloning vehicle.

A population of about 200 short fragments of T5 DNA

was obtained by double digestion of the l20kb 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 EcoRI endonuclease and ligated

into the BCORI cleavage site of pLBU3. Transformation of g;

coli C600 and selection for B~gal activity plus high level”

Tc~resistance yielded 35 colonies resistant to Tc~concentra»

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 g; coli K12 (Cabello et al. (1976) Nature ggg,
285-290).

Digestion of the various isolates 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 pg/ml Tc.
Flasmids isolated from each of these clones carried the

expected DNA fragments, as shown by §ggRI cleavage and gel‘

electrophoresis. The promoter library which was obtained

contained about 25 different strong promoters of coliphage TS

 -

A plasmid pGBU207 containing an §ggRI—generated

fragment of Zlzbp was selected for further study. in yitro

transcription on the plasmid was mapped by analysis of RNA

transcripts made on fragments of the plasmid produced by

cleavage with different restrlction endonucleases. Cleavage
of the plasmid with §§gRI endonuclease yielded principally a
single RNA species about 130 nt in length. The size of the

transcript increased to 550 nt when a ggndlll digest of

pGBU207 was used as a template. ,§a3HI 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 lg vitro transcription was initiated at the same

promoter and that it progressed toward the get 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

ig vitro transcription experiment, termination of about 50%

of transcription within the gg DNA fragment gave rise to the

740 nt transcript, while a read- through transcript extended

to the §§gHI cleavage site located 890bp from the promoter.
The data strongly suggested that RNA termination occurring in

the gg 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 Zlzbp fragment of pGBU207 was compared with

complex formation involving the previously studied T5 pro~

meters P25 and P26 (Stuber and Bujard (1981), ggpgg). The
results showed that the promoter used to express downstream

genetic functions in pGBU207 has a signal strength similar to

that of P25 and P26,
polymerase binding sequences identified from any source.

(Niemann (1981), ggpga).
The above results demonstrate that novel DNA

sequences can be prepared from the strong T5 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 other.

Therefore, combinations can be prepared which allow for

highly efficient transcription of a wide variety of 5truc~

tural genes, pith concommitant selection of the transformants

which are among the most efficient RNA

by employing an appropriate marker downstream from the balw
anced terminator.

V 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 appencied claims.
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IN THE CLAIMS

/

l. A linear DNA sequenggxhaving proximal to one nd a strong T5 phage promoter,(g§oximal to the other end a/r’

strong terminator balanced wiéyésaid strong T5 promoter, and

of a marker for selection a iacent to said terminator and

distal from said other en‘»
to T5.

or a replication system foreign

 

having at least one interned’ te said promoter and terminatorv
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2. A linear DNA sequence according to Claim 1,

having intermediate said other end and said strong terminator

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
biocidal resistance.

5. A linear DNA sequence according to any of

Claims 1, 2 or 3, wherein said marker is a DNA sequence

having at least one gene in a metabolic synthetic pathway.

6. A linear DNA segue e according to any of
Claims 1, 2 or 3, having a4§é$$§§§€33§esyeeeevintermediate

, 5-_
said promoter and samd termlnator.

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 seié 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 fior e
prokaryote.

10. A linear DNA sequence according to any of

Claims 1, 2 or 3, wherein said replication system is for a

eukaryote.
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 11. A circular DNA sequ Ce having in downstream

5;/I order of transcrigtion a strong phage promoter, a struc-
tural gene foreio. to T5 phage a balanced terminator, and a

replication system

 

12. \A ci-cular DNA sequence according to Claim 1l,_

wherein said replica ion system is recognized by prokaryotes.

15. sequence according to Claim 14,

wherein said mammal ;. ein is an enzyme.

16. sequence according to any of

Clalms ll, 12 or 13 ha ntermediate said stxuctural gene

17. A circular DNA 5 uence according to any of

fi)f7Claims ll, 12 or 13, having a arker for selection downstreamfrom said terminator. > 'I

18. A pro . yotic cell having a circular DNA

sequence according to

growing in a nu ‘. t medium prokaryotic cells

according to Claim 18, said structural gene expresses

5 said poly(amino acids).

Page 32
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21. A

which comprises:

thod for preparing a po1y(amino acid) 

 

 

growing s id eukaryotic cell according to Claim 19

in a nutrient medi , wherein said structural gene expresses

said p0ly(amino a

22. A math according to Claim 21, wherein said

eukaryotic cell is yea t.
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’J&2fi7 23. A method for det rmining the strength of a
promoter which comprises:

 
 

 

 

 

h_&y“ inserting said prom ter into a linear DNA sequence

having proximal to one end i the downstream direction for
S 'transcription a gene allowi

terminator of known strengt

for detection of"expression; a

; a marker allowing for determi-

nation of expression; and replication systems recognized by

a predetermined host; whe eby a circular DNA sequence is

obtained;

10 transforming s id host with said circular DNA

sequence; and

growing said 0st in nutrient medium under condi~

tions allowing for det rmination of the extent of expression

of said gene and said marker.
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1112/44’. A method according to Claim/$5", wherein said
host is auxotrophic and said gene provides prototrophy.

F6 ,1

.. A method according to any of Claims/2,5 or-€32,
wherein said marker provides biocidal resistance.

L“ §1
3,9. A method according to Claimwzlfzti wherein inter-

mediate said gene and said terminator are a plurality of stop

codons, with at least one stop codon in each reading frame.
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CLONED HIGH SIGNAL STRENGTH PROMOTERS /,»

.. Jr .”MwmW/Meow.” _ V . i///x, //AABSTRACT OF THE DISCLOSURE ' 6/

Method for preparing high signal strength promoters

and terminators and DNA compositions employing such promoters

and terminators. TS phage is cleaved to provide for DNA

sequences having intact promoters. These promoters are in-

serted into vectors separated from a balanced terminator by a

gene of interest and the terminator is desirably followed by

a marker allowing for selection of transformants. High

efficiencies in transcription of DNA can be achieved with the

highly active TS promoters. The promoters and terminators

are used in hybrid DNA for efficient expression of structural

genes and transcription to provide RNA sequences.

ii: fw The government has rights in the invention pursuant

to Grant Nos. AI Q3619 and GM Ejgét awarded by the National
Institute of Health.

f7 The research was supported in part by a grant from

the Deutsche Forschungsgemeinschaft.
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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

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 contemplated by the inventor of

carrying out his invention. The journal citations on

pages 2 and 15 do not correctly cite the pages and one

reference on page 2 is incomplete. Also, 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 appeaxs tha:V

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 to

provide an adequate disclosure of the claimed invention

as required by the first paragraph of 35 U.s.C. 112.

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 ana use the same, and shall set

forth the best mode contemplated 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.

Claims 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 under 35 U.S.C.

112, seconfi 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 in the
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Serial Number 265,276
Art Unit 172 -4~

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

end of what?

Applicants are requesteé to supply copies OE

the journal articles cited in the specification because

they are unavailable to the examiner.

Claims 1-26 are rejected under 35 U.S.C. 112,

second paragraph, as being indefinite for failing.to

particularly point out and distinctly claim the eubject

matter which the applicant regards as his or her

invention. The claims are indefinite in the recitation

of "a replication system". It is not clear what that

encompasses.

703-557-3685/86 ’
Esther M. Kepplingerzab

6-16»82 (fii;{3&jfH)}?Q. fl§}g7;£1$K%§#_‘
ESTHER M. KEPPLINGER

PREMARY B<AM1§\§ER
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IN THE UNITED ‘ ) ES pATaNT‘%fi37m§AD2MARK oFFz€%;§3
In re application of

Herman Bujard 3; 3;. Examiner: E. Kepp;1 gar

' Serial No. 265,276 Art Unit: 172

Filed: May 20, 1981

For: CLONED HIGH SIGNAL AMENDMENT

STRENGTH pRoMoTERs‘_,

~.a-..,~.’~«~.a~¢~as¢\.a\/~J
San Francisco, CA 94105

Commissioner of Patents and Trademarks

Washington, D.C. 20231

Sir:

; In response to the Office Action of June 30, 1982,
; please make the following amendments:

E IN THE SPECIFICATION: //Page 2, line 10, after "8" insert Iv - hr (a

hy hen);
P // ‘

line 11, change "I" to U¥J$+; change "17920?" to

. éy179~2o7¢¢;
/’

line 12, change "l75193" to &xl7S—l93k-;

line 15, change “189l93" to bw189-1934a;

line 21, after “USA” ifigért é~98:l67»17hm~.

§ ,
i 1’

Page 14, line 22, change “restruction” to

gr’
I hyrestrictionkx.
1

Y ?age 15, line 1, change “44954503" to/’ . .
éxA495~4503&~4 line 16, after "(a~prote1n)” xnsert éqand$w.

Page 16, line 6, change Wgg tje" to &<on theey.
/

Page 17, line 24, cancel “(Gentz (1981), suggg)".

Page45
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»«--«§»«
' 1.

to T5.

Claim 23, line 8, change “systems” to fi§eys:emMr.

§ mmzxs

In View of the above amendments and the fiollowing

, remarks, the Examiner is earnestly requested to withdraw the

rejections, allow Claims 1-26, and pass this application to

E issue.

It is noted that the claims are free of the prior

art.

IN THE CLAIMS:

 
 
 

 

 

(amended) A linear DNA equence having proximal

to one end a strong TS phage promo er, proximal to the other

end a strong terminator baianced/gith said strong T5 promoter,

and having [at least one i t ediate saio promoter and 

 

 
 

terminator of a marker for ection adjacent to said&.

terminator and distal fro said other end,) intermediate said

A‘fU>a....gromoter and terminator at Ieas one marker for selectione....~.ew mr.x:.._.., we~._m~.e_____

adjacent to said term nator(orAa replication system foreign

 

Applicants sincerely apologize for the erroneous

page numbers. This is an unfortunate result of modern

technology where miscoding for a hfiohen may result in its

absence in the final copy. The appropriate hyphens have now

been introouced to indicate the page ranges. The reference

to Gentz was in error and has been deleted. A number of minor

typographical errors 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

Examiner have all been correctefi.
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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 promoter 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 transcription along the linear sequence toward the

terminator. Claims 1«1o require that the linear DNA eequence

either have a replication system (this will be discussed later)

or a gene foreign to the T5 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 1l«19 are concerned with

circular DNA where the direction is now important, since

downstream defines the direction of transcription. It is

believed that Claim 11 clearly defines the proper order.



Page48

Claims 20»22 are dependent upon the circular DNA sequence

Claims l1~19.

Claim 23 again is concerned with a linear DNA

sequence. 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

sequence. 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 dixection. 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. 1

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 grovide

for replication of the two DNA 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 Bescription 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,

and the Examiner is earnestly requested 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 call the undersigned attorney,

collect, at (415) 493-2590.

Respectfully submitted,

TOWNSEND and TOWNSEND

Date  7 g36_/_é1"’L L ” ' By ’ ertram I. Rowland
Reg. No. 20,015

BIR/gs

Enclosures

1. Casabadan and Cohen (1980) Q. 39;. Biol. $§§:179—207
2. West and Rodriguez (1980) Gene _9_:l7.5—193
3. Von Gabain and Bujard (1979) PNAS Egg 1§:l89—193
4. Stuber 3; gl. (1978) Moles. ggm. Genet. i§§:l41-149

I hereby certify [frat ms c 4. ~ . . M
with the United Stakes Postzlmsszfrzglsaangfi ffislbecfais driapcfiisflird
an envekme addresseé to: Commmirmer 5 :
Trademarks, Wasmngwn, 3.5. 202313, onwgé 82% ‘Ed

(Date of Deposit)

& wmsawo ‘T 5

Date y/34.//.2By 
Bexfram 1. Remand
Reg. No. 20,015
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TOWNSEND and TOWi’\" ‘ NI)
Steuarl Street Tower
One Market Pi:-17,3

San Frzanci M~_:.§‘ 94305

   
(415) 53, e?3é/Q2,”

‘Q ?:»I:¥?33‘«§ T E
M‘? ‘W’. , 549o~3s

{€592 , Docket No......___._._.__...______

:ig>_§; “Herman Bujard ét al. Date- __N.0V.€..m.b.e_r._._8__;. 1982

SeriaINo. 265,276

Filed May 20, 1983.

For CLONED HIGH SIGNAL STRENGTH PROMOTBRS

THE COMMISSIONER OF PATENTS & TRADEMARKS
Washington. DC. 2023!

Sir:

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

D No additional fee is enclosed because this appiication was fiied prior toOctober 25, 1965 (effective date of Fubiic Law 89-83.)

E] No additional fee is required.
The fee has been calculated as shown beiow.

CLAIMS AS AMEENDED
    

 
  

 
 

  
 

  
 
   

  
  

{2} M} (,5) $7)CLAEM5 HKSHEST NO.
REMAINING PREVIOUSLY PRESENT ADDWIONAL

AFTER PAID FOR’ EXTRA FEE
AMENOMENT

  
CLAIMS

t

TOTAL ADDJTIQNAL sea
son THQSAMENDMENT $30 .00
 

 
 

* H tha entry in Column 2 is less than ‘the aMr’y in Coiumn 4. wrfite ’’O" in Column 5.
"K xhsr"Highes-t Numbar Previovsty Paid fa/‘ IN THES SPACE is has than $0, write f‘t0" in this space.

E] A check in the amount of S is attached.

Charge 8 30 . 00 to Deposit AccountNo. A duplicate

copy of this sheet is enclosed.

ease charge any additional fees or credit overpayment to Deposit Account Na.
20"'l430 .. A dupiicaie copy of this sheet is enciosed.

TOWNSEND and TOWNSEND

 
  

Bertrammftpinoiioxgfgfmd
Reg, NO. 20,015

BIR/gs1'65‘? 16 R|53V-
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In re application of

Herman Bujara gt 3;. Examiner: E. Keppli

Art Unit:i 172

k/

SUPPLEMENTAL Ameaumegg

Serial No. 265,276

Filed: May 20, 1981

For: CLONED HIGE SIGNAL
swnsucma paomowmas

~/~«~..>~¢~a~¢~.z~_z-x\a-/
San Francisco, CA 94105

Commissioner of Patents and Trademarks

Washington, D.C. 20231

Sir:

Supplemental to the response to the office Action

of June 36, 1982, please add the following claims.

27. A DNA sequence having replication system 
 
 
 

 
 

 
 
 

  

 
 

 

er for selection andrecognized by a microorganism, a ma

in downstream order of transcxipt' n, a strong promoter, a

structural gene foreign to saia trong promoter and a

balanced terminator, wherein s d strong promoter intends '

a promoter which inhibits exp ession of said marker in the

absence of a balanced termi tor.

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

said replication syst ls recognized by a prokaryote.

29. A DNA cording to Claim 27, wherein

said replication system 1s ecognized by a eukaryote.

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.

av azkzexee ee5e7e 20wi430 1 3&3 mogoatw
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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 ofi the claims, it was found that their 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 greviously that a strong promoter, such

as the TS phage promoters, could inhibit 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 struow

tnral genes ofi 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 of this application,

the Examiner is invited to call the undersigned attorney,

collect, at (415) 493~2590.

Respectfully submitted,

TOWNSEND and TOWNSEND

ByaanyBertram 1. Row and

Reg. No. 20,015

Date [ 5:)/—

BIR/gs
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The specification is objected to under 35

U.S.C.112, first paragraph, as failing to provide

support for the claimed invention. This paragraph of

the statute requires that the specification shall

contain a wxitten description of the invention and 0E

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

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.S.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 as the

invention. The claims are indefinite in the recitation

of "intends" since that is not a definite limitation.
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The specification is objected to under 35

U.s.C.1l2, first paragraph, as failing to provide

support 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

skilleé in the art to which it pertains, or with which

it is most nearly connected, to make ané use the same,

and shall set forth the best mode contemplated by the

inventor of carrying out his invention. No basis for

having the replication system intermediate the promoter

and terminator can be found.

Claims 1~10 are rejected under 35 U.S.C. 112,

fiirst paragraph, for the reasons set forth in the

objection to the specification.

Claims 11-29 are rejected under 35 U.S.C.

112, second paragraph, as being indefinite ior failing

to particularly point out and distinctly claim the

subject matter which the applicant xegards 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.



Pa00e56

we

SERIAL NO. 265,276
ART UNIT 172 -4-

VThe following is a quotatioh of 35 U.S.C. 103

which forms the basis for all obviousness rejections

set forth in this Office ection:

A 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 patenteé an& the prior art

are such that the subject matter es 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 negative& by

the manner in which the invention was

made.

Claims 1, 4-15, 17~22 and 27-29 are rejected

under 35 U.S.C. 103 as being unpatentable over

Casadabanlet al in View of Stfiber et al(v). Casadaban

et al shows analysis of promoters and terminators by

preparing plasmids containing are promoter, promoters

such as T5, structural lac genes, a marker for

ampicillin resistance ané e terminator. The sequence

of the elements appears to be as claimed and the
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terminator of the reference appears ta be “strong”.

flfiber et al teach that to prepare stable plasmids the

strength of the promoter and terminator should be

compatible. Thus, it would be obviefits to use balanced

promoter anti terminator as in Stfiber in the plesmids of

Casadaban et al for stability. The use/ffrarious
structural genes and replication systems for either

prokaryotes or eukaryotes woulé be obvious.

EKEPPL1NGER:hm

703~557-3685

12/15/82

£SIHER M. KEPPLINGEE
PREMARY EXAMINER

:S’%L2,~ M-/it \

’*&.&z,\
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In re appiication of MBRMAN J “ BU“Im(:2:j‘§»§?;.KM ._..

Serial No. 355w’-75

Filed 5/2 0/ 8 1

For CLONE?) HIGH SIGNAL STRENGTH PROMOTERS
THE COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, 13.0. 20231

Sir:

Transmitted herewith is an amendment in the aboveddentified.applicatron.

I ] Small entity status of this application under 37 CFR 1.9 and 1.27 has been estabiished by a verified statement
previously submitted.

I ] A verified statement to establish smali entity status under 3'? CFR 1.9 and 1.27 is enclosed.

[ ] No additicmai fee is required.

The fee has been calculated as shown ‘oeiowz
OTH ER THAN A

(Col. 1) (Col. 2) (C01. 3) SMALL EN’I‘l'I‘Y SMALL ENTITY

 
   

 
CLAIMS ggi KIGHEZST NO.

REMAINING *5“ PREVIOUSLY ?RES1°3NT RATE ADDIT.
AFTER PAID FOR EXTRA . FEE OR

AMENDIMZNT \ ” V

TOTAL * 3o MINUS ** 29 = 1
INDEP. * MINUS ‘W = 3
5 1 FIRST PRESENTATION orMUL'1‘n>L§:x31a:'p. CLAIM +so= $

TOTAL
ADDITRFEE $ OF‘ TOTAL 35 1°

* If the entry in C01. 1 is less than the entry in C01. 2, write “0”in Col. 3.

If the “Highest Number Previously Paid For” IN THIS SPACE is 1935 than 20, wri‘<e “_20" in this space.

‘*‘** If the "Highest Number Previously Paid For” EN THIS SPACE is less than 3, write “3” in this space.
The "HSghest Number Previously Paid For” (Total or Independent) is the highest number found from the equivalent.
box in CoE. 1 of a prior amendment or the number of claims originaliy filed.

{X} Please charge my Deposit Account No. 20-1430 in tbevamount of $ 10 - 00 ' A duplicate 0093’ Of this
sheet is attached.

 

[X] The Commissioner is hereby authorized to charge payment of the foilowing fees associated with this commxmication
or credit any overpayment to Deposit Account No. 204.430. A dupiicate copy of this sheet is attached.

{X} Any filing fees under 37 CFB. 1.16 for the presentation of extra claims.

[ ] Any patent appiicatéon processing fees under 37 CFR 1.17,,

TOWNSEND & TOWNSEND

 
  
Reg. No.: 20 r 015
'Attomey of Record Bertram I . Rowland



 
J6?7¢ Q3/22/83 9é3P7é

Page 60

 
in re application of

 

STRENGTH PROMOTERS

)
)

Herman Bujard et al. ) Examiner: E. K pplinger
)

_serial No. 265,276 ) Art Unit: 172
3 )

(Filed: May 20, 1981 )
)

For: CLONED HIGH SIGNAL ) AMENDMENT
)
) 

CA. 94105

‘Commissioner of Patents and Trademarks

20231
) M San Francisco,
E Washington, D.C.
%‘ Sir:

In response to the Office Action dated January 3,

11983, please amend Ehe above~refesenced application as

/
g Page 4, line 33, cancel "onefourth“ and substitute

follows:

EN THE S?ECIFICATION:

therefor —¥one-fourth—~ .

‘ Claim 1, as amende , at line 7 before “marker”

insert ~~of (1) a ~~ an& at 1 ne 8 before "a replication"

insert ~~{2)~~ .

Claim 6, line 2, change "replication system“ to ~~

marker—~

Please amend Claim 11 as follows:  

d) A circular DNA sequence having in11. (amen 

 

e u der transcrigtionalé a structural gene fore; n to T5 pha

E 'aK§ba1anced] terminator whicg iscontrol g§ said gromote

balance& with said romot r, and a replication system.

2<>;—14<5<> ,3 :10; 0,. «:>m1;~:

/,........o..\

o/7%

 
downstream order of t anscription a strong T5 phage promoter,

 



 

5 {control of said promote .

Page6l

Q?

:

§E

Please amend claim 27 as follows:

27.
(Amended) A DNA sequznce having a replication

system recognized by a microorgani- , a marker for selection

and in downstream order of transc iption, a strong promoter,

strong promoter and aa structural gene foreign to

fbalanceéi terminator which ‘ balanced with said gromogeg,
   

wherein said strong promoter ig characterized Q1 substaztiallg

comglete absence oi [inten-= a promoter which inhibits}

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

terminator which ig balacced with said Eromoter.

Elease add new claim 30 as follows:

30. A DNA sequence avcording to claim 27, wherein said

expression of saia marke at a frequency of less than

about one-fourth the free cy at which the structural gene

is expressefi and said m.r er is unéer transcriptional

REMARKS

 

Claims l~29 were examined and rejected. The

rejections Qere based both on 35 U.S.C. 112, first and

second paragraphs, and on the prior art. Each of the rejections

will be discussed in order below.

Claims 1, 6, and 27 have been amenéed. New Claim

30 has been adaed. Remexamination and reconsideration of

the Claims, as amended, are requested.

Claims 27-29, added by the amendment dated

November 3, 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 inhibits expression of saia marker in the

absence of a oalanced terminator" lacks support. Applicants

traverse this rejection. At page 1, 1inee‘26~30, it is

clearly stated that "strong" promoters, when inserted into a

2
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vector, prevent expression of markers on the vector. Further

support is found at page 2, line 37 through page 3, line 2

where it is oisclosed that inclusion of a balanced terminator

allows expression of the marker. Based on this disclosure,

one skilled in the art could identify “strong” promoters

5 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.S.C. 112, secona paragraph, the definition of "strong"

promoter has been amenaed in Claim 27 to avoid any possible

ambiguity in the language.

Claims l~10 were rejected under 35 U.S.C. 112,

first paragraph, as lacking sufficient support in the specification

In particular, the Examiner stated that there was no basis

for claiming that the replication system was "intermediate"

the promoter and terminator.

Applicants believe 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

regulatory control of the promoter. Thus, the portion of

the segment “intermediate” the promoter and terminator in

the linear sequence 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 promoter 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

Efollowsz

(1) (a) ~5§—M—=r—

(b) 3'23-M—T—

Q‘
(2) —P«R»T»

,where P is the promoter and the arrow indicates

the direction of transcription;

M is a marker;

T is a terminator; and

R is the replication system. when the ends are

joine& to form a plasmid, the follofiing constructions can be

maée: where G is the structural gene of interest;
9

from (1) (a) CP~G~M~T3

from (1) (b) EG~$;M—T3

(—-

from (2) C§~P~R—T3

Claim 1 has been amended to more clearly fiefine

the linear DNA sequence as just described. Claim 6 has been

amended to conform with claim 1, as amended. Applicants

submit that the rejection of claims 1~l0 under 35 U.S.C. 112

has been overcome.
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Claims 1l—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

terminator which is balanced with the promoter“ rather than

a "balanced terminator." Such terminators are clearly

defined in the specification. At page 4, lines 3l~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

promoterfterminator 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
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the present invention is in order. The present invention

provides balanced regulatory systems capable of strong

.exprcssion 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

strong 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 ofi page 10 of the specificatio

and continuing on page 11. After selecting a promoter or

terminator having a known activity, e.g. a strong promoter

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 be.

assessed. Using a known strong promoter, a weak terminator

results in diminished expression of both gene markers.’ A,, ,.. ,,.,.r.........W,,,...~...,,.,..... ..A.M....,..__..¢.»-~«~»-—»-«»~——.4...-»~—.,.,.,..,.w..,,“W V

strong terminator, however, provides a much higher relative

expression of the gene marker upstream of the terminator

compared to that 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.

Cesadaban 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 egg promoter

and the leg structural gene on a plasmid. The egg promoter

is inducible, and when it is turned on, the DNA construct

can be used to determine whether the inserteo DNA segment

acts as a terminator. Expression of the gag gene is greatly

reduced if the inserted fragment includes a terminator.

‘when the are promoter is turned off, the DNA construct can

be used to determine if the inserted segment acts as a

promoter. Since the 333 promoter is inactive, expression of

the 333 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 gggdlli fragment of

bacteriophage T5, when inserted into the cloning vehicle

just described, provides expression of the lag gene when the

Egg promoter is turned off. While the particular fragments

inserted may have included the strong “early” promoters of

the T5 phage (as claimed herein), at least some of the

inserted fragments would have included the TS terminator as

well as the promoter, and expression of the gag gene could

have resulted from read through past the T5 terminator.

gigdxlr digestion of TS results in fragments ranging from

2.0kb to about l7.2kb (gee Von Gabian and Bujard, Table 1),

which fragments are sufficiently large to include both the

promoter and terminator. The fragments inserted in the



P3ge67

I

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 terminator,

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 lag 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 ost likely the

fortuitous result of simultaneously introduoting a T5 terminator

on the same fragment as the promoter, which allowed read

through expression of the gag gene.

The Examiner relies on the article by Stuber and

Bujard to teach the inclusion of a balanced terminator in

the DNA sequences 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 sequences and plasmids of the present invention

where suitable 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.



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

Hone end and a terminator which balanced with the T5 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 providing 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

gexpression vector.

Applicants submit that the structure of Claim 1,

ias amended, is nowhere taught or suggested by the cited

prior art. Casadaban and Cohen do not consider DNA fragments

where the T5 promoter is located at one end and there is a

marker and/or a replication 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 is 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 sequence

including in order of transcription, a strong T5 promoter, a

structural gene foreign to the TS phage, a terminator which

is balanced with the promoter, and a replication system.

Claim ll_has been amended to provide that the structured

Page 68

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.
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Claims 12-22, dependent on ciaim 11, are also

allowable for the reasons just set forth.

Claim 23 is directed at the method for determining

the strength oi a promoter as described above. These

claims were not rejected based on the art. Moreover, the

rejection under 35 U.S.C. 1l2 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 TS

promoters) and a balanced terminator. Applicants submit

they are entitled to such patent protection based on the

advances they have made over the prior art. 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 matching 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 estabw

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 he 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.

Respectfu 1 1y submitted ,

TOWNSEND and TOWNSEND

 
Date: )7 ///3 By;/H

ertrézm I. owland
Reg. bio. 20,015
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Art Unit 172

The specification is objected to under 35

U.S.C.ll2, first paragraph, as failing to provide support

for the invention as now claimeé. This paragraph of the

statute requires that the specification shall contain a

written description of the invention and of the manner aha

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
{“2z.¢«{~o.(-. ion

invention. The reveeteea 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 paint to portions of the

specification as basisefldequate support is not found there,

however, since the components of the first vector are not

made clear nor is the reason for lack of expression of the

marker.

Claims 27~29 are rejected under 35 U.S.C. 112,

iirst paragraph, for the reasons set forth in the objection

to the specification.

Claims 1-22 an§27*3Q are rejected under 35 U.S.C.

112, second paragraph, as being indefinite ior failing to

particularly point out aha aietinctly claim the subject
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matter which the applicant regards as the invention. The

claims are indefinite in the recitation of a terminator

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 rejection. For example, the recitation on

page 4, lines 3l~35 would be sufficient.

The specification is objected to under 35

U.S.C.l12, first paragraph, as failing to provide support

for the claimed invention, This paragraph of the statute

requires that the specification shall contain a written

oescription 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 wfiich 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. There is no basis for having the replication”

system intermediate the promoter and terminator on a linear

piece of DNA. Ap9licant‘s arguments have been noted but the;

issue can best be resolveo by applicants pointing out «w:

gortions of the specification providing the support.

Claims 1—10 are rejected under 35 U.S.C. 112,

first paragtaph, for the reasons set forth in the objection

to the specification.
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The specification is objected to under 35

U.S.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,

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

the same, and shall set forth the best mode contemnlated 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 unéue amount of

experimentation for one skilled in the art to determine which

terminators woulfi function in the invention. It appears.

that only the terminator of the coliphage gg genome is

disclosed which is not basis for the broad recitation.

Claims l~§C are rejected under 35 U.S.C. 112,

first paragraph, for the reasons set forth in the objection

to the specification.

Claims 1-30 are rejected under 35 U.S.C. 112,

second paragraph, aé being indefinite for failing to

particularly point out and distinctly claim the subject

matte: which the applicant regarés 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?

Claims 23~26 are rejected under 35 U.S.C. 112,

second paragraph, as being inéefinite for failing to

particularly point out and distinctly claim the subject

matter which the applicant regards as the invention.

The claims are inflefinite 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 ineefinite 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.S.C.l12, first paragraph, as failing to provide an

adequate written description of the invention. This

paragraph of the statute requires that the specification

shall contain a written fiescription 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, :8 make and use the same, an& 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.S.C.ll2, first paragraph, as failing to provide an

enablihg disclosure. This paragraph of the statute requires

that the specification shall contain a written description

of the inventioh 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 discloses only T5 phage strong promoters and’

it would require an undue amount of experimentation for one

skilled in the art to determine other promoters which could

be utilized.

Claims 27~30 are rejected under 35 U.S.C. 112,

first paragraph, for the reasons set forth in the objection

to fihe specification.
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The specification is objected to undex 35

U.S.C.1l2, 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 aha 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 caxrying 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 nonwenabling for such

recitation. It woula require an undue amount of

experimentation to discover systems and ways of placing such

components into a vector for insertion in a eukaryotio

system.

Claims 10, l3~17, 19, 21, 22 and 29 are rejected

under 35 U.S.C. 112, first paragraph, for the reasons set

fiorth in the objection to the specification.

The specification is objected to under 35

U.S.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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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 contemplatea by

the inventor of carrying out his invention. The

specification does not adequately Show determining the

strength of a promoter as claimed. it is not clear that one

skilled in the art could perform the invention as claimed.

The aisclosure does not show measuring unknown promoters of

assay their strength.

Claims 23~25 are rejected under 35 U.S.C. ll2,

first paragraph, for the reasons set forth in the objection

to the Specification.

The followino is a quotation of 35 U.S.C. 103

which forms the basis for all obvioosness rejections

set forth in this Office action:

A patent may not be obtained though

the invention is not identically

discloseé 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 aft

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.S.C. 103 as

being unpatentable over Casabadan et al. Casabadan et al

show analysis of promoters and terminators by preparing

plasmids containing promoters (are or T5), struchural lac
genes, a marker for ampicillin resistance and a terminator

an a sequence as claimed. The terminator in a sequence as

claimed. The terminator appears to be “balanced” with the

promoter since the gene and marker are expressed, The W

replacement of one promcher for anocher in Casadaban et al
reads 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 éifference

over the reference.

Applicants urge that the circular DNA of claim 11

z éistinguishes over Casadaban et al. Applicants use nnciear

terms at their point of novelty, however and thus no

difference is seen.

Page 79



Serial No. 265,276 ~10”

Art Unit 172

Applicant urge that no prior art shows a stxong

promoter and balanced texminator as in claim 27. The claims

do not distinguish over Casadaban et al, however, by

reciting such relative and indefinite terms as "strong" and

"balanced".

KEPPLINGER : sab (JC§,LQ“\ WK .I Ix
(703) 557-3032 ESTHER M. KEPPUNGER

QMWWYDQMWR5~2—83 L
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§ San Francisco, CA 94105

1 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 ?HE CLAIMS:   

1. (thrine amended) A linear DNA sequence

having proximal to on: end a strong T5 phage promoter,

proximal to the other vnd a strong transcrigtional

 
terminator balanced wits said sfirong T5 promoter, and having

5 intermediate saia promotwr and terminator at least one of

(1) a marker for selectio adjacent to said terminator or 
(2) a replication system ureign to T5, wherein the

direction of said gromoter is awa_ from said terminator and

1 said marker is exyressed at a frequencA of less than about

10 one—fourth the fre-uenc‘ of . structural gene under the

I transcrigtional control of sa d gromoter and bridging said
linear DNA eeguence to Erovide a circular DNA seguenqg._ "W ,‘ W_~,v.,w,_M,__,__, , ___, M, r.,,_,.,_,._ M. __..___ _ .....__._............W._.W......,..\.------4‘ ~ m... .. -m-—« .... -.

/

//

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

, b«transcriptional4n.

Pflge81
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wy§

}% 9&2 Wamended) A circular DNA sequence aeeeréing

. A ‘

[}}~ downstream from said terminaforz whereln sazd marker is
exgressed at,a freguencx of less than about one~fourth the

5 fre uenc of which the structural gene is ex ressed and is

 aving a marker for selection

 

 under transcri tional control of said ‘romcter.
wwmmmwmwrwrnwwwwon acorn” H _r, _ 

..~.......,..r,. .r..,.,.,..r..,......lT......~... ....,.........~........»....
 

L /

gég (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 ex ression proximal 

5 1 to one end: [in the downsfiream direction for transcription}

a gene allowing for detection of expression; a

3 E transcrigtional terminator of known strength; a markerI

$j 2 allowing for determination oi expression; and a replication
system recognized by a predetermined host; whereby a

10 circular DNA sequence is obtained;

3 transforming saifl host with said circular DNA

sequence; {and}

growing said host in nutrient medium under

conditions allowing for determination of the extent of

15 ) expression of said gene and said marker; and

determining_the strengph of said gromoter is

determined by the relative degree of transcrigtion of said

gene and said marker.  

 

27. {twice mended) A DNA sequence having a 

 

 

replication system rec gnized by a microorganism: a marker

1 : for selection and in do .stream order of transcription, a

strong promoter, a struc ural gene foreign to said strong

5 promoter and a transcri t onel terminator which is balanced



with said promo er, wherein said strong promoter is

 

 
 

 
characterized by ubstantially complete absence of

  
 

 

..\_ expression of said arker in the absence of a terminatorL
"<:>

cm.

  and is at a fre uen of less than about one—fourth the

10 at which th
 structuralflgene is exggessed and said

  
 n

marker is under transc,

/

Cancel Claim 30.

tional control of said romoteg. 

i
i REMARKS
i 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 claims under

E 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‘ discussion in the previous response has been

inadequate to explain‘the subject invention. As the

Examiner is aware, the promoter is the site for binding of

E RNA polymerase. Qownstream firom 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

z to involve the binding efficiency of RNA polymerase to the

5 promoter site. By contrast, the terminator is usually

distant from the promoter, 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

5 additional complexities. Its function is to stop the RNA

Page 83
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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, Lt was

found that where one had a strong promoter, such as a T5

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 existed.

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 discussed

subsequently.) Therefore, as a first aspect of

patentability, the subject inventors were the first to

recognize the existence of the problem. Secondly, because

one does not obtain transcription, there would appear to be

no obvious reason. Inoperability can be due from a wide

variety of sources. It was the subject inventors‘ insight

to realize that the problem might lie with the terminator.

Therefore, by changing the 3’—non~co&ing end of the sequence

to include a strong terminator, coupled with a strong

promoter, expression of the marker was now achieveable.

Baseé on this observation and the observation that a

terminator could be leaky, the subject inventors then

conceived of the ioea that by pkacing a marker downstream

from the terminator, one could obtain transcription of a

structural gene at a high level of transcription and

transcription of a marker at a substantially reéuced 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 at

recognized universities, state on page 1, lines 26ff, "It

was found that when introducing a strong promoter into a

ivector and employing the resulting plasmid for

transformation, one could 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, that part

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 gene

'complemented an auxotrophic host, which lacked 8~ga1

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. Finally, it is indicated that

the plasmid pGPU207 was shown to have a promoter which

appeared to be dififerent from P25 and P26, 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 snpport 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 linear 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“ intends 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 terminator, indicated by the black

diamond. If one now cleaved the plasmid at the §indIII 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 avoideé by amendment as suggested by the

Examiner.

The rejection of Claims l~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

gggdxxx 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

segment, all that is indicated is that the linear DNA

segment provides a convenient portable DNA sequence which

has all the necessary elements for controlled expression of

a structural gene.

There is clearly language in support of such

sequence 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. . . .” Furthermore, on page 12, line

24, a vector is described having a competent replication

system an& 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«3O 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 subject invention provides for an easy way

to screen these regulatory sequences. Under the ~~~

circumstances, it is submitted that it is not undue

experimentation to provide for screening for a promoter,%

where applicants have shown a number 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 reasonable

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 L12 for

failing to define the terminator as a transcriptions;

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 overlooked the limitation

at the end of the second paragraph which indicates that ar

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 requested

“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.1l, lines 16~l9. 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

position. 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 requirement 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 amounts 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, l3~l7, 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 the subject claims. In the

absence of a basis for believing the subject invention is

inoperative in enkaryotes, 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

this rejection.

The next rejection appears to be to Claims 1l«30,

but applicants will treat this rejection as Claims 1-30

based on 35 USC 103, over Casadaban and Cohen. I am sure it

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

10
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coinventors of the subject application is a coauthor or that

article. Furthermore, 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 TS 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
géndlll-generated fragments, one of which was the
same size as the vector plasmid. . . and the other
was the size of T5 gigdlll fragment number 11 or
12, which were not resolved in our gels of
§in&III—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 gindlll cleavage
site to accomplish expression of leg, or that the
presence of such a fragment from the virulent T5
phage is lethal to non-infected §. coli.“

It would appear that it was this observation that is the

basis for the statement on page 1 of the subject

application. Namely, 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 observe&. In contrast, when the promoter

and terminator are balanced, transcription is obtained and

expression of the lag 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 observefl from T5 is unlikely and based on

the present invention, cannot be a strong promoter. The

Examiner of course realizes that there must be a large

number of promoters in T5 phage, since one speaks of

Under the circumstances, since thepromoters 25 and 26.

promoter observee by Casadaban and Cohen was successful in

11
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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 P25 and P26, and the promoter of the

subject invention, which prevented transcription. It seems

very unlikely in View of the results of the digestion of T5

DNA with gaglll and glgl, 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 fact that §indIII 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 subject invention,

rather they lead away from it.

early T5 promoter (see page 194), suggests that the promotera

is not a strong one as defined by the subject application

and therefore does not suggest the subject invention. Since

all the claims in the subject application are concerned with

strong promoters and it was only by the observation 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. Rather, 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

32
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not observed. However, where one provides for a terminator

which is balanced with the promoter and the promoter is a

strong one, termination is observed. The invention being

based on this observation, one must use terminology such 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 claimsx
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 needea to be ba1anced.was not known nntil the

subject invention. ‘The subject invention provides for a

means for measuring balanced terminators and promoters, as

well as the strength of the promoter ano terminator, and the

inventors should be allowed to claim this discovery.

In View of the above amendments and remarks, the

application is considered in good and proper form for

allowance, and the Examiner is earnestly requested to

withéraw the rejections and pass this application to issue.

If, in the opinion of the Examiner, a telephone

conference would expedite the prosecution ofi the subject

13
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application, the Examiner is invited to call thé undersigned

attorney at (415) 493-2590.

Date 20 <93

BIR/gs

 

Respectfully submitted,

TOWNSEND and TOWNSEND

  ertram I. owlamd

Reg. No. 20,015

I hereby certify that this cmrespondence is being deposited
wfih the Unéted States Pasta! Service as first c!_5s mail in

f faan enveiopa addressed tm Commissioner ten and _
Irademarks, Washington, ac. 29231. onj £>x>Zf3

(Date ix‘ Depasit)

'EN£/V& TOWN 1NDDa§g?Ad/$63’  

Bertram I. Rowiand

Reg. No. 28.0iEi
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Serial No. 265,276

Art Unit 174 W» 2 ~~

Claims l~lO 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 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 a structural gene is unclear since none is
positively recited.

Claims ll~l6 and l8w22 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 the

invention. These 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 specification is objected to under 35

U.S.C.l12, first paragraph, as failing to provide an

enabling disclosure. The specification éoes not
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Serial No. 265,276

Art Unit 174 *~ 3 —~

disclose what terminators may be utilized to balance

the promoter or what terminators of known strength may

be used. It would require an undue amount of

experimentation to oetermine what terminators woulé

function. Applicants urge that the terminators of the

TS 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

terminators 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,-to make and use the same, aha

shall set forth the best mode contemplated by the

inventor of carrying out his invention.

Applicants urge that some experimentation is

permitted and undue experimentation requires a very

large class without any direction as to selection since

strong promoters are involvefi with structural genes

required in high proportions. Such direction does not

appear to be given in the specification but even if it

   



Page 98

Serial No. 265,276

Art Unit 174 -~ 4 »—

is, such direction still involves a large class of

possibilities which is outside the realm of permitted

experimentation.

Claims l«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.S.C.l12, first paragraph, as failing to provide an

enabling disclosure. The specification is non—enabling

for promoters other that T5 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 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.

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 27429 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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Serial No. 265,276

Art Unit x74 -- 5 —-~

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 inquiries set forth in Graham V.

John Deere Co., 383 U.S. 1,86S.Ct. 684, 15 L.Ed. 2nd

545 (1966) 148 Uspo 459, that are applied for

establishing a background for determining obviousness

under 35 0.8.0. 103 are summarized as follows:

1. Determining 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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Serial No. 265,276

Art Unit ‘174 ~- 6 -~

3. Resolving the level of ordinary skill

in the pertinent art.

Claims 11-16, l8—21and 27-29 are rejected

under 35 U.S.C. 103 as being unpatentable over

Casabadan et al for reasons of record. Applicants urge

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 difiference 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.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 the

invention. The claims are indefinite in the

recitation of "is at a frequency...promoter". It is

not clear what is at said frequency.

Applicant's amendment necessitated the new

grounds of rejection Accordingly, THIS ACTION IS MADE

FINALfi See MPEP 706.07(a). Applicant is reminded of the

extension of time policy as set forth in 37 CPR
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Art Unit 174 ~- 7 ~~

l.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 l.l36(a) will

be 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 inquiry concerning this communication

should be directed to Examiner Kepplinger at telephone

number 703—S57~23l9.

E.Kepplinger/pmj

7o3~557~2319v

12~23fi83  f§'%}/\.9-/x. In/1 -
ESTHER M. Kepunaag

BRWMRZEXMWWER
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«,g«. ’ —San Francisco, CA 94105

;:;:EE§Egl Commissioner of Patents and Trademarks
;9\g;\ii‘5 E Washington, D.C. 20231

égflx, Sir:

} In response to the FINAL REJECTION of January 10,
J 1984, please make the following amenfiments:

IN THE CLAIMS:
f , /fie” 3 1. (fourth amenament) A linear DNA sequence

. gflfii having proximal to one end a strong TS phage promoter,V V

V/of
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i

5 AMENDMENT UNDER RULE 116
> 

proximal to the other end a strong transcriptional

terminator balanced with said strong T5 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 TS, wherein the

direction of said promoter is away from said terminator and

said marker is expressed at a frequency of less than about

onevfourth the frequency of a structural gene; when sagg

structural gene is inserted between said gromoter 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.

Cancel Claims 27, 28 and 29.
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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 courteous interview granted applicants‘

attorney is gratefully acknowledgea.

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 when employed for

expression. It was explained to the Examiner that the

linear DNA sequence 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 woula be provided with

a readily available DNA sequence which they coula use to

insert a gene to be expressed, resulting in a circular

plasmid which would then be used‘to transform a compatible

host.

The question of the breadth of the terminator was

considered. Applicants have in the application a terminator

foreign to TS, namely the fa terminator, which is founfi to

be operative with the T5 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 T5 promoters for use in DNA

The particular terminator is not crucial to theconstructs.

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 used 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 terminator would clearly be operable

since T5 is viable and able to express its structural genes.

Thus, 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 employing two structural genes,

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 T3 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 subsequent to the structural

  



gene present in the vector was not effective; thus, the

strong promoter from the T5 phage was able to inhibit any

expression of any structural gene. In effect, the resulting

; plasmid became a cryptic plasmid. Clearly, the reference

does not teach the basis for the observed failures with the

3 various fragments. so far as the few fragments that were

opexative,_it is unlikely that they were strong promoters

and it is submitted that the reference does not suggest the}

subject invention.

g The amendments which have been made are not new

9 matter, merely clarify language which was present in the

claims, and are therefore believed to be appropriate and so

E 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 Examiner is respectfully requested to

, withdraw the rejections and pass this application to issue.

Failing this, the Examiner 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 subject

application, the Examiner is invited to call the undersigned

attorney at (415) 493#2590.

Respectfully submitted,

i TOWNSEND an& TOWNSEND

 
 i Date 3‘:///~/«#2. B’Y/ ________.._..

3/Bertram I. Rowland
Reg. No. 20,015
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, an envelope addressed to: Commissioner, 1 aten and
Tsademarks, Washington, 0.8. 20231. ranj / 3' ’ _
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Below is 3 communication tromthe EXAMINER in charge of this application.

COMMlSSlONER OF PATENT$,,ANO TRADEMARKS

. ADVBORYACUON

m/ Ccnfluues 3l.) THE PEFUOD FOR RESPONSE l 'TO RUN MONTHS FROM THE DATE OF THE FINAL REJECTION.
855 0.6. H09.

:3 Appellant’s Brie! is due ln accordance with Rule 192 (a).

Applicant's response to the final rejection, tiled
ellect, but it is not deemed to place the application in condition for allowance:

_. has been considered with the following

‘L in The proposed amendments to the claim andlor specification will not be entered and the final rejection stands because:

There ls no convincing showlng under Rule 1161b).
may raise new issues that would require further con‘sl<$era_tlon~andIor search,
They raise the issue of new matter.
They are not deemed to place the apptlcatlon in better form for appeal by materially reduclng or simplllylng the issues for appeal.
They present additional claims without oancelllng at correspondlng number of finally rejected clalms.

st»99vs» CKSQDU
 

2. Newly proposed or amendod claims « ' ‘ would be allowed ll submitted in a separately
med amendment cancelling the nomallowabla claims. '

3. Upon the filing olzan appeal, the proposedamendment B will be [:1 will not be. entered and the status ol the clalms in this appli-catlonwould be as follows:

 

 
a. C Claims would 2;; allowable,

h. {:3 Claims would not be allowable.

However:

(1) C The rejection of ctalms I on relerences ls deemed to be overcome by appllcarxtfi
__ response.

(2; L The rejection of claima
appllcanfs response.

on norwelerence grounds only is deemed to be overcome by

w W:
4. The affidavit, exhibit or request for reconsideration has been entered but does not overcome the rejection

['41] The affidavit or exhibit will not be admitted because applicant has not shown good and sufticlent reasons why it was not earlier
presented. '

6, C3 The application having been examined under the special accelerated examining procedure lM.P.E.P, 708.02), the proposed amendment!
has not been considered since it does not prima taole place the appllcatlon. in condltion for allowance or in better conclllion for appeal.

Page107
-97/IL-333 {Rcv\ ‘=0<5C’§
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Serial No. 265,276 -2-

Artfunit 128

THE PERIOD FOR RESPONSE CONTINUES TO RUN 3 MONTHS

FROM THE DATE OF THE FINAL REJECTION. Any extension of

time must be obtained by filing a petition under 37 CPR

1.136(a) accompanied by the proposed response and the

appropriate fee. The date on which the response, the

petition, ana the fee have been fileé is the date of

the response and also the date for the purposes of

determining the period of extension and the corre~

spending amount of the fee.

The amendment filed March 15, 1984 under 37 CPR

1.116 in response to the final rejection will beV
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: 1-19, 17 and 23 »26

Rejected claims: 11~16 and 18~22

Claims objected 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 over Casabadanoet al stands.

Applicants argue that the plasmids with T5 became

cryptic and while a few fxagments were operative, it is

unlikely that the promoters were strong. On page 194
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Art Unit 128

of Casabadan at 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 terminator was present and was "balanced

with the promoter“.

Kepplingerzpw \N»
2

MC 703 3.‘fl3w~\ ‘ !<"Z.'.fl/F/1Z‘«‘V-..gm
557-4920 ; ‘~’

ESTHER M. KEPPLINGER
4/9/84 PMMARY EXAMWER
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In re application of

Hermann Bujara §_§_ 3;. Examiner: E. Kepplinger

Serial No. 265,276 Art Unit: 128

Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS
 

EXTENS I ON FEE

}
3
)
)
3
)
)
)
)
)
)

San Francisco, CA 94105

Commissioner of Patents ano Trademarks

Washington, D.C. 20231

Sir:

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~l430. This sheet is provided in triplicate

for accounting purposes.

Respectfully submitted;

TOWNSEND and TOWNSEND

Date ; Dgéz By
ertram I. owlamd

f Reg. No. 20,015
 

  

BIR/gs

1 hereby cezwy that this correspoxydence ig being deaqsitfa
Wm, the Uflitgd Siates Pasta: Semce as hrs! céass Earl xii
an envelope addressed :0: ‘~?€>‘-'F<fi1~*“’»»9’"'?‘»9' 0’ /V9" ""4Trademarks. Washington. 2:; L/222427..

” ’ {gate of D8I}()‘33ts

Q a //’/h n —" I/}DNfiS ND3 " , _r
, 8 /. ‘ " —~—-% Bertram E. Rowéand

Reg. No. 20,015

8§é%3 <3;-~ 3   
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"row/Nsew D AND ;eaj<,‘iEZi”§i5r3ND
Sxeum Saree: Tower ~‘ 5490-35
one Make: Pam . .-’.__ Atty. Docket No.H__,
San Francisco, CA 9410 A ril 27 1984
(425; 5433600 Date~w3~—m...»..L  

i Web)! certify that this correspondence is being deposited
Serial NO‘ 265,276 :51): the; United States Postal Service as mg: C; 3 man in

‘ V Tm§"V9 098 addressed to: Coniriisssioneré afen and
Wed May 20, 1981 marks, Washington. 0.C. 202.»l, on 9?

(Date t Deposit;
  

 
For CLONED HIGH SIGNAL STRENGTH /msnqgmg,

PROMOTERS W y/Oefly _/
THE COMMISSIONER, OF PATENTS AND TRADEMARKS

Washington, 1).c. 20231 V ::“'3Nm 12ggwéand3. o. .1

-.....—-o.

Sir:

Transmitted herewith is an amendment in the aboveddentified application.

E } Small entity status of this application under 87 CFR 1.9 and 1.27 has been established by a. verified statement
previously submitted.

[ ] 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) SMALL ENTITY
CLAIMS

REMAINING
A FTER

(Col. 2)
HIGHEST N0.
PREWO USLY

PAID FOR

(Col. 3)

PRESENT

A . EXTRA
L AMENDMENT -

[ } FIRST‘ PRESENTATION OF MULTIPLE DEP. CLAIM

"' If the entry in Co}. 1 is less than the entry in C01. 2, write “0” in C01. 3.

*5‘ If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, write “20” ix: this space.

*'5** If 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 founcl from the equivalent
box in C01. 1 of a prior amendment or the number of claims originally filed.

SMALL ENTITY

RATE ADDIT.
FEE

1
I

 
 

 
 

 

 

 
 

 

 

 
  

 
 

  
 

 

 
 

 
 

ADDIT. FEE

{ } Please charge my Deposit Account No. 20-1430 in the amount of$ . 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. 20a14,30. A ciuplicate copy of this sheet is attached.

[X] Any filing fees under 37 CFR 1.16 for the presentation of extra claims.

{X} Any patent application processing fees under 37 CFR 1.17.

TOWNSEEKD & érowu/s.E~ - “

  
Bertram 32”. Rowland

Reg. No: 20 , 015
Attorney of Record
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W men UNITED scares PATENT AND TRADEMARK oavzcg
 

Inflreflfifiplication of

STRENGTH PROMOTER8

}
)

Hermann Bujard et al. } Examiner: E. Kepplinger
)

Serial No. 265,276 ) Art Unit: 128
}

Filed: May 20, 1981 3
) Second Amendment

For: CLONED HXGH SIGNAL ) Under Rule 116
)
) 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—l6 and 18~22, without

prejudice to renewal.

Please rewrite claim 17 as follows:

-—27. A circular DNA sequence having a downstream

order of transcription a strong TS phage promoter, a

structural gene foreign to T5 phage, a balance terminator, a

marker for selection, and a replication system.~—

~—28. A circular DNA sequence according to claim

27, wherein saic 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 is earnestly requested to pass this

application to issue, since all of the claims are now

allowable.

 



Rejected claims 1l~l6 and l8~22 have been

cancelled. Claim 17 has been written in independent 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 reason 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,

TOWNSE D and TOWNSEND

Date ;.7{gZ er 
- Reg. No. 20,015

/

BIR:svh

(415) 493-2590

5 ‘Web? cerfily tha! this Cor d ~ . . e
M“ me United SW8 pow: 9339052 was z§ bemg depgsntedi , erwce as hrst aka 5 man? In

g f” 9’W930i1B addressed to: Commissioner aten and
irademarks. Washington, 0.9. 20231, onw .9 D (/3

p (0212 of Depasfii
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UNIIED STATES KEPARTMENT C~lF COMMERCE\~F"at‘4e’rit and Trademark Office
Address : COMMISSIONER OF PATENTS AND TRADEMARKS

Washington. (3.0. 20231
SERIAL NUIBBER FIUNG DATE _ FIRST NAMEB APPLICANT ATTQRNEY £)ocK£T NO.

0:5./'33’. ‘.53 Hero (\.':3./:E‘.Elx'l33, E?:LlrJ:fial31l) \ ‘".§“r‘?i3**7F$!fj§

 
 

 
1” ‘l“f‘ll»lr‘l‘3lE"1 ll) 3'. '.FiZll«i,l-l‘3EZ?~lD V _] sxmrmza

- .l,l¢ll*.¥’ _3"I'l7»‘.EZl€'l' TDMEF3 lil§l“"F~‘i.."i".s‘-~,"=: '1. '2.
DNE. i"ir’5«F1l~«’.ET F’E.~€‘lZf—l

saw: l~"F!r§?§ll”_::118C2lIl,~ C65: 990.1105 »  
  DATE MAILED‘.

Below is a communication lrom me EXAWNER in charge of this application,

COMMISSAONER OF PATENTS, AND TRADEMARKS '

. ADWSOHY ACTEON

a/ Cmlmloas gTHE PERIOD FOR RESPONSE  T0RUN ' MONTHS FROM THE DATECF THE HNAL REJECTION.

355 oo. 1109.

C) Appellanl‘s Brief is due in accordance with Rule 192 (a).

Applicant's response to the final reiecliomflleci

effect, bul it is. not deemed to place the application ln condition for allowance:

, has been considered with the following >

16 [:3 the oroposed amendments to the claim andior specification wlll. not be entered and the final rejection stands because:

[3 There is no convincing showing under Rule 1166)).
[:3 They raise new issues that would requirelurlher consideration-andlor search,
[3 They raise me issue of new matter. .
D They are not deemed to place the application in better form for appeal by malenally reducing or slmolilylng the issues for appeal.
C} They present addltlonal claims without cancelllng a corresponding number of finally rejected claims.

99-957?’
2. E3 Newly proposed or amended claims ..... -‘thou would be allowed ll submmeo in a’ separately

filed amendment cancelling the nomallowable claims. ‘

3. :3 Upon the filing of an appeal, the proposed amendment B will be [3 will! not be, entered and the sratus of the claims lnlhis appllvcallon would be 83 follows: '

a. Cl Claims v would beallowable. ‘

o. W Claims W would not be allowable.

However:

(11 G The releclion of claimsresponse.

(2) D The releclion of claims
applicanvs response.

on references is deemed 10 be overcome by anolioanrs 

, on non-reference grounds only is deemed lo be overcome by

4. 5:} The allldavlt, exrzkblt or request for reconsideration has been entered but does not overcome the re3ec2.ion;

5. The alficiaxvlt or exhéoil will not be acsmilleo because applicant has not shown good and sufficient reasons why it was no: earlier
presented.

6. The apolicalion having been examined under the special accelerated examining procedure (M.$>.E.f?, 708.02}, the proposed amendment \
has not been considered since: it does not prima facie place the apnllcatlon‘ in condillori lorallowance or in bo:ler—condE2lon lor’a$>P83l-     
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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 l.136(a) accompanied by the proposed

response and the appxopriate 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 ofi extension and the

corresponding amount of the fee.

The amendment filed April 30, 1984 under 37 C?R

1.116 in response to the final rejection has been

consiéexed but is not deemed to place the application

in condition for allowance and will not be entered
because:

The proposeé amendment raises new issues that

would require further consideration and/or search.

The directefi claims 27-29 cannot be entered since

claims 27-30 were previously in the application and

cancelled. Moreover, the claims would be rejected over

Casabadan et al as set forth relating to claims 27-29

in the final rejection, Paper No. 9. The proposed

cancellation of claims ll~l6 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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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. Nama of Examiner now in charge of this

application Esther Kepplinger.

4. Filing date.

5. Title of invention.

Any inquiry concerning this oommunication should

be directed to Examiner Kepplinger at telephone number

703—557~3920.

Kepplingerzrt

A/C 703

557-3920

5/23/84

§j:g&«\; VN/X’ k:gf§n£Z;&&§L”»
zsmm M. KEPPUNGER.
' PRKMARY EXAMINER.

mqamxfim

Pagell6
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE In re application of

Examiner: E. Kepplinger

Art Unit: 128

Hermann Bujard gg gl.

3 Serial No. 265,276 ~..a~..a»./sav~..a\.v~4».»<..asa~.a ;,r._.;hLaj ,.,;
For: CLONED HEGH SIGNAL FEE FOR M“

STRENGTH PROMOTBR EXTENSION or TIME

”‘“”"“"“'""GROUP 120

1

Filed: May 20, 1981

% San Francisco, CA 94105
X Commissioner of Patents of Trademarks

, Washington, D.C. 20231

Sir:

The Commissioner is authorized to charge $150.00

E

3

_ to Deposit Account No. 20»l43O for an extension of time to

file the enclosed response within the seconé 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~l430.

2 This sheet is provided in triplicate for accounting
5 purposes.

Respectfully submitted,

TOWNSEND and TOWNSEND
»/

9/

Date é By//A
Bertram I. Rowland

Reg. No. 20,015
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 S490-35

’ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

\<§%§fi¥fi(re application of
Hermann Bujard gg 1;. Examiner: E. KeppJ.'nger

Serial No. 265,276 Art Unit: 128

Filed: May 20, 1981

For: CLONED’ HIGH SIGNAL

I

} THIRD AMENDMENT
I STRENGTH paonomrza
%

E
2

UNDER RULE 116
~a\.a~a~..o\/~.as.as¢\.z~...»~.x

E San Francisco, CA 94105
Commissioner of Patents of Trademarks

E Washington, D .C. 20231

Sir:

ix‘ In response to the Advisory Action of May 30,

Q!” 1984, please amend the subject application as follows:
IN THE CLAIMS:

3 wmmmm

i Cancel Claims l1~16 and 18-22, without prejudice.
é

REMARKS_

Cancellation of the above claims places the

subject application in condition for allowance, Claims 1-IO,‘

having been allowed. Newly submitted Claims 27-29

3 (misnumbered) are not to be considered} The Examiner is

earnestly requested to pass this application to issue.

Respectfully submitted,

TOWNSEND and TOWNSEND

 

i
3

1

3
I

3

5 17 and 23-26, the only remaining claims in this application,

E;

Ez

E
1

1

1

Date ’ 6 /4"’
Reg. No. 20,015 ,a

BER/gs I hereby certify thamhié currespondeace is being depasited 1
with {he United States Posts! Service as first class mail in
an envefope addressed ta: Commissioner ta ad
Trademarks, Washington, 0.0. 20231, on .

(Date of Deposit)

ML €/V%// By ro\§@?ro£s~:3:
Bantam L Remand

Page 1 18 Reg». No. 29,915
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UNITED STATES IDMPARTMENT OF COMMERCE
‘Patent and Trademark Office

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

rmxrr mxuao ,»u=m.:<:AN-r TwAT1'C>RNm€Y oocxsr ~o._:$«
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' ;Zé>‘§ZJ.7é flag /2:  L$L€, 57~{?"f-.x«3§’
l‘ _ 7 EXAMINER

.......u..,.r—--3

 
 

Y‘... ._.__w.‘flnpzn xumezrv

12 lDATE MAILED2

EXAMINER INTERVIEW SUMMARY RECORD

All partlcipams lapplicam, applicant‘: reprmnaativs, PTO personnel):

(1) (3)
(2L“ (4)

 

 

Data of interview .4’

Type: E3/Tellaphonic [3 Personal {copy is giv-an to C] appficant E} éppiicanrs representative).

Exhibit shown ordernonstrazian conducted: C3 Ya: fin. If yes. brief description:

Agreemem E4: reached with respect X0 some or all of the claims in question. [3 was nut reached.

Claims discussed: ( '7

Identification of prior art riiscussectm

. , , ? .
Descriptzon cf the general naxure of what was agreed to af an agreementwgs raachsd, or any other comments: (JL;,E,_ = x {SE C, ,5“

E iI
/'

 

(A fuller descrtprion, h‘ neosssary, and a copy of the amendments, if availahle; which the examiner agrwed wou$d render zhe claims allowablu must be
attached. Also. where no copy of the amendments which woulci render the claims allorvable is available. 3 summarv memo: must be azxachacl.)

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRVTTEN RESPONSE TO THE LAST OFFICE ACTEON ls
NOT WA!‘/ED AND MUST INCLUDE THE SUBSTANCE, OF THE WTEFWIEW {e.g;y, items ?—7 on the re»-em: skin of this form), If a response to the
last Office action has already been filed. than applicant $5 given one month from this Knmrviaw date to provide a statement of the submmce of the intervfiaw.

[3 H is. not nscessary fog applicant to provide a sgparata reocrd of the substance of {he interview.

C3 Since xhe examiner’: interview summary above (including any attachments) reffecrs a complete response to each of the obincfions. rcjecfions and
requlmmcnts that may be present in me lasx Oflico action, and since the claims are ‘allowable, {his completed form is considered to fulfifi the
response reczuiraments of the 135: Office action. _ h

814579 PTOL413 WV‘ 18” Examiner's Signature

Page 119 ORIGINAL FOR INSERTION IN mam‘ HAND FLAP os= ms ‘WffAP?ER

      



UNITED STATES D_.-ARTMENT OF COMMERCE
Patent and Trademark Omce Address COMMISSIONER OF PATENTS AN9 ?RAOEMARKS

Washington, D C, 2023!

SERIAL NUMGER [ FILING DATE FIRST NAMED APPLICANT ‘ATTOFINEV DOCKET NO.

 ;2I;5.:.*2{3

-1 EXAMINER

ART UNIT PAPER NUMBER

DATE MAILEDV:
 

VPH3 »> a c-rbmmumcavan Item the :1-tarmac: In charge 9! your sanolycaxnqn

COMMISSIONER OF PAYENTS AND TRAUEMARKS

I. girrus IS AN ATTACHMENT TO THE NOTICE OF ALLOWANCE AND BASE ISSUE FEE DUE, PTOL 85.
2. {Mg/MI the r:Ia‘»ms being aliownbfe, PROSECUTION ON THE MERITS IS CLOSED In ‘Mrs afifilicazlor. I2’ no: atiached hereto, a Notice cf AIScw~arxce or other appropriate comn-u:n‘rcaz3on will be sent in due course.

A. Note the aiiacined PTO-152, Notice of Informamy, which Indicates that the zfecfaration {er cam} is éeficicn! am: £113: a sutssmmg
is required; The substitute deciarzfien {er oath} MUST BE SUBMITTED ¥«‘ITI>(IN THE TKREE MONTH STATUTORY PERIOD SET
FOR PAYMENT OF THE BASE ISSUE, FEE IN THE "NOTICE OF ALLQWAIICE AND BASE ISSUE FEE DUE" IPTOI.-653, prem-
ably wflh and attached to the base issue iee. Note that the statute does not eerrm exaensien 0! Ihe three mcnzh pedod set for pay‘
men: of the base rssue Iee. Faiiure Ia timely me the substitute declaration {or oath) wili rasufii In A8_AND()NMENT oi the samécao
Iion, Yhc iransmmai Iexter accompanying the declaration (or cam) sIsoz:Id Inrficate use §oI‘»€>w'mg in the uzmer fight hand corner:

Issue Batch Number; Date of the Notice of Aflawsnce, and Serial Nurntzaer.
8. Formal drawings are nsw reqsgirezd and MUST BE SUBMITTED WITHIN TRE THREE fv2ONTI“I STATUTORY PERIOD SET F08 PAY»

MENT OF THE BASE ISSUE FEE IN THE "NOTICE OF ALLOWANCE AND BASE ISSUE FEE DUE" IPTOL-B5). Note that the
statute: does not permit extension of the ihree .~éiom?: period set to pay the base issue Ice. Fauure Io Eimefy suimif! the drawings
win resulx in IXBANDQNIa‘rEI\‘T cf the application. The drawings should be submmed as a seizarate page: with ea zransmniai Iezter
which is addressed to me Qtficiai Draflsczran and which indicates me ionowing in the uaper right hand corner:

Issue Batch Number; Date of the Notice of Aflowance, and Seriai Number.

C. §_J§7 The cIa‘ms are aliowed In View of: ~
3' ¥t-*.:/.(ADpIicant's communication med 3’/‘»>Z‘?‘f llmaf. C “(/94 .
1:. The interview summariznd on the artIachec$_EXAMlN£R INTERVIEW SUMMARY RECORD, PTOL-4&3.c. 2 The atiached Exa‘miner’s Amendment.

#2. An Examinefls Amendment wrsich win (snow In due course.

D‘ fi’.3/W'he aflox-ted ciaims are 1'19 ) I7 ‘2."../~«<’i‘ 2'3 W Lg . _ __ Mum ___Note the attached Examiner’: Statement of Reasons for Aflowancs.C3

4. Note attached NOTICE OF REFERENCES CITED, F5'TO~892, which is part of {his communication. The hsted references; are conszdered Kcbe periinznt to the claimed invention, but the cIa£:,;:‘s are deemed to be patentabie Ihereovcr.

5. Note attached LIST OF’ ART CITED BY Ai”F’1.ICANT, P704449.

6. C3 The drawings med cm C3 are ac»::ap’.aI:Ie asmed. are accegzzabie subiect to wrzeczicn as ind cased an was
attached Notéce re Drawings, PTO-948. In order to avaid I_|3§,gNQQNI,IEN]‘ of this appiication, correction is zwuéred. Correcuons can may
be made Sn accordance with the insirrxttions set forth In the attacheqielter "INFORMATION QN HOW TO EFFECT E)RA»‘lING CHANGES".PTO-I 474.

7. F”: The oroposed drawing correction and/at the Ijj moaosed addittonax or subsIituIe.>. sheeus) or drawrngs €éIe'd om......
has {haw} been auizroved by the examiner. Applicani is reminded that in order to avoid abanéonment of this appncam, execamon er the
proposed changes or submrssfoa of additémai or substitute drawings §éQ_§j_r fie made in accordance ~.-.-rm me instructlcns 3e: Ioréh in me ‘retter,
“I:\IFOR%s1A“TION GK HOW TO EFFECT DRAWING CIVEAIVEGE-IS", PTO-I-‘:74, grttached to Pace: No.W.___.

The pmposeé drawing Crmectiun, Wed . has been approved. However, Ihe Patenz and Tracemark Office no
Ionge: makes drawirxg cfianges. Ii is now’ app:ica:2I's tesgsonsibiiéty to ensure mat Ihe crawmgs are corrected. Cczseczims are requérad and
MUST be effected in accordance with the insfituctionsset I‘o;%>‘v on. the aékached letter “INFORMATION ON HOW TO EF5*Ex‘2T QRAWING
CHANGES". PTO-1414. , A

 
 

- In order is zrvnid ABANOGNMENT. the drawing Informalifiias, noted an the Name re Drawing, PTO«§48, zxtiacrxea‘ :0 Pace: Nam” _, ms!
new be corrected, A;-gircanz is reminded that the crcrrections can my be made In -acccrdance -mm the irI.S§:‘us‘,Ii0n$ set fnrih in the Ietier
“INFOR.’s-$AT3ON Obi HQW T0 EFFECT DRAWING. CHANGES", PTO-1 ‘£74, atzzsched :0 the PTO-948.
AI;%<m:wI::dgmenI is mafia Q! we claim {or priority under 35 U.S.C. IE3. The cezzifzozzi copy has; 59513 :e¢.eiver:.

 

wot been receivefl.
 

10.
 

,._m..«....,..___ med on MW.

£STH£R M, KEPPUNGER

 been IiIer;’in parent aoplfcafion, Seriat Ma.

page IZUOL ' 37 (kw 8 ' 32’ NOTICE OF'ALLO‘I1A33L!TY FRFPMRY EXAMINER
ART UNIT I28
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In c1aim 17, 1ine 1, delete "according“.‘

In line 2, de1eted “to any of c1aims 11,12, or 13,_“«.mw_.«“.____.

"and insertedF~having in downstream order of
transcriptfion a strong T6 phage promoter, a structural

4»; I gene foreign to T5 phage under transcriptional control
of said promoter, a transcriptional terminator which is

ba1anced with said promoter and a repiication system

o and~~. 

The above change was authorized by app1icant’s

attorney, Bertram Rowland, in a telephone interview on

August 1, 1984.

Kepp1inger:cvm

A/C 703

557-3920 C. -/'3-$
./I 3" “i - 3/a'\
ssmm M. z<sps>ur¢sr-:sz ’ ‘*3

PRIMARY EXAMINER
ART UNIT 128

8/2/84

Page121
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 UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Offica
Address : COMMISSIONER OF PATENTS AND TEAOEMAFIKS

. Washington, DC. 20231

NOTICE OF ALLOWANCE E
AND ISSUE FEE DUE

All communications regarding this

rm _ A _ I ' ‘-1 application should give the serial
TU§~IN.$EN[} 3» TU§*~3N3>EM3 . ’ number, date of filing, name of
E:u‘TEIUr?il>“<”l‘ ST-'l<:E£ET TQNIEZR applicant. and batch number.

UNE MARKET Fqmgzfi 1 .~- Please direct all communications
M5“ *'‘’‘~‘*‘*N*~I53‘3‘3’ 9“ ‘9”1.”** ‘ L A to the Attention or "OFFICEOFPUBLICATIONS" unless advised

to the contrary.
The application ldanilfied beiow harbeen examined and found allowable
ior issuance of Letter: Patent. PROSUTl0N' ON THE MITS IS CLOSED
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ATTY‘3 DOCKET NO.

 CL-ASS-SU8,Ct.AS3, BATCH No.1 APPLMTYPE IsMAx.L ENTITYI FEE cue f DATE we  
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The amount of the issue fae is specified by 37 C.F.R. 1.18 as follows: for an original or reissue patent, except for a design or plant patent, $500; ~
for a design patent, $175; and for a plant patent; $250. if the applicant qualifies for and has fiiedhverified statement of small ervxity status in
accordance with 37 C.F.R. 1.27. the. issue fee is on2~haEf the respective amount afcrementioned. The issue fuse due primed above reflects
applicanrs mm: asof ma ‘tima of mailing this nozicer A verified statement of small smity status may be filed prior 10 or with payment of ‘ *

3_iw issue fee. Howaver, in aqcordance with 37 C.F.R. L28. failure to esmbiish smus as a small emlzy prior to or with pzymum oi the éssue fee
preclucfies payment cube issua fee in the amount so auablishedifor small encitiesmnd precludes a refund of any portion thereof 0336 prior to
establishing status as a small entity.’ /
THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE as indicazad above. The appii—
cation shall otherwise be regarded as ABANDONED. The issue fee will nor be accepted from anvone: other than 1}»: aoolicanig a regiswred
smornev or agam: or the aasignee or other party in intarest as shown by the records of the Parent and Trademark Office. where an authorization
to charge the issue fee to a deposit aocountim: bsen filed before the mailing of the nmlce of allowance, the issue fee is charged to the deposit
account at thsxima of mailing of {€133 notice in accordance with 37 C.F.R; 1,311. If the issue fee has been so charged, it is ingficaled above.
In order to minimize delays in the issuance of 3 patent based ari this a~pplics€i0n,'this.Notice may haw: been mailed prior tn comglgtidn cf final
proeming. The nature aridlor exrentoi the remaining revision or-processing requirements may cause slight delays of ma pazant. In addlticm,

.3! prosecution is to baraopancd, this Notice of Alluwame wlilvbe var:ued~and~ths appropriate Office action wili follow in due course, If the
issue fee has already b'een.pa3d and rsrosecuzlon ‘rs reopened, are zopiicanti-nay requesx _a refund or request that the fee be credited to a’ Dapdsix
Account. Iiowever, aprilicant may wait until zhé application is ‘aitharfouod allowable or held abandoned’. Iiailowed. uvon receI_.::$t‘o?‘a new Nmlca
of Allcwance, applicant may request that the previously submitted issue fee be agplied. ll‘ abandoned, applicant may request refund or crsdix 10
3 Deposit Account. —
In timcasa of each patent issuing without an assIgnrnienr,:rira,i:c>rrx17}eta post office address of rim irwemorlsi will be primed in the patent heading‘

~ am: in the Official Gazette. It-the invenwrfiv addressis now diffarant from the address which appears in the applicmion, please fill in me iMorma~
(ion in the spaces provided on PTOL»85b emlos‘ed;:lf there are addreswhanges for more then two inventors, enter me additional addresses onthe reverse side :21 the I’rOL»8'5l:i. ' .

The appropriate spaces in tlw ASSIGNMENT IJATA section of P’TOL85b mm! be completed iniali cases. it Ir is desired to have the patent rimto an assignea, an assignment must have been previously submitted to me Parrem and Trademark Office or must be submitted M:-I later than the
date of paynwem of me ixrsue fee ssrcequired by 3?? CJ‘-ZR. ‘£334. Where there is an mignment; the assigmaefs name.end,address must be pmvlded Von this PTO!..~85b ‘:0 ensure its inclusion in was printed batam. ' r «

Advance orders for ‘ID or more printed copies cf the: prospective patent can be made by completingxhe ‘mforrnation in Section 4 of ETOL-85band submitting paymom therewith; If use cf :: Depbsit Account ‘is being authorized for payment, PTOL-85¢: should also be forwarded. The ordgg

mun peter 35 least 10 eagles and Eggs: ggcomgng the iésua fee; The copies ordered wilt bg sen: onlv to the address silecified in se4_=fi’0n T 0?1A 0 L Sb.

Note attached communication irbm Examiner. L‘5?53{-R155:
ATTENTION IS mmzcrso ‘IO 37 C.F.R. 1,334
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This form is provided in iisu of B formal transmittaf and should be used for mnsmming the Issue Fee. Sections 1A through A must be czzmpletad as appropriate.

INVENTOR6} ADDRESS CMA SC/SERUM. NO. MAILING INSTRUCTKJNS
INVENTORS NAME ‘g e" -3 AH further correspondence Sncludmg the Issue Fee Receipt.\ 2», the Paxam, and advanced orders wit! be mafied ‘lo the addressee

V” 1 '4; § entered in section 1 on PTOl.88c, UNGSS YOU <3?"-‘C1 OWGVWF58’
Street Address ,, ‘ :_ by specifying zhe appropriate name and address in 1A beiow.2A, The: comwssxowsn OF PATENTS 5&0 'f'RABa.MAR K3 is requested ‘to asiplv the issue Fee to the(:‘t ,5 :2 dz‘ Cod

3y I8 an m 3 application identified bmow.

 CO-fNVEN'TOR'S NAME
'I‘OWNf5 \’D and Tom EN (Dare)

10/24/8-
Sxrée: Address

 
CW. State andzp Code "’ _ 3 53-“? > 13 - ‘ .-l_ 3‘:anyone other than the avpiicant; a

regmercd attcgrnev or agent: or thé- I - » assignee or ex er carry m interest as
[:3 Check .5‘ addmonal changes are on reverse soda. shown by the recon” of the Pam“ EmaTrademark Office. A‘
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3 hereby certify that this correspondence» is being deposited W
with the United States Postal Servhze as first class mail in

an enveiope, addtessgd to: commissicne:/bl iienti}’radem'arks,- Washington. D.C. Z0231. 00 ~ ’)' ’ 28. For pr§nting an the parentiront
We °* “em” ‘€33'$‘?é$3?e'2§§‘§§§;i?3§:’§.~%?vs Jami‘s3m»i»_l33~Qlvll@m3~._or agents OR, auemaziveiy, me

name of a firm having aw mem- 2
bear a registered morney or agent. 

   

 

wk ‘|flfdR<)b9napn:§‘::iSi-sled, no name 3
. vaestram 1. Remand SE

Reg. No. 20.013 “ ““5 ‘°””*“?E

. 4‘
TA {mm car woe)

Th ‘<{ ‘ff 7: "I" A ‘d ~: Q_ $ _ The fanowingf es are erxclosez.* } ‘ -“ 5”‘ . ~’~- ‘ ~r> . K 3.2‘ ‘ S - ‘ 3/ Fx “ _
(:2) As§§g?x3§§x§?%§§?as€§u&?3;;t§§1Q12x:d:o me Psxmz/pnsi Trademark Office. [3 “W ‘ " i [3 Ad\'a'!¢e<’ flfden arment wcordms
(3) Assggnrmnz subfraizi‘ heF3:¢31§:h'. “ ’ ‘ ‘ =' ~ 3" . _ ‘ « —- ‘ 3:

8'  tggn£§?a:€ 1a;s1::EI9u"s§grEs<:ifd;;‘s‘iigf:s:: ::I‘£:v;;s?:w The ‘°"°W5“$¥ ‘B95 Shoulq be charged to
is only appropriate when an assignmeng has been previousiy submitted to deposit acc. no. 2 0* L4 3 0me PTO or is submitted herewith. Completion of this form is NOT a (PToL~85c or adcfiziomst cow of
subsmutsr for iiting qf an awgnmenz as required by 3.7 c.F.R, 133-5}. PTOL;-Bab musxpa snciccbd)

: m NAME or Assscmes: The Board of Trustees of 7 33 me $99 .
the Leland Stanford Jr. Unlverslty f }&AdVamd 0,66, 7 V k

(2) ADDRESS: (Ozzy 8: State or Counfn/I I D Amgnmem mcordmg z
Stanford, Calznfornla J ‘

(3) STATE OF INODHPORATlON IF 3 0
ASSIGNEE IS A CORPORA-néNA’, Cal j_ for)‘; ia , Number of advanced order COD?“ |"3<‘1U'!$W<i "‘ '(must me for 10 or mow ccpnas)

TRANSMIT THIS FORM WITH FEE
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Applicr Pggemee; l1ERMANi" . BUJARD ET AL I ‘ 1)ockegNQ__s;_§1~—17
Sgfial oi~Patent No; 255 2'13;“ \

Ffilad <-‘>f.(.15s®\__.....____1"ié1§:‘_..2.. 9 , 1951
gglarggj "CLONED liIGH—-SIGNAL STRENGTH i>iioMorrERs"

3

 

 

. 9.

$5 , . A V
33% t VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS

4,,,«,‘¢&. [37 CFR. 1.9(f) and 1.27(d)} - NONPROFIT ORGANIZATION*9»  
NAME OF ORGANIZATION: STANFORD UNIVERSITY
ADDRESS 01? ORGANIZATION: 105 Encina Hall, Stanford, CA 94305

TYPE OF ORGANIZATXON

{X} UNIVERSITY on OTHER INSTITUTION or‘ HIGHER EZDUCATION
[ 3 TAX EXEMPT UNDER INTERNAL REVENUE SERVICE com: [26 use 501(3) and 501(c) (3)1
[ 1 NONPROFIT SCIENTIFIC oa EDUCATIONAL UNDER STATUTE OF STATE 03 THE UNITED STATES or

AMERICA

{NAME or STATE )
(CITATION OF STATUTE )

{ 3 WOULD QUALIFY AS TAX EXEMPT UNDER INTERNAL REVENUE SERVICE com: [26 use 501(a) and
501(c) (3)1 ll?‘ LOCATED IN ma UNITED STATES ca AMERICA

{ } wouw QUALIFY AS NONPROFIT SCIENTIFIC on EDUCATIONAL UNDER STATUTE OF‘ STATE on THE
UNITED STATES on AMERICA IF LOCATED IN THE UNITED ;~‘.TATES»Ol~“ AMERICA

(NAl\«iE op STATE )
{CITATION OF STATUTE )

I hereby declare that the nonprofit organization identified above qualifies a nonprofit organ.iza*:ion as defined in 3'?
CFR 1.9(e) for purposes of paying reduced feespnder section 41(2).) or {b} of Title 35, United States Code with rage:
50 the gm,-emion engjflgd Cloned i-hgh-Signal Strength Promoters ,

by gnvengo,‘-(5') Hermann G. ’Bu_i§r'd;"Knnie Chang, aI1dw§£a.ti,M1e‘,7 Cohen
described in

{ ] the specification filed herevaith
XX] application serial no. 2 6 5,__2 7 6 , filed May 2 0 : 1 931
[ ] Patent no. , issued

I hereby declare that rights under contract or law have been conveyed to 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(cl) or by any concern which would not quaiify as a small
business concern under 3'7 CPR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e). *NOT'l.7: Separate verified’
statements are required from each named person, concern or organizafiion having rights to {she invenaion averring to their
status as small entities (37 CFR 1.27). —

NAME
ADDRESS

[ } INDIVIDUAL [ } SMALL BUSINESS CONCERN [ ] NONPROFIT.‘ ORGANIZATION

NAME mm _______
ADDRESS

{ } INDIVIDUAL [ } SMALL BUSINESS CONCERN { ] NONPROFIT ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of err
tillement to small entity status prior to paying, or at the time of paying, the earliest ofthe issue fee or any maintenance
fee due after the date on which status as a small entity is no longer appropriate. [37 CFR 1.28(b)}

I hereby declare that all statements made of my own knowledge are true and that all stateineiits made on information
and belief are believed iso be true; and fmtlier that these statements were made with the knowledge that willful false
statements and the like are ‘ptmishahle by fine or imprisomnent, or both, under 18 USC § 1001, and may ieopardize the
vaiiclity of the application, any patent issuing thereon, or any patent to which this verifieci statement is directed.

 

NAME) OF PERSON SIGNING Kathar ine K12
TITLE IN ORGANIZATION Associate Director) Technolog_*LLicensigg
ADDRESS OF PERSON SIGNING 105 Encina Hall, Stanford, CA 94305

SIGNATURE fit. V‘ DATE 10/17/84
Page 1241'83"!’ 36
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