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CLONED HIGH SIGNAL STRENGTH PROMOTERS
f.,m»v;
i BACKGROUND OF THE INVENTION
34
ffﬁ 5 Field of the Invention

F " Having established the feasibility of producing a
wide variety of naturally occurr;ng 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.

f 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 seguences that bind,
which may or may not be contiguous. The more active promo-

25 ters are referred to as strong promoters.

i,

It was found that when introducing a strong.
promoter into a vector and emploving the resulting plasmid-

for transformatlon, one could not select transformants based
BOHEEE FATE/RT BRI S EACEE I AN R G L2GLH
on expression of markers which allowed for selection. There-

30 fore, cloning of the strong promoters was not feasible. It
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is therefore desirable that methods be provided which would
allow 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
for production of DNA, RNA, and polypeptides.

Description of the Prior Art
- Promoters from bacterial and wviral sources have
been cloned in E. coli, and their signal strength in vitro
has been studieafagzﬁa expression from distal promoterless
sequences encoding fgalactosjidase or other protg%@igay
{Casadaban and Cohen {'1980)5.41,%%3}%33101. ;L_;%_g,k e, Westh
and Rodriguez (1980) Gene 9, I#5+93). Attempts to clone
small DNA fragments carryingééhe strong promoters of
bacteriophage T5 have been u %%%EESSfUl‘ {v. Gabain and
Bujard (1979) PNAS USA 1§J5i29§93., Fragments of TS5 DNA
having both a strong promoter and a strong termination signal
have been cloned. (Breunig (1979) Dissertation (Universitat
Heidelberg, Heidelberg, Germany)) Analysis has shown that
transcriptional regions of several E. coli plasmids are
organized in units where initiatioﬁwgggwﬁérmination;§ignals
are balanced. (Stuber and Bujard (1981) PNAS USAZ‘?' ""7“/?’;
P,z and P, promoters of the T5 bacteriophage are reported as
among the most efficient RNA polymerase binding sequences.
(Stuber et al (1978) Mol. gen. Genet. 166 141-149; Niemann
{1981) Diplomarbeit (Universitat Heldelberyg, Heidelberg,
Germany)}).

SUMMARY OF THE INVENTION

Methods for cloning, sequencing and using strong

promoters and terminators are provided, as well as composi-
tions resulting from the methods. By c¢leaving 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
seguence of interest, optionally followed by one or more
translational stop cedons 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.
BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a flow chart of the preparation of a

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

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

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

The compositions of this invention are character-
ized as having in the downstream direction of transcription
the following units: a strong TS5 phage 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 rela-
tively low level of expression in comparison with the amount
of RNA polymerase initiation at the promoter. 1In 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 stronyg promoters, it is intended
that the binding affinity of RNA polymerase is stronger than
the commonly employed promoters such as lac and trp and at
least comparable to and normally greater than the combination
of lac and trp promoters. For the most part, the strongest
promoters among prokaryetes are the TS5 phage promoters and
these will be emploved as exemplary ofﬁ e occurring or
synthetic strong promoters. It is to be understood, that



10

15

20

25

30

35

4

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 promofer 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 employved as already
indicated have a promoter, a balanced terminator, and desir-
ably a marker which are in the direction of transcription

when the signal sequences are joined. The terminator is

balanced, so that a small but useful amount of expression of
the marker can occur. Normélly, in most situations, a gene

will bridge the promoter and terminator to provide cirecular

DNA. The gene may be a 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. '

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

Foue. —-Brasa ot .
- 0of the times that a gene up-

not more than aboutké;‘

stream from the terminator is transcribed, where both genes

are under the control of the same promoter. Usually, it will
be desirable that a sufficient amount of the marker is tran--
scribed to allow for selection of transformants. In view of
the fact that the marker is transcribed from a strong 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 only 5 to 15 number % of the gene. The strength
of the promoter is reflected in the level of expression of
the marker which is transcribed from the same promoter as the
gene 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 repli-
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 chromosomal or extrachromo-
somal sources. The sources include plasmids, viruses
{phage), chromosomes, or the like. In addition, the vector
or the essential portions thereof may be prepared
synthetically.

- The plasmids may then be used for transformation of
an appropriate microorganism host. Methods of introducing
DNA into an appropriate host are well known. Illustrative of
such methods, but not exhaustive of such methods, are trans-
formation e.g. calcium shock, transfection, and conjugation.
Descriptions of these methods may be found in Genetic
Engineering, ed. Setlaw and Hollaender, Vol. 1, Plenum Press,
New York and London, 1979; Molecular Cloning of Recombinant
DNA, ed. Scott and Werner, Vol. 13, Academic Press, Inc. New
York, 1973, and references cited therein.
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In order to allow for flexibility in preparing the
construct and self-replicating seguence or plasmid containing
the construct restriction sites should be present to allow
for unique insértions and isclation 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 modified by glycosylation, acylation with
aliphatic acids, e.g. lipid acids, phosphoreclation, sulfona-
tion or the like. The different classes of proteinsg which
may be prepared include protamines, histones, albumins
globuling, 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,
Iumphoblastoid, T-immune and fibroblast; B~lipotropin;
fg=endorphin; dynorphin; histocompatability proteins; immuno-
globulins e.g. Iga, IgD, IgE, IgG and IgM and fragments
thereof; hemoglobin, somatomedins; lymphokines; grdwth
factors e.g. epidermal, fibroblast, platelet-derived,
multiplication stimulating and nerve; hematoporetic-stimula-
ting factors e.g. erythropoietin, colony-stimulating,
erythroid potentating activity or burst-promoting activity
and lymphopoietinsg; albumin and prealbumin;
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Prealbumin

Albumin
al—Lipoprotein
a1~Acid glycoprotein
.al—Antitrypsin
ﬂl-Glycoprotein

Transcortin

4,65-Postalbumin
Tryptophan-poor

,al—glycoprotein

o

l~x~G1ycoprotein

Thyroxin-binding globulin
Inter-a~trypsin-inhibitor
Ge-globulin:

{(Gc 1-1),

(Gc 2-1),

(Gc 2-2),;
Haptoglobin:

{Bp 1-1),

{Hp 2-1),

(Hp 2-2),
Ceruloplasmin
Cholinesterase

QQ*Lipoprotein(s)

ﬂz—Macroglobulin

dszS—Glycoprotein
Zn»azmg1YCoprotein
aZ—Neuramino—glycoprotein
Erythropoietin
p-lipoprotein
Transferrin
Hemopexin
Fibrinogen
Plasminogen
BQnglycoprotein I
Bz—glyc0protein 11
Immunoglobulin G
(IgG) or yG-globulin

-10-
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Mol. formula:

Yoy OF Yoh,

Immunoglobulin A (IgA)

or yA-globulin
Mol. formula:

(usz)n or (azxz)n
Immunoglobulin M

(IgM) or yM-globulin
Mol. formula:

(BoK, > or (pz?&z)5
Immunoglobulin D (IgD)

or yD-Globulin (de
Mol. formula:

(GZKZ) or (62A2)
Immunoglobulin E (IgE)

or yE-Globulin (YE)
Mol. formula:

(£2K2) or (ezkz)
Free light chains
Complement factors:
crl

C'lq

C'lr

Cils
cr2
c'3

P,A

c'4
c's
c'6
ct7
c'8
Cc'o.

Importain protein hormones include:
o Peptide and Protein Hormones
Parathyroid hormone
{parathormone’)

-11-
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Thyrocalcitonin

Insulin

Glucagon

Relaxin

Erythropoietin

Melanotropin

{Melanocyte-stimulating hormone; intermedin)

Somatotropin

{growth hormone)

Corticotropin .

{adrenocorticotropic hormone)

Thyrotropin

Follicle~stimulating hormone

Leuteinizing hormone

(interstitial cell-simulating hormone)

Luteomammotropic hormone

{Luteotrepin, prolactin)
Gonadotropin .
(chcrioni; gonadotropin}.
Tissue Hormones

Secretin

Gastrin

Angiotensin I and II

Bradykinin

Human placental lactogen

Peptide Hormones from the Neurchypophysis

Oxytocin

Vasopressin

Releasing factors (RF)\

CRF, LRF, TRF, SoﬁatotropinnRF, GRF, FSH-
RF, PIF, MIF. )

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

cellularly, or for enzymatic transformation in vitro.

-12-
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In accordance with the I.U.B. classification, the
enzymes fall into varying categories such as 1. oxidoreduc-
tases; 2. transferases; 3. hydrolases; 4. lyases; 5. iso=-
merases; 6. ligases. Enzymes of particular interest will be
hydrolases and oxidoreductases for use in commercial pro-
cessing, for example, hydrolases for hydrolysing polysac-
charides, lipids and polypeptides; oxidoreductases for oxida~
tion of alcohols and aldehydes, epoxidation, and the like.

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

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

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

In addition, replicons can be developed which may have one or
more other regulatory signals. Regulatory signals can
include temperature sensitive replicons, runaway-replication
sequences, temperature sensitive operators, and the like.
Varioﬁs additional DNA sequences may be present providing for
restriction sites, markeérs, termination seguencesg, 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 e.g.
electrophoresis and density gradient centrifugation.

The subject invention also provides for a technigue
for screening the strength of promoters and terminators, thus

13-
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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 counstruct is made having the seguence
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, opticnally 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 differentia-
tion between expression of the first gene marker and expres-
sion of the second gene marker. The ratio of expression
between the first and second marker will provide for a com-
parative evaluation of the activity of the promoter or
terminator, depending upon which is of known value. Thus,
one can degrade a DNA seguence such as a chromosome, or an
extrachromosomal element, such as a plasmid or double minute,
isolate the promoters by selec¢tive 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 seguences,

. 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

-14-
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growth of the host. Alternatively, one can use growth fac-
tors e.g. having a gene which complements a mutant gene in an
auxotrophic host, where the gene expresses a product neces-
sary for a biosynthetic pathway. A third marker provides
virus incompatibility, preventing plagque formation. Other
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 relatien 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. Furthermoré, 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 unigque 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,

-15-
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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 wehicle. In this instance, only the
promoter and terminator regulatory signhals rnieed be present.

To provide for enhanced flexibility, the region
between the promoter and teérminator may be designed so as to
provide for a plurality of restriction cleavage sites, allow-
ing for the introduction and removal of DNA fragments without
interruption of the remainder of the vehicle. Thus, by
having a plurality of unigue 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 seguence, with the construct having
predetermined termini and inserting the construct intc 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 seguences. The con-
struct will allow for the insertion of the different
sequences in the correct direction and desirably only in the
proper orientation. Therefore, it will usually be desirable
to have the seguence and insertion site be asymmetric in
having different termini with the termini of the segquence 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 segquence specificities
commercially available,

The following examples are offered by way of illus-

tration and not by way of limitation.

-16-



= .

4

=3

oy

i

[T RSN

A

10

15

20

A

25

30

35

14

EXPERIMENTAL

Materials and Methods
Restriction endonucleases HindIII, HincII, Sall,

BamHI and T4 Ligase were from New England Biolabs (Beverly,
Mass., USA), Sau3A was from BRL (Neu-Isenburg, Germany)} and
EcoRI and Hpall from (Boehrig%er Mannheim, Federal Republic
of Germany). DNA polymerase I, phage fd DNA (replicative
form), plasmid AD16/30 containing a 28 bp HindIII/BamHI
adapter seqguence 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 previously, {(v. Gabian and Bujard, Mol.
gen. Genet. (1977) 157, 301-311; Clewel and Helinski (1969)
PNAS USA 62, 1157-1166; and Knopf and Bujard (1975) Eur. J.
Biochem. 53, 371-385).

A 780bp DNA fragment carrying the E. coli lac
regulatory region (promoter/operator: P/0}, an N-terminal
portion of the B~galactosidase structural gene sufficient for
intracistronic complementation of the M15 deletion, as well
as a portion of the i-gene(i) was isolated from a HincII
digest of a pACYC 214 plasmid (a plasmid relipeg to pACYC 184
by insertion at a BamHI site of a ggQHI&xsa$£uG&ian 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 the Figure.

ﬁtilizing the Hpall cleavage site within the B-gal
structural genes the fragment was reduced in size and pro-
vided with BamHI and Sall cleavage sites by various sub-
cloning. The resulting fragment (left most part of Figure)
contains the intact control region of the lac operon and an
N-terminal portion of the B-gal structural gene coding for 66
amino acids (a). Introduction of this fragment by blunt end
ligation into the HindIII site of pACYC184 (Chang and Cohen
(1978) J. Bacteriol. 134, 1141-1156) yielded pBU10, a vector
suitable for terminator cloning. The major terminator of the

coliphage fd genome was isolated as a 338bp Sau3A fragment
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with a BamHI/HindIII adaptor sequence and integrated into
pBULO to yield pLBUL.

Cleavage of the lac sequence in pBUlQO by Hpall
destroys the lac promoter and liberates upon cleavage with
HindIII a fragment containing the lac operator and a region
coding for a functional o-fragment. Integrating this DNA
sequence into pBR322 leads to pBUl2a. Finally, replacement
of the HindIII/Sall portion of pBUl2a by a partial digest of
the HindIII/Sall fragment of pLBUl containing the fd termi-
nator resulted in pLBU3, a vector suitable for integration of
efficient promoters at the EcoRI site. The regions encoding
chloramphenicol {(Cm), ampicillin (Ap) and tetracycline {Tc)
resistance are indicated as cat, bla and tet respectively.

The plasmid, pBUl0, had the following properties: d%J{
(i) it contains the o« fragment of B-galactosidase {(u-protein)
complemented the M15 deletion of the lac operon; (ii) the Tc ..
resistance it specified was under the control of the lac
promoter, as shown in M15 lq strains; (iii) the HindIII site
between the lac gene fragment and the tet gene was restored;
the stop codon immediately following the HindIII site limited
the length of the lacZ gene product to 68 amino acids.

Insertion of the fd terminator upstream to the tet
gene resulted in a 90Y% reduction in the level of Tc resis-
tance, but no detectable change in the levels of
B-galactosidase activity in M15 deletion strains. The
results obtained as to the properties imparted to various E.
coli strains by various plasmids is set forth in the fol=-
lowing table:

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

For he cloning of exogenous promoters, the lac
promoter£9m~$}e ggg/tet construct had to be removed or
destroyed in such a way that a site for the subseguent inte-
gration of promoters was retained. To do this, the Hpall
cleavage site at position -17 of lac was employed, as
described above. Colonies that showed both a reduced level
of Tc resistance and the presence of a lac operator seguence,
which could be detected on the multicopy plasmid by its
ability to bind the lac represser and induce chromosomal
B~gal synthesis, were identified. Endonuclease analysis
(HindIII/EcoRI double digest) of plasmids recovered from
several isolates yielded two types of vectors: one of these
represented by pBUl2 harbored the expected 253bp lac frag-
ment; the other represented by pRUlZ2a yvielded a 420bp frag-
ment. DNA sequence analysis showed that in pRBUl2a, a 160bp
fragment of unknown origin, containing two tec three stop
codong in each of the possible translational reading frames,
had been integrated between the EcoRI site and position -15
of the lac promoter. The presence of the stop codons made
the fragment an efficient terminator of any translation that
occurred upstream of the translational initiation site for
the a-fragment.

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

region and a DNA seguence encoding the o-fragment of lac, it

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

s

moter cloning wvehicle.

A population of about 200 short fragments of TS5 DNA
was obtained by double digestion of the 120kb phage genome
with HaelIIT 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 EcoRI cleavage site of pLBU3. Transformation of E.

coli C600 and selection for p-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 E. coli K12 (Cabello et al. (1976) Nature 259,
285-290). T

Digestion of the various isolates with EcoORI
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. 1In each
case, they gave rise to colonies resistant to 70 pg/ml Tc.
Plasmids isolated from esach of these clones carried the
expected DNA fragments, as shown by EcoRI cleavage and gel

electrophoresis. The promoter library which was obtained

contained about 25 different strong promoters of coliphage T5
LEEn T (108G B T .

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

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

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 struc-
tural genes, with concommitant selection of the transformants
by employing an appropriate marker downstream from the bal-
anced terminator.

Although the foregoing invention has been described
in some detail by way of illustration and example for pur-
poses of clarity of understanding, it will be obvious that

-21-



19

certain changes and modifications may be practiced within the

scope of the appended claims.
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IN THE CLAIMS

P
g

‘ 1. A linear DNA sequencefhaving proximal to one
,ﬂnd a strong TS5 phage promoter,:prox1mal to the other end a

f-'strong terminator balanced w1th said strong TS5 promoter, and
having at least one 1ntermed%éte said promoter and terminator
of a marker for selection adjacent to said terminator and
distal from said other endﬁ or a replication system foreign
to T5.

-23-
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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 segquence according to Claim 2,
having a plurality of stop codons with at least one in each

reading frame.

4. A linear DNA seguence 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 sequepge according to any of
= avseer- 1ntermediate

£ Claims 1, 2 or 3, having a
sald promoter and said terminator.

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

B. A linear DNA seguence 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

prokaryote.

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

eukaryote.

E‘é_, ‘s’f:
“x»
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11. Aicircular DNA Sequ“ce having in downstream

order of transcription a strong ¥5 phage promoter, a struc-
tural gene foreigm to TS,phage' a balanced terminator, and a

replication systemi

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

13. A circ%lar’DNA sequence according to Claim 11,
wherein said replicatipn system is recognized by eukaryotes.

14. A circujar PNA sequence according to any of
Claims 11, 12 or 13, ,wh&i
mammalian protein. '

in said structural gene expresses a

15.

A ci ".L,ft seguence according to Claim 14,

16. Avcircul;l s seguence according to any of
Claims. 11, 12 or 13, hwm

.l_plurality of stop codons, having

intermediate said structural gene
and said strong termi :
at least one stop codofr7in each reading frame.

17. A circular DNA sgéﬁince according to any of

M}f7claims 11, 12 or 13, having a/farker for selection downstream

from said terminator. &

18. A prokgryotic cell having a circular DNA

sequence according to ¥

19. A eukar y‘ GZcell having a circular DNA

sequence according to BYa

20. A metho;“foi;p“éparing a poly(amino acid)
which comprises: | o
growing in a nut
according to Claim 18, whéy irk said structural gene expresses

said poly(amino acids).
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 21. A method for preparing a poly(amino acid)

which comprises: _
growing skid eukaryotic cell according to Claim 19

in a nutrient mediphi, wherein said structural gene expresses

22. A‘meth&g according to Claim 21, wherein said
eukaryotic cell is yeth.

-26-
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e
}b%ﬁ%? 23. A method for detegrmining the strength of a
; : d ; ,
promoter which comprises: j

inserting said prcmé%er into a linear DNA sequence

having proximal to one end igfthe downstream direction for
5 transcription a gene allowi%% for detection of expression; a
terminator of known strenggﬁ; a marker allowing for determif
nation of expression; and g replication systems recognized by
a predetermineéd host; whereby a circular DNA -seguence: is
obtained; ;7
10 transforming séid host with said circular DNA
sequence; and f
growing said/host in nutrient medium under condi-
tions allowing for de%éimination of the extent of expression
of said gene and saii/marker.

_27-
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I?:}ﬂ'. A method according to Claim,,%éﬂ, wherein said
host is auxotrophic and said gene provides prototrophy. s

,;.8’. A method according to any of Claimsﬁ?ﬁ or@,
wherein said marker provides biccidal resistance.

(* 5

% A method according to Claim 2/8/; whérein inter-
mediate said gene and said terminator are a plurality of stop
codonsg, with at least one stop codon in each reading frame.

_28-
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ABSTRACT OF THE DISCLOSURE
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 intact promoters. These promoters are in-
serted into vectors sepdrated 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 T5 promoters. The promoters and terminators
are used in hybrid DNA for efficient expression of structural
genes and transcription to provide RNA seguences. f

& T f The government has rights in the invention pursiant
to Grant Nos. AI 08619 and GM 5724; awarded by the National

g - U

Institute of Health.
- The research was supported in part by a grant from
the Deutsche Forschungsgemeinschaft.
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UMITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, 0.C. 20231

'SERIAL NUMBER |

FIRST NAMED APPLICANT | ATTORNEY DOCKET NO.
Fé U ; — ; :

T

- EXAMINER
* T o

ARTUNIT | PAPERNUMBER

DATE MAILED:

This is a communication from the examiner in charge of your application,

COMMISSIONER OF FATENTS AND TRADEMARKS

2; This application has been examinad. Dﬂesponsive to comminication filed on DThis’ action. 1s made final.

Ashortened statutory period for response 10 this action is set to expire ___._3____ month(s), . T " Thwysfrom the date of this letter,
Failure to respond within the period for response will cause the application to become abandoned, 35 U.8.C. 133

Part | THE FOLLOWING ATTACHMENTI{S} ARE PART OF THIS ACTION:
1. %g ; Notice of References Cited by Examiner, PTO-832 2. D Notice of Informai Patent Drawing, PT0.948

3. m Notice of References Cited by Applicant, PTO-1449 4. [j Natice of Informal Patent Application, Form PT0-152

.0

Part it SUMMARY OF ACTION

1 — 2
g g’ z Y v = x. e
1, ﬁclaims B . are pending in the application.
Of the above, ciaims are withdrawn from considaration.
2. D Claims have been canceiled.

3. [Hisims L= 2l dxa {%&M a}% the 004 !Q*.m dot romed
4. fo ;’:la‘ims . /"' 'Qé? = - . arg rejected.

5. {:j Claims ara objscted to.

8. D Claims are subject to restriction or slection reguirément.
7. E[ The formal drawings filed on .. arg acceptable,

8. D The drawing correction request filed on has been Dapprove& E}d%sappraved.

Q. D Acknowiedgment is made of the claim for priority under 35 U.S.C. 119, The certifisd copy has

oy . s . . .
i been received. Dnot been recaived, Dbeen filed in parent application, serial no.

fifed on

10: DSince this application appears 1o be in condition for atlowance excent for formal matters, prosecution as to the merits is closed in ac-
cordance with the practice under Ex parte Quayle, 1935 C.D, 11; 453 0.G. 213,

11, [ Jomer

PTOL-326 (rev, 7-78)

EXAMINER'S ACTION
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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.S5.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 uéingcit, 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,.8.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distinctly claim the subject
matter which the applicant regards as his or her
invention. The claims are indefinite as to what is
between the promoter and terminator. It appears that
either a marker or foreign replication system are
present but the language of the claims does not make

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

The disclosure is objected to as failing to
provide an adeguate disclosure of the claimed invention
as required by the first paragraph of 35 U.S.C. 112,
ThHis paragraph of the statute, requires that the
specification shall contain a written description of
the invention, and of the manner and process of making
ana 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 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 seguence 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, 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 in the
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Serial Number 265,276
Art Unit 172 o

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

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

Claims 1-26 are rejected under 35 U.S.C., 112,
second paragraph, as being indefinite for failing to
par£icularly point out and distinctiy claim the subject
matter which the appliéant 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. Kepplinger:ab
6-~16~82

2D 2 ;
ESTHER M. KEPPLINGER
PRIMARY EXAMINER
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(REV. 3~78)

NOTICE OF REFERENCES CITED

1.5. DEPARTMENT OF COMMERCE: SERTAL NO. GROUPART UNIT I [ sr seHMENT
TO

2776 [ 72 R h i

PATENT AND TRADEMARK OFFICE

265

APPLICANT{S)

B bl

U.S. PATENT DOCUMENTS

APPROPR

suB- FILING DATE {F
#® DOCUMENT NO. DATE NAME CLASS CLASS

IATE

FOREIGN PATENT DOCUMENTS

% DOCUMENT NO. DATE COUNTRY

. suUBY
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CLASS SHTS.

pE,
SPEC,

OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, £16.}
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EXAMINER

g- m; /du‘w(iéwguu S .25%?&

DATE

{

A cop\?of this refererice is not being furnished with this office action.

(See Maniual of Patent Examining Procedure, section 707.05 {al.})
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A copy of this reference is not being furnished with this office action.

{See Manual of Patent Examining Procedure, section 707.05 (a}.)
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IN THE UNITED STATES PATENT AP TRADEMARK OFFXGi:fg‘ v

In re application of
Herman Bujard et al. Examiner: E. Keppligger
Serial No. 265,276 Art Unit: 172
Filed: May 20, 1981

For: CLONED HIGH SIGNAL

AMENDMENT
STRENGTH PROMOTERS '

San Francisco, CA 94105
Commissioner of Patents and Trademarks
Washington, D.C. 20231
Sirs
In response to the Office Action of June 30, 1982,
please make the following amendments:

IN THE SPECIFICATION:

Page 2, line 10, after "B" insert 4= - b~ {a
hyphen}; y

line 11, change "I" to =J¢~; change "179207" to
©£c179-207Hr; p

iine 12, change “175193“‘to 1 75-193k~;

line 15, change "1891931’to {189 ~103m;

line 21, after "ysa® f;;;rt G382 167 ~17 hem— .

Page 14, line 22, change "reétfﬁétion" to
rerestrictionyex. //ﬁ

Page 15, line 1, change "44954503" to
£<4495-45034=3 line 16, after "(a~§;otein)" insert Atanddée.

Page 16, line 6, change “ég‘ﬁée“ to &=on thews.

Page 17, line 24, cancel "{(Gentz (1981), supra)".

41-
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IN THE CLAIMS:

e

1. {amended) A linear DNAAﬁequence having proximal
to one end a strong T5 phage proquer, proximal to the other
end a strong terminator balance@/ﬁlth said strong 75 promoter,

iediate said promoter and

and having [at least one 1%?55'
/

terminator of a marker for gv ection adjacent to said

terminator and distal fro said oﬁ%gr end,] intermediate said
/ D
promoter and terminator/at leasf one marker for selection

Al
adjacent to said termxgatoré;rAf replication system foreign

to T5, ff

7~

Claim 23, line 8, change "systems" to gsystembé-,

REMARKS

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

It is noted that the ¢laims are free of the prior
art.

Applicants sincerely apologize for the erroneocus
page numbers, This is an unfortunate result of modern
technology where miscoding for a hyéhen may result in its
absence in the final copy. The appropriate hyphens have now
been introduced to indicate the page ranges. The reference
to Gentz was in error and has been deleted. A number of minor
typographical errors were noted and have now been corrected.

The incomplete citation is a reference of record and that

citation has now been mncorporated into the spec;flcatlon.
It is therefore believed, that the minor errors noted by the

Examiner have all been corrected.
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Turning now to the claims, it is believed some
explanation will be helpful in clarifying the situation.
Claims 1-10 concern a linear DNA sequence, The terminator
appears to be an inverted repeat, so that it has no direction.
By contrast, the promoter is directional, allowing for
transcription in only one direction. The linear sequence has
the promoter near one end and theée 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 bétween 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 1~10 require that the linear DNA seguence
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 clainm 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 c¢an be pointed in either direction, which then
determines whether the gene will be inserted to Jjein the ends
of the linear sequence or is present on the linear seguence
prior to insertion.

By contrast, Claims 11-19 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.
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Claims 20-22 are dependent upon the circular DNA sequence
Claims 11-~19.

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

So far as a replication system 1s concerned, this
is discussed on page 5, lines 18-28., A replication system
will include an origin and any other regulatory sequences
- which are necessary for binding.of DNA polymerase to.provide.
for replication of the two DNA strands. It is believed this
languadge has found extensive use, see for example U.5. Patent
No. 4,237,224, and should find acceptance.

The articles referred to in the Description of the
Prior Art accompany this response, but nct 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 Examiher 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 7/36@2/ ’ By

BIR/gs

»%ertram I. Rowléndv
Reg. No. 20,015

Enclosures

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

3. Von Gabain and Bujard {19797 PNAS USA 76:189~193

4. Stuber et al. {1278) Moclec. gen. Cenet. 166:141-149

1‘hereby certify that this correspondence is being deposited
with the United States Postal Service as f;rst class ma:i in
an envelope addressed tor Cammzssmner ;

Trademarks, Washingion, D.C. 20231, on.

Date ?/’5 ¢ / Ry |

Bertram l Rowland
Reg. No. 20,015
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TOWNSEND and TOWN" “ND
Steuart Street Tower

One Market Plaza  ~

San Francisce~CA 94105

RV 5
In re applitatiéatof Herman Bujard et al.

-t
wo %
(i d

" Docket No

5490-35

November 8, 1982

Date
Serial No. 265,276
Filed May 20, 1981
For CLONED HIGH SIGNAL STRENGTH PROMOTERS

THE COMMISSIONER OF PATENTS & TRADEMARKS

Washington, D.C. 20231

Sir:

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

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

[]

D. Neo-additional fee is required.

“The fee has been calculated as shown below,

CLAIMS AS AMENDED

&3] (2} {3} {4 {5} (6} (7
CLAIMS HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE | ADDITIONAL
AFTER PAID FOR EXTRA FEE
AMENDMENT

TOTAL * =

CLAIMS. MINUS x x $5 x

Total | *

CLAIMS 29 MINUS 26 X 3 x $10 x 30.00
TOTAL ADDITIONAL FEE
FOR THIS AMENDOMENT $30.00

*1f the entry in Cofumn 2 is Jess than the antry in Columa 4, write 0" in Column 5.
414 the *“Highest Number Previously Paid Far'” N THIS SPACE is less than 10, write 10" in this space.
D A check in the amount of § is attached.
Charge §$ 30.00 to Deposit Account No 20~-1430 A duplicate

copy of this sheet is enclosed.

Pledse charge any additional fees or credit overpayment to Deposit Account No.
_.20~-1430 A duplicate copy of this sheet is enclosed.

TOWNSEND and TOWNSEND

el 7
LA, PiB AN bt

YT
20,015

Bertram
Reg. No.
BIR/gs

T&T 26 REV.

-46-




IN THE UMITED STATES PATENT AND TRADEMARK OFFICE»,”
In re application of

Herman Bujard et al.

Examiher: JE. Keppl%?géxﬁ
Art Unit: | 172 , 7 '

4

SUPPLEMENTAL AMENDMENT

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

For:; CLONED HIGH SIGNAL
STRENGTH PROMOTERS

LU PSR Wi IR S

San Francisco, CA 94105
Commissioner of Patents and Trademarks
Washington, D.C. 20231
Sir:
Supplemental to the response to the Office Action

of June 30, 1982, please add the following claims.

IN THE CLAIMS:

27. A DNA seguence having gﬂreplicétion sy stem

racognizéed by a microorganism, a magker for selection and

in downstream order of transcriptifm, a strong promoter, a

structural gene foreign to said gtrong promoter and a

balanced terminator, wherein safd strong promoter intends

a promoter which inhibits expfession of said marker in the

absence of a balanced terminfitor.

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

“"is recognized by a prokaryote.

(

said replication system;ls%%ecognized by a eukaryote.

said replication syst

29. A DNA wce _aocording to Claim 27, wherein

s

|

REMARKS
In view of the following remarks, the Examiner 1is
earnestly requested to add Claims 27-29 to the subject

application and allow Claims 1-29.

1A AL BOUH
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Support for new Claims 27-29 may be found on page
1, lines 26-30, page 2, line 38 and in the original claims.

After responding to the Office Action of June 30,
1982, upon review of the claims, it was found that 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 previously that a strong promoter, such
as the T5 phage promoters, could inhibit cloning of a plasmid.
Only with the discovery of the subject invention is it shown
that one can clecne 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 struc~
tural genes of interest.

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

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

Respectfully submitted,

TOWNSEND and TOWNSEMND

Date fi///}]//ﬁl},, By i?’ .

Bettram IQ Rowlaﬁd"
Reg. No. 20,015

BIR/gs

48-




UNITED STATES DEPAHRTMENT OF CONIMERCGCE
Patent and Trademark Office

Address; COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, 0.C, 20231

FIRST'NAMED APPLICANT | ATTORNEY DOCKET NO.

Eail s E RIE R

"‘1. EXAMINER

ARTUNIT | PAPER NUMBER
DATE MAILED: R ——

g
2 ™
This is a communication from the examiner in charge of your application, QA g;’é 6 3 s 1383

COMMISSIONER OF PATENTS AND TRADEMARKS

’ ” ‘ o
g‘rhis apptication has been examined. %ggﬂesponsive 1o commuinication filed on l [ / 2"’/8 - . DTh is actian i3 mada finsal.

A shortened statutory period for response 1o this action is set 1o expire ... month{s), __ swe———erigys from the date of this fetter.
Failure 10 respond within the pericd for response wilt cause the application to become abandoned. 35 US.C 133
Part i THE FOLLOWING ATTACHMENT(S} ARE PART OF THIS ACTION:

1. {4 Notice of References Cited by Examiner, PTO-892 2. D Notice of Iniformal Patent Drawing, PT0-948

3. |77 Notice of References Cited by Applicant, PTO:1449 4. [ ] Notice of Informal Patent Application, Form PTO-152

‘ s.]

Part 1} SUMMARY OF ACTION
1 Claims . are pending in the applicatian,

Of the sbove, claims - i . ara withdrawn from consideration.
2. { ] ctaims - hava tiean cancetied.
3 [ ciaims : . sre allowsd.

| — 249

4. @/Claims { are tejacted,
5. D Claims l are objectad to.
6. D Claims are subject to restriction or sléction raquirsment.
7. D The formal drawings filed on areg acceptabla,
8. D Thea drawing correction requast filed on has basn Dapproved. D‘disapprovad.

9. D Acknowiedgment is madse of the claim for priority under 35 U.S.C, 119. Tha certifiéd copy has

Dbeen recaivad, Dnot been received, E]been filed in parent spplication, serial ag.

fited on

10. Dsince this application appears to be in condition for allowsnce except for formal matters, prosecution as 1o the marits is clossd in ac-
cordzancs with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

11. | other

PTOL-326 (rev. 7-79)
EXAMINER'S ACTION
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SERIAL NO. 265,276
ART UNIT 172 -2~

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 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
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.S5.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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SERIAL NO. 265,276
ART UNIT 172 e

The specification is objected tc under 35
U.5.C.112, first paragraph, as failing to provide
support the claimed invention. This paragraph of the
statute requires: that the specification shall contain a
written des¢ription of the invention and of the manner
and process ¢f making and using it, in such full,
clear, concise and exact terms as to enable any person
skilled in the art to which i£ pertains, or with which
it is most nearly connected, to make and use the same,
and shall set forth the best mcde contemplated by the
inventor of carrying out his invention. No basis for
having the replication system intermediate the promoter
and terminator ;an~be found.

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

Claims 11-29 are rejected under 35 U.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 "a balanced terminator". It is not clear in what

way or with what it is balanced.
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SERIAL NO. - 265,276
ART UNIT 172 —4-

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

A patent may not be obtained though
the invention is not identically
disclosed or described as set forth in
section 102 of this title, if the
differences between tﬁé subject matter
sought to be patented and the prior art
gre such that the subject matter as a
whole would have been cbvious 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.

Claimsrl, 4-15, 17-22 and 27-29 are rejected
under 35 U.S.C. 103 as being unpatentable over
Casadaban et al in view of Stuber et al({v). Casadaban
et al shows analysis of promoters and terminators by
preparing plasmids containing ara promoter, promoters
such as T5, structural lac genes, a marker for
ampicillin resistance and a terminator. The sequence

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

terminator of the reference appears to be "gtrong”.
S&ber et al teach that to prepare stable plasmids the
strength of the promoter and terminator should be
compatible. Thus, it would be obviae#t€ to use balanced
promoter and terminator as in Stuber in the plasmids of

of
Casadaban et al for stability. The use, various
structural genes and replication systems for either

prokaryotes or eukaryotes would be cbvious.

EXEPPLINGER:hm
703-557-3685

12/15/82

st 11 WM

ESTHER M. KEPPLINGER
PRIMARY EXAMINER
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TOSEFARATE, H” WO TOP AND BOTTOM EDGES, SNAP-APART AND DISCARD CARBON

Tr

FCRM PT(-892 5, DEPARTMENT OF CONMMERCE SERIAL NO. GROUPARTUNIT 1 rracHMENT
{REV. 3-78) PATENT AND TRADEMARK OFFICE . ) m;;'oan -,
Clé g:’l—?é f7 221 wumeer 5 )
NOTICE OF REFERENCES CITED APPLICANT(S) ' '
U.S. PATENT DOCUMENTS
N SiB. FILING DATE IF
# DOCUMENT NO., DATE NAME CLASS CLASS APPROPRIATE
A
B
[
D
E
F
G
B
{
d
K.
FOREIGN PATENT DOCUMENTS
v v - sus.  JPERTINENT
% DOCUMENT NO. DATE COUNTRY MAME CLASS ' CLASS S;&}'g Ispac
L
m
N
io
p
Q
OTHER REFERENCES {Including Author, Title, Date, Pertinent Pages, Etc.}
FZC&»aLJ%mA&U&QT%&JJ%&Q (39 /7%1&07(3980>i
7 £ 7 ;gg n T
s Weat ot als /Qibwﬁ.ﬁ q., 175 — (93 ((Cf fox.
¥ / 55
#
Madair. odade Prds 7000 189—193 (1979).
A7 { 1 7 H
A4 S;{z_u 2t b MW lee, %a,,})le— 1 (4 w1¢?(f?7y)
il
vl St ko PuAS LLEA figm 17— 17 (idz),

EXAMINER

?"Wl /@MMAA&N /;z/;?é’a\

DATE {;i

h A copy of this reference is not being furnished with this office action.
{See Manual of Patent Exarmining Procedure, section 707.05 {al.}
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L

{ ; = .
;“low ﬁ%ﬁ);ﬁ}g\wn TOWNSEND «o@ﬁb%‘ 549035
euart pizcel Towey i (55 Atty. Docket No.
DBne Ma Plaza : 3/11/83
San Franckeds I o f Date
(415) 5439 o a -
3 0
In re application of HERMAN J. BUJAE%S‘S% \‘ar "
Serial No. ~ 265,276
Filed 5/20/81
For CLONED HIGH SIGNAL STRENGTH PROMOTERS
THE COMMISSIONER OF PATENTS AND TRADEMARKS .
Washington, D.C. 20231
Sir: :

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

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

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

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

(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
S LR ,
CLAIMS HIGHEST NO. )
REMAINING ] PREVIOUSLY PRESENT RATE 'ADDIT, RATE ADDIT.
AFTER . PAID FOR EXTRA ! FEE OR FEE
1 AMENDMENT &
ToraL|® 30 minus | *F 0 29 1= 1 x5= | § x10= |$ 1p
INDEP. | minus | = x15= |$ x30=
{ ] FIRST PRESENTATION OF MULTIPLE DEP, CLAIM +50= | § +100= |38
TOTAL {g
ADDIT. FEE | > OR TOTAL |$ 10

* If the entry in Col. 1 is less than the entry in Col. 2, write “0” in Col. 3.
** If the “Highest Number Previously Paid For’” IN THIS SPACE is less than 20, write 207 in this space.
#%% If the “Highest Number Previously Paid For” IN THIS SPACE is less than 8, write “3* in this space.

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

%] Please charge my Deposit Account No. 20-1430 in the amount of $ 10.00 A duplicate copy of this
sheet is attached.

N

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

I%] Any filing fees under 37 CFR 1.16 for the presentation of extra claims.

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

TOWNSEND & TOWNSEND
V./"’;?ﬂ
ST

Rég No.: 20,015

Attorney of Record Bertram I. Rowland

BIR/gl
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re application of
Herman Bujard et al. Examiner: E. K&pplinger
Serial No. 265,276 Art Unit: 172

Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS

AMENDMENT

N e St et St et N Sr? S S Nt

San Francisco, CA. 94105
Commissioner of Patents and Trademarks
Washington, D.C. 20231
Sirs

In response to the Office Action dated January 3,
1983, please amend the aboveﬁrefefenced application as
follows:

IN THE SPECIFICATION: &/f/”

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

therefor --one-fourth-- .

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

insert --of {1} a —-- and at lihe 8 before "a replication®

ingsert -—(2)-- . e
ﬁfffﬁf
Claim 6, 1line€ 2, change "replication system" to ~-

marker=~ .,

Please amend Claim 11 as follows:

i,
b 3 }
£y 4

11, (amen%%d) A circular DNA seguence having in

downstream order of tkanscription a strong T5 phage promoter,

a structural gene fore%@ﬂ to T5 phage under transcriptional
! > ‘)%%%f
control of said promotex aﬁfbalancedl terminator which is

balanced with said promoﬁ%;, and a replication system.

4276 Q2/ER/BE BLZRTL BO=1430 1 103 10, 000H
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Pleﬁse amend claim 27 as fo}lows:

. /
27. (Amended) A DNA Seq?gnce having a replication
system recognized by a microorganigm, a marker for selection
#
and in downstream order of trans%éiption, a strong promoter,

i
a structural gene foreign to;ﬁg?ﬁ strong promoter and a
7

[balanced] terminator which g?jbalanced with said promoter,

wherein said strong promoterfiglcharacterized by substantially
i

complete absence of [inten@é a promoter which inhibits]

~ b
expression of said marke;;ﬁn the absence of a [balanced]

terminator which is balayced with said promoter.

Please add new claim 30,as follows:

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

expression of said marke§wﬁ&}ﬁ% a frequency of less than

about one-fourth the freé'e,ay at which the structural gene

is expressed and said mgr¥er is under transcriptional
P

control of said promotef.

' REMARKS

Claims 1-29 were examined and rejécted. The
rejections were 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 amended. New Claim
30 has been added. Re-examination and reconsideration of
the Claims, as amended, are reguested.

Claims 27-29, added by the amendment dated
November 8, 1982, were rejected under 35 U.S.C. 112, first
paragraph; as lacking support in the specification. Specifically,
the rejection states that the definition of “strong" promoter
as one "which inhibits expression of said marker in the
absence of a balanced terminator® lacks support. &Applicants
traverse this rejection. At page 1, lines”?6~30, it is

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

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

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

Claims 1-10 were rejected under 35 U.S5.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 ofiented 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

s

of the prométer 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 wvariety 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
follows:

-~
(1) (a) =P-M~T=-
() Sp-M-T-
L~
(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
joined to form a plasmid, the following constructions can be

made; where G is the structural gene of interest:

ap
from (1) {(a) [P~G-M~T~

rs
from (1) (b) EG«P—M~T3

r-
from (2) EG—P—Ran

Claim 1 has been amended to more clearly define
the linear DNA seguence as just described., Claim 6 has been
amended to conform with claim 1, as amended. Applicants
gubmit that the rejection of claims 1-~10 under 35 U.S.C. 112

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

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

Claims 12-22 and 28~29 dependent on Claims 11 and
27, also avoid the 35 U.S.€. 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.S5.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
expression of a wide variety of structural and other genes.
The regulatory systems are characterized by a strong promoter
in econjunction 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 preseént invention relies on a novel method for
selecting balanced terminators to allow for comnstruction of
the claimed linear segments and plasmids. The method is
best described beginning at the end of page 10 of the specification
and continuing on page 1l1. 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
markex immediétely downstream. By determining the relative
proportion of expresssion of the first and second markers,
the relative strength of the promoter and terminator can be .
assesged. Using a known strong promoter, a weak termi%ator

results in diminished expression of both gene markers. A

strong terminator, however, provides a much ﬁigher’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

-61-



‘ promoter/terminator pairs or the resulting DNA seguences
which utilize such pairs.

Casadaban and Cohen, the primary reference, teaches
a method for identifying DNA fragments which include either
pro&gters or terminators, but which does not determine their
reléi}ve strengths. The prior art method relies on inserting
the DNA fragments into a constgﬁct comprising the ara promoter
and the lag structural gene on a plasmid. The ara promoter
ié»inducible, and when it is turned on, the DNA construct
can be used to determine whether the inserted DNA segment
acts as a terminator. Expression of the lac gene is greatly
reduced if the inserted fragment includes a terminator.
When the ara promoter is turned off, the DNA construct can
be uged to determine if the inserted segment acts as a
promoter. Since the ara promoter is inactive, expression of
tﬁe lag gene will be observed only if the inserted fragment
inecludes a promoter.

The Examiner apparently relies on page 191 of the
article where it is disclosed that & HindIII fragment of
hacteriophage T5, when inserted into the cloning vehicle
just described, provides expression of the lac gene when the
ara 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 T5 terminator as
well as the promoter, and expression of the lac gene could
have résulted from read through past the TS terminator.
HindIII digestion of T5 results in fragments xanging from
2.0kb to about 17.2kb (See von Gabian and Bujard, Table 1),
which fragments are sufficiently large to include both the

promoter and terminator. The fragments inserted in the
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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 lac gene would suggest to one
skilled in the art that a balanced terminator is unnecessary
since Casadaban and Cohen took no steps to assure its
presence. As explained above, such expression based on the
above results and their interpretation was most likely the
fortuitous result of simultaneously introducting a TS terminator
on the same fragment as the promoter, which allowed read
through expression of the lac 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 sgentence 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 seguences and plasmids of the present invention
where suitable promoters and tetminators may be indentified
by a specific procedure. The statement is an intuitive
prognostication, an invitation to research, not a basis for

rejection.
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As described above, Claim 1 has been amended to
more clearly set forth the linear DNA seguence of the present
invention. The sequence comprises a strong T5 promoter at
one 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 4 wide variety
of structural genes compatible with the T5 promoter. In the
typical case where the sequence includes both a marker and
an origin of replication, it is necessary only to insert the
structural gene in the proper orientation to obtain the
expression vector.

Applicants subnmit that the structure of Claim 1,
as amended, is nowhere taught or suggested by the cited
Iprior 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 eriticality
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 T5 phage, a terminator which
is balanced with the promoter, and a replication system.
Claim 11 has been amended to provide that the structured
gené is under transcriptional control of the strong T5
bpromotera For the reasons given earlier; the structure

taught by Casadaban and Cohen is clearly excluded.
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Claims 12~22, dependent on claim 11, are also
allowable for the reasons just set forth.

Claim 23 is directed at the method for determining
the strength of a promoter as described above. These
claims were not rejectéa based on the art. Moreover, the
rejection under 35 U.S8.C. 112 appears inapposite. For these
reasons, applicants assume that claims 23-26 are now in
condition for allowance,

Finally, claim 27 is directed at & DNA sequence
including a strong promoter (not limited to the strong T5
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 estab-
lishing that such need éxists.

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 reguested to withdraw the rejections
and pass this application to issue.

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

conference would expedite prosecution of this application,

10
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the Examiner is invited to telephone the undersigned attorney

at (415) 493-2590.

Date: /?,f’///kj
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Respectfully submitted,
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Serial No. 265,276 - Zm

Art Unit 172

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

Ceeadadion
invention. The inmvention that the "pronmoter is
characterized by....in the absence of a termination which isg
balanced with said promoter” is not supported by the
specification. Applicants peint to portions of the
specification as basis,ﬂﬁequate support is not found there,
however, since the components of the first vector are not
made clear nor is theé reason for lack of expression of the
marker.

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

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

particularly point out and distinctly claim the subject

Iy
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Art Unit 172

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 cbviate the rejectiﬁp, For example, the recitation on
page 4, lines 31~35 would be sufficient.

The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide support
for +the claimed invention. This paragraph of the statute
requires that the specification shall contain a written
description of the invention and of the manner and process
of making and wusing it, in such full, clear, concise and
exact térms as to enable any person skilled in the art to
which it pertains, or with which it is 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. Applicant'’s arguments have been noted but thef
issue can best be resolved by applicants pointing ocut -
portions ©of the specification providing the support.

Claims 1~10 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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Art Unit 172

The specification is objected to undexr 35
U,8.C,112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute reguires
that the specification shall contain a written description
of the invention and of the manner and process of making and
using it, in such full, clear, concise and exact terms as to
enable any person skilled in the art to which it pertains,
or with whie¢h it is most nearly connected, to make and use
the same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention. The
specification does not disclose what terminators may be
utilized to balance the promoter or what terminators of known
strength may be used. It would require an undue amocunt of
experimentation for one skilled in the art to determine which
terminators would function in the invention. It appears
that only the terminator of the coliphage f£d genome is
disclosed which is not basis for the broad recitation.

Claims 1-30 are rejected under 35 U.S5.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, as being indefinite for failing to
particularly point out and distinctly claim the subject

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

Claims 23-26 are rejected under 35 U.S8.C. 112,
second paragraph, as being indefinite for failing to
particularly peint out and distinctly claim the subject
matter which the applicant regards as the invention.

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

Claims 23-26 are rejected under 35 U.8.C. 112,
second paragraph, as being indefinite for failing to
particularly point out and distinctly claim the subject
matter which the applicant regards as the invention.

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

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

skilled in the art to which it pertains, or with which it is
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most nearly connected, té make and use the same, and shall
set forth the best mode contemplated by the inventor of
carrying out hisg invention. The specification reguires 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.8,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¢.112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute reguires
that the specification shall contain a written description
of the invention and of the manner and process of making and
using it, in such full, clear, concise and exact terms as to
enable any person skilled in the art to which it pertains,
or with which it is most nearly connected, to make and use
the same, and shall set forth the best mode contemplated by
the inventor of carrying ocut his invention. The
specification discloses only T5 phage strong promoters and -
it would regquire 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.S5.C. 112,
first paragraph, for the reasons set forth in the objection

to the specification.
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The specification is cbjected to under 35
U.8.C.112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute requires
that the specification shall contain a written description
of the invention and ef 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. Although the
specification mentions a replication system for eukaryotes,
no example or specific disclosures of such are given and
the specification is therefore non-éenabling for such
recitation. It would require an undue amount of
experimentation to discover systems and ways of placing such
components into a vector for insertion in a eukaryotic
system.

Claims 10, 13~17, 19, 21, 22 and 29 are rejected
under 35 U.S.C. 112, first paragraph, for thé reasons set
forth in the objection to the specification.

The specification is objected to under 35
U.S8.C.112, first paragraph, as failing to provide an
enabling disclosure. This paragraph of the statute reguires

that the specification shall contain a written description
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-
of the invention and of the manner and process of making and
using it; in such full, cleax, concise and exact terms as to
enable any person skilled in the art to which it pertains,
or with which it is most nearly connected, to make and use
the same, and shall set forth the best mode contemplated by
the inventor of carrying out his invention. The
specification does not 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 disclosure does not show measuring unknown promoters of
assay their strength.

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

The following is a gquotation 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
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time the invention was made tc 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‘(ara or T5), structural lac
genes, a marker for ampicillin resistance and a terminator
in a seguence 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
replacement of one promo£er for another in Casadaban et al
redds on the method of claims 23-26.

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

Applicants urge that the circular DNA of claim 11
distinguishes over Casadaban et al. Applicants use unclear
terms at their point of novelty, however and thus no

difference is seen.
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Applicant urge that no prior art shows a strong
promoter and balanced terminator as in ¢laim 27. The claims
do not distinguish over Casadaban et al, however, by
reciting such relative and indefinite terms as "strong® and

"halanced".

KEPPLINGER: sab 7 o, nl . ICWQXL,\
(703)557-3032 ESTHER M. KEPPLINGER -

PRIMARY EXAMINER
6-2=-83
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In re application of &

Hermann J. Bujard et al. Examiner: E, Ke:plinger

Serial No. 265,276 Art Unit: 174
Filed: May 20, 1981

For: CLONED HIGH STIGNAL

AMENDMENT
STRENGTH PROMOTERS

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

IN THE CLAIMS:

=g,
N
R

10

1. (thrike amended) A linear DNA sequence

having proximal to ong end a strong TS5 phage promoter,

proximal to the 6ther #nd a strong transcriptional

terminator balanced with said strong T5 promoter, and having
intermediate said promot r and terminator at least one of
{1) a marker for selectioh adjacént to said termiﬁator or
(2) a replication system fhreign to T5, wherein the

direction of said promoter

is away from said terminator and

said marker is expressed at ja freguency of less than about

one~fourth the frequency of ; structural gene under the

transcriptional control of sajd promoter and bridging said

linear DNA seguence to providé&a circular DNA seguence.
- = _ i

e

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

b~transcriptional—~.
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95
%ﬁ% “‘{amended) A circular DNA sequéence aseordimg

noany—ef-Claime=diy-12-or=3yAhaving a marker for selection

downstream from said terminator, wherein said marker is

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

frequency of which the structural gene is expressed and is

under transcriptional control of said promoter.

=

W
%52 {amended} A method for determining the

strength of a promoter which comprises:
inserting said promoter into a linear DNA sequence

having in the downstream direction for expression proximal

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

transcriptional terminztor of known stréngth; a marker

allowing for determination of expressioh; and a replicatiog
system recognized by a predetermined host; whereby a
circular DNA sequeénce is obtained;'

transforming said host with said cirecular DNA
sequence; {and]

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

determining the strength of said promoter is

determined by the relative degree of transcription of said

gene and said marker,

27. (twice%gmended) A DNA sequence having a
1
|
replication system rec%gnized by a microorganism, a marker
%
for selection and in do’nstream order of transcription, a

stronyg promoter, a strucfural gene foreign to said strong
3

promoter and a transcript%onal terminator which is balanced
)
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with said promoier, wherein said strong promoter is
% >
%
characterized by ‘substantially complete absence of
1
3
; A ; ,
expression of said'marker in the absence of a terminator,
3 £

and is at a frequenéy of less than about one-fourth the

frequency at which th% structural gene is expressed and said

marker is under transcbﬁptional control of said promoter.

e

~

Cancel Claim 30.

REMARKS

In view of the above amendments and the following
remarks, the Examiner is earnestly requested to withdraw the
réjections, allow Claims 1-29, the only claims under
consideration, and pass this application to issue.

A sincere effort has been made to avoid the
rejections under 35 USC 112. However, 1t appears that
applicants’ discussion in the previous response has been
inadequate to explain the subject invention. As the
Examiher is aware, the promoter i1s the site for binding of
RNA polymerase. Downstream from the promoter seguence is
the Pribnow box, which appears to designate a base
downstream from the Pribnow box for transcriptional
initiation. The theory of strong and weak promoters appears
to involve the binding efficiency of RNA polymerase to the
promoter site. By contrast, the terminator is usually
distant from the 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

additional complexities., 1Its function is to stop the RNA
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polymerase, S0 that transcription ends at a site upstrean
from the terminator.

It is not apparent that a promoter acts like a
slingshot. Why the nature of the promoter should affect the
terminator efficiency is not at all clear. However, it was
found that where one had a strong promoter, such as a T5
phage promoter, and used a terminator from a different
source, which terminator turned ocut 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 charging the 3'-non-coding end of the sequence
to include a strong termihator, coupled with a strong
promoter, expression of the marker was now achieveable.
Based on this observation and the observation that a
terminator could be leaky, the subject inventors then
conceived of the idea that by placing a marker downstream
from the terminator, one could obtain transcription of a
structural gene at a high level of transcription and

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

’ Applicants, who are respected academicians at
recognized universities, state on page 1, lines 26ff, "It
was found that when introducing a strong promoter into a
vector 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 wvalue.
Furthermore, in the Experimerital 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 B~gal
activity. The plasmid had the fd terminator and downstreanm
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 pGBUZ207 (page 17, line 25) was
chosen for further analysis. Finally, it is indicated that
the plasmid pGPU207 was shown to have a promoter which
and P

appeared to be different from P described

25 267
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 ag othér clains,
to include the limitation which the Examiner suggested,
support for which appears on page 4, lines 3I~35. The
additional amendment to Claim 1 finds sdpport on page 4,
lines 4~10 and 18-20.

There is the additional amendment, which indicates
that the promoter is directed away from the terminator in
the 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 sequénces
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. 1In that
plasmid, the promoter, indicated by the black box, is
directed toward the terminator, indicated by the black
diamond. 1If one now cleaved the plasmid at the HindIII site

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

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

The rejection of Claims 1«10 under 35 USC 112 for
failing to support having a replication system intermediate
the promoter and terminator is respectfully traversed. The
Examiner's attention is once again directed to the Figure
and the plasmid pLBUl. Again, let us assume that the
HindIII site is cleaved. Based on the description of the
plasmid, the replication system i§ now intermeédiate 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 stch
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 and a unigue restriction site between a TS5 promoter
and a terminator. Upon cleavage at the unique restriction
site, the result would be a linear DNA fragment having a
competént replication system intermediate the promoter and

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

The rejection of Claims 1-30 under 35 USC 112 is
respectfully traversed. The rejection is based on the
allegation that it would reguire undue experimentation to
determine other terminators. First, quite clearly, the
terminators of the T5 phage could be used, since it is knowh
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.
Furthermoré, the subject invention provides for an easy way
to screen these regulatory sequences. Under the L
circumstances, it is submitted that it is not undue
experimentation to provide for screening for a prcmoter,é
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 112 for
failing to define the terminator as a transcriptional
determinator has been avoided.

The rejection of Claims 23-26 under 35 USC 112 is
respectfully traversed. This rejection is based on the
failure to indicate where the promoter is inserted. It
would appear that the Examiner has overlooked the limitation
at the end of the second paragraph which indicates that a
circular DNA sequence is obtained. Thus, the insertion adtsé
as a bridge and it therefore inserted between the two ends 7
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 tc specify the
specific determination step. Claim 23 has been amended to
providé the determination step. Support for the new
language may be found on page 11, lineg 16-19. The
rejection having been avoided, the Examiner is earnestly
requested to withdraw this rejection.

The next rejection is of Claims 23~26 for failure
to indicate the particular sequence of components. The
promoter component has already been discussed as to its
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, 13-17, 19, 21, 22 and 29 is
respectfully traversed. The Examiner is well aware that
working exemplification is not required. The Examiner has
given no reason other than the absence of such working
exemplification to reject the subject claims. In the
absence of a basis for believing the subject invention is
inoperative in eukaryotes,; the Examiner is earnestly
requested to withdraw this rejection,

The rejection of Claims 23-25 for not adeguately
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 réqaested to withdraw
this rejection.

The next rejection appears to be to Claims 11-30,
but applicants will treat this rejection as Claims 1-30
based on 35 USC 103, over Casadaban and Cohen. 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 of that
article. Furthermore, another coinventor Bujard, alsoc
appears prominently in the article. If one looks at the
discussion on page 194, certain things are evident. On an
insertion of T5 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

HlndIII-generated fragments, one of which was the

same size as the vector plasmid.- . and the other

was the size of T5 HindITT fragment number 11 or

12, which were not Tesolved in our gels of

HlndIII»cleaved T5 DNA. BSince no other T5

fragment capable of promoter activity was isclated

in three separate experiments, it seems likely
that either the other fragments lack a promoter in
the appropriate relatlanshlp to a HindIII cleavage
site to accomplish expression of lac, or that the
presence of such a fragment from the v1rulent T5
phage is lethal to non~infected E. coli.
1t 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
expregsion is not observed. In contrast, when the promoter
and terminator are balanced, transcription is obtained and
expression of the lac gene is observed. It should be
further noted, that the correct explanation was not
suggested in this article.

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

promoters 25 and 26. Under the circumstances, since the

promoter observed by Casadaban and Cohen was successful in

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
and P

promoters, such as P and the promoter of the

25 267
subject invention, which prevented transcription. It seems
very unlikely in view of the results of the digestion of T5
DNA with HaeIII and Alul, 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 HindIII is somehow special and
inhibits all the other promoters from being in the right
position to provide for transcription,

Based on the above discussgion, it is evident that
Casadaban and Cohen do not suggest the subject invention,
rather they lead away from it. Their observation of an
early TS5 promoter {(see page 194}, suggests that the promoteri
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 shouid
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
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not cbserved. 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 claims'
require a marker downstream from the terminator which is
under the transcriptional control of the promoter upstream
from the terminator, these constructions are novel and
provide for a novel result. 8o far as a means for measuring
strength of promoters, the fact that promoters and
terminators needed to be balanced was not known until the
subject invention. The subject invention provides for a
means for measuring balanced terminators and promoters, as
well as the strength of the promoter and 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
withdraw the rejections and pass this application to issue.

If, in the opinion of the Examiner, a telephone

conference would expedite the prosecution of the subject

13
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application,

‘the BExaminer is

invited to call the undersigned

attorney at (415) 493-2590.

?é?o /&’3

Date

BIR/gs

Respectfully submitted,

TOWNSEND and TOWNSEND

(-
By Mf«/;w
{ Bertram I.

Reg. No.

walané
20,015

| hereby certify thal this correspontence is being deposited
with the United States Postal Service as first ?SS mail i

af envelops addressed 1o Commissioner ste}s and
Trademarks, Washington, D.C. 20231, on_ﬁgﬁ____ﬁ,_‘

(Date of Deposit}

s 4 / /\,45 w ,f; }wswo wma

Bertram 1. Rowland
Reg. No. 20,015
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DATE MAILED:

This is 3 communication from the examiner in charge of your application.

COMMISSIONER OF PATENTS AND TRADEMARKS

{_]This application has been examined {E/R:spunsive to communication filed on | ql 23 /?3 . [&1 This action is made final.

A shortened statutory period for response to this action Is set to expire 3 month(s), 2T HRYs from the date of this telter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

Partd THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
t. {] Notice of References Gited b Examiner, PT0-892, 2. [} Notice re Patent Drawing, PTO-948.

3. [} notice of Art Cited by Applicant, PT0-1449

4. (] Wotice of informal Patent Application, Form PTQO~152

5, {1 information on How to Effect Drawing Changes, PT0-1474

6. [}

Patil SUMMARY OF ACTION
i, Eﬁ/c&aims [—"’ Q-Ci are pending in the application,
Qf the above, clairﬁs are withdrawn from consideration.
% {] Claims have been cancelled,
3. ] Glaims are allowed.
4, C‘laims 2 e ‘;?'9 are rejected.
5 [ ] Claims .. are: objected to.
LR E] Claims are subject to restriction or ‘election requirement,
7. [ This a;-)piication has been filed with informal drawings which are acceptable for examination purposes until such time as allowabfe subject
matter is indicated. 4
8 ] Aitowablé subject matter having been indicated, formal drawings are required in tesponse to.this Office action.
3. C:} The corrected or substitute drawings have been received on . These drawings are acceptablé;

[ not acceptable {see explanation).

10, [ The[ ] proposed drawing correction and/or the [ | proposed additional or substitute sheet(s) of drawings, filed on
has (have) been || approved by the examiner, [ | disapproved by the examiner {see explanation).

1%L [] The proposed drawing correction, filed , has been [ japproved. | ! disapproved (see explanation). However,
the Patent and Trademark Office no longer makes drawing changes. 1t is now applicant’s responsibility to ensure that the drawihgs are

corrected, Corrections MUST be effected in accordance with the instructions set forth on the attached letter “INFORMATION ON HOW TO

EFFECT DRAWING CHANGES”, PTO-1474.

12. ] Acknowledgment is made of the claim for priority under 35 U.S.C. 119, The certified copy has ] been received {7 not been received

"] been filed in parent application, serial no, ; filed on

13, T'] Since this application appears to be in condilion for aliowance except for formal matters, prosecution as to the merits is closed in
accordance with the practice under EX parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14, 1 Other

PTOLa326 {Rev. 7-82) EXAMINER'S ACTION
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Serial No. 265,276

Art Unit 174 - 2 e

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 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 seguence.
What is being claimed~-linear or circular? The
reference to a structural gene is unclear since none 1is
positively recited.

Claims 11-16 and 18-22 are rejected under 35
U.s5.C. 112, second paragraph, &s 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.5.C.112, first paragraph, as failing to provide an

enabling disclosure, The specification does not
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disclose what terminators may be utilized to balance
the promoter or what terminators of known strength may
be used. It would require an undue amount of
experimentation to determine what terminators would
function. Applicants urge that the terminators of the
T5 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, and
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 involved with structural genes
required in high proportions. Such direction does not

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

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

The specification is objected to under 35
U.8.C.112, first paragraph, as failing to provide an
enabling disclosure., The specification is non-enabling
for promoters other that TS5 phage. This paragraph of
the statuté 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 reguire an
undue amount of experimentation to determine other
promoters which conld be used.

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

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

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

The factual inguiries set forth in Graham v.
John Deere Co., 383 U,8. 1,865.Ct, 684, 15 L.Ed. 2nd
545 {1966} 148 USPQ 459, that are applied for
establishing & background for determining obviousness
under 35 U.S8.C. 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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3. Resolving the level of ordinary skill
in the pertinent art.

Claimis 11-16, 18-22and 27-29 are rejected
under 35 U,S5.C. 103 as being unpatentable over
Casabadan et al for reasons of record. BApplicants urge
that the promoter of Casabadan et al, based on the
present invention, cannot be a strong promoter since
successful expréssion occurred. Such a relative term
does not défine a difference, Moreover, the fact that
expression occurred may be based on the presence of "a
balanced terminator"™. Applicants have not demonstrated
a difference in the promoters particularly since the
language used to distinguish is "strong" which is a
relative term.

Claims 27-29 are rejected under 35 U.S5.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

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

extension of time policy as set forth in 37 CFR
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1.136{a). The practice of automatically extending the
shortenéd 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 £inal action is set to expire three months from
the date of this action, In the event a first response
is filed within two months of the mailing date of this
final action and the advisory action is not mailed
until after the end of the three-month shortened
statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed,
and any extension fee pursuant to 37 CFR 1.136(a) will
be calculated from the mailing date of the advisory
action. 1In 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 703-557-2319.

E.Kepplinger/pmj

703~557~2319

12-23-83 ' , \

%ﬁj&L& ﬁ}q‘ kﬁ%lPQ°“2§”w
ESTHER M. KEPPLINGER )
PRIMARY, EXAMINER
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IN THE UNITED STATES) PATENT AND TRADEMARK OFFICE

SO
-

In re application of

Hermann Bujard et al. Examiner: E. Kepplf*ger

Serial No. 265,276 Art Unit: 174
Filed: May 20, 1981
Por: CLONED HIGH SIGNAL AMENDMENT UNDER RULE 116

STRENGTH PROMOTERS

San Franciscc, CA 894105
Commigsioner of Patents and Trademarks
Washington, D.C. 20231
Bir:e

In response to the FINAL REJECTION of January 10,

1984, please make the following amendments:

IN THE CLAIMS:

i

1. {fourth amendment) 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 terminator or
{2) a replication system foreign to T5, wherein the
direction of said promoter is away from said terminator and
sald 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 and

terminator, so as to be under the transcriptional control of

said promoter and [bridging] to bridge said linear DNA

seguence to provide a circular DNA sequence.

,,,,WWWWMOAW‘.

prosmvmens o

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 redquested to withdraw
the rejections and allow Claims 1~26, the only claims in
this application.

The courteous interview granted applicants!
attorney is gratefully acknowledged.

In the interview it was agreed to clarify Claim 1
which appeared to be confusing concerning whether a linear
or circular DNA sequence was being claimed. The circular
aspect is a limitation on the linear DNA sequence defining a
property of the linear DNA sequence 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 would be provided with
a readily available DNA sequence which they could use to
insert a gene t0 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 T5, namely the fd terminator, which is found 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
constructs. The particular terminator is not crucial to the

subject invention, so long as it is operative with the
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promoter. Having shown that a terminator from a different
phége can be used with the TS5 strong promoter it is
submitted that the general availability of balanced
terminators for the strong promoters has been demonstrated.
Furthermore, the TS5 terminator would clearly beé operable
since T5 is viable and able to express its structural genes.
Thus, applicants have two gpecies 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. Thesé 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 priory to the terminators and ¢rie subseguent to the
terminator in the direction of transcription. The only
reference cited concerning the claims 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 T5 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 subseguently it was concluded

that the terminator which was subsequent to the structural
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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
various fragments. So far as the few fragments that were
operative, it is unlikely that they were strong promoters
and it is submitted that the reference does not suggest the%
subject invention.

The amendments which have been made are not new
matter, merely clarify language which was present in the
claims, and are therefore believed to be appropriate and do
not require citation of specific¢ support in the
specification.

In view of the above amendments and remarks, the
application is considered in good and proper form for
allowance, and the 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,

TOWNSEND and TOWNSEND

g

S P
/ /& /_{ : e A
Date Y/ /Y By / /S biingn K

&Bertram I. Rowland'
Reg. No. 20,015

BIR/gs

I hereby certify that this correspondence is being deposited
with the United States Postal Service as first class mail in

an envelops addressed to: Commissioner of #atents and
Trademarks, Washington, D.C. 20231, on..j v/

§

/ NOWNSEND

N ?Z; /g%gt’e of Deposity

Bértrain 1; Rowlaid
Reg: fis. 58815




URITED STATES ISEPARTME&T OF COMMERCE
Patent and Trademark Office

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

SERIAL NUMBER |  FILING DATE | FIRST NAMED APPLICANT | arromney pockeT no.

B H S0 n

1 ' EXAMINER

ARTUNIT | PAPER NUMBER

=

DATE MAILED:

Below Is.a communication from the EXAMINER ‘in charge of this @pplication.

4
5. [

6. [

COMMISSIONER OF PATENTS, AND TRADEMARKS

. ADVISORY ACTION
CopTINUES 2
THE PERIOD FOR RESPONSE IS-EXTENBED TO RUN ) - MONTHS FROM THE DATE OF THE FINAL REJECTION.
855 0.G. 1109,
Appellant’s Brief is due in accordance with Rule 192'(a). .
Applicant’s response to the final rejection, filed hiag been considered with the following

effect, but it'is not-deemed to place the application in condition for-allowance:
The proposed amendments to the claim and/ar specification will not be entered and the tinaj rejection stands because:

[0 Therels no convificing showing under Rule 116(b). i

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

0 They raise the issue of new matter,

O They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for appeal.
O They present additional claims without cancelling a corrésponding number of finally rejected claims.

S N

Newly proposed oramended claims would be allowed if submitted in a'separately
filed amendment cancelling the non-allowabls claims.

Upon the filing of an appeal, the proposed amendment 7 wittbe T witt not.be, entered and the status of the claims in this appl-
cation would be as foliows:

a. {1 ciaims would be allowable.
b. [ claims would not be allowable.
However:
43! J Tthe refection of claims on references is deemed 1o be overcome by applicant's
response.
2} 7 The rejection of claims on non-reference grounds only is deemed to be overcome by

applicant's response.
The affidavit, exhibit or request for reconsideration has been entered but does not overcome the rejection.

The affidavit or exhibit will not be admitted because appiicant has not shown good and sutficient reasons why it was not earlier
presented.

The application having been examined under the special accelerated examining procedurs (M.P.E.P. 708.02), the proposed amendment
hias not been considered since it dees not prima facie place the application in condition for aowance or in better condition for appeal.

PEOL A Rey, 4280
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Serial No. 265,276 -

Art Unit 128

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

The amendment filed March 15, 1984 under 37 CFR
1.116 in response to the final rejection will be
entered upon the f£iling 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: 1-1€@, 17 and 23 -~26
Rejected claims: 11-16 and 18-22
Claims obijected 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 Casabadan et al stands.
hpplicants argue that the plasmids with T5 became
cryptic and while a few fragments were operative, it is

unlikely that the promoters were strong. On page 194
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Serial No. 265,276 -

Art Unit 128

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

with the promoter”.

Kepplinger:pw

A/C 703 A /Lﬂw kéf%afm;r

557-3920 ii?’
ESTHER M. KEPPLINGER

473784 PRIVIARY EXAMINER
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TOWNSEND AND; TOWNS EN D
Steuart Street Tower
Cne Market Plaza 4

San Francisco, CA 94105"
{415) 543:9600

Atty. Docket No,___ 0 490-35

April 27, 1984

Date

In re application of Herma 'n“ Bu ard et al.
p 3 I hereby certify that this correspondence is being depasited

Serial No. 265.276 N with the United States Postal Seevice as hrst class mail in
! an envelope addressed to: (‘ommlss:onsr 313;;{ apd
B J
Filed May 20, 1981 Trademarks, Washington, D.C. 20231, on_2

(D;te nt Dsposzt‘

For CLONED HIGH SIGNAL STRENGTH / Wm &. Tﬁkﬂ!&[’fﬂ) Ve
PROMOTERS Dats LA £ / o

THE COMMISSIONER OF PATENTS AND TRADEMARKS e 2/ T Bz %”@éﬁﬁﬁﬁ;

Washington, D.C, 20231 g:;(?‘?; 1‘2(?%5’;?"3

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

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

[ 1 A verified statement to establish small entity status under 37 CFR 1.9 and 1.27 is enclosed.

[x1 No additional fee is required.
X Extension Fee (1 month)
The fee has been calculated as shown below:
OTHER THAN A

(Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
HIGHEST NO.
- PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT,
PAID FOR EXTRA FEE OR FEE
. i ]
roraL|* MINUS 1= x5= |8 x10= | $
npEP, | * Minus | = x15= |8 x30= | %
[ ] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +50= | $ +100= |8
TOTAL ~

ADDIT, FEE | ° OR TOTAL | §

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

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

[ 1 Please charge my Deposit Account No. 20-1430 in the amount of § ~0- A duplicate copy of this
sheet is attached.

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

[®] Any filing fees under 37 CFR 1,16 for the presentation of extra claims.

[¥]. Any patent application processing fees under 37 CFR 1.17.

TOWNSEND & TOWNSENE

el i L ,«Z{:@M,Mﬁ}’&z «‘»——w’/:a/
pertram I. Rowland

//

Reg.No.: 20,015
Attomey of Record

T&T3IZ

-106-



1 &

oo TR ¢ (/\Q) ‘2-({ 5' jfmmgf?
» RECEIVED ™3

GrROoUP 129 5490~-35 ey TR

IN THE UNITED STATES PATENT AND TRADEMARK OFFIGROUP 120
In re application of
Hermann Bujard et al. Examiner: E. Kepplinger
Serial No. 265,276 Art Unit: 128
Filed: May 20, 1981

For: CLONED HIGH SIGNAL
STRENGTH PROMOTERS

EXTENSION FEE

San Francisco, CA 94105
Commissioner of Patents. and Trademarks
Washington, D.C. 20231
Sir:

The Commissioner is authorized to charge Deéposit
Account No. 20~1430 in the amount $50.00 for an extension
fee for respoénse within the first month.

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

Respectfully submitted,

TOWNSEND and TOWNSEND

Date 1//'/; 74/9"

z%ertram I. Rbwland
Reg. No. 20,015

BIR/gs

! hereby certify that this correspondence is baing deposited
with the United States Postal Service as first class mail in
an ehvelope addressed to: Commusmonor oi Pafents /and

Trademarks, Washinglon, DL ¢oa 2
‘ {uitz of Deposity
p -
i ; R 4 ND
- TR o LN
D %/5/7 (f v Bemami Rowland
Reg. No. 20,015
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TOWNSEND anp TGWRNSEND

Steuart Street T -

Steuart Strect Tower o 4 ﬁ'? Atty. Docket No
,‘ A

5490-35
One Market Plaza i
April 27, 1984

San Francisco, CA 94105 o <

(415) 543-9600 & 1oy Date

In re application of

I hereby certify that this corsespondence is bsing deposited

. with the Unied States Postal Seryi irst i
Serial No. 265,276 ce as first slass ‘mail in
erial No 27 ?n envelnpe addressed  to: Commission?f/fa;teni and
- May 20, 1981 rademarks, Washington, D.C, 20231, on TR D z.

o (li%f Deposit}
For CLONED HIGH SIGNAL STRENGTH i & theierm
PROMOTERS Dats 7,200/&/ o it . |

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

Bertram 1. RO
Reg. No, 20,015
Sir:

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

i1 Small entity status of this applicaticn under 37 CFR 1.9 and 1.27 has been established by a verified statement
previously submitted.

[1 A verified statement to establish small entity status under 87 CFR 1.9 and 1.27 is enclosed.

%1 No additional fee is required.

X Extension Fee (1 month)
The fee has been calculated as shown below: .
OTHER THAN A

 (Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST NO. ' _
| REMAINING | PREVIOUSLY | PRESENT RATE | ADDIT. RATE | ADDIT.
| AFTER PAID FOR | EXTRA FEE | OR FEE
| avenpment SRR
TOTAL | minus | ** = x5= | § x10= |§
INDEP. | * minus | = x15= | % %30= |§
[ ] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +50= | $ +100= |$
TOTAL ‘
ADDIT. FEE | ¥ OR TOTAL 13

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

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

{ 1 Please charge my Deposit Account No. 20-1430 in the amount of § -0~ A duplicate copy of this
sheet, is attached.

{¥] The Comimissioner is hereby authorized to charge payment of the following fees associated with this communication
or credit any overpayment to Deposit Account No. 20-1430. A duplicate copy of this shéet is attached.

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

[¥] Any patent application processing fees under 37 CFR 1.17.

T 7

TOWNSEND & TOWNSENH _ /

Ao il

Bertrém I. Rowland

Reg. No.: 20,015
Attomey of Record

TEY 37
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5490-35
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
\cin re application of
Hermann Bujard et al. Examiner: E. Kepplinger
Sexrial No. 265,276 Art Unit: 128
Filed: May 20, 1981

For: CLONED HIGH SIGNAL EXTENSION FEE

STRENGTH PROMOTERS

N e S et e it ot Nt S et

San Francilsco, CA 94105
Commissioner of Patents and 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 Deposgit
Account No. 20-1430. This sheet is provided in triplicate
for accounting purposes.

Respectfully submitted,

TOWNSEND and TOWNSEND

Date &//:J 7/{”? By o eads A

sBertram I. Rowland
Reg. No. 20,015

BIR/gs

1 hereby certify that this corfespondence is baing depnsitgﬂ
with the United Slates Postal Sarvice as first class mall in

an envelope addressed to: Commsmondt mL Patents sand
Trademarks, Washington, DL ¢z @ /,JZ) 75_{2/ Y
idite of Deposiy

CoL wﬁ’ﬁ{?z@ 4/ TOungEND
e A? by eyl

i med Bertram L Rowland
Reg. No. 20,015
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TOWNSEND AND J«@WNSEND
Steuart Street Tower //\' o ’ Atty. Docket No 5490~-35

One Market Plaza ¢
San Trancisco, CA 94}‘05 April 27, 1984

(415) 543-9600°

Date

In re application of “Hermann Bujard et al.
pp S J ' hereby certify that this correspondence is being deposited

‘ S with the United States Postal ‘Service as first class mail

Serjal No. 265,276 ;m envelope addressed to: Commissioner ) /f?sientsj'ap‘g

Filed May 20, 1981 fademarks, Washinglon, DL 201, o< {Date_of D ity

) eposity

For CLONED HIGH SIGNAL STRENGTH TQ:’/NSE"JU & T()W(Eﬂ'{)
PROMOTERS Date &/ rf/f// BVM‘”‘LW

THE COMMISSIONER OF PATENTS AND TRADEMARKS et

Washington, D.C. 20231 R:gr?‘ln; 1252?? "

Sir:

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

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

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

X Extension Fee {1 month)
The fee has been calculated as shown below:

‘ OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS "1 HIGHEST NO. _ ) ]
‘REMAINING PREVIOUSLY | PRESENT RATE | ApDIT. | | RATE | aDDIT.
AFTER , PAID FOR | EXTRA FEE | OR FEE
AMENDMENT | o ‘ , -
Ed * % 1.
TOTAL MINUS = x5= | § x10= 1§
INDEP, | ¥ miNus | = x16= | § x30= |
[ ] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +50= | § +100= | $
TOTAL
ADDIT. ¥58 | ° OR TOLAL | &

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

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

[ ] Please charge my Deposit Account No. 20-1430 in the amount of $ =0- A duplicate copy of this
sheet is attached.

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

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

[¥] Any patent application processing fees under 37 CFR 1.17.

TOWNSEND & TOWNSEND

i {%ﬁé%m «fffﬁdw’é;/ |

pertram I. Rowland

Reg. No.t 20,015
Attorney of Becord

T&T 37
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5490~35 MISC1

i*f% THE UNITED STATES PATENT AND TRADEMARK OFFICE

LN

In réyépplication of

Hermann Bujard et al. Examiner: ©E., Kepplinger

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

STRENGTH PROMOTERS

ot et St ot o St st g Nt vt ot

San Francisco, CA 94105

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

Sir:

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

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

Please rewrite claim 17 as follows:

-—-27. A circuilar DNA sequence having a downgtream
order of transcription a strong T5 phage promoter, a
structural gene foreign to T5 phage, a balance terminator, a
marker for selection, and a replication system.--

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

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

Remarks

In view of the above amendments and the following
remarks, the Examiner is earnestly regquested to pass this
application to issue, since all of the claims are now

allowable.
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Rejected claims 11-16 and 18-22 have been
cancelled. (Claim 17 has been written in,independenﬁ form,
since it previously depended upon rejected and now cancelled
claims. Since the c¢laim 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 reguested 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 applicatiocn, the Examiner is invited to
telephone the undersigned at (415} 493-2590.

Respectfully submitted,

TOWNSEND and TOWNSEND
// e i Sy
7/ 22/

i s ' %
“Hertram I. Rowland
Reg. No. 20,015

Date

BIR:svh

(415) 493-2590

| hereby certify that this correspon is bai
_ this ponidence is baing d
with the United Stafes Postal Servics as 1irst,ctag i

an envelope addressed to: Commissioner 8;: i
Trademarks, Washington, D.C. 20231, on_ /0 3741
i (Date of Deposity

5

iser s o
Date By G E el i s, S
Bertram 1. Rowland
Reg. No. 28,015
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: /‘i:(x > j
- | UNITED STATES DEPARTMERNT OF COMMERDE
Patent and Trademark Dffice

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

SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT | atroaney pocker o,
PRt e AR B} St T
TLBIRE LY . EXAMINER
T OTINER: EREELTHNG
PN
o Dy BMLLIOT ART UNIT | PpapER NumBER
7
15"

ARG R
DATE MAILED: A

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

COMMISSIONER OF PATENTS, AND TRADEMARKS

, ADVISORY ACTION

({ ConNTIMuES f’[
THE PERIOD FOR RESPONSE IS EXFERDEDTO RUN MONTHS FROM THE DATE OF THE FINAL REJECTION.

O

. O3

P
5. [

6. [

855 0.G. 1109.
Appsitant’s Brief is due in accordance with Rule 192 (a).

Applicant’s response to the final rejection, fited s has been considered with the following
effect, but it is not deemed to place the application in condition for aowance:

The proposed amendments to the claim and/or specification will not be entered and the final rejection stands because:

a. [ There is no convineing showlng under Fule 116(b).

b, [J They raise new issues that wauld require further consideration gnd/or search,

c. They raise the issue of new matter.

4 O They are not deemed to place the application in better form for appeal by materfally reducing.or simplifying the issues for appeal.
e. [ They present additional claims without cancelling a-corresponding number of finally rejected claims.

Newly proposed or amended claims would be allowed if submitted in a separatsly

filed amendment cancelling the non-aliowable claims.

Upon the filing of an appeal, the proposed amendment 3 wintbe [ wilt nat be, entered and the status of the claims in this appli-
cation would be as foliows:

a [0 craims would ba allowable.
p. [] Claims would not be allowable.
However:
1) ,D The rejection of claims on refergnces is deemed to be overcome by applicant's
response.
2 0 The rejection of ctalms on non-refersnce grounds only is deemed to be ovarcome by

applicant’s response.
The alfidavit, exhibit or requast for reconsideration has been entered but does not overcome the rejection,

The affidavit or exhibit will not be admitted because applicant has not shown good and sufficient reasons why it was not sarlier
presented.

The application having been examined undér the special accelgrated examining provedure (M.PE.P. 708.02), the proposed amendment
has not been considéred since it does not prima facie place the application in condition for alfowarice or in better condition for appéal.

PTOL3G3 ey, 10-80¢
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Serial No. 265276 -2

Art Unit 128

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

The amendment filed April 30, 1984 under 37 CFR
1,116 in response to the final rejection has been
considered but is not deemed to place the application
in condition for allowance and w%ll not be entered
because:

The proposed amerndment raises new issues that
would require further consideration and/or search.

The directed claims 27-29 cannot be entered since
claims 27-30 were previously in the application and
cancelled. Moreover, the claims would be 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 11~16 and 18-22 would, however,
eliminate some rejections if resubmitted.

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

simplifying the issues for appeal.
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Serial No. 265276 =3

Art Unit 128

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

1. Serial Number {checked for accuracy).

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

703-557-3920.

Kepplinger:xt
A/C 703
557-3920

5/23/84 ™
(Q@&% . Kuf’f‘ﬁuﬁm

ESTHER M. KEPPLINGER
" PRIMARY EXAMINER
ART UNIT 128
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In re application of
Hermann Bujard et al.
Serial No. 265,276

Filed: May 20, 1981

STRENGTH PROMOTER

For: CLONED HIGH SIGNAL

g G A

6.5 6= %4

A.“ThImEs

= 4
5490-35

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: E. Kepplinger

RECEIVED,

RRAARTRO TS

GROUP 120

Art Unit: 128

FEE FOR
EXTENSICN OF TIME

wWashington, D.C. 20231

Birs

to Deposgit Account No.

purposes.

pate __ G / cf//f’Y

BIR/gs

2284 06715784 26588746

San Francisco, CA 94105

Commissioner of Patents of Trademarks

The Commissioner is authorized to charge $150.00
20-1430 for an extension of time to
file the enclosed response within the second month.

The Commissioner is further authorized to charge
any additional fee or credit any overpayment related to
£iling the enclosed response to Deposit Account No. 20~1430.

This sheet is provided in triplicate for accounting

Respectfully submitted,

TOWNSEND and TOWNSEND

o
5 N
e ““wayﬂ i
5 it A id
By o i Ao %MW

Bertram I. Rowland
Reg. No. 20,015

20-1430 2 116 150.000H
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ngp re application of

Hermann Bujard et al.
Serial No. 265,276
Filed: May 20, 1981

CLONED HIGH SIGNAL
STRENGTH PROMOTER

For:

N et et A St St St Vs et et !

5480-35

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: E. Kepplinger

Art Unit: 128

FEE FOR
EXTENSION OF TIME

San Francisco, CA 94105

Commisgioner of Patents of Trademarks

Washington, D.C. 20231

Sir:

The Commissioner is authorized to charge $150.00

to Deposit Account No., 20~1430 for an extension of time to

file the enclosed response within the second month,

The Commissioner is further authorized to charge

any additional fee or credit any overpayment related to

filing the enclosed response to Deposit Account No. 20-~1430.

This sheet is provided in triplicate for accounting

purposes.

¢ /e

Date

BIR/gs

Respectfully submitted,

TOWNSEND and TOWNSEND
ra

v

y I 7 5
s A e £ /,/v

Byf%j;”gi&ngwkbwwﬁﬁﬁwfﬁ
Bertram I. Rowland
Reg. No. 20,015
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5490-35

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Lk *‘%V re application of
Hermann Bujard et al. Examiner: E. Kepp.l'x;ger
Serial No. 265,276 Art Unit: 128
Piled: May 20, 1881

THIRD AMENDMENT
UNDER RULE 116

For: CLONED HIGH SIGNAL
STRENGTH PROMOTER

St S e ot St S Nt ot Mot et

San Francisco, CA 94105
Commissicner of Patents of Trademarks
Washington, D.C. 20231
Sir:
U&”‘j In response to the Advisory Action of May 30,
1984, please amend the subject application as follows:

3 IN THE CLAIMS:

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

REMARKS

Cancellation of the above claims places the
subject application in condition for allowance, Claims 1-16,
17 and 23-26, the only remaining claims in this application,
having been allowed. Newly submitted Claims 27-28
(mignumbered) are not to be considered. The Examiner is
earnestly requested to pass this application to issue.

Respectfully submitted,

TOWNSEND and TOWNSEND

pate & A’/ pr(/ By §%W4‘%«f

ertram I. Zowland
Reg. No. 20,015

BIR/gs | hereby certify that this correspondence is béing deposited sg/
with the United States Postal Service as first class mail in
an envelope addressed to: Commissioner te and

Trademarks, Washington, D.C. 20231, on_{

bate /’//p’/ By

{Date of Deposut}

f%&j@/ﬁme

Bartrain 1. Rowland
feg. No. 20,015
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UNITED STATES L -PARTMENT OF COMMERCE
Patent and Trademark Office

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

SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT [ aTToRrNEY DOGKET No. |-

A5 76 ‘://zo /z( §%Mv_ﬂ_ ot el 549 - 35

,.
et

EXAMINER

—
’ [/}2

ART UNIT } “BAPER NUMBER

23 g

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants {applicant, applicant's representative, PTO personnel}:
7 3 it

(2} {4)

e

/ ;o [
Date of interview ix{f%~§g§,k_/¢)r P, 1% 'f -

v

Type: E/Telephomc [ Personal {copy is given to [ applicant [ applicant’s representative).

Exhibit:sHown or demonstration-conducted: {1 Yes E/No. If yes, brief description:

Agreement %as reached with respect to'some or all of the claims in guestion. [ was. ot reached.

Claims discussed: @ 7

Identification of prior art discussed:

Description-of the general nature of what was agreed to if an agreement was reached, or any other-¢omments: (/U,G, i‘v?ﬁ.&;«a»(, ‘& ) ,,Zr,_ﬂ/_, ) o
]

1 » o : .
T mmadee tha Gl ,\,Mwmmw S@L (/XWMMM ‘M&-’L“uﬂf

{A fuller description, if necessary, and a copy of the amendments, if available, which the éxaminer agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must he attached.)

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

NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW fe.g., items 1—7 on the reverse side of this form). If a response. to the
last Office action has already been filed, then applicant is given one-month from this interview date to provide a statement of the substance of the interview.

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

[0 since the examiner’s interview summary above (including any attachments) reflects a complete response to each of the obgect;ons rejections and
requirements that may be present in the last Qffice action, and since the claims are nizwsallowable, this completed fort is considered to fulfill the
response requirements of the last Office action. .

( \,L\,&L'\.._. m/\' A

81-3679 PTOL-413 (rev. 1-81) Examiner’s Signature

RIGINAL FOR INSERTION IN RIGHT HAND ELAP OF FILE WRAPPER

P
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PTOL - 37 {Rev. § - 82)

UNITED STATES DL ARTMENT OF COMMERCE
Patent and Trademark Dffice

Address -COMMISSIONER -OF PATENTS AND TRADEMARKS
Washinglon, D:C 20231

SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT v ATTORNEY DOCKET NO,
5276
" bl EXAMINER
ART UNIT, | PAPER NUMBER
: 7
94
DATE MAILED: / '
This s a communication from the n charge ot your apphcaton

COMMISSIONER OF PATENTS AND TRADEMARKS

{_E'(THlS IS AN ATTACHMENT TO THE NOTICE OF ALLOWANCE AND BASE ISSUE FEE DUE, PTOL 85.
{.:Z"VMI the cigims being allowable; PROSECUTION: ON THE MERITS {$ CLOSED in this application. 1f not atlached hereto, a Notice of Aflow«
ance or other appropriate communication will be seat in due course,

A, {77 ‘Mete the attached PTD-152, Notice of Informality, which. indicates that the declaration {or oath) is deficient and that a- substitute
is required. The substitute declaration (pr oath) MUST BE SUBMITTED WITHIN THE THREE MONTH STATUTORY PERIOD SET
FOR PAYMENT OF THE BASE ISSUE FEE IN THE “NOTICE OF ALLOWANCE AND BASE ISSUE FEE DUE” (PTOL-85), prefer-
ably with and allached to the base issue fee. Note that the statite does notpermit extension of the three month period set for pays
ment of the base issue fee. Failure totimaly file the substitute declaration {or 0ath) witi result in ABANDONMENT of the applica-
tion. The transmittal letter accompanying the deciaration {or 6ath) should indicate the following Ib thé upper right band carner:
fssue Bateh Number; Date of the Notice of Allowance, and Serial Number,
B. 7 Formal drawings are now required and MUST BE SUBMITTED WITHIN THE THREE MONTH STATUTORY PERIOD SET FOR PAY-
" MENT OF THE BASE ISSUE FEE IN THE “NOTICE OF ALLOWANCE AND BASE ISSUE. FEE DUE" (PTOL-85), Hote that the
statute dees not permit extension of the three month period set to pay the base issue fee. Failure 1o timely submit the drawings
will result in ABANDONMENT of the application. The drawings should be submitted 35.a separate paper with a transmittat letfer
which s addressed to the Official Drafisman and which indicates the following in the uppar right hand corner:
ssue Batch Number; Date of the Notice of ‘Allowance, and Serial Number.

J'/The clajms are aliowed in view of:
2 raz(‘;pp!mon{’s cx itation fifed 3/’§/‘?‘/ and & /l 4 /ﬁ'(./
b. Qfﬁfhe interview summarized on the attached EXAMINER INTERVIEW SUMMARY RECORD, PTOL-4)3.
& . Theattached Examiner"s Amendment,

d. [} An Examinés's Amendment which wifl follow in due course.

“ R 3 2, Jeveey » 3
D. % The attowed claims are | ~1s ) )k 22 24
Note the attached Examinef’s Statement of Reasoné for Allowance.

(-

3 E:] Note attached NOTICE OF REFERENCES CITED, PT0-892, which is part of this communication, The listed references are considered to

be pertinent to the claimed invention, but the claims are deemed to be patentable thereover.
[[7] Note attached LIST OF ART GITED BY APPLICANT, PTO-1449,

[ The drawings filed onee . [" ] are acceptable as filed, [__]are acceptable subject to-gorrection as indicated on thé
attached Notice re Drawings, PT(0-248, in order to avoid ABANDONMENT of this application, correction is required, Corrections can only
be made in accordance with the.instructions. set forth in the attached letter “INFORMATION ON HOW TO EFFECT DRAWING CHANGES

PTO-1474,

{71 The {7 proposed drawing correction and/or the [ j.proposed additional or substitute sheel(s) of drawings filed on

has ihave) beew approved by the examiner. Applicant is reminded that in order 46-aveid abandonment of this applicast, execution of the
oroposed changes or-submission of additional or substitufe drawings MUST be made in accordance with the instructions set forth in the tetter,
“INFORMATION ON HOW TO EFFECT DRAWING CHANGES", PT0-1474, attachéd to Paper No.

Y71 The proposed drawing correction, filed , has been approved. However, the Patent and Trademark Qifice no
fongef makes drawing changes. it is now applicant's respensibility to ensure that the drawings are corrected, Corrections are required and
MUST be effected in accordance with the insteuctions set forth on the atlached fetter “INFORMATION ON HOW TO EFFECT DRAWING
CHANGES", PT0-1474.

I} In order to-avoid ABANDONMENT, the drawing informatities noted on the Notice re Drawing, PT0-948, attached to Paper No. st
now be corrected. Applicant is reminded that the corrections can only be made in accordance with the instructions set forth in the letfer
FINFORMATION ON HOW TO EFFECT DRAWING CHANGES', PT0-1474, attached to the PT0-948,

") Acknowledgment is made of the claim for priority unger 35 U.S.C. 119, The certitied copy bas; 7} been received, | i not been received.

I been fited in parent.application, Serial Mo, ... .. fited on

%L,;tjk‘b\d ﬂ/\ ’TLQU‘/' %
ESTHER M. KEPPLINGER

NOTICE OF ALLOWABILITY PRIVARY EXAMINER
ART UNIT 128
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Serial Mo. 265276
Art Unit 128

In claim 17, 1ine 1, delete “according”.,

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

“and inserted}-having in downstream order of

transcription a strong T5 phage promoter, a structural

gene foreign to TS5 phage under transériptional control

of said promoter, a transcriptional terminator which is

balanced with said promoter and a replication system

and--.

The above change was authorized by applicant's

attorney, Bertram Rowland, in a telephone interview on

August 1, 1984,

Kepplinger:cvm
A/C 703
557-3920
8/2/84
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PTOL-85 {Rev. 8-82)

UAITED STATE- DEPARTMENT OF COMIMERCE
Patent and Trademark Office

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

NOTICE OF ALLOWANCE
AND ISSUE FEE DUE

All communications regarding this
application should give the serial
number, date of filing, name of
applicant, and batch number.

-

Please direct all communications
to the Attention of “OFFICE OF
PUBLICATIONS" unless advised
to the contrary.

The application identified below has been exarnined and found altowable
for issuance of Letters Patent. PROSECUTION ON THE MERITS IS CLOSED,

SC/SERIAL NO. FILING DATE | TOTAL CLAIMS EXAMINER AND GROUP ART UNIT [ DATE MAILED

-+

ai VPR TR

SR AR

First
Named
Applicant e

PR MR

TITLE OF
INVENTION

ETRENGTH PROMOTERS

ST NAL

| ATTY'SDOCKETNO. | CLASS-SUBCLASS | BATCH NO.] APPLN. TYPE [SMALLENTITY| FEEDUE | DATE DUE

i, G

il e G 100

The amount of the issue fee is specified by 37 C.F.R. 1.18 as follows: for an original or reissue patent, except for a design or piant patent, $500;
for a design patent, $175; and for a plant patent, $250. If the applicant qualifies for and has filed a verified statement of small entity status in
accordance with 37 C.F.R. 1.27, the issue fee is one-half the réspactive amount aforementioned. The issue fee due printed above raflects
applicant’s status as of the time of mailing this notice. A varified staterment 'of small entity status may be filed prior to.or with payment of

the issue fee, However, in accordance with 37 C.F.R. 1.28, failure 10 establish statlis as a small entity prior to or with payment of the issue fee
preciudes payment of the issue fee in the amount ¢o established for small entitiés and precludes a refund of any portion thereof paid 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 indicated above. The appli-
cation shall otherwise be regarded as ABANDONED, The issue-fee will not be accepted from anyone other than the applicant; a registered
attarney or agent; or the assignee or other party in interest as shown by the records of the Patent and Trademark Office. Where an authorization
to charge the issue fed to.a deposit account has been filed before the mailing of the notice of allowance, the issug fee is-charged to the deposit
account at the time of mailing of this noti¢e in accordance with 37 C.F.R. 1.311. If the issue fee has been so charged, it is indicated above,

in order to minimize delaysin the issuance of ‘a patént based on this application, this Notice may have been mailed prior to completion of final
procsssing. The nature and/or extent of the remaining revision or processing requirements may cause slight delays of the patent. In addition,

if prosecution is to be reopened, this Notice of Allowance will be vacated and the appropriate Office action will follow in due course. If the

issue fee has aiready been paid and prosecution is reopened, the applicant may request a refund or request that the fee be credited to a Depuosit
Account. However, applicant may wait until the application is either found allowable or held abandoned. If allowed, upon receipt of a new Notice
of Allowance, applicant may reguest that the previously submitted issue fee be applied. If abandoned, applicant may request refund or credit to

a Deposit Account.

In the case of each patent issuing without an assignment, the complete post office address of the inventor{s) will be printed in the patent heading
and in the Official Gazette. If the'inventor’s address is now different from the address which appears in the application, please fili in the informa-
tion in the spaces provided on PTOL-85b enclosed. If there are address changes for more than two inventors, enter the additional -addresses on
the: reverse side of the PTQL-85b.

The appropriate spaces in the ASSIGNMENT DATA section of PTOL-85b must be completed in all cases. If it is desired to have the patent issue
to an assignee, an assignment must have been previously submitted to the Patent and Trademark Office or must be submitted not later than the
date of paymerit of the issue fee as required by 37 C.F.R. 1.334. Where there is an assignment, the assignee’s name and address must be provided
on the PTOL-85b to ensure itsiinclusion in the printed patent.

Advance orders for 10 or more printed copies of the prospéctive patent can be made by completing the information in Section 4 of PTOL-85b.
and sibmitting payment therewith. If use of a-Deposit Account is being authorized for payment, PTOL-85¢ should also be forwarded. The order
must be for at least 10 copies-and must accornpany the issue fee. The copies ordered will be sent only to the address specified in section 1 -or
1A[nf PTOL-85b.

IMPORTANT

x] Note attached communication from Examiner,

D This notice is issued in view of
applicant’s communication filed

PATENT AND TRADEMARK OFFICE COPY
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ATTENTION 1S DIRECTED TC 37 C.F.R, 1.334

THE PATENT WILL ISSUE TO APPLICANT
UNLESS AN ASSIGNEE 1S SHOWN 1IN
ITEM 3 ON FORM PTOL-85b, ATTACHED



PTOL-85hb {Rav. 8-82)

ISSUE FEE TRANSMITTAL

U.S. Department of Commerce
Patent and Trademark Office

This form is provided in lieu of a formial transmittal ‘and shouid be used for transmitting the Issug Fes, Sections 1A through 4 must be completed asappropriate,

MAILING INSTRUCTIONS

Alt further correspondence including the Jssue Fee Receipt,
the Patent, and advanced orders will be mailed to the addressee
entered in section 1 on PTOL-88c¢, unless you direct otherwise

Strest Address

by specifying the appropriate name and address in 1A below.

2A. The COMMISSIONER OF PATENTS AND TRADE-

City, State and Zip Ccde\ A EQ *7

MARKS is requested to apply the Issue Fee to the
application identified below.

CO-INVENTOR'S NAME o fﬁﬂfé‘

TOWNS%ND and ’I‘O’G%ﬁEND

{Data)

Street Address

10/24/84

City, State and Zip Code

&8 ’acc?;:ﬁ‘e‘é fvg 5

’ anyonea other zhan the applicant; a
registersd attorney or agent; or the

[ 1 Check if additional changes are on reverse side.

assignee or other party in jnterest as
shown by the records of the Patent and
Trademark Office.

| SC/SERIALNO.. | FILINGDATE |TOTAL CLAIVS| EXAMINER AND GROUP ART UNIT |  DATEMAILED
chetgnat B2 B EEPRLIBGER s ® LA
;irst , ]
et na g I
Applicant___FLIFHRD s HERMAHIM
TR on  TLOMED HIGH SINtML STREMGTH PROBOTERS
[ ATTY'SDOCKETNO, | CLASS-SUBCLASS - | BATCH NO| APPLN. TYPE |SMALLENTITY| FEE DUE | DATE DUE

S04, 000 €12

by

UYLV

I hereby certify that thxs correspondence i being depasited
with the: United States Postal Servme as frst class. ma;t in

2B. For printing on the patént front

page, tist the names-of not more 1 ngz ram

than 3 registered patent attorneys 1. Rowland

or agents OR, alternatively, the

riame of a firm having as 2 mem- 2

bera registered attorney or agent.

If no name is listed, no name. 3 2

will be printed.

“USE THIS SPACE

3. ASSIGNMENT DATA {printor type}

R Y-ty
A, g;; Xhls appll i #15 NtOT a3sign:

ssignmantprediousisbratie

{3} Assignment subr':uttez,he??’ﬁu;fthz

B.  For Printing On The Patent: {Unless an assigneée is idermfted below, no
assignee data will appear on the patent. Inctusion of assignee data below
is only appropriate when an assignment has been previously submitted to
the FTO or is submitted herewith, Completion of this form is NOT a

-~ substitute for filing of an assignment as required by 37 C.F.R. 1.334}

4, (1) NAME OF ASSIGNEE: The Board of Trustees of

the Leland Stanford Jr. University
{2} ADDRESS! {City & State or Country}
Stanford, California
{3} STATE OF (NCORPORATION, IF
ASSIGNEE 1S A CORPORATION: California.

4,

The fo owmg ’rees are. enc{ose

The following fees should be charged to

20-1430

{PTOL-85¢ or additional copy of
FTOL-85b must ba enclosed)

depasit acc. no.

}@t ssug fee u “
ﬁAdvanced order . . Y
] Assignment recarding Qi?

Number of advanced order copies requestad. 10
{must be for 10 orf more copies)

TRANSMIT THIS FORM WITH FEE
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Applice: Patentee:; HERMANY ., BUJARD ET AL . Docket No._881-17
Seffal ok Patent No.: 265,216
Filed of Bssy: May 20, 1981

;gorqﬂ' % "CLONED HIGH-SIGNAL STRENGTH PROMOTERS"
&

Bk
A %&@.

34 VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS
[37 CFR 1.9(f) and 1.27(d)] — NONPROFIT ORGANIZATION

x,,.,,, - %
Ak “{/
%rc{l‘gxiafée‘ ¢lare that 1 am an official empowered to act on behalf of the nonprofit organization identified below:

NAME OF ORGANIZATION: ___ STANFORD UNIVERSITY
ADDRESS OF ORGANIZATION: 105 Encina Hall, Stanford, CA 94305

TYPE OF ORGANIZATION

[ 1 UNIVERSITY OR OTHER INSTITUTION OF HIGHER EDUCATION

[ ] TAX EXEMPT UNDER INTERNAL REVENUE SERVICE CODE [26 USC 501(a) and 501(c) {3)]

{ ] NONPROFIT SCIENTIFIC OR EDUCATIONAL UNDER STATUTE OF STATE OR THE UNITED STATES OF

AMERICA
(NAME OF STATE )
(CITATION OF STATUTE )

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

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

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

. described. in

[ 1 the specification filed herewith
KX]  application serial no.__ 265,276 , filed___May 20, 1981
[ ] 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(d) or by any concern which would not qualify 4s a small
business. concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e). *NOTE: Separate verified
statements are required from each rniamed person, concern or organization having rights to-the invention averring to their
status as small entities (37 CFR 1.27).

NAME
ADDRESS, , .
[ ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ 1 NONPROFIT ORGANIZATION
NAME
ADDRESS
[ 1INDIVIDUAL [ 1 SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

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

I hereby declare that a1l statements made of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like are punishable by fine or imprisonment, or both, under 18 USC §1001, and may jeopardize the
validity of the application, any patent issuing thereon, or any patent to which this verified statement is directed.

NAME OF PERSON SIGNING Ratharine Ku
TITLE IN ORGANIZATION Associate Director, Technology Licensing
ADDRESS OF PERSON SIGNING 105 Encina Hall, Stanford, CA 94305

SIGNATURE WW 76«, ‘ DATE  10/17/84

T&T 386
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#orM PT0-875 1.5, DE FMENT OF COMMERCE | SERIAL NUMBER FILING DATE
SREN, ¥1.77) PaTENT AnD TRADEMARY OFFICE
265074 |S-99-¢
PATENT APPLICATION FEE DETERMINATION ey omres
RECORD
@ ’ /v/
CLAIMS AS FILED - PART4
L {2} (3) 18} {5)
FOR NUMBER NUMBER RATE BASIC FEE
FILED FILED $65.00
TOTAL o= = X $2.96 é’
CLAIMS .
INDEPENDENT -1z = % $10,00
CLAIMS 5 e ) Y 'C')
TRTAL FILING
FEE”&%MWMw / ; i
CLAIMS AS AMENDED - OART i
11 @ ) 14 {5} {6} on
CLAIMS
AEMAINING HIGHEST “Gf PRESENT - ADDITIONAL
PERVIOUSLY RATE -
AFTER CAID FOR EXTRA FEE
AMENDMENT
* ‘ ¥ v ‘
TOTAL / (% MINUS = G xs2 A =
AMENDMENT -
k3
INDEP, { MINUS = wajwl‘ofﬂw;w—amﬁ
TOTAL ADDITIONAL FEE FOR
THIS AMENDMENT )
#* A
TOTAL MINUS = x 52
E
MINGS = :
AMENDMENT INDES. Ry = % E10
TOTAL ADDITIONAL FEE FOR
THIS AMENDMENT sl
%* L2 2
TOTAL MINUS = X 52
#
INDEP. MINUS = ® Sig
AMENDMENT
TOTAL ADDITIONAL FEE FOR
THIS AMENDMENT ssmiommmmmmasaicssiommipo: |
# k23
TOTAL MINUS = % §2 =
# e
AMENDMENT INDE®. MINUS x * $10 =

TOTAL ADDITIONAL FEE FOR
THIS ARENDMENT smmismmommise |

If the entry in Column 2 is fess than the entry in Column 4, write "0 in Column 5.
1f the “*Highest Number Previously Poid For'” IN THIS SPACE is less than 10, write "'10"" in this spoce.

The ‘‘Highest Number Previously Paid For'’ {"'Total" or "‘indep.”’} is the highest number found in the appropriote
box in Column 2.
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SERIAL NO. FILING DATE
MULTIPLE DEPENDENT CLAIM 265 270 G~00-%/
FEE CALCULATION SHEET ABFLICANTIS), e
(FOR USE WITH FORM PTO-875) ; égdﬂ,4dz44£ 45?2(»
. : CLAIMS 14 ;
ASFILED {3 At e nt 2 AMENDMENT N : :
i ) IND. DEP. IND. DEP, IND, DEP, IND. .| DEP, IND. DEP. IND, DEP,
1 [ 51
9 1 52
3 1 53
4 7 b4
5 2 55
8 | 5 56
7 K 57
8 . 2 58
9 ;A 59
10 _Z 50
7 61
P R A 62
e e s 63
T 64
e o s M 65
R e U A 66
17 7 67
* 68
=" 69
20— 79
e e i | 71
T s S NI 72
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BEIERZTORF K3 VON GABAIN A BUJARD H ‘
HOPFE-SEYLER”S 7 PHYSIOL CHEM BE7 (B 1976 308 Codent HEIPA

T OARB/3/L-T

237271
22001827

CLONED DNA  ENCODING THE STRUCTURE FOR THE BOVINE ACTH EBETA LIPOTROFPIN
PRECURSOR FROTEIN ’ ) '

COMEN = N3 CHANG A © ¥y SHIGETADAS NAKANISHIY INOUE A3 KITA T: NAKAMURA M
3 ONUMA S

OEF. GENET.. STONFORD UNIV. SCH. MED.: STANFORD, CALIF. 94305, USA.

ZIMMERMAN, M., R. A. MUMFORD ANMD D. F. STEIMER (ED.). ANNALS OF THE NEW
YORE  ACALEMY  OF SCIENCES, VL. 243, PRECURSOR  PROCESSING IN  THE
BIOSYNTHESIS OF PROTEINS: SYMPOSIUM: MEW YORK. N.Y.. USA.,. May 2-4., 1979,
1¥+449P. NEW YORK ACRDEMY OF SCIENCESE: NEW YORE: N.Y.. Uza.  ILLUS.  FAPER,
ISEN O-89744—Q732-0(PAPER) 4 SEN 0~BY9764=072-2(CLOTH)Y . O (D). 1930,
FA4YS5-424, Codent ANYAA

|

23/3/2 5
TELLZED )

CLONING  AND EXPREZSION IN STREFTOMYCES-LIVIDANS OF ANTIBIOTIC RESISTANCE

GENES DERIVED FROM EBCHERICHIA-COLTI
SCHOTTEL o Ly BIBERE M 45 COHEN & N
DEF. OF GENETICS, STANFORD UNIV. SCH. OF MED.. STANFORD., CALIF. 94305,
J BACTERIOGL 144 {1). 1981, 32&0-362, Codent JOBAAK

2B/R/E
71009999

STRUCTURAL ORGANTZATION &~ OF HUMAN GENGMIC DA ENMCODING THE PRO
OGP IOMELANOCORTIN PEPTIDE

CHANG A © Yy COCHET M3 COMEN S N S

LEF. GENET. MED.. STANFORD UNIV. SCH., MED.., STANFORD. CALIF. 2430S. UDA.

PROC NATL ACAD SCT U B 77 Y. 1980, 48Y0-4894, Coden: PNASA
23/3/48
20014592

THE DEVELOPMENT OF A CLONING SYSTEM FOR STREFTOMYCES

BIEB M .J3 SCHOTTEL o L3 COHEN © N

MEP. OF GENETICS. STANFORD UNIV. SCH. OF MED.. STANFORD, CA 943205,
BIOL ACTINOMYCETES RELAT ORG 15 (1) 1980, 25-44. Coden: BAORD

22/3/75
70072074

IN-VITRO GENE FUSTONS THAT JOIN Al ENZYMATICALLY ACTIVE BETA
GALACTOSINASE SEGMENT TO AMING TERMINAL 4 FRAGMENTE OF EXOBENOUS  FROTEINS
ESCHERICHIA-COLI PLAEMID VECTORS FOR THE DETECTION AND  CLONING  OF
TRANSLATIONAL INITIATION SIGNALS

CAZADARAN M J3 CHOU Js COHEN & N

DEFR BIOPHYZ., THEOR. BIGL.. UNIV. CHIC., CHICAGO, I, 404637, USA,

J BACTERIOL 143 (2). 1980, 971-980. Codent JUBAL

237374
700642486
& DONA  CLONING SYSTEM FOR  CINTERSPECIES GENE  TRANSFER IN ANTIBIOTIC
PRODUCING STREPTOMYLEES-SFP
BIER M: SCHOTTEL J Ly COHEM & N
DEF. GENET.. STANFORD UNIV, SCH. MED., STANFORD. CALIF. 94320D, USA,
NATURE (LONID 284 {5756). 1980, SZ6~53L1. Codent NATUA

237377
7O0Z2I2T4H

ANALYSIS aF GENE  CONTROL  ZIGNALS RY DNA FUSION  AND CLONING  IN
ESCHERITCHIA-COLT
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DEP. BIOPHYE. THEOR. BIOL.. UNIV. THIC.. CHICAGO, 1LL; LOEET7, UBAL .
J MOL BIOL 128 (2). 1920, 179205, Coden: JMOBA

7 veT/3/8-14
3
22/3/8
19045094 ‘
EXPERIMENTAL TECHNIDUES AND STRATEGIES FOR DNA CLONING
COHEN S N :
DEP. GENET.. STANFORD UNIV. SCH. MED. . STANFORD. CALIF. 943205, USA.
MORGAN J. AND W. Ja WHELAN (ED.). RECOMBINANT DNA AND GENETIC
EXPERIMENTATION: PROCEEDINGS OF A CONFERENCE., KENT. ENGLAND: A&PR. 14,
1979, XXIVH309F. FERGAMON PRESS. INC.: NEW YORK. N.Y.. USAT  OXFORD,
ENGLAND. ILLUS. ISBN 0~08-024477-0, O (DY, 197% (RECDH. 1980). PA4T-52,
Coden: OR752

2373/%2

12003738 '
CLOMING AND ENDO NUCLEASE MAPPING OF THE HEPATITIS B VIRAL GENOME
BHINSKY 4 J3 SIDDIGUT A3 ROBINSON W 55 COHEN & N
DEP. MED.. STANFORD UNIV.. SCH. MED.. STANFORD, CALIF. 94305, USA.
NMATURE (LOND) 272 (3714). 197%. 344-34E. Codent NATUA

ZR/B/LO

&HBO4759F
NUCLECTIDE SEGUENCE OF CLONED COMPLEMENTARY DNA& FOR BOVINE CORTICOTROPIN
BETA LIFPOTROPIN PRECURSOR
NAKANISHI £3 INOUE A5 KITA T3 NAKAMURA M3 CHANG A © Y$ COHEN 2 N3 NUMA &
OEP. MED. CHEM.., FAC. MED.. EYOTO UNIV.., EYDTO &0&. JPN.
NATURE (LONDDY ¢ 278 (5702). 1979. 423-427. Coden? NATLA
23/3/711
&E70732251
INSTARILITY OF PLASMID DNA SERQUENCES MACRO AND MICRO EVOLUTION OF THE
ANTIBIOTIC RESISTANCE PLASMID R-46-%
TIMMIS K N3 CARELLO F3; ANDRES 15 NORDHEIM A3 BUREHARDT H J3 COHEN S N
MAX~PLANCK~INST. MOL. GENET.. IHMESTR. &3-73, D-1000 BERLIN 33. W. GER.
MOl GEN GENET 167 (1). 1978, 11-20. Coden: MGGEA

2373712
ET7QELELLT

STRUCTURAL  AND FUNCTIONAL ANALYSIS OF CLOMED DNA SEGMENTS CONTAINING THE
REPLICATION AND INCOMPATIEILITY REGIDNS OF 4 MINI PLASMID DERIVED FROM &
COPY NUMBER MUTANT OF NR-1

TAYLOR D s COHEN 5 N

DEP, GENET.. STANFORD UNIV. SCH. MEDR.. STANFORD. CALIF. 94303, USA.

o BACTERIGL 127 (1), 1979, 92-104. Codent JIOBAA

2HRLBALZ
LTOTA054

CONSTRUCTION OF BACTERIAL PLASMIDZ THAT CONTAIN THE NUCLEOTINE SEGUENCE
FOR BOVINE CORTICOTROPIN BETA LIPOTROPIN PRECLIRSOR

NAEANTIEHT S35 INOUE A3 KITA T NUMA &% CHANG A © Yy COHEN © N3 NUNBERG 03
SUHIMEE R 7T

DEFP. MED. CHEM.. EYOTO UNIV. FAC. MED.. YOSHIDA, ZAEYO, KYOTO 404, JPN.

PROC NATL AcARr S80I WS A 7E O{12). 1978 {RECE. 12797 . LOZL-LOZ25.
Caden: PHNAZA

2373/14
ETOO2EBY

CLONING AND CHARACTERIZATION OF ECO-R-I AND HIN-D-IT1 RESTRICTION ENDU
NUCLEASE GENERATED FRAGMENTS OF ANTIRIOTIC RESISTANCE PLASMIDE R-4-5 AND
R—t&

TIMAIZ K N3 CABELLO Fs CDHEN £ N

PAAV LD FUBATLS T R AT Pl n % [ suby o8 T LRI PRy A Te $ MMy TIECCE ThE 4%, L [ 3 ol 2}
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ML GEN GENMETY 162 {2). 1972 121-138. - Coden: MGGEA
P OE2R/B/15-22

23/3/15
16057919

OMA CLONING AND THE ANALYSIS OF PLASMID STRUCTURE AND FUNCTION

TIMMIS K N3 COHEN 5 N§5 CABELLDO F © ,

HAHN, F. E. ET AlL. (ED.Y. PROGREZS IN MOLECULAR AND SUR CELLULAR BIOLOGY .
VOL. &. XI43594P. ILLUS. SPRINGER-VERLAG: BERLIN, WEST GERMANY: NEW YORE.
N.Y.s HSA. ISEN 3-540-0852€-23 ISBN 0-387-08588-2. 1972 1-52 Codent
07001 :

23/316
16010722 .

CLONING 0OF HIN-D-III AND ECO-R-~I RESTRICTION ENDO NUCLEASE FRAGMENTE OF
THE R-6~5 FLASMID BY INSERTIONAL INACTIVATION

CABELLO F3 TIMMIS K3 COHEN & N

SCHLESSINGER, DAVID (ED,). MICROBIOLOGY {(WASHINGTON, DLC.)-1978. ZNO ASM
{AMERICAN SOCIETY FOR MICROBIOLOGY) CONFEREMCE  ON  EXTRACHROMOSOMAL
ELEMENTS, JAZKSON. WYQ.. FER. 20-25: 1977% SM CONFERENCE ON NITRIFICATION
AND NITROGEN OXIDEZ ATHENS, GA., SEPT. 7-10. 19743  ANNUAL MEETING OF THE

ASM., NEW UORLEANS, LA.. ¥MAY 11, 1977. X+44%F. ILLUS., AMERICAN SOCIETY FOR
MICROBIOLDGY WASHINGTON: D.C.. UZA.  ISBN 0-9142246~153-8, 1278 42-44
Codent 06674

2BLBAT
HAORIBE2 _
@& SENSITIVE  RADIO  IMMUNOASSAY FOR  DETECTING PRODUCTS TRANSLATED FROM
CLONED DNA FRAGMENTS
ERLICH H Ay COHEN 5 N3 MCDBEVITY H O
DIV. IMMUNOL. . STANFORD UNIV. SCH. MED.. STANFORD, CALIF. 24305, USA.
LELL 13 (4). 1978  &31-56%0. Coden: CELLE. :

2B/BIB
LLO3PERE

CONSTRUCTION AND CHARACTERIZATION OF GMPLIFIABLE MULTI COPY DNA CLONING
VEHICLES DERIVED FROM THE P-158 CRYPTIC MINI PLASMID

CHANG A T ¥Ys COHEN 2 N

DEP. MEDR., STANFORD UNIV. SCH. MEDR.s STANFORD,. CALIF. 94205, LgA.

J BACTERIOL 134 (3). 1972 1141-1154. Coden: JOBAA

ZRIB/1T

15020205
RECENT ADVANCES IN THE MOLECDULAR BIOLOGY OF DNA CLONING
KRETSCHMER P o3 COHEN 3 N
FROC AUET BIOCHEM S0C 10. 1977 w1 Codens ARIPH

2373720
15001933

A SENSITIVE RADIO IMMUNOASSAY FOR  DETECTING  TRANSLATION PRODUCTE OF
FOREIGN DMA FRAGMENTS CLOMED INTO PLAEMID OR PHAGE VECTORE

ERLICH H A3 COHEN € N

FED PROC 27 &)y, 1978 1374 Cadent FEPRA

2373721

SOSRS117

DNA CLONING AS 4 TOOL FOR THE STUDY OF PLASMID BICLOGY

COHEN S N3 CABELLO F3 CHANG A C ¥y TIMMIS K

BEERS, ROLAND  F. AND - EDWARD G.  BASZETT (EN.). MILES INTERNATIONAL
SYMPOSIUM SERIES. NO. 10, RECOMBINANY MOLECULES. IMPACT ON SCIENCE  AND
SOCTETY ., CAMBRIDGE. MASS.. USA. XVI+S40P,  ILLUS, RAVEN PRESEY  NEW YORES
N. Y., USA. ISBN O-87004-131-8. 1977 #1-10% Codent O&Z13
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REFLICATION REGION FRAGMENTS. CLONED FROM F-LAC-PLUS ARE IDENTICAL TO
ECO-R~I FRAGMENT F-35 OF PLASMID F
SKURRAY R A3 GUYER M 53 TIMMIS Ky CARELLO F3 COHEN € N3 DAVIDEON N5 CLARKE
A
J BACTERIOL 127 (3). 1976 1571-1575. Coden: JUBAA

7 bS53 .exs tZ1i

25may82 144138 UserdBS
$6.723 0.116 Hrs Filed 2 Dezcriptors
$0.70 . Tvmnet
%7.43 Estimated Total Cost

FileS5:BINSIS Previews — 1749 thru 1976
(Copr, Bicolosical Abstradts Inc.)
Get Items Descrirtion

3377 DNA
0 DEOXYRIBOMUCLEIC
1 35277 [INA OR DEOXYRIBONUCLEIC

2 4429 VECTORY 7
© 974 PLASMID? ?
.- O PBRAGENEY 7
3 474 FLASMID? 7 OR POARAGENE? 7
1475
250 TUWIS
4 254 TS OR TS
11928 PHAGEY 7
22 COLIPHAGE? 7
11921 PHAGE? 7 OR COLIPHAGE? 7
42 PROMOTOR? 7
1034, STRONG
203 STRENGTH
7. 2223 STRONG OR STRENGTH
g 4210 CLON?
2 54 1R2+1#3
10 182 4%5

O~ h

i1 O &-8/%
12 1 9%i0
13 0 12#6
14 O &E#2

25443 PROTEIN? 7

23567 AMINOCWIACIDY 7
15102%0% PROTEIN? 7 OR AMINGUDIACID? 7
it O 14415

7 tl2/2

127371
BRO0Z0Q70

HOET  CONTROLLED MODIFICATION AND RESTRICTION OF FOREIGN CHROMOSOMAL AND
FLASMID DNA IN SHIGELLA-FLEXNERI STRAINS

KETYI J3 ORSKOV F

ACTA PATHOL MICRORIOL SCAND SECT B  MICROBIOL IMMUNCL 78 (1), 1970
51-58. Coden: APMIB

o

i7 12 AU=BUJIARD H
7 sau=cchen 3 n

19 77 aU=COMEN & N
7 ociT7RIB

t TSI e SU TS W]
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20 B (174181 (2+345+6)
7 S20RS
4 21 1 2088
?ER1/35 20~ {21+ 12)
FAWEVE
0049045

CLONING ISOLATION AND CHARACTERIZATION OF REPLICATION REGIONE OF COMPLEX
PLASMID GENOMES

TIMMIS K3 CABELLO Fy COHEN & N

FPROC NATL ACAD SCI 'S A 72 (b)Yl 1975 2242~2246. - LCodent PNASA

22 B4 20-(Z1+12)
? YRRIBI1=T

22151
62013967 v
REPLICATION CONTROL IN A& COMPOSITE PLASMID CONSTRUCTED BY IN-VITRO

LINKAGE OF 2 DISTINCT REPLICONS '

CABELLD F3 TIMMIS K3 COHEN S N
NATURE (LOND). 259 (5541). 1976 285-290. Coden: NATUA

s
[oR/BIE
L2008033
PHYSICAL MAPPING OF THE HIND-III  ECO-RI SAL AND SMA RESTRICTION ENDO
NUCLEASE CLEAVAGE FRAGMENTS FROM BACTERIO PHAGE T-5 DNA
VON GABATN Ar HAYWARD 5 53 BUJARD H
MOL % GEN GENET 143 (3). 1974 279-290. Coden: MGGEA
FRIEIE
L1OB7184
STUDIES OF MOUSE MITOCHONDRIAL DNA  IN ESCHERICHIA~COLI STRUCTURE AND
FUNCTION OF THE EUKARYOTIC PROKARYOTIC CHIMERIC PLASMIDS
CHANG & 0 Y3 LANSMAN R AT CLAYTON [t A3 COHEN S N
CELL A (2). 1975 231-244. Codent CELLE

s s

224354
&1013939

INDIRECT SELECTION OF BACTERIAL PLASMIDS LACKING IDENTIFIAEBLE PHENOTYFIC
FROPERTIES .

FRETSCHMER P odf CHANG A T Yy COHEN S N

< BACTERIQL 24 {1y, 1975 225-231. fodent JOBAA

T
Z273/5
C7H0PVIR2T
UMIFORM NOMENCLATURE FOR BACTERIAL PLASMIDE & FROPOSAL/
MOVICK R Py CLOWES R s COHEN & Nt CURTISS R II1s DATTA N3 FALKOW.
! BACTERIOL REV 40 (1), 1976 1&E8-18% Caden: BAREA
jerrac g
&HODAELZAS
ALPHA BETA SEGUENCE OF F IS5 INSERTION SEGUENCE 2
HU 8% PTASHNE K3 COHEN £ Ny DAVIDSON N
J BACTERIOL 122 {2). 1973 6876792, Codent JOBAA
ERIRLT

L0021281
STRUCTURE  AND  FUNCTION OF THE GENOME OF COLI PHAGE T-% TRANSCRIFTION
IN-VITRO OF THE NICKED -AND NICE-FREE T-5-PLUS OMNA
ENDFF E~-W3 BLUJIARD H
EUR 0 BLOCHEM R O(E). 1975 371-386. Codent EJBCA
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TERE/2/8-20

22/3/8
GOORTRT74

GCCURRENCE OF  INSERTION SEQUENCE REGIONS ON PLASMID DNA AR DIRECT AND
INVERTED NUCLEOTIDE SEGQUENCE DUPLICATIONS

FTASHNE K3 COHEN S N

4 BACTERIOL 122 (2). 1973 776-781. Codent J0BAA

227379
LOOZEESL

SITE SPECIFIC RECA INDEPENDENT RECOMBINATION EETWEEN EACTERIAL PLASMIDS
INVOLVEMENT . OF PALINDOROMES AT THE RECOMEINATIONAL LOCI

KOPECKO D J3 COHEN & N : _

PROC NATL ACAD SCI U S A 72 (4). 1975 1373-1377. Codent PNASA

22/3/10
ST0TLA9Z ‘

UTILIZATION OF 2 DISTINCT MODES OF REPLICATION BY A HYBRID FLASMID
CONSTRUCTED IN-VITRO FROM SEPARATE REFLICONS

TIMMIS K3 CABELLD F3 COHEN 5 N

PROC MATL ACAD SCI U S A 71 (11). 1974 ASS6-4540.  Codent PNASA

2273711

SP002019
TRANSFORMATION OF SALMONELLA-TYPHIMURILM BY FLASMID DNA
LEDERBERG E Ms COHEN S N
J BACTERTIOL 119 (3). 1974 10721074, Codent JORAA

222012
TEOTITAR :

MAPPING OF FRAGMENTS PRODUCED FROM BACTERIOD PHAGE T-5 ONA BY RESTRICTION
EMZYMES HIN-II1I ECO R—-1 AND BAL-1 ,

BULJARD Hy GABAIN A Vi HAYWARD G S _

HOPPE-SBEYLER"S 7 PHYSIOL CHEM BE6 (2. 1973 224 Codent HIZPA

22/3/LE
73093741

ELECTRON MICROSCOPIC TITRATION OF ESCHERICHIA-COLI POLYMERAZE BINDING
SITEZ IN THE BACTERIO PHAGE T-3 GENOME

BLIN N3 BUJARD H .

HOPPE-SEYLER"S 7 PHYSIOL CHEW BCARTONNE B 1 U R o i | Codent HEIPA

ZR2/3/414
75067669

ISCGLATION OF LARGE MOLECULAR WEIGHT DNA FROM AGARDSE GELE FOR FURTHER
DIGESTION BY RESTRICTION ENZYMES

BLIN N3 GABAIN A Vs BUJMARD H

FERS (FED EUR RIOCHEM S00) LETT 52 (1). 1975 84-84 Caodent FEBLA

22/3715
7TEOTLOLE

TRANMSFORMATION OF ESCHERICHIA~-COLI BY PLASMID CHIMERAS CONETRUCTED
IN~VITRO A REVIEW : ’

COMHEN 2 N3 CHANG A T Y

SOHLESASINGER, DAVID (ED.)Y. MICROBIOLODGY. 1974, VI+3L7P.  ILLUS. AMERICAN
SOCIETY FOR MICROBIOLOGY: WASHINGTON, D.C.. UWS.6. ISBN 0-214826-02-4.
1975 &&6~75 Coden: 04372

Z2L2 L

58070007
DOUBLE LENGTH CIRCULAR SINGLE STRANDED DNA FROM FILAMENTOUZ FHAGE/
WHEELER F C3 BEMNZINGER KR H: BUJARD H
J VIROL 14 42). 1974 LZ20-630, Codens: JIVIA

-135-



T SYTR . e poe | ies, g gttt gita. e 2 - st PR s - o S i e A i o Ao e 4 et i S st i

Z2/RIAT
SE0S4443
REPLICATION AND TRANSCRIFTION OF EUKARYDTIC DNA IN ESCHERICHIA-COLI
MORROW J F3 COHEN 5 N3 CHANG A © Y: BOYER H W3 GOODMAN H M: HELLING R H
PROC NATL ACAD SCI U S A 71 (S). 1974 1743-1747.  Coden: PNASA

22/3/18
SEO043113

PLASMIDE CONTROLL ING SYNTHESIS OF HEMO LYSIN  IN ESCHERICHIA-COLI
MOLECULAR FROPERTIES

GOEREL Wi ROYER~-POHORA B3 LINDENMAIER Wi BUJARD H

4 BACTERTOL, 112 (3. 1974 24&4-973. Codant JOBAA

2873/1%
SEOZSET4

GENOME  CONSTRUCTION BETWEEN BACTERIAL SPECIES IN-VITRO REPLICATION AND
EXPRESSION OF STAPHYLOCOCCUS PLASMID GENEZ IN ESCHERICHIA~COLI

CHANG A © Y: COHEN & N

FROC NATL ACAD SCI U S A 71 (4). 1974 1020-1024.  Codent PNAZA

BRIBIE0

STOZEEE4

CONSTRUCTION OF BIQLOGICALLY FUNCTIONAL BACTERIAL FLASMIDS  IN-VITRO
COHEM 3 Ni CHANG A © Y3 BOYER H W3 HELLING R B
FROC NATL ACAD 8CT U 5 A 70 (11). 1973 32403244, Caden: PNAZSA

T ORER/B/21-34

©2/3/21
57019755

MOLECULAR ANDN GENETIC STUDIES OF AN K FACTOR SYSTEM CONSISTING OF
INDEFENDENT TRANSFER AND DRUG RESISTANCE PLASMIDS

VAN EMBDEN J3 COHEN S N

J BACTERICL 114 (2). 1973 699-709.  Codént .JOBAA

T2/R/22
B7003276

LACK OF SPECIFIC INHIBITION OF VACCINIA FLAGUE FORMATION BY BACTERIA
FHAGE LAMRDA FRODUCTS

EROWN A3 COHEN S N

INFECT IMMUN 7 (6). 1972 B62-2&4.  Coden: INFIB

FESBIER
TAGLEPLY

MOLECULAR  PROPERTIES OF AN F-LAC PLUS TETRACYCLINE RESISTANCE PLASMID INM
ESCHERICHIA-COLT AND SALMONELLA-TYPHIMURIIM

LEMERBERG E M3 BROTHERS L L3 COHEN § N

GENETICE T4 (2 PT 2). 1272 152-153 Caodent GENTA

SR/BI24
SEOLORIA

RE CIRCULARIZATION AND AUTONOMOUS REPLICATION OF A SHEARED R FACTOR DNA
SEGMENT IN ESCHERICHIA-COLI TRANSFORMANTS

COHEN S N CHAMG A C Y

PEOC WATL ACAD SCIT U S A 70 (5). 1973 1293-1297. Caden: PNASA

2/E/IS
SA0T1441

ELECTRON MICROSCORE HETERO DUFLEX  STUDIES OF SEQUENCE RELATIONS AMONG
FLAZMIDS OF ESCHERICHIA-ZOLI PART 2 STRUCTURE OF DRUG RESISTANCE R FACTORS
AND F FACTORE

BHARF P A3 COHEN S N3 DAVIDEON' N

JOMOL RIOL 7S (2). 1972 2BS-IES.  Coden: JMOBA

TETE TSR
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TEROOIER ,
GENDME STRUCTURE AND TRANZCRIFTION CONTROL IN PACTERIO PHAGE T-S-FLUS
BLUIARD H: ENOPF K WS EUHLENDAHL G
HOFFE~-SEYLER S Z FHYSIOL CHEM BED (D). 1972 &BE-4B4 0 Codent HEZIFA

BRI/IZT
SACGLOEYO ‘
NONCHROMOSOMAL  ANTIRIOTIC RESISTANCE  IN  BACTERIA PART 5 ISOLATION AND
CHARACTERIZATION OF R FACTOR  MUTANTZ  EXHIBITING TEMPERATURE SENSITIVE
REFRESSION OF FERTILITY
ZILVER R P3 COHEN 5 N
J BACTERICL 110 (). 1972 1082-1028. Codern: JMOBAD

ERIFIEE
EEAORATRY

GENETIC EXPRESZION  IN BACTERIO FHOAGE FART 4 EFFECTE OF P-2 PR FHAGE ON
LAMEBOA INHIBITION OF HOST SYNTHESIS AND LAMBDA GENE EXPRESSICON

COHEN S N3 CHANG A C0Y

YIRMLOGY 44 (2). 1971 297404, Codent VIRLA

22/2/29

TRG21419

THE ZI1ZE OF THE RII REGION OF BACTERID PHAGE T-4/
BLLBRD H: MAZALITIZ A 13 BAUTZ E K F
VIRDLOGY 2 (3). 1970 717-72%3. Cudens VIRLA

Ay APty
=51 102880
ELECTRON MICROSCOPY OF SINGLE STRANDED DNA
BUJART H
JOMOL BIOL 4% (1). 1970 125-1737. Codent JMOBA

POTRrVECH
S1102860

GENETIC . EXPRESSION IN BACTERIO PHAGE LAMEBDA PART 2 INMIBITION OF
ESCHERICHIA-COLT  NUCLEIC-ACID  AND FPROTEIN SYNTHESIR DLIRING LAMEDA
DEVELOFMENT

COHEN S5 N3 CHANG A C Y

JOoMOL BIOL A% (2)y. 1970 SE7-S75. Codern: JMOBA

2RIR72Z

S101E524

LOCALTIZATION OF SINGLE STRAND INTERRUPTIONS IN THE DNA OF BACTERIO PHAGE
T-5 FLUS

BILARD H

FROC NAT ACAD SCI U £ A &2 (4), 1969 1167-1174. Caden: PNASA

BEAB/ED
[OOT70ERL

GEMETIC TRANSCRIPTION. IN BACTERIO  PHAGE LAMBDA STUDIES 0OF  LAMEBEDA
MESSENGER RMA SYNTHESIS IN-VIVO HYBRIDIZATION/

COHEN € N3 HURWITZ W

J MOL- BIGL 27 (3). 27406, 1962, Codent JMOBA

ey acii
LPQR4787

INHIBITION OF ESCHERICHIA-COLI NUCLEIC-ACID AND PROTEIN SYNTHESIS BY A
DIFFUSABRLE GENE PRODUCT OF BACTERIO PHARE LAMBDA ABSTRACT/

COHEN = N '

FEDN PROC 28 (2. 19&% ALl Codent FEPRA

T ob7es.euws 2L

2EmavBE i541 23 User43S

&y Y A AA Lher T4 T B LD Time e d b s
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File745Life Sciences Callection ~ 78-821/lec
{Corr. Cambridee Scientific ABSL)
SZet Items Descaription

22824 DNA
C &7Y DEOXYRIBONUCLEIC
272 DNA OR DEOXYRIBONUCLEIC
015 VECTOR? 7
3264 PLASMID? 7
O PARAGENE?
28464 PLASMID? 2 OR PARAGENE? 72
142 T
204 T(1Wn
4 344 TS OR T(IWG
5102 PHAGE? 7
181 COLIPHAGE? 7?
5117 PHAGE? 7 OR COLIPHAGE? 7
107 PROMOTOR? 7

22
4

Py =

o3

&~ LR

S28% STRONG
2720 STRENGTH
7 B177 STRONG OR STRENGTH
2  S830 CLON?
T 2577 1#R+ix3
10 P23 445 :

i1 3 6874
12 & FRI0
12 O 12%5

14 16 &%8
43761 PROTEIN? 7
12754 AMINQ(WIACIDT ¥
1S S1428 PROTEIN? 7 OR AMINO(W)ACIDT 7
14 4 14%15
? eii+lé

i7 & 1i+16
T EIT/B/1-65112/3/1-6

177271

501918 14402-G1277104-N1O~ @355~V 13"~

& model for a molecular clonins svystem in hisher rlantst izolation of
rlant promaoters.

Measher.-R.B. 3 McKnight.T.D.

{ODep. Microbieol. and Bot.. Frogsram in Genet.., Athens, GO 20&02, USH)

Fukl.bv: Flenum Press. {(1980) p. &3~75 1220

In:  Genome oreaanization and expression in plants. L.eaver, [ A »
O 206~-40240--4

177372
495497 00?1 204850 181 26-01 2 A4 7 G~-N1O7S522-Y13
Structure of Molopey murine leukemia viral DNA:  nucleotide seasusnce of
the 57 Tong terminal repeat and adiacent celiular semusnces.
Van Beveren.C. § Goddard.J.B3. ¥ Berns«H8. 5 Verma.I.M.
{(Tumar Virel. Lab.. Salk Inst.: PO Box 85800, San Diese, CA 92138, uUsSA)
FProc. MNatl, Acad., Sci. UB8 77{&), 3307-3311, 1980

17/3/%3
4PERET 5 0091204249 121 28~-E 127647 7-N107 490~V 137
Muctentide seauence of Moloney leukemia virus: 37 end reveals details of
replicaticon. analos to bacterial transposons.. and an unexrected zene.
Zutciiffe, B 3 Shinnick.T.M. 5§ Verma-1.M. 3 Lerner.R.A.
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PROERT . LEA)
Froc., Natl. Acad. Sci. USA 77(&). 33023304, S 15G0

172274

421407 S0071200888 1E3999-R15M 3432612

Cloning of rerlication and incomeatibility functions of the antibictic
resistance factor Ri. ) ’

Eollek:R. 3 Goehbel.H.

{Inst. Genet. und Mikrabicl., Univ. Wurzburs, 2700 Wurzburs, GFR)

Fubil. bws Jaran Scientific Societies Fress/University Park Presss
distributed in Euwrere by MIP Press Ltd.. . Falecon House. Cable St..
Lancaster. Lancs. LAl 1PE. UK. 15979 p. 47-55 1279 .

Im: Microbial drus resistance. Voi. Za Mitsuhashi, 5. {ed. ) »

0~-2371-1414-1

17/732/5
477237 ROOTI277990 10621 -B1E810081 -G1275260-N1 0
Nuclentide seauence wf the E.. coli sene codins  for dihvdrofolate

reductase.

Zmith.D.R. 3 Calvosd.M.

(Zect. Biochem.s Mol. and Cell Biol.. Div. ‘Bicl. Sci.. Corpell Univ.s
Ithaca, NY 148532, UsA) '

Nucleic Acids Res. B(10), 22595-2274, 1980

1\7/732/4

Z7ETIE TIOVOE0I20R 135463~-B1 4™

International meetinz of the Societe Francaise de Microhiolouwie “"Genetic
enaineering: structure and exPression of cloned menes’ .

held in Paris. France on 8-2 Jupe 1978).

Anp. Microbinl. 1Z22B(4), 493536, 19782

12/3/71 .

SUATZ0 0 Q108138973 2618~G1E 573N 16703~V 14

Clepine dnd ewpression of bactericrhage TS DNA in phage.

Melnikova.A.Ae 3 Gluchov.I.bL. 3 Fodor.l.

{Inst. Riochem, and Physiol. Wicroors., Acad. SBci. USSR, Poustochines
Moscow Resion, LIESR)

Mol. Biol. 1502, 533-544, 1981

127272
474610 - BOOT1277240 10420-BLEA10282-G1 2 5428-N1O~
Aralvsis of gsene contral signals by DNA fusion and clonins in Escherichia
coti.
Casadaban-M.Jd. 5 Cohen. S
(Der. Genet. and Med.. Stanford Univ. Sch. Med.. Stanford. CA 94305, USA)
e Mol. Riol, 13862Y, 172207, 1980

127273

4672 200312582137 72T~-BIS 4397 -ME 4094~V 1 3™

Flusrescence chanaes »of a membrane-bound dvye durins bacteriorhase TS
infectiaon of Escherichia celi.

GlennsuJd. 3 #Duckworth,.D.H.

{Der. Immuncl. and Med. Microbiol.. thniv.. Florids Coll. Med. s
Gainesville, FL 22&10, USA)

Jdo Virol.,  3301). S523-556. 1920
12/374

271042 701280259 10756-B14~3322~-M708%7-V12™

Are clazg I {Pre-eartly?) proteins of bhacteriaphade TS sufficient to induce
akartive infection of Collib+ Eszcherichia coli?

GlennsJd. 3 Cheuns.A.K.—-M, 3 #Duckworth,D.H.

(Dep, Immuncl.  and Med. Microbicl.. Univ. Florida. GColl. HMed..
Gainesvilles. FL 22410, USM

do Miral.  3002), 431437, 1979
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1272/%
24£042 7051 255%10 5797 -R14MSL92-G1 1 “3R92-NP 517 1~PE 2453-V12"
Interactian  of Escherichia coli RNA polvmerdse with promoters of zeveral
caliphame and plasmid DNAs.
viany Gabaim.A. § Budard,H.
(Mol. Gemet., Undiver Im Meuenheimer Feld 230, 6900 Heidelber=m. GFR)
Freoc. Natl. Acad.Zci. U548 76(1), 129-1932, 1979

12/2/6

010Y24L T202120647% - A20-V11" )

Coanstruction of recombinant molecules of DNA in vitro. and clonins with
the wse aof EcoRI¥ activity of restriction endonucliease EcoRI.

Mel nikovs B.6. 3 Huz'man, NiP. 3 Kaopvlova-Sviridoeva: T.M. § Baev, Q.A.

(Inst. Microb. Riochem. and Phwvsicl.. Acad. Sci. USSR, Pushchino, Moscow
District, USER)

Ookl. Akad. Naubk S2ZR . 232{3), &AB7-4&720, 1977

2 AU=RJJIARD, H.
5 AU=BLUJARTH.
2 7 E4 OR E6

(1?3/3/1 v
! HOS37R 31091204344 12010-G1377271-Vv14~
. Promoter sites in the senome of B. subtilis rhase SPPi.
\ Stuber.D. 3 MorellisG. ¢ Bujard.H. 7 Mantenesra.M.A. 3 *¥Trautner:T.A.
{ o tMax-Planck~Inst. Mol. Genet., Abt. Trautner, Ihnestr. &3/73, D-1000
S Berlin 23, GFR) .
, ﬁMal. Gen. Genet. 1281 (4, 518-521., 1941
12/2/2
521032 10200-B16°7986~G1 3 46568-N1 1~
Greanization of transcriertional sisnals in plasmids rBER22Z and pACYCLIR4.
Ztuber,0., 3 Budard.H. )
(M. Genet., Univ. Heidelbers, Im Neusnheimer Feld 230, 6200 Heidelbera,
GFR) :
Froc. Matl. Acad. Sci. UsA 78(1) 167-171, 1781

18/2/3

S2423% .

The interaction of E. coli RNA polvmerase with promaters,

27 refs.)

Bujards H. .

{(Mal. Genet.. Upiv. Heidelhera. Im Veuenheimer Feld 2230, D-69 Heidelbergs
GFR) :

Trends Riochem. Sci. S(10)Y, 274-278, 1980

18/2/4

24460472 7051255910 5797-BL4AS5A92-GLI B3RP 2-NY 517 1-PB~3453-V12™

Interaction of Escherichia coli RBNA eolvmerase with promoters of several
colirhase and rlasmid DNAs.

von Gabdin.A. 3 Budard,H.

(Mal. Gengt. Unive, Im Neuenheimer Feld 230, &Y00 Heidelbern. GFR)

Froc. NMatl. Acad.Sci. U8 74(1)Y, 189-193, 1979
2/5

FRET2Z TO41 242634 LEZ2L-GLIT2E16~NP~2113~-Y1 2

Electron microescoric awpalwsis of in cvitro transcrietional complemxas?
marring of promoters of the colirhase TS menome.

Ztuber.D. 3 Delius.H. 3 Budjard-H.

(Mal. Genet. Univ. Heidelberso, Im WNeuenheimer Feld 2Z30. [=&900
Heidelhere, GFR)

Mal. Gern. SGenet. 1&6(2)Y, 14841-14%, 1972
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18320k

QAZHELT TEOLLZETES0 SRAS-BL4374~-G1OTR0RP-NE~EB2Z7-VI 1

Interaction af E. coli BRNA polvmerase with promotors of coliphase TS. The
rates of complex Formation. and decavy and their correlation with in vitro
and in vive transcrirtional activity.

von Gabain, A. 3 Budard, H.

(Mol,  Genet.s Wnive Heidelbers, Im Neuenheimer Feld 230, L—4&900
Heidelberea, GFR) :

Mal. Gen. Genet. 157{(3Z)., 201-311. 1977

187377

QRE242 TEOS1220283 1608-01 21 0046~GLIO"926~N2~ 141 7~-V1 1~

Electran microscopy of ONAY  determination of absolute molecular weishts
and linear densitr.

Stuber, . 3 Buijard, H. .

(Mal. Genet. der Univ, Heidelbers., Im Neuenheimer Feld . 230, D—&500
Heidelbers, GFR) ‘

Mial. Gen. Genet. 1543y, 299303, 1977

o

12 14 AU=COHEN. S.M.
20 24 AU=COHEN. 2. M.
Toe(le+z2a) —-18
21 48 (19+20)-18
7 o212+ 2+54E)
22 23 21#{24345+6)
7 o222
23 18 2288

T OERE/BL-6

237371
577527 FR223-A15679883~-B1l&~7872-G13™
The develorment of a clonine system for Streptomvees.
BibbsMa-de % Schattels L. 5 Tohen:5.N.
{Der. Genet. and Med.. Stanford Univ. Sch. Med., Stanford, CA 943035, USA)
Biol. Actindmvyvoetes Relat., Ore. 15(1), 3844, 1280

/3
RZe153 BO22-BL&2624~G102"
In witpea aehe fusions that ~ doin an ernzvmatical iy active
.heta.~-salactosidase sesment To aminc—terminal frasments of exosencus
proteinsd Escherichia coli plasmid vectors for the detection and cloanins of
translational initiation sisnals.

Casadaban.M..d. 5§ Chousud, § Cohen.5.M.

{Dep. BRiorhys. and Theoretical Biol.. Upiv. Chicaso., Chicasoa, 1L AD&E7S
LS8
Jo Bacteriol. 14302, 971-920. 1220

BRLIBIE
476610 BOO7 1277240 1 0L20-BLIS 10282612754 28-N1 O™
Arnalysis of gene control signals by DNA fusion and clonins in Escherichia
coli.
Tasadaban-M.d. 3 Cohen,S.M.
(Tlep. Genet. and Med.., Stanford Upniv. Sch. Med., Stanford. O 94305, USH)
Jo Mole Biol.  128(2). 179-207, 1980

PEIG/E
47 2R84 DOO71ZT7 2640 AZ32E-N1O"™
Imnunaiozical detection and characterization of products translated From

cloned DNA frasments.
[ IR I T R ) LI RN SN ORIV~ ) o MeTlonsd okl 1
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(Derp. Med., Stanford Univ. Sch,. Med.s Stanford., CA 94305, USA)
Methods Enzvmol. &8, 443-453%, 1979

TERIRIS
LS B s BOO71272446 TACT7-A1S Y BL64-RITG 1008231 247 70~N1 O~
14l nNA clonins svatem for intersrecies sene transfer in
antibictic—-eroducing Streetomvrces.
Eibtui"h 3 'E'Chi'."ttéxv'.lnl_- 3 CohensS.N.
(Tep. Genet. and Med.., Btanford Univ.e Sohe. Med., Stanford. CA 4305, UIA)
Nature IRL(E7TEL), SRL-531, 1920

ZRSE b
2877446 TR 294207 1122931 176182~-No 921 -V12
Cloning and endonuclease marrins of the hepatitis B viral senome.
Spinskyv.ded. 3 Siddiaui-A. 3 Robinson.W.5. 5 Cohen.S.M.
{Deap. Med.: Stanfoard Univ.s Bch. Med.s Stanford, CA 24305, UEA)
Nature 27%{(5711), 244-3458, 197%

TOYREIE/T-12

iy
i)

1277
243712 TRODI258TRT 7213~-B147664LP—G1 1 RE54-NP"

Constructian of bacterial elasmids that contain the nuclentide zequence
for bavine carticotrorin-.beta.~lTirotrorin precursscr.

fakarizhi.B. 5 Inocue-A. 35 Kita,T. 3 Numa.S. 5 ChanssA.C.Y. 5 Lohen.%.M. 3
NMunberas.Jd, § Schimke .R.T.

(Hep. Med. Chem.. Evote Univ. Fac. Med., Yashida, Sakyvo—bku. FEyotn AD&.
Jdararo

Froc. Natl. Acad. Sei. USA  75(12). AO0Z1-£025, 1972

FRIR/8

X Braicin) 7IODL2TI2EL LAO74~-B14°B815~G1 17309 23-NY™

Structural  and functional analvsis of cloned DNA sesments containins the
replication and incomeatibkility resions of & wminierlasmid derived Ffrom 2
coapy ramber smutant of NR1

Taslor.D.FP. § #Cohen.S.M.

(Der. Med.s Stanford Univ. Sch. Med., Stanford. CA 94205, LISA)

J. Bacterisl. 13741), 22-104, 197%

FESEST

rE2149 FO4L1Z241952 E718~-B14 4847 ~G1 12405

Instakility of rlasmid DNA seauences: macro and mices evolution of the
antibictic resistance plasmid R&-5.

Timmis ¥.N. 5 Cabelle.F. 3 OnrdressI. 3 NardheimsA. § HurkhardtsH..d. ]
Cobean, 5. M.

(Max~Planck—Inst. Mol. Genet.. Ibnestr. AZ-73%, D-1000 Berlin 2X. GFR)

Mal. Gen. Genet. 1467(1): 1119, 1972

EXCVAC YA RY

ZLTT 26 TORieEasA14 F77E~RI47ER05-GL 1 LA 4 —ND

Fhenotyric empression  in E. cati  of a INA seauence cedins for mouse
ditivdrofalate reductase.

Chame-A.T. Y. 3 PNupbers.Jd.H. 3 Faufman.R.J. § Erltich-H.A. 5 ZBchimbe.R.T. 3
#Cohen, S, W,

(FRm 5337, Stanferd Univ. Med. Cent., Stanford,. CA 94205, USH)

Mature 2735421y, &17-624. 1978

2E/2/1

2112273 TROZIZZ1LTR 1555~-RB14~1 115-G1 1 2922-No™

Cloning arnd characterization n¥ EcoRI and HindIll restriction
erndonuclease—aenerated frasments of antibiotic rezistance plasmids R&~S and
Ré

Timmis.E.N. 3 CabellosF. 5 Cohen»S. N,

{(May—-Flanck-Inst. Mal, Genet., Ihnestrasse 43~73, D~1000 Berlin 13, GFRI
P 5 o g b ER A At 4 et T 4 ey
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28/3/12
102803 FRIZL203203 14297-B13°1 2451 -G 10" A025-NG 8369~-V11~
Construction and characterization of amplifiable mutlicopy DNA cloninz
vehicles derived from the PLSA crwptic minielasmid.
Chanss A.C.Y. 3 LCohens S.N.
{(Dep, Med.. Stanford Univ. Sch. Med., Stanford, CA 9430%, USA)
Jo Hacterinl.  12403), 1141-1154, 1973

OPwRRR TEI12102258 ZER27-B1EM1892-G1OME0EZ-NE 84441 1"

Replication functions of antibiotic resistance »lasmid Ré&~D and fertility
riasmid F lac.

Timmis, K.N. § fndres, 1. 3 Cabello, Fo % Swnenki. RoM. 3 Cohens S.N, 5
Burkardt, H..Jd.

{Mav~Planck-Inst. Mal. Genet.. D-1000 Rerlin 22s GFR)

FPubl. by: Gmerican Society for Microebioiosy, 1913 1 S2t. NJW., Washington,
Do 20004, URA 1778 p. 99104 1978

It Microbiolasy - 1972, Schlessinger. . (ed.) 5 0O0-2148326~-15-2

FRAT/ 14

Q99215 Te112102241 12551 -B123" 1 748-GLOS1 72-NE 8363V L L

Cloning of HindIlI and EcoRI frasments of the R&A&S plasmid by insertional
imactivation.

Cabellow, Fo 5 Timmiz, K. 3 Cohens S5.N.

{Tlep. Med.», SBtanford Univ.. Stanford. CA 24305, USA)

Pabl. byt American Society for Micreabiclosvys 19132 1 St. N.W.» Washinston.
0o 20004, USH 1972 p. 4244 1978

Int Microbiclosy . 1978, Schlessinger, D. (ed.) 5 O-%148%4-15-8

23/3/15

G7774% TELOLZT7 1206 D7 RL~R1E8R208-G10

A mensitive radicimmuncassay for detecting  praducts  translated from
cloned DNA frasments.

Erlich,. HoH. 3 Unhen: 80N, 3 McDewvitt, H.O.

(Div, Immupal.. Dep. Medss Stanford Univ. Sch. Med. . Starfard. CA 24305,
)

Tell  12{4), &Bl-48%, 1973

PR

7 LERLE TR0P2101444 DIRI-RIFEBERL-NSA224-V1 14

Frupwrties and resulation of TNA rerlicatioen arisinsg arnd asgociated
functions in multi-orisin rerplicons.

Timmis. K. 3 Cabella, F. 3 Cohen, .M.

{Ma» Planck Inst., Mol. Genet., Ihnenstr. &3-73. 1 Rerlin-West, GFRD)

Fubl., bviSrringer-Verlas G, D-1000 RBerlin 32, Heidelbherser Platz 2. GFR,
1977y pa. 417424

intPlasmids. Medical and thenretical aspects. Mitsuhaszhi, .35 Rasival,
o3 Kremervs V. {(eds.? 3 B-E40-07 9847

e VACTE Wl

QERYST TRORZI00338 4046~B132400~G1 01 449 -NENZRA7 VL1

Moterular claning of plasmid UNOAEZ  eproarerties of recombinant eplasmids in
transfarmed bacterias

Timmis. . 3 Cabellos F. ¥ Cohen. Z.M.

{(Max~Planck~Inat. Mol. Genet.. [D-1000 Rerlin 23, Ihnestr. &3-73, GFR)

Publ, byiElsevier/Noarth-Holland Biomedical Presss FO Box 211, Amsterdam,
Netherlands (974 p 263274 12764

IntModern trends in bacterial transformation and transfection., Paortoles.
A.3 Lorers R,5 Eseinosa. M. lediters) »  O-7204-0408-0

ZR/B/8
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ERIE/1Z
102202 TE1a1203303 14297-B13"1 2451 ~G1 04025~ NEASRLT-VI 1™
Copgtruction and characterization of amplifiabkle mutlicory DNA claning
vehicles derived from the PL346 crvptic minislasmid.
Chang, A.C.Y. 3 Cohen, S.N.
{Nler. Med.« Stanford Univ. Sch. Med., Stanford,. CA 4305, =)
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NUCLEDTIDE  SEQUENCE OF MOLONEY LEUKEMIA VIRUS 3¢ END REVEALS DETAILS OF
REPLICATION ANALOGY TO BACTERIAL TRANBPOSONS AND AN UNEXPECTED GENE

SUTCLIFFE J 53 SHINNICK T M3 VERMA I M3 LERNER R A

DEP. CELL. DEV. BIOL.. SCRIPPS CLIN. RES. FOUND.. LA JOLLA. CALIF. 92037,
LS. '

PROC NATL ACAD SCI U S A 77 (&Y. 1980. 3BROZ-3306. Cadent FPNASA

e Lansuase: ENGLISH

The seauénce af a ccloened [NA  frasment 1108 base pairs long which
capresponds  to  the 37 end of the Moloney murine lTeukemia praovirus was
determined. The clone was obtained as the primary eroduct of reverse
transcription and bezins with the Moloner strang stor sesuence. then
extends towards the 5 end of the provirus. The sesuencel rroves that
revercse transcrirtase switches templates during minus strand svwnthesiss
defines the limits of the S51S~hasé~pair repeats which occcupy both ends of
the intesrated provirust shows that the structure of the eroaviral repeats
has strons analeosay to bacterial insertion semuences. indicating that the
Motenevy erovirus is a transposonsd  identifies the putative rpromotor for

genomic transcrirption within theése répeatss shows that the ePresumed origin

af 2nd strand swvnthesig. which lies Jdust cutside the 37 reeeat. hasz
tertiary structure analosous to single-stranded bacterimphase srisins  of
replications’ salves the amine acid seatence of moest of p15E, the

carbovv—terminal eroduct of the &nv sénel allows détailed mapeins of the
mink cell focus—Formineg virus substitution locud in 8 ceéntral location
within thée =e70 region of the env  gene’ and identifies a long open
transtation frame to the risht of the env geneg (R gene) which could be
invelved in leukemosenesis.
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ANALYSIS QaF GENE CONTROL. SIGNALS BY DA FUSION AND CLONING  IN
ESCHERICHIA-COLI
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DEP. BIOPHYS. THEDR. BIOL.. UNIV. CHIC.. CHICAGO, JILL. &0637, U32A.

< MOL BIOL 132 (2). 1280, 179-202. Cadent JMOBA
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£ NEW SYSTEM FOR STUDYING MOLECULAR MECHANISME OF MUTATION BY CARCIMNOGENS
BHANOT O 83 KHAMN 5 A3 CHAMBERS R W
DEF, BIOCHEM.. N.Y. UNIV. SCH. MED.. NEW YORK, N.Y. 100146, USA,
J BIOL CHEM 254 (24). 1979 (RECD. 1980). 12684-124693. Coden: JBCHA
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A HEW HOST VECTOR SYSTEM ALLOWING SELECTION FOR FOREIGN DNA INBSERTS IN
BACTERIC PHAGE LAMBDA-GT

DAVISON J3 BRUMEL F3 MERCHEZ ™

UMIT MOL, BIOL.., INT. INST, CELL. PATHOL.. AVE. HIPPOURAT 75, R 1200
BRUSSELS. BELG.
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INFECTION OF ESCHERICHIA-COLI
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ALROATHOT7
THE MUCLEGTIDE SEQUENCE RECOGMIZED HY THE ESCHERICHIA-COLI K12

RESTRICTION AND MODIFICATION ENZYMES
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L7066746

INTERACTION OF ESCHERICHIA-COLT RNA POLYMERASE EC~2.7.7.6 WITH PROMOTERS
OF SEVERAL COLI PHAGE AND PLASMID DNA
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ELECTRON MICROSCOPY OF DNA DETERMINATION OF ABRSOLUTE MOLECULAR WEIGHTS
AND LINEAR DENSITY |
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[57] 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 intact promoters.
These promoters are inserted 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 tran-
scription of DNA .can be achieved with the highly ac-
tive T5 promoters. The promoters and terminators are
used in hybrid DNA for efficient expression of struc-
tural genes and transcription to provide RNA sequen-
ces.

15 Claims, 1 Drawing Figure
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CLONED HIGH SIGNAL STRENGTH
PROMOTERS

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

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

BACKGROUND OF THE INVENTION

1. 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 economic methods for producing the poly-
peptides. In developing a process for the commercial
production of polypeptides, many factors will be in-
volved in optimizing the economic and efficient pro-
duction of the polypeptides. Included among these fac-
tors are regulatory signals, which are DNA sequences
involved with the regulation of replicaton, transcription
and translation.

One area of interest is at the level of transcription.
Transcription involves the enzyme RNA polymerase.
The RNA polymerase binds to a site called 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 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 contign-
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 transformants
based on expression of markers which allowed for selec-
tion. Therefore, cloning of the strong promoters was
not feasible. It is therefore desirable that methods be
provided which would allow for the screening of strong
promoters and terminators and their subsequent cloning
to be used in conjunction with the replication, transcrip-

10

25

35

tion and translation of the genes for production of 45

DNA, RNA4, and polypeptides.

2. Description of the Prior Art

Promoters from bacterial and viral sources have been
cloned in E. colii and their signal strength in vitro has
been studied using expression from distal promoterless
sequences encoding B-galactosidase or other proteins
{Casadaban and Cohen (1980) J. Mol. Biol 138, 179-207;
West and Rodriguez (1980) Gene 9, 175-193). Attempts
to clone small DNA fragments carrying the strong
promoters of bacteriophage T35 have been unsuccessful
(v. Gabain and Bujard (1979) PNAS USA 76, 189, 193},
Fragments of T5 DINA having both a strong promoter
and a strong termination signal have been cloned.
{Breunig (1979) Dissertation (Universitat Heidelberg,
Heidelberg, Germany)) Analysis has shown that tran-
scriptional regions of several E. coli plasmids are orga-
nized in units where initiation and termination signals,
are balanced. (Stuber and Bujard (1981) PNAS USA 78:
167-171) P25 and Pyg promoters of the TS bacteriophage
are reported as among the most efficient RINA polymer-
age binding sequences. (Stuber et al {1978) Mol. gen.
Genet. 166 141-149; Niemann (1981) Diplomarbeit
(Universitat Heidelberg, Heidelberg, Germany)).

-154-
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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 pbage 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 transformanits. Upon introducing the result-
ing plasmid into a mic¢roorganism 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 the above described construct.
The construct or regulatory portions thereof are used
for efficient transcription of RNA or gene expression.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1is a flow chart of the preparation of & plasmid
for cloning strong promoters and terminators.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

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

Particularly, TS phage promoters areisolated, cloned
in conjunction with a strong terminator, and appropri-
dte vectors developed for insertion of DNA sequences
of interest, usually structual genes, to provide for high
and efficient transcription and/or éspression 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' @ structural gene which may be a marker; a
balancing terminator; and optionally a marker allowing
for selection of {ransformants containing the construct,
which marker has a relatively low level of expression in
¢comparison with the amount of RNA polymerase initia-
tion at the promoter. In the absence of a promoter.in the
construct, the construct can be used for the cloning and
characterization of promoters of different strengths,

In referring to strong promoters, it is intended that
the binding affinity of RNA polymerase is stronger than
the commonly employed promoters such as lac and trp
and at least comparable to and normally greater than
the combination of lac and trp promoters. For the most
part, the strongest promoters. among prokaryotes are
the 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
and eukaryotic promoters, either naturally occurring or
synthetic, could find application in the subject inven-
tion.

The compositions of this invention will include linear
segments for insertion of DNA having the strong regu-
latory signal sequences (i.e., the promoter and termina-
tor) adjacent opposite ends of the linear segment and
plasmids formed by introducing a DMA sequence from
a source other than the source of the promoter as a
bridge between the strong regulatory signal sequences.
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The termini may be blunt or staggered ended, havin‘g
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 vccur. Normally, in
most sitwdtions, a gene will bridge the promoter and
terminator to provide circular DNA. The gene may be
a non-structural gene or a structural gene providing
RNA e.g. ribosomal or messenger, or provxdmg a
poly(amino acid).

Desirably, the gene is followed by one or a plurality
of translational stop codons e.g. cop or nonsense co-
dons; or preferably a plurality, usvally up to abont 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 2

level of transcription and expression.

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

The above DMA sequence construct will have a
replicating system or be cleaved and be inserted into a
wector to provide a plasmid. The vector is distinguished
by having one or more DINA sequences which serve to
insure stable replication of the plasmid and may also
provide opportunities for high copy numbers of the
plasmiid 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 vecior or the
essential portions thereof may be prepared syntheti-
cally.

The plasmids may then be used for transformation of
an appropriaie microorganism host, Methods of intro-
ducing DNA into an appropriate host are well known.
Hlustrative of such methods, but not exhaustive of such
methods, are transformation e.g. calcium shock, trans-
fection, and conjigation. Descriptions of these methods
may be found in Genetic Engiueering, ed. Setlaw and
Hollaender, Vol. 1, Plenum Press, New York and Lon-
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4
don, 1979; Molecular Cloning of Recombinant DNA,
ed. Scott and Werner, Vol. 13, Acddemic Press, Inc.
New York, 1973, and references cited therein,

In érder to allow for flexibility in preparing the con-
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 bot not luited to
proteins of physiclogical interest, proteins as chemicals,
and enzymes which may be of direct intérest 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, e.g. lipid
acids, phosphorolation, sulfonation or the like. The
different classes of proteins which may be prepared
include protamines, histones, albumins globulius, sclero-
proteins, phosphoproteins, ‘mucoproteins, chmmo;;ro»
teins, lipoproteins, hucleoproteins, and the remaining
proteins which are unclassified.

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

Insuliny growth hormone; interferon e.g. leukocyte,
lumphoblastoid, T-immune and fibroblast; 8-lipotro-
pinr; B-endorphin; dynorphin; histocompatability pro-
teins; immunoglobulins e.g. 1gA, IgD, IgE, 1gG and
IgM and fragments thereof; heinoglobin, somatome-
dins; Iymphokines; growth factors e.g. epidermal,
fibroblast, platelet-derived, multiplication stimulating
and nerve; hematoporetic-stimulating factors e.g.
erythropoietin, colony-stimulating, erythroid poten-
tating activity or burst-promoting activity and lym-
phopoietins; albumin and prealbumin;

Predlbumin

Albumin
ay-Lipoprotein
ai-Acid glycoprotein
a-Antitrypsin
a1-Glycoprotein

Transcortin

4.68<Postalbumin

Tryptophan-poor
ai-glycoprotein
aj-x-Glycoprotein

Thyroxin-binding globulin

Inter-a-trypsin-inhibitor

Ge-globulin:

(Ge 1-1),
(Ge 2-1),
(Ge 2-2),
Haptoglobin:
{Hp 1-1),
(Hp 2-1),
(Hp 2-2),

Ceruloplasmin

Cholinesterase
ap-Lipoprotein(s)
as-Macroglobulin
az-H8-Glycoprotein

-155-
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Zn-ay-glycoprotein
ay-Neuramino-glycoprotein

Erythropoietin
B-lipoprotein

Transferrin

Hemopexin

Fibrinogen

Plasminogen
az-glycoprotein 1
az-glycoprotein 11

Immunoglobulin G

{IgG) or yG-globulin
Mol. formula:

Y2K2 OF Y2Az
Immunoglobulin A (IgA) or yA-globulin
Mol. formula:

{aax2)" or (azhz)?
Immunoglobulin M (IgM) or yM-globulin
Mol. formula;

(pzr)’ or (paha)
Immunoglobulin D (JgD) or yD-Globulin (yD)
Mol. formula:

(Bzx) or (824r2)

Immunoglobulin E (IgE) or yE-Globulin (YE)
Mol. formula:
(e2x<2) or (€2h2)
Free light chaing -
Complement factors:
'

C'lg

C'ir

C'is
c2
'3

JE3V-N

asl}
C'4
C's
C's
c'7
C'8
c'e.
Important protein hormones include:

Peptide and Protein Hormones

Parathyroid hormone: {parathormone)

Thyrocalcitonin

Insulin

Glucagon

Relaxin

Erythropoietin

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

Somatotropin: {growth hormone)

Corticotropin: (adrenocorticotropic hormone)

Thyrotropin

Follicle-stimulating hormone

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

Luteomammotropic hormone: (Luteotropin, prolacting

Gonadotropin: (chorionic gonadotropin).

Tissue Hormones

Secretin

Gastrin

Angiotensin I and II
Bradykinin

Human placental lactogen
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6
Peptide Hormones from the Neurohypophysis
Oxytocin
Vasopressin

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

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

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

The microorganism host may be bacteria, such as
Escherichia, Bacillus, Aerobacter, Klebsiella, Proteus,
Pseudomones, Streptococecus, Staphylococcus, Clo-

“stridium, Mycobacterium, Streptomyces and Actino-

myces; Fungi e.g. Gymnomycota, Dimastygomycota,
Eumycota, Zygomycetes, Ascomycetes and Basidomy-
cetes, such as, Candida, Aspergillus, Rhizobus, Micro-
sporum, and Fonsecaea; Protozoa e.g. Mastigophora,
Sarcodina, Sporozoa and Celiophora, such as, Trypano-
soma, Codosiga, Protospengra and Entameba, and Alga
e.g. Dinoflagellates, Euglenoids, and Diatoms.

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

Depending upon the nature of the host, 2 wide vari-
ety of vectors may be employed. The vector will have
an intact replicon and be capable of replication in the
host: In addition, replicons can be developed which
may have one or more other regulatory signals. Regula-
tory signals can include temperature sensitive replicons,
runaway-replication sequences, temperature sensitive
operators, and the like. Various additional DMNA se-
guences 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 e.g. electro-
phoresis and density gradient centrifugation.

The subject invention also provides for a technique
for screening the strength of promoters and terminators,
thus allowing for the determination of the use of a pro-
moter or terminator in a particular application, where it
may be desirable to have promoters or 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 provideés in the
direction of transcription the promoter, a first gene
marker, optionally termination codons, 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 will be a sub-
stantial differentiation between expression of the first
gene marker and expression of the second gene marker.
The ratio of expression between the first and sécond
marker will provide for a.comparative evaluation of the
activity of the promoter or terminator, depending upon
which is of known value. Thus, one can degrade a DNA
sequence such as a chromosome, or an extrachromo-
somal element, such as a plasmid or double minute,
isolate the promoters by selective binding with RNA
polymerase and insert the DNA fragments which bind
to the RNA polymerase into the previously described
construction. By 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 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-
tance 10 aatibiotics, 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 enzymé 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 biosyn-
thetic pathway. A third marker provides virus incoms
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patibility; preventing plaque formation. Other markers -

which allow for comparison will come readily to mind.

The. terminators roay be evaluated in the presence -

and absence of rho, so that one can determine the de-
pendency of the terminator on rho, as well as the effec-
tiveness of the terminator in relation to the concentra-
tion of 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 pro-
vide fragments having the desired intact sequence or
gene. The fragments can be further processed employ-
ing endo- or exonucleases to remove nucleotides unre-
lated to desired regulatory sequences or siructural
genes, By appropriate choice of restriction enzymes,
cohesive or blunt ended fragments can be generated.
Furthermore, chains can be extended with single nucle-
otides or oligonucleotides, linkers can be added, or
otherwise processing to provide for termini having
desired properties.

Dresirably, 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 TS 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 pronioter, may be an opera-
tor, activator, ribosomal start signal sequence, or the
like, to allow for controlled expression of the inserted
gene(s).
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The strategy described above provides a vehicle
which can be used with one or more hosts for gene
expression, where the gene after processing in a prede-
termined way can be directly inserted into the vehicle
ta 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
ingertion into the vehicle. In this instance, only the
promoter and terminator regulatory signals need be
present. :

To provide for enhanced flexibility, the region be-
tweern the promoter and terminator may be designed so
as to. provide for a plirality of restriction cleavage sites,
allowing for the iniroduction and removal of DNA
fragments without interruption of the remainder of the
vehiclé, 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 con-
sirnct into an appropriate vector which has been linear-
ized 10 provide complementary termini.

In developing the construci, a vector will normally
be used in order to clone the various sequences. The
construct will allow for the insertion of the different
seqiences 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 fermini
of the sequence and insertion site being complementary.

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

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

EXPERIMENTAL

Materials and Methods

Restriction endonucleases Hind¥ll, Hincli, Sall,
BaraHI and T4 Ligase were from New England Biolabs
(Beverly, Mass,, USA), Sau3A was from BRL (Neu-
Isenburg, Germany) and EcoRI and Hpall from (Bo-
chringer Mannheim, Federal Republic of Germany).
DNA polymerase I, phage fd DMNA (replicative form),
plasmid AD16/30 containing a 28 bp Hind{Il/BamHi
adapter sequence and, lac represser were supplied by
privaie sources. The isolation of bactericphage T5
DNA, plasmid DNA E. coli RINA. polymerase and E.
coli termination factor rho have been described previ-
ously, (v. Gabian and Bujard, Mol. gen. Genet. (1977)
157, 301-311; Clewel and Helinski (1969) PNAS USA
62, 1157-1166; and Knopf and Bujard (1975) Ear. L.
Biochem. 53, 371-385).

A 780bp DNA fragment carrying the £ coli lac regu-
latory region (promoter/operator: P/0}, an N-terminal
portion of the S-galactosidase structural gene sufficient
for intracistronic complementation of the M15 deletion,
as-well as a portion of the i-gene(i) was isolated from a
HincllI digest of a pACYC 214 plasmid (a plasmid re-
Jated to pACYC 184 by insertion at a BamHI site of a
BamHI restriction cleavage fragment from F'-lac carry-
ing the lac gene) by repressor binding and subsequent
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4,495, 280{

9

adsorption to nitrocellose. This fragment was then em-
ployed in the construction of an exemplary plasmid for
analyzmg strong promoters. and strong terminators as
depicted in FIG. 1.

Utilizing the Hpall cleavage site within the B-gal
structural genes the fragment was reduced ‘in size and
provided with BamHI and Sall cleavage sites by. vari-
ous subcloning. The resulting fragment (left most part
of Figure) contains the intact contrel region of the lac
operon and an N-terminal portion of the 8-gal struc-
tural gene coding for 66 amino acids {a). Introduction
of this fragment by blunt end ligation into the HindIl1
site of pACYC184 (Chang and Cohen (1978} J. Bac-
teriol. 134, 1141-1156) vielded pBU1Q, 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 BamHI/HindIII adaptor
sequence and integrated into pBU10 to yield pLBU1L.

Cleavage of the lac sequence in pBUI0 by Hpall

5

20

destroys the lac promoter and liberates upon cleavage -

with HindHI a fragment containing the lac operator and
aregion coding for a functional a-fragment. Integrating
this DNA sequence into pBR322 leads to pBU12a. Fi-
nally, rteplacement of the HindIII/Sall portion of
pBU12a by a partial digest of the HindIT1/Sall fragment
of pLBUI containing the fd ferminator resulted in
pLBU3, a vector suitable for integration of efficient
promoters at the EcoRI site. The regions encoding
chloramphenicol (Cm); ampicillin {Ap) and tetracycline
(Tc) resistance are indicated as cat, bla and tet respec-
tively.

The plasmid, pBU10, had the following properties: (i)
it contains the o fragment of B-galactosidase {a-protein)
and complemented the M15 deletion of the lac operon;
(i) the Tc resistance it specified was under the control
of the lac promoter, as shown in M15 Y4 strains; (iti) the
HindIII site between: the lac gene fragment and the tet
gene was restored; the stop codon immediately follow-
ing the HindI1I site limited the length of the lacZ gene
product to 68 amino acids.

Insertion of the fd terminator upstream to thetet gene
resulted in a2 90% reduction in the level of Tc resistance,
but no detectable change in the levels of B-galactosidase
activity in M15 deletion strains. The results obtained as
to the properties imparted to various E. coli strains by
various plasmids is set forth in the following table:

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

For the cloning of exogenous promoters, the lac pro-
moter on the lac/tet construct had to be removed or
destroyed in such a way that a site for the subsequent
integration of promoters was retained. To do this, the
Hpall cleavage site at position —17 of lac was em-
ployed, as described above. Colonies that showed both
a reduced Jevel of T¢ resistance and the presence of a
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lac dperator sequence, which could be detected on the
multicopy plasmid by its ability to bind the lac repregser
and induce chromosomal S8-gal synthesis, were identi-
fied. Endonuclease analysis (HindIII/EcoRI1 double
digest) of plasmids recovered from several isolates
yielded two types of vectors: one of these represented
by pBU12 harbored the expected 253bp lac fragment;
the other repﬁesented by pBU12a yielded a 420bp frag-
ment. DNA sequence analysis showed that in pBU12a,
a 160bp fragntent of unknown origin, containing two to
three stop codons in each of the possible translational
reading frames, had been integrated between the EcoR1
site and position — 15 of the lac promoter. The presence
of the stop codons made the fragment an efficient termi-
nator of any translation that occurred upstream of the
tranglational initiation site for the a-fragment.

‘When the HindIIl/Sall segment of pBU12a was re-
plac%{ with an identically generated fragment of
pLB 1 carrying the fd terminator, the plasmid pLBU3
was | obtamed which conferred neither Tc resistance
nor B-gal activity to E. coli M15 strain. Although this
plasmid contained a tet region and a DNA sequence
encoding the’ a-fragment of lac; it conferred meither
resistance nor: -B-gal activity to the F. coli M15 strain. It
was therefore’chosen as the TS5 promoter cloning vehi-
cle.

A populatibn of about 200 short fragments of T5
DNA was obtained by double digestion of the 120kb
phage genome with Haelll and Alul endonucleases.
These fragménts were ligated with excess synthetic
EcoRI links and the resulting molecules were cleaved
with. EcoRI endonuclease and ligated into the EcoRI
cleavage site of pLBU3. Transformation of E. .coli C600
and selection for 8-gal activity plus high level Tc-resist-

ance vielded 35 colonies resistant to Te-concentrations
between 8 and 70 pg/ml. Plasmids were isolated from
13 colonies resistant to 70 pg/ml, which earlier experi-
ments using multicopy plasmids had suggested was the
highest level detectable in E. coli K12 (Cabello et al.
(1976) Nature'259, 285-290).

Digestion of the 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 polymerasge, fol-
lowed by filter binding analysis, identified between one
and three fragments of each plasmid that inieracted
very- efficiently with the enzyme; these fragments were
isolated from polyacrylamide gels and individually re-
cloned in pLBU3. In each case, they gave rise to colo-
nies resistant to 70 pg/ml Tc. Plasmids isclated from
each of these ‘clones carried the expected IDMNA frag-
ments, as shown by EcoRI cleavage and gel electropho-
resis. The prolmoter library which was obtained con-
tained abont 25 different strong promoters of coliphage
T5.

A plasmid pGBU207 containing an EcoRI-generated
fragment of 212bp was selected for further stidy. In
vitro transcription on the plasmid was mapped by anal-
ysis of RNA transcripts made on fragments of the plas-
mid produced by cleavage with different restriction
endonucleases. Cleavage of the plasmid with EcoRI
endonuclease Yielded principally a single RNA species
about 130 nt in length. The size of the transcript in-
creased to 550 nt when a HindIM digest of pGBU207
wis used as a template. BamHI 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
tet region of the plasmid. The experiments also showed
the functioning of the termination signal introduced
between the lac fragment and the tei gene. Under the
high salt conditions vsed for this in vitro transcription
experiment, termination of about 50% of transcription
within the fd DNA fragment gave rise to the 740 nt
transcript, while a read- through transeript extended to
the BamHI cleavage site located 890bp from the pro-
moter. The data strongly suggested that RNA termina-
tion occurring in the fd terminator placed in the reverse
orientation is rho dependent, in contrast to the rho-
mdependcm terimination that occurs when the termina-
tor is in its norinal orientation.

Since the rate of complex formation between RNA
polymerase 4nd promoter signals is a reflection of the
strength of the promoter, the relative rate of complex
formation of the 212bp fragment of pGBU207 wis com-
pared with complex formation involving the previously
studied TS promoters P35 and Py (Stuber and Bujard
(1981), supra). The results showed that the promoter
used to express downstréeam genetic functions in
pGBU207T has a signal strength similar to that of P25 and
Pag, which are among the most efficient RNA polymer-
ase binding sequences identified from any sonrce. (Nie-
mann (1981), supra). .

The above results demonstrate that novel DNA se-
guences can be prepared from the strong TS5 promoters,
which. can. then be: used for the expression of a wide
variety of poly(amino acids). Furthermore, by employ-
ing & promoter, optionally a structural gene, a termina-
tor; and a marker, test pla&mxd structares 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 transeription
of a wide variety of structural genes, with conconumi-
tant selection of the transformants by employing an
appropriate marker downstream from the balanced
terminator.

Adthough the foregoing invention has been described

in soie detail by way of illustration and example for
purposes of clarity of understanding, it will be obvious
that certain changes and modifications may be practiced
within the scope of the appended clairas.

We claim:

1. A linear DNA sequence having proximal to one
snd a strong TS5 phage promoter, proxiinal 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 T35, wherein the direction of said
promoter is away from said terminator and said marker
is expressed at a frequency of less than about one-fourth
the frequency of a structural gene, when said structural
gene is inserted between said promoter and terminator,
so as to be under the transcriptional control of said
promoter and to bridge said linear DINA sequence to
provide a circular DNA sequence:

2. A linear DNA sequence according to claim 1,
having intermediate said other end and said strong ter-

S

20

30

40

50

65

12
minator at least one stop codon in at least one reading
frame.

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

4. A linear DNA sequence ax,cordmg 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 mtermedxate 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 &,
wherein said marker has at least one gene for an enzyme
in a metabolic synthetic pathway.

9. A linear DNA sequerice according to any of claims
1, 2 or 3, wherein said replication system is for a proka-
ryote.

10. A linear DNA sequence according 10 any of
claims &, 2 or 3, wherein said replication system is for a
eunkaryote.

11. A method for determining the strengrh ofa pro-
moter which comprises:

inserting said promoter into a linear DNA sequence

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

transforming said host with said circular DNA se-

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

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

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

13. A method according to any of claims 11 or 1Z,
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 sequerice having in downstream
order of transcription a strong TS5 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 repli-
cation system and having a marker for selection down-
stream from said terminator, wherein said marker is
expressed at a frequency of less than about one-fourth
the frequency of which the structural gene is expressed

and is under transcriptional control of said promoter,
* %X 4 %
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