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This patent document is a Continuation-In-Part of
U.5. Serial No. 07/977,691 filed November 13, 1982,
20 pending. This patent document is related to "THERAPEUTIC
APPLICATICN OF CHIMERIC ANTIBODY TO KEUMAN B LYMPHOCYTE
RESTRICTED DIFFERENTIATION ANTIGEN FOR TREATMENT OF B CELL
LYMPHOMA, " having U.S. Serial No. 07/978,881, filed
November 13, 1992 (pending)., and "THERAPEUTIC APPLICATION
25 OF CHIME‘_.RIC AND RADIOLAEBLED ANTIBODIES TO HUMAN B
LYMPHMOCYTE RESTRICTED DIFFEIRENTIATION ANTIGEN FOR
TREATMENT OF B CELL LYMPHOMA", having U.S. Serial No.
- , filed simulcaneously herewith. This patent
document is related to commonly assigned United States
30 Serial No. 07/912.292 and entitled "RECOMBINANT ANTIBODIES
FOR HUMAN THERAPY," filed July 10, 1992. These documents

are incorporated herein by reference.
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Rel at ed Applications Thi s patent docunment is a

Conti nuation-In-Part of U S Serial No. 07/977,691 fil ed Novenber 13,
1992, 20 pending. This patent docunent is related to "THERAPEUTIC
APPLI CATI ON O CHINFRIC ANTI BODY TO HUVAN B LYMPHOCYTE ﬁ -
DI FFERENTI ATI MR ARHBEN FOR TREATMENT OF B CELL LYNPHOVA e
Serial No. 07/978,891, filed Novenber 13, 1992 (pendlng) and
THERAPEUTI C APPLI CATI ON 25 OF CHI MERI C AND RADI OLABLED ANTI BODI ES TO HUVAN
B LYMPHOCYTE RESTRI CTED DI FFERENTI ATI ON ANTI GEN FOR TREATMENT OF B

CELL LYMPHOMA', having hkShoEEﬂiEﬂdedeent of the biotkchfdlsqvwHdqanreeys!y
it S corat Rt tbe b He 05 U RS
FOR HUMAN THERAPY. 'PrPr-FéGSJul%FOEGmim th #h%%‘;een&ée neffis§ituents of all
living cells and proteins are comprised of ¢comZinations of
5 20 naturally occurring aminc acids: each amino acid
molecule is defined ("encoded") by groupings ("codons”) of
three deoxyribonucleic acid ("DNA") mclecules: a string of
DNA molecules ("DNA macromolecule") provides, in essence,
a blueprint for the production of specific sequences of
10 amino acids specified by that blueprint. Intimately
involved in this process is ribonucleic acid ("RNA"}:
three types of RNA (megsenger RNA; transfer RNA; and

ribosomal RNA) convert the information encoded by the DNA
into, eg a protein. Thus, genetic information is

15 generally transferred as follows: DNA -RNA — protein.
In accordance with a2 typical strategy invelving
recombinant DNA technology, a DNA sequence which encodes a
desired protein material ("cDNA") is identified and either
isolared from a natural source or synthetically produced.
20 By manipularing this piaece of genetic material, the ends
thereof are tailored to be ligated, or "fiz,* into a
section of a small circular molecule of double stranded
DNA. This circular molecule is typically referred to as a

"DNA expression vector," or simply a “vector." The
25 combination of the vector and the genetic material can be
referred to as a "plasmid’ and the plasmid can be

replicated in a prokaryotic host (ie bacterial in nature)
as an autonomous circular DNA molecule as the prokaryotic
host replicates. Thereafter, the circular DNA plasmid can
30 be isolated and introduced into a eukaryotic hosgt (e
mammalian ir nature) and host cells which have
incorporated the plasmid DNA are selected. While some
plasmid vectors will replicate as an autonomous circular
DNA molecule in mammalian cells, (eg plasmids comprising
35 Epstein Barr virus ("EBV") and Bovine Papilloma virus
("BPV") based vectors), most plasmids including DNA
vectors, and all plasmids including RNA retroviral
vectors, are integrated into the cellula> DNA such that
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are incorporated herein by reference.
3
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when the cellular DNA of the eukaryotic host cell
replicates, the plasmid DNA will alsoc replicate.
Accordingly, as eukaryotic cells grow and divide, there is
a corresponding increase in cells containing the

5 integrated plasmid which 1leads tc the production
{"expression”) of the protein material of incerest. By
subjecting the host cells containing the plasmid to
favorable growth conditions, significant amcunts of the
host, and hence the protein of interest, are produced.

10 Typically, the Chinese Hamster Ovary ("CHO") cell line is
utilized as a eukaryotic host cell, while E. coli is
utilized as a prokaryotic host cell.

The vector plays a crucial role in the foregoing -
manipulation of the vector can allow for variability as to

15 where the ¢DNA is inserted, means for determining whether
the cDNA was, in fact, properly inserted within the
vector, the conditions under which expression of the
genetic material will or will not occur, etc. However,
most of the vector manipulations are geared toward a

20 single goal-increasing expression of a desired gene
product, Ie protein of interest. Stated again, most
vector manipulation is conducted so that an "improved"
vector will allow for production of a gene product at
significantly higher levels when compared to a “non-

25 improved" wvector. Thus, while certain of the
fearures/aspects/characteristics of one vector may appear
to be similar to the features/aspects/characreristics of
another vector., it is often necessary to examine the
result of the overall goal of the manipulation - improved

3¢ production of a gene product of interest.

While one *"improved” vector may comprise
characteristics which are desirable for one set of
circumstances, these characteristics may not necessarily
be desirable under other circumstances. However, one

3% characteristic is desirable for all vecteors: increased
efficiency. ie the abilizy to increase the amount of
protein of interest produced while at the same time
decreasing the number of host cells to be screened which
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As noted, the advent of the biotechnol ogy industry has all owed for the

production of |arge quantities of proteins. Proteins are the essenti al
constituents of all living cells and proteins are conprised of

conbi nati ons 20 naturally occurring am no acids; each ) s

nol ecule is def?%‘égw(fencoded") by groupings ("codons") of Pe‘P}L{%ﬁ?@g“q
deoxyri bonucleic acid ("DNA") nol ecul es; a s%ring of DNA nol ecul es

(" DNA rmacronol ecul e") provides, in essence, a blueprint for the
production of specific sequences of 10 am no acids specified by that

bl uepri nt. | nti medelnpt genedageol veuf figient samonot esfs ths rpthmrial ei suaci d
("RNA") ; threeidypasad BEAicAeas9N0RSu RNALabeaNSd ®dr SNA AN an1e

brotern Thus " gihanatekt oPRAT Y TGS Re hablfachit a0, aqataq and™®
fol lows: DNA [err]daiNa2FERg |ther 6ime nspent by technicians in screening for
5 wviable colonies which are expressing the protein of
interest. Accordingly, what would be desirable and what
would significantly improve the state of the art are

expression vectors with such efficiency characteristics.

10  Summary Of The Inventicn

The invention disclosed herein satisfies these and
other needs. Disclosed herein are £fully impaired
consensus Kozak sequences which are most typically used
with dominant selectable markers of trangcriptional

15 cassettes which are a part of an expression vector;
rreferably, the dominant selectable marker comprises
either a natural intronic insertion region or artificial
intronic insertion region, and at least one gene product
of interest is encoded by DNA located within such

20 insertion region.

As used herein, a "dominant selectable marker® is a
gene sequence or protein encoded by that gene sequence:
expression of the protein encoded by the dominant
selectable marker assures that a host cell transfected

25 with an expression vector which includes the dominant
selectable marker will survive a selection process which
would otherwise kill a host cell not containing this
protein. As used herein, a “transcriptional cassette" is
DNA encoding for a protein product (eg a dominant

30 selectable marker) and the genetic elements necessary for
production of the protein product in a host cell (ie
promoter; transcription start site; polyadenylaczion
region; etc.). These vectors are most preferably utilized
in the expression of proteins in mammalian expression

35 systems where integration of the vector into host cellular
DNA occurs. Beneficially, the use of such fully impaired
consensus Kozak sequences improves the efficiency of
protein expression by significantly decrsasing the number

This Sheet Has Been Replaced SUBST]TUTE SHEET (RU LE 26)

6 3Jdvd *Qal

Y *HONd EV:2C¢ 96-61-834d



In accordance with a typical strategy involving reconbi nant DNA

t echnol ogy, a DNA sequence whi ch encodes a desired protein materi al
("cDNA") is identified and either i solated froma natural source or
synthetically produced. 20 By manipulating this piece of ge i al,

t he ends f‘ﬁb BfZ3re tailored to be Ilgat ed, gr "fit, e pﬁhgngﬁ
section of a small circular nolecule of double stranded DNA. This
circular nolecule is typically referred to af a "DNA expression
vector," or sinply a "vector." The 25 conbination of the vector and the

genetic material cad¥ RBable Eei@iiaadwhoiasam thel aame dimeandighef ptasyliyd can

be replicated 'ﬂu[%'&gr%gﬁggéffg lafo R tc>“( b@op@ﬁ; %?Lsééﬁ 'w 'é[;@)\ viabl®s an

aut ononous ci rcul ar , e as t prokar otic replicates.
Thereafter, the ci rRAHCRAePNA HF d-ésrﬁddhééﬁl’ﬁ'o F%ﬁ?]at‘é’&zéﬁélc ¥ o

into a eukaryotic hagtiofireis a region of DNA naturally preseat within a gene
5 in this case, typically a dominant selectable marker,
which can be utilized for insertion of DNA encoding a gene
product of interest; an "artificial intronic insertion
region" is a region of DNA which is selectively created in
a gene (again, most typically, a dominant selectable
10 marker) which can be utilized for insertion of DNA
encoding a gene product of interest. Information
regarding intronic positioning is described in Abrams,
J.M. et al. “Intronic Positioning Maximizes Co-expression
and Co-amplificazion of Nonselectable Heterologous Genes.
15 *J. Bio. Chem., 264124:14016 (1989), and U.S. Patent No.
5,043,270 (bo=h documents being incorporated herein by
reference) .
As defined, disclosed and claimed herein, a "fully
impaired consensus Kozak" comprises the following
20 sequence:
~3 -1
Pyxxx ATG PyxxX
where: “x" is a nucleotide selected from the group
consisting of adenine (A), gquanine (G), cytosine (C) or
25 cthymine (T)/ uracil (U); "Py" is a pyrimidine nucleotide,
ie C or T/U; "ATG" is a coden encoding for the amino acid
methionine, the so-called "start" codon; and -3 and +1 are
directional reference points vis-a-vis ATG, le -3 is
meant to indicate three nucleotides upstream of ATG and +1
30 is meant to indicate one nucleotide downstream of ATG.
preferably, the fully impaired consensus Kozak is
part of a methionine start codon that initiates
translation of a dominant salectable marker poxtion of a
transcriptional cassette which is part o an expression
3% wvector. Preferred dominant selectable markers include,
but are not limited to: herpes simplex virus thymidine
kinase; adenosine deaminase; asparagine synthetase:;
Salmonella his D gene; xanthine guanine phosphoriposy.l
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manmal i an in nature) and host cells which have I ncorporated the plasmd
DNA are selected. Wile sone plasm d vectors will replicate as an
aut ononmous ci rcul ar DNA nol ecule in mammalian cells, (eg plasm ds
conpri si ng 35wobRALt€kN Barr virus ("EBV') and Bovi ne Papi | |rgmaussvug:: (
"BPV') based vectors), nost plasmds including DNA vectors, and all
pl asm ds including RNA retroviral vectors, are integrated into the
cel lul ar DNA such t hat
transferase; hygromycin B phosphotransferase; and neomycin
phosphotransferase. Most preferably, the dominant
selectable marker is neomycin phosphotransferase.
In particularly preferred embodiments of the
5 invention, at least one out-of-frame start c¢odon (ie %TG)
is located upstream of the fully impaired consensus Kozak
start codon, without an in-frame stop codon being located
between the upstream start codon and the fully impaired
consensus Kozak start codon. As used herein, the term
10 *stop codon” is meant to indicate a codon which does not
encode an aminc acid such that translation of the encoded
material 1s terminated; this definition includes, in
particular, the traditional stop codons TAA, TAC and TGA.
As used herein, the terms "in-frame" and "out-of-frame”
15 are relarive to the fully impaired consensus Kozak start
codon. By way of example, in the following seguence:
-3 1
GAC CAT GGC {OxxX ATG Cxx
the underlined portion of the seguence ls representative
20 of a fully impaired consensus Kozak (where "X" represents
a nucleotide) and the codons GAC., CAT and GCC are "in-
frame" codons relative to the ATG start codon. The above-
lined nucleotides represent an "out-cf-frame" start codon
which is upstream of the fully impaired consensus Kozak
25 start codon. Preferably, the out-of-frame start codon is
within about 1000 nuclectides upstream of the fully
impaired consensus Kozak start codon, more preferably
wirhin about 350 nucleotides upstream of the fully
impaired consensus Kozak start codon, and most preferably
30 wirhin about 50 nucleotides upstream of the fully impaired
zonsensus Kozak start codon. Preferably, the out-of-frame
start codon is a part of a consensus Kozak. By way of
example, the sequence set forth above satisfies this
criteria: the -5 nucleotide is a purine (G); nucleotide
35 -6, -7 and -8B encode an out-of-frame star: codon (ATG):

and nucleotide -11 is a purine (A).
Additionally, utilization of a €fully impaireé
consensus Kozak within a sgecondary structure (ie a so-

o oTr gdEET (RULE 26)
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4 when the cellular DNA of the eukaryotic host cell replicates,
the plasmid DNA will also replicate. Accordingly, as eukaryotic cells
grow and divide, there is a correspondi ng increase in cells contalnlng
the 5 integrated plasm d which | eads to the production (" expression")
of the protei W@8431523] of interest. By subj ecting the REIUI3IPZ21
containing the plasmd to favorable growmh conditions, significant
anounts of the host, and hence the proteith of interest, are produced

called “stem-loop" or “hairpin") is beneficially viable to
impairment of translaticn of the protein encoded by the
dominant selectable number. In such an embodiment, the
start codon of the fully impaired consensus Kozak is most
5 preferably located within the stem of a stem loop.
Particularly preferred expression vectors which
incorporate these aspects of the invention disclosed
herein are referred to as "TCAE," and "ANEX" and "NEOSPLA"
vectors; particularly preferred vectors are referred to as
10 ANEX 1, ANEX 2 and NEOSPLAZF.
These and other aspects of the invention disclosed
herein will be delineated in further detail in the

sections to follow.

15  Brief . of The L .

Figure 1 provides the relevant portion of a consensus
Kozak and several particularly preferred fully impaired
consensus Kozak sequences;

Figure 2 provides a diagrammatic representation of

20 the vectors TCAE 5.2 and ANEX 1 (TCAE 12) designed for
expression of mouse/human chimeric immunoglobulin, where
the immuncgleobulin genes are arranges in a tandem
configuration using neomycin phosphotransferase as the
dominant selectable marker:;

25 Figure 3 is a histogram comparing protein expression
levels with the vectors TCAE 5.2 and ANEX 1:

Figure 4 provides a diagrammatic representation of
the vector ANEX Z designed for expression of mouse/human
chimeric immunoglobulin, where the immunoglobulin genes

30 are arranges in a tandem configuration using neomycin
phosphotransferase as the dominant selectable marker:

Figure 5 is a histogram comparing protein
expression levels with the vectors TCAE 5.2, ANEX 1 and
ANEX 2;

35 Figure 6 provides a diagrammatic representation of a
NEQSPLA vector designed for expression ¢f mouse/human
chimeric immunoglobulin; and
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10 Typically, the Chinese Hanster Ovary ("CHO' ) cell line is utilized

as a eukaryotic host cell, while E. coli is utilized as a prokaryotic
host cell. The vector plays a crucial role in the foregoing -
mani pul ation of the vector can allow for variability as to 15 where t
cDNA i s i nser We4/18%ns for deternini ng whet her the cDNAPGHESYVHAE bct
properly inserted wthin the vector, the conditions under which
expression of the genetic material will %r will not occur, etc.
However, nost of the vector mani pul ations are geared toward a 20

5|n?|e 90?|'|?Creaf|ngsf¥ £§§§|Qﬂ OhﬂiéK&lV@daQEnQ-stogBé?QU@bmpak&ng

protein of interes a agai.n e ul ation i,s

conduct ed so that 6’%’6“% ioh goﬁ"%ﬁ \'/ﬁ\ﬁ (‘tgﬁ 4P ugt Pon of a

gene product at NEQISgnAf BEan{hy - hi §NEX |2e s sWﬁ%éﬁpé?Ed t 84 GKon-
NEOSPLA3F vs. NEOSPLA3F (7C).

r 1 ad . 0f Pref 1 Proodi .

Disclosed herein are nucleic acid seguence

arrangements which impair translatior and initiation of,

most preferably, dominant selectable markers incorporated

10 inte mammalian expression vectors and which are

preferably, but not necessarily, co-linked to an encoding

sequence for a gene product of interest. Preferably, the

dominant selectable marker comprises at least one natural

or artificial intronic insertion region, and at least one

15 gene product of interest is encoded by DNA located within

at least one such intron. Such arrangements have the

effect of increasing expression efficiency of the gene

product of interest by, inter alia, decreasing the number

of viable colonies cbtained from an equivalent amount of

20 plasmid DNA transfected per cell, while increasing the
amount of gene product expressed in each clone.

For purpose of brevity and presentational efficiency,
the focus of this section of the patent disclosure will be
principally directed to a specific dominant selectable

25 marker, neomycin phosphotransferase, which is incorporated
into a mouse/human chimeric immunoglobulin expression
vector. It is to be understood, however, that the
invention disclosed herein is not intended, nor is it to
be construed, as limited to these parcticular systems. To

30 the contrary, the disclosed invention is applicable cto
mammalian expression systems in toto, where vector DNA is
integrated intec host cellular DNA.

One of the most preferred methods utilized by those
in the art for producing a mammalian cell line that

35 produces a high level of a protein (Ie ‘'production cell
line") inveolves random integration oI DNA coding for the
desired gene product (ie "exogencus ZNA") by using, mos:
typically, a drug registant gene, referred to as a
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25 inproved vector. Thus, while certain of the

features/ aspects/characteristics of one vector nay appear to be simlar
to the features/aspects/characteristics of anot her vector, is often
necessary to exanlne t he result of the overall goal of }atlon
- inproved 3WOWHALtti on of a gene product of interest. P@ﬁL@&DwﬁH one
"I nproved" vector may conprise characterjstics which are desirable for

one set of ci rcunst ances, these char act¥ti stics may not necessarily

be desirabl e under other circunstances. However, one 35 characteristic is
desirable for all vc&fzﬁaast seimmeneseedlarke. r ef khat eridpwsi for tdedeabidr tof to

i ncrease the anounf, { fs tha pr}&tveel qﬁq_f! ﬁe@;e PR sWiidae atsddieasanme

tinme decrea5|ng the nu s to be scrfened whi ch
again, thcse ce 1lls w ich properly ncorporate the

exogenous DNA including, eg, the drug resistant gene, will
maintain resistance to the corresponding drug. This is
most typically followed by co-amplification of the DNA
encoding for the desired gene product in the transfected
cell by amplifying an adjacent gene that also encodes for
drug resistance ("amplification gene"), eg resistance
10 to methotrexate (MTX) in the case of dehydrofolate
reductase (DHFR) gene. The amplification gene can be the
same as the dominant selectable marker gene, or it can be
a separate gene. (As those in the art appreciate,
"transfection" is typically utilized to describe the
15 process or stace of introduction of a plasmid into a
mammalian host cell, while "transformation" is typically
utilized to describe the process or state of inmtroduction
of a plasmid into a bacterial host cell).
Two amplification approaches are typically employed
20 by those in the art. In the first, the entire population
of transfected and drug resistant cells {(each cell
comprising at least one integration of the gene encoding
for drug resistance) is amplified; in the second,
individual clones derived from a single cell are
25 amplified. Each approach has unique advantages.
With respect to the first approach, it is somewhat
"easier" to amplify the entire pepulation (typically
referred to as a "shotgun" approach, an apt description)
compared to individual clones. This is Dbecause
30 amplification of individual clones initially involves,
inter alia, screening of hundreds of isolated mammalian
colonies (each derived from a single cell, most of which
being single copy integrants of the expression plasmid) in
an effort to isoclate the one or two "grail" colonies which
35 ©secrete the desired gene product at a "high" level, ie at
a level which is (typically) three orders of magnitude
higher rhan the lowest detectable expression level. These
cellas are also often found to have only a single copy

wn

This Sheet Has Been Replaced SUBST‘TUTE SHEET (RULE 26)

¥l JOvd A1 |} :HONd PbPb:2¢ 96-61-83d4




5 do not generate a sufficient anount of this protein. Such

reduci ng manuf acturi ng costs and

W0 94/11523

I ncreased efficiency woul d have several desirable advant ages, including
PCT/US93/11221
11
integration of the expression plasmid. Additricnally,

S1 JIowd

10

15

20

25

30

35

amplifying individual clones results in production cell
lines which contain fawer copies of the amplified gene as
compared to amplification of all transfected cells
(typically, 10-20 versus 500-1000).

With respect to the second approach, production cell
lines derived from amplifying individual clones are
typically derived in lower levels of the drug(s) used to
select for those colonies which comprise the gene for
drug(s) resistance and the exogenous gene product (ie in
the case of methotrexate and DHFR, 5nM versus 1uM}.
Furthermore, individual clones can typically be isclated
in a shorter period of time (3-6 months versus 6-9
months) .

Ideally then, the tangible benefits of both
approaches should be merged: at a practical level, this
would involve decreasing the number of colonies to be
screened, and increasing the amount product secreted by
these colonies. The present invention accomplishes this
task.

The position where the DNA of the dominant selectable
marker of the plasmid DNA is integrated within the
cellular DNA of the host cell determines the level of
expression of the dominant selectable marker protein, as
is recognized by those in the art. It is assumed that the
expression of a gene encoding a protein of interest which
is either co-linked to or positioned near the dominant
selectable marker DNA is proportional to the expression of
the dominant selectable marker protein. While not wishing
to be bound by any particular theory, the inventor has
postulated that if the gene used to select for the
integration of the exogenous DNA in the mammalian cell (ie
the dominant selectable marker) was designed such that
translation ©of that dominant selectable marker was
impaired, then only those plasmids which could overcome
such impairment by over-production of the gene product of
the dominant selectable marker would survive, eg, the
drug-screening process. By associating the exogenous DNA

This Sheet Has Been Replaced SUBST‘TUTE SHEET (RULE 26)

i

:Qal Y *HO¥d bvb:-Zd< 96-61-H3d4



decreasing the tinme spent by technicians in screening for 5 viable

col oni es which are expressing the protein of I nterest. Accordingly,

what woul d be desirabl e and what woul d significantly inprove the state
of the art are expression vectors with such efficiency characteristics.
10 Summary GVOP#a182Bventi on The invention discl oseddrarsssnia
sati sfies these and ot her needs. Di scl osed herein are fully inpaired

consensus Kozak sequences which are nost typizally used wi t h dom nant
sel ect abl e markers of transcriptional 15 cassettes which are a part of an

expressi on vector : f d nant sele able rker conpri ses
either a natural |ntrongég|§éer %1 §i gﬁlor AFBT 1T qzﬁtroﬁY
i nsertion region, Q%FCPéasqf(ﬁhé gE#ﬂaHﬂPédQ%tOf the dOmlnant selectable

marker would alsc result in over-production of the gene

product derived from the associated exogenous DNA. In

S accordance with this postulated approach, impairment of

translation of the dominant selecrable marker gene would

be necessary, and an avenue for such impairment was the
consensus Kozak portion of the gene.

By comparing several hundred vertebrate mRNAs,

10 Marilyn Kozak in "Possible role of flanking nucleotides in

recognition of the AUG initiator codon by eukaryotic

ribosomes," Nuc. Acids Res. 9: 5233-5252 (1981) and

"Compilation and analysis of sequences upstream from the

translational start site in eukaryotic mRNAs," Nuc. Acids

15 Res. 12: 857-872 (1984), proposed the following

"consensus" sequence for initiation of translation in

higher eukaryotes:

-3 +1
cc Acc ALG G
20 (As those in the art appraciate,'uracil, U, replaces the
deoxynucleotide thymine, T, in RNA.) 1In this sequence,

referred to as a “consensus Kozak," the most highly
conserved nucleotides are the purines, A and G, showr in
capital letters above; mutational analysis confirmed that
25 these two positions have the strongest influence on
initiation. See, eg, Kozak, M. "Effects of intercistronic
length on the efficiency of reinitiation of eukaryotic
ribosomes.* Mol. Cell Bio. 7/10: 3438-3445 (1987). Kozak
further determined that alterations in the sequence
30 upstream of the consensus Kozak can effect translation.
For example, in "Influences of mRNA secondary structure on
initiation by eukaryotic ribosomes." PNAS 83: 2850-2854
(1986) Kozak describes the "artificial” introduction of a
secondary hairpin structure region upstream from the
35 consensus Kozak in several plasmids that encoded
preproinsulin: it was experimentally determined thatr a
Stable stem loop structure inhibited translation of the
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of interest is encoded by DNA | ocated within such 20 insertion region.

As used herein, a "dom nant selectable marker" is a gene sequence or
protei n encoded by that gene sequence; expression of the protein
encoded by th sel ect abl e marker assures that éj?Péénfﬁyx
transfected n expression vector which includes the domnan

sel ectabl e narker mAII survive a sel ection process which woul d
otherwise kill a host cell not containing this protein, As used herein,
a "transcriptional cassette" is DNA encoding for a protein product (eg
a dom nant 30 sel ecteabbénswelite genandredec g athiec : ékbdeot prreicasddany b or
production of theggrgkgin product in a host cell (ie pronot er;

transcription start site: polyadenyl ati on n . These_ vectors
are nnstppreferably ut? $§g£;§1ng y: was dzscove*géQurt%e inventor that

by c¢hanging the purines A(-3 vis-a-vis ATG start codon)
5 and G(+l) to pyrimidines, translation impairment was
significant: when the consensus Kozak for the neomycin
phosphotransferase gene was subjected to such
alterations (as will be set forth in detail below), the
number of G418 resistant colonies significantly decreased;
10 however, there was a significant increase in the amount of
gene product expressed by the individual G418 resistant
clones. As those in the art will recognize, this has the
effect of increasing the efficliency of the expression
system—there are less colonies to screen, and most of the
15 c¢olonies that are viable produce significantly more
product than would ordinarily be obtained. Confirmation
of the 1inventor's postulated theory was thus
experimentally determined.
As noted, for purposes ¢f this patent document a,
20 *consensus Kozak" comprises the following seQuence:
-3 +1
Pxx ATGC Pxx
a "partially impaired consensus Kozak*® comprises the
following sequence
25 -3 +1
P/Pyxx ATG P/Pyxx
and a disclosed and claimed "fully impaired consensus
Kozak" comprises the following sequence:
-3 -1
30 Pyxx ATG Pyxx
where: "Xx" is a nucleotide selected from the group
consisting of adenine (A), guanine (G), cytosine (C) or
thymine (T) (uracil, U, in the case of RNA); “P* is =a
purine, ie A cr G, "Py" is a pyridine, le C or T/U; ATG
35 is a conventicnal start codon which encodes for the amino
acid methionine (Met):; the numerical designations are
relative to the ATG codon, ie a negative number indicates
"upstream" of ATG and a positive number indicates
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in the expression of proteins in manmalian expression 35 systens where

i ntegration of the vector into host cellular DNA occurs. Beneficially,
the use of such fully inpaired consensus Kozak sequences inproves the
ef ficiency of protein expression by significantly decreasing the nunber
WO 94/11523 PCT/US93/11221
14

“downstream” of ATG: and for the partially impaired

consensus Kozak, the following provisc is applicable--only

one of the -3 or +1 nucleotides is a pyridine, eg, if -3

is a pyridine. then +1 must be a purine or if -3 is a

S purine, then +1 must be a pyridine. Most preferably, the

fully impaired consensus Kozak is associated with the site

of translation iniciation of a dominant selectable marker

which is preferably (but not necessarily) co-linked to

exogencus DNA which encodes for a gene product of

10 interest. As used herein, "nucleotide® is meant cto

encompass natural and syntheti¢ deoxy- and ribonucleotides

as well as modified deoxy- and ribonucleotides, Jie where

the 3' OH, 5'QOH, sugar and/or heterocyclic base are

medified, as well as modification of the phosphate

15 backbone, eg methyl phosphates, phosphorothiocates and
phosphoramidites.

Information regarding the gene sequence of the
dominant selectable marker is preferably known; however,
in lieu of the entire sequence, information regarding the

20 nucleic acid sequence (or amino acid sequence) at the site
of translation initiazion of the dominant selectable
marker must be known. Stated again, in ordex to
effectuate a change in the consensus or partially impaired
consensus Kozak, one must know the segquence thereof,

25 Changing the consensus or partially impaired consensus
Kozak to a fully impaired consensus Kozak sequence can be
accomplished by a variety of approaches well known to
those in the art including, but not limited to, site
specific mutagenesis and mutation by primer-based

30 amplification (eg PCR); most preferably, such change is
accomplished via mutation by primer-based amplification.
This preference is principally based upon the comparative
"ease" in accomplishing the task, coupled with the
eificacy associated therewith. For ease of presentation,

35 a description of the most preferred means for
accomplishing the change to a fully impaired consensus
Kezak will be provided.
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of viable colonies while at the sane tine, significantly i ncreasing the

anount of protein expressed by such viable colonies. As used herein, a
"natural intronic insertion region” is a region of DNA naturally
present wthigod«gees 5 in this case, typically a dom nantcrqﬁigg.;ﬁnlvf,
mar ker, whi ch can be utilized for insertion of DNA encoding a gene
product of interest; an "artificial |ntron|% I nsertion region" is a
region of DNA which is selectively created a gene (again, nost
typically, a dom nant sel ectable 10 narker) whi ch can be utilized for
insertion of DNA eRBOBFFRAGE gEWSAPEORILRY RyTimexr-based amplification
| nformati on relies upon the power of the amplification process itself-
-as PCR is routinely utilized, focus will be directed
thereto. However, other primer-based amplification
5 technigues (eg ligase chain reaction, etc.) are

applicable. One of the two PCR primers (“mutational
primer") incorporates a sequence which will ensure that
the resulting amplified DNA product will incorporate the
fully impaired consensus Kozak within the transcriptional

10 cassette incorporating the dominant gelectable marker of
interest: the other PCR primer is complementary to another
region of <the dominant selectable marker; a
transcriptional cassettes incorporating the dominant
selectable marker: or a vector which comprises the

15 transcriptional cassette. By way of example, the
complement to a dominant selectable marker which includes
a consensus Kozak could have the following segquence (SEQ
ID NO: 1):

3'-tagctaggTecTACCee-5"

20 In order to creare a fully impaired consensus Kozak, the
mutaticnal primer could have the following sequence (SEQ
ID NO: 2) (for convenience, SEQ ID NO: 1 is placed over
the mutational primer for comparative purposes):

5'~atcgatecTggATGCgy-3"
25 3'~tagctaggTccTACCcC=-5"

L) ]

As is evident, complementarity is lacking in the
primer (see the "*" gymbols). By utilizing excess
mutational primer in the PCR reaction, when the sequence

30 including the consensus Kozak is amplified, the resulting
amplified DNA products will incorporate the mutations such
that as the amplified DNA products are in turn amplified,
the mutarions will predominate such that a fully impaired
consensus Kozak will be incorporated inteo the

35 amplification product.

Two criteria are required for the mutarional primer--
first, the length thereof must be sufficient such that
hybridization to the target will resulc. As will Dbe
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regarding intronic positioning is described in Abrans, J.M et al.
"I'ntroni-c Positioning Maxi m zes Co-expression and Co-anplification of
Nonsel ect abl e Heterol ogous Genes. 15 "J. Bio. Chem, 264124:14016 (1989).
and U. S. Patent No. 5,043,270 (both docunents being incorporated herein
by ref erence As defined, disclosed and cl ai ned hqreln a
"fully i T} $48d5¥onsensus Kozak” conprises the fol | ow nF FELSTKhidhce:
-3 +1 Pyxx ATG Pyxx wher e: "X" is a _
nucl eoti de sel ected fromthe group const&ting of adenine (A), quani ne
(G. cytosine (G or 25 thymne (T)/ uracil (U; "Py" is a pyrimdine
nucl eot i de, | eappoicilddda,” Adke hErac Lok sroRel n@ifor nbhe M N ci d
complementary to the target. Thus, a sufficient number of
complementary bases are required in order to ensure the
requisite hybridization. Preferably, the length of the
5 mutational primer is between about 15 and about 60
nucleotides, more preferably between about 18 and about 40
nucleotides, although longer and shorter lengths are
viable. (To the extent that the mutational primer is also
utilized to incorporate an out-of-frame start codon or

10 secondary structure, the length of the mutational primer

can correspondingly increase). Second, the ratio of
mutational primer to target must be sufficiently excessive
to “"force" the mutation. Preferably, the ratio of

mutational primer to target is between about 250:1 to

15 about 5000:1, more preferably between about 400:1 to about
2500:1, and most\preferably between about S500:1 to about
1000:1.

Because the parameters of a PCR reaction are

considered to be well within the level of skill of those
20 in the art, details regarding the particulars of that

reaction are not set forth herein; the skilled artisan is

readily credited with recognizing the manner in which this

type of mutation can be accomplished using PCR techniques

- the foregoing is provided as a means of providing
25 elucidation as opposed to detailed edification.

As noted, it is most preferred that the fully
impaired consensus Kozak is associated with the site of
translation initiation of a dominant selectable marker
incorporated into a transcriptional cassette which forms a

30 part of an expression vector. Preferred domipant
selectable markers include, but are not limited to: herpes
simplex virus thymidine kinase; adenosine deaminase;
asparagine synthetase; Salmonella his D gene; xanthine
guanine phosphoribosyl transferase ("XGPRT"): hygromycin B

35 phosphotransferase; and neomycin phosphotransferase
("NEO"). Most preferably, the dominant selectable marker
is NEO.
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nethionfne, the so-called "start" codon; and -3 and +1 are di recti onal
reference points vis-a-vis ATG ie -3 1is meant to indicate three
nucl eoti des upstream of ATG and +1 30 is neant to indicate one nucleotide

downst r eam ORY 1. Preferably, the fully inpaired gpppaapsiszdfozak
IS part of a nethionine start codon that initiates translation of a
dom nant sel ectabl e marker portion of a transcriptional cassette which
is part of an expression 35 vector. Preféerred dom nant sel ectabl e nmarkers

i ncl ude. but are not limted to: herpes sinplex virus thynidine
ki nase; adenosi ne deaniThasdominasar aglectahlet mariee herpes Satmplwt |varhiss D

gene; xanthi ne guaiyndahesmiaaklOosY¥l reported as having the following

partially impaired consensus Kozak:

-3 +1
5 cg Cgt ATG Get

See, Heller, S. "Insertional Activities of a
Promotorless Thymidine Kinase Gene," Mol. & Cell. Bio.
8§/8:3218-3302, Figure 4, nuclectide 764. By changing the
+1 purine (G) to a pyrimidine (C or T/U), a fully impaired

10 Kozak as defined herein is generated (the ~3 of the herpes
simplex virus thymidine kinase is a pyrimidine). Changing
+1 purine to a pyrimidine also has the effect of changing
the encoded amine acid from alanine (GCT) to proline (CCT)
or serine (TCT); it is preferred that conservative amino

15 acid changes result from the changes to the nucleotides.
Thus, it is preferred that the change to TCT be made
because the change from alanine to serine is a more
conservative amino acid change than changing alanine to
proline,

20 Histidinol dehydrogenase is another dominant
selectable marker. See, Hartmen, $.C. and Mulligan, R.C.
*"Two dominant acting selectable markers for gene transfer
studies in mammalian cells,” PNAS 85:8047-8B051 (1988).
The his D gene ¢f Salmonella typhimunium has the following

25 partially impaired consensus Kozak:

-3 +1
gc Aga ATG Tta
As -3 is a purine, changing -3 to a pyrimidine (C or
T/U) results in a fully impaired consensus Kozak; as is

30 appreciated, because these nucleotides are upstream of the
start codon, ne impact on amino acid translation results
from this change.

Hygromycin B phosphotransferase is another dominant
selectable marker; the reported sequence for the hph gene

35 (see, Gritz, L. and Davies, J. "Plasmid encoded hygromycin
B resistance: the sequence of hygromycin B
phosphotransferase gene and its expressing in Escherichia
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7 t'ransferase; hygronyci n B phosphot ransferase; and neonycin
phosphot-r ansf er ase. Most preferably, the dom nant sel ect abl e mar ker

i s neomyci n phosphotransferase. In particularly preferred _
enbodi nents of the 5 invention, at |east one out-of-frane start codon (ie

ATG WO 94/11523 PCT/US93/11221
i 18

coli and Succharomyces cerevisiae" Gene 25:179-188, 1983)
indicates that the consensus Kozak ib:

-3 +1
ga Gat ATG Aaa
5 Both -3 and +1 are purines; thus changing -3 and «1

to pyrimidines results in a fully impaired consensus Xozak

(this results in the following encoded aminc acids: +1 to

C - glutamine; +1 to T - stop codon. Because this codon

is downstream of the start codon, the change to the stop
10 codon TAA should not be accomplished).

XGPRT is another dominant selectable marker. The
reported partially impaired consensus Kozak of XGPRT has
the following sequence:

-3 +1
15 te lJac ATG Age

See, Mulligan, R.C. and Berg, P. T"Factors governing
the expression of a bacterial gene in mammalian cells."
Mol. & Cell Bio. 1/5:449-459 (1981), Figure 6. By
changing the +1 purine to a pyrimidine, a fully impaired

20 consensus Kozak is created: the effect on the encoded
amino acid (AGC-serine) is as follows: CGC-arginine;
TGC~cysteine.
Adenosine deaminase (ADA) can also be utilized as a
dominant selectable marker. The reported consensus Kozak
25 sequence for adenosine deaminase is:
-3 +1
ga Acc ATG Gcece

See, Yeung. C.Y. et al., *Identification of

functional murine adenosine deaminase cDNA clones by

30 complementation in Echerichia coli," J. Bio. Chem.

260/18:10299-10307 (1985), Figure 3. B8y changing both -3

and +1 purines to pyrimidines, fully impaired consens

Kozak seqguences result. The encoded amino acid

corresponding to GCC (alanine) is changed te eizher

35 proline (CCC) or serine (TCC), with the change to serine

being preferred, due to the conservative nature of this
cnange.
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I's |ocated upstream of the fully inpaired consensus Kozak start codon,
w t hout an in-frame stop codon being | ocated bet ween the upstream start
codon and the fully inpaired consensus Kozak start codon. As used

herein, the Wm/!é%’ "stop codon" is nmeant to indicate a cedpnehieridoes
not encode” an no acid such that translation. of the encoded

material is termnated; this definition inqbudes, I n particul ar, the
traditional stop codons TAA. TAG and TGA As used herein, the terns
"in-frame" and "out-of-frame" 15 are relative to the fully inpaired
consensus Kozak start The xemfavedBpatiipldl ARBMTRE coRSEREUS JI9aWi £6~
sequence: asparagine synthetaske is aslfollows: GAC CAT GGC CXX
ATG Cxx the underlined pantion of, the sequence is representative 20 of

a fully inpaired consensus KoZzak (where "x" represents
gc Acc ATG Tgt

5 See, Andrulis. I.L. et al., "Isclation of humar cDNAs
for asparagine synthetase and expression in Jensen rat
sarcoma cells," Mol. Cell. Bio. 7/7:2435-2443 (1887).
Changing the »3 purine to a pyrimidine results in a fully
impaired consensus Kozak.

10 The partially impaired consensus Kozak for neomycin
phosphotransferase (which includes an upstream out of
frame start codon) is as follows:

-3 +1
ggd TGy gya teg ttt Cgc ATG Att

15 Changing the +l1 purine to a pyrimidine has the effect
of creating a fully impaired consensus Kozak (changes to
the encoded amino acid isoleucine, ATT are as follows:
CTT - leucine and TTT-phenylalanine. with the change to
leucine being preferred, due to the conservative nature of

20 this change).

The foregoing is not intended, nor is it to be
construed as limiting; rather, in the context of the
disclosed invention, the foregeing is presented in an
effort ro provide equivalent examples of changes in the

25 reported consensus Kozak sequences or partially impaired
ccnsensus Kozak sequences of several well-known dominant
selectable markers. h

As noted, a most preferred dominant selectable marker
is NEO. Particularly preferred fully impaired consensus

30 sequences for NEO are as follows:

Tyxx ATG Ctt (SEQ ID NO: 3)
Cxx ATG Ctt (SEQ ID NO: 4)
Txx ATG Tct (SEQ ID NO: 5)
Cxx ATG Ttt (SEQ ID NO: 6)

35 where x are nucleotides. SEQ. ID. NO. 3 is most
preferred; and xx are preferably CC.

Other transcriptional cassettes, which may or may not
include a fully impaired consensus Kozak, can be

SUBSTITUTE SHEET (RULE 26)

This Sheet Has Been Replaced

-~ [

€2 HOowd :dl Y tHOoAd 4F:2C 96-61-~834d




a nucleétide) and the codons GAC, CAT and GCC are "in- frame" codons

relative to the ATG start codon. The above- | i ned nucl eoti des represent
an "out-of-franme" start codon which is upstream of the fully inpaired
consensus Kozalysdfis@atart codon. Preferably, the out-of-fragp/eéarijzeodon
S wi t hi n about 1000 nucl eoti des upstream of the fully I npai r ed
consensus Kozak start codon, nore preferably, w t hin about 350

nucl eoti des upstream of the fully |npa|red consensus Kozak start codon,

and nost preferably 30 wthin about 50 nucl eotides upstreamof the fully
i npai red <:onse¥%ﬁﬁ?3%5?&ﬁds%%ﬁ% acYEBEPT WREEF elnfdgies t fransgript idnamme
start codon is a peasseftes comsenisungkozak.dify.oved @nd claaxadp|fullyhe

sequence set fort hlﬁégl\&f‘ecﬁaédrgén%%st hdo ak; s%rclﬂt ObtJer b?a?é?ﬂj%bleo fdyde is

nucl eotide 35 -6, -8 encod e an out-o art
goggal?iIé§3 i 625535595" CYPLCElly are utilized to allow for

"enhancement, " "amplification" or "regulation* of gene
product repression. For example, co-transfection of the
exogenous DNA with the dehydrofclate reductase (DHFR) gene
is exemplary. By increasing the levels the antifolate
drug methotrexate (MTX), a competitive inhibitor of DHFR,
10 presented to such cells, an increase in DHFR production
can occur via amplification of the DHFR gene
Beneficially, extensive amounts of flanking exogenous DNA
will also become amplifiecd: therefore, exogenous DNA
inserted co-linear with an expressible DHFR gene will also
15 become overexpressed. Additionally, transciptional
cassettes which allow for regulation of expression are
available. For example, temperature sensitive COS cells,
derived by placing SV40ts mutant large T antigen gene
under the direction of Rous sarcoma virus LTR (insensitive
20 to feedback repression by T antigen), has been described.
See, 227 Science 23-28 (198%). These cells suppor:
replication from 5V40 ori at 33°C but not at 40°C and
allow regulation of the copy number of transfected SV40
ori-containing vectors. The foregoing is not intended,
25 nor is it to be construed, as limiting; rather the
foregoing is intended to be exemplary of the types of
cassettes which can be incorpcrated into expression
vectors comprising the disclosed fully impaired consensus

Kozak. The skilled artisan is credited with the ability
30 to determine the specific type of other transciptional
cassettes, vis-a-vis the objective of the expression
system, which are applicable and whieh can be
advantageously exploited.

As indicated above, in particularly preferred
embodiments of the inventior, at least one out-of-frame
start codon (ie ATG) is located upstream of the fully
impaired consensus Kozak star: codon, without a stop codon
being located between the our-of-frame srart codon and the

(¥4
wl
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and nucleotide -11 is a purine (A). Additionally, utilization of a
fully inpaired consensus Kozak within a secondary structure (ie a so-

8

WO 94/11523 PCT/US93/11221

21

fully impaired consensus Kozak start codon. The intent of
the out-of-frame start codon is to, in effect, further
impair translation of the dominant selectable marker.

As used herein, the term "stop codon' is meant to

S5 indicate a "nonsense codon,“” ie a codon which does not
encode one of the 20 naturally occurring amino acids such
that translation of the encoded material terminates at the
region of the stop codon. This definition includes, in
particular, the traditional stop codons TAA, TAG and TGA.

10 As used herein, the term "out-of-frame" is relative
to the fully impaired consensus Kozak start codon. As
those in the art appreciate, in any DNA macromolecule (or
RNA macromolecule) for every in-frame sequence, there are
two out-of-frame sequences. Thus, for example, with

15 respect to the following sequence incorporating a fully
impaired consensus Kozak:

-3 +1
gcA_TGc cAl _Ggc Cxx ATG Cxx
the in-frame codons are separated by triplets, eg, gcA,

20 TGc, cAT and Ggc; the out-of-frame codons would include,
eg cAT, ATG, Gce., ccA, ATG and TGg. Thus, two starct
codons (in capital letters and underlined) are out-of-
frame relative to the start codon of the fully impaired
consensus Kozak.

25 When such an out-of-frame start codon is utilized, it
is preferred that this be within about 1000 nucleotides
upstream of the £ully impaired consensus Kozak start
codon, more preferably within about 350 nucleotides
upstream of the fully impaired consensus Kozak start

30 codon, and most preferably within about 50 nuclectides of
the fully impaired consensus Kozak start codon.

As is appreciated, the upstream seguence can be
manipulared to achieve positioning at least one out-of-
frame sequence upstream of the fully impaired consensus

35 ¥XKozak start codon using (most preferably) a mutational
Primer used in the type of amplification protocol
described above.
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called "stemloop" or "hairpin") is beneficially viable to I mpai r ment
of translation of the protein encoded by the dom nant sel ectabl e
nunber. I n such an enbodi ment, the start codon of the fully inpaired
consensus Kozak is nost 5 preferably located within the stemof a stem

| oop. gjul arly preferred expression vectors "m'PE'F/usos/n"x
I ncor porate t ese Spects of the invention disclosed herein ar

referred to as "TCAE," and "ANEX' and "NE A" vect ors; part|cularly
preferred vectors are referred to as 10 A 1. ANEX 2 and NEOSPLA3F.

These and ot her aspects of the.invention disclosed herein will be
delineated in further dgtdifatiiont he a fuldecinpaised cdnskhews Kozak start

codon located within a secondary structure (ie a "stem-
loop” or 'hairpin") is beneficially viable to impairment
of translation of the protein encoded by the dominant
5 selectable marker. In such an embodiment, it is preferred
that this start codon be located within the stem of a sctem
loop secondary structure. These, by way of schematic
example, in such an embodiment, the start codon of the
fully impaired consensus Kozak is positioned as follows:

10
T
x x
x X
X A
15 x T
x G
xA TGxx Cxx
(An out-of-frame start codon which is not part of the
secondary structure is also represented.) As is
20 appreciated, within the stem loop, complementarity along
the stem is, by definitiorn, typically required. For
exemplary methodologies regarding, inter alia,

introduction of such secondary structures into the
sequence, as well as information regarding secondary
25 structure stability, see, Kozak, PNAS, 1986, supra.

As noted, it is preferred that a dominant selectable
market with a naturally occurring intronic inserticn
region or an artificially created intronic insertion
region be utilized and at least one gene produc:t of

30  interest inserted within this region. While not wishing
to be bond by any particular theory, the inventor
postulates that such an arrangement increases expression
efficiency because the number of viable colonies cthat
survive the selection procesgs via-a-vis the dominant

35 selectable marker will decrease; the colonies tha- do
survive the selection process will, by definition, have
expressed the protein necessary for survival, ané in
conjunction therewith, the gene product of interest will
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15 Bri ef Description O The Draw ngs Figure 1 provides the

rel evant. portion of a consensus Kozak and several particularly
preferred fully inpaired consensus Kozak sequences; Figure 2
provides a diagrammatic representation of 20 the vectors TCAE 5.2 and ANEX
1 (TCAE 12) d@g spadayf or expression of nouse/human chi Mepifrusgs 12

I mmunogl obul i n. where t he i nmunogl obul in genes are arranges in a tandem
configuration using neonycin phosphotransfergse as the dom nant

sel ectabl e marker; 25 Figure 3 is a histogram conparing protein
expression | evels with the vectors TCAE 5.2 and ANEX 1: Fi gure

4 provides a di agr &Mt i FEHTESeTeadrBRAY of© be eppressedr AREXERrgdergned
for expression of mposselatedn the ®NATEdihig NMeErordped NErometret Bene

i munogl obulin gengsoauct of inrerest within the intronic insertion region
incterferes with completion of transcription (elongation of
5 RNA) of the dominant selectable marker; therefore, the
position that the dominant selectable marker is integrated
wi:h@n the cellular DNA is likely to be a position where a
larger amount of RNA is initially transcribed.

As is appreciated, prokaryotic proteins do not

10 typically include gplices and introns. However, the
majority of dominant selectable markers which are
preferred for expression vector technology are derived
from prokaryotic systems. Thus, when prokaryotic-derived
dominant selectable markers are utilized, as is preferred,

15 it is often nacessary to generate an artificial splice
within the gene so to create a location for insertion of
an intron comprising the gene product of interest. It is
noted that while the following rules are provided for
selection of a splice site in prokaryotic genes, they can

20 Dbe readily applied to eukaryotic genes.

A general mechanism for the splicing of messenger RNA
precurseors in eukaryotic c¢ells is delineated and
summarized in Sharp, Philip A. "Splicing of Messenger RNA
Precursors" Science, 235: 736-771 (1987) (see, in

25 particular, Figure 1) which is incorporated herein by
reference. Based upon Sharp, there are four minimum
criteria in the nucleic acid sequence which are necessary
for a splice: (a) 5' splice donor: (b) 3' splice acceptor;
(c} branch point, and (d) polypyrimidine tract. The con-

30 sensus sequences for the 5' splice donor is reported to be

C A
AAG/GTGAGT

and for the 3' splice acceptor, NCAG/G (where a "/" symbol
indicates the splice site); see, Mount, S.M. "A Catalogue
of Splice Junction Sequences® Nue. Acids. Res. 10/2:459-
35 472 (1992) which is incorporated herein by reference. The
consensus seqguence for the branch point, ie.the location
of the lariat formation with the 5' splice donor. is
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30 . are arranges in a tandem configuration using neonycin
phosphotransferase as the doni nant sel ectabl e marker; Figure 5 is
a hi stogram conparing protein expression levels with the vectors TCAE
5.2, ANEX 1 ehas11523ANEX 2; 35 Figure 6 provides a diggresyiiizg)
representation of a NEOCSPLA vector designed for expression of

nouse/ human chi nmeri c i munogl obul i n; ang

reported as PyNPyPAPy: and the reported preferred branch
site for mammalian RNA splicing is TACTAAC (Zhuang, Y. et
al. "UACUAAC is the preferred branch site for mammalian
mRNA splicing" PNAS 86: 2752-2756 (1989), incorporated
5 herein by reference). Typically, the branch poeint is
located at least approximately 70 to about 80 base-pairs
from the 5'-splice donor (there is no defined upper limit
to this distance). The poly pyrimidine tract typically is
from about 15 to about 30 base pairs and is most typically
10 bounded by the branch point and the 3°' splice acceptor.

The foregoing is descriptive of the criteria imposed
by nature on naturally occurring splicing mechanisms.
Because there is no exact upper limit on the number of
base pairs between the 5' splice donor and the branch

l5 point, it is preferred that the gene produc: of interest
be inserted within this region in situations where =&
natural intron exists within the dominant selectable
marker. However, as noted, such introns do not exist
within most of the preferred dominant selectable markers;

20 as such, utilization of arrificial introns are preferably
utilized with these markers.

In order to generate an artificial intron, a “splice
donor:splice acceptor” site must be located within the
encoding region of the dominant selectable marker. Based

25 upon Sharp and Mount, it is most preferred that the
following sequence function as the splice donor:splice
acceptor site -- CAGG (with the artificial splice oc-
curring at the GG region). A preferred segquence is AAGG.

Focusing in on the most preferred sequence CAGG, the

30 following codons and amino acids can be located within the
encoding region of the dominant selectable marker for
generation of the artificial intronoc inserzion region:
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Fi gures '7A, 7B and 7C are histograns conparing protein expression

| evets with the vectors TCAE 5.2 vs. NECSPLA 3F (7A). ANEX 2 vs.
NECSPLA3F (7B); and CK(- NECSPLA3F vs. NEOSPLA3F (7C). 5 Det ai | ed
Description O Preferred Enbodi nents Di scl osed herein are
nucl ei ¢ aci dypossqyence arrangenments whi ch inpair trangcarisss/anz
initiation of, nost .preferably, dom nant sel ectable markers
i ncor por at ed 25
A B C
CAGL GNN NCA G/GN NNC 85.G
Gln Ala Ala Gly Ala Leu Arg
Asp Pro Arg Phe
Gly Ser Asn Pro
Glu . Thr Asp Ser
val Cys Thr
Gly Tyr
Ris Val
Ile

(As will be appreciated, the same approach to determining
viable amino acid residues can be utilized for the
preferred sequence of AAGG). The most preferred codon
5 group for derivation of the splice donor:splice acceptor
site is group A. Once these amino acid sequences are
located, a viable point for generation of an artificial
intronic insertion region can be defined,.
Focusing on the preferrred NEQO dominant selectable
10 marker, amine acid residues Gln Asp (codon group A} are
located at the positions 51 and 52 of NEO and amino acid
residues Ala Arg (codon group C) are located at positions
172 and 173 (as is appreciated, multiple artificial
intronic insertion regions may be utilized). Focusing on
15 residues 50 - 53 of NEO, the nucleic acid and amino acid
sequences are as follows:
50 51 52 53
S' CTG CAG GAC GAGc 3
Leu Gln Asp Glu
20 Accordingly, an artificial intromic insertion region
can be generated between residues 51 and 52 of NEC. This
region most preferably comprises a branch point, a
Polyprimidine tract and, preferably, a region for
insercion of a gene product of interest, ie a region
25 amendable to enzymatic digestion.
Two criteria are import for the artificial intronic
insertion region: the first two nucleic acid residues of
the 5' splice site ( eg abutting CAG) are most preferably
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10 into mammual i an expression vectors and which are preferably, but not
necessarily, co-linked to an encodi ng sequence for a gene product of
interest. Preferably, the dom nant sel ectabl e marker conprises at | east
one natural I tificial "intronic insertion region, an i sjone
15 gene prodﬁv?g‘g/f""?%terest I s encoded by DNA | ocated wit hi gcmggg,?g (laast
one such intron. Such arrangenents have t ef fect of increasing
expression efficiency of the gene product of interest by, inter alia,
decreasi ng the nunber of viabl e col oni es obtained from an equi val ent
amount of 20 pl asntl OMA\ thear&insct sWopapcéeis  agid |zegifuesasiafg Wige 3

anount of gene pr ogbicicXpeesea ablzeas)) o)l 488 most preferkibly Merpose of
revity and presentatign this ion.of the
patent di sclosure will éng tJ’Br il éﬁﬁydﬁz{}gf{ egb'fé’oed sag’emz?l gtt do%lnant

sel ect abl e intronic insertion reglon was between amino acicé residues
5 51 and 52 of NEO:
50 NEC S 52 NES 53
LEU GLN Branch Polypyrimide Tract ASP GLU 3

5 TG CAG/GTAAGT GCGGCCGC TACTAAC (TC)3CTIC)3TCC(T)g € CTGCAG/GAC GAG
Not I
10
{Datails regarding the methology for creating this
artificial intronic insertion region are set forth in the
Example Section to follow). The Not I site was created as
the region where the gene product of interest can be
15 incorporated. Therefore, upon incorporation, the gene
product of interast is located between aminoc acid residues
S1 and 52 of NEO, such that during NEO transmission, the
gene product of interest will be "spliced-out”.
The host cell line is most preferably of mammalian
20 origin;those skilled in the art are credited with ability
te preferentially determine particular host cell lines
which are best suited for the desired gene product to be
expressed therein. Exemplary host cell lines include. but
are not limired to, DG44 and DXBll (Chinese Hamster Ovary
25 lines, DHFR minus), HELA (human cervical carcinoma), CV1
(monkey kidney line)}, COS (a derivative of CV1 with SV40 T
antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3
{(mouse fibroblast), HAK (hamster kidney line), SP2/0
(mouse myeloma), PIx63-Ag3.653 (mouse myeloma), BFA-1clBPT
30 (bovine endothelial cells), RAJI (human lymphocyte) and
292 {human kidney ). Host cell lines are typically
available from commercial services, the American Tissue
Culture Collection or from published literaturs.
Preferably the host cell line is either DG44 or
35 SP2/0. See, Urland, G. et al., "Effect of gamma rays and
the dihydrofolate reductase 1locus: deletions and
inversions.* Som. Cell & Mol. Gen. 12/6:555-566 (1986)
anéd Shulman, M. et al., "A better cell line for making
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25 mar ker, neonyci n phosphotransferase, which is incorporated into a

nnuse/hunan chi meri c i munogl obul i n expressi on vect or. It is to be
under stood, however, that the i nvention disclosed herein is not

i ntended, nor is it to be construed, as limted to these particul ar
systens. To 30@PEI¥Bhtrary, the disclosed invention is appl PER3{SE3414221
manmal i an expressi on systens in toto, where vector DNA is I nt egrated

i nto host cellular DNA. One of the %st preferred nmethods utilized
by those in the art for producing a nannalian cell line that 35

prod:Jces a h:jgh |e;’t&%}bﬁﬁoﬁa§”ﬁc¥cﬁh&x{dﬁ pgﬂduﬁussaﬁalb Nacddfengvb 269
I nvol ves randomin Lation o | Qr sire roduc
(i e "exogenous DNA@%B?s st ,EC%A?ICY H?s "E&%Fix‘blya g?ﬁg}"qsésgg?g ene

referred to as a is DG44. Transfection o the plasmid into the host cell
can be accomplished by any technigue availakle to those in

5§ the art. Thesa include, but are not limited to,
transfection {including electrophoresis and
electroporation), cell fusion with enveloped DNA,

microinjection, and infection with intact virus. See,
Ridgway, A.A.G. "Mammalian Expression Vectors." Chapter
10 24.2, pp. 470-472 Vectors, Rodriguez and Denhardt, Eds.
{Butterworths, Boston, MA 1988). Most preferably, plasmid
introduction inte the host is via electroporation.

Examplas
15 The following examples are not intended, nor are they

to be construed, as limiting the invention; the examples
are intended to demonstrate the applicability of an
embodiment of the invention disclosure herein. The
disclosed fully impaired consensus Kozak seguence is
20 intended to be broadly applied as delineated above.
However, for presentational efficiency, exemplary uses of
particularly preferred embodiments of fully impaired
consensus Kozak sequences are utilized in conjunction with
tandem chimeric antibedy exprassion vectors (also referred
25 to herein as antibody expression vectors) as disclosed

below.

I. X

B cell lymphocytes arise from pluripotent stem cells

30 and proceed through ontogeny to fully matured antibody
secreting plasma cells. The human B lymphocyte-restricted
differentiation antigen Bp35, referred to in the art as
"CD20, " is a cell surface non-glycosylated phosphoprotein

of 35,000 Daltons; CD20 is expressed during early pre-B

35 cell development just prior to the expression of
cytoplasmic 4 heavy chains. CD20 is expressed
consistently until the plasma cell differentiation stage.

The CD20 molecule regulates a stap in the activation
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10 - "dom nant sel ectable nmarker," that allows for selection of

cells that have integrated the exogenous DNA St at ed agai n, those
cell's which Q\rr(())gae/r:{s%:al ncor porate the PCT/US9/ 11221
28
process which is required for cell cycle initiation and

differentiation. Because CLZ0 is expressed oz neoplastic
B cells, CD20 provides a promising target for ctherapy cf B
cell lymphomas and leukemias. The CD206 antigen 1is
5 especially suitable as a target for anti-C2Z0 antibody
mediated therapy because of accessibility and sensitivity
of hematopoietic tumors te lysis via immune effector
mechanisms. Anti-CD20 antibody mediated therapy ., inter
alia, is disclosed in co-pending Serial No. 07/978,831 and
10 sSerial No. filed simultaneously herewith.
The antibodies utilized are mouse’/human chimeric anti-CD20
antibodies expressed at high levels in mammalian celis
(chimeric anti-CD20"). This antibedy was derived using
vectors discleosed herein, to wiz: TCAE E.2; ANEX i; ANEX
15 2; GKNEOSPLA3F; and NEOSPLA3F (an additional vector, TCAE
8, was also utilized to derive chimeric anti-CZ20 antibody
-- TCAE 8 is identical to TCAE 5.2 except that the NEO
translational start site is a partially impaired consensus
Kozak. TCAE B is described in the co-penéing patent
20 document filed herewith.).

In commonly-assigned Unitec¢ States Serial Number
07/912,292, disclosed, inter alia, are human/0ldé Wor.d
monkey chimeric antibodies; an embcediment of the invention
disclosed therein are human/macague chimeric anti-CD4

25 antibodies in vector TCAE 6 (see, Figure € of Serial
Number 07/912,292, and corresperding discuss:icn). TCAE 6
is substantially identical toc TCAZ 5.2; TCAE 6 contains
human lambda constant region, while TCAE 5.Z ccntains
human kappa constant region. TCAE 5.2 and ANEX 1

30 (referred to in that paten:t document as TCAE 12) are
disclosed as vectors which can be urilized in conjuncrion
with human/0ld World monkey chimeric antibcdies. The
comparative data set forth in Serial No. 07/9i2,29Z vis-a-
vis TCAE 5.2 and ANEX 1 is relative to expression of

35 chimeric anti-CD20 antibody.

TCAE 5.2 was derived from the vector CLDN, a
derivative of the vector RLDN10b (see, 253 Science 77-91,
1981). RLDNIOb is a derivative of the vecresr TND (see,

e~ TS SHEST (1) E9R)
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exogenous DNA including, eg, the drug resistant gene, will 5 maintain

resi stance to the corresponding drug. This is nost typically foll owed
by co-anplification of the DNA encodi ng for the desired gene product in
the transfected cell by anplifying an adjacent gene that al so encodes
for drug M&x94tiakte ("anplification gene"), eg resistancBCHES?/31221

nmet hotrexate (MIX) in the case of dehydrofol ate reduct ase (DHFR)
gene. The anplification gene can be the 2Banme as the dom nant sel ectabl e
mar ker gene, or it can be a separate gene. (As those in the art
appreci ate, ot "tﬁggﬁf@gg.lsqn" DAY CII@I | yhaitydd-zed- ,E_Qnde,serll.,be ghﬁa;tS
process or state o Qdu Q i Nf @~

cell, while "t rans%ormat i on%ﬂq * %D\ﬁop 27 -8 _{ I‘i'gﬂed'5 o descrl be ﬁé
process or state ofs¢ n‘ffro"d'tfct"l‘dn SY“‘bcb“f 1& PP ashf e deCo §°5a&fe%FaT°h%%t

cell). construed, as an indication of the effor: necessary to

wn

achieve the changes from one vectcr to the next; eg toc the
contrary, the number and complexity c¢f the steps necessary
to generate TCAE 5.2 from CLDN were extensive).

TND was designed for high level expressions cf human
tissue plasminogen activator. EIDN1O0b differs from TND in
10 the following ways: the dihydrofolate reductase ("DHFR")

transcriptional cassette (comprisinc promoter, murine DHFR

cDNA, and polyadenylation regiorn) was placed ir between
the tissue plasminogen activatcr cassette ("%-PA
expression cassette”) and the neomyc-n phosphotransferase
15 ["NEO" cassette") so that ail three cassettes were in
tandem and in the same transcriptional orientation. The

TND vector permitted selection with G418 for cells

carrying the DHFR, NEO and t-PA genes prior to selection

for DHFR gene amplification in respsnse to methotrexate,
20 MTX. The promoter in front of the DHFR gene was changed

to the mouse beta giobin major promcter (see, X Mol. Cell

Bio. 1246-1254, 1983). Finally, the t-PA ¢DNA was
replaced by a polyliinker such tha: different genes of
interest can be inserted in the pelylinker. All three

25 eukaryotic transcriptional cassettes (t-FA, DHFR, NEO! of
the TND vector can be separated from the bacterial plasmid
DNA (pUCl1S9 derivative) by digestion with the restriction
endonuclease Not I.

CLDN differs from RLDN1O: in the following ways: The

30 Rous LTR, positiened in front of the polylinker. was
replaced by the human cytomegalovirus immediate early gene
promoter enhancer ("CMV"), (see, 4. Cell 521, 198%), from
the Spe I site at -581 to the Sst I site at -16 (these
numbers are from the Cell reference;.

3= As the name indicates, TCTAE vec-=ors were designed for
high level expressions of chimeric antibody. 7TCAT 5.2
differs from CLDN in the following ways:

This Sheet Has Been Replaced

-ssTiTuTE SHZET (RULE.2) IR

EE JIOVL :
at Y *HOdd 8S5:Te 96-61~834




Two anpfification approaches are typically enployed 20 by those in the

art.” In the first, the entire popul ation of transfected and drug
resistant cells (each cell conprising at |east one integration of the
gene encodi ng drug resistance) is anplified; in the n .

I ndi vi dual clgle%/ﬁgg%ved from a single cell are 25 anplif?ggasgﬁé%ﬁ’
approach has uni que advant ages. Wth respect to the first

approach, it is somewhat "easier" to anplify the entire popul ation
(typically referred to as a "shotgun" approach, an apt description)

compared to individuad. cl GABS. 5.2 Homgrisss [ecausd;3Graaspkiptcatdon of
individual clones ppikiaddy, 14WObMESed to ldllle aldia, S 68NNG of, hyndreds
of isolated manmal i an coloni es (each derived froma single cell, nost
of which  beingSHAgT eoRUHY | 1 egPakteans PREDEREPRCS o (A4S T e n
absent a variable region; a human immunoglobulin heavy
% c¢hain absent a variakble region; DHFR: and NEO. Each
transcriptional cassette contains its own eukaryotic
promoter and polyadenylatin region (reference .5 made Lo
Figure 2 which is a diagrammatic representaticn cf the
TCAE 5.2 vector). The CMV promoter/enhancer in frent of
10 the immuneglobulin heavy chain is a truncated version of
the promoter/enhancer in f£ront of the light chain, Zfrom
the Nhe I site a= -35C teo the Sst I site a:z -16 {the
numbers are from the Cell refarence, supral.
Specifically,
15 1) A human immunoglobulin light chain congtant
region was derived via amplification of c¢cDN2 by a PCKR
reaction. 1In TCAE 5.2, this was the human immunoglobulin

light chain kappa constant region (Kabat numbering, amino

acids 108-2.4, allotype Xm 3}, and the human
20 immunoglobulin heavy chain gamma 1 constant region (Kabat
numbering amino acids 114-478, allctype Gmla, Gmlz). The

light chain was isclated irom neormal human blood ({IDEZ
Pharmaceu:icals Corporation, La Joilia, CA); RNA therefrom
was used to synthesize ¢DNA which was then amplified using

25 PCR techniques (primers were derived viz-a-vis the
censensus Kabat). The heavy chain was isclated (using PCR
technigues) from cDNA prepared from RNA which was in turn
derived from cells transfeczed with a human IgGl vector
{see, 3 Pror. Eng. 531, 1990: vector pNy:€2) . Two amine

30 acids were changed in the isslated human IgGl te match the
consensus amino acid sequence in Kabat, to wit: aminc
acid 225 was changed from valine to alarnine (GTT to GCA),
and aminc acid 287 was changed from methionine to lysine
{ATG to AAG):

35 2) The human immunoglobulin light and heavy chain
cassettes contain synthetic signal sequences for secrezion

¢f the immuncgleokulin chains:
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an effort to isolate the one or two "grail" colonies which 35 secrete the

desired 'gene product at a "high" level, ie at a level which is
(typically) three orders of magnitude hi gher than the | owest detectable
expression |evel. These cells are also often found to have only a
si ngl e copy WO 94/11523 PCT/US93/11221
31
3) The human immu=oglobulin light and heavy chain

cassettes contain specific DNA restriction sites which
allow for insertion of light and heavy immunoglobulin
variakble regions which maintain the transitional reading

5 frame and do not alter the amino acids normally found in
immunoglobulin chains;

4) The DHFR casset:ze contadined its own eukaryotic
promoter (mouse beta globin major promoter, "BETA") and
polyadenylation regicen {bovine growth hormone

10 polyadenylation, "BGH"):; and

5) The NEO cassette contained its own eukaryotic
promoter (BETA) and pclyadenylation region (5VAQ early
polyadenylatien, "SV©).

With respect Lo the TCAE §.2Z and the NEC cassette,

15 the Kozak region was a consensus Kozak (which inciuded an
upstream Cla I site SEQ ID NC: 7):
ClaZz -3 +1
TTGGGAGCTTGG ATCGAT ccdcce ATG Gttt
ANEX 1 (previously ramed TCAE 12 in the referenced
20 case) is identical te TCAE 5.2 except that in the NEO
cassette, the Kozak regicn was fully impaired (SEQ ID NO:
8):
Clar -3 +1
TTGGGAGCTTGE ATCGAT ccTce ATG Cte
25 As disclosed in the ccmmonly-assigned referenced
case, the impact of utilization of the fully impaired
consensus Kozak was striking: relative to TCAE 5.2, there
was a significant (8-fold) reduction in the number of ANEX
1 G418 resistant colonies (258 from two electroporations
30 versus 98 from six electroporaticns) from the same amount
of plasmid DNA transfected per cell; and, there was a
significant increase in the amount of co-linked gene
produc: expressed in each of the ANEX 1 clones.
Referencing the hisrogram of Figure 3 (Figure 16 of the
38 commonly assigned refereaced case)., 258 colcnies were
derived from 2 electropora:zions cf 25 Jg of DNA containing
a neomycin phosphotransferase gene with a consensus Kozak
at the translation starz site. Two-hundred and cne (ZCl
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11 . I ntegration of the expression plasmd. Addi tional ly,
anpl i'fying individual clones results in production cell | i nes which
contain fewer copies of the anplified gene as conpared to

anplification |.,jransfected cells 5 (typically, 10-20 v
500-1000) . “;Hgﬁhs%léth respect to the second approach, pro%étﬁtq"?‘%bz"céi

| i.nes derived from anplifying individual clgges are typically derived
in lower |evels of the drug(s) used to | ect for those col oni es which
conprise the gene for 10 drug(s) resistance and t he exogenous gene product
(iein t he casef ofheee hotiendsse didd mRItFRxpréall eny sdetdfwahld\)gene

Furthernore, indivpgidlcclQ@es €mek 2¥Phah] Yo &nimet 8¢ Shmunoglobulin),
and only 8 colonies expressaed more than 100 ng/ml. Again,
referencing Figure 3, 98 colonies were derived fxrom 6

S electroporations for ANEX 1 of 25 pug of DNA containing a
neomycin phosphotransferase gene with the fully impaired
consensus Kozak at Ehe translation start site (6
electroporations were utilized in order to generate
sratistically comparative values; this was because on

10 average, each elactroperation for ANEX 1 yielded
about 16 colonies, as oppoged to about 129 colonies per
electroporation for TCAE 5.2). Eight (8) of the ANEX 1
colonies did not express any detectable gene product (less
than 25 ng/ml), whiie 62 of thase colonies were expressing
15 greater than 100 ng/ml; of these 62 colonies, nearly 23
were expressing over 250 ng/ml (23%), with 6 expressing
greater than 1000 ng/ml (6%).
The foregoing evidences, inter alia, the following:
1) because the difference betwean TCAE 5.2 and ANEX 1 was
20 limited to the Kozak tranglation start site of the NEO
gene, and because the gene product ¢f interest (chimeric
anti-CD20 antibody) was co-linkad to the NEO gene, a
conclusion to be drawn is that these differences in
results are attributed solely to the differences in the
25 Kozak translation start site; 2) it was experimentally
confirmed that utilization of a fully impaired consensus
Kozak in conjunction with a dominant selectable number
resulted in significantly less viable colonies; 3) it was
experimentally confirmed that utilization of a £fully
30 impaired consensus Kozak in conjunction with a dominant
selectable marker co-linked to a desired gene product
significantly increased the amount of expressed gene
product. Thus, the number ¢f colonies to be screened
decreased while the amount of expressed gene product

35 increased.
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in a shorter period of tinme (3-6 nonths versus 6-9 nont hs). 15

Ideally "then, the tangible benefits of both approaches shoul d be
nerged: at a practical level, this woul d i nvol ve decreasing the nunber
of colonies to be screened, and increasing the anount product secreted
by t hese cwboaneszs The present invention acconplishes thipCT20S93 gkt
The position where the DNA of the dom nant sel ectable mar ker of the
plasmd DNA is integrated within the celtul ar DNA of the host cel
determ nes the |evel of expression of the dom nant sel ectabl e marker

protein, as 25 is % cogni zed hose iLhn the arl.. 1t is assuned that the

expression of a gen ) _ I's either
co-linked to or positiofedcaparnalhe. dénrahar impairment of ctranslation

-+

initiation of the dominant selectable marker of ANEX 1
could be effectuated bv utilization of at least one out-
5 of-frame ATG start codon upstream of the neomycin
phosphotransferase start codon. Taking this approach one
step further, utilization 0f a secondary structure
{("hairpin®) which incorporated the neo start codon within
the stem thereof, would be presumed to further inhibit
10 rranslation initiarion. Thus, when the out-of-frame start
codon/fully impaired consensus Kozak was considered, this
region was designed such that the possibility of such
secondary structures was increased.
As indicated previously, the Kozak region for the neo
15 start codon in the ANEX 1 vec:zor is:
TTGGGAGCTTGG ATCGAT CC Tcc ATG Ctt
The desired secuence for a vector identical to ANEX 1
but incorporating the above-identified changes vis-a-vis
the neo start codon, referred to as ANEX 2, is as follows
20 (SEQ ID NO: 8):
CCA GCA_TGG AGG A ATCGAT CC Tcc ATG Crt
{The out-of-frame start codeon is underiined.) The
fully impaired consensus Kozak of ANEX 2 is identical to
that of ANEX 1. The principal difference is the inclusion
25 of the upstream out-of-frame start codon. A possible
difference is the formation of a secondary structure

involving this sequence, proposed as follows:
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sel ectabl e marker DNA is proportional to the expression of t he dom nant
sel ectabl e marker protein. While not wishing 30 to be bound by any
particul ar theory, the inventor has postul ated that if the gene used to
sel ect for thkepasrisemtegrati on of the exogenous DNA in the mamtedopan2cel |
(ie t he dom nant sel ectabl e marker) was desi gned such that

transl ation of that dom nant sel ectabl e manker was 35 inpaired, then
only those plasm ds which could overcone such i npai rnment by

over - production of the geneéghodgct of t he dom nant sel ectabl e marker
woul d survive, eg, the g creenlng process. By associating the

exogenous DNA I site
AT )
AT
5 GC
GC
AT
GC
GC
10 TA
AL
CG
GC
AT
1E cT
cG
The sequence in bold, ATG, is the upstream ouu-of-
frame star:t codon; the "loop" pecrtion of the secondary
structure is the CLA I site; and the sequence between the
20 "T" and "C" (italiecs and Dbold) is the start codon
{underlined) of the fully impaired consensus Kozak.
In order to effectuate this change, a PCR f{ragment
was cloned into anti-CD20 in ANEX 1 from Xho I {5520 to

-

Cla I (5901); see, Figure 4. Primers were as feollows:

3'-Primer 489 (SEQ ID NO: 10}:

5'-GGA GGA TCG ATT CCT CL3 TGC TGG
CAC AAC TAT GTC AGA AGT AAA TGT
30 GAG C-3'

The upper-lined pcrticn of Primer 489 is a Cla I
site; the under-lined porzion is the fully impaired
consensus Keczak translation start site.

3s 5'-Primer 488 (SEQ. ID. NO. 1l):

$'~CTG GGG CTC GAG CTT TGC-3¢
The upper-lined porzion of Primer 485 is an Xho I

site.
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12 . 'mﬁth the dom nant sel ectable marker. then, a fiorti, over-

production of the gene product of the dom nant sel ectable mar ker woul d

al so result in over-production of the gene product derived fromthe

associ ated exogenous DNA. In 5 accordance with this postul ated approach.
PCT/US93/11221

| mpai r ment ofWO 84/11523
35

These primers were prepared using an ABI 39. PCR
MATE™ DNA synthesizer (Applied Biosystems, Foster City,
CA) . Phosphoramidites were obtained £rom Cruachem
{(Glasgow, Scotland): dA(bz) - Prod. No. 20-8120-21;
S dG(ibu) - Prod. No. 20-8110-21; dC(bz) - Prod. No. 20-
8130-21; T - Prod. No. 20-8100-21.
Conditions for the PCR reaction using these primers
were as follows: 2A ('microliters") of anti-CD20 in TCAE
5.2 in plasmid grown in E. coli strain GM48 (obtained
10 from the ATCC) was admixed with 774 of deionized water; 2A
of Primer 488 (64 pmoles); and 4A of primer 489 (56
pmoles). This was followed by a denaturation step (94°C,
5 min.} and a renaturation step (54°C, 5 min.).
Thereafter, 4A of 5 mn ANTPS (Promega, Madison, WI: dATP,
15 Prod. No. U1201; d4dCTP, Prod. No. UlZ21l: 4GTP, Prod. No.
Ui211; dTTp. Prod. No. Ul1231), 1A of Pfu DNA polymerase
(Stratagene, La Jolla, CA Prod. No. 600135, 2.5 U/ml), and
50A of mineral oil overlay was added thereto, followed by
30 cycles, with each cycle comprising the following:
20 72°C, 2 min.; 94°C, 1 min.; S54°C, 1 min. Ten microliters
(10A) of this admixture was analyzed by agarose gel
electrophoresis (results not shown); a single band was
found at about 400 base pairs.
The PCR product and the vector were prepared for
25 ligation as follows: Anti-CD20 in ANEX 1 plasmid grown in

E. coli bacterial strain GMd8 was digested with Cla 1 and
Xho 1 as follows: 20A0f anti-CD20 in ANEX 1 was admixed

wich 10A of 10XNEB4 buffer (New England Biolabs, Beverly,
MA; hereinafter, NEB); S5A Cla 1 (NEB, Prod. No. 197 S,
30 60u):; and 64A deionized water. This admixture incubated
overnight at 37°C, followed by the addition of 5A Xho 1
(NEB, Prod. No. 146 S, 100 u) and incubatrion at 37°C for 2
hrs. The resulting material is designated herein as "Cla
1/Xho 1 cut ANEX 1. The approximate 400 base pair PCR

35 fragment was prepared and digested with Cla 1 and Xho 1 as
follows: 90A of the PCR fragment was admixed with 10A of

3M NaOAc; 1A 10% sodium dodecyl sulfate (SDS); and 90A
phenyl/CHClj/isoamyl. This admixture was vortexed for 30
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transl ation of the donminant sel ectabl e narker gene woul d be necessary,

and .an avenue for such inpairnment was the consensus Kozak portion of

t he gene. By conparing several hundred vertebrate nRNAs, 10
Marilyn Kozak in "Possible role of flanking nucleotides in recognition
of the AUG i nWDi%¢1d523codon by eukaryotic ri bosomes," NudPCTAESWSIIRRS. O:
5233-5252 (1981) and "Conpi |l ati on and anal ysis of sequences upstream
fromthe transl ational start site in eld@ryotic nRNAs," Nuc. Acids 15
Res. 12: 857-872 (1984), proposed the follow ng "consensus”

sequence for initigld orkoqflog,ggn W epin NI GRRN rEMKkar yoL &S,
;J?aci . +]U, repl aceps a[sr?ewas su?b;ecte céogﬂg J.ii‘isco?umn wlh E.".(‘aes(?'.\rltt:e ‘F

total admixture. To this admixture was added 10A 10XNER4,

1A bovine serum albumin (BSA,100X; NEB), 2A Cla 1 (24u),
5 and 2A%ho 1 (40 u). This admixturae was incubated at 37°C

ate

for 2 hrs. The resulting material is designated herein as
"Cla 1/Xho 1 cut PCR 488/489". Both Cla 1/Xho 1 cut ANEX
1l and Cla 1/Xho 1 cut PCR 488/48Y9 were analyzed by
agarose gel electrophoresis and the resulting bands were

10 observed at the same relative location on the gel (results
not shown).

Ligation of Cla l/Xho 1 cut PCR ¢88/489 and Cla
1/Xho 1 cut ANEX 1 was accomplished as follows: 1A of
tRNA (Sigma, St. Louis, MO, Prod. No. R-8508) was admixed

15 with 1A 10% SDS; 10A 3M NaOAc; 45A of Cla 1/Xho 1 cut PCR
488/483 (about 22.5 ng); a l:4 dilution (0.25A) of Cla
1/Xho 1 cut ANEX 1 (about 32 ng) in 0.75A tris-
hydroxymethyl aminemethane sthylenediamine tetracetic acid -
(TE); and d42A TE. To this admixture was added 90A

20 phenyl/CHCli/iscamyl, followed by a 30 sec. vortex and a 1
min. spin (1700 RPM). The agqueous phase was transferred
to a new tube, followed by addition of 270A of 100% EtOH
(-20° C), 10 min. spin (13,000 RPM) followed by addition
of another 270\ of 100% EtOH (~20° C) and another 1 min.

25 spin (13,000 RPM). This admixture was dried in a
SpeedVAC™ and resuspended in 17A TE, 2A ligase buffer
(Promega, T4 DNA Ligase kit, Prod. No. M180) and 1A ligase
{Promega Ligage kit). This ligaticn mix incubared at 14°C
overnight. Twenty microliters (20A) of the ligation mix

30 was admixed with 10A 3M NaOAc, 1A 10% SDS, 69A TE, and
S0A phenyl/CHCli/iscamyl. This admixture was vortexed for
30 sec., followad by a 1 min. spin (1700 RPM). The
agqueous phase was transferred to a new tube and 270A of
100% EtOH (-~20°C) was added thereto, followed by a 10

35 min. spin (1700 RPM). This admixture was dried in a
SpeedVAC™ and resuspendad in 2A TE. Ten microliters of
the resuspended admixture was transformed in E. coli X-L1
blue™ (stratagene, La Jolla, CA), following manufacturer
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deoxynucl eotide thymne, T. in RNA.) In this sequence, referred to as a
"consensus Kozak," the nost highly conserved nucl eotides are the
purines, A and G shown in capital letters above; nutational analysis
confirnmed that 25 these two positions have the strongest influence on
initiation. RRfee fEzy Kozak. M "Effects of intercistronic pcrAgagtiinzon the

efficiency of reinitiation of eukaryotic ri bosones. Mdl. Cell Bio.

7/ 10: 3438-3445 (1987). Kozak further determned that alterations in

t he sequence 30 upstream of the consensus Kozak can eff ect translation.
For exanple, in "Influences of nRNA secondary structure on initiation

by eukaryotic ri bdBSFRCULOpPRAS T83: (PR Rasgsyial colamins) WRES ARqfddaFPBes t he
"artificial introdoctiBorBzaftha (Gibeped@ERIdarGrans rixlangt r 0t urkxradkgi ¥o.

upstream from t hey3pgs GNSERIUS i nd Wi cil Nin SENRERM1; P2, dProlinafs .

encoded ) .
A-9383). Plasmids were isolated from the 10 cultures
S with a Promega DNA purification System (Prod. No. PR-
A7100), following manufacturer instructions; these

plasmids may have comprised the ANEX 2 vector, depending
on the sufficiency of the foregoing.

ANEX 2 includes a Hinf I site (“GAATC") upstream of

10 the neo start site (-9 to -13 relative to the nec start
codon); ANEX 1 does not include this Hinf I site. The
purified plasmids comprising putative ANEX 2, and
previocusly purified ANEX 1 standard , were subjected to
Hinf 1 digestion as follows: 2A of each isolate was

15 admixed with 8A of Hinf I digestion buffer (15A 10 x NEB2
buffer; 15A Hinf I (NEB, Prod. No. 1558, 10u/A); and 90A
H20). This admixture incubated for 3 hrs. at 37°C and
each isolare was analyzed via agarose gel electrophoresis
(results not shown); nimne (9) of the bands were

20 substantially identical to the ANEX 1 standard, one(l)
showed a slight difference in band pattern. For this
single isolate, the first two bands were at 16391 and 670
kB; for the ANEX 1 Hinf I digested product, the first
three bands were ar 1691, 766, and 670 kB. The missing

25 band at 766 kB for the single isoclate was attributed to
the presence of the Hinf I site therein, indicating tha:
the desired change to ANEX 1 was incorporated into this
vector. This vector was designated "Anti-CD20 in ANEX 2
(G1.K)," and is generally referred to by the inventor as

30 ANEX 2.

Electroporation of anti-CD20 in ANEX 2 was
accomplished as follows: two-hundred and forty
microliters (240A) of the anti-CD20 in ANEX 2 DNA (400ug)
was admixed with 100A of 10 X NEB2 buffer ; 100A of Stu I

35 (NEB, Prod. No. 187S, 1000 u); and 560A TE, and incubated
at 37°C for 2hrs. This admixture was then placed over 8
spin columns (125A each), followed by addition of 110A 10X
Not I buffer (NEB); 10\ 100X BSA: and 20A of Not I (NEE,
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pr epr oi nsul i n, it was experinentally determ ned that a stable stem | oop
structure inhibited translation of the

13

WO 94/11523 PCT/US93/11221

38

Prod. No. 189S5, 800u). This admixture was incubated at
37°C for 3 hrs., followed by the addition of 1204 of 3IM

NaOAC and 12X of 10% SDS. The admixture was transferred
to 2 vortex tubes and 500X of phenyl/CHCli/isocamyl was

5 added to each, followed by a 30 sec. vortex and 1 min.
spin (1700 RPM). The agueous phase was removed from the
tubes and segregated intc 3 tubes, followed by the
addition to each tube of -20°C 100% ETOH, followed by 10
min. spin (13,000 RPM). Thareafter, -20°C 708 ETOH was

10 added to each tube, followed by 1 min. spin (13,000 RPM).
The tubes were then placed in a Speed VAC™ for drying.
followed by resuspension of the contents in 100A TE in a
sterile hood. Five microliters (5A) of the resuspended
DNA was admixed with 995\ of deionized water (1:200

15 dilurion). An optical density reading was taken (OD=260)
and the amount of DNA present was calculated to be
0.75ug/A. In order to utilize 25 pg of DNA for
electroporation, 32A of the 1:200 dilution of the DNA was
utilized (25 pg was utilized as this was the amount of DNA

20 urilized for TCAE 5.2 and ANEX 1 in the foregoing Example
1}). The 1:200 dilution of DNA was formally referred to as
"Stu 1, Not I cut anti-CD20 in ANEX 2 (254g) in TE" and
generally referred to as "anti-CD20 in ANEX 2.*

Host cells utilized was DG44 CHO ("CHO") (see,

25 Urlaub, G. Somatic Cell, 1986 supra}. One hundred
milliliters of 6.6 x 10° cells/ml (B84%) were subjected to
a2 2 min. spin at 1000 RPM. These were washed with 50 ml
sucrose buffered solution, followed by 5 min. spin at 1000
RPM; the material was then resuspended in 4.5 ml of the

36 sucrose buffered solution. Thereafrer, cells were counted
and 0.4 ml of CHO cells ( 4.0 x 10% cells) were admixed
with 320 of the anti-CD20 in ANEX 2 in BTX sterile,
disposable electroporation cuvettes. Electroporation
settings were as follows: 210 veolts; 400 microfaraday

35 capacitance; 13 ohms resistance, using a BTX 600™ electro
cell manipulator (BTX, San Diego, CA). Nine (9)
electroporations were conducted; actual voltage delivered
over actual times were as follows: 1-199Vv, 4.23 msec; 2-
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preproinsulin gene, reducing the field of proinsulin by 85- 95%
Surprisingly, it was discovered by the inventor that by changing the
purines A(-3 vis-a-vis ATG start codon) 5 and @ +1) to pyri m dines,
transl ation inpairnment was significant: when the consensus Kozak for

t he neonycin hot r ansf erase gene was subjected to su
alterations (a§°&?Fﬁa§e set forth in detail below), the %Eﬁgg?sggz%nls
resi stant colonies significantly decreased; ;J0 however, there was a
significant increase in the amount of geérnie product expressed by the

I ndi vi dual (418 resi st ant clones. As those in the art will recognize,
this has the efl88¥t #7357 maegass nkPIhed el 4 imsegncy-MWOW:hd . ek praassi 8n

systemthere are | @99veoh 0r6 afsek® 6T, 406l niwest Dirddve 1555 aRder)i @s t hat
are viable produce gugni fiCANLLY, MO81 v, 4.24 msec. (As noted in Example
I, the difference in number of performed electroporations
5 was attributed to the need tec achieve a statistically
significant number of viable colonies for each of the
three conditions, TCAE 5.2, ANEX 1 and ANEX 2; the amount
of DNA used for each elec:roporation (25 pg) was the same
for each, and the same number of cells were

10 electroporated.

Thereaftar, the electroporation material was admixed
with 20 ml of G418 Growth Media (CHO-S-SFM II minus
hypoxanthine and thymidine (Gibeo, Grand Island, NT, Form
No. 91-0456PK)including 50 uM hypoxanthine and 8 uM

15 thymidine). The admixture was gently agitated, followed
by plating 200 pl of the admixture per well into 96-well
plates, one plate for each electroporation (nine).
Beginning on day 2 after electroporation, through day 17,
15081 of each well was removed, and 150 pl of fresh G418

20 Growth Media containing 400 ug/ml G418 was added thereto.
Colonies were analyzed on day 25.

One hundred and twenty cne (121) colonies expressed
anti-CD20 antibody (ie , 13 colonies per electroporation).
Qf these, 63 (52%) expressed over 250ug /ml of protein; of

25 the 63, 20 of the colonies (16.5%) expressed over
1000ug/ml of protein. Only 5 of the 121 colonies (4.1%)
expressed less than 25ug/ml of protein. Figure S provides
a histogram comparing expression of protein per colonies
derived from the vectors TCAE 5.2, ANEX 1 and ANEX 2.

30 The foregoing data indicates that, inter alia, as
between ANEX 1 and ANEX 2, the use of at least one out-of-
frame start codon upstream of a fully impaired consensus
Kozak associated with the translation initiation of a
dominant selectable marker decreases the number of viable

35 colonies expressing co-linked gene product and
significantly increagses the amount of expressed co-linked
gene product.
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product'than woul d ordinarily be obtained. Confirmation of the

inventor's postulated theory was thus experinental |y determ ned.

As noted, for purposes of this patent docunent a, 20 "consensus Kozak"
conpri ses t hwofsal1182 ng sequence: -3 RAT/US93/1122]

Pxx ATG Pxx a "partially inpaired consensus Kozak" conprises the
foll ow ng sequence 25 -3 40 +1

P/ Pyxx ATG P/ Pyxx and a disclosed and clainmed "fully inpaired consensus

e are o e ©F8. Skl B SERURIGE of Gane produce Of farafess 1 %0
Pyxx ATG Pyxx
ngj an Qf A ngjni_- SEJE::Ih]E Mazkexr
Building furcther uporn the ANEX 2 vector, an
5 artificial splice was generated between amino acid
residues S1 and 52 of the NEO coding region of ANEX 2,
followed by insertion therein of the anti-CD20 encoding
region. Two such vectors were generated: the first,
comprising a consensus Kozak seguence for the NEO
10 translarion initiation ccdon and not comprising an cut-of-
frame start codon, is referred to as "GKNEOSPLA3F;" the
second, comprising a fully impaired consensus Kozak and an
out~of frame start condon, is referred to as "NEOSPLA3F."
Both GKNEOSPLA3F and NEOSPLA3F contain the following
15 artificial intron sequence between amino acid residues 51
and 52 of NEO:
51 52
5'CTG CAG/GTAAGT GCGUCCGE TACTAAS (TC)3 €T (€13 TCC (T)§ € CTGCAG/CAC GAG 3°
The underlined portion represents a sequence amenable
20 to digestion with Not I enzyme; the encoding region for
anti-CpD20, inter alia, was inserted within this region.
Although not wishing to be bound by any particular
theory, the inventor postulates that during expressiorn,
the inclusion of a gene product of interest within an
25 artificial intronic insertion region of a dominant
selectable marker (e.g. the NEO gene) should significantly
decrease the number of viable colonies producing. in the
case of the disclosed GKNEOSPA3F and NEOSPLA3F vecgtors,
anti~-CD20 antibody. This is predicated upon two points:
30 first, only those vectors which are able to transcribe and
correctly splice-out the antibody encoding region and
correctly translate NEO will be G418 resistant; second,
because each antibody cassette has its own promoter and
polyadenylation region, transcription and translation of
35 the antibody is independexnt of translation of NEO.
The GKNEOSPLA3F and NEOSPLA3F vectors were
constructed in the following manner:

his Sheet Has Been Replaced
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wher e: "x" is a nucleotide selected fromthe group consi sting of

adenine (A), guanine (G, cytosine (C or thymne (T) (uracil, U in
the case of RNA); "P' is a purine, ie Aor G "Py" is a pyridine, ie C
or T/U;, ATG 35 1is a conventional start codon which encodes for the am no
aci d met hi oni we JgMgEls; the nunerical designations are rql@ft,bgﬁ,hq,; he
ATG codon, ie a negative nunber indicates "upstreant of ATG an

positive nunber indicates 41

-

Anti-CD2¢ in ANEX 2 was digested with Not I and Xho T
in order to isoclate the 1503 bp NEO cassette DNA fragment
(see Figure 4 between “Not I 7023" and "Xho I 5520") as
follows: 10 ul of anti-CD20 in ANEX 2 was admixed with 6

5 Wl deionized H;0 ("dH;0"): 1 ul Not I enzyme (NEB, Prod.
No. 189S5); 2 ul of 10X Not I digestion buffer (NEB;
prov;ded with enzyme); and 1 J Xho I enzyme (Promega,
Madison, WS, Prod. No. R4164). This digestion mixture
was incubated overmight at 37°C. The resulting digested

10 DNA was size fractionated by 0.8% agarose gel
electrophoresis and the desired fragment migrating at 1503
was isclated via the GlassMAX™ method (Gibco BRL, Grand
Island, NY, Preod. No. 15580-011) for insertion into
pBluescript SK(-) plasmid DNA (Stratagene, La Jolla, CA}.

15 pBluescript SK (-) was previously prepared for
acceptance of the NEO cassette by double digestion with
Not I and Xho I using the same conditions as above for
anti-Cp20 in ANEX 21 Digested pBluescript SK (-) was then
collected by ethancl precipitation by the addition of 70

20 Ml dH,0:; 2 ul tRNA (Sigma, St. Louis, MO, Prod. No. R-
8508); 10 Wl of 3M NaOAc; and 300 ul 100% ETOH (-20°C).
This was followed by a 10 min spin (13,000 RFM), decanting
the supernatant, rinsing with 70% ETOH, decanting the
liquid, drying in a SpeedVAC™ and resuspending in 20 pl 1

25 x TE.

Ligation of the NEO cassette DNA fragment into
prepared pBluescript SK (-) vector was accomplished as
follows: 10 pl of NEO fragment DNA was admixed with 6 pl
dH0: 1 pl cut pBluescript SK (-) vector DNA; 2 pl 10 x

30 ligation buffer (Promega, supplied with enzyme); and 1 ul
T-4 DNA Ligase (Promega, Prod. No. M1801) followed by
incubation at 14°C overnight. Ligated DNA was collected
by ethanol precipitation as described above for the
preparation of pBluescript SK (-) vector DNA.

35 Ten (10) K1 of the resuspended ligated DNA was
transformed into E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.

T svesnoTesveet (ui 29
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encodes for a gene product of
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M27950B) including ampicillin (50 pug/ml; Sigma, Prod. Nc.
A-9393). Plasmids were isclated from the 10 cultures wizh
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions; these plasmids may
have comprised the plasmid referred toc as BlueNEO-
depending on the sufficiency of the foregoing. (BlueNEC~+
was confirmed due to the sufficiency of the following
procedure.)

BlueNEO+ contains a Not I restriction recognition
sequence reformed upon ligation of the NEO cassette
fragment DNA into the pBluescript SK (-) wvector. This
site was destroyed by the following: 1 pl of BlueNEO+
DNA was admixed with 16 ul dH;0: 2 g 10 x Not I digestion
buffer (NEB); 1 pul Not I enzyme (NEB). This was followed
by incubation at 37°C for 2 hrs. This digested DNA was
then purified by spin column fractionation resulting in 15
pl final wvolume. This 15 Hl Not I digested DNA was
"blunt-ended" by admixing with 4 pl 5X Klenow buffer (20
mM Tris-HCL, pH 8.0, 100mM MgCl,;) and 1 pl DNA Polymerase
I Large (Klenow) Fragment (Promega, Prod. No. M2201).
This admixture was incubated at room temperature for 30
minures. Blunt-endad DNA was then purified by spin column
fractionation, giving a final volume of 15 ul.

Ligation of the blunt-ended DNA was performed in an
analogous way as to the ligation of the NEO cassette
fragment DNA intc the pBluescript SK (~) vector excep:
that the final DNA was resuspended in 17 pl of 1 X TE.

Following ligation, the DNA was subjected to a second
restriction digestion with Not I by mixing the 17 ul of
DNA with 2 ul 10 X Not I digestion buffer and 1 ul Not I
enzyme (NEB). Digestion was allowad to proceed ar 37°C
for 60 minutes. Following digestion, the admixture was
purified by spin column fractiomatien resulting in 15 ul
final wvolume.

Ten (10) ul of the purified DNA was transformed into
E. coli XL-1 Blue™ (Stratagene), following manufacturer
instructions. Ten (10) bacterial colonies were inoculated
in LB broth (Gibcec BRL including ampicillin (50 pg/ml:

BSTITUTE SHEET (RULE 26)

()

1

2l Y HOMd PS:€C

14 "downstreant of ATG and for the partially inpaired consensus
Kozak, the followi ng proviso is applicable--only one of the -3 or +1
-nucl eotides is a pyridine, eg, if -3 is a pyridine, then +1 nust be a
purine or if -3 is a 5 purine, then +1 nust be a pyridine. Mst preferably,
t he ful | yWPiP84it%28d consensus Kozak is associated with tﬂﬁn§¥§@’"3“ of
translation initiation of a dom nant sel ectabl e marker which is
preferably (but not necessarily) co-linked $% exogenous DNA whi ch
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10 -interest. As used herein, "nucleotide" is neant to enconpass

nat ural ‘and synthetic deoxy- and ribonucl eoti des as well as nodified
deoxy- and ri bonucl eoti des, ie where the 3 OH, 5" OH sugar and/or

het erocycl i c base are nodi fied, as well as nodification of the
phosphat e 15 wwee#itsme, eg net hyl phosphat es, phosphor ot hi oBCEY'SaH #1221
phosphoram dit es. I nformation regardi ng the gene sequence of the
dom nant sel ectable marker is preferably knasn; however, in lieu of the
entire sequence, information regarding the 20 nucleic acid sequence (or

am no acid sequencgﬂgﬂg)ttyaa§hggg were°£i$f§?l§|?féé”ﬁphnié'éﬂiEQPeéﬁwﬂige
dom nant sel ectabl e
effectuate a chang@zPHeﬁﬁeDﬁbnBEﬁ%i&Fﬁﬁ*°ﬁaﬁNs&FPyfPﬁb%W%%&ima““ﬁﬂﬁﬁﬁéﬁEus

Kozak, one nust kndwstkecsegnencehieber @dfasmids may have comprised the
plasmid referred to as BlueNEO- depending on the
5 sufficiency of the foregoing. (BlueNEO- was confirmed due
to the sufficency of the following procedure.)
BlueNEO-~ contains a unique Pst I restriction site
spanning the codons for amino acid residues 51 and 52.
BlueNEO- was digested with Pst I as follows: an admixture
10 was formed containing 15 pl dH;0; 1 pl BlueNEO- DNA, 2 ul
digestion buffer 3 (NEB) and 2 Ul Pst I enzyme (NEB, Prod.
No. 1408). This admixture was incubate at 37°C for 3 hrs.
Digested DNA was then purified by spin column
fractionation. The following synthetic oligonucleotide
15 was then ligated to the Pst I cohesive ends of BlueNEC-:
5' GGTAAGTGCGGCCGETACTAACTCTICTCCTCCCTCOTTITICNTGCA 31+ (SEQ ID NO: 12)
and its complementary sequence:
$ ' GGAAAMAGIAGGGAGGAGAGAG TTAGTAGCGGCCGCACTTACCTGCA 3' (SEQ  In NO: 11)
Insertion of this linker creates a consensus 5' splice
20 Jdonor site (by ligation) followed by a Not I site,
followed by a consensus splice branch peint, followed by a
synthetic polypyrimidine tract, followed by a consensus 3'
splice acceptor site, as indicated above.

to

Ligation was performed as described above for the
25 ligation of the NEO cassette into pBluescript SK (-)
except using 2 pul of Pst I linearized BlueNEO- DNA and 14
pl (175 pmoles) of anpnealed complementary
oligonucleotides.
The foregoing (and following) synthetiec olige
30 nucleotides were chemically synthesized using an Applied
Biosystems 391 PCR MATE™ DNA Synthesizer (Applied
Biosystems, Foster City, CA). All reagents for the
synthesis were purchased from Applied Biosystems.
Ligated DNA was collected by ethanol precipitation as
35 described above for the preparation of pBluescript SK (-)
vector DNA.
Ten (10) pl of the resuspended ligated DNA was
transformed into E. celi XL-1 Blue™ (Stratagene),

This Sheet Has Been Replaced SU BST]TUTE SHEET (RULE 26)

4P IOvwd *al Y tHONd bS:Z¢ 96-61-83d




25 .Changing the consensus or partially inpaired consensus Kozak to a
full'y inpaired consensus Kozak sequence can be acconplished by a

vari ety of approaches well known to those in the art including, but not
limted to. wbteds11523 specific mutagenesis and nutation by pamessihazed 30
anplification (eg PCR); nost preferably, such change is acconpl i shed
via mutation by priner-based anplification44 This preference is

princi pally based upon the conparative "ease" in acconplishing the
task, coupled w't cac aSSOCIated t herew th, For ease  of

presentation, 3 Qaagaﬁé%ﬂlﬁﬁﬁWSRCt e ARSETHERIORS  of 87 r B RBSRET IRy
acconpl i shing the cehomips wera inddujateddnr &8 lmmben%us:o BRLKOizedd udiihg be
provi ded. ampicillin (50 pg/ml; Sigma). Plasmids were isolated from
the 10 cultures with a Promega DNA purification system,
5 following manufacturer instructions: these plasmids may
have comprised the plasmid referred to as NEOSPLA and/or
NEOSPLA- depending on the sufficiency of the foregoing and
the orientation of the insertion of the oligonucleotides.
Determination of orientation of the splice junction
10 linker was preformed by nucleic acid sequencing using the
Sequenase Version 2.0 DNA Sequencing Kit (United States
Biochemical, Cleveland, OH, Prod. No. 70770) following
manufacturer instructions. Upon determination of linker
orientation within 8ix independent plasmid isclates,
15 identification of NEOSPLA was made such that the inserted
splice junction seqQuences are in the correct forward
orientation with respect to the direction of NEO
transcription.
NEQOSPLA was digested with Xho I by forming an
20 admixture of 15 pl dH,;0; 1 pul NEOSPLA DNA; 2 ul 10 X
digestion buffer D (Promega, supplied with enzyme): and 2
Kl Xho I enzyme (Fromega, Prod. No. R6161). This
admixrure was digested at 37°C for 3hrs followed by DNA
purifcation by spin column fractionation. Into this site
25 was ligated a self complementary synthetic oligonucleotide
having the following sequence: 5 TCGATIAATTAA 3' (SEQ 1D NO:
14;. Insertion of this sequence effectively changes the
Xho I site to a Pac I restriction site {(as underlined in
SEQ ID NO: 14).
30 Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK (-)
except using 2 Ml of Xho I linearized NEOSPLA DNA and 14

Ml (175 pmoles) of annealed complementary
oligonucleotides.
35 Ligated DNA was collected by ethanol precipitation as

described above for the preparation of pBluescript SK (=)
vector DNA.
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In essence, nutation by priner-based anplification relies upon the

power of the anplification process itself- -as PCRis routinely

utilized. f ocus m@l! be_directed t her et o. However, ot her

pri mer - baseqvar;p)ﬁgzbcat i on PCT/US93/11221
45

Ten (10) pl of the resuspanded ligated DNA was
transformed into E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL) including

5§ ampicillin (50 ug/ml; Sigma). Plasmids were isolated from
the 10 cultures with a Promega DNA purification system,
following manufacturer instructions; these plasmids may
have comprised the plasmid referred to as NEOSPLA3
depending on the sufficiency of the foregoing. (NEOSPLA3

10 was confirmed due to the gufficency of the feollowing
procedure.)

Anti-CD20 in ANEX 2(Gl,K) contains the anti-CD20
light chain and heavy chain immunoglobulin cassettes and a
DHFR cassette bounded by a Not I site at the S' end and an

15 Xho I site at the 3' end. Anti~CD20 in ANEX 2(Gl,K) was
digested with Xho I by forming an admixture of 15uldH;0, 1
Rl anti-CD20 in ANEX 2(G1,K) DNA, 2 Hl 10 X digestion
buffer D (Promega, supplied with enzyme) and 2 jl Xho I
enzyme (Promega, Prod, No. R6161l). This admixture was

20 digested at 37°C for 3 hrs followed by DNA purifcation by
spin column fractionation. Into this site was ligated a
self complementary synthetic oligonucleotide of the
following sequence: 5' TCOAAGLGRSSGCT 3- (SEQ ID NO: 15).
Insertion of this sequence effectively changes the Xho I

25 site to a Not I restriction site (as underlined in SEQ ID
NO: 15).

Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK (-)
except using 2 ul of Xho I linearized anti-CD20 in ANEX 2

30 DNA and 14 ul (175 pmoles) of annealed complementary
oligonucleotides.

Ligated DNA was collected by ethanol precipitation as
described above for the preparation of pBluescript SK (-)
vector DNA.

35 Ter (10) ul of the resuspended ligated DNA was
transformed inteo E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.
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5 techniques (eg ligase chain reaction, etc.) are applicable. One of
the-two PCR prinmers ("nutational primer"™) incorporates a sequence
which will ensure that the resulting anplified DNA product wll

I ncor por at e pwas11s23f Ul |y i npaired consensus Kozak within ter/usess1iza
transcriptional 10 cassette incorporating the dom nant sel ectabl e marker

of interest; the other PCR primer is cogplenmentary to another _
region of the dom nant sel ectable marker; a transcriptional cassette
i ncorporating the daom nant sel ectabl e. marker; or a vector which

conprises the 15 M/3RGR} iiRGlyAare ampdsalien (S0pYa(mly Sigmaaniyas. Nehe
conpl ement to a dewidpant. selleshady eenaricselankd ciromnehald®s cul tueL GASRNSUS

Kozak could have the babbovhpd Red4¥eRseidmtdscem (Pl Nd: pr-a7100),
3'-tagctagchcTAC@%Eig;ing manufacturer instructions; these plasmids may
5 have comprised the plasmid referred to as Anti-CD20 in
ANEX 2(Gl.K)A depending on the sufficiency o¢f the
foregeing. (This was confirmed due to the sufficency of

the following procedure.)

Anti-CD20 in ANEX 2(Gl,K)A was digested with Not I

10 and Xho I by forming an admixture of 6 pl dH,0; 10 pl
Anti-CD20 in ANEX 2(G1,K); 2 ul 10 x Not I digestion
buffer (NEB, supplied with Not I enzyme); and 1 pl Not I
enzyme (NEB). This admixture was digested at 37°C for 3

rs followed by size fractionation by 0.8% agarose gel

15 electrophoresis and the desired fragment migrating at 5515
base pairs by was isolated via the GlassMAX method for
insertion into NEOSPLA3.

NEOSPLA3 was previously prepared for acceptance of
the anti-CD20 cassette by digestion of 1 pl of DNA with

20 Not I using an admixture comprising 16 MUl dH,0;

2 pl 10X Not I digestion buffer (NEB): 1 ul Not I
enzyme (NEB); followed by incubation at 37°C for 2 hrs.
This digested DNA was then purified by spin column
fractionation resulting in 15 pl final volume.

25 Ligation of the anti-CD20 DNA £fragment into prepared
NEOSPLA3 vector was accomplished as follows: 10 ul of
anti-CD20 fragment DNA was admixed with 6 pul dH,0; 1 ul
cut NEOSPLA3 wvector DNA; 2 Uil 10 x ligation buffer
(Promega supplied with enzyme); and 1 pl T-4 DNA Ligase

30 (pPromega); followed by incubation at 14°C overnight.
Ligated DNA was collected by ethanol precipitation as
described above for the preparation of pBluescript SK (=)
vector DNA.

Ten (10) Nl of the resuspended ligated DNA was

35 ctransformed into E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL) including
ampicillin (50 pg/ml: Sigma). Plasmids were isolated from

This Sheet Has Been Replaced ¢ SCTITUTE SHEET (RULE 26)
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20 I'n order to create a fully inpaired consensus Kozak, the mut at i onal
primer could have the foll ow ng sequence (SEQ ID NO 2) (for
convenience, SEQID NO 1 is placed over the nutational primer for

conparati ve pULROSES): 5' - at cgat ccTggATGCgg- 3 .
3' -tagct agch"Xéfgﬁ&,sig 5' * l,C%%sgf"/s’ 1221

evi dent, conplenentarity is lacking in the . primer (see the "*"

synbol s). By utilizing excess mut at i ohal prinmer in the PCR reaction,

when the sequence 30 including the consensus Kozak is anplified, the
resul ting anpl tli¢ elld DNA pureguetishwal Promegs (MAapertiiecatiat | sysceuch
that as the anplifieth JMNAGPRAAUEASHH R iRst S R khede plashives MUALIONS
will predoninate sich thal 3.4 e 'TRINLSY rese SOl eRoHs KR2CKHJ T, be
i ncorporated into the P P

NEOSPLA3F and anti-CR20 in NEOSPLA3R deperding on the

5 sufficiency of the foregoing and relative prientation of

the inserted fragment with respect to NEO transcription.

Determination of orientation of the anti-CD20
cassette insartion was preformed by double digestion with
Kpnl and Spel (NEB, Prod. No. 1335) in NEB buffer 1 plus

10 acetated BSA as follows: an admixture comprising 4 pul DNA;
2 M1 NEB buffer 1; 1 ul Kpn I; 1 ul Spe I; 2 Ul BSA; and
10 pl 4H;0 was formed. The admixture was digested at 37°C
for 2 hrs, followed by size €fractionation on an 0.8%
agarose gel electrophoresis. Upon determination of anti-

15 CD20 insert orientation within six independent plasmid
isolates, identificaticn of anti-CD20 in NEOSPLA3F was
made such that the inserted sequences are in the forward
orientation with respect to the direction of NEO
transcription.

20 The 5515 bp anti-CD20 fragment contains the 5SV490
origin, a chimeric mouse human immunoglobulin light chain
transcriptional cassette, a chimeric mouse human
immunoglubulin heavy chain transcriptional cassette, and a
murine dihydrofolate reductase transcriptional cassette

25 {see, Figure 4).

Anti-CD20 in NEQOSPLAJF was doubly digested with Kpn I
and Stu I by cxeatiﬁb the admixture consisting of 14 ul
dH;0, 1 ul anti-CD20 in NEOSPLA3F, 2 Ml 10 x digestion
buffer 1 (NEB, supplied with enzyme), 2 ul 10 x acetylated

30 BSA (NEB supplied with Kpn I enzyme), 1 ul Kpn I enzyme, 1
Bl Stu I enzyme (NEB, Prod. Nos. 1425 and 187s
respectively). This admixture was digested at 37°C for 3
hrs followed by size fractionation by 0.8% agarose gel
electrophoresis and the desired fragment migrating at 9368

35 Dbase pairs by was isclated via the GlassMAX method.

A PCR fracgment of DNA was generated from TCAE 5.2.
The two following synthetic oligonucleotide primers were
utilized in the PCR reaction:

This Sheet Has Been Replaced SU BST'TUTE SHEET (RULE 26)
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35 anplification product. Two criteria are required for the

mut ati onal priner-- first, the l'ength thereof nust be sufficient such
t hat hybri di zation to the target will result. As will be
WO 94/11523 PCT/US93/11221
48

E' primer: 5' GCA TGC GGT ACC GGA TCC ATC GAG CTA CTA
GCT TTG C 3

{SEQ ID NO: 16);

3' primer: 5' CTG ACT AGG CCT AGA GCG GCC GCA CTT ACC

5 TGC AGT TCA TCC AGG GC 3' (SEQ ID NO: 17)

The underlined portion of SEQ ID NO: 16 represents a
Kpn I site, and the underlined portion of SEQ ID NO: 17
represents a Stu I site.

The PCR product was digested with Kpn I and Stu I and

10 then ligated into prepared anti-CD20 in NEOSPLA3F.

Ligation of the 627 bp fragment into prepared anti-
CD20 in NEQSPLA3F was accomplished as follows:

2 Ul anti-CD20 in NEOSPLA3F:; 1 ul SDS: 1 Ml tRNA
(Sigma); 11 Ml 3M sodium acetate (pH 4.5) were admixed.

15 Following phenol/chloroform isoamyl extraction of the
admixture, the DNA was precipitated from the aqueous phase
by addition of 270 pl ethanol (ice-cold) and this was spun
at 13,000 rpm for 10 min. Following a 70% ETOH wash, the
DNA was resuspended in 16 PITE, 10 gl of PCR fragment DNA

20 was admixed with 6 pul dH;0, 1 Ml cut anti-CD20 in
NEOSPLA3F vector DNA, 2 Ml 10 x ligation buffer (Promega,
supplied with enzyme) and 1 pl T-4 DNA Ligase (Promega)
followed by incubation at 14°C overnight. Ligated DNA was
collected by ethanol precipitation as described above for

25 the preparation of pBluescript SK (-) vector DNA.

Ten (10) U1 of the resuspended ligated DNA was
transformed into E. coll XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.

30  M27950B) including ampicillin (50 pg/ml; Sigma, Prod. No.
A-9393). Plasmids were isolated from the 10 cultures with
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions; thege plasmids may
have comprised the plasmid referred to as anti-CD20 in

35 GKNEOSPLA3F depending on the sufficiency of the foregoing.
(Confirmation was based upon sequence determination of the
different regions of GKNEOSPLA3F vs. NEOSPLA3F.)
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16 - appreci ated, the nmutational primer will not be 100%

conpl enentary to the target. Thus, a sufficient nunber of conpl enentary
bases are required in order to ensure the requi site hybridization.
Preferably, the length of the 5 nmutational priner is betmeenﬁﬁgéﬁt 15 and
about 60 WRM/&5E3 des, nore preferably between about 18 § ol

nucl eoti des, al though | onger and shorter qu?ths are viable. (To the
extent that the nutational prinmer is also utilized to incorporate an
out-of-frane start codon or 10 secondary structure, the length of the

nutational primer —  «cae fewrEssend A9ffeds EromSe)ti-co20COAMNEOSHIAIFAL i O
of mutational ff ;¥R kbPak Hedknbl StoX @nilinkd Yerd! L1 SXCRSSI Ve
~3 +1
TGT GTT GGG AGC TTG GAT CGAT cc Acc ATG Gtt
5 Cla I Start NEO

for Anti-CD20 in GKNEOSPLA3F, and

~3 -1
10 TGT G CCA GCA_TIGG AGG AAT _CGA Tcc Tce ATG Ctt
upstream Start Startc NEO

for Anti-CD20 in NEOSPLA3F,.
Comparative analysis of expression of anti-~CD20 in
15 TCAE 5 vector (comprising NEO with consensus Kozak); ANEX
2 vector (comprising NEO with fully impaired Kozak, and
upstream out-of-frame start seQuence); NEOPLA3IF (anti-CD20
inserred via artificial intronic insertion region between
amino acids 51 and 52 of NEO; NEO has fully impaired Kozak
20 and an upstream out-of-frame start sequence); and
GKNEOSPLAIF {anti-CD20 inserted via artificial intyromnic
insertion region between amino acids 51 and 52 of NEO; NEO
has consensus Kozak).
Twenty-~five (25) ug of each plasmid (digested as
25 follows: anti-CD20 in TCAES and ANEX2 - Not I; anti-CD20
in NEOSPLA3F - Pac I; anti-CD20 in GKNEOSPLA3F - Pac I and
Kpn 1) was electroporated into 4 x 10°% CHO cells; these
digestions were utilized to separate the genes expressed
in mammalian cells £rom the DNA used to grow the plasmid
30 in bacteria. Following digestion, EtOH precipitation of
the DNA, and drying thereof, the DNA was resuspended in
sterile TE at a concentration of 1 pg/pl. Electroporation
conditions were as described in Example II, except that
230 volts was utilized and, following electroporation, the
35 nixrure of cells and DNA was maintained for 10 min. at
room temperature in the sterile, disposable
electroporation cuvette.
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to "force" the nutation. Preferably, the ratio of mut at i onal pri nmer
to targét is between about 250:1 to 15 about 5000:1, nore preferably
bet ween about 400:1 to about 2500: 1, and nost preferably between about

500:1 to abo 000: 1. Because the paraneters "

reaction ar e&bgd/'&?ﬁsi dered to be well within the |evel of #sﬁr(?fﬁcﬂ?those

20 in the art, details regarding the part%éul ars of that reaction are

not set forth herein; the skilled artisan readily credited with

recogni zing the manner in which this type of nutation can be

acconpl i shed usi ng PCRdlédowimg dectroporationi otaldsi were platedi detb & a

neans of providi nge2b ads dat igNdwaS HelBRSef tanretal |k &didddratdman.

As noted, It IS el adtedl PELathichabe {0 YebYacane LOPSHISY (G9"SENS KO7aK
from preliminary experiments; data nct shown):

Table I
Comparative Expression

Plasmid No. Ne. Cells No. 96 Well
Transfections Plated Plates

TCAE 5 1 4 x 105 5

ANEX 2 1 2 x 106 5

GKNEOSPLA3F 1 2 x 106 5

NEOSPLA3F 5, 2 x 107 -

10 Table 1 (continued)

Plasmid No. G418 Frequency of G418
Resisgtant Resistant Colony per
Colonies Transfected Cell
TCAE 5 16 1l in 20,000
ANEX 2 16 1 in 100,000
GKNEOSPLA3F 16 1 in 100,000
NEOSPLA3F 16 1 in 1,000,000

{Cells were fed with G418 containing media on days 2, 5,
7, 9, 12, 14, 18, 22, 26, 30 and 34: supernatant from

15 colonies was assayed for immunoglobulin production and the
colonies became confluent in the wells on days 18, 22, 26,
30 and 34).

Figures 7A to 7C provide histogram results andg
evidence the percentage of colonies az a particular level

20 of expression.

The Examples provided herein are not to be construed
as limited to the sgpecific vectors, fully impaired
consensus Kozak sequences, dominant selectable markers,
transcriptional cassettes, and/or expressed proteins. The

25 fully impaircd c¢onsensus Kozak, and the utilization

- o T{TUTE SHEET (RULE 29)
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translation initiation of a dom nant sel ectabl e marker i ncor porated
into a transcriptional cassette which forms a 30 part of an expression
vect or. Preferred dom nant sel ectabl e markers include, but are not
limted to: herpes sinmpl ex virus thym dine ki nase; adenosine deam nase;

aspar agi ne syothatsse; Sal monella his D gene; xanthine EH AR 1221
phosphori bosyl transferase ("XGPRT"); hygromycin B 35 phosphotranstferase;
and neonyci n phosphotransferase (*NEO'9;. Most preferably, the dom nant

sel ect abl e mar ker I's NEO.

' therecf, are not to be construed as limited to ANEX 1 and
ANEX 2 vectors. Similarly, the preferred fully impaired
censensus Kozak sequences and vectors in no way constitute
an admission, either actual or implied, that these are the

5 only seguences or vectors to which the inventor is
entirled. The inventor is entitled to the full breadth of
protection under applicable patent laws. Preferred
vectors incorporating fully impaired consensus Xozak
sequences have been identified by the inventor on ANEX 1

10 and ANEX 2 for purposes of claiming these vectors by
designating plasmids comprising these vectors and anti-
CD20 were deposited with the American Type Culture
Collection (ATCC), 12301 Parklawn Drive, Rockville,.
Maryland, 20852, under the provisions of the Budapest
15 Treaty for the International Recognition of the Deposit of
Microorganisms for the Purpose of Patent Procedure. The
plasmids were tested by the ATCC on November 9, 1992, and
determined to be viable on that date. The ATCC has
assigned these plasmids the following ATCC deposit numbers
20 69120 (anti-CD20 in TCAE 12(ANEX 1)) and 69118 (anti-CD20
in ANEX 2 (Gl,K)); for purposes of this deposit, these
plasmids were transformed into E. coli.
Although the inventien has been described in
considerable detail with regard to certain preferred
25 embodiments thereof, other embodiments within the scope of
the teachings of the present invention are possible.
Accordingly, neither the disclosure nor the claims to
follow, are intended, nor should be construed to be,
limited by the descriptions of the preferred embodiments

30 contained here.
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The.dom nant sel ectabl e marker herpes sinplex virus t hym di ne kinase is

reported as having the follow ng partially inpaired consensus Kozak:
-3 +1 5 cg Cgt ATG Cct See, Heller. S
"I nsertional waodinsali es of a Pronot orl ess Thym di ne Ki nrRGREUSEE221 Mol .
& Cell. Bio.

52

SEQUENCE LISTING
(l) GENERAL INFORMATION
(i) APPLICANT: Reff, Mitchell E.
(ii) TITLE OF INVENTION: Impaired Dominant
5 Selecrtable Marker Sequence
and Intronic Insertion
Strategies for Enhancement
of Expression of Gene
Product and Expression

10 Vector Systems Comprising
Same
{iii) NUMBER OF SEQUENCES: 17
{iv}) CORRESPONDING ADDRESS:
(A) ADDRESSEE: IDEC Pharmaceuticals
15 Corporation
(B) STREET: 11011 Torreyana Road
{C) CITY: San Diego
(D) STATE: California
(E) COUNTRY: USA
20 (F) 2IP: 92121

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb
(B} COMPUTER: Macintosh
(C) OPERATING SYSTEM: MS.DOS
25 (D) SOFTWARE: Microsoft Word 5.0
{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:
30 (viii) ATTORNEY/AGENT INFORMATION:
{A) NAME: Burgoon, Richard P. Jr.
{B) REGISTRATION NUMBER: 34,787
(C) REFERENCE/DOCKET NUMBER:
(ix) TELECOMMUNICATION INFORMATION:
35 (A) TELEPHONE: (619) 550-8500
(B) TELEFAX: (619) 550 8750
(2) INFORMATION FOR SEQ ID NO: 1:
(1) SEQUENCE CHARACTERISTICS:
This Sheet Has Been Replac
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8/ 8:3218-3302, Figure 4, nucleotide

764. By changing the

+1 purine (G

to a pyrimdine (Cor T/U), a fully inpaired 10 Kozak as defined herein is

generated (the -3 of the herpes

Changi ng P

g
oded anmi no acid

+1 purine to a pyrimdine also h
fromalanine (GCT) to proline ( )

sinplex virus thymdine kinase is a

BesphitEct of

or serine (TCT); it is preferred that consggvative am no 15 acid changes

result fromthe changes to the nucl eoti des: Thus, it is preferred that
t he change to TCT be nade because the change fromalanine to serine is
a nore conservative anikb dAENGTHharkje balses changi ng al anine to
proline. 20 Hi stidinph; debedrogeiasie akgssd anot her dom nant

sel ect abl e marker.
acting sel ectabl e markers

5

10

15

20

25

30

35

LS5 HOwd

(3)

(4)

(S)

e e

(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: yes
(iv) ANTI-SENSE: yes

(ix) SEQUENCE DESCRIPTION: SEQ ID NO:

TAG CTA GGT CCT ACC CC
INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 bases
(B} TYPE: nuclaic acid
(C) STRANDEDNESS; single
(D} TOPQOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: yes
{iv) ANTI~SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

ATC GAT CCT GGA TGC GG
INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 9 bases
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: ves
{iv} ANTI-SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

TNN ATG CTT
INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 bases
{B) TYPE: nucleic acid

"Two dom nant

17

(C) STRANDEDNESS: single, including nick

(D} TOPQLOGY: linear
(ii) MOLECULE TYPE: (DNA (genomic)

SUBSTITUTE SHEET (RULE 26)
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studies in mammalian cells,” PNAS 85: 8047-8051 (1988).

The his D gene

of Sal nonell a typhi munium has the follow ng 25 partially inpaired consensus

Kozak:

-3 1S a puriRfg ofri@BRgi ng -3 to

-3 +1

~gc Aga ATG Tta
a pyrimdine (C or

As
T/'U) peearsesA1dzy a

fully inpaired consensus Kozak: as is 30 appreciated, because these

nucl eoti des are upstream of the

translation results

phosphot ransferase i s anot her dom nant
sequence for the hph g

encoded hygromycin : . . enc
phosphot ransferase geng.andehbEnex BeeeRrbgrom. Esghetsd a2 4.

85 dHOvd

5

10

15

20

25

30

35

(6)

{7)

(8)

start ggdon,
fromthis change.
sel ect
et 135
(Br) MTISSENRR. no t he
CNN ATG CTT
INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTE: 9 bases
(B} TYPE: nucleic acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear
MOLECULE TYPE:
HYPOTHETICAL: Yyes
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
TNN ATG TTT
INFORMATION FOR SEQ ID NO: 6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 bases
(B) TYPE: nucleic acid
{C) STRANDEDNESS:
(D) TOPOLOGY:
MOLECULE TYPE:
HYPOTHETICAL: Yyes
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
CNN ATG TTT
INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 29 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
{D) TOPOLOGY:
MOLECULE TYPE:
HYPOTHETICAL:
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
TTG GGA GCT TGG ATC GAT
CCA CCA TGG TT

(ii)
(i3)
{(iv)

{xi)

linear
(ii)
(ii)
{iv}

{x1)

linear
{1i)
(ii) yes
{iv)

{xi)

eet Has Been Replaced
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(BERPTRENICAL: | Yedhd Davies, J.

sequence

no i npact on am no acid
Hygronycin B

abl e marker; the reported

"Plasm d

of hygronycin B

single

DNA (ganomic)

SEQ ID NO: 5:

single

DNA (genomic)

SEQ ID NO: 6:

single

DNA (genomic)

SEQ ID NO: 7:

1e
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18 - 'poli and Succharonyces cerevi siae" CGene 25:179-188, 1983)

WO 94/11523 PCT/US93/11221
55

(9) INFORMATION FOR SEQ ID NI: 8:

(1) SEQUENCE CHARACTERISTICS:
{AR) LENGTH: 29 bases
(B) TYPE: nucleic acid

5 (C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(ii) HYPOTHETICAL: no

(iv) ANTI-SENSE: no

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
TTG GGA GCT TGG ATC GAT 18
CCT CCA TGC TT 11

(10) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 30 bases '
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
20 (ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: §:
CCA GCA TGG AGG AAT CGA TCC 21
TCC ATG CTT 9
25 (11) INFORMATION FOR SEQ ID NO: 10:
{1} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 52 bases
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1i) HYPOTHETICAL: yes
(iv) ANTI-SENSE: yes
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
35 GGA GGA TCG ATT CCT CCA TGC TGG 24
CAC AAC TAT GTC AGA AGC AAA TGT GAG C 28
(12} INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
This Sheet Has Been Replaced
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i ndi cat es that the consensus Kozak is: -3 +1

ga Gat ATG Aaa 5 Both -3 and +1 are purines; thus changing -3 and +1
to pyrimdines results in a fully inpaired consensus Kozak (this
results in the follow ng encoded am no acids: +1 to C - glutam ne; +1
to T - stop cedma/11Bcause this codon i s downstream of tPE/E8211228bdon,
t he change to the stop 10 codon TAA should not be acconpli shed).

XGPRT is anot her dom nant sel ectabl e marker 56 The reported partially

i mpai red consensus Kozak of XGPRT has the foll ow ng sequence:

-3 +1 15 tt Q3G AlSIE 18 pbases S€€, Milligan. R C and

Berg, P. "Factors governing ) .
(B) TYPE: Nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
5 {ii) MOLECULE TYPE: DNA (genomic)
{ii) HYPOTHETICAL: no
{iv) ANTI~SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
CTG GGG CTC GAG CTT TGC 18
10 (13) INFORMATION FOR SEQ ED NO: 12
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 bases
(B} TYPE: Nucleic acid
{C) STRANDEDNESS: single
15 (D) TOPCLOGY: linear
{ii) MOLECULE TYPE: DNA (gencmic)
(1i) HYPOTHETICAL: no
(iv) ANTI-SENSE: no62
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12;
20 GGT AAG TGC GGC CGC TAC TAA CTC TCT CCT 30
CCC TCC TTT TTC CTG GA 17
(14) INFORMATION FOR SEQ 1D NO: 13
{i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: {7 bases
25 (B) TYPE: Nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: ONA {genomic)
(ii) HYPOTHETICAL: no
30 (iv) ANTI-SENSE: Yyes
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
GGA AAA AGG AGG GAG GAG AGA GTT AGT AGC GGC 33
CGC ACT TAC CTG CA 14
(15) INFORMATION FOR SEQ ID NO: 14
38 (i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 12 bases This Sheet Has Been Replaced

{B} TYPE: Nucleic acid ”I”I ulni Iﬂ II

(C} STRANDEDNESE: single
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the expression of a bacterial gene in mamualian cells.” Mol . & Cel

Bio. 1/5:449-459 (1981), Figure 6. By changing the +1 purine to a
pyrimdine, a fully inpaired 20 consensus Kozak is created; the effect on
t he encoded am no acid (AGC-serine) is as foll ows: CGC- ar gi ni ne;

TGC- cyst ei ne. WO 94/11523 Adenosi ne deani nase (ADA) can al so be REWVLSWBEH22E a
dom nant sel ectabl e marker. The reported consensus Kozak 25 sequence for

adenosi he deani nase i s: -3 37 +1 ga Acc ATG
Gce See, Yeung, C Y. et al., "ldentification of functi ona
nurine adenosi ne deanm nase cPA alopbescPy 3IQnegenpl enentation in
Echerichia coli” J. BiQy) ey b0 Hial 29540307 (1989). Figure 3.

By changi ng both -3 -
(1i) HYPOTHETICAL: no

(iv) ANTI-SENSE: no
5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
TCG ATT AAT TAA 12
(16) INFORMATION FOR SEQ ID NO: 15
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 bases
10 (B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{ii) HYPOTHETICAL: no
15 (iv) ANTI-SENSE: no
(xi}) SEQUENCE DESCRIPTION: SEQ ID NO: 1S§:
TCG AAG CGG CCG CT 14
(17) INFORMATION FOR SEQ ID NO: 16
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 37 bases
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25 {ii) HYPOTHETICAL: no
{iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16
GCA TGC GGT ACC GGA TCC ATC GAG CTA 27
CTA GCT ™G C 10
30 {18) INFORMATION FOR SEQ ID NO: 17
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 47 bases
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: no

{iv) ANTI-SENSE: no
Sheet Has Been Replaced
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and - +1 byri nes to pyrimdines. fully inpaired consens Kozak sequences

result. The encoded amno acid corresponding to GCC (alanine) is
changed to either 35 proline (CCC) or serine (TCC). with the change to
serine bewigyrieterred, due to the conservative nature oPCI/MS83/11221
change.

58

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17
CTG ACT AGG CCT AGA GCG GCC GCA CTT ACC 30
TGC AGT TCA TCC AGG GC 17

This Sheet Has Been Replaced
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19 - The reported partlally | npai red consensus Kozak for

10

15

20

25

30

35

asparagi ne synthetase is as fol |l ows 1aced -3 +1
gc Acc ATG Tgt 5 he LA et al., "Isolation of human
cDNAs for asparagi ne expreSS|on in Jensen rat
sarconma cel | s,wonM1152@e] | . -2443 (1987). Ch gy HEP3 Hal
+3.purine to a pyrimdine results in a fuIIy | npai red consensus Kozak.
10 The partially inpaired consensus Ko%ak for neonycin
phosphot ransferase (which includes an upstream out of
' Claims
1. An expression vector for expressing a protein

of interest by recombinant deoxyribonucleic acid
techniques, said vector comprising at least one dominant
selectable marker, wherain the translation initiation
start site of said marker comprises the following
sequence:

-3 -1

Pyxx ATG Pyxx
where "Py” is a pyrimidine nucleotide; "x* is a
nucleotide; and the numerical designations are relative to
the codon “ATG".

2. The eaexpression vector of claim 1 wherein the
nucleic acid sequernce encoding for the protein ¢f interest
is co-linked to said dominant selectable marker.

3. The expression vector of claim 1 wherein said
dominant sgelectable marker is selected from the group
consisting of: herpes simplex virus thymidine kinase,
adenosine deaminase, asparagine synthetase, Salmonella his
D gene, xanthine guanine phosphoribogsyl transferase,
hygromycin B phosphotransferase, and neomycin
phosphorransferase.

4. The expression vactor of claim 1 wherein said
translation initiation start site segquence is selected
from the group consisting of TXXATGCxX; CXXATGCXX:
CxxATGTxx; and TxxATGTXX, where "x" is a nucleotide, with
the provise that the codon "Txx* downstream of the ATG
codon does not encode a stop codon.

5. The expression vector of claim 1 wherein said
translation initiation start site sequence is TXXATGCxX,
where "x" i1s a nucleotide.
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frame start codon) is as follows: -3 +1

ggA TGg 'gga tcg ttt Cgc ATG Att 15 anging the +1 purine to a
pyrim di ne has the effecThis Sheet P a fully inpaired consensus Kozak
(changes to t he encod |E soIeUC|ne ATT are as follows:

CTT - | euci ne W84/ TIP3 phe il h the change to IPETEY I3/ ¥ &R Ing
preferred, due to the conservative nature of 20 this change). The
foregoing is not intended, nor is it to be %% construed as liniting;
rather, in the context of the di scl osed invention, the foregoing is
presented in an ef fart t@n@rmﬂz&eseauivﬁm mauahﬂsw&haf@ﬂgeﬁﬂdﬁ t he

25 reported consengiis, Kozl saasnges, ol ar Li ol | eIk 6 recargpensUS
Kozak sequences of sevéra
7. The expression vector of claim 1 wherein said
5 translation initiation start site seqQuence is located
within a secondary structure.

B. The expression vector of claim 1 wherein said
translarion initiation start site sequence further
10 comprises at least one out-of-frame start codon within
about 1000 nucleotides of the ATG start codon of said
start site, with the provisco that ne in-frame stop codon

is located within said 1000 nucleotides.

15 9. The expression vector of claim 1 wherein said
translation initiation start site sequence further
comprises at least one out-of-frame start codon within
about 350 nucleotides of the ATG start codon of said start L
site, with the proviso that no in-frame gtop codon is

20 located within said 350 nucleotides.

10. The expression vector of claim 1 wherein said
transliation initiation start site sequence further
comprises at least one out-of-frame start codon within

28 about 50 nuclectides of the ATG start codon of said start
site, with the proviso that no in-frame stop codon is
located within gaid 50 nucleotides.

11. The expression vector of claims 8, 8 and 10
30 wherein said out-of-frame start codon is part of =a
consensus Kozak sequence.

12. The expression vector of claim 10 wherein said

out~of-frame start codon and said translation initiation

35 =start site seqguence are both included as part of =&
secondary structure.
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seLectabIe mar kers. _ As noted, a nost preferred dom nant sel ectable
mar ker is NEO Particular|y nrefgpped fully inpaired consensus 30

sequences for NEO are as Txx ATG Ctt (SEQ ID NO 3)
Cxx ATG Ct (SEQ ID NG 4 ﬂ'ﬂumll”“‘a Txx ATG Ttt (SEQ ID NO 5
Cxx ATG Ttt (SEIR4/DISRD 6 re nucl eoti des. SERLTAUSSI/ TR 3
.S nost preferred; and xx are preferably CC O her
transcriptional cassettes. which may or may §iot include a fully
i mpai red consensus Kozak, can be
13. The expression vector o©f c¢laims B, 9, 10
wherein said translation initiation start site sequence is

part of a secondary structure and said out-of-frame start
codon is not part of said secondary structure.

14. A dominant selectable marker encoded by a
nucleic acid sequence.'wherein the translation initiation
start site of said dominant gelectable marker is selected
from the group consisting of TXXATGECxx; CxxXATGCXX;

10 CxxATGTxx; and TxxXATGTxx., where "x" is a pucleotide, with
the proviso that "Txx" downstream of the ATG codon does
not encode a stop codon.

15. The material of claim 14 wherein said dominant

15 selectable marker is selected €£rom the group consisting of

herpes simplex virus thymidine kinase, &adenosine

deaminase, asparagine synthetase, Salmecnella his D gene,

xanthine guanine phosphoribosyl transferase, hygromycin B
phosphotransferase, and neomycin phosphotransferase.

20
16. The material of claim 14 wherein said
translation initiation start glte sequence is TXXATGCXX,
where "x" is a nuclectide.
25 17. The material of claim 14 wherein said

translation initiation start site sequence is TCCATGCTT.

i8. The material of claim 14 wherein said
translation initiacion start site gequence is located
30 within a secondary structure.

19. The material of claim 14 wherein said
translation initiation sgtart site sequence further
comprises at least one out-of-frame start codon within

35 sabout 1000 nucleotides of the ATG start codon of sald
start site, with the proviso that no in-frame stop codon
is located within said 1000 nucleotides.
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20- i ncorporated into a vector which includes transcriptional
cassettes containing the discloaefﬂgggmglained fully | npai red consensus

Kozak; such "other tranBés cassettes typically are utilized to
allow for 5 "enhancenen i\‘““\ation or "regul ation" of gene
WO 94711523 PCT/US93/11221
20. The material of claim 14 wherein said
translation initiation start site sgequence further
comprises at least one out~of-frame start codon within
about 350 nucleotides of the ATG start codon of said start

S site, with the proviso that no in-frame stop codon is
located within said 350 nucleotides.

62

21. The material of claim 14 wherein said

translation initiation start site sequence further

10 comprises at least one out-of-frame start codon within

about 50 nucleotides of the ATG start codon of said start

site, with the proviso that no in-frame stop codon is
located within said 50 nucleotides.

15 22. The material of claims 19, 20 and 21 wherein
said out-of-frame start codon is part of a consensus Kozak

sequence.

23. The material of claim 21 wherein said out-of-
20 frame start codon and said translation initiation start
site sequence are both included as part of a secondary

structure.

24. The material of claims 19, 20, 21 wherein said
25 translation initiation start site segquence is part of a
secondary structure and said out-of-frame start codon is

not part of said secondary structure.

25. An expression vector selected from the group

30 consisting of ANEX 1 (included within American Type

Culture Collection deposit number 69120) and ANEX 2
{included within ATCC deposit number 69118).

26. A plasmid comprising the expression vector of
35 «claim 1 wherein the nucleic acid sequence encoding for
said protein of interest is co-linked to said dominant

selectable marker.
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product:__ repressi on. For exanple, co-transfection of the exogenous DNA
with the dehydrofol ate reductase (DHFR) gene I s exenplary. By
increasing the levels the antifolate drug nethotrexate (MIX). a

conpetitive iQhififeyy of DHFR, 10 presented to such cells, @A/L§ayA3SE N
DHFR pr oducti on can occur via anplification of the DHFR gene.

Beneficially, extensive anpunts of flankingggxogenous DNA wll also
becone anplified: therefore, exogenous DNA i nserted co-linear with an
expressi ble DHFR gene will also 15 becone overexpressed. Addi tionally,
transci ptional casselt eThehiPpdRsnl g vf fFRimedhl Artegrasfedewiruéni ohear e

avai |l abl e. For exarplgulidergeesxgtibenscdnsict Ayl GESacCRidralian hE6f i ¥&d by
pl aci ng SV40ts mutant large T antigen gene under the direction of Rous

sarcoma virus LTR (insensitive 20 to feedback repression by T antigen),
has been descri bed. 28. The plasmid of claim 27 wherein said host cell

S is selected from the group consisting of DG44, DXBl1,
CVl, COS, R1610, Spr2/0, PIx633-Ag8.€53, BFA-1clBPT, RAJI,
and 293. '

29. The expression vector of claim 1 further

10 comprising an artificial intronic insertion region within

said dominant selectable marker, wherein an encoding

sequence for a protein of interest is located within said
insertion region.

15 30. The dominant selectable marker of c¢laim 14
further comprising an artificial instronic¢ imsertion
region.

This Sheet Has Been Replaced
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See, 22?. Sci ence 23-28 (1985). These cel | s support replication from
SV40 ori at 33C but not at 40[err]C and all ow regul ati on of the copy
nunber of t¥y gRORRECEEPSVA0 ori-containing vectors. The foregoing is-notns
i ntended. 2b rMERSION®t to be constrygd/eas |imting; rather dﬁg
foregoing i be exggRbMmL vl PRra¥RESmHhron  CaSS RCHES
can be incorporatedf™ato expression lngreeti@rg: conpri sing the 1 .
full'y inpairedneRRRONUE arpLIckABRIPUBLIIEEES WNDER G PATENA R JOPERABON HREAM (b

th bilit .
cassett cs. | TDIBTTLAANEBIRBNC Lo of |t il GABrEur Sttimios pRT o WATOROAED |

appl i cabl e; and-IaNi 165 CHI3pLS/65, 15/6%1v ant) agequsPikdmafioid? PliichcosDare: 26 May¥994 (26.08.93) |
i ndi cat ed phove —in particularly preférred 35 .enbodinents—of-_the ]

invention,|ab least one oWl - T 3BFusss 11221 (81) Designated Swres: AT, AL BB, BG. BR. BY, CA, CH,
CZ DE, DK ES. Fl. GB. HU. JP. KP. KR, KZ, LK.

(22) International Filing Date: 12 November 1993 (12.11.93) LU, MG, MN, MW, NL. NO, NZ, PL, PT, RO, RU,

SD, SE, SK. UA, UZ. VN, European patem (AT, BE.
! CH, DE, DK ES, FR. GB. GR. [E. IT. LU, MC, NL,
(30) Priveity data: ' PT. SE). OAP! parent (BF. BJ. CF, CG. Cl. CM, GA,

07/977.691 [3 November {992 (13.11.92) US GN, ML, MR, NE, SN, TD, TG).

{71) Appileant: IDEC PHARMACEUTICALS CORPORA-|Published

TION {US/US]. 11011 Torreyana Road, San Diego, CA Wiih international search repors,
92121-1104 {US). Before ihe expumion of the iime limit for amending he
claims and 1o be republished in the eveni of the receipt of
(72) inventor: REFF, Mitchell, E. ; 4166 Combe Way, San Dic. amendmens.

go. CA 92122 (US).
88) Date of publication of the internationul h :
{74} Agents: WEISS, Steven, M. et al.; Lyon & Lyon, 611 West % pd o the fntern m;'jus,;';';g::gg?,,g 1)
Sixth Street, 34th floor, Los Angeles, CA 90017 (US),

RECE!WED
s .0l 1994

LYON & YON
INTERNATIONA. DEsT

(S4) Title: FULLY IMPAIRED CONSENSUS KOZAC SEQUENCES FOR MAMMALIAN EXPRESSION
Neomycin phosphotransferase gene

Clo | -3 + 1
TCAE 5.2 TTGGGAGCTTGG AICGAI CC A cec ATG QH‘
Met Vo

ANEX 1 TTGGGAGCTTGG AICGAI CC I cc ATG (M
Met Leu

This Sheet Has Been Replaced

A

ANEX 2 CCaGCATGgAGGA AICGAT CC I cc ATG Lt
Met Leu

-3 +1 (1)

Pyxx ATG Pyxx
(57) Abstract

Disclosed herein are fully impaired consensus Kozak sequences which are most typically used with dominam selectable
markers of transcriptional cassettes which are a pan of an expression vector. These vectors are most typically utilized in the ex-
pression of proteins in mammalian expression systems. As defined, disclosed and claimed herein, « “[ully impaired consensus
Kozak" comprises sequence (I}, where: /x* is a nucleotide selected [rom the group consisting of adenine (A}, quanine (G), cyto-
sine (C) or thymine (T)/uracil (U); "Py” is a pyrimidine auglootide, ie C or TU; "ATG" is a codon encoding for the amino acid
methionine, the so-called “start” codon; and -3 and + | are directional reference poincs vis-i-vis ATG. ie -3 is meam 1o indicate
three nucleotides upstream of ATG and + | is meant to indicate one nucleotide downstream of ATG. Dominant seiectable mark.
ers further comprising anificial instonic insertion regions are further disclosed.
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start.cd@on (ie ATG is located upstreamof the fully I npai r ed
consensus Kozak start codon, w thout a stop codon bei ng | ocat ed between

the out-of-frane start codon and the
W0 94/11523 PCT/US93/11221

This Sheet Has Been Replaced

LTI

Neomycin phosphotransferase gene

Cle | —~3 +

TCAE 5.2 TTGGGAGCTTGG ATICGAT CC A cc ATG Gt
Met \al

ANEX 1 TTGGGAGCTTGG ATCGAT CC I cc ATG £t
Met ceu

ANEX 2 CCaGCATGgAGGA AJCGAT CC I cc ATG Cit
Met Leu

FIG. ¢
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21 'fuIIy | mpai red consensus Kozak start codon. The intent of t he

out-of-frame start codon is to, in effect, further I npair translation
of the dom nant sel ectabl e narker. As used herein, the term"stop
codon" i s neanvober11s23i ndi cate a "nonsense codon," ie a codoRCWiSebv1ties
not encode one of the 20 naturally occurring am no acids such t hat
transl ation of the encoded material termnates at the regi on of the
stop codon. This definition includes, in parti cul ar e _traditional
stop codons TAA, TAG and TGA. 10 As used herein, £ HaSBee"R"P'aced
"out-of-frame"” is relative to the fully inpaired conse mma'ﬁl
codon. As those in the art appreciate, in any DNA macr

RNA nmacronol ecul e) for every in-frane sequence, there are
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two out-of-frame sequences. Thus, for exanple, wth 15 respect to the
foll ow ng sequence i ncorporating.

.fﬂl I | npai red consensus Kozak:
-3 +1 gcA TG qf as ethx x the in-frane
codons are separated by triplets, I ] Gc, cAT and c; the
out - of - frame cW@MEWul d i ncl ude, TG Gcc. ccAFPRTSRd2.

Thus, two start codons (in capital letters and underlined) are out-of-
frame relative to the start codon of the fully inpaired consensus
Kozak. 25 When such an out-of-frame start codon is utilized, it
Is preferred that this be within about 1000 nucl eoti des upstream of the
fully inpaired consensus Kozak start codon, nore {)referabl’g W thin
about 350 nucl eoti des TCAE 5.2 vs ANEX 1(TCAE12)
80
v . & TCAE 5.2 258 COLONIES
> P4 ANEX 1 98 COLONIES
o 60
—d
O 4
o
& 40
<
[~ 4
zZ
O 20
o4
W —
v/, ——
O"‘ R o ' “ [’; ';
0 '25 50 '100'250'500 '1000'
EXPRESSION NG/ML
TCAE 5.2 vs ANEX 1 vs ANEX 2
80
B TCAE 5.2 258 COLONIES
vk P4 ANEX 1 98 COLONIES
z ANEX 2 121 COLONIES
o 60
~d
O
O
¥ 40
<
P
pd
S 20
& § @
a @ N
! Zs1 AL NMZIENEZN
' 0 '25 50 100 250 500 '1000’
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one gene product of 30 interest inserted wathin this region. Wile not

wi shi ng to be bond by any particular theory, the inventor :
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A portion of the disclosure of this patent document
contains materxial which is subject to copyright
protection. The copyright owner does not object to the
reproduction by anyone of the patent document or the
patent disclosure, as it appears in the Patent and
Trademark Office patent files or records, but otherwise
reserves all copyright rights whatsoever.

Related Applications
This patent document is a Continuation-In-Part of
U.S. Serial No. 07/977,691 £f£iled November 13, 1992,
pending. This patent document is related to "THERAPEUTIC
APPLICATION OF CHIMERIC ANTIBODY TO EUMAN B LYﬁEHOCYTE
RESTRICTED DIFFERENTIATION ANTIGEN FOR TREATMENT OF B CELL
LYMFHOMA, " having U.$. Serial No. 07/978,891, filed
November 13, 1992 (pending). and "THERAPEUTIC APPLICATION
OF CHIMERIC AND RADIOLABLED ANTIBODIES TO HUMAN B
LYMPHOCYTE RESTRICTED DIFFERENTIATION ANTIGEN FOR
TREATMENT OF B CELL LYMPHOMA", having U:S. Serial No.
. filed simultaneously herewith. This patent
document is related to commonly assigned United States
Serial No. 07/812,292 and entitled "RECOMBINANT ANTIBODIES
FOR HUMAN THERAPY, " filed July 10, 1992. fThese documents
are incorporated herein by referzence.
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have a greater tendency to be expressed. As further postul ated, the
RNA bei ng transcribed fromthe gene product of interest within the
intronic insertion region interferes with conpletion of transcription

(el ongation whea/mnsA) of the domi nant selectable nmarker; tlaglgd ﬁﬁ the
position that the dom nant selectable marker is integrated

cellular DNAis likely to be a position where a ~larger annunt of.RNA S
initially transcri bed. As is appreelated. prokaryotic proteins do
not 10 typically include splices and introns. However, the majority

of domi nant sel ect abl ePFaRREed. Wi Rdveat of phefbmoenbﬁnnia@ppnaa&seﬁy
vect or technol ogy haee adaihiead for dﬂaﬂﬁdﬁaﬂkeiaﬁtbQ iX?&E”&uaX@P§1e¥m§P

1 zed

e il R o
living cells and proteins are comprised of comzinations of
5 20 naturally occurring amino acids; each amino acid
molecule is defined ("encoded") by groupings ('codons”) of
three deoxyribonucleic acid ("DNA") molecules: a string of
DNA molecules ("DNA macromolecule®) provides, in essence,
a blueprint for the production of'specific sequences of
10 amino acids specified by that blueprint. Intimacely
involved in this process is ribonucleic acid (“"RNA"):
three types of RNA (messenger RNA; transfer RNA; and
ribosomal RNA) convert the information encoded by the DNA
inte, eg a protein. Thus, genetic information is

15 generally transferred as follows: DNA —RNA — protein.
In accordance with a typical strategy involving
Tecombinant DNA technolegy, & DNA sequence which encodes a
desired protein material ("¢cDNA") is identifiec and either
isolated from a natural source or synthetically produced.
20 By manipulating this piace of generic material, the ends
thereof are tailored to be ligated, or "fit,* into a
section of a small circular molecule of double stranded
DNA. This circular molecule is typically referred to as a
"DNA expression vector," or simply a *vector." The
25 combination of the vector and the genetic material can be
referred to as a ‘"plasmig“ and the plasmid can be
replicated in a prokaryotic host (ie bacterial in nature)
a5 an autonomous circular DNA molecule as the prokaryotic
host replicates. Thereafter, the circular DNA plasmid can
30 be isolated and introduceé into a eukaryotic host (ie
mammalian in nature) and host cells which have
incorporated the plasmid DNA are selected. While some
plasmid vectors will replicate as an autonomous circular
DNA molecule in mammalian cells, (eg plasmids comprising
35 Epstein Barr virus ("EBV') and Bovine Papilloma virus
("BPV") based vectors), most plasmids including DNA
vectors, and all plasmids including RNA retroviral
vectoxrs, are integrated into the cellular DN: such that
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W thin the gene so to create a |ocation for insertion of an intron

conprising the gene product of interest. It is noted that while the
followi ng rules are provided for selection of a splice site in
prokaryoti c WORgl1S2hey can 20 be readily applied to eukar PET7ES3an2N.
A general nechanismfor the splicing of nmessenger RNA precursors in
eukaryotic cells is delineated and summari zed in Sharp, Philip A
Splicing of Messenger RNA Precursors” Science, 235. 736-771 (1987)

(see, in 25 parti.cula Fi gur LEh s lancorporated. herein b
reference. Based u“f)hoenA ,Sﬁgrep,%tﬁhlzlrlcjaa)ra\r,\geﬁfpﬁrf rﬁl'}pnei rrﬁ?n ALYORIF B%sE i%epne
nucl ei ¢ aci d sequetRit: AFAESF ar EhfecPiaspyd DNxowidlspplge: replicawelice

donor; (b) 3' splimeozaieplyr as eukdx§porheatellspgrow anindi{thie pahepEr idn di ne
L;aCt- The con- 30, {QRFYLLAEMEECeEnlPlable 3 R11GE dOROL i LEnEEPAIdEd tO
5 integrated plasmid which 1leads to the production
("expression”) of the protein material of interest. By
subjecting the host cells containing the plasmid to
favorable growth conditions, significant amounts of the
host, and hence the protein of interest, are produced.
10 Typically, the Chinese Hamster Qvary ("CHO") cell line is
utilized as a eukaryotic host c¢ell, while E. coli is
utilized as a prokaryotic host cell.

The vector plays a crucial role in the foregoing -
manipulation of the vector can allow for variability as to

15 where the ¢DNA is inserted, means for determining whether
the CcDNA was, in fact, properly inserted within the
vector, the conditions under which expression of the
genetic material will or will not oeccur, etc. However,
most of the vector manipulations are geared toward a

20 single goal-increasing expression of a desired gene
product, ie protein of interest. Stated again. most
vector manipulation is conducted so that ar "improved"
vector will allow for production of a gene product at
significantly higher levels when compared to a *non-

25 improved" vector. Thus, while certain of the
features/aspects/characteristiecs of one vector may appear
to be similar to the features/aspects/charac:eristics of
another vector, it is often necessary to examine the
result of the overall goal of the manipulatior - improved

30 production of a gene product of interest.

While one *“improved*" vector may comprise
characteristics which are desirable for one set of
circumstances, these characteristics may not necessarily
be desirable under other circumstances. However, one

35 characteristic is desirable for all vectors: increased
efficiency, ie the ability to increase the amount of
protein of interest produced while at the same time
Cecreasing the number of hos: cells to be screened which

eet Has Been Replaced
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c - A AAG GTGAGT and for the 3' splice acceptor, NCAG G (where

a"/l" synbol I ndi cates the splice site); see, Munt, S.M "A Catal ogue
of Splice Junction Sequences" Nuc. Acids. Res. 10/2:459- 35 472 (1992)

whi ch is i nowopnagmd herein by reference. The consens peraeshieiies for
t he branch point, ie.the |ocation of the lariat formation with the 5
splice donor, is _ 5

do not generate a sufficient amount of this protein. Such
increased efficiency would have several desirable
advantages, including reducing manufacturing costs and
decreasing the time spent by technicians in screening for
5 viable colonies which are expressing the protein of
interest. Accordingly, what would be desirable and what
would significantly imbrove the state of the art are
expression vectors with such efficiency characteristics.

10 Summary Of The Invention

The invention disclosed herein satisfies these and
other needs. Disclosed herein are fully impaired
consensus Kozak sequences which are most typically used
with dominant selectable markers of transcriptional

15 cassettes which are a part of an expression vector;
preferably, the dominant selectable marker comprises
either a natural intronic insertion region or artificial
ineronic insertion region, and at least one gene product
of interest is encoded by DNA located within such

20 insertion region.

As used herein, a "dominant selectable marker" is a
gene sequence or protein encoded by that gene sequence;
expression of the protein encoded by the dominant
selectable marker assures that a host cell transfected

25 with an expressicn vector which includes the dominant
selectable marker will survive a selection process which
would otherwise kill a host cell not containing this
protein. As used herein, a “transcriptional cassette* is
DNA encoding for a protein product (eg a dominant

30 selectable marker) and the genetic elements necessary for
production of the protein product in a host cell (ie
promoter; transcription start sgite; polyadenflasion
Tegion; etc.). These vectors are most preferably utilized
in the expression of proteins in mammalian expression

35 systems where integration of the vector into host cellular
DNA occurs. Beneficially, the use of such fully impaired
consensus Kozak sequences improves the efficiency of
protein expression by significantly decreasing the number
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| |||| ||I|" I'l |I T ""S)'..‘-!._:_.f;:ﬂr::f -.lht"f.'l

1

o
P ?!_F- 1G4

<



it
3

24  reported as PyNPyPAPy; and the reported preferred branch site
for manmal i an RNA splicing is TACTAAC (Zhuang, Y. et al. "UACUAAC i s
the preferred branch site for nmanmalian MRNA splici ng” PNAS 86:

2752- 2756 (1980pw4/1ism3orporated 5 herein by reference). TypcCTalSg/iizhe
branch point is | ocated at | east approximately 70 to about 80
base-pairs fromthe 5 -splice donor (these is no defined upper limt

to this distance). The poly pyrinmidine tract typically is from about 15
Lo about 30 base ggﬁgéggg% Slths URLERY ch sBRE AR PGS DL AN
increasing the amount of protein expressed by such viable
colonies. As used herein, a "natural intronic insertion
region” is a region of DNA naturally present within a gene
5 in this case, typically a dominant selectable marker,
which can be utilized for insertion of DNA encoding a gene
product of inte&est; an "artificial intronic insertion
region" is a region of DNA which is selectively created in
a gene (again, most typically, a dominant selectable
10 marker) which can be utilized for insertion of DNA
encoding a gene product of interest. Information
regarding intronic positioning is described in Abrams,
J.M. et al. *Intronic Positioning Maximizes Co-expression
and Co-amplification of Nongelectable Heterologous Genes.
15 *J. Bio. Chem., 264124:14016 (1989), and U.S. Patent No.
5,043,270 (bomh documents being incorporated herein by
reference).
As defined, disclosed and claimed herein, a *fully
impaired consensus Kozak* comprises the following
20 sequence:
-3 +1
Pyxxx ATG Pyxx
where: *x" is a nucleotide selected from the group
consisting of adenine (A), quanine (G), cytosine (C) or
25 thymine (T)/ uracil (U); "Py" is a pyrimidine nucleotide,
ie C or T/U; "ATG* is a codon encoding for the amino acid
methionine, the sgo-called "start" codon; and -3 and +1 are
directional reference points vis-a-vis ATG, ie -3 is
meant to indicate three nucleotides upstream of ATG and «1
30 is meant to indicate one nucleotide downstream of ATG.
Preferably, the fully impaired consensus Kozak is
part of a methionine start codon that initiates
translation of a dominant salectable marker portion of a
transcriptional cassette which is part o< an expression
35 vector. Preferred dominant selectable markers inciude,
but are not limited to: herpes simplex virus thymidine
kinase: adenosine deaminase; asparagine synthetase;
Saimonella his D gene: xanthine guanine phosphoriposyl
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The foregoing is descriptive of the criteria inposed by nature on
naturally occurring splicing nechanisns. Because there is no exact
upper limt on the nunber of base pairs between the 5 g%lce donor and

the branch MO%41K2, it is preferred that the gene pr oduct P

'uSAvd T et

be inserted within this region in situations where a natural intron
exists within the dom nant sel ectabl e nmar ker . However, as not ed,

i ntrons do not exi st

merkers; 20 aS SWchnsthddde? ohigiondtifl b idtioibRbeidHdaREs8! Carld Bb8h

utilized mnth thesg g er té?

intron, a "splicePROSP SﬁEanﬁFFééeacceBPﬁF" 'be*FEc ATERRR hi n
t he encoding segeonahﬁe1MQ¥kdonismnﬂpmwehacpb&ﬂnhqnmnheferiﬁsed 25
Sharp and Mount,
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it i stADYasihdad t BRefbl®ed embodiments of the
invention, at least one out-of-frame start codon (ie %TG)
is located upstream of the fully impaired consernsus Kozak
start codon, without an in-frame stop codon being located
between the upstream start codon and the fully impaired
consensus Kozak start codon. As used herein, the term
“stop codon" is meaht to indicate a codon which does not
encode an aminc acid such that translation of the encoded
material is terminated; this definition includes, in
particular, the traditional stop codens TAA, TAG and TGA.
As used herein, the terms "in-frame" and "out-of-frame*
are relative to the fully impaired consensus Kozak start
codon. By way of example, in the following sequence:

-3 -1

GAC CAT GGC Cxx ATG Qxx

the underlined portion of the segquence ls representative
of a fully impaired consensus Kozak (where "x* represents
a nucleotide) and the codons GAC, CAT and GCC are “in-
frame" codons relative to the ATG start codon. The above-
lined nucleotides represent an "out-of-frame* start codon
which is upstream of the fully impaired consensus Kozak
start codon. Preferably, the out-of-frame start codon is

‘within about 1000 nucleotides upstream of the fully

impaired consensus Kozak start codon, more preferably
within about 350 nucleotides upstream of the fully
impaired consensus Kozak start codon, and most preferably
within about 50 nucleotides upstream of the fully impaired
zonsensus Kozak start coden. Preferably, the out-of-frame
start codon is a part of a consensus Kozak. By way of
example, the sequence set forth above satisfies this
criteria: the -5 nucleotide is a purine (G); nuclectide
-6, -7 and -8 encode an out-of-frame star:t codon (ATG):
and nucleotide -1l is a purine (A).

Additionally, utilization of a £fully impaired
consensus Kozak within a secondary structure (ie a so-
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foll 6w ng sequence function as the splice donor:splice accept or
CAGG (with the artificial splice oc- curring at the GG region).
preferred sequence i s AAGG Focusing in on the nost preferr

site --
A
ed

sequence CAGGwgdaz118#y fol | owi ng codons and ami no aci ds can b@ecradsesad22)

within the

encodi ng regi on of the dom nant sel ectable marker for

generation of the artificial intronoc insertigon region:

called “stem-loop" or “hairpin“) is beneficially viable to

impairment of translation of the protein encoded by
dominant seleactable number. In such an embodiment,

the
the

start codon of the fully impaired consensus Kozak is most

S preferably located within the stem of a stem loop.

Particularly preferred expression vectors which
incorporate these aspects of the invention disclosed
herein are referred to as "TCAE, " and "ANEX" and "NEOSPLA"
vectors; particularly preferred vectors are referred to as

10 ANEX 1, ANEX 2 and NEOSPLA3F.

These and other aspects of the invention disclosed
herein will be delineated in further detail in the

sections to follow.

15  Brief I iption Of The Drawi

Figure 1 provides the relevant portion of a consensus
Kozak and several particularly preferred fully impaired

consensus Kozak sequences;
Figure 2 provides a diagrammatic representation

of

20 the vectors TCAE 5.2 and ANEX 1 (TCAE 12) designed for
expression of mouse/human chimeric immunoglobulin, where
the immunoglobulin genes are arranges in a tandem
configuration using neomycin phosphotransferase as the

dominant selectable marker:

25 Figure 3 is a histogram comparing protein expression

levels with the vectors TCAE 5.2 and ANEX 1;

Figure 4 provides a diagrammatic representation of
the vector ANEX 2 designed for expression of mouse/human
chimeric immunoglobulin, where the immunoglobulin genes

30 are arranges in a tandem configuration using neomycin

phosphotransferase as the dominant selectable marker:;

Figure 5 is a histogram comparing protein
expression levels with the vectors TCAE 5.2. ANEX 1 and

ANEX 2;

35 Figure 6 provides a diagrammatic representation of a
NEOSPLA vector designed for expression ¢f mouse/human

chimeric immunoglobulin; and
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25 - B C CAG G\N
NCA G OGN - NNC AGG A@n Al a Al a Ay

Ala Leu Arg Asp Pro Arg Phe

Ay Ser w Asn Pro Gu  pdfiuseanim
Asp Ser 0 94711523 Val Cys Thr

Ay Tyr 9

10

15

20

25

30

35

Figures 7A, -7B and 7C are Listograms comparing
protein expression levels with the vectors TCAE 5.2 vs.
NEOSPLA 3F (7A). ANEX 2 vs. NEOSPLA3F (7B); and GK-
NEOSPLA3F vs. NEOSPLA3F (7C).

Disclosed herein are nucleic acid sequence
arrangements which impair translatiorn and initiation of,
most preferably, dominant selectable markers incorporated
into mammalian expression vectors and which are
preferably, but not necessarily, co-linked to an encoding
sequence for a gene product of interest. Preferably, the
dominant selectable marker comprises at least one natural
or artificial intronic insertion region, and at least one
gene product of interest is encoded by DNA located within
at least one such intron. Such arrangements have the
effect of increasing expression efficiency of the gene
product of interest by, inter alia, decreasing the number
of viable colonies obtained from an equivalent amount of
plasmid DNA transfected per cell, while increasing the
amount of gene product expressed in each clone.

For purpose of brevity and presentational efficiency&
the focus of this section of the patent disclosure will be
principally directed to a specific dominant selectable
marker, neomycin phosphotransferase, which is incorporated
into a mouses/human chimeric immunogleobulin expression
vector. It is to be understood, however, that the
invention disclosed herein is not intended, nor is it to
be construed, as limited to these particular systems. To
the contrary. the disclosed invention is applicable to
mammalian expression systems in tote, where vector DNA is
integrated into host cellular DNA.

One of the most preferred methods utilized by those
in the art for producing a mammalian cell line that
produces a high level of a protein (ie *production cell
line*) involves random integration o DNA coding for the
desired gene product (ie "exogencus DNAY) by using, mos:
typically, a drug resistant gene, referved to as a

This Sheet Has Been Replaced Chpn o
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be appreci at ed,

e (As will

t he sanme approach to determ ning viable amno acid

resi dues can be utilized for the preferred sequence of AAGG. The
preferred coWomsB1sloup for derivation of the splice donor: SEFEI3HdEdpt or
site is group A
point for generation of an artificial iX@ronic insertion region ca

defi ned.

Once these am no acid sequences are | ocated, a v

Focusing on the preferrred NEO dom nant selectable 1

marker | amno_aci diashdies, ALo: foi Gaodan SR SdiCrer sdinepiss A

positions 51 and 5

C) are |ocated at
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qﬁgéﬁtpgﬁ§ have 1n:egrated the exoganous DNA. 5taced
again, those cells which properly incorporate the
exogenous DNA including, eg, the drug resistant gene, will
maintain resistance to the corresponding drug. This is
most typically followed by co-amplification of the DNA
encoding for the desired gene product in the transfected
cell by amplifying an adjacent gene that also encodes for
drug resistance ("amplification gene®), eg resistance
to methotrexate (MTX) in the case of dehydrofolate
reductase (DHFR) gene. The amplification gene can be the
same as the dominant selectable marker gene, or it can be
a separate gene. ({As those in the art appreciate,
"transfection" is typically utilized to describe the
process or stace of introduction of a plasmid into a
mammalian host cell, while “transformation” is typically
utilized to describe the process or state of introduction
of a plasmid into a bacterial host cell).

Two amplification approaches are typically employed
by those in the art. In the first, the entire population
of transfected and drug resistant cells (each cell
comprising at least one integration of the gene encoding
for drug resistance) is amplified; in the second,
individual clones derived from a single cell are
amplified. Each approach has unique advantages.

With respect to the first approach, it is somewhat
*easier" to amplify the entire pepulation (typically
referred to as a “shotgun" approach, an apt description)
compared to individual clones. This is because
amplification of individual clones initially involves,
inter alia, screening of hundreds of isclated mammalian
colonies (each derived from a single cell, most of which
being single copy integrants of the expression plasmid} in
an effort to isolate the one or twe "grail" colonies which
secrete the desired gene product at a *high" level, ie at
a level which is (typically) three orders of magnitude
higher than the lowest detectable expression level. These
cells are also often found te have only a single copy

This ‘s the replacement
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172 and 173 (as is appreciated, nultiple artificial intronic insertion
regions may be utilized). Focusing on 15 residues 50 - 53 of NEO the
nucleic acid and am no acid sequences are as foll ows:

51 52 5WO%MS23 5 CTG CAG GAC GAG 3' PCT/UBRY112Y 1,
Asp Gu 20 Accordingly, an artificial intronic insertion region

can be generated between residues 51 and 521of NEO. This regi on nost
preferably conprises a branch point, a pol ypri m di ne tract and,

Pegi on 25 anmendoll e arcion of0ld, babss e RARMAIC, Moty o o
i z i i
|rrgort for the ar"f‘?‘?%l"cflyd'lngl ﬁPFbH%“alg i%@r fFSHlFﬁg?“bnpr?%cf’Pfsf %&0

nucl ei ¢ acid residines which contain fewer copies of the amplified gene as
compared to amplification of all transfected cells
5 (typically, 10-20 versus 500-1000).

With respect to the second approach, production cell
lines derived from amplifying individual clones are
typically derived in lower levels of the drug(s) used to
select for those colonies which comprise the gene for

10 drug(s) resistance and the exogenous gene product (ie in
the case of methotrexate and DHFR, SnM versus 1uM).
Furthermore, individual clones can typically be isclated
in a shorter period of time (3-6 months versus 6-9
months) . .

15 Ideally then, the tangible benefits of both
approaches should be merged: at a practical level, this
would involve decreasing the number of colonies to be
screened, and- increasing the amount product secreted by
these colonies. The present invention accomplishes this

20 cask.

The position where the DNA of tbhe dominant selectable
marker of the plasmid DNA is integrated within the
cellular DNA of the host cell determines the level of
expression of the dominant selectable marker protein, as

25 is recognized by those in the art. It is assumed that the
expression of a gene encoding a protein of interest which
is either co-linked to or positioned near the dominant
selectable marker DNA is proportional to the expression of
the dominant selectable marker protein. While not wishing

30 to be bound by any particular theory, the inventor has
postulated that if the gene used to select for the
integration of the exogenous DNA in the mammalian cell {ie
the dominant selectable marker) was designed such that
translation of that dominant selectable marker was

35 impaired, then only those plasmids which could overcome
such impairment by cver-production of the gane product of
the dominant selectable marker would survive, eg, the
drug-screening precess. By associating the exogenous DNA

This Sheet Has Been Repla §m5¥fﬂ;ﬂmpnﬁanwfmym

[T ——r—"




A

the 5 splice site ( eg abutting CAG are nost preferably
Gl and the first two nucleic acid residues of the 3
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with the dominant selectable marker, then, a fiorti, over-
production of the gene product of the dominant selectable
marker would also result in over-production of the gene
product derived from the associated exogenous DNA. In
accordance with this postulated approach, impairment of
translation of the dominant selectable marker gene would
be necessary, and an avenue for such impairment was the
consensus Kozak portion of the gene.

By comparing several hundred vertebrate mRNAs,
Marilyn Kozak in “Possible role of flanking nucleotides in
recognition of the AUG initiator codon by eukaryotic
ribosomes," Nuc. Acids Res. 9: 5233-5252 (1981) and
“Compilation and analysis of seqQuences upstream from the
translational start site in eukaryotic mRNAs," Nuc. Acids
Res. 12: 857-872 (1%84), proposed the following
“consensus*® sequence for initiation of translation in
higher eukaryotes:

-3 +1
cc Acc AUG G
{As those in the art appreciate,’uracil, U, replaces the
deoxynucleotide thymine, T. in RNA.} 1In this sequence,
referred to as a "consensus Kozak," the most highly
conserved nucleotides are the purines, A and G, shown in
capital letters above; mutational analysis confirmed that
these two positions have the strongest influence on
initiation. See, eg, Kozak, M. "Effects of intercistronic
length on the efficiency of reinitliation of eukaryotic
ribosomes." Mol. Cell Bio. 7/10: 3438-3445 (1987). Xozak
further determined that alterations in the seguence
upstream of the consensus Kozak can effect translation.
For example, in "Influences of mRNA secondary structure on
initiacion by eukaryotic ribosomes."” PNAS 83: 2850-2854
(1986) Kozak describes the "artificial* introduction of a
secondary hairpin structure region upstream from the
consensus Kozak in several plasmids that encoded
preproinsulin; it was experimentally determined that a
stable stem loop structure inhibited translation of the
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splite site (eg abutting G are nost preferably AG Usi ng the
criteria defined abouve, an artificial intronic insertion region was
bet ween ami no acid residues 5 51 and 52 of NEO 50 NEO 51

52 NEC 53 woea/1168EU GLN Branch Pol ypyri PCHASPBAAR2IASP
G.U 3 5 CTG CAG GTAAGT GCGGECCGC TACTAAC (TO[ERRJCT(O[ERR TCC(T) [ ERR]
C CTGCAG GAC GAG Neg Y 10 (Details
regarding the nethol ogy for creating this artificial intronic insertion

region are set forth i.n the <*‘%Secti‘on_._to%oclt#ow .. The Not | site
was created as preﬁrr?emrsé‘éﬁﬁngﬁﬂ%'rer 80 EPBr TR R "éﬁ'sé“gﬁnc%x be 15
i ncorporated. T8fer3%®ore, upon incorporation, the gene product of
interest is |ocated BELPeeo:idliy10;8chil 'ASicdvesSed by the inventor that
by changing the purines A(-3 vis-a-vis ATG start codon)
5 and G{+l) to pyrimidines, translation impairment was
significant: when the consensus Kozak for the nebmydin
phosphotransferase gene was subjected to such
alterations (as will be set forth in detail below), the
number of G418 resistant colonies significantly decreased;
10 however, there was a significant increase in the amount of
gene product expressed by the individual G418 resistant
clones. As those in the art will recognize, this has the
effect of increasing the efficiency of the expression
system—there are less colonies to screen, and most of the
15 colonies that are viable produce significantly more
product than would ordinarily be obtained. Confirmation
of the inventor's postulated theory was thus
experimentally determined.
As noted, for purposes of this patent document a,
20 “"consensus Kozak" comprises the following sequence:
-3 +]1
Pxx ATG Pxx
a "partially impaired consensus Kozak” comprises the
following sequence |
25 -3 -1
P/Pyxx ATG P/Pyxx
and a disclosed and claimed *"fully impailred consensus
Kozak" comprises the following sequence:
-3 +1
30 Pyxxx ATG Pyxx
where: "x* is a nucleotide selected from the group
consisting of adenine (A). guanine (G), cytosine (C) or
thymine (T) (uracil, U, in the case of RNA); "P" is a
purine, ie A cr G, "Py" is a pyridine, ie C or T/U; ATG
35 is a conventional start codon which encodes for the amino
dacid methionine (Met); the numerical designations are
relative to the ATG codon. ie a negative number indicates
"upstream* of ATG and a positive number indicates
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51 and 52 of NEQO, such that during NEO transm ssion,
of interest will be "spliced-out". The host cell

t he

gene product
line is nost

preferably of manmalian 20 originsthose skilled in the art are credited

host cell

i nes

with ability referentially determ ne particul ar
which are bes‘Yog’éﬂl@g

for the desired gene product to be PE(pPEE Eaat

therein. Exenplary host cell |ines include, but are not limted to,
D&4 and DXB11l (Chi nese Hanster Ovary 25 |ihes, DHFR m nus), HELA (human
cervical carcinoma), CV1 (nonkey kidney line), COS (a derivative of CVl
with SV40 T antacgms)me%@l%t( %@?Senaa%&ercﬁe &bé

(nouse fi brobl ast)
P3x63- Ag3. 653 (mousé‘sﬁi}% %
RAJI (human | ynphe®gt €f &he -

typically

10

15

20

25

30

35

f& SYF#% AsnaBbhiaie- o) |
is a pyridine, then +l1 must be a purine oz if -3 is a
purine, then +l1 must be a pyridine. Most preferably, the
fully impaired consensus Kozak is associated with.the site
of translation initiation of a dominant selectable markexr
which is preferably (but not necessarily) co-linked to
exogenous DNA which encodes for a gene product of
interest. As used herein, "nucleotide” is meant cto
encompass natural and synthetic deoxy- and ribonucleotides
as well as modified deoxy- and ribonucleotides, ie where
the 3' OH, 5'OH, sugar and/or heterocyclic base are
modified, as well as modification of the phosphate
backbone, eg methyl phosphates, phosphorothiocates and
phosphoramidites.

Information regarding the gene sequence of the
dominant selectable marker is preferably known; however,
in lieu of the entire sequence, information regarding the
nucleic acid sequence (or amino acid sequence) at the site
of translation initiazion of the dominant selectable
marker must be known. Stated again, in order to
effectuate a change in the consensus or partially impaired
consensus Kozak, one must know the sequence thereof.
Changing the congensus or partially impaired consensus
Kozak to a fully impaired consensus Kozak sequence can be
accomplished by a variety of approaches well known to
those in the art including, but not limited to, site
specific mutagenesis and mutation by primer-based
amplification (eg PCR): most preferably, such change is
accomplished via mutation by primer-based amplification.
This preference is principally based upon the comparative
“ease“ in accomplishing the task, coupled with the
elficacy associated therewith. For ease of presentation,
a description of the most preferred means for
accomplishing the change to a fully impaired censensus
Kozak will be provided.
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avai lable fromcomercial services. the Anerican Tissue Cul ture

Coll ection or from published literature.

line is
rays and
i nversi o
et al.,

either D44 or 35 SP2/O. See, Uland. G et al., "Effect of gamm

WO 711538 hydr of ol ate reductase | ocus: del et POTY'SOIMIR21
ns." Som Cell & Mdl. Gen. 12/6:555-566 (1986) and Shul man,
"A better cell line for making 15
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In essence, mutation by primer-based amplification
relies upon the power of the amplification process itself-
-as PCR is routinely utilized, focus will be directed
thereto. However, other primer-based amplification
techniques (eg ligase <chain reaction, etc.) are
applicable. One of the two PCR primers ('mutational
primer“) incorporates a sequence which will ensure that
the resulting amplified DNA product will incorporate the
fully impaired consensus Kozak within the transcriptional
cassette incorporating the dominant gelectable marker of
interest; the other PCR primer is complementary to another
region of <the dominant selectable marker; a
transcriptional cassette incorporating the dominant
selectable marker; or a vector which comprises the
transcriptional cassette. By' way of example, the
complement to a dominant selectable marker which includes
a consensus Kozak could have the following sequence (SEQ
ID NO: 1): '

3'~tagcraggTccTACCee-5'
In order to create a fully impaired consensus Kozak, the
mutational primer could have the following sequence (5EQ
ID NO: 2) (for convenience, SEQ ID NO: 1 is placed over
the mutational primer for comparative purposes):

5'-atcgatccTggATGCgg-3"

3'~cagctaggTecTACCce~S !

» *

As is evident, complementarity is lacking in che
primer (see the "** sgsymbols). By utilizing excess
mutational primer in the PCR reactiocn, when the sequence
including the consensus Kozak is amplified, the resulting
amplified DNA products will incorporate the mutations such
that as the amplified DNA products are in turn amplified,
the mutations will predominate such that & fully impaired
consensus Kozak will be incerporated into the
amplificatien product.

Two criteria are required for the mutational primer--
first, the length thereof must be sufficient such that
hybridization tc the target will resulc. As will Dbe
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27 - hybri domas secreting specific antibodies.” Nature 276: 269

(1978), respectively. Mst preferably, the host cell line s D4,
Transfection of the plasmd into the host cell can be acconplished by
any technique available to those in 5 the art. These include, but are
not limted wees11s23 transfection (1 ncluding el ect r ophgieagu$oa/11and
el ectroporation), cell fusion with envel oped DNA, m croi njection, and
infection with intact virus. See, Ri dgway, A.A G- "Mmalian

Expression Vectors." Chapter 10 24.2. pp. 470-472 Vectors, Rodriguez and

Denhardt, Eds. . , , )
appreciated, the mutational primer will not be 100%

complementary to the target. Thus, a sufficient number of
complementary bases are required in order to ensure the
requisite hybridization. Preferably, the length of the
5 mutational primer is between about 15 and about 60

nucleotides, more preferably between about 18 and about 40
nucleotides, although longer and shorter lengths are
viable. (To the extent that the mutational primer is also
utilized to incorporate an out-of-frame start codon or

10 secondary structure, the length of the mutational primer
can correspondingly increase). Second, the ratic of
mutational primér to target must be sufficiently excessive
to "“force" the mutation. Preferably, the ratio of
mutational primer to target is between about 250:1 to

15 about 5000:1, more preferably between about 400:1 to about
2500:1, and most\preferably between about $00:1 to about
1000:1.

Because the parameters of a PCR reaction are

considered to be well within the level of skill of those
20 in the are, details regarding the particulars of that

reaction are not set forth herein; the skilled artisan is

readily credited with recognizing the manner in which this

type of mutation can be accoﬁplished using PCR techniques

- the foregoing is provided as a means of providing
25 elucidacion as opposed to detailed edification.

As noted, it is most preferred that the £ully
impaired consensus Kozak is associated with the site of
translation initiation ¢of a dominant selectable marker
incorporated into a transcriptional cassette which forms a

30 part of an expression vector. Preferred dominant
selectable markers include, but are not limited to: herpes
simplex virus thymidine kinase; adenosine deaminase;
asparagine synthetase; Salmonella his D gene; xanthine
guanine phosphoribosyl transferase ("XGPRT"); hygromycin B

35 phosphotransferase; and neomycin phosphotransferase
{“NEO"). Most preferably, the dominant selectable marker
is NEO.
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nor are they to be construed, as limting the

ment of the invention disclosure herein. The

di sclosed fully inpaired consensus Kozak g8quence is 20 intended to be
broadly applied as delineated above. However, for presentational

ef ficiency.
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exenplary.T S%&mﬁk

consensus R%Z seguences are conj unc
ERYRidine ah%\‘%ﬂyléxﬁFB%F% pachavingathe (i quing

partially impaired consensus Kozak:
-3 +1
cg Cgt ATG Get

See, Heller, S. "Insertional Activities of a
Promotorless Thymidine Kinase Gene,* Mol. & Cell. Bio.
§/8:3218-3302, Figure 4, nucleotide 764. By changing the
+1 purine (G) to a pyrimidine (C or T/U), a fully impaired
Kozak as defined herein is generated (the -3 of the herpes
simplex virus thymidine kinase is a pyrimidine). Changing
+1 purine to a pyrimidine also has the effect of changing
the encoded amino acid from alanine (GCT) to proline (CCT)
or serine (TCT); it is preferred that conservative amino
acid changes result from the changes to the nucleotides.
Thus, it is preferred that the change to TCT be made
because the change from alanine to serine is a more
conservative amino acid change than changing alanine to
proline.

Histridinol dehydrogenase is another dominant
selectable marker. See, Hartmen, $.C. and Mulligan, R.C.
*Two dominant acting selectable markers for gene transfer
studies in mammalian cells,* PNAS 85:8047~-8051 (1988).
The his D gene of Salmonella typhimunium has the following
partially impaired consensus Kozak:

-3 +1
gc Aga ATG Tta

As -3 is a purine, changing ~3 to a pyrimidine (C or
T/U) results in a fully impaired consensus Kozak; as is
appreciated, because these nucleotides are upstream of the
start codon, no impact on amino acid translation results
from this change.

Hygromycin B phosphotransferase is another dominant
selectable marker:; the reported sequence for the hph gene
(see, Gritz, L. and Davies, J. "Plasmid encoded hygromycin
B resistance: the sequence of hygromycin B
phosphotransferase gene and its expressing in Ekcherichia
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25 torherein as anti body expression vectors) as disclosed bel ow.
. Tandem Chinmeric Antibody Expression ("TCAE') VECTOR B cel
| ynphocytes arise frompluripotent stemcells 30 and proceed through

ont ogeny to ful

| ynphocyte-r
"CD20," is a cell surface non- glicosylated phosphoprot ein

art as

35, 000 Dal tons;
just prior to the expression of cytoplasmc J[err] heavy chains.

expresseafbli an@808GEEhafinyr-esnNfetediieapt acee 2gkl79ifdecr epbiption
The CDZQ4TRLEEY! End Pk ESséhsilsCRob Ik LI}, activation

CD20
st age.
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CD20 is expressed during ea

differentiation antigen Bp35, ref

-3 +1
ga Gat ATG Aaa

Both -3 and +1 are purines; thus changing -3 and «l
to pyrimidines results in a fully impaired consensus Xozak
{this results in the fbllowing encoded amino acids: +1 to
C - glutamine; +1 to T - stop codon. Because this codon
is downstream of the start codon, the change to the stop
codon TAA should not be accomplished).

XGPRT is another dominant selectable marker. The
reported partially impaired consensus Kozak of XGPRT has
the following sequence:

-3 +1
tt Cac ATG Agc

See, Mulligan, R.C. and Berg, P. "Factors governing
the expression of a bacterial gene in mammalian cells."
Mol. & Cell Bio. 1/5:448-459% (1881), Figure 6. By
changing the +1 purine to a pyrimidine, a fully impaired
consensus Kozak is created; the effect on the encoded
amino acid (AGC-serine) is as follows: CGC-arginine;
TGC-cysteine.

Adenosine deaminase (ADA) can also be utilized as a
dominant selectable marker. The reported consensus Kozak
sequence for adenosihe deaminase is:

-3 +1
ga Acc ATG Gcc
See, Yeung. C.Y. et al., "Identification of

functional murine adenosine deaminase cDNA clones by
complementation in Echerichia coli,* J. Bio. Chemn.
260/18:10299-10307 (1985), Figure 3. By changing both -3
and +1 purines to pyrimidines, fully impaired consens
Kozak sequences result. The encoded amino acid
corresponding to GCC (alanine} is changed to either
proline (CCC) or serine (TCC), with the change to serine
being preferred, due to the conservative nature of this

change.
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28 - process which is required for cell cycle initiation and

diffgrentiation. Because CD20 i s expressed on neopl astic B cells, CD20
provi des a prom sing target for therapy of B
WO 94/11523 PCT/US93/711221
19

The reported partially impaired consensus Kozak for
asparagine synthetase is as follows:

-3 +1
gc Acc ATG Tgt
5 See, Andrulis., I.L. et al., "Isclation of humar cDNAs

for asparagine synthetase and expression in Jensen rat
sarcoma cells,"” Mol. Cell. Bio. 7/7:2435-2443 (18987).
Changing the +3, purine to a pyrimidine results in a fully
impaired consensus Kozak.

10 The partially impaired consensus Kozak for neomycin
phosphotransferase (which includes an upstream out of
frame start codon) is as follows:

- -3 +1
- ggA TGg gya tcg ttu Cgc ATG Att

15 Changing the +1 purine to a pyrimidine has the effect
of creating a fully impaired consensus Kozak (changes to
the encoded amino acid isoleucine, ATT are as follows:
CTT - leucine and TTT-phenylalanine, with the change to
leucine being preferred, due to the conservative nature of

20 this changei. '

The foregoing is not intended, nor is it to be
construed as limiting; rather, in the context of the
disclosed invention, the foregeing is presented in an
effort to provide equivalent examples of changes in the

25 reported consensus Kozak sequences or partially impaired
consensus Kozak sequences of several well-known dominant

. selectable markers. h

As noted, a most preferred dominant selectable marker
is NEO. Particularly preferred fully impaired consensus

30 sequences for NEO are as follows:

Txx ATG Ctt (SEQ ID NO: 3)
Cxx ATG Ctt (SEQ ID NO: 4)
Txx ATG Ttt (SEQ ID NO: 5)
Cxx ATG Ttt (SEQ ID NO: 6)

35 where x are mnucleotides. SEQ. ID. NO. 3 is most
preferred; and xx are preferably CC.

Other rranscriptional cassettes. which may or may not
include a fully impaired consensus Kozak, can be
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cell « I ynphonmas and | eukem as. The CD20 antigen is 5 especially
suitable as a target for anti-CD20 anti body nmedi at ed t herapy because of
accessibility and sensitivity of hemat opoietic tunors to lysis via

i mune ef f ecwOr94/11523mechani sns. Anti - CD20 anti body medi at ed PEREISEB4AII2L nt er
alia, is disclosed in co-pending Serial No. 07/978.891 and 10 Serial No.

, filed simultaneously herewtI20 The anti bodies utilized
are nouse/ human chineric anti-CD20 anti bodi es expressed at high | evels
in mammalian cellg 0" tJ |ved
usi ng vectors %Igag' gﬁ%}r’g‘??we&% Aﬂé;ghgd@ﬁégggxr%q‘%&

GKNEOSPLA3F; and RIEESPEPSF CARCAHEIRG okRF FdEFoPSedcapd clagmegy £udily,
utilized to derivempainedi congensisD?Kozaiti boayh “other TN riptiideatli ca

to TCAE 5.2 excepLaL-QaEtEQe NEPpsca12yANakdt | @Rk 13%ar t c3i t 8108w RALLIAITY

| mpai red consensu
5 "enhancement * ramplification" or ‘“regulation” of gene

product repression. For example, co-transfection of the
exogenous DNA with the dehydrofolate reductase (DHFR) gene
is exemplary. By increasing the levels the antifolate
drug methotrexate (MTX)., & competitive inhibitor of DHFR,
10 presented to such cells, an increase in DHFR production
can occur via amplificazien of the DHFR gene.
Beneficially, extensive amounts of flanking exogenous DNA
will also become amplified: therefore, exogenous DNA
inserted co-linear with an expressible DHFR gene will also
15 become overexpressed. Additionally, transciptional
cassettes which allow for regulation of expression are
available. For example, temperature sensitive COS cells,
derived by placing SV40ts mutant large T antigen gene
under the direction of Rous sarcoma virus LTR (insensicive
20 to feedback repression by T antigen), has been described.
See, 227 Science 23-28 (1985). These cells support
replication from SV40 ori a:z 33°C but not at 40°C and
allow regulation of the copy number of transfected SV40
ori—containing vectors. The foregoing is not intended,
25 nor is it to be construed, as limiting; rather the
foregoing is intended to be exemplary of the types of
cassettes which can be incorporated into expression
vectors comprising the disclosed fully impaired consensus

Kozak. The skilled artisan is credited with the ability
30 to determine the specific type of other transciptional
cassettes, vis-a-vis the objective of the expression
system, which are applicable and which <c¢an be
advantageously exploited.

As indicated above, in particularly preferred
embodiments of the invention,, at least one out-of-frame
start codon (ie ATG) is located upstremm of the fully
impaired consensus Kozak star: codon, without a stop codon
being located between the ocut-of-frame start codon and the

[TV
wm
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Kozak. TCAE 8 is described in the co-pending patent 20 docunent filed

herewith.). I n commonl y-assigned United States Serial Nunber
07/912, 292, disclosed, inter alia, are hunan /O d Wrld nonkey chimeric
anti bodi es; an enbodi nent of the invention di scl osed therein are
human/ macaqueo®ym®Eni ¢ anti-CD4 25 antibodies in vector TCRETAIS93AA22L
Figure 6 of Seri al Nunmber 07/912, 292, and correspondi ng di scussion).
TCAE 6 is substantially identical to TQAE 5.2; TCAE. 6 contains

human | anbda constant region, while TCAE 5.2 contains human kappa

constant region.
docunent as TCAE

d ANEX f d t t.hat
f?;ggr:’é“pa“ ng%"fscf?éaslxé"*ﬂ%%r&g%g\rfﬁ%l &R - ga r']aoé'r%fa’r‘ |%€d in

conj uncti on withe Rusarf Of vamrswratorredenc isnEpi cianefbedt esfurtmene

conparati ve data
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sSRbaforédardl a®ebhadt he QbmIAantY Fdléctable marker.

As used herein, the term "stop codon' is meant to
indicate a "nonsense codon,” ie a codon which does not
encode one of the 20 naturally occurring amino acids such
that translation of the encoded material terminates at the
region of the stop codon. This definition includes, in
particulaz, the traditional stop codons TAA, TAG and TGA.

As used herein, the term “out-of-frame” is relative
to the fully impaired consensus Kozak start codon. As
those in the art appreciate, in any DNA macromolecule {(or
RNA macromolecule) for every in-frame seQquence, there are
two out-~-of-frame sequences. Thus, for example, with
respect to the following sequence incorporating a fully
impaired consensus Kozak:

. -3 -1

gcA TGc cAl _Ggc Cxx ATG Cxx
the in-frame codons are separated by triplets, eg, gcA,
TGe, ¢AT and Ggc:; the out-of-frame codons would include,
eg cAT, ATG, Gce, ¢ccA, ATG and TGg. Thus, two star:
codons (in capital letters and underlined) are out-of-
frame relative to the start codon of the fully impaired
consensus Kozak.

When such an out-of-frame start codon is utilized, it
is preferred that this be within about 1000 nucleotides
upstream of the fully impaired consensus Kozak start
codon, more preferably within about 350 nucleotides
upstxeam of the fully impaired consensus Xozak start
codon, and most preferably within about 50 nucleotides of
the fully impaired consensus Kozak start codon.’

As is appreciated, the upstream sequence can be
manipulated to achieve positioning at least one out-of-
frame sequence upstream of the fully impaired consensus
Kozak start c¢odon using (most preferably) a mutational
Primer used in the type of amplification protocol
described above.

This Sheet Has Been Replaced b

AT

Voot



A}

vis TCAE 5.2 and ANEX 1 is relative to expression of 35 chineric anti-CD20

ant i body. TCAE 5.2 was derived fromthe vector CLDN, a
derivative of the vector RLDN1Ob (see. 253 Science 77-91, 1991).
RLDN1Ob is a derivative of the vector TND (see,
W0 94/11523 PCT/US93/11220
22

vtilization of a fully impaired consensus XKozak start
codon located within a secondary structure (ie a "stem-
loop" or 'hairpin*) is beneficially viable to impairment
of translation of the protein encoded by the dominant

5 selectable marker. In such an embodiment, it is preferred
that this start codon be located within the stem of a stem
loop secondary structure. These, by way of schematic
exanple, in such an embodiment, the start codon of the
fully impaired consensus Kozak is posgitioned as follows:

10
T
X X
X X
X A
15 x T ¢
x G
xA TGxx Cxx
(An out-of-frame start codon which is not part of the
secondary structure is also represented.) As is
20 appreciated, within the stem loop, complementarity along
the stem is, by definitior, typically required. For
exemplary methodologies regarding, iIinter alia,
introduction of such secondary structures into the
sequence, as well as information regarding secondary
25 structure stability., see, Kozak, PNAS, 1986, supra.

As noted, it is preferred that a dominant selectable
market with a naturally occurring intronic insertion
region or an artificially created intronic inseztion
region be utilized and at least one gene product of

30 interest inserted within this region. Wwhile not wishing
to be bond by any particular theory, the inventor
postulates that such an arrangement increases expression
efficiency because the number of viable colonies that
survive the selection process via-a-vis the dominant

35 selectable marker will decrease; the colonies tha: do
survive the selection process will, by definition., have
expressed the protein necessary for survival, ané in
coniunction therewith, the gene product of interest will
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7DNA 651-661, 1998). le the vector "famly line" is as follows: TDN
[err] RLDN1Cb [err] CLDN [err] TCAE 5.2 [err] ANEX 1 (the use of the
[err] symbol is not intended. nor is it to be construed, as an

i ndication of the effort necessary to 5 achieve the changes from one
vector to t HEOMUHSVeg to the contrary, the nunber and EEMHSEMURI0f
the steps necessary to generate TCAE 5.2 from CLDN were extensive).

TND was designed for high | evel expression®3of human ti ssue plasm nogen

activator.

RLDN1Ob differs from TND i n

10

s

20
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35

have a greater tendency to be expressed. As further
postulated, the RNA being transcribed from the gene
product of inrerest within the intronic insertion ragion
incerferes with completion of transcription (elongation of
RNA) of the dominant selectable marker:; therefore, the
position that the dominant selectable marker is integrated
within the cellular DNA is likely to be a position where a
larger amount of RNA is initially transcribed.

As is appreciated, prokaryotic proteins do not
typically include splices and introns. However, the
majority of dominant selectable markers which are
preferzed for expression vector technology are derived
from prokaryotic systems. Thus, when prokaryotic-derived
dominanr selectable markers are utilized, as is preferred,
it is often necessary to generate an artificial splice
within the gene so to create a location for insertion of
an intron comprising the gene product of interest. It is
noted that while the following rules are provided for
selection of a splice site in prokaryotic genes, they can
be readily applied to eukaryotic genes.

A general mechanism for the splicing of messenger RNA
precursors in eukaryotic cells is delineated and
summarized in Sharp, Philip A. “Splicing of Messenger RNA
Precursors" Science, 235: 736-771 (1987) {(see, in
particular, Figure 1) which is incorporated herein by
reference. Based upon Sharp, there are four minimum
criteria in the nucleic acid sequence which are necessary
for a splice: (a) S5' splice donor; (b) 3' splice acceptor;
{c) branch point, and (d) polypyrimidine tract. The con-
sensus sequences for the 5' splice donor is reported to be

C A

AAG/GTGAGT
and for the 3' splice acceptor, NCAG/G (where a "/* symbol
indicates the splice site); see, Mount, S.M. *A Catalogue
of Splice Junction Sequences* Nuc. Acids. Res. 10/2:459-
472 (1892) which is incorporated herein by reference. The
consensus sequence for the branch point, ie.the location
of the lariat formation with the §° splice donor. 1is
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10 .the follow ng ways: the dihydrofol ate reductase ("DHFR")

transcriptional cassette (conprising pronoter, nurine DHFR cDNA, and
pol yadenyl ati on regi on) was placed in between the tissue Iasn1nogen
activator WEMEISB ("t-PA expressi on cassette") and PRIYRESHTIIN
phosphot ransferase 15 ("NEO' cassette") so that all three cassettes were
I n tandem and in the sanme transcriptioffal orientation. The TND
vector permtted selection with 418 for cells carrying the DHFR, NEO

and t-PA genes prae%rfceassé eﬁnl\s/ﬁﬁapy A ddRepBPLed P ddrealii BFaddh

response to nethaot, I’Eth

was changed
Bi 0. 1246-1254,
pol yli nker such

pol yl i nker. Agl

10

is

20

25

30

oF ATPBAEE B ORI hero 6 ahabae ablents Y plet ol |
81983)JACUAF¢ nisd | she tHreferped cornamsite fp@pma@ww a

st diphfieiagt PRASSS! 27524 1S eQlessan RAacboserdwd in the
h@&%@n by reference). Typically, the branch point is
locarted at least approximately 70 to about 80 base-pairs

from the 5'-splice donor (there is no defined upper limit

to this distance). The poly pyrimidine trac:t typically is

from about 15 to about 30 base pairs and is most typically
bounded by the branch point and the 3' splice acceptor.

The foregoing is descriptive of the criteria imposed
by nature on naturally occurring splicing mechanisms.
Because there is no exact upper limit on the number of
base pairs between the 5' splice donor and the branch
point, it is preferred that the gene product of interest
be inserted within this region in situations where a
natural intron exists within the dominant selectable
marker. However, as noted, such introns do not exist
within most of the preferred dominant selectable markers;
as such, utilization of artificial introns are preferably
utilized with these markers.

In order to generate an artificial intron, a "splice
donor:splice acceptor” site must be located within the
encoding region of the dominant selectable marker. Based
upon Sharp and Mount, it is most preferred that the
following sequence function as the splice donor:splice
acceptor site -- CAGG (with the artificial splice oc-
curring at the GG region). A preferred sequence is AAGG.

Focusing in on the most preferred sequence CAGG, the
following codons and amino acids can be leocated within the
encoding region of the dominant selectable marker for
generation of the artificial intronoc insertion region:
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25 .eukaryotic transcriptional cassettes (t-PA, DHFR NEO of the TND

veCtor can be separated fromthe bacterial plasmd DNA (pud 9
derivative) by digestion with the restriction endonucl ease Not |.
CLDN differs from RLDN1Ob in the follow ng ways: The 30 Rous LTR
posi ti oned wa sanosm3 of the polylinker. was repl aced bPCTHASWBIIZH
cytonegal ovirus i medi-ate early gene pronot er enhancer ("CHV'), (see,
41 Cell 521, 1985), from the Spe | sitx at -581 to the Sst | site at
-16 (these nunbers are fromthe Cell reference). 35 As the name
I ndi cates, TCAE vectors were designed for hi gh | evel expressions of
chi meric anti body. TCA= 5.2 Bdiffers from CLDN i rfthe foll owi ng ways:
CAG/ GNN NCA G/GN NNC 8G.LG
Gln Ala Ala Gly Ala Leu Arg
Asp Pro Arg Phe
Gly Ser Asn Pro
Glu . Thr Asp Ser
val Cys Thr
Gly Tyr
His Val
Ile

(As will be appreciated, the same apprcach to determining
viable amino acid residues can be utilized for the
preferred sequence of AAGG). The most preferred codon
5 group for derivation of the splice donor:splice acceptor
site is group A. Once these amino acid sequences are
located, a viable point for generation of an artificial
intronic insertion region can be defined.
Focusing on the preferrred NEO dominant selectable
10 marker, amine acid residues Gln Asp (codon group A) are
located at the positions 51 and 52 of NEO and amino acid
residues Ala Axg (codon group C)} are located at positions
172 and 173 (as is appreciated, mulctiple artificial
intronic insertion regions may be utilized). Focusing on
15 residues 50 - 53 of NEO, the nucleic acid and amino acid
sequences are as follows:
50 51 52 53
5 CTG CAG GAC GAG 3
Leu Gln asp Glu
20 Accordingly, an artificial intronic insertion region
can be generated between residues 51 and 52 of NEO. This
region most preferably comprises a branch point, a
polyprimidine tract and, preferably, a region for
insertion of a gene product of interest, le a region
25 amendable to enzymatic digestion. -
Two criteria are import for the artificial intronic
insertion region: the first two nucleic acid residues of
the 5' splice site ( eg abutting CAG) are most preferably
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30 ) A. TCAE 5.2 conprises four (4) transcriptiona

caséet;es, as opposed to three (3). and these are in tandemorder, ie a
human i mmunogl obul i n |'ight chain absent a variable region; a hunman
I munogl obul i dxea%Ys PCT/US93/11221

26

6T and the first two nucleic acid residues of the 3
splice site (eg abutting G) are most preferably AG.
Using the criteria defined abouve, an artificial
intronic insertion region was between amino acié residues
5 81 and 52 of NEO:
50 NEO S1 52 NEZ 53
LEU GLN o Branch Polypyrimide Tract ASP GLU 1°
S COTG CAG/GTAAGT GCGGCCGC TACTAAC (TC)3CT(C)3TCCITI§ € CTGCAG/GAC GAG
Not I
10
(Details regarding the methology for creating this
artificial intronic insertion region are set forth in the
Example Section to follow). The Not I site was created as
the region where the gene product of interest can be
15 incorporated. Therefore, upon incorporation, the gene
product of interest is located between aminc acid residues
S1 and 52 of NEO, such that during NEO transmission, the
gene product of interest will be "spliced-out”.
The host cell line is most preferably of mammalian
20 origin;those skilled in the art are credited with abilirty
to preferentially determine particular host cell lines
which are best suited for the desired gene product to be
expressed therein. Exemplary host cell lines include, but
are not limited to, DG44 and DXBll {(Chinese Hamster Ovary
25 1lines, DHFR minus), HELA (human cervical carcinoma), CV1
(monkey kidney line), COS (a derivative of CV1 with SV40 T
antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3
{mouse fibroblast), HAK (hamster kidney line), SP2/0
(mouse myeloma), P3x63-Ag3.653 (mouse myeloma), BFA-1ClBPT
30 (bovine endothelial cells), RAJI (human lymphocyte) and
292 (human kidney ). Host cell lines are typically
available from commercial services, the American Tissue
Culture Collection or from published literature.
Preferably the host cell line is either DG44 or
35 SP2/0. See, Urland, G. et al., "Effect of gamma rays and
the dihydrofolate .reductase locus: deletions and
inversions." Som. Cell & Mol. Gen. 12/6:555-566 (1986)
ané Shulman, M. et al., "A better cell line for making
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5 <chain absent a variable region.; DHFR, and NEO Each

transcriptional cassette contains its own eukaryotic pronot er and
polyadenylatin region (reference in nmade to Figure 2 mhich is a

di agrammatic_representation of the TCAE 5.2 vector).

pronot er/ enh¥it: (“%%pf ront of 10 the imunogl obulin heavy ?@yﬁs 3’"32’
truncated version of t he pronnter/enhan$$ in front of the light chain
from the Nhe | site at -350 to the Sst site at -16 (the nunber s
are from the Cell reference. supra) Specifically, 15 1)

A human i munogl othyibridbingdtsecraring cpetdfiic ancibedies. “wadaderés \&RE: 268
anpl i fication of ciyjghy fefpg%:xvau eaﬁbg@mrdﬁrw Ehe hBQ{:S%é’ﬁS 15he

human |nnunoglobulln | a constant™ . regl on (Kabat
nunbering, amino *% P§éfds 'gﬁ%“ 4’ "af‘l gg I?ﬁPST" =q h’e“en&?éﬁ cell
can be accomplished by any technxque available to those in

5 the art. These include, but are not limited to,
transfection (including electrophoresis and
electroporation), cell fusion with enveloped DNA,

microinjection, and infection with intact virus. See,
Ridgway, A.A.G. ‘“Mammalian Expresgsion Vectors." Chapter
10 24.2, pp. 470-472 Vectors, Rodriguez and Denhardt, Eds.
(Butterworths, Boston, MA 1988). Most preferably, plasmid
introduction into the host is via electroporation.

Examplas

15 The following examples are not intended, nor are they
to be construed, as limiting the invention; the examples
are intended to demonstrate the applicability of an
embodiment of the invention disclosure herein. The
disclosed fully impaired consensus Kozak seguence is

20 intended to be broadly applied as delineated above.
However, for presentational efficiéncy. exenplary uses of
particularly preferred embodiments of fully impaired
consensus Kozak segquences are utilized in conjunction wicth
tandem chimeric antibody expression vectors (also referred

25 to herein as antibody expression vectors) as disclosed
below.

I. xi ; ' . "

B cell lynmphocytes arise fxom pluripotent stem cells

30 and proceed through ontogeny to fully matured antibody
secreting plasma cells. The human B lymphocyte-restricted
differentiation antigen Bpi5, referred to in the art as
"CD20,* is a cell surface non-glycosylated phosphoprotein

of 35,000 Daltons; CD20 is expressed during early pre-B

35 . cell development just prior to the expression of
cytoplasmic J heavy chains, CD20 4is expressed
consistently until the plasma cell differantiation stage.

The CD20 molecule regulates a step in the activation
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20 i mmunogl obul in heavy chain gamma 1 constant regi on (Kabat nunberi ng

am no acids 114-478. allotype Gra, Grz). The | i ght chai n was
i sol at ed frogﬁﬁqugi,hunan bl ood (I DEC Phar maceuti cal s @efrA®eafyii9dy. . La
Jolla, CA; therefron1 was used to synthesize CDNA which was then

anplified using 25 PCR techni ques (prinng were derived vis-a-vis the
consensus Kabat). The heavy chain was isolated (using PCR t echni ques)
from cDNA prepared from RNA which was in turn derived fromcells
transfected w th REIRAREN Whdck d8crequired (foxeceldlprytle Biyg.tis3ion1899;
}/ecGEL or pN[erL ] 6ﬁ)aszmnamwpo:30 B@EaGiSe W20 Qbaé'bqafésisadtdéte reppllakedc human
gGl to match t on 0. acid seque
cel&g élgfhsgr]p g&@s %rgm)tfqag Qgg%écn(; @ﬁera(tg%A%'k B and

am no acid 2 ¢thange m va | an
am no acid 287 meselclhahgwhwwn apdhilenikeaiag .| ysThe CD20( ARG igenAns) ;

S especially suitable as a target for anti-Cd20 antibody
mediated therapy because of accessibility and sensitivicy
of hematopoietic tumors to lysis via immune effector
mechanisms. Anti-CD20 antibody mediated therapy . inter
alia, is disclosed in co-pending Serial No. 07/978,891 and

10 Serial No. . filed simultaneously herewith.
The antibodies utilized are mouse/human chimeric anti-CD20
antibodies expressed at high levels in mammalian cells
(chimeric anti-CD20"). This antibody was derived using
vectors disclosed herein, to wiz: TCAE 5.2; ANEX 1; ANEX

15 2; GKNEOSPLA3F; and NEOSPLA3F (an additional vector, TCAE
8, was also utilized to derive chimeric anti~CD20 antibody
-- TCAE 8 is identical to TCAE 5.2 except that the NEO
translational start site is a partially impaired consensus
Kozak. TCAE 8 is described in the co-penéing patent

20 document filed herewith.). |

In commonly-~assigned United States Serial Number
07/912,292, disclosed, inter alia, are human/Cld World
monkey chimeric antibodies; arn embodiment of the invention
disclosed therein are human/macague chimeric anti-CD4

25 antibodies in vector TCAE 6 (see, Figure € of Serial
Number 07/912,292, and correspording discussicn). TCAE 6
is substantially identical to TCAE 5.2; TCAFE 6 contains
human lambda constant region, while TCAE 5.2 contains
human kappa constant region. TCAE 5.2 and ANEX 1

30 (referxred to in that patent document as TCAE 12) are
disclosed as vectors which can be utilized in conjunction
with human/0ld World monkey chimeric antibodies. The
comparative data set forth in Serial No. 07/9312,292 vis-a-
vis TCAE 5.2 and ANEX 1 is relative to expression of

35 chimeric anti-CD20 antibedy.

TCAE 5.2 was derived from the vector CLDN, a
derivative of the vector RLDN10b {see, 252 Science 77-91,
1991). RLDN1Ob is a derivative of the vecrer TND (see,

This Sheet Has Been Replaced

A

This is the replacement sheet

I S
. 1 Y

Date:



35 . ¢ 2) The human i mmunogl obulin Iight and heavy chain cassettes
contain synthetic signal sequences for secretion of the inmunogl obulin
chai ns:

WO 94/11523 PCT/US93/1122

10

15

20

25

30

%}
Lo

7DNA 651-661, 1988). Ie the vectcr "family line" is as
focllows: TDN ~— RLDN1Ob —» CLDON — TCAE 5.2 ~» ANEX 1 (the
use of the *-»" symbol is notz intended, nor is ir to be
construed, as an indication of the effort necessary to
achieve the changes from one vector to the next; eg to the
contrary, the number and complexity of the steps necessary
to generate TCAE 5.2 f£rom CLDN were extensive).

TND was designed for high level expressions of human
tissue plasminogen activator. RLDN1Ob differs from TND in
the following ways: the dihydrofolate reductase (“DHFR")
transcriptional cassette (comprising promoter, murine DHFR
cDNA, and polyadenylation region) was placed in betwéen
the tissue plasminogen activatcr c¢assette ("t-PA
expression cassette”) and the neomycin phosphotransferase
("NEO" cassette') so that all three cassettes were in
tandem and in the same transcriptional orientation. The
TND vector permitted selection with G418 for cells
carrying the DHEFR, NEO and t-PA genes prior to selection
for DHFR gene amplification in response to methotrexate,
MTX. The prcmotér in front of the DHFR genc was changed

to the mouse beta globin major promecter (see, 3 Mol. Cell.

Bio. 1246-1254, 1983). Finally. the t-PA ¢DNA was
replaced by a polylinker such the: different genes of
interest can be inserted in the pelylinker. All three

eukaryotic transcriptional cassettes (t~PA, DHFR, NEO) of
the TND vector can be separated from the bacterial plasmid
DNA (pUCl9 derivative) by digestion with the restriction
endonuclease Not I.

CLDN differs from RLDN10b in the following ways: The
Rous LTR, positioned in front of the polylinker, was
replaced by the human cytomegalovirus immediate early gene
promoter enhancer ("CMV"), (see, 41 Cell 521, 1985), from
the Spe I site at -581 to the Sst I site at -16 {(these
numbers are from the Cell referencei.

As the name indicates, TCAE vec:ors were designed for
high level expressions of chimeric antibody. TCAEZ 5.2

differs from CLDN in the following ways:
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31 . 3)
cassettes contain
i nsertion of |igh

mai nt ai n t he woapgidahonal

normal Iy found in
contained its own
pronoter, "BETA")
pol yadenyl at i on,
own eukaryotic

io

20

25

30

35

The human i mmunogl obulin I'ight and heavy chain
specific DNA restriction sites which all ow for
t and heavy i mrunogl obulin vari abl e regi ons which

reading 5 frane and do not alter therasinoinci ds

I mmunogl obul i n chai ns; 4) The DHFR cassette
eukaryotic pronoter (spuse beta gl obin maj or
and polyadenylation regi on (bovine growth hornone 10
"BGH"); an tte contained jts

he NEO cq e
Rt o AR 2 A RATHE TGcAOT RS (3R FEargnn FEGHO b | y

cassettes, as opposed to three (3), and these are in
tandem order, ie a human immunoglebulin light chain
absent a variable region; a human immunoglobulin heavy
chain absent a variable region; DHFR; and NEO. Each
transcriptional cassette contains its own eukaryotic
promoter and polyadenylatin region (reference is made to
Figure 2 which is a diagrammatic representation of the
TCAE 5.2 vector). The CMV promoter/enhancer in front of
the immuneglobulin heavy chain is a truncated version of
the promoter/enhancer in front of the light chain., from
the Nhe I site at -350 to the Sst I site at -16 (the
numbers are from the Cell reference. supral.
Specifically,

1) A human }mmunoglobulin light chain constant
region was derived via amélification of cDNA by a PCR
reaction. In TCAE 5.2, this was ﬁhe human immunoglobulin
light chain kappa constant region (Kabat numbezing, amino
acids 108-214, allotype Km 3), and the human
immunoglobulin heavy chain gamma 1 constant region (Kabat
numbering amino acids 114-478, allotype Gmla, Gmlz). The
light chain was isolated from normal human biood (IDEC
Pharmaceuticals Corporation, La Jolla, CA}; RNA therefrom
was used to synthesize ¢DNA which was then amplified using
PCR techniques (primers were derived visz-a-vis the
consensus Kabat). The heavy chain was iselated (using PCR
techniques) from cDNA prepared from RNA which was in turn
derived from cells transfeczed with a human IgGl vector
{(see, 3 Prot. Eng. 531, 1990: vector pNy;:62). Two amino
acids were changed in the isolated human IgGl to match the
consensus amino acid seqguence in Kabat. to wit: amino
acid 225 was changed from valine to alanine (GTT to GCA),
and amino acid 287 was changed from methionine to lysine
{ATG to AAG):

21 The human immunogliobulin light and heavy chain
casseztes contain synthetic signal sequences for secretion
6% the immunoglobulin chains;
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pol yadenyl ati on.

"SV') . Wth respect to the TCAE 5.2 and the NEO

cassette, 15 the Kozak region was a consensus Kozak (which included an

upstreamCla | site SEQID NO 7): d al -3 +1
TTGGGAGCTTGG ATCGAT ccAcc ATG Gt ANEX 1 (previously named TCAE 12
in the refenanesgisd® case) is identical to TCAE 5.2 except pChalsosmizie NEO
cassette, the Kozak region was fully inpaired (SEQ | D NO 8):

d al -3 +1 TTGGGAGCTTGG ATLGGAT ccTeec ATG Gt 25 As

di scl osed in the connDnIy assigned referenced case, the inpact of
utilization of thefui alred . gonsen sKi)ah §tr|k|ng

relative to TCAE 5. 2 her human immusog obu t and 1eavy chain

10

15

20

25

30

35

cassettes contain specific DNA restriction sites which
allow for insertion of light and heavy immunoglobulin
variable regions which meintain the transitional reading
frame and do not alter the amino acids normally found in
immunoglobulin chains:

q) The DHFR cassette contained its own eukaryotic
promoter (mouse beta globtin major promoter, "BETA") and
polyadenylation region (bovine growth Thormone

polyadenylation, "BGH"); aad

5) The NEO cassette contained its own eukaryotic
promoter (BETA) and polyadenylation region (5V40 early
polyadenylation, "SV©).

With respect Lo the TCAE 5.2 and the NEO cassette,
the Kozak region was a consensus Kozak (which included an
upstream Cla I site SEQ ID NO: 7):

Clal -3 +1

TTGGGAGCTTGG ATCGAT ccAcc ATG Gtt

ANEX 1 (previously named TCAE 12 in the referenced
case) is identical te TCAE 5.2 except that in the NEO
cassette, the Kozak regiorn was fully impaired (SEQ ID NO:
B): '

Clal =3 +1

TTGGGAGCTTGG ATCGAT ccTce ATG Ctt

As disclosed in the commonly-assigned referenced
case., the impact of utilization of the fully impaired
consensus Kozak was striking: relative to TCAE 5.2, there
was a significant (8-fold) reduction in the number of ANEX
1 G418 resistant colonies (258 from two electroporations
versus 98 from six electroporaticns) from the same amount
of plasmid DNA transfected per cell; and, 'there was a
significant increase in the amount of co-linked gene
product expressed in each of the ANEX 1 clones.
Referencing the histogram of Figure 3 (Figure 16 of the
commonly assigned referenced case), 258 colonies ware
derived from 2 electropora:zions of 25 pg of DNA containing
a neomycin phosphotransferase gene with a consensus Kozak
at the translation star: site. Two-hundrec and one (201)
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was a“significant (8-fold) reduction in the nunber of ANEX 1 418

resi stant colonies (258 fromtwo el ectroporations 30 versus 98 from six
el ectroporations) fromthe same anount of plasm d DNA transfected per
cell; and, th0gdAIas23a significant increase in the anounPCHUSEHIIZ2hked
gene product expressed in each of the ANEX 1 clones. Ref er enci ng .
the histogramof Figure 3 (Figure 16 of the385 conmmonly assigned

ref erenced case), 258 colonies were derived from 2 el ectroporations of

Zoienild oo UL Soacn 10 80 RSS! LADSLgLaSEOR L | o
(201) product (less than 25 ng/ml of chxmerxc immunoglobulin),
and only 8 colonies expressed more than 100 ng/ml. Again,
referencing Figure 3, 98 colonies were dexrived from 6
S electroporations for ANEX 1 of 25 ug of DNA containing a
neonycin phosphocransfgraae gene with the fully impaired
consensug Kozak at the translation start site (6
electroporations were utilized in order to generate
sratistically comparative values; this was because on
10 average, each elactroporation for ANEX 1 yielded
about 16 colonies., as opposed to about 129 colonies per
electroporation for TCAE 5.2). Eight (8) of the ANEX 1
colonies did not express any detectable gene product (less
than 25 ng/ml), while 62 of these colonies were expressing
15 greater than 100 ng/ml; of these 62 colonies, nearly 23
were expressing over 250 ng/ml (23%), with 6 expressing
greater than 1000 ng/ml (6%).
The foregoing evidences, inter alia, the following:
1) because the difference between TCAE 5.2 and ANEX 1 was
20 limited to the Kozak tranglation start site of the NEO
gene, and because the gene product of interest (chimeric
anti~CD20 antibody) was co-linked to the NEO gene, a
conclusion to be drawn is that these differences in
results are attributed solely to the differences in the
25 Kozak translation start site; 2) it was experimentally
confirmed that utilization of a fully impaired consensus
Kozak in conjunction with a dominant selectable number
resulted in significantly less viable colonles; 3} it was
experimentally confirmed that utilization of a fully
30 impaired consensus Kozak in conjunction with a dominant
selectable marker co-linked to a desired gene product
significantly increased the amount of expressed gene
product. Thus, the numbar of colonies to be screened
decreased while the amount of expressed gene product
35 increased.
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32 - of these colonies did not express any detectable gene pr oduct
(less than 25 ng/m of chineric inmunogl obulin), and only 8 col oni es
expressed nore than 100 ng/nm . Again, referencing Figure 3, 98 col onies
were derived from6 5 electroporations for ANEX 1 of 25 [ekﬁ] N

cont ai ni ng a%O 9%%/H&¥hyci n phosphot ransferase gene with the fi Ilgs?:‘r‘rb'ar’r ed
consensus Kozak at the translation start S|§;a(6

II_ w —_Re L b
Conceptually, further impairment of translation
initiation of the dominant selectable marker of ANEX 1
could be effectuated by utilization of at least one out-
5 of-frame ATG start codon upstream ©f the neomycin
phosphotransferase srart codon. Taking this approach one
step further, utilization of a secondary structure
("hairpin") which incorporated the neo start codon within
the stem thereof, would be presumed to further inhibit
10 translation initiartion. Thus, when the ocut-of-frame start
codon/fully impaired consensus Kozak was considered, this
region was designed such that the possibility of such
secondary structures was increased.
As indicated previously. the Kozak region for the neoc
15 start codon in the ANEX 1 vector is:
TTGGGAGCTTGG ATCGAT CC Tcc ATG Ctt
The desired sequence for a vector identical to ANEX 1
but incorporating the above-identified changes vis-a-vis
the neo start codon, referred to as ANEX 2, is as follows
20 (SEQ ID NO: 8):
CCA GCA_TGG AGG A ATCGAT CC Tec ATG Ctt
{The out-of-frame start codon is underlined.) The
fully impaired consensus Kozak of ANEX 2 is identical to
that of ANEX 1. The principal difference is the inclusion
25 of the upstream out-of-frame start codon. A possible
- difference is the formation of a secondary structure

involving this sequence, proposed as follows:
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el ectroporations were utilized in order to generate statistically
conparative values; this was because on 10 aver age, each
el ectroporation for ANEX 1 vyielded about 16 col oni es, 8388 e
about 129 coworsis&3dsPer el ectroporation for TCAE 5. 2). gﬁ é o‘fI the
ANEX 1 col onies did not express any detectable gene product (Iess
than 25 ng/m ), while 62 of these col oni es3flere expressing 15 greater than
100 ng/m; of these 62 colonies, nearly 23 wer e expressi ng over 250
ng/m (23%. with 6 expressigg greater than 1000 ng/m (69 .
The foregoi ng evidences, inter 1 ZE the_foll ow ng: 1) because the
di fference between TCAE 5.2 afid AN “Was*20 linited to the Kozak
translation start site of ?heTNED gene, and because the gene product of
interest (chineric anti D20 anti body) was co-linked to the NEO gene, a
5 GC
GC
* AT
GC
GC
10 TA
AL
cg
GC
) AT
15 cT
CG
The sequence in bold, ATG. is the upstream ouz-of -
frame starc codon; the "loop* portion of the secondary
structure is the CLA I site; and the sequence between the
20 *T* and "C* (italies and bold) is the start codon
(underlined) of the fully impaired consensus Kozak.
In order to effectuate this change, a PCR fragment
was cioned into anti-CD20 in ANEX 1 from Xho I (5520} to
Cla I (5901); see, Figure 4. Primers were as follows:
25
3‘-Primer 489 (SEQ ID NO: 10):
5'-GGA GGA TCG ATT CCT Q3 TGS TGG

CAC AAC TAT GTC AGA AGC AAA TGT
30 GAG C-3'

The upper-lined portion of Primer 489 is a Cla I
site; the under-lined por:ion is the fully impaired
consensus Kozak translation start site.

" 35 5'-Primer 488 (SEQ. ID. NO. 11):

5 -0TG GGG CTC GAG CTT TGC-3°
The upper-lined portion of Primer 485 is an Xho I
site.
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conclusion to be drawn is that these differences in results are
attributed solely to the differences in the 25 Kozak translation start
site: 2) it was experinentally confirmed that utilization of a fully

i mpai r ed corwﬁgﬁt zs&Ji ) Kozak in conjunction with a doni nant gﬁ}l,{g@é@?&ﬁ

nunber resu significantly | ess viable col onies;
experinentally confirmed that utilization g% a fully 30 inpaired consensus
Kozak in conjunction with a dom nant s€lect abl e marker co-linked to a
desi red gene product significantly increased the anount of expressed
gene product . ThG@PSFh@rRBRDErWsrecprenaeedtusnmgscmeea9d391 PCR
decreased while MErEWODNA SfnihedieesClAPEIed MWL staRs, | BECES iy,
ca). Phosphoramidites were obtained from Cruachem
(Glasgow, Scotland): dAa(bz) - Prod. No. 20-8120-21;

5 dG(ibu) - Prod. No. 20-8110-21; dC(bz) - Prod. No. 20-
8130-21; T - Prod. No. 20-8100-21. _
Conditions for the PCR reaction using these primers
were as follows: 2A ("microliters") of anti-CD20 in TCAE
5.2 in plasmid grown in E. coli strain GM48 (obtained
10 from the ATCC) was admixed with 77A of deionized water; 2A
of Primer 488 (64 pmoles); and 4A of primer 489 (56
pmoles). This was followed by a denaturation step (94°C,
5 min.) and a renaturation stép (54°C, 5 min.).
Thereafter, 4A of 5 mn ANTPS (Promega, Madison, WI: dATP,

15 Prod. No. Ul201; 4CTP, Prod. No. Ulz21; 4&GTP, Prod. No.
U1211; 4TTp. Prod. No. U1231), 1A of Pfu DNA polymerase

(Stratagene, La Jolla, CA Prod. No. 600135, 2.5 U/ml), and
500 of mineral oil overlay was added thereto, followed by
30 cycles, with each cycle comprising the following:
20 72°C. 2 min.; 94°C, 1 min.; 54°C, 1 min. Ten microliters
(10A) of this admixture was analyzed by agarose gel
electrophoresis (results not shown); a single band was
found at about 400 base pairs.
The PCR product and the vector were prepared for
25 ligation as follows: Anti-CD20 in ANEX 1 plasmid grown in

E. coli bacterial strain GMd8 was digested with Cla 1 and
Xho 1 as follows: 20A of anti~CD20 in ANEX 1 was admixed

with 10A of 10XNEB4 buffer (New England Biolabs, Beverly,
MA; hereinafter, NEB); SA Cla 1 (NEB, Prod. No. 197 S,
30 60u); and 64A deionized water. This admixture incubated
overnight at 37°C, followed by the addition of 5A Xho 1
(NEB, Prod. No. 146 S, 100 u) and incubation at 37°C for 2
hrs. The resulting material is designated herein as "Cla
1/Xho 1 cut ANEX 1*. The approximate 400 base pair PCR
35 fragment was prepared and digested with Cla 1 and Xho 1 as
follows: 90A of the PCR fragment was admixed with 10\ of
3M NaOAc; 1A 10% sodium dodecyl sulfate (SDS); and 90X

phenyl/CHCly/isocamyl. This admixture was vortexed for 30
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sec. followed by a 1 min. spin (1700 RPM). The agueous
phase was subjected to a spin column which resulted in 85X

total admixture. To this admixture was added 10A 10XNEBR4,

1A bovine serum albuymin (BSA,100X:; NEB), 2A Cla 1 (24u),

S and 2AXho 1 (40 u). This admixture was incubated at 37°C

for 2 hrs. The resulting material is designated herein as

“Cla 1/Xho 1 cut PCR 488/489". Both Cla 1/Xho 1 cut ANEX

1 and Cla 1l/Xho 1 cut PCR 488/489 were analyzed by

agarose gel electrophoresis and the resulting bands were

10 observed at the same relative location on the gel (results
not shown}.

Ligation of Cla 1/Xho 1 cut PCR 488/489 and Cla
1/Xho 1 cut ANEX 1 was accomplished as follows: 1A of
tRNA (Sigma, St. Louis, MO, Prod. No. R-8508) was admixed

15 with 1A 10% SDS; 10A 3M NaOAc; 45A of Cla 1/Xho 1 cut PCR
488/489 (about 22.5 ng); a 1:4 dilution (0.25A) of Cla
1/Xho 1 cut ANEX 1 (about 32 ng) in 0.75A ctris-
hydroxymethyl aminomethane ethylenediamine tetracetic acid
(TE); and 42A TE. To this admixture was added 90X

20 phenyl/CHCli/iscamyl, followed by a 30 sec. vortex and a 1
min. spin (1700 RPM). The aqueous phase was transferred
to a new tube, followed by addition of 270A of 100% EtOH

{(-20° C), 10 min. spin (13,000 RPM) followed by addition
of another 270\ of 100% EtOH (-20° C} and another 1 min.
25 spin (13,000 RPM). This admixture was dried in a
SpeedVAC™ and resuspended in 17A TE. 2A ligase buffer
(Promega, T4 DNA LigaEe kit. Prod. No. M180) and 1A ligase
{Promega Ligasgse kit). This ligation mix incubated at 14°C
overnight. Twenty microliters (20A) of the ligation mix
30 was admixed with 10A 3M NaOAc, 1A 10% SDS, 69\ TE, and
90\ phenyl/CHCl3/iscamyl. This admixture was vortexed for
30 sec., followed by a 1 min. spin (1700 RPM). The
aqueous phase was transferred to a new tube and 270\ of
100% EtOH (~20°C) was added therato, followed by a 10
35 min. spin (1700 RPM). This admixture was dried in a
SpeedVAC™ and resuspendaed in 20\ TE. Ten microliters of
the resuspended admixture was transformed in E. coli X-L1
blue™ (Stratagene, La Jolla, CA), following manufacturer

S,
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|n|t|at|on of the dom nant sel ectable marker of ANEX 1 coul d be
effectuated by utilization of at |east one out- 5 of-frame ATG start codon
upstream of the neonycin phosphot ransferase start codon. Taking this
approach one step further, utilization of a secondary structure
("hairpin") wihegzmsgncor porated the neo start codon within PCT/AS/31RM
thereof, would be presuned to further inhibit 10 translation initiation.

Thus, when the out-of-frame start codas®w ful l'y inpaired consensus Kozak
was considered, this regi on was designed such that the possibility of
such secondar, es r ca %
previously, the égé&u#ﬁ%ﬁﬁs ¥@§ dne(}ne"ii‘é 1‘1 co%onzaaﬁﬁe*é‘ ﬁﬂf&ﬁ Eﬁ?l
vector is: in LB Brqqnxiﬂ&knqcﬂﬁhxcemﬁnécI?&enﬁTeﬂat Prod. No.The
desired sequencembkopSenyeidludifgnanpidiIIAnANERud/ml; Sigma, Prod. No.

A-9393). Plasmids were isolated from the 10 cultures

S with a Promega DNA purification System (Prod. No. PR-
A7100), following manufacturer instructions; these

plasmids may have comprised the ANEX 2 vector., depending

on the sufficiency of the foregoing.
ANEX 2 includes a Hinf I site ("GAATC") upstream of
10 the neo start site (-9 to ~13 relative to the neo start
codon); ANEX 1 does not include this Hinf I site. The
purified plasmids comprising putative ANEX 2, and
previously purified ANEX 1 standard , were subjected to
Hinf 1 digestion as follows: 2A of each isolate was
15 admixed with 8A of Hinf I digestion buffer (15A 10 x NEB2
buffer; 15A Hinf I (NEB, Prod. No. 155S, 10u/A); and 90A
E20). This admixture incubated for 3 hrs. at 37°C and
each isolate was analyzed via agarose gel electrophoresis
(results not shown); nine (%) of the bands were
20 subsﬁantially identical to the ANEX 1 standard, one(l)
showed a slight difference in band pattern. For this
single isolate, the first two bands were at 16391 and 670
kB; for the ANEX 1 Hinf I digested product, the first
three bands were at 1691, 766, and 670 kB. The missing
25 band at 766 kB for the single isclate was -attributed to
the presence of the Hinf I site therein, indicating that
the desired change to ANEX 1 was incorporated into this
vector.  This vector was designated "Anti-CD20 in ANEX 2
(G1.K).* and is generally referred to by the inventor as

30 ANEX 2.
Electroporation of anti-CD20 in ANEX 2 was
accomplished as follows: two-hundred and forty

microliters (240A) of the anti-CD20 in ANEX 2 DNA (400ug)
was admixed with 100A of 10 X NEB2 buffer ; 100A of Stu I
as (NEB, Prod. No. 187S, 1000 u); and 560A TE, and incubated
at 37°C for 2hrs. This admixture was then placed over 8
spin columns (125A each), followed by addition of 110A 10X
Not I buffer (NEB): 10A 100X BSA; and 20A of Not I (NEB,
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but incorporating the above-identified changes vis-a-vis the neo start
codon, referred to as ANEX 2. is as follows 20 (SEQ ID NO 9):

CCA GCA TGG AGG A ATCGAT CC Tcc ATG Cit (The out-of-frame start
codon i s undeMOM&dsa3 The fully inpaired consensus KozakPEX/USSBA1221i s

i dentical to that of ANEX 1. The principal difference is the inclusion
25 of the upstreamout-of-franme start codol38 A possible di fference
is the formation of a secondary structure i nvol ving this sequence,
proposed as fol |l oWprod. mo. 189S, 800u). This admixture was incubated at

37°C for 3 hrs., followed by the addition of 120\ of 3M
NaOAC and 12) of 10% SDS. The admixture was transferred
to 2 vortex tubes and 500X of phenyl/CHClj/isoamyl was

5 added to each, followed by a 30 sec. vortex and 1 min.
spin (1700 RPM). The agueous phase was removed from the
tubes and segregated inte 3 tubes, followed by the
addition to each tube of -20°C 100% ETOH, followed by 10
min. spin (13,000 RPM). Thereafter, =-20°C 70% ETOH was

10 added to each tube, followed by 1 min. spin (13,000 RPM).

The tubes were then placed in a Speed VAC™ for drying.
followed by resuspension of the contents in 100A TE in a

sterile hood. Five microliters (5A) of the resuspended
DNA was admixed with 9950 of deionized water (1:200

15 dilution). An optical density reading was taken (OD=260)
and the amount of DNA present was calculated to be
0.75ug/A. In order to utilize 25 ug of DNA for
electroporation, 32A of the 1:200 dilution  of the DNA was
utilized (25 pg was utilized as this was the amount of DNA

20 utilized for TCAE 5.2 and ANEX 1 in the foregoing Example
1), The 1:200 dilu:ion of DNA was formally referred to as
"Stu 1, Not I cut anti-CD20 in ANEX 2 (25fg) in TE" and
generally referred to as “anti-CD20 in ANEX 2."

Host cells utilized was DG44 CHO ("CHO") (see,

25 Urlaub, G. Somatic Cell, 1986 supra). One hundred
milliliters of 6.6 x 10° cells/ml (84%) were subjected to
a 2 min. spin at 1000 RPM. These were washed with 50 ml
sucrose buffered sclution, followed by 5 min. spin at 1000
RPM; the material was then resuspended in 4.5 ml of the

30 sucrose buffered solution. Thereafter, cells were counted
and 0.4 ml of CHO cells ( 4.0 x 106 cells) were admixed
with 32A of the anti-CD20 in ANEX 2 in BTX sterile,
disposable electroporation cuvettes. Electroporation
sercings were as follows: 210 volts; 400 microfaraday

35 capacitance; 13 ohms resistance, using a BTX 600™ electro
cell manipulator (BTX. San Diego, CAa}. Nine (9)
electroporations were conducted: actual voltage delivered
over actual times were as follows: 1-199V, 4.23 msec: 2~
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188V, 4.57 mgec; 3-189V, 4.24 msec, 4-200V; §.26 msec, 5-
200V, 4.26 msec; 6-199V, 4.26 msec: 7-189V, 4.59 msec; 8-
189V, 4.57 msec; 9-201 Vv, 4.24 msec. (As noted in Example
I, the difference in number of performed electroporations
was attributed to the need to achieve a statistically
significant number of viable colonies for each of the
three conditions, TCAE 5.2, ANEX 1 and ANEX 2; the amount
of DNA used for each elec:roporation (25 pg) was the same
for each, and the same number of «cells were
electroporated.

Thereaftar, the electroporation material was admixed
with 20 ml of G418 Growth Media (CHO-S-SFM II minus
hypoxanthine and thymidine {(Gibco, Grand Island, NT, Form
No. 91-0456PK)including 50 uM hypoxanthine and 8 uM
thymidine). The admixture was gently agitated, followed
by plating 200 gl of the admixture per well into 56-well
plates., one plate for each electroporation (nine).
Beginning on day 2 after electroporation, through day 17,
150yl of each well was removed, and 150 pl of fresh G418
Growth Media containing 400 ug/ml G418 was added thereto.
Colonies were analyzed on day 2S.

One hundred and twenty one (121) colonies expressed
anti-CD20 antibody (ie ., 13 colonies per electroporation).
Of these, 63 (52%) expressed over 250ug /ml of protein; of
the 63, 20 of the colonies (16.5%) expressed over
1000gg/ml of protein. Only S of the 121 colonies (4.1%)
expressed less than 25ug/ml of protein. Figure S provides
a hiscogram comparing expression of protein per colonies
derived from the vectors TCAE 5.2, ANEX 1 and ANEX 2.

The foregoing data indicates that, inter alia, as
between ANEX 1 and ANEX 2, the use of at least one out-of-
frame start codon upstream of a fully impaired consensus
Kozak associated with the translation initiation of a
dominant selectable marker decreases the number of viable
tolonies expressing co-linked gene product and
significantly increases the amount of expressed co-linked
gene product.
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& - &C10 TA AT CG

GC AT 15 CT The
sequence in bold, ATG is the upstream out-of - frane st 5oit he
"1 oop” port i%WRAMHe secondary structure is the CLA | ﬁﬁwféﬂﬂ '?’th
sequence between the 20 "T" and "C (|tz ics and bold) is the start
codon (underlined) of the fully inpair consensus Kozak. I n

order to effectuate this change, a PCR fragnent

III. Impact Of Ingertioc Of Gene Product Of Interest
Within At Least One Arcificial Intronic Insextiop
Regign Of 2 Dominac- Selectable Marker
Building furcther upon the ANEX 2 vector, an
5§ artificial splice was generated between amino acid
residues 51 and 52 of the NEO coding region of ANEX 2,
followed by insertion therein of the anti-CD20 encoding
regién. Two such vectors were generated: the firse,
comprising a consensus Kozak seqguence for the NEO
10 translation initiation ccdon and not comprising an out-of-
frame start codon, is referred to as "GKNEOSPLA3F;" the
second, comprising & fully impaired consensus Kozak and an
out-of frame start condon, is referred to as “NEOSPLA3F.*
Both GKNEOSPLA3F and NEOSPLA3F contain the following
15 artificial intron sequence between amino acid residues 51
and 52 of NEO:
51 52
5°CTG CAG/GTAAGT GOGGCOGE TACTAARS (TC)3 €T (Cl3 TCC (T)§ € CTGCAG/GAC GAG 3'
The underlined portion represents a sequence amenable
20 to digestion with Not I enzyme; the encoding region for
anti-Cb20, inter alia, was inserted within this region.
Although not wishing to be bound by any particular
theory, the inventor postulates that during expression,
the inclusion of a gene product of interest within an
25 artificial intronic insertion region of a dominant
selectable marker (e.g. the NEO gene) should significantly
decrease the number of viable colonies producing, in the
case of the disclbsed GXNEOSPAIF and NEOSPLA3F vectors,
anti-CD20 antibody. This is predicated upon two points:
30 first, only those vectors which are able to transcribe and
correctly splice-out the antibody encoding region and
correctly translate NEO will be G418 resistant; second,
because each antibody cassette has its own promoter and
polyadenylation region, transcription and translation of
35 the antibody is independent of translation of NEO.
The GKNEOSPLA3F and NEOSPLA3F vectors were
constructed in the following manner:
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was cloned into anti-CD20 in ANEX 1 from Xho | (5520) to Cal (5901):

see, Figure 4. Priners were as follows: 25 3 -Prinmer 489 (SEQ I D NO
10) : 5'-GGA GGA TCG ATT CCT TGC TGG CAC
AAC TAT GIC AGA AGC AAA TGT 30 GAG C 3 The

upper -1 i ned womkitespaof Priner 489 is a Ca | site; the pmlmggb;'mm_
portion is the fully inpaired consensus Kozak translation start site.
35 5 -Prinmer 488 (SEQ ID. NO 11): 41

Anti-CD20 in ANEX 2 was digested with Not I and Xho I
in order to isolate the 1503 bp NEO cassette DNA fragment
(see Figure 4 between *Not I 7023" and "Xho I 5520") as
follows: 10 ul of anti-CD20 in ANEX 2 was admixed with 6

5 K1 deionized Hy0 ("dHz0"): 1 Ul Not I enzyme (NEB, Prod.
No. 1898); 2 pl of 10X Not I digestion buffer (NEB;
provided with enzyme); and 1 § Xho I enzyme (Promega,
Madison, WS, Prod. No. R4164). This digestion mixture
was incubated overmight at 37°C. The resulting digested

10 DNA was size fractionated by 0.8% agarose gel
electrophoresis and the desired fragment migrating at 1503
was isolated via the GlassMAX™ method (Gibco BRL, Grand
Island, NY, Prod. No. 15580-011) for insertion into
pBluescript SK(-) plasmid DNA (Stratagene, La Jolla, CA).

1% pBluescript SK (-) was previously prepared for
acceptance of the NEO cassette by double digestion with
Not I and Xho I using the same conditions as above for
anti-CD20 in ANEX 2. Digested pBluescript SK (-) was then
collected by ethanol precipitation by the addition of 70

20 ul dH;0; 2 {4l tRNA (Sigma, St. Louis, MO, Prod. No. R-
8508); 10 pl of 3M NaOAc; and 300 ul 1008 ETOH (-20°C).
This was followed by a 10 min spin (13,000 RFM), decanting
the supernaﬁanc, rinsing with 70% ETOH, decanting the
liquid, drying in a SpeedVAC™ and resuspending in 20 ul 1

25 x TE.

Ligation of the NEO cassette DNA fragment into
prepared pBluescript SK (-} vector was accomplished as
follows: 10 pul of NEO fragment DNA was admixed with 6 pl
dH20: 1 pl cut pBluescript SK (-) vector DNA; 2 pul 10 x

JO0 ligation buffer (Promega, supplied with enzyme); and 1 ul
T-4 DNA Ligase (Promega, Prod. No. M1801) followed by
incubation at 14°C overnight. Ligated DNA was collected
by ethanol precipitation as described above for the
preparation of pBluescript S$K (-) vector DNA.

35 Ten (10) Kl of the resuspended ligated DNA was
transformed into E. coli XL-1 Blue®™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.
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5'-CTG'GGG CTC GAG CTT TGC 3' The upper-lined portion of Priner
485-i's an Xho | site. 35

WO 94/11523 ' PCT/US93/11221

42

M27950B) including ampicillin (50 pg/ml; Sigma, Prod. Nc.
A-9393). Plasmids were isolaced from the 10 cultures with
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions; these plasmids may
5 have comprised the plasmid referred to as BlueNEQO
depending on the sufficiency of the foregoing. (BlueNEO+
was confirmed dua te the sufficiency of the following
procedure.)
BlueNEO+ contains a Not I restriction recognition
10 sequence reformed upon ligation of the NEO cassette
fragment DNA into the pBluescript SK (-) wvector. This
site was destroyed by the following: 1 pl of BlueNEO~+
DNA was admixed with 16 pl dH,0:; 2 p 10 x Not I digestion
buffer (NEB); 1 pl Not I enzyme (NEB). This was followed
15 by incubation at 37°C for 2 hrs. This digested DNA was
then purified by spin column fractionation resulting in 15
Bl final volume. This 15 M1 Not I digested DNA was
"blunt-ended" by admixing with 4 pl 5X Klenow buffer (20
mM Tris-HCL, pH 8.0, 100mM MgCl;) and 1 pl DNA Polymerase
20 I Large (Klenow) Fragment (Promega, Prod. No. M2201).
This admixture was incubated at room temperature for 30
minutes. Blunt-ended DNA was then purified by spin ¢olumn
fractionation, giving a final volume of 15 ul.
Ligation of the blunt-ended DNA was performed in an
25 analogous way as to the ligation of the NEO cassette
fragment DNA into the pBluescript SK (~) vector excep:
. that the final DNA was resuspended in 17 pl of 1 X TE.
Following ligation, the DNA was subjécted to a second
restriction digestion with Not I by mixing the 17 pl of
30 DNA with 2 ul 10 X Not I digestion buffer and 1 ul Not I
enzyme (NEB). Digestion was allowad to proceed at 37°C
for 60 minutes. Following digestion, the admixture was
purified by spin column fractionatien resulting in 15 ul
final volume,
as Ten (10) Hl of the purified DNA was transformed into
E. coli XL-1 Blue™ (Stratagene), following manufacturer
instructions. Ten (l10) bacterial colonies were inoculated
in LB broth {(Gibco BRL including ampicillin (50 upg/ml:
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These prinmers were prepared using an ABI 391 PCR MATE[ err] DNA

synt hesi zer (Applied Biosystens, Foster City, CA) . Phosphoram di t es
were obtained from Cruachem (d asgow, Scotl and): dA(bz) - Prod. No.
20-8120- 21; 5 d I bu Prod. No. 20-8110-21; dC(bz) - Prod. -
8130-21; T - 1S5, 20. 8100, 91, Condi t1ons | f or PAICERA1ZN
reaction using these primers were as follows: 2[err] ("mcroliters") of

anti-CD20 in TCAE
(obtained 10 fro
2[err] of Pri
pnol es). This was
and a renaturati
m dNTPS ( Pronega

5

10

15

20

‘25

3o

35

5.2 in plasm d grown $h E. coli strain Gw8

mthe ATCC) was adm xed with 77[err] of deionized water;

SBEmA B8 PlaGhifs i) isohde el €rbh €he L0 BRIcukRS wQEﬁ a

O%%EQX‘BBN ygFr??f@éP{S&& %F;één?&cﬁ%b‘i&g] ?anuf P%Pof .

inRKYRS h°n9V :&pr plas g may have compr;sed the
plasmid referred to &s BlueNEO- depending on the
sufficiency of the foregoing. (BlueNEO- was confirmed due
to the sufficency of the following procedure.)

BlueNEO- contains a unique Pst I restriction site
spanning the codons for amino acid residues 51 and 52.
BlueNEO- was digested with Pst I as follows: an admixture
was formed containing 15 pl dHz0; 1 gl BlueNEO- DNA, 2 ul
digestion buffer 3 (NEB) and 2 Ml Pst I enzyme (NEB, Prod.
No. 140S). This admixture was incubate at 37°C for 3 hrs.
Digested DNA was then purified by spin column
fractionation. The following synthetic oligonucleotide
was then ligated to the Pst I cohesive ends of BlueNEO-:
5' GGTAAGTGCGGCCGCTACTAACTCTCTCCTCOCTCCTTITICCISAA 3¢ (SEQ ID NO: 12)
and its complémen:ary sequence:
5 ' GCAAAAAGGAGGGAGGAGAGAGTTAGTAGCCGCCGCACTTACCTGCA 3°  (SEQ ID No:  11) .
Insertion of this linker creates a consensus 5' splice
donor site (by ligation) followed by a Net I site,
followed by a consensus splice branch point, followed by a
synthetic polypyrimidine tract, followed by a consensus 3°'
splice acceptor site, as indicated above.

Ligation was performed as described above for the
ligation of the NEO cassette into pBluescxipt SK (-)
except using 2 pl of Pst I linearized BlueNEO- DNA and 14
pl (175 pmoles) of annealed complementary
oligonucleotides.

The foregoing (and following) synthetic oligo
nucleotides were chemically synthesized using an Applied
Biosystems 391 PCR MATET™ DNA Synthesizer (Applied
Biosystems, Foster City, CA). All reagents for the
synthesis were purchased from Applied Biosystems.

Ligated DNA was collected by ethanol precipitation as
described above for the preparation of pBluescript SK (-)
vector DNA.

Ten (10) pl of the resuspended ligated DNA was
transformed inte E. coli XL-1 Blue™ (Srratagene),
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15 Prod. No. U1201; dCTP, Prod. No. U1221; dGIP, Prod. No. ul211,

dTTp, Prod. No. U1231). 1[err] of Pfu DNA pol ynerase (Stratagene, La
Jolla, CA Prod. No. 600135, 2.5 Unl), and 50[err] of mneral oil
overl ay was WAa&d!528ereto, fol |l oned by 30 cycles, wth BaAS2/¢1a!
conmprising the following: 20 72[err]C, 2 mn.; 94C, 1 mn.; 54[err]C 1
mn. Ten mcroliters (10[err] ) of thi44 adnmi xture was anal yzed by
agar ose gel el ectrophoresis (results not shown); a single band was

found at about 408,DES@iMAinahutacturer inkReubtiony . odueh 2§ tHiE.0eeghLer were

df 25 i . fol l : I = CO20 EX d '
E Ol | bact er i al SEEPHIY vhAe theciRatonL ap 4035eh, 3e) “Eirsalng " |

foll ows: 20[err] ®fPigililieDL0 iHg/MAEEiEMALs Ritispids werenishlawidefrpmof
10XNEB4 buffer (Newe Engl anctuBiee! aeh Beresnega DNA MirihEEHi b ts§ise ehEB) ;
Sferr] Qa1 (QE}%ofﬁé%%ndw%an%%Zcéﬁrer instructions; these plasmids may
have comprised the plasmid referred to as NEOSPLA and/or
NEOSPLA- depending on the sufficiency of the foregoing and
the orientation of the insertion of the cligonucleotides.
Determination of orientation of the splice junction
10 linker was preformed by nucleic acid sequencing using the
Sequenase Version 2.0 DNA Sequencing Kit (United States
Biochemical, Cleveland, OH, Prod. No. 70770) following
manufacturer instructions. Upon determination of linker
orientation within six independent plasmid isclates,
15 identification of NEOSPLA was made such that the inserted
splice junction seqQuences are in the correct forward
orientation with respect to the direction o¢f NEO
transcription. '
NEQOSPLA was digested with Xho I by forming an
20 admixture of 15 pl dH;0; 1 Ml NEOSPLA DNA; 2 upl 10 X
digestion buffer D (Promega, supplied with enzyme); and 2
Bl Xho I enzyme (Promega, Prod. No. R6161). This
admixture was digested at 37°C for 3hrs followed by DNA
purifcation by spin column fractionation. Into this site
25 was ligated a self complementary synthetic oligonucleotide
having the following sequence: 5° TCGATIAATTAA 3°  (SEQ ID NO:
1¢). Insertion of this sequence effectively changes the
Xho I site to a Pac I restriction site {(as underlined in
SEQ ID NO: 14).
30 Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK (-)
except using 2 pl of Xho I linearized NEOSPLA DNA and 14

nl (175 pmoles) of annealed c¢omplementary
oligonucleotides.
35 Ligated DNA was collected by ethanol precipitation as

described above for the preparation of pBluescript SK (=)
vector DNA.

This Sheet Has Been Replaced

LT

Ty : .
:Pz;.‘ T T T S PR ot

v 1 OFER w007



30 60u); and 64[err] deionized water. This adm xture incubated

ovérnight at 37[err]C, followed by the addition of 5[err] Xho 1 ( NEB

Prod. No. 146 S. 100 u) and incubation at 37[err]C for 2 hrs. The

resul ting Y e4/iEhai s designated herein as "Cla 1/ Xho BCTYUS9MNEX: 1" .
The approxi mate 400 base pair PCR 35 fragnent was prepared and di gested

with Cda 1l and Xho 1 as follows: 90[eys] of the PCR fragnment was

adm xed with 10[err] of 3M NaQAc; 1[err] 10% sodi um dodecyl suI fate

(S05): and S0 err] . pheryl CHCILeTn)] | SOBIY] ol S 2024 Uha Y5
transformed into E. coli XL-1 Blue™ (Stratagene),

following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL) including
5 ampicillin (50 pg/ml; Sigma). Plasmids were isolated from
the 10 cultures with alPromega DNA purificatien system,
following manufacturer instructions; these plasmids may
have comprised the plasmid referred to as NEOSPLA3
depending on the sufficiency of the foregoing. (NEOSPLA3

10 was confirmed due to the sgufficency of the following
procedure.)

Anti-CD20 in ANEX 2(Gl,K) contains the anti-CD20
light chain and heavy chain immunoglobulin cassettes and a
DHFR cassette bounded by a Not I site at the S' end and an

15 Xho I site at the 3' end. Anti-CD20 in ANEX 2(Gl,K) was
digested with Xho I by forming an admixture of 15uldH.O, 1
pl anti-CD20 in ANEX 2(Gl,K) DNA, 2 ul 10 X digestion
buffer D (Promega, supplied with enzyme) and 2 Ul Xho I
enzyme (Promega, Prod. No. R6161). This admixture was

20 digested at 37°C for 3 hrs followed by DNA purifcation by
spin column fractionation. Into this site was ligated a
self complementary synthetic oligonucleotide of the
following sequence:  §' TCGAAGCGGSCGET 3° (SEQ ID NO: 15).
Insertion of this sequence effectively changes the Xho I

25 site to a Not I restriction site (as underlined in SEQ ID
NO: 15).

Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK (=)
except using 2 pl of Xho I linearized anti-CD20 in ANEX 2

30 DNA and 14 pl (175 pmoles) of annealed complementary
cligonucleotides.

Ligated DNA was collected by ethanol precipitation as
described above for the preparation of pBluescript SK (-)
vector DNA. '

35 Terr (10) pl of the resuspended ligatred DNA was
transformed into E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions: Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.
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36 - sec. followed by a 1 mn. spin (1700 RPM . The aqueous phase
was subjected to a spin colum which resulted in 85[err] tota

adm xture. To this adm xture was added 10[err] 10XNEB4, 1[err] bovi ne
serum al bumWO®B3IM2I00X; NEB), 2[err] Ca 1 (24u). 5 and 2PETAUSRNG12R1( 40
u). This adm xture was incubated at 37[err]c for 2 hrs. The resulting
material is designated herein as "Cla MeXno 1 cut PCR 488/489". Both
Cla 1/ Xho 1 cut ANEX 1 and Cla 1/ Xho 1 cut PCR 488/ 489 were anal yzed

by M27950B) including ampicillin (50 wg/ml; Sigma, Prod. No.
A-9393)., Plasmids were isolated from the 10 cultures with
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions: these plasmids may
5 have comprised the plasmid referred to as Anti-CD20 in
ANEX 2(Gl,.K)A depending on the sufficiency of the
foregoing. (This was confirmed due to the sufficency of
the following procedure.)

Anti-CD20 in ANEX 2(Gl,K)A was digested with Not I

10 and Xho I by forming an admixture of 6 ul dH;0; 10 pul
Anci-CD20 in ANEX 2(G1,K); 2 pl 10 x Not I digestion
buffer (NEB, supplied with Not I enzyme); and 1 pl Not I
enzyme (NEB). This admixture was digested at 37°C for 3
hrs followed by size fractionation by 0.8% agarose gel

15 electrophéresis and the desired fragment migrating at 5515
base pairs by was isclated via the GlassMAX method for
insertion into NEOSPLA3.

NEOSPLA3 was previously prepared for acceptance of
the anti-CD20 cassette by digesﬁion of 1 pl of DNA with

20  Not I using an admixture comprising 16 Bl dH0; '

2 pl 10X Not I digestion buffer (NEB): 1 ul Not I
enzyme (NEB):; followed by incubation at 37°C for 2 hrs.
This digested DNA was then purified by spin column
fractionation resulting in 15 pl f£inal volume.

25 Ligation of the anti-CD20 DNA fragment into prepared
NEOSPLA3 vector was accomplished as follows: 10 pl of
anti-CD20 fragment DNA was admixed with 6 Ul dH,0; 1 pl
cut NEOSPLA3 vector DNA; 2 ul 10 x ligation buffer
(Promega supplied with enzyme); and 1 {1l T-4 DNA Ligase

30 (Promega); followed by incubation at 14°C overnight.
Ligated DNA was collected by ethanol precipitation as
described above for the preparation of pBluescript SK (-)
vector DNA. .

Ten {10) Ml of the resuspended ligated DNA was

35 ctransformed into E. coll XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL) including
ampicillin (50 pg/ml; Sigma). Plasmids were isolated from
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agarose gel electrophoresis and the resulting bands were 10

observed at

the sane relative location on the gel (results not shown).
Ligation of Ca 1/Xho 1 cut PCR 488/489 and O a 1/ Xho 1 cut ANEX 1
was acconmplwehkbgqiss fol lows: 1[err] of t RNA (Sigma, SPCTAUS934 12290,
Prod. No. R-8508) was admi xed 15 wth 1[err] 10% SDS; 10[err] 3M NaCQAc;
45[err] of Ca 1/Xho 1 cut. PCR 488/ 48%7 (about 22.5 ng): a 1l:4
dilution (0.25[err]) of da 1/Xho 1 cut ANEX 1 (about 32 ng) in
0.75[err] tris- ydr oxynet h nethan th edla ne_tetracetic
acia o (1D S anhe aPLrrT e Wil ol Bk Bls ERE A i oG

phenyI/CHCI[err]ﬁP%b@H&ﬂq nasufanSurpy BRSRruRtdongor CBRsS@nalasmids may n.

spin (1700 RPM . ndbe e@w%t&dom&epmsmi/mrféﬁmd to ahoaﬁtﬂ;acmzlmhm
I % Et : , n.
Wh@%f%&é & %@ x}& cu%o P NS spLalR HUperding onl G HE

foll owed by add
spin (13.000 RP

10

15

20

25

30

35

sufficiency of the foregoxng and relative orientation of

the inserted fragment with respect to NEO transcription.

Determination of orientation of the anti-CD20
cassette insertion was preformed by double digestion with
Kpnl and Spel (NEB, Prod. No. 1335) in NEB buffer 1 plus
acetated BSA as follows: an admixture comprising 4 ul DNA;
2 Ml NEB buffer 1; 1 ul Xpn I; 1 Hl Spe I; 2 #l1 BSA: and
10 pl dH,0 was formed. The admixture was digested at 37°C
for 2 hrs, followed by size fractionation on an 0.8%
agarose gel electrophoresis. Upon determination of anti-
CD20 insert orientation within six independent plasmid
isolates, identificaticn of anti-CD20 in NZOSPLA3F was
made such that the inserted sequences are in the forward
orientation with respect to the direction of NEO
transcription.

The 5515 bp anti-CD20 fragment contains the S5V40
origin, a chimeric mouse human immunoglobulir light chain
transcriptional cassette, a chimeric mouse human
immunoglubulin heavy chain transcriptional cassette, and a
murine dihydrofolate reductase transcriptional cassette
(see, Figure 4).

Anti-CD20 in NEOSPLASF was doubly digested with Kpn I
and Stu I by creatiﬁb the admixture consisting of 14 ul
dHz0, 1 pul anti-CD20 in NEOSPLA3F, 2 ul 10 x digestion
buffer 1 (NEB, supplied with enzyme), 2 ul 10 x acetylated
BSA (NEB supplied with Kpn I enzyme), 1 pHl Kpn I enzyme, 1
Hl Stu I enzyme (NEB, °Prod. Nos. 142S and 187S
respectively). This admixture was digested at 37°C for 3
hrs followed by size fractionation by 0.8% agarose gel
electrophoresis and the desired fragment migrating at 9368
base pairs by was isolated via the GlassMAX method.

A PCR fragment of DNA was generated from TCAE 5.2.
The two following synthetic oligonucleotide primers were
utilized in the PCR reaction:
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of another 270[err] of 100% EtOH (-20[err] C) and another 1 mn. 25 spin
(13. 000 RPM . This adm xture was dried in a SpeedVAC err] and
resuspended in 17[err] TE, 2[err] ligase buffer (Pronega.. T4 DNA Ligase
kit, Prod. I\B’P’M‘%W and 1[err] 1igase (Pronega Ligase m/)"%ﬁ’m%:'
ligation m x incubated at 14[err]C overnight. Twenty mcroliters
(20[err]) of the ligation mx 30 was adni #&8d wi t h 10[err] 3M NaQAc, 1lf[err]

10% SDS, 69[err] TE. and 90[err] phenyl/CHCl[err]/isoanyl. This
admi xture was vortexedsf Qfrimer: 30 e&. 7ed ghlroxead dop ecd ABcNGASPETR cTh700

RPM . The aqy %u,g?lét}_asse was transferred to a new tube and 270[ err] of
100% Et OH (-20[err? ) s added thereto, followed by a 10 35 mn. spin

(1700 RPM). This adnfS&EUX® NAs li‘ed in a SpeedVAC[ err] and
resuspended in 20[ err]3 Tipriméen 97 CTOlACTERSGOfCT AGAL &G reESUSPR Therd Ace

adm xture was %raﬂééoié"?drd?”'rgc Eél',l iGCX-3L1(SE'Q o HSLEH)] (Stratagene, La
Jolla. CA), follow ng nmanufacturer

The underlined portion of SEQ ID NO: 16 represents a
Kpn I site, and the underlined portion of SEQ ID NO: 17
represents a Stu I site.

The PCR product was digested with Kpn I and Stu I and

10 then ligated into prepared anti-CD20 in NEOSPLA3F.

Ligation of the 627 bp fragment into prepared anti-
CD20 in NEQSPLA3F was accomplished as follows:

2 ul anri-CD20 in NEOSPLA3F: 1 ul SDS: 1 M1 tRNA
(Sigma); 11 gl 3M sodium acetate (pH 4.5) were admixed.

15 Following phenol/chloroform isoamyl extraction of the
admixture, the DNA was precipitated from the aqueous phase
by addition of 270 pl ethanol (ice-cold) and this was spun
at 13,000 rpm for 10 min. Following a 70% ETOH wash, the
DNA was resuspended in 16 ULTE, 10 gl of PCR fragment DNA

20 was admixed with 6 ul dH,0, 1 Hl cut anti-CD20 in
NEOSPLA3F vector DNA, 2 ul 10 x ligation buffer (Promega,
supplied with enzyme) and 1 Ml T-4 DNA Ligase (Promega)
followed by incubation at 14°C overnight. Ligated DNA was
collected by ethanol precipitation as described above for

25 the preparation of pBluescript ‘SK (-) vector DNA.

Ten (10) Ml of the resuspended ligated DNA was
transformed into E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.

30 M27950B) including ampicillin (50 pgg/ml; Sigma, Prod. No.
A-~9393). Plasmids were isolated from the 10 cultures with
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions; these plasmids may
have comprised the plasmid referred to as anti-CD20 in

35 GKNEOSPLAJF depending on the sufficiency of the foregoing.
(Confirmation was based upon sequence determination of the
different regions of GKNEOSZ2LA3F vs. NEOSPLAJF.)
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I nstructions. Ten (10) bacterial colonies were inocul ated

WO 94/11523 PCT/US93/11121

49

The new plasmid differs from anti-CD20 in NEOSPLA3F
in its Kozak sequence for the NEO gene which is:

~3 _ +1
TGT GTT GGG AGC TTG GAT CRAT c¢c Acc ATG Gttn
5 Cla I Start NEO
for Anri-CD20 in GKNEOSPLA3F, and
-3 +1
10 TGT G CCA GCA_TGG AGG AAI _CGA Tcc Tcc ATG Ctt
upstream Start Start NEO

for Anti-CD20 in NEOSPLA3F.
Comparative analysis of expression of anti-CD20 in
15 TCAE 5 vector (comprising NEC with consensus Kozak); ANEX
2 vector (comprising NEO with fully impaired Kozak, and
upstream cut-of-frame start sequence); NEOPLA3IF (anti-CD20
inserted via artificial intronic insertion region between
amino acids 51 and 52 of NEO; NEO has fully impaired Kozak
20 and an upstream out-of-frame start sequence): and
GKNEOSPLA3F (anti-CD20 inserted via artificial intronic
insertion region between amino acids 51 and 52 of NEO; NEO
has consensus Kozak).
. Twenty-five (25) Hg of each plasmid (digested as
25 follows: anti-CD20 in TCAES and ANEX2 - Not I; anti-CD20
in NEOSPLA3F - Pac I; anti-CD20 in GKNEOSPLA3F - Pac I and
-Kpn I) was electroporated into 4 x 10¢ CHO cells; these
digestions were utilized to separate the genes expressed
in mammalian cells £rom the DNA used to grow the plasmid
30 in bacteria. Following digestion, EtOH precipitation of
the DNA, and drying thereof, the DNA was resuspended in
sterile TE at a concentration of 1 pug/pl. Electroporation
conditions were as described in Example II., except that
230 volts was utilized and, following electroporation, the
35 nmixture of cells and DNA was maintained for 10 min. at
room temperature in the sterile, disposable
electroporation cuvette.
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in LB Broth (G bco BRL, Gand Island, NY, Prod. No. M27950B) i ncl udi ng
anpicillin (50[err]g/m; Sigma, Prod. No. A- 9393) . Pl asm ds were

i solated fromthe 10 cultures 5 wth a Pronega DNA purification System
(Prod. No. REo9as115247100), followi ng manufacturer instructipmyushires:

pl asm ds may have conprised the ANEX 2 vector, depending on the
sufficiency of the foregoing. ANEXp2 includes a Hnf |I site
("GAATC'") upstreamof 10 the neo start site (-9 to -13 relative to the neo
start codon); ANE? does n |nclude this site.

purified plasnids ﬁé}?§+ SFPRRFaRdeR oce i%1&“re p%ﬁ?ﬁﬁ &B§Py95
purified ANEX 1 s&ealddaﬁm@hem ahgvnededdwt o TablenI, 1basedstpam tise

fol I ows: 2[ err]e)@fecehe i &l ed E@SGﬂi% %@Qlé@ﬁhﬁMcBﬂo ldasO |

di gestion buffer x%;S er r%‘ &g{( buf f E Jer gﬁ{ﬁ n(]as E?E%E%éd Pr od.
No. 155S, IOug[er Frperxmencs, a an

Table I
Comparative Expression

Plasmid No. No. Cells No. 96 Well
Transfections Plated Plates

TCAE S 1 4 x 105 5

ANEX 2 1 2 x 106 5

GKNEOSPLA3F 1 2 x 106 5

NEOSPLAIF 5 2 x 107 5

10 Table 1 (continued)

Plasmid No. G418 Frequency of G418
Resistant Registant Colony per
Colonies Transfected Cell
TCAE 5 16 1 in 20,000
ANEX 2 16 1 in 100,000
GKNEOSPLAJF 16 1 in 100,000
NEOSPLA3F 16 1:in 1,000,000

(Cells were fed with G418 containing media on days 2, 5,
7. 9, 12, 14, 18, 22, 26, 30 and 34; supernatant from
15 colonies was assayed for immunoglobulin production and the
colonies became confluent in the wells on days 18, 22, 26,
30 and 34).
Figures 7A to 7C provide histogram results and
evidence the percentage of colonies a: a particular level
20 of expression. o
The Examples provided herein are not to be construed
as limited to the specific vecrtors, fully impaired
consensus Kozak seguences, dominant selectable markers,
transcriptional cassettes, and/or expressed proteins. The
25 fully impaircd consensus Kozak. arnd the utilizacion
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H[_err]O)‘. This adm xture incubated for 3 hrs. at 37[err]C and each

I sol ate was anal yzed via agarose gel el ectrophoresis (results not
shown); nine (9) of the bands were 20 substantially identical to the
ANEX 1 standard, one(1) showed a slight difference in band pattern.

For this WO%HH§% isolate, the first two bands were at 1BIYIV&HI1R2D

kB: for the ANEX 1 Hinf | digested product, the first t hree bands were
at 1691, 766, and 670 kB. The m ssing 25 5band at 766 kB for the single

i solate was attributed to the presence of the Hinf | site therein,

I ndi cating that fe hied o 2 Qi ted, {pto this
vector. This vet?era; sag?:?“gﬁa'fggw%ﬁf‘%ecozo |snl\£ﬁgé‘£%r ?I@’A‘i1 and is
general |l y referggg*t%/a‘b‘if"t%é'i nveftATrLE e prpserred fully impaired

El ectr opor at i oncofisansus- EB24k | seqiMiEde? ams vectors in no way constitute
an admission, either actual or implied, that these are the
5 only sequences or vecters to which the inventor is
entitled. The inventor is entitled to the full breadth of
protection under applicable patent laws. Preferred
vectors incorporating fully impaired consensus Xozak
sequences have been identified by the inventor on ANEX 1
10 and ANEX 2 for purposes of claiming these vectors by
designating plasmids comprising these vectdérs and anti-
CD20 were deposited with the American Type Culture
Collection (ATCC), 12301 Parklawn Drive, Rockville,
Maryland, 20852, under the provisions of trhe Budapest
15 Treaty for the International Recognition of the Deposit of
Microorganisms for the Purpose of éatent Procedure. The
plasmids were tested by the ATCC on November 9, 1992, and
determined to be viable on that date. The ATCC has
assigned these plasmids the following ATCC deposit numbers
20 69120 (anti-CD20 in TCAE 12(ANEX 1)) and 69118 (anti-CD20
in ANEX 2 (G1,K)); for purposes of this deposit, these

plasmids were transformed into E. colld.
Although the invention has been described in
considerable detail with regard to certain preferred
25 embodiments thereof, other embodiments within the scope of
the teachings of the present invention are possible.
Accordingly, neither the disclosure nor the claims to
follow, are intended. nor should be construed to be,
limited by the descriptions of the preferred embodiments

30 contained here.

This Sheet Has Been Replaced

LT

LT



acconplished as follows: two- hundred and forty mcroliters
(240[err]) of the anti-CD20 in ANEX 2 DNA (400g99) was adm xed with

100[ err] of 2)%@[ 2 buffer ; 100[[err] of Stu | 35 (NEBpchyoshs/¥ez; 187S,
1000 u); anyos801'2%r] TE, and incubated at 37[err]C for 2hrs. This

adm xture was then pI aced over spl n Sém ums (125[err] each), foll owed
by addition of 110[err] 10X Not buf f (NEB): 10[err] 100X BSA;, and
20[err] of Not | (NEB,

) SEQUENCE LISTING

{l) GENERAL INFORMATION
(i) APPLICANT: Reff, Mitchell E.
(ii) TITLE OF INVENTION: Impaired Dominant
5 Selectable Marker Sequence

and Intronic Insertion
Strategies for Enhancement
of Expression of Gene
Product and Expression

10 Vector Systems Comprising
Same
(iii) NUMBER OF SEQUENCES: 17
(iv) CORRESPONDING ADDRESS:
{A) ADDRESSEE: IDEC Pharmaceuticals
15 Corporation
(B) STREET: 11011 Torreymna Road
-{(Cy CITY: San Diego
(D) STATE: California
(E) COUNTRY: USA
20 (F) 2IP: 92121

(v) COMPUTER READABLE FORM:.
' (A} MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb
{B) COMPUTER: Macintosh
(C) OPERATING SYSTEM: MS.DOS
25 (D) SOFTWARE: Microsoft Word 5.0
{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:
30 {viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Burgoon., Richard P. Jr.
(B) REGISTRATION NUMBER: 34,787
(C) REFERENCE/DOCKET NUMBER:
(ix) TELECOMMUNICATION INFORMATION:

35 (A) TELEPHONE: (619) 550-8500
(B) TELEFAX: (619) 550 8750 his Sheet Has Been Replaced
{(2) INFORMATION FOR SEQ ID NO: 1: ‘Il ‘“I“ ml ll Il
(i) SEQUENCE CHARACTERISTICS:
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38 Prod. No. 189S, 800u). This adm xture was incubated at
37[err]C for 3 hrs., followed by the addition of 120[err] of 3M NaQAC
and 12[err] of 10% SDS. The adm xture was transferred to 2 vortex tubes

and 500[ er rfvoalg/akany! / CHCl [err] /i soanyl was 5 added to egghyudedlfioned by
a*30 sec. vortex and 1 mn. spin (1700 RPM . The aqueous phase was
renmoved fromthe tubes and segregatedsihnto 3 tubes, followed by the
addition to each tube of -20[err]C 100% ETOH, followed by 10 mn. spin
(13,000 RPM. Thereafter, -20[err C_70§/o7E1;I'O—I was 10 added to each tube,

followed by 1 min. spin (#3)0 , ases
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
S (ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: ves

(iv) ANTI-SENSE: Yyes

-(ix) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
TAG CTA GGT CCT ACC CC 17

10 (3) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 bases
(B} TYPE: nucleic acid
(C) STRANDEDNESS; single

15 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genocmic)
{iii) BYPOTHETICAL: yes

(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
20 ATC GAT CCT GGA TGC GG
(4) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 bases
(B} TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: vyes
(iv) ANTI-SENSE: no
30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
TNN ATG CTT - 9

(5) INFORMATION FOR SEQ ID NO: 4:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 9 bases
35 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single, including nick
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: (DNA (genomic)
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The tubes were then placed in a Speed VAC[err] for drying.
resuspensi on of the contents in 100[err] TE in a
mcroliters (5X) of the resuspended
dei oni zed waWM&MSZD0 15 dilution).
and the amount of DNA present was cal culated to be
to utilize 585 [err]g of
32[err] of the 1:200 dilution of the DNA was
(25 [err]g was utilizedigg thi smmcgﬂnur%esof DNA 20 utilized for TCAE
. The 1:200 dilution of DNA
cut anti-CD20 in ANEX 2
(25[err]g) in TE'" and {(xi) SEQUENGE )DE|56F~§PTEQNT 0 SEQ IRMQ:- CB20 i'n ANEX 2."

Host cells utilized was DCény Gka (¢1@HO') (see,

(0D=260)
0.75[err]gl/[err].
el ectroporati on,

5.2 and ANEX 1 in the
was formally referred

I n order

S ki L

An opti cal

Cell, 1986 supra) ¢, QEAHMHGH For sEq b NO: 5:

10

15
(7)

20
25
(8)

30

35

This Sheet Has Been Replac
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(1)

(ii)
(i)
{iv)

{xi)

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 9 bases

(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: DNA (genomic)
HYPOTHETICAL: yes
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
TNN ATG TTT

INFORMATION FOR SEQ ID NO: 6:

(i)

{ii)
(ii)
{iv)
(xi)

SEQUENCE CHARACTERISTICS:

{(A) LENGTH: 9 bases

(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: DNA (genomic)
BYPOTHETICAL: vYyes
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
CNN ATG TIT

INFORMATION FOR SEQ ID NO: 7:

(1)

(ii)
(ii)
{iv)
(xi)

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 bases

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

MOLECULE TYPE: DNA (genomic)
HYPOTHETICAL: yes
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
TTG GGA GCT TGG ATC GAT
CCA CCA TGG TT

AT

sterile hood.
DNA was adm xed with 995X of
density r @§ATVAPINARIt aken

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

fol |l oned by
Five

for

utilized
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mlliliters of 6.6 x 10[err] cells/mM (84% were subjected to a2 mn.
spin at 1000 RPM These were washed with 50 m sucrose buffered
solution, followed by 5 mn. spin at 1000 RPM the material was then

resuspended\{,@w.,gzm of the 30 sucrose buffered sol ution. pcihgeHaidker.
cells were counte and 0.4 mM of CHOcells ( 4.0 x 10[err] cells) were

adm xed wth 32[err] of the anti-CD2gsin ANEX 2 in BTX sterile,
di sposabl e el ectroporati on cuvettes. El ect roporation settings were as
follows: 210 volts; 400 nmicrofaraday 35 capacitance; 13 ohns resistance,
usi ng a BTX 600[ eb¥] &NECRYATION FOR| FEQ ghMoul afor (BTX, San Diego, CA).
Nine (9) el ect ropds at SEQUENGCEr CHARKTRERISE®IC8ct ual vol tage del i vered
over actual tines were as Q|| Q¥ReTt: 1%%Vpated3 NEEC; 2-
(B) TYPE: nucleic acid
5 (C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
TTG GGA GCT TGG ATC GAT 18
CCT CCA TGC TT 11

(10) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 30 bases '
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
20 (ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: §:
CCA GCA TGG AGG AAT CGA TCC 21
TCC ATG CTT ’ 9
25 (11) INFORMATION FOR SEQ ID NO: 10:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 52 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: yes
(iv) ANTI-SENSE: yes
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
35 GGA GGA TCG ATT CCT CCA TGC TGG 24
CAC AAC TAT GTC AGA AGC AAA TGT GAG C 28
(12) INFORMATION FOR SEQ ID NO: 11:
{i) SEQUENCE CHARACTERISTICS:
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39

4.26 nmsec; 6-199V, 4.26 nsec:
(As noted in Exanple

9-201 V. 4.24 nsec.
WO 94/11823

10

15

20

{14) INFORMATION FOR SEQ ID NO:
SEQUENCE CHARACTERISTICS:

(1)

25

30

188V, 4.57 nsec; 3-189V, 4.24 nsec, 4-200V;

(ii)
(ii)
{iv)
(xi)

(i)

(ii)
{ii)
(iv)
(xi)

(ii) MOLECULE TYPE:

(ii)
{iv)
(xi)

7-189V, 4.59 nsec; 8-

56

LENGTH: 1B bases
TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
MOLECULE TYPE:
HYPOTHETICAL:
ANTI-SENSE: no
SEQUENCE DESCRIPTION:
CTG GGG CTC GAG CTT TGC

(A)
(B)

DNA (genomic)
no

SEQ ID NO:

(13) INFORMATION FOR SEQ ED NO: 12

SEQUENCE CHARACTERISTI(CS:
(A) LENGTH: 47 bases
(B) TYPE: Nucleic acid
{C) STRANDEDNESS:
{D) TOPOLOGY: linear
MOLECULE TYPE:
HYPOTHETICAL: no
ANTI-SENSE: no62
SEQUENCE DESCRIPTION:

single

DNA (genomic)

SEQ ID NO:

4.26 nsec,
189V, 4.57 nsec;

5- 200V,

PCT/US93/11221

11:
18

12:

GGT AAG TGC GGC CGC TAC TAA CTC TCT CCT 30

CCC TCC TTT TTC CTG GA
13

LENGTH: 47 bases

TYPE: Nucleic acid
STRANDEDNESS :
TOPOLOGY: linear

(A)
(B)
(C)
(D)

single

DNA (genomic)
HYPOTHETICAL: no
ANTI-SENSE: Yyes

SEQUENCE DESCRIPTION: SEQ ID NO:

17

13:

GGA AAA AGG AGG GAG GAG AGA GTT AGT AGC GGC 33
CGC ACT TAC CTZ CA

(15)
35

This Sheet Has Been R,

e

(i)

INFORMATION FOR SEQ ID NO: 14

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 bases
{B) TYPE: Nucleic acid

{C) STRANDEDNESS: single

Lt
&8l

14
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|, the difference in nunber of perforned electroporations 5 was attributed
to the need to achieve a statistically significant nunber of viable
colonies for each of the three conditions, TCAE 5.2, ANEX 1 and ANEX 2;
t he amount of DNA used for each electroporatlon (25 [err%g} was t he
sane for WREH113dd the sane nunber of cells were 10 el eBFFRIPAIFA.
Thereafter, the electroporation nmaterial was_adm xed with 20 mM of 418
Gowth Media (CHO-S-SFM |1 mi nus hypoxaft hi ne and thyni dine (G bco,
Grand Island, NT, Form No. 91-0456PK)i ncl uding 50 [err] M hypoxant hi ne
and 8 [err]M 15 thymdi ne) (D) ThoradoEx Ul‘lﬁ.ﬂﬁ& gently agitated, followed

by plating 200 [err]l f Eﬁﬂhﬁ Zif pe&nﬁpl ghg$ 96 wel | pl at es,
e

one plate for each electro oration ne) gl I ng on day 2 after
el ectroporati on. throudﬁlda§YHQEHETI
(iv) ANTI-SENSE: no

5 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
TCG ATT AAT TAA 12
(16) INFORMATION FOR SEQ ID NO: 15
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 bases
10 (B) TYPE: Nucleic acid
(C) STRANDEDNESS: sgingle
(D) TOPOLOGY: 1linear
(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: no
15 (iv) ANTI-SENSE: no
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1§:
TCG AAG CGG CCG CT 14
(17) INFORMATION FOR SEQ ID NO: 16
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 37 bases
{B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25 (ii) HYPOTHETICAL: no
{iv) ANTI-SENSE: no
(xi) SEQUENCE -DESCRIPTION: SEQ ID NO: 16
GCA TGC GGT ACC GGA TCC ATC GAG CTA 27
CTA GCT TTG C . 10
30 {18) INFORMATION FOR SEQ ID NO: 17
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 bases
(B) TYPE: ©Nucleic acid
(C) STRANDEDNESS: s&ingle

35 (D) TOPOLOGY: linear This Sheet Has Been Rep
(ii) MOLECULE TYPE: DNA (genomic) , ,"m ""‘”
(ii) HYPOTHETICAL: no

{iv) ANTI-SENSE: no



150[err]l of each well was renoved, and 150 [err]| of fresh (418 20 G owth
Media containing 400 [err]Jg/mM (418 was added thereto. Col oni es were
anal yzed on day 25. One hundred and twenty one (12 {53
expressed  WOMAISE0 antibody (le , 13 col onies per el ectToporation).

O these, 63 (52% expressed over 250[err]g ém of protein; of 25 the 63,
20 of the colonies (16.5% expressed oveP 1000[err]g/ M of protein.
Only 5 of the 121 colonies (4.1% expressed | ess than 25[err]g/ m of
protein. Figure 5 provi(stes SEQUENGE DESQRIPIIONYpaSEQQIENO:esi?on of protein
per colonies  derived fromta wae! e&F KGARCE: doc ANBX chraféc ANEX 2. 30
The foregoing data indicates_that mtgé all\i a,.  as bet ween A 1 and
ANEX 2, the use of at |eastT&ndFuffhr? C AGG S&e start codon u ream of a
fully inpaired consensus Kozak associated with the translation
initiation of a
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dom nant sel ectabl e narker decreases the nunber of viable 35 colonies

10

15

20

25

30

35

of interest by recombinant deoxyribonucleic acid
techniques, said vector comprising at least one dominant
selectable marker, wherein the translation initiation
start site of said marker comprises the following
sequence:

-3 +1

Pyxx ATG Pyxx
where "Py" is a pyrimidine nucleotide; "x" is a
nucleotide; and the numerical designations are relative to
the codon “ATG".

2. The expression vector of claim 1 wherein the
nucleic acid sequence encoding for the protein of interest
is co-linked to said dominant selectable marker.

3. The expression vector of claim 1 wherein said
dominant gelectable marker is selected from the group
consisting of: herpes simplex virus thymidine kinase,
adenosine deaminase, asparagine synthetase, Salmonella his
D gene, xanthine guanine phosphoribosyl transferase,
hygromycin B phosphotransferase, and neomycin
phosphotransferase.

4. The expression vector of claim 1 wherein said
translation initiation start site sequence is selected
from the group consisting of TXXATGCxx; CXXATGCXX;
OATGTXX; and TxxATGTXX, where "x" is a nucleotide, with
the proviso that the codon *Txx* downstream of the ATG
codon does not encode a stop coden.

5. The expression vector of claim 1 wherein said
translatrion initiation start site sequence is TXXATGCxx,
where "x" is a nucleotide.

”IIl“l ml" “I“ "Ill " l“‘ Thig iz he repl emens
* [ L M S *

11 FtB 1897

expressing co-linked uct 1 significantly increases the
anount of expressed co- I % oduct .
40 WO 94/11523 | IIII“ PCT/US93/11221
Claims
1. An expression vector for expressing a protein

&ipmed



I11. Inpact of Insertion O Gene Product O Interest Wthin At
Leant One Artificial In%Lo |q,a5§§5k on Regi on O A Dom nant
Sel ect abl e Mar ker Tﬁﬁ Fp f%er upon the ANEX 2 vector, an 5

artificial spip%RnieH ge am no acid resi dpes/esbaAish;52
of the NEO coding reglon follomed by insertion therein of
the anti-CD20 encodi ng reglon. Two suclggvect ors were generated: t he
first, conprising a consensus Kozak sequence for the NEO 10
translation initiation ¢odon and not co r|S|n% a t-of- frame start
codon, is referred to a% " GERIEOSPPASES 0Tt (yecto §206ﬁﬂ1mcﬁnﬂﬁ?§ﬁ%ﬂ;%flﬂulIy
i mpai red consensust¥azsletdtth dnitiation sohrtrsine seguencendomcdagsceeferred
to as "NEOSPLA3F." Bot h GKNECSPLA3F and NEOSPLA3F contain the
foll owi ng . ) . .

7. The expression vector of claim 1 wherein said

S translation initiation start site seqQuence is located
within a secondary structure.

8. The expression vector of claim 1 wherein said
translation initiation start site sequence further
10 comprises at least one out-of~-frame start codon within
about 1000 nuclaeotides of the ATG start codon of said
start site, with the proviso that no in-frame srtop codon

is located within said 1000 nucleotides.

15 9. The expression vector of claim 1 wherein said
translation initiation start site sequence further
comprises at least one out-of-frame start codon within
about 350 nucleotides of the ATG start codon of said start
site, with the proviso that ne in-frame gtop codon is

20 located within said 350 nucleotides.

10. The expression vector of claim 1 wherein said
translation initiation start site sequence further
comprises at least one out-of-frame start codon within

25 about 50 nucleotidas of the ATG start codon of said start
site, with the proviso that no in-frame stop codon is
located within said 50 nucleotides.

11. The expression vector of claims 8, 9 and 10
30 wherein said out-of-frame start codon is part of a
consensus Kozak sequence.

12. The expression vector of claim 10 wherein said

out-of-frame gtart codeon and said translation initiation

35 start site seqguence are both included as part of a
secondary structure.

L

AT v



15 artificial intron sequence between am no acid residues 51 and 52 of
NEC: 51 52 5 CTG

CAG GTAAGT GOGECCCC TAGTAAfeel HiBRen®Eplkéch [ err] TCC (T)[err] C CTGCAG GAC
GAG 3 The under represents a sequence, Sgphe, 0 to
di gestion wi MNP MISE3 enzy [m m&glgﬁ“ :'kgg n
alia, was inserted within

ng region for anti
Al t hough not wi shing to be
bound by any particul ar t heory, the i nvBht or postul ates that during
expressi on, the inclusion of a gene product of interest within an 25
artificial intronic ingéartiDher exparssioa dongumnt of cladimect abl @ nanker

(e.g. the NEO gen%&@qul E'afd &Mkf@@whm%w&%%&e Q&:ng@@en%fg ygabl e

col oni es producin I n case I sclosed GKNE
NEOSPLA3F vect or sg° °§n?|smaﬂt PHOIRFUT LR | &2 8HFCC?6{F’&EOE=P\KB
poi nt s: codon is not part of said secondary structure.

5
14. A dominant _selectable marker encoded by a
nucleic acid sequence, wherein the translation initiation
start site of said dominant selectable marker is selected
from the group consisting of TXXATGCxX; CxxATGCXX;
10 COxATGTxx; and TxxXATGTxx, where *x" is a nucleotide, with
the proviso that *"Txx*" downstream of the ATG codon does
not encode a stop codon.

15. The material of claim 14 wherein said dominant

15 selectable marker is selected f£from the group ¢consisting of

herpes simplex virus thymidine kinase, adenosine

deaminase, asparagine synthetase, Salmonella his D gene,

xanthine guanine phosphoribosyl transferase, hygromycin B
phosphotransferase, and neomycin phosphotransferase.

20
16. The material of claim 14 wherein said
translation initiation start site sequence is TXXATGCxX,
where "x" is a nucleotide.
25 17. The material of claim 14 wherein said

translation initiation start site sequence is TCCATGCTT.

18. The material of claim 14 wherein said
translation initiation start site sequence is located
30 within a secondary structure.

19. The material of c¢laim 14 wherein said
translation initiation ptart site seguence further
comprises at least one out-of-frame start cecdon within

35 about 1000 nucleotides of the ATG start codon of sald
start site, with the proviso that no in-frame stop codon
is located within said 1000 nucleotides.
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30 first, only those vectors which are able to transcribe and
splice-out the anti body encodi ng regi on and

correctly
correctly translate NEO

will be (418 resistant; .segon chg se each antibody cassette has its
own promoter and Ras

of 35

manner

pOl |} eet nla
the aYPBY4IF% s inﬁ i@i

GKNECSPLA3F and NEGCSPLA3F

10

15

20

25

30

35

t %gnstructed in the foll ow ng

20. The material of claim 14 wherein said
translation initiacion start site sequence further
comprises at least one ocut~of-frame start codon within
about 350 nucleotides of the ATG start codon of said start
site, wich the provisc that ne in-frame scop codon is
located within said 350 nucleotides.

21. The material of claim 14 wherein said
translation initiacion start site sequence further
comprises at least one out-of-frame start codon within
about 50 nucleotides of the ATG start codon of said start
site, with the proviso that no in-frame stop codon is
located within said 50 nucleotides.

22. The material of claims 15, 20 and 21 wherein
said out-of-£frame start codon is part of a consensus Kozak

segquence.

23. The material of claim 21 wherein said ocut-of-
frame start codon and said translation initiation start
site sequence are both included as part of a secondary

structure,

24. The material of claims 19, 20, 21 wherein said
translation initiation start site sequence is part of a
secondary structure and said out-of-frame start codon is

. not part of said secondary structure.

25. An expression vector selected from the group
consisting of ANEX 1 (included within American Type
Culture Collection deposit number 69120) and ANEX 2
{(included within ATCC deposit number 69118).

26. A plasmid comprising the expression vecror of
claim 1 wherein the nucleic acid sequence encoding for
said protein of interest is co-linked to said dominant
selectable markerx.

TR G e rppm e

L ———————
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41 . Anti-CD20 in ANEX 2 was digested with Not | and Xho | in
order to isolate the 1503 bp NEO cassette DNA fragnent (see Figure 4
between "Not | 7023" anchisX¥he: Has Bedd Repiasd follows: 10 [err]l of

m 5 J[err]l deionizedpdrarsysiz2

anti - CD20 i nw@Ng/qi823nas a

("dH err]O'): 1 [err]l Noﬂmmgl B, Prod. No. 189S): 2 [err]l of
10X Not | digestion buffe X provideg with enzyne); and 1 [err] Xho
| enzyne (Pronega, Madi son, W5, Prod. No. R4164). This digestion

m xt ure ;
27. The plasmid of claim 26 integrated within the

celiular deoxyribonucleic acid of a mammalian host cell.

28. The plasmid of claim 27 wherein said host cell

5 iz selected from the group consisting of DG44, DXB1l1l,

CVl, COS, R1610, SP2/0, P3x633-Ag8.653, BFA-1clBPT, RAJT,
and 293. ' '

29. The expression vector of claim 1 further

10 comprising an artificial intronic insertion region within

said dominant selectable marker, wherein an encoding

sequence for a protein of interest is located within said
insertion region.

18 30. The dominant selectable marker of claim 14

further comprising an artificial instronic insertion
region.

L



was i ncubated overnight at 37[err]C. The resulting digested 10 DNA was

size fractionated by 0.8% agarose gel el ectrophoresis and the
desired fragnent mgrating at 1503 was isolated via the G assMAX[ err]
met hod (G bco BRL, Grand | sland, Ng4 Prod. No. 15590-011) for

I nsertion into pBl uescript SK(-) plasm d DNA (Stratagene. La Jolla.
CA). 15 pBl uescript SK (-) was previously prepared for

acceptance of the NEO cassette by d$§$lﬁ{£é,gestion with Not | and Xho |
using the same conditions as above nti-CD20 in ANEX 2. Digested

pBl uescript SK (-) was then col l ected by ethanol precipitation by the

g?gijti&gl?\kxo 20 |err!| dH%eri:kO' 2 gerr I RNA%E&‘@&F@&‘PI Loui s, ‘I\é%lln
the super RYERTIONSTRIFECHS TS EMIANCRAEN £ O prpRiSSoN Br GNE™ ' "0

PRODUCT AND EXPRESSION VECTOR SYSTEMS COMPRISING SAME

Disclosed herein are fully impaired consensus Kozak sequences which are most typically used
with dominant selectable markers of transcriptional cassettes which are a part of an
expression vector. These vectors are most typically utilized in the expression of proteins in
mammalian expression systems. As defined, disclosed and claimed herein, a *fully impaired
consensus Kozak" comprises sequence (1), where; "x" is a nucleotide selected from the
group consisting of adenine (A), quanine (G), cytosine (C) or thymine (T)/uracil (U); "Py"
is a pyrimidine nucleotide, ie C or TU; "ATG" is a codon encoding for the amino acid
methionine, the so-called "start codon; and - 3 and + 1 are directional reference points vis-a-
vis ATG. ie - 3 is meant to indicate three nucleotides upstream of ATG and + 1 is meant
to indicate one nucleotide downstream of ATG. Dominant selectable markers further

comprising artificial intronic insertion regions are further disclosed.

(Figure 1)
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liquid, drying in a SpeedVAC[err] and resuspending in 20 [err]l 1 25 x TE.
Li gation of the NEO cassette DNA fragnment into prepared pBl uescript SK
(-) vector was acconplished as follows: 10 [err]l of NEO fragnent DNA
was adm xed with 6 [err]l dH err]0; 1 [err]l cut pBluescript SK (-)
vector DNA; 2 [err]l 10 x 30 ligation buffer (Pronega, supplied with
enzyne); and 1 [err]l T-4 DNA Ligase (Pronmega, Prod. No. ML801)
fol |l oned by i ncubation at 14[err]C overnight. Ligated DNA was coll ected
by ethanol precipitation as described above for the preparation of

pBl uescript SK (-) vector DNA. .35 Ten (10) [err]l of the resuspended

| i gated DNA was transf or med = auigs! Hlas Been Roplacedx| - 1 Bl ue[err] (Stratagene).
fol |l owi ng manuf acturer i nstructiru! m !I bacteri al col oni es were
i noculated in LB broth (G bco B

Neomycin phosphotransferase gene

Cle | -3 4

TCAE 5.2 TTGGGAGCTTGG AJCGAT CC A cc ATG Gt
Met \al

ANEX 1  TTGGGAGCTTGG AICGAT CC I cc ATG fitt
Met Leu

ANEX 2 CCaGCATGgAGGA ATCGAT CC I cc ATG Ctt
Met Leu

FIG.
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Prod. Nc.

Si gma,

isolated fromthe 10 cultures with

I ncluding anpicillin (50 [err]g/m;

Pl asm ds were
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a Pronmega DNA purification system (Prod. No. PR-A7100), fol |l ow ng

manuf acturer instructions; these plasmds nay 5 have conprised the
plasm d referred to as Bl ueNEO+ dependi ng on the sufficiency of the

f oregoi ng. (Bl ueNEO+ was confirmed due to the sufficiency of the

fol |l ow ng procedure.) Bl ueNEO+ contains a Not | restriction
recognition 10 sequence reforned upon |ligation of the NEO cassette
fragnent DNA into the pBluescript SK (-) vector. This site was
destroyed by the foll ow ng: 1 [err]l of BlueNEO+ DNA was adm xed with
16 [err]l dHerr]0O; 2 [err] 10 x Not | digestion buffer (NES); 1 [err]l

Not | enzynme (NEB). This was qudgﬁ\gedslb'z 9% iﬂﬁﬁipg-{-@}ﬁgﬁ[q r]jC for 2

hrs. This di gested DNA was en purifiedb pi n ¢ol fractionation

resulting in 15 [ er r] 180 irret—votume—Tri~s—t5~tettit—Not~=-t—tth gest ed DNA

n E§ TCAE 5.2 258 COLONIES
= FA ANEX 1 98 COLONIES
o 60
-
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" bl u-ntf-ended" by adm xing with 4 [err]l 5X Kl enow buffer (20 19\
Tri's-HCL, pH 8.0, 100mM MgCli[err]) and 1 [err] 1. DNA Pol ynerase 20 | Large

(Kl enow) Fragment (Promega, Prod. No. M2201). Thi s adm xture was
i ncubated at roomtenperature for 30 m nut es. Bl unt-ended DNA was then
purified by spin colum fractionation, giving a final volume of 15
[err]l. Li gation of the blunt-ended DNA was perforned in an 25
anal ogous way as to the ligation of the NEO cassette fragnment DNA into
t he pBluescript SK (-) vector except that the final DNA was resuspended
in 17 [err]l of 1 X TE. Followi ng ligation, the DNA was subjected
to a second restriction digestion with Not | by mxing the 17 [err]l of
30 DNAwith 2 [err]l 10 X Not | digestion buffer and 1 [err]l Not |
enzynme (NEB). Digestion was allowed to proceed at 37C for 60 m nutes.
Fol | owi ng di gestion, the adm xture was we -~
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final

of the purified DNA was transforned into

(Stratagene),

in LB broth

fol | owi ng manuf act urer

col oni es were inocul ated

Ten (10) [err]l

XL-1 Blue[err]
Ten (10) bacteri al

purified by spin columm fractionation resulting in 15 [err]]|
col i

vol'une. 35

E
(G bco BRL including anpicillin (50 [err]g/m:

i nstructi ons.
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43 . Sigma). Plasmds were isolated fromthe 10 cultures with a
Pronega DNA purification system foll ow ng nmanufacturer I nstructions:

t hese plasm ds nay have conprised the plasmd referred to as Bl ueNEG
depending on the 5 sufficiency of the foregoing. (BlueNEO was confirned
due to the sufficency of the follow ng procedure.) Bl ueNEO-
contains a unique Pst | restriction site spanni ng the codons for am no
acid residues 51 and 52. Bl ueNEO- was digested with Pst | as foll ows:

an adm xture 10 was fornmed containing 15 [err]| ] 1 Jernr -
Bl ueNEO- DNA, 2 [err]l di gestion buffer 3 (NEBI;‘@E 5[eY£]INthl" l.A
enzynme (NEB, Prod. n 50 STCAE &
]
&1 NEOSPLA3F

ANEX 2 vs NEOSPLA

7 60 A
= ANEX 2
S S0 NEOSPLA3F

N
A
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No. 140S). This admixture was incubate at 37[err]C for 3 hrs. 7B Yt ed

DNA was then purified by spin colum fractionation. The foll ow ng
synt hetic oligonucleotide 15 was then ligated to the Pst | cohesive ends
of Bl ueNEO : 5" GGTAAGIGCGGCCGCTACTAACTCTCTCCTCCCTCCTTTTTCCTGCA 3
(SEQ ID NO 12) and its conpl enment ary sequence:

5 GGAAAAAGGAGGGAGGAGAGAGTTAGTAGCCCCCGCACTTACCTGCA 3" (SEQ MD NO  13)
Insertion of this |inker creates a consensts 5' splice 20 donor site (by

ligation) followed by a Not | site, foll owed by a consensus splice
branch point, followed by a synt hptgcagzeireRyri m di ne tract, fO||OMEd by
a consensus 3' splice acceptor site, as indicated above.

Li gati on was perfornmed as descrlbed above for the 25 Ilgatlon of the NEO
cassette into pBl uesthygHts pabis < BNy 2

| i neari zed Bl ueNEG M&MWW
5 . Expression Of Gepne Product And Expressiop

17 7 o
A portion of the disclosure of this patent document
10 contains material whieh is subject to copyright
protection. The copyright owner does not object to the
reproduction by anycne of the patent document or the
patent disclosure, as it appears in the Patent and
Trademark Office patent files or records, but otherwise
15 reserves all copyright rights whatsoever.

Related Applications

This patent document is a Continuation-In-Part of
U.S. Serial No. 07/977,691 £filed November 13, 19952,
20 pending. This patent document is related to "THERAPEUTIC
APPLICATION OF CHIMERIC ANTIBODY TO HUMAN B LYﬁgHOCYTE
RESTRICTED DIFFERENTIATION ANTIGEN FOR TREATMENT OF B CELL
LYMPHOMA, " having U.S. Serial No. 07/978,891, filed
November 13, 1992 (pending). and *THERAPEUTIC APPLICATION
25 OF CHIMERIC AND RADIOLABLED ANTIBODIES TO HUMAN B
LYMPHOCYTE RESTRICTED DIFFERENTIATION ANTIGEN FOR
TREATMENT OF B CELL LYMPHOMA®, having U.S. Serial No.
. filed simultaneously herewith. This patent
document is related to commonly assigned United States
30 Serial No. 07/912,292 and entitled "RECOMBINANT ANTIBODIES
FOR HUMAN THERAPY, " filed July 10, 19%2. These documents

are incorporated herein by reference.
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[err]l (175 pnol es) of anneal ed conpl enentary

ol i gonucl eot i des. The foregoing (and follow ng) synthetic oligo 30
nucl eoti des were chem cally synthesi zed using an Applied Bi osystens 391
PCR MATE[ err] DNA Synt hesi zer (Applied Bi osystens, Foster City, CA).
Al'l reagents for the synt hesi s were purchased from Applied Bi osystens.
Li gated DNA was col |l ected by ethanol precipitation as 35 descri bed above
for the preparation of pBluescript SK (-) 2 vect or DNA. Ten (10)
[err]] of the resuspended |igated DNA was transformed into E. col

XL-1 Blue[err] (Stratagene),
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44 - follow ng manufacturer instructions. Ten (10) bacteri al

: . . : . . cillin
col onies were inoculated in LB broth (G bco BRL) including anpi c
(50 [err]g/m; Sigma). Plasmds were isolated from the 10 cultures
with a Promega DNA purification system 5 follow ng manufacturer
I nstructions; these plasm ds may have conprised the plasmd referred to

as NEGSPLA and/ or ,

As noted, the advent of the biotechnology industry
has allowed for the production of large quantities of
proteins. Proteins are the essential constituents of all
living cells and proteins ave comprised of comzinations of

5 20 naturally occurring amino acids; each amino acid
molecule is defined ("encoded*) by groupings ("codons*) of
three deoxyribonucleic acid ("DNA") molecules: a string of
DNA molecules (°*DNA macromolecule®) provides, in essence,
a blueprint for the production of'specific sequences of

10 amino acids specified by that blueprint. Intimately
involved in this process is ribonucleic acid ("RNA"};
three types of RNA (messenger RNA; transfe- RNA; and
ribosomal RNA) convert the information encoded by the DNA
into, eg a protein. Thus, genetic information is

15 generally transferred as follows: DNA =RNA — protein.

In accordance with & typical strategy involving
Tecombinant DNA technology, a DNA sequence which encodes a
desired protein material ("cDNA") is identified and either
isolated from a natural source or synthetically produced.

20 By manipulating this piace of genetic material, the ends
thereof are tailored to be ligated, or *"ficz,* into a
section of a small circular molecule of double stranded
DNA. This circular molecule is typically referzred to as a
"DNA expression vector," or simply a “"vector.* The

25 combination of the vector and the genetic material can be
referred to as a *plasmig- and the plasmid can be
Teplicated in a prokaryotic host (ie bacterial in nature)
as an autonomous circular DNA molecule as the prokaryotic
host replicates. Thereafter, the circular DNA plasmid can

30 be isolated and introduceé jinto a eukaryotic host (ie
mammalian in nature) and host cells which have
incorporated the plasmid DNA are selected. While some
plasmid vectors will replicate as an autonomous circular
DNA molecule in mammalian cells, (eg plasmids comprising

35 Epstein Barr virus ("EBV*) and Bovine Papilloma virus
("BPV") based vectors), most plasmids including DNA
vectors, and all plasmids including RNA retroviral
vectors, are integrated inzo the cellulas DNA such that

b A : !
L T N P



‘NECSPLA- dependi ng on the sufficiency of the foregoing and t he
orientation of the insertion of the oligonucleotides.

Determ nation of orientation of the splice junction 10 Iinker was
preformed by nucl eic acid sequencing using the Sequenase Version 2.0
DNA Sequencing Kit (United States Bi ochem cal, Ceveland, OH Prod. No.
70770) foll ow ng manuf acturer instructions. Upon determ nation of

| i nker orientation within six independent plasmd isolates, 15

i dentification of - NEOSPLA was made such that the inserted splice

j unct i on sequeNGafA! Spkn EARLON CBRAT UREe eudiryBRial | ABs gmespect

W th xno | by {GARHERFED0 S RIARBIS BNA[ FHY} XIAGer FEBLLEAr] |
NEOSPLA DNA; 2 [Arcokidid@ly as edkzositionchlis @ro® &fd chingde, sthate dd wit h
enzyne); and 2 3 corresponding increase in cells containing the
5 integrated plasmid which 1leads to the production
{("expression”) of the protein material of iaterest. By
subjecring the host cells containing the plasmid to
favorable growth conditions, significant amounts of the
host, and hence the protein of interest, are produced.
10 Typically, the Chinese Hamster Qvary ("CHO") cell line is
utilized as a eukaryotic host cell, while E. coli 1is
utilized as a prokaryotic host cell.

The vector plays a crucial role in the foregoing -
manipulation of the vector can allow for variability as to

15 where the ¢DNA is inserted, means for detexrmining whether
the cDNA was, in fact, properly inserted within the
vector, the conditions under which expression of the
genetic material will or will not occur, etc. However,
most of the vector manipulations are geared toward a

20 single goal-increasing expression of a desired gene
product, ie protein of interest. Stated again, most
vector manipulation is conducted so that an “improved"
vector will alleow for production of a gene product at
sigaificantly higher levels when compared to a *non-

25 improved" vector. Thus, while certain of the
features/aspects/characteristics of one vector may appear
to be similar cto the features/aspects/characseristics of
another vector, it is often necessary to examine the
result of the overall goal of the manipulatiorn - improved

30 production of a gene product of interest.

While one *“improved" vector may comprise
characteristics which are desirable for one set of
circumstances, these characterigtics may not necessarily
be desirable under other circumstances. However, one

3% characteristic is desirable for all vectors: increased
efficiency, ie the ability to increase the amount of
protein of interest produced while at the same time
decreasing the number of hos:t cells toc be screened which

This is the replacement shest
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[err]] Xho | enzyme (Pronega, Prod. No. R6161). Thi s adm xture was

digested at 37[err]C for 3hrs foll owed by DNA purifcation by spin
colum fractionation. Into this site 25 was ligated a self conplenentary
synt hetic ol i gonucl eoti de having the foll owi ng sequence: 5
TCGATTAATTAA 3" (SEQ ID NO 14). Insertion of this sequence

ef fectively changes the Xho | site to a Pac | restriction site (as
underlined in SEQ ID NO 14). 30 SLigation was perforned as
descri bed above for the ligation of the NEO cassette into pBluescript

SK (-) excepfo u&scn@eae{:seé ld s@EeXBferde binBER icZedndE@RIYIENA 3, 14

o1 1 gonucl eot | destRaEeEstd  S1ese BERER, Upna® RRER; AFY AR nalfgirable
preci pitati on asadvantrges, barladdng reduchag pmapufagiuring qiitesond pt SK

(-) decreasing the time spent by techniciang in screening for

5 wviable colonies which are expressing the protein of

interest. Accordingly, what would be desirable and what

would significantly improve the state of the art are

expression vectors with guch efficiency characteriscics.

10 Summary Of The Invention

The invention disclogsed herein satisfies these and
other needs. Disclosed herein are f£fully impaired
consensus Kozak sequences which are most typically used
with dominant selectable markers of transcriptional

15 cassettes which are a part of an expression vector;
preferably, the dominant selectable marker comprises
either a natural intronic insertion region or artificial
intronic insertion region, and at least one gene product
of interest is encoded by DNA located within such

20 insertion region.

As used herein, a "dominant selectable marker" is a
gene sequence or protein encoded by that gene sequence;
expression of the protein encoded by the dominant
selectable marker assures that a host cell transfected

25 with an expression vector which includes the dominant
selectable marker will survive a selection process which
would otherwise kill a host cell not containing this
protein. As used herein, a “transcriptional cassecte" is
DNA encoding for a protein product (eg a dominant

30 selectable marker) and the genetic elements necessary for
production of the protein product in a host cell (ie
promoter; transcription start site: polyadenylla:ion
region; etc.). These vectors are most preferably utilized
in the expreession of proteins in mammalian expression

35 systems where integration of the vector into host cellular
DNA occurs. Beneficially, the use of such fully impaired
consensus Kozak sequences improves the efficiency of
protein expression by significantly decreasing the number

Thic fe oo T vAne nEns SDOEr



vect or DNA.
(10) [err]l

45 Ten

of the resuspended |igated DNA was

10

15

20

25

30

as

of viable colonies while at the same time. significantly
increasing the amount of protein expressed by such viable
colonies. As used herein, a "natural intronic inseztion
region" is a region of DNA naturally preseat within a gene
in this case, typically a dominant selectable marker,
which can be utilized for insertion of DNA encoding a gene
product of interest; an “artificial intronic insertion
region®" is a region of DNA which is selectively created in
a gene (again, most typically, a dominant selectable
marker) which can be utilized for insertion of DNA
encoding a gene product of interest. Information
regarding intronic positioning is described in Abrams,
J.M. et al. *Intronic Positioning Maximizes Co-expression
and Co-amplification of Nonselectable Heterclogous Genes.
*J. Bio. Chem., 264124:14016 (1989), and U.S. Patent No.
5,043,270 (bomh documents being incorporated herein by
reference),

As defined, disclosed and claimed herein, a “fully
impaired consensus Kozak" comprises the following
sequence:

-3 1

Pyxx ATG Pyxx
where: “x* is a nucleotide selected from the group
consisting of adenine (A), quanine (G). cytosine (C) ox
thymine (T)/ uracil (U); *Py* is a pyrimidine nucleotide,
ie C or T/U; "ATG" is a codon encoding for the amino acid
methionine, the so-called "start" codon; and -3 and +1 are
directional reference points vis-a-vis ATG, ile -3 is
meant to indicate three nucleotides upstream of ATG and +1
is meant to indicate one nucleotide downstream of ATG.

Preferably, the fully impaired consensus Kozak is
part of a methionine start codon that inirviates
translation of a dominant selectable marker poxtion of a
transcriptional cassette which is part o< an expression
vector. Preferred dominant selectable markers inciude,
but are not limited to: herpes simplex virus thymidine
kinase: adenosine deaminase; asparagine synthetase;
Saimonella his D gene: xanthine guanine phosphoriposyl

TE,, o B BN



transforned into E. coli XL-1 Blue[err] (Stratagene), foll ow ng

manuf acturer instructions. Ten (10) bacteri al col oni es were inocul ated
in LB broth (Gbco BRL) including 5 anpicillin (50 [err]g/m; Sigm).

Pl asm ds were isolated from the 10 cultures with a Pronega DNA
purification system foll ow ng manufacturer instructions; these

pl asm ds may have conprised the plasn1p referred to as NECSPLAS
depending on the sufficiency of the foregoing. (NEOSPLA3 10 was confirmed
due to the sufficency of the follow ng procedure.) Ant i - CD20
in ANEX 2(Gl, K) tuansfierrase hchygronyCh2 (B phosphegransiferasen dnide negmydiai n

I mmunogl obul i n Cﬁ@&@éﬁ@@r&ﬂﬂféxase DHRp €S prldferapiydede Ry AdiindnsSite at
the 5° end and a.ﬁ#S Xh i n. ANEX 2( GL, K)

R Rl °¥§ﬁﬁmnﬁ§m§ﬁ*%ov%°xip&f’éfa?2€ et 254 Arforr] O |

In partzcularly preferred embodiments of the
5 invention, at least one out-of~-frame start codon (ie *mc)
is located upstream of ‘the fully impaired consensus Kozak
start codon, without an in-frame stop codon being located
between the upstream start codon and the fully impaired
consensus Kozak start codon. As used herein, the term
10 “stop codon" is meaht to indicate a codon which does not
encode an amino acid such thar translation of the encoded
material is terminated; this definition includes, in
particular, the traditional stop codens TAA, TAG and TGA.
As used herein, the terms "in-frame" and "out-of-frame*
15 are relative to the fully impaired consensus Kozak start
codon. By way of example, in the following sequence:
-3 «1
GAC CAT GGC Cxx ATG Cxx
the underlined portion of the seqguence is representative
20 of a fully impaired consensus Kozak (where "X" represents
a nucleotide) and the codons GAC, CAT and GCC are *in-
frame* codons relative to the ATG start codon. The above-
lined nucleotides represent an "out-of-frame" start codon
which is upstream of the fully impaired consensus Kozak
25 start codon. Preferably, the out-of-frame start codon is
‘within about 1000 nuclectides upstream of the fully
impaired consensus Kozak start codon, more preferably
within about 350 nucleotides upstream of the fully
impaired consensus Kozak start codon, and most preferably
30 within about S0 nucleotides upstream of the fully impaired
zonsensus Kozak start coden. Preferably, the out-of-frame
start codon is a part of a consensus Kozak. By way of
example, the seqQuence set forth above satisfies this
criteria: the -5 nucleotide is a purine (G); nuclecotide
35 -6, -7 and -8B encode an out-of-frame staxt codon (ATG):
and nucleotide -11 is a purine (A).
Additionally, utilization o0f a fully impaired
consensus Kozak within a secondary structure (ie a so-

This is the replacement sheet
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[err]1 anti-CD20 in ANEX 2(GL,K) DNA, 2 [err]l 10 X di gestion buffer D

(Pronega, supplied with enzyne) and 2 [err]l Xho | enzyne (Pronega,
Prod. No. R6161). This adm xture was 20 digested at 37[err]C for 3 hrs
foll owed by DNA purifcation by spin colum fractionation. Into this
site was ligated a self conpl enmentary synthetic oligonucleotide of the
follow ng sequence: 5" TCGAAGCGGECCCGCT 3' (SEQ ID NO. 15) . I nsertion
of this sequence effectively changes the Xhgp | 25 site to a Not |
restriction site (as underlined in SEQID NO 15). Li gation

was performnmed as rlbed ahove for Ih ation_of, t e NEO cassette
into pBl uescript i(" &@Ept °fisi Y "?’Te’r r‘]gﬁ E’Sfleg(’rfbull Vi Hiapie &P
anti-CD20 i n ANEXmpadiGmedtAofndranslatidn of( xhe protedy) erdcadetbdyecthe

conpl enent ary doMinddtUGle2@bt865e number. In such an embodiment, the
start codon of the fully impaired consensus Kozak is most
S preferably located within the stem of a stem loop.
Particularly preferred expression vectors which
incorporate these aspects of the jinvention disclosed
herein are referred to as "TCAE," and "ANEX" and "NEOSPLA"
vectors; particularly preferred vectors are referred to as
10 ANEX 1, ANEX 2 and NEOSPLAIF.
These and other aspects of the. invention disclosed
herein will be delineated in further detail in the
sections to follow. '

15 Brief Descriotion Of The Drawings

Figure 1 provides the relevant portion of a consensus
Kozak and several particularly preferred fully impaired
consensus Kozak sequences: .

Figure 2 provides a diagrammatic representation of

20 the vectors TCAE 5.2 and ANEX 1 (TCAE 12) designed for
expression of mouse/human chimeric immunoglobulin, wherxe
the immunoglobulin genes are arranges in a tandem
configuration using neomycin phosphotransferase as the
dominant selectable marker;

25 Figure 3 is & histogram comparing protein expression
levels with the vectors TCAE 5.2 and ANEX 1;

Figure 4 provides a diagrammatic representation of
the vector ANEX 2 designed for expression of mouse/human
chimeric immunoglobulin, where the immunoglobulin genes

30 are arranges in a tandem configuration using neomycin
phosphotransferase as the dominant selectable marker:

Figure 5 is a histogram comparing protein
expression levels with the vectors TCAE 5.2, ANEX 1 and
ANEX 2;

5 Figure 6 provides a diagrammatic representation of a
NEOSPLA vector designed for expression ¢f mouse/human
chimeric immunoglobulin; and

Trgs &1 78 (B ant oot
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Li gated DNA was col |l ected by ethanol precipitation as descri bed above

for the preparation of pBluescript SK (-) vector DNA. 35 Ten
of the resuspended |igated DNA was

(10) [err]l

XL-1 Blue[err]
(10) bacter. al

No.

10

15

20

25

30

35

(Stratagene), foll owi ng manufacturer instructions.

transformed into E

coli
Ten

colonies were inoculated in LB broth (G bco BRL, Prod.

9

Figures 7A, .7B and 7C are histograms comparing
protein expression levels with the vectors TCAE 5.2 vs.
NEOSPLA 3F (7A). ANEX 2 vs. NEOSPLAJF (7B); and GK-
NEOSPLA3IF wvs. NEOSPLA3F (7C).

Derailed Description Of Preferred Emdodiments

Disclosed herein are nucleic acid sequence
arrangements which impair translatiorn and initiation of,
most preferably, dominant selectable markers incorporated
into mammalian expression vectors and which are
preferably, but not necessarily, co-linked to an enceding
sequence for a gene product of interest. Preferably, the
dominant selectable marker comprises at least one natural
or artificial intronic insertion region, and at least one
gene product of interest is encoded by DNA located within
at least one such intron. Such arrangements have the
effect of increasing expresgion efficiency of the gene
product of interest by, inter alja, decreasing the number
of viable colonies obtained from an equivalent amount of
plasmid DNA transfected per cell, while increasing the
amount of gene product expressed in each clone.

For purpose of brevity and presentational efficiencyﬂ
the focus of this section of the patent disclosure will be
principally directed to a specific dominant selectable
marker, neomycin phosphotransferase, which is incorporated
into a mouse/human chimeric immunoglobulin expression
vector. It is to be understoed, however, that the
invention disclosed herein is not intended, nor is it to
be construed, as limited to these particular systems. To
the contrary, the disclosed invention is applicable to
mammalian expression systems in toto, where vector DNA is
integrated into host cellular DNA.

One of the most preferred methods utilized by those
in the art for producing a mammalian cell line that
produces a high level of a protein (ie “"production cell
line*) involves random integration of DNA coding for the
desired gene product (ie "exogenous DNA*) by using, mos:
typically, a drug resgistant gene, referred to as a

Lot " L PRI LA
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46 . M27950B) including anpicillin (50 [err]g/m; Sigma, Prod. No.

A-9393). Plasmds were isolated fromthe 10 cultures with a Pronega DNA
purification system (Prod. No. PR-A7100), fol | owi ng manuf act urer

i nstructions; these plasmds may 5 have conprised the plasmd referred to
as Anti-CD20 in ANEX 2(Gl, K)A depending on the sufficiency of the
foregoing. (This was confirnmed due to the sufficency of the foll ow ng
procedure.) Anti-CD20 in ANEX 2(13, K)A was digested with Not | 10

and Xho | by formng an adm xture of 6 [err]l dHerr]OQ 10 [err]l

“dominant selectable marker,® that allows for selection of
cells that have integrated the exogencus DNA. Stated
again, those cells which properly incorporate the
exogenous DNA including, eg, the drug resistant gene, will
5 maintain resistance to the corresponding drug. This is
most typically followed by co-amplification of the DNA
encoding for the desired gene product in the transfected
cell by amplifying an adjacent gene that also encodes for
drug resistance (*amplification gene"), eg resistance
10 to methotrexate (MTX) in the case of dehydrofolate
reductase (DHFR) gene. The amplification gene can be the
same as the dominant selectable marker gene, or it can be
a separate gene. (As those in the art appreciate,
“transfection" is typically utilized to describe the
15 process or stace of introduction of a plasmid into a
mammalian host cell, while *"transformation® is typically
utilized to describe the process or state of introduction
of a plasmid into a bacterial host cell).

Two amplification approaches are typically employed
20 by those in the art. In the first, the entire population
of transfected and drug resistant cells (each cell
comprising at least one integration of the gene encoding
. for drug resistance) is amplified; in the second,
individual clones derived from a single cell are

25 amplified. Each approach has unique advantages.
With respect to the first approach, it is somewhat
‘easier” to amplify the entire population (typically
referred to as a "shotgun" approach, an apt description)
compared to individual clones. This is because
30 amplification of individual clones initially involves,
incter alia, screening of hundreds of isolated mammalian
colenies (each derived from a single cell, most of which
being single copy integrants of the expression plasmid) in
an effort to isolate the one or two "grail" colonies which
35 secrete the desired gene product at a *high” level, ie at
a level which is (typically) three orders of magnitude
higher than the lowest detectable expression level. These
cells are also often found to have only a single copy

This is the replacement sheet
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Anti-CD20 in ANEX 2(Gl,K); 2 [err]l 10 x Not | digestion buf f er (NEB,
supplied with Not | enzyne); and 1 [err]| Not | enzyne (NEB). This
adm xture was digested at 37[err]C for 3 hrs foll owed by size
fractionation by 0.8% agarose gel 15 electrophoresis and the desired
fragment mgrating at 5515 base pairs by was isolated via the G assMAX
nmet hod for I nsertion into NEOSPLA3. NECSPLA3 was previously
prepared for acceptance of t he anti-CﬂﬁO cassette by digestion of 1
[err]1 of DNAwth 20 Not | using an adm xture conprising 16 [err]l
dH err] G integratiqn pHXThet expreseion oplasmids (AEBjtidnflky]| Not
:j_ tegz%m (NEBhplib}ixfg/\?hdl&ihﬁ&Ub&ldéﬁb afest][caf ;i;xcpfrgauff%?]ﬁ cell tmi S
{955 o T SRS R Lol e BN pe, phE S dr L0
into prepared compared to amplification of all transfected cells

5 (typically, 10-20 versus 500-1000).

With respect to the second approach, production cell
lines derived from amplifying individual clones are
typically derived in lower levels of the drug(s) used to
select for those colonies which comprise the gene for

10 drug(s) resistance and the exogenous gene product {(ie in
the case of methotrexate and DHFR, SnM versus 1uM).
Furthermore, individual clones can typically be isclated
in a shorter period of time (3-6 months versus 6-9
months) . .

15 Ideally then, the tangible benefits of both
approaches should be merged: at a practical level, this
would inveolve decreasing the number of colonies to be
screened, and increasing the amount product secreted by
these colonies. The present invention accomplishes this

20 cask.

The positiocn where the DNA of tbe dominant selectable
marker of the plasmid DNA is integrated within the
cellular DNA of the host cell determines the level of
expression of the dominant selectable marker protein, as

25 is recognized by those in the art. It is assumed that the
expression of a gene encoding a protein of interest which
is either co-linked to or positioned near the dominant
selectable marker DNA is proportional to the expression of
the dominant selectable marker protein. While not wishing

30 cto be bound by any particular theory, the inventor has
postulated that if the gene used to select for the
integration of the exogenous DNA in the mammalian cell (ie
the dominant selectable marker) was designed such that
translation of that dominant selectable marker was

35 impaired, then only those plasmids which could overcome
such impairment by over-production of the gane product of
the dominant selectable marker would survive, eg, the
drug-screening process. By associating the exogenous DNA

Tk b e L . L -
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NEOSPLA3 vector was acconplished as follows: 10 [err]| of anti - CD20

fragment DNA was adm xed with 6 [err]l dHerr]OQ 1 [err]l cut NEOCSPLA3
vector DNA;, 2 [err]l 10 x ligation buffer (Promega supplied with
enzyne); and 1 [err]l T-4 DNA Ligase 30 (Pronega); followed by

I ncubation at 14[err] C overni ght. Li gated DNA was col | ected by et hanol
precipitation as descri bed above for the preparation of pBluescript SK
(-) vect or DNA. Ten (10) [err]F of the resuspended |igated DNA
was 35 transformed into E. coil XL-1 Blué[err] (Scratagene)

fol l ow ng manufacturer instructions. Ten (10) bacteri al col oni es were
i noculated in LB B th@mrelm%iengarker.anpénj | & i6Xo@sd, [@redg/ N :
Sigma). Plasm dpmeluetisal af ethd ig@fle product of the dominant selectable

marker would also result in over-production of the gene

product derived from the associated exogenous DNA. In

S accordance with this postulated approach, impairment of

translation of the dominant selectable marker gene would

be necessary, and an avenue for such impairment was the
consensus Kozak portion of the gene.

By comparing several hundred vertebrate mRNASs,

10 Marilyn Kozak in *Possible role of flanking nucleotides in

recognition of the AUG initiator codon by eukaryotic

ribosomes," Nuc. Acids Res. 9: 5233-5252 (1981) and

"Compilation and analysis of sequences upstream from the

translational start site in eukaryotic mRNAs,* Nuc. Acids

15 Res. 12: 857-872 (1984), proposed the £following

‘consensus” sequence for initiation of translation in

higher eukaryotes:

-3 +1

cc Acc AUG G
20 (As those in the art appreciate,-uracil, U, replaces the
deoxynucleotide thymine, T, in RNA.) 1In this sequence,

referred to as a ‘*consensus Kozak," the most highly
conserved nucleotides are the purines, A and G, shown in
capital }etters above; mutational analysis confirmed that
25 these two positions have the strongest influence on
iniciation. See, eg, Kozak, M. *Effects of intercistronic
length on the efficiency of reinitiation of eukaryotic
ribosomes.* Mol. Cell Bio. 7/10: 3438-3445S (1987). KXozak
further determined that alterations in the gsequence
30 upstream of the consensus Kozak can effect translation.
For example, in "Influences of mRNA secondary structure on
initiation by eukaryotic ribosomes.* PNAS 83: 2850-~-2854
(1986) Kozak describes the "artificial” introduction of a
secondary hairpin structure regien upstream from the
35 conseqsus Kozak in several plasmids that encoded
preproinsulin;: it was experimentally determined thatr a
stable stvem loop structure inhibited translation of the



47 the 10 cultures with a Pronega DNA purif!cation system _
fol l owi ng manufacturer instructions; these plasmds may have conpri sed
the plasnmds referred to as anti-CD20 in

13

preproinsulin gene, reducing the :ield of proinsulin by
85-95%.
Surprisingly, it was discovered by the inventor that
by changing the purines A(-3 vis-a-vis ATG start codon)
5 and G(+1l) to pyrimidines, translation impairment was
significant: when the consensus Xozak for the nebmydin
phosphotransferasg' gene was subjected to such
alterations (as will be set forth in detail below), the
number of G418 resistant colonies significantly decreased;
10 however, there was a significant increase in the amount of
gene product expressed by the individual G418 resistant
clones. As those in the art will recognize, this has the
effect of increasing the efficiency of the expression
system—there are less colonies to screen, and most of the
15 colonies that are viable produce significantly more
product than would ordinarily be obtained. Confirmation
of the inventor's postulated theory was thus
experimentally determined.
" As noted, for purposes of this patent document a,
20 “consensus Kozak" comprises the following seqQuence:
-3 +1 |
Pxx ATG Pxx
a "parcially impaired consensus Kozak®" comprises the
following sequence '
25 -3 *l
P/Pyxx ATG P/Pyxx
and a disclosed and claimed *fully impaired consensus
Kozak" comprises the following sequence:
-3 +1
30 PyxxX ATG Pyxx
where: X" is a nucleotide selected from the group
consisting of adenine (A), guanine (G), cytosine (C) or
thymine (T) (uracil, U, in the case of RNA): "P* is a
purine., ie A or G, "Py" is a pyridine, ie C or T/U; ATG
35 is a conventional start codon which encodes for the amino
acid methionine (Met); the numerical designations are
relative to the ATG codon, ie & negative number indicates
‘upstream* of ATG and a positive number indicates

This is the replacement sheet
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NEOSPLA3F and anti-CD20 in NEOCSPLA3R depending on the 5 sufficiency of the

foregoing and relative orientation of the inserted fragnent with
respect to NEO transcription. Det erm nation of orientation of the
anti - CD20 cassette insertion was preformed by double digestion with
Kpnl and Spel (NEB, Prod. No. 1335) in NEB buffer 1 plus 10 acetated BSA
as follows: an adm xture conprising 4 [err]| DNA; 2 [err]l NEB buffer

1; 1 [err]l Kpnl; 1 [err]l Spe I; 2 [err&l BSA: and 10 [err]l dHerr]O
was formed. The adnmixture was dlgested akd37[err]C for 2 hrs,

foll owed by size fractionation on an 0.8% agarose gel el ectrophoresis.

Upon det er m nat i -fpuwfs cdfelaim 1 APV hﬂ&erﬂozortﬁ‘é\t ?Ek@ﬁamc%hh'ﬂtp%' red

i ndependent pl asm d e ti I n N CSPLASF
was made suciPCREPYT H@”I‘%Seﬁ’%ap % } °§|"5°| oy t’ﬁ’é’lf"S
orientation wtlrPneesfeshet o3 tome i mctlaemdﬁs MNBOa pyridine, eg, ‘f —3

is a pyridine, then +l must be a purine or if -3 is a

S purine, then +1 must be a pyridine. Most preferably, the

fully impaired consensus Kozak is associated with the site

of translation inictiation of a dominant selectable marker

which is preferably (but not necessarily) co-linked to

exogenous DNA which encodes for a gene product of

10 interest. As used herein, "nucleotide®” is meant to

encompass natural and synthetic deoxy- and ribonucleotides

as well as modified deoxy- and ribonucleotides, ie where

the 3' OH, 5'0OH, sugar and/or heterocyclic base are

modified, as well as modification of the phosphate

15 Dbackbone, eg methyl pnosphates, phosphorothioates and
phosphoramidites.

Information regarding the gene sequence of the
dominant selectable marker is preferably known; however,
in lieu of the entire sequence, information regarding the

20 nucleic acid sequence {or amino acid sequence) at the site
of translation initiazion of the dominant sgelectable
marker must be known. Stated again, in order to
effectuate a change in the consensus or partially impaired
consensus Kozak, one must know the sequence thereof.

25 Changing the consensus or partially impaired consensus
Kozak to a fully impaired consensus Kozak sequence can be
accomplished by a variety of approaches wall known to
those in the art including, but not limited to, site
specific mutagenesis and mutation by primer-based

30 amplification (eg PCR): most preferably, such change is
accomplished via mutation by primer-based amplification.
This preference is principally based upon the comparative
"ease” in accomplishing the task, coupled with cthe
elficacy associated therewith. For ease of presentation,

35 a description of the most preferred means for
accomplishing the change to a fully impaired consensus
Kozak will be provided.

v}'? - .l‘?..- T E L 30K LT i1 ."l(:"&!
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transcription.

20 The 5515 bp anti-CD20 fragnent contains the SV40
origin, a chinmeric nmouse human i nmunogl obulin I'ight chain

transcriptional cassette, a chinmeric nouse human i mmunogl ubul i n heavy
chain transcriptional cassette, and a muri ne di hydrofol ate reduct ase
transcriptional cassette 25 (see, Figure 4). Anti-CD20 in
NECSPLA3F was doubly digested with Kpn | and Stu | by creating the
adm xture consisting of 14 [err]| dF{%ﬁr]C} 1 [err]l anti-CD20 in
NEOSPLA3F, 2 [err]1 10 x digestion buffer 1 (NEB, supplied with

enzyne), 2 [err]l

5

10

15

20

25

30

3s

uregxg est err
e TBTIBG Y. B4 LGEF e cERErs W ected
thereto. However, other primer-based amplification

techniques (eg ligase chain reaction, etc.) are
applicable. One of the two PCR primers (*mutational
primer*) incorporates i sequence vwhich will ensure that
the resulting amplified DNA product will incorporate the
fully impaired consensus Kozak within the transcriptional
cassette incorporating the dominant selectable marker of
interest: the other PCR primer is complementary to another
region of the dominant selectable marker; a
transcriptional cassette incorporating the dominant
selectable marker; or a vector which comprises the
ttanscripcional cassetts. By way of example, the
complement to a dominant selectable marker which includes
a consensus Kozak could have the following sequence (SEQ
ID NO: 1): '

3'~tagctaggTeccTACCce-5"
In order to create a fully impaired consensus Kozak, the
mutational primer could have the following seguence (SEQ
ID NO: 2) (for convenience, SEQ ID NO: 1 is placed over
the mutational primer for cemparative purposes):

$'-atcgatecTggATGCgg-~-3"

3'-tagetaggTecTACCce=5"

L] *

As is evident, complementarity is lacking in the
primer (see the "** symbols). By utilizing excess
mutational primer in the PCR reaction, when the sequence
including the consensus Kozak is amplified, the resulting
amplified DNA products will incorporate the mutations such
that as the amplified DNA products are in cturn amplified,
the mutations will predominate such that & fully impaired
consensus Kozak will be incorporated into the
amplification product.

Two criteria are required for the mutational primer--
first. the leng:ih thereof must be sufficient such that
hybridization to the target will result. As will be

-
HE YA

: )i 10Ix esstg&snemmﬁm@iBSAbyhﬁfﬁmc¢ﬁﬁdsaa\umdiiﬁﬁaatiemzyneé
1 Jerr Kpn | 2S an
1878 ' respect ﬁgg@? uekn ghggﬁwz of 'tile SRELIRIAS ggféesﬁ self
fol l owed by siz&8Fr ZEH r

hrs
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el ectrophoresis and the desired fragnent mgrating at 9368 35 base pairs

by was isolated via the 3 assMAX net hod. A PCR fragnment of DNA was
generated from TCAE 5. 2. The two followi ng synthetic oligonucl eotide
priners were utilized in the PCR reaction:

ig¢

appreciated, the mutational primer will not be 100%
complementary to the target. Thus, a sufficient number of
complementary bases are required in order to ensure the
reuisite hybridization. Preferably, the length of the
5 mutational primer is between about 15 and about 60
nucleotides, more preferably between about 18 and about 40
nucleotides, although longer and shorter lengths are
viable. (To the extent that the mutational primer is also
utilized to incorporate an out-of-frame start codon or
10 secondary structure, the length of the mutational p;imer

can correspondingly increase). Second, the ratio of
mucational primer to target must be sufficiently excessive
to "force" the mutation. Preferably, the ratio of

mutational primer to target is between about 250:1 to

15 about S000:1, mazs preferably between about 400:1 to about
2500:1, and most preferably between about 500:1 to about
1000:1.

Because the parameters of & PCR reaction are

considered to be well within the level of skill of those
20 in the art, details regarding the particulars of that

reaction are not set forth herein; the skilled artisan is

readily credited with racognizing the manner in which this

type of mutation can be accoﬁplished using PCR techniques

- the foregoing is provided as z means of providing
25 elucidation as opposed to detailed edification.

As noted, it is most preferred that the £fully
impaired consensus Kozak is associated with the site of
translation initiacion of a dominant selectable marker
incorporated into a transcriptional cassette which forms a

30 part of an expression vector. Preferred dominant
selectable markers include, but are not limited to: herpes
simplex virus thymidine Kkinase:; adenosine deaminase:;
asparagine synthetase; Salmonella his D gene:; xanthine
guanine phosphoribosyl transferase ("XGPRT"); hygromycin B

35 phosphotransferase: and neomycin phosphotransferase

(*NEO*). Most preferably, the dominant selectable macker
is NEO.

This is the replacement sheet
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48 5 prinmer: 5 GCA TGC GGT Arr GGA TCC ATC GAG CTA CTA

GCT TTG C 3 (SEQ I D NGO 16); 3" priner: 5 CIG ACT
AGG CCT  AGA CGCG GCC GCA CTT ACC 5 TGC AGT TCA TCC AGG GC 3' (SEQ I D NO
17) The underlined portion of SEQ1D NO 16 represents a Kpn
| site, and the underlined portion of SEQ ID NO 17 represents a Stu |
site. The PCR product was digested with Kon | and Stu | and 10
then ligated into prepared anti-CD20 in NECSPLASF. Li gation of
the 627 bp fragnent into prepared anti- CD20 i n NEOCSPLA3F was

acconpl i shed as fol | ¢he: dominant selectable marker herpes simplex virus
thymidine kinase is reported as having the following

partially impaired consensus Kozak:

-3 +1
5 cg Cgt ATG Get

See, Heller, S. "Insercional Activities of a
Promotorless Thymidine Kinase Gene,* Mol. & Cell. Bio.
8/8:3218-3302, Figure 4, nucleotide 764. By changing the
+1 purine (G) to a pyrimidine (C or T/U), a fully impaired

10 Kozak as defined herein is generated (the -3 of the herpes
simplex virus thymidine kinase is a pyrimidine). Changing
+1 purine to a pyrimidine also has the effect of changing
the encoded aminc acid from alanine (GCT) to proline (CCT)
or serine (TCT); it is preferred that comnservative amino

15 acid changes result ‘from the changes to the nucleotides.
Thus, it is preferred that the change to TCT be made
because the change from alanine to serine is a more
conservative amino acid change than changing alanine to
proline.

20 Histidinol dehydrogenase is another dominant
selectable marker. See, Hartmen, $.C. and Mulligan, R.C.
*"Two dominant acting selectable markers for gene transfer
studies in mammalian cells,* PNAS 85:8047-8051 (1988).
The his D gene of Salmonella typhimunium has the following

25 partially impaired consensus Kozak:

-3 +1
ge Aga ATG Tta
As -3 is a purine, changing ~3 to a pyrimidine (C or
T/U) results in a fully impaired consensus Kozak: as is

30 appreciaced, because these nucleotides are upstream.bf the
start codon, no impact on amino acid translation results
from this change.

Hygromycin B phosphotransferase is another dominant
selectable marker; the reported segquence for the hph gene

35 (see, Gritz, L. and Davies, J. "Plasmid encoded hygromycin
B resistance: the sequence of hygromycin B
phosphotransferase gene and its expressing in Escherichia

Thisn io tme rapincesment sheet
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2 [err]1 anti-CD20 in NEOSPLA3F: 1 [err]l SDS; 1 [err]l tRNA (Sigm);
11 [err]l 3Msodium acetate (pH 4.5) were adm xed. 15 Follow ng

phenol / chl or of orm i soanyl extraction of the adm xture, the DNA was
precipitated fromthe aqueous phase by addition of 270 [err]| ethanol
(ice-cold) and this was spun at 13, 000 rpmfor 10 mn. Follow ng a
70% ETOH wash, the DNA was resuspended in 16 [err]I TE, 10 [err]l of
PCR fragment DNA 20 was admxed with 6 Jerr]l dHerr]0O, 1 [err]l cut
anti-CD20 in NEOSPLA3F vector DNA, 2 {%rr]l 10 x ligation buffer

(Promega, supplied with enzynme) and 1 [err]l T-4 DNA Ligase (Pronega)
fol l owed by incubalii ana asudctiaiomyCed Vesrevitiaet | gRicc s vbgs, 19839l | ected

by ethanol preci Q§£@£e{§1éﬁgﬁA%ﬁgrEpgggﬁgn%v%o%gg) , the preparation of

pBl uescri pt SK err]l of the resuspended

| i gat ed DNA was transformed intb E. coli XL-1 Blue[err]
(Stratagene), ga Gat ATG Aaa
5 Both -3 and +1 are purines; thus changing -3 and +1

to pyrimidines results in a fully impaired consensus Kozak

(this results in the following encoded amino acids: +1 to

C - glutamine; +1 to T - stop codon. Because this codon
. is downstream of the scart codon, the change to the stop
10 codon TAA should not be accomplished).

XGPRT is another dominant selectable marker. The
reported partially impaired consensus Kozak of XGPRT has
the following sequence:

-3 «1
15 tt Cac ATG Agce

See, Mulligan, R.C. and Berg, P. T"Factors governing
the expression of a bacterial ‘gene in mammamalian cells."
Mol. & Cell Bio. 1/5:449-459 (1981), Figure 6. By
changing the +«1 purine to a pyrimidine, a fully impaired

20 consensus Kozak is created; the effect on the encoded
amino acid (AGC-serine) is as follows: CGC-arginine;
TGC-cysteine.
Adenosine deaminase (ADA) can also be utilized as a
dominant selectable marker. The reported consensus Kozak
25 sequence for adenosihe deaminase is:
-3 +1
ga Acc ATG Gcce
See, Yeung. C.Y. ec al., “*Identification of
functional murine adencosine deaminase cDNA clones by
30 complemenrtation in Echerichia coli,* J. B8io. Chem.
260/18:10299-10307 (1985), Figure 3. By changing both -3
and +1 purines to pyrimidines, fully impaired consens
Kozak seguences result. The encoded amino acid
corresponding toe GCC (alanine) is changed te eizher
35 proline (CCC) or serine (TCC), with the change to serine

being preferred, due to the conservative nacure of this
change.

Tk T BTN 4



foll owi ng manufacturer instructions. Ten (10) bacteri al col oni es were
I noculated in LB broth (G bco BRL, Prod. No. 30 M7950B) including
anpicillin (50 [err]g/m; Sigma. Prod. No. A-9393). Plasm ds were

i solated fromthe 10 cultures with a Pronmega DNA purification system
(Prod. No. PR-A7100), foll ow ng manufacturer instructions; these

pl asm ds may have conprised the plasmd referred to as anti-CD20 in 35
GKNECSPLA3F dependi ng on the sufficiency ¥ the f or egoi ng.

(Confirmation was based upon sequence determ nation of the di fferent
regi ons of GKNEOSLA3FheSreplf¥dd pdkrially impaired consensus Kozak for

asparagine synthetase is as follows:

-3 +1
gc Acc ATG Tgt
5 See, Andrulis, I.L. et al., "Isolation of humar cDNAs

for asparagine synchecése and expression in Jensen rat
sarcoma cells,* Mol. Cell. Bioc. 7/7:2435-2443 (1987).
Changing the <3, purine to a pyrimidine results in a fully
impaired consensus Kozak,

10 The partially impaired consensus Kozak for neomycin
phosphotransferase (which includes an upstream out of
frame start codon) is as follows:

-3 +1
. 99A_TGg gya teg ttt Cgc ATG Atc

15 Changing the +l1 purine to a pyrimidine has the effect
of creating a fully impaired consensus Kozak (changes to
the encoded amino acid isoleucine, ATT are as follows:
CTT - leucine and TTT-phenylalanine, with the change to
leucine being preferred, due to the conservative nature of

20 this change). '

The foregoing is not intended, nor is it to be
construed as limiting: rather, in the context of the
disclosed invention, the foregoing is presented in an
effort to provide equivalent examples of changes in the

25 reported consensus Kozak sequences or partially impaired
consensus Kozak sequences of several well-known dominant

. selectable markers.

As noted, a most preferred dominant selectable marker
is NEO. Particularly preferred fully impaired consensus

30 sequences for NEO are as follows:

Txx ATG Ctt (SEQ ID NO: 3)
Cxx ATG Ctt (SEQ ID NO: 4)
Tax ATG Ttt (SEQ ID NO: 5)
Cxx ATG Ttt (SEQ ID NO: 6)

35 where x are nucleotides. SEQ. ID. NO. 3 is most
preferred; and xx are preferably CC.

Other transcripticnal cassettes, which may or may not
include a fully impaired consensus Kozak, can be

This is the replacement sheet
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The new plasm d differs fromanti-CD20 i n NEOSPLA3F

Kozak sequence for the NEO gene which is:

-3
Cal

+1 TGI GIT GGG AGC TTG GAT CGAT cc Acc ATG Gt 5

Start NEO

10

15

20

25

30

i
w

20

incorporated into a vector which includes ctranscriptional
cassettes containing the disclosed and claimed fully
impaired consensus Kozak; such "other transcriptional
cassettes" typically are utilized to allow for
*enhancement, " “amplification® or *regulation® of gene
product repression. For example, co-transfection of the
exogenous DNA with the dehydrofolate reductase (DHFR) gene
is exemplary. By increasing the levels the antifolate
drug methotrexate (MTX). a competitive inhibitor of DHFR,
presented to such cells, an increase in DHFR production
can occur via amplification of the DHEFR gene.
Beneficially, extensive amounts of flanking exogenous DNA
will alsoc become amplified: therefore, exogenous DNA
inserted co-linear with an expressible DHFR gene will also
become overexpressed. Additionally, transciptional
cassettes which allow for regulation of expression are
available. For example, temperature sensitive CCS cellg,
derived by placing SV40ts mutant large T antigen gene
undexr the direction of Rous sarcoma virus LTR (iﬂsensitive
to feedback repression by T antigen). has been described.
See, 227 Science 23-28 (1985). These cells support
replication from SV40 ori az 33°C but not at 40°C and
allow regulation of the copy number of transfected SV40
ori—containing vectors. The foregoing is not intended,.
nor is it to be construed, as limiting; rather the
foregoing is intended to be exemplary of the types of
cassettes which can be incorporated into expression
vectors comprising the disclosed fully impaired consensus
Kozak. The skilled artisan is credited with the ability
to determine the specific type of other transciptional
cassettes, vis-~a~-vis the objective of the expression
system, which are applicable and which <¢an be
advantageously exploited.

As indicated above, in particularly preferred
embodiments of the invention, at least one out-of-frame
start codon (ie ATG) is located upstream of the fully
impaired consensus Kozak star: codon, without a stop codon
being located between the out-of-frame start codon and the
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for Anti-CD20 i n GKNEOSPLA3F, and

+1 10 ‘TGT G CCA GCA AGG AAT CGA Tcc Tcc ATG Ctt

Start

Start NEO for Anti-CD20 in NEOSPLA3F.

Conparative anal ysis of expression of anti-CD20 in 15 TCAE 5 vector
(conprising NEO wi th consensus Kozak); ANEX 2 vector (conprising NEO
with fully inpaired Kozak, and upstream out-of-frane start sequence);
NEOPLA3F (anti - CD20 inserted via artificial intronic insertion region

am no acids 51 and 52 of NEQ, 2MEO has fully inpaired Kozak 20
upstream out-of-frame  start sequence); and

bet ween
and an

10

15

20

25

30

35

fully impaired consensus Kozak start codon. The intent of
the out-of-frame start codon is to, in effect, further
impair cranslation of the dominant selectable marker.

As used herein, the term "stop codon' is meant to
indicate a "nonsense codon,* ie a codon which does not
encode one of the 20 naturally occurring amino acids such
that translation of the encoded material terminates at the
region of the stop codon. This definition includes, in

particular, the traditional stop codons TAA, TAG and TGA.

As used herein, the term *out-of-frame" is relative
to the fully impaired consensus Kozak start codon. As
those in the art appreciate, in any DNA macromolecule {or
RNA macromolecule) for every in-frame seqQuence, there are
two out-of-frame sequences. Thus, for example, with
respect to the following sequence incorporating a fully
impaired congensus Kozak:

-3 «1
gchA _TGec cAl Ggc Cxx ATG Cxx

the in-frame codons are separated by triplets, eg. gcA,
TGe, ¢AT and Gge; the ocut-of-frame codons would include,
eg c¢AT, ATG, Gece, cchA, ATG and TGg. Thus, two star:
codons (in capital letters and underlined) are out-of-
frame relative to the start codon of the fully impaired
consensus Kozak.

When such an out-of-frame start codon is utilized, it
is preferred that this be within about 1000 nucleotrides
upstream of the £ully impaired consensus Kozak start
codon, more preferably within about 350 nucleotides
upstream of the fully impaired consensus Xozak start
codon, and most preferably within about 50 nucleotides of
the fully impaired consensus Kozak start codon.’

As is appreciated, the upstream sequence can be
manipulated to achieve positioning at least one out-of-
frame sequence upstream of the fully impaired consensus
Kozak start codon using (most preferably) a mutational

primer used in the type of amplification protoceol
described above.

upstream

-3
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GKNEOCSPLA3F (anti-CD20 inserted via artificial intronic I nsertion
regi on between am no acids 51 and 52 of NEG NEO has consensus Kozak).
Twenty-five (25) [err]g of each plasm d (digested as 25 follows: anti-CD20
in TCAE5S and ANEX2 - Not |; anti-CD20 i n NEOSPLA3F - Pac |; anti-CD20
I n GKNECSPLA3F - Pac | and Kpn 1) was electroporated into 4 x 10[err]
CHO cells; these digestions were utilized to separate the genes
expressed in mammalian cells fromthe DNA used to grow the plasnmd 30
in bacteria. Follow ng digestion, EtOH p’r2eci pitation of t he DNA, and
drying thereof, the DNA was resuspended in sterile TE at a
concentration of 1 [etiliyacéon]df aElfally dﬁ@raakéarbonseneﬂsckdda&nﬁca\?ie as
described in Ex f . t.hat, - o) ut,i,li ed
fol l owi ng el ect %ggérga#“g %%Q % §fﬁ?é§%¥yc&e‘%ﬁe@%§ Z | nt ai ned
for 10 min. at loop" or *hairpin*) is beneficially viable to impairmen:

of translation of the protein encoded by the dominant

5 selectable marker. In Such an embodiment, it is preferred

that this start codon be located within the stem of a stem

loop secondary structure. These, by way of schematic

example, in such an embodiment, the start codon of the

fully impaired consensus Kozak is positioned as follows:

10
T
x x
x X
X A
15 x T
x G
xA TGxx¢ Cxx

{({An out~of-frame start codon which is not part of the

secondary structure is also represented.) As is
20 appreciated, within the stem locop, complementarity along

the stem is, by definition, typically required. For

exemplary methodologies regarding, inter alia,

introduction of such secondary structures into the

sequence, as well as information regarding secondary
25 structure stability, see, Kozak. PNAS, 1986, supra.

As noted, it is preferred that a dominant selectable
market with a naturally occurring intronic insertion
region or an artificially created intronic insgeztion
region be utilized and at least one gene product of

30 interest inserted within this region. While not wishing
to be bond by any particular theory, the inventor
postulates that such an arrangement increases expression
efficiency because the number of viable colonies that
survive the selection procesg via-a~vis the dominant

35 selectable marker will decrease; the colonies thaz do
survive the selection process will, by definition, have
expressed the protein necessary for survival, anéd in
coniunction therewith, the gene product of interest will

Thic is the replacement sheet
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roomtenperature in the sterile, disposable el ectroporation cuvette.
50

23

have a greater tendency to be expressed. As further
postulated, the RNA being transcribed from the gene
product of interest within the intronic insertion region
incerferes with completion of transcription (elongation of

5 RNA} of the dominant selectable marker; therefore, the
position that the dominant selectable marker is integrated
with@n the cellular DNA is likely to be a position where a
larger amount of RNA is initially transcribed.

As 1is appreciated, prokaryotic proteins do not

10 typically include sgplices and introns. However, the
majority of dominant selectable markers which are
preferred for expression vector technology are derived
from prokaryotic systems. Thus, when prokaryotic-derived
doninant selectable markers are utilized, as is preferred,

15 it is often nacessary to generate an artificial splice
within the gene soc to create a location for insertion of
an intron comprigsing the gene product of interest. It is
noted that while the following rules are provided for
selection of a splice site in prokaryotic genes, they can

20 Dbe readily applied to eukaryotic genes.

A general mechanism for the splicing of messenger RNMA
precursoers in eukaryotic cells is delineated and
summarized in Sharp, Philip A. *“Splicing of Messenger RNA
Precursors" Science, 235: 736-771 (1987) (see, in

25 particular, Figure 1) which is incorporated herein by
reference. Based upon Sharp, there are four minimum
criteria in the nucleic acid sequence which are necessary
for a splice: (a) S*' splice donor; (b) 3' splice acceptor:;
{c) branch point, and (d) polypyrimidine tract. The con-

30 sensus sequences for the 5' splice donor is repozrted to be

C A

AAG/GTGAGT
and for the 3' splice acceptor, NCAG/G (where a "/" symbol
indicates the splice site); see, Mount, S.M. "A Catalogue
of Splice Junction Sequences* Nuc. Acids. Res. 10/2:459%-

35 472 (1992) which is incorporated herein by reference. The
consensus sequence for the branch point, ie.the location
of cthe lariat formation with the 5°' splice donor, is

L SYCRN FUR SR (e seerent soeet
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Fol I owi ng el ectroporation, cells were plated into 96 wel | dishes as

shown below in Table |, based upon the expected frequency of (418

resi stant col onies (as derived fromprelimnary experinents; data not
shown): 5 Tabl e | Conpar ati ve Expression Plasm d

No. No. Cells No. 96 Well Transfections

Pl at ed Pl at es TCAE 5 24 1 4 x 10[err]

5 ANEX 2 1 2°X 106 5 GKNECSPLA3F
1 2 x 10[err] 5 NECSPLA3F 5

x 10[err] reportgzd as PyYNPyPAPy: and the reported preferred branch

10

15

20

25

30

site for mammalian RNA splicing is TACTAAC (Zhuang, Y. et
al. "UACUAAC is the preferred brancnh site for mammalian
MRNA splicing" PNAS 86: 2752-2756 (1989), incorporated
herein by reference). Typically, the branch point is
locared at least approximately 70 to about 80 base-pairs
from the 5'-splice donor (there is no defined upper limit
to this distance). The poly pyrimidine trac: typically is
from about 15 to about 30 base pairs and is most typically
bounded by the branch point and the 3’ splice acceptor.

The foregeoing is descriptive of the criteria imposed
by nature on naturally occurring splicing mechanisms.
Because there is no exact upper limit on the number of
base pairs between the 5' splice donor and the branch
point, it is preferred that the gene produc: of interest
be inserted within this region in situations where a
natural intron exists within the dominant selectable
marker. However, as noted, such introns do not exist
within most of the preferred dominant selectable markers;
as such, utilization of artificial introns are preferably
utilized with these markers.

In order to generate an artificial intron, a “splice
donor:splice acceptor” site must be located within the
encoding region of the dominant selectable marker. Based
upon Sharp and Mount, it is most preferred that the
following sequence function as the splice donor:splice
acceptor site -- CAGG (with the artificial splice oc-
curring at the GG region). A preferred sequence is AAGG.

Focusing in on the most preferred sequence CAGG, the
following codons and amino acids can be located within the
encoding region of the dominant selectable marker for
generation of the artificial intronoc inser=ion region:

g

SENERNAT A
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10 Table 1 (continued) Plasm d No. 418 Frequency of

418 Resi st ant Resi st ant Col ony per
Col oni es Transfected Cell TCAE 5 16 1i
20, 000 ANEX 2 16 1 in 100, 000
GKNECSPLA3F 16 1 in 100.000 NEOSPLA3F
16 ' 1 in 1.000, 000 (Cells were fed with (418 cont ai ni ng
medi a on days 2. 5,
28
A B c
CAG/ GNN NCA G/GN NNC 8G.G
Gln Ala Ala Gly Ala Leu Arg
Asp Pro Arg Phe
Gly Ser aAsn Pro
Glu . Thr Asp Ser
val Cys Thr
Gly Tyr
His Val
Ile

{As will be appreciated, the same approach to determining
viable amino acid residues can be utilized for the
preferred sequence of AAGG). The most preferred codon
S group for derivation of the splice donor:splice acceptor
site is group A. Once these amino acid sequences are
located, a viable point for generation of an artificial
intronic insertion region can be defined.
Focusing on the preferrred NEQO dominant selectable
10 marker, amino acid residues Gln Asp (codon group A) are
located at the positions 51 and 52 of NEO and amino acid
residues Ala Arg (codon group C) are located at positions
172 and 173 (as is appreciated, multiple artificial
intronic insertion regions may be utilized). Focusing on
15 residues 50 - 53 of NEO, the nucleic acid and amino acid
sequences are as follows:
50 51 52 53
S* CIG CAG GAC GAG 3
Leu Gln Asp Glu
20 Accordingly, an artificial intronic insertion region
can be generated between residues 51 and 52 of NEO. This
region most preferably comprises a branch point, 2
Polyprimidine tract and, preferably, a region for
insertion of a gene product of interest, ie a region
25 amendable to enzymatic digestion. -
Two criteria are import for the artificial intronic
insertion region: the f£irst two nucleic acid residues of
the 5' splice site ( eg abutting CAG) are most preferably
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7. 9, 12, 14, 18, 22, 26, 30 and 34; supernatant from 15 col onies was
assayed for inmunogl obulin production and the col oni es becane confl uent
in the wells on days 18, 22, 26. 30 and 34). Figures 7TAto 7C
provi de histogramresults and evi dence the percentage of colonies at a
particular |evel 20 of expression. The Exanpl es provided herein
are not to be construed as limted to the specific vectors, fully

I mpai r ed consensus Kozak sequences, dd&# nant sel ectabl e markers,
transcriptional cassettes, and/or expressed proteins. The 25 fully

i mpai red consensusalkdzake ZRgsthewdthbdZdild Mtid residues of the 3°

splice site (eg abutting G) are most preferably AG.
‘ Using the criteria defined abouve, an arctificial
intronic insertion region was between amino acié residues
5 51 and 52 of NEO:
' 50 NEO 51 52 NEC 53
LEU GLN ' i Branch Polypyrimida Tract ASP GLU 3
§° CTG CAG/GIMGT GCGGCCGC TACTAAC (TC)3CTIC)3TCC(TI§ € CTGCAG/GAC GAG
Not X
10
(Details regarding the methology for creating this
artificial intronic insertion region are set forth in the
Example Section to follow). The Not I site was created as
the region where the gene product of interest can be
1S incorporated. Therefore, upon incorporation, the gene
product of interest is located between amino acid residues
S1 and 52 of NEO, such that during NEO transmission, the
gene product of interest will be "spliced-out".
The host cell line is most preferably of mammalian
20 origin;those skilled in the art are credited with ability
to preferentially determine particular host cell lines
which are best suited for the desired gene product to be
expressed therein. Exemplary host cell lines include, but
are not limited to, DG44 and DXBll (Chinese Hamster Ovary
25 1lines, DHFR minus), HELA (human cervical carcinoma)., CV1
(monkey kidney 1ine)a.cos (a derivative of CV1l with V40 T
antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3
(mouse fibroblast), HAK (hamster kidney 1line), SP2/0
(mouse myeloma), P3x63-Ag3.653 (mouse myeloma), BFA-1clBET
30 (bovine endothelial cells), RAJI (human lymphocyte) and
252 (human kidney ). Host cell lines are typically
available from commercial gervices, the American Tissue
Culture Collection or from published literature.
Preferably the host cell line is either DG44 or
35 SP2/0. See, Urland, G. et al., "Effect of gamma rays and
the dihydrofolate reductase locus: deletions and
-inversions." Som. Cell & Mol. Gen. 12/6:555-566 (1986)
ané Shulman, M. et al., "A better cell line for making

Thiv ieocne repiacement soeet
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thereof, are not to be construed as Iimted to ANEX 1 and ANEX 2
vectors. Simlarly, the preferred fully inpaired consensus Kozak
sequences and vectors in no way constitute an adm ssion, either actual
or inplied, that these are the

27

hybridomas secreting specific antibodies.* Nature 276:269
(1978), respectively. Most preferably, the host cell line
is DG44. Transfection of the plasmid into the host cell
can be accomplished by any technique available to those in

S the art, These include, but are not 1limited to,
transfection (including electrophoresis and
electroporation), cell fusion with enveloped DNA,

microinjection, and infection with intact virus. See,
Ridgway, A.A.G. ‘“Mammalian Expression Vectors." Chapter
10 24.2, pp. 470-472 Vectors, Rodriguez and Denhardt, Eds.
(Butterworths, Boston, MA 1988). Most preferably, plasmid
introduction into the host is via electroporation.

Examples

15 The following examples are not intended, nor are they
to be construed, as limiting the invention; the examples
are intended to demonstrate the applicability of an
embodiment of the invention disclosure herein. The
disclosed £ully impaired consensus Kozak sequence is

20 intended to be broadly applied as delineated above.
However, for presentational efficiency. exemplary uses of
particularly preferred embodiments of fully impaired
consensus Kozak sequences are utilized in conjunction with
tandem chimeric antibedy expression vectors (also referred

25 to herein as antibody expression vectors) as disclosed
below.

I. *» 4 5 [ L)

B cell lymphocytes arise from pluripotent stem cells

30 and proceed through ontogeny to fully matured antibody
secreting plasma cells. The human B lymphocyte-restricted
differentiation antigen Bp35, referred to in the art as
"CD20," is a cell surface non-glycosylated phosphoprotein

of 35,000 Daltons; CD20 is expressed during early pre-B

35 <cell development just prior to the expression of
cytoplasmic Hu heavy chains. CD20 ieg expressed
consistently until the plasma cell differenctiation stage.

The CD20 molecule regulates a step in the activation



5 only sequences or vectors to which the inventor is entitled. The

I nventor is entitled to the full breadth of protection under
appl i cabl e patent | aws. Preferred vectors incorporating fully

I npai red consensus Kozak sequences have been identified by the inventor
on ANEX 1 10 and ANEX 2 for purposes of claimng these vectors by

desi gnating plasm ds conprising these vezgors and anti - CD20 were
deposited with the American Type Culture Col l ection (ATCC), 12301

Par kil aun D1 Ve, J3AGKKT Lhgen 1= MoutAR0ec20887) UAdR L sReoykshags of the
Budapest 15 TFEaty of 't he [ '

_the T'nterhational Recognition of the EEEOSIt of
M cr oor gani sms BEECFRBEPFIRSse BRCPIRS FD2P, &3 &ss¢flcon NedplashiGs were
tested by the ATcelds, NeD2oTpeoviesl @92romiaing taxipditefornehlertapybefvBabl e on

'&hat .d?t €. b T AT iitomas 8881 9eGiehiase Pl 8781 ¢d20head@lidenv pg ATCC
eposit nu Serispecially suitable as a target for anti-CD20 antibody

mediated therapy because-of accessibility and sensitivity
of hematopoietic tumors to lysis via immune effector
mechanisms. Anti-CD20 antibody mediated therapy . inter
alia, is disclosed in co-pending Serial No. 07/978,891 and
10 Serial No. _____ , filed simultaneously herewith.
The antibodies utilized are mouse/human chimeric anti-CD20
antibodies expressed at high levels in mammalian cells
(chimeric anti-CD20*). This antibody was derived using
vectors disclosed herein, to wit: TCAE 5.2; ANEX 1; ANEX
15 2; GKNEOSPLA3F; and NEOSPLAJF (an additional vector, TCAE
8, was also utilized to derive chimeric anti~-CD20 antibody
-- TCAE 8 is identical to TCAE 5.2 except that the NEO
translational start site is a partially impaired consensus
Kozak. TCAE 8 is described in the co—pgnding patent
20 document filed herewith.).

In commonly-assigned United States Serial Number
07/912,292, disclosed, inter alia, are human/0ld World
monkey chimeric antibodies; an embodiment of the invention
disclosed therein are human/macaque chimeric anti-CD4

25 antibodies in vector TCAE 6 {(see. Figure € of Serial
Number 07/912,292, and correspording discussicn). TCAE 6
is substantially identical to TCAZ 5.2; TCAE 6 contains
human lambda constant region, while TCAE 5.2 contains
human kappa constant region. TCAE 5.2 and ANEX 1

30 (referred to in that patent document as TCAE 12) are
disclosed as vectors which can be utilized in conjunction
with human/0ld World monkey chimeric antibodies. The
comparative data set forth in Serial No. 07/9i2,292 vis-a-
vis TCAE 5.2 and ANEX 1 is relative to expression of

35 chimeric anti-CD20 antibody.

TCAE 5.2 was derived from the vector CLDN, a
derivative of the vector RLDN1Ob (see, 252 Science 77-91,
1991). RLDN1Ob is a derivative of the vecter TND (see,
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20 69120 (anti-CD20 in TCAE 12(ANEX 1)) and 69118 {anti-CD20 I n ANEX 2
(GLl,K)); for purposes of this deposit, these pl asm ds were transforned
into E. coli. Al t hough the invention has been described in
considerable detail with regard to certain preferred 25 enbodi nents

t hereof, other enbodinments within the scope of t he teachings of the
present invention are possible. Accordingly, neither the disclosure nor
the clains to follow, are intended. no®¢ should be construed to be,
limted by the descriptions of the preferred enbodi nents 30 contained

here. 7DNA 651-661, 1988). Ie the vectcr "family line* is as
follows: TDN - RLDN1Ob = CLON — TCAE 5.2 ~— ANEX 1 (the
use of the """ symbol is not intended, nor is it to be
construed, as an indication of the effor: necessary to
5 achieve the changes from one vector to the next:; eg to the
contrary, the number and complexity of the steps necessary
to generate TCAE 5.2 from CLDN were extensive).
TND was designed for high level expressions of human
tissue plasminogen activator. RLDN1Ob differs from TND in
10 the following ways: the dihydrofolate reductase (“DHFR")
transcriptional cassette (corprisinc promoter., murine DHFR
cDNA, and polyadenylation region} was placed in between
the tissue plasminogen activator cassette ("t-PA
expression cassette") and the neomycin phosphotrransferase
15 ("NEO" cassette') so that all three cassettes were in
tandem and in the same transcriptional orientation. The
TND vector permitted selection with G418 for cells
carrying the DHFR, NEO and t-PA genes prior to selection
for DHFR gene amplification in response to methotrexate,
20 MTX. The promoter in front of the DHFR genc was changed
to the mouse beta globin major promoter (see, 3 Mol. Cell.
Bio. 1246-1254, 1983). Finally. the t-PA cDNA was
. replaced by a polylinker such tha: different genes of
interest can be inserted in the pelylinker. -All three
25 eukaryotic transcriptional cassettes (t-PA, DHFR, NEOQ) of .
the TND vector can be separated from the bacterial plasmid
DNA (pUCl19 derivative) by digestion with the restriction
endonuclease Not I.
CLDN differs from RLDN10b in the following ways: The
30 Rous LTR., positioned in front of the polylinker, was
replaced by the human cytomegalovirus immediate early gene
promoter enhancer (*CMV*), (see, 41 Cell 521, 1985), from
the Spe I site at -581 to the Sst I site at -16 (these
numbers are from the Cell referencei.
35 As the name indicates, TCAE vectors were Qesigned for
high level expressions of chimeric antibody. TCAE 5.2
differs from CLDN in the following ways:



52 SEQUENCE LI STI NG (1) CGENERAL | NFORMATI ON [
APPLI CANT: Reff, Mtchell E. (ii1) TITLE OF I NVETION: I npaired

Dom nant 5 Sel ect abl e Marker Sequence
and Intronic Insertion ' Strategies for
Enhancenent
30
A. TCAE 5.2 comprises four (4) transcriptional
cassettes, as opposed to three (3), and these are in

tandem order, ie a human immunoglobulin light chain
absent a variable region: a human immunoglobulin heavy
S «chain absent a variable region; DHFR: and NEO. Each
transcriptional cassette contains its own eukaryotic
promoter and polyadenylatin region (reference is made to
Figure 2 which is a diagrammatic representation of the
TCAE 5.2 vector). The CMV promoter/enhancer in front of

10 the immunoglobulin heavy chain is a truncated version of
the promoter/enhancer in front of the light chain. from
the Nhe I site at -350 to the Sst I site a: -16 (the
numbers are from the Cell reference. supral.
Specifically,

15 1) A human }mmunoglobulin light chain constant
region was derived via amﬁlification of cDNA by a PCR
reaction. In TCAE 5.2, this was the human immunoglobulin
light chain kappa constant region (Kabat numbezing, amino
acids 108-214, allotype Xm 3), and the human

20 immunoglobulin heavy chain gamma 1 constant region (Kabat
numbering amino acids 114-478, allotype Gmla, Gmlz). The
light chain was isolated from normal human biood (IDEC
Pharmaceuticals Corporation, La Jolla., CA); RNA thereirom
was used to synthesize ¢DNA which was then amplilied using

25 PCR techniques (primers were derived vis-a-vis the
consensus Kabat). The heavy chain was isolateé {using PCR
techniques) from c¢DNA prepared from RNA which was in turn
derived'from cells transfeczed with a human IgGl wvector
{see, 3 Prot. Eng. 531, 1990: vector pNy:62). Two amino

30 acids were changed in -the isolated human IgGl te match the
consensus amino acid sequence in Kabat. to wit: amino
acid 225 wae changed from valine to alanine (GTT to GCA),.
and amine acid 287 was changed from methionine to lysine
{ATG to AAG):

35 2) The human immunoglobulin light and heavy chain
cassezres contain synthetic signal sequences for secrezion
% the immunoglobulin chains:



of Expression of Cene Product and

Expression 10 Vector Systens Conpri sing

Sane (i) NUVBER OF SEQUENCES: 17 (iv) CORRESPONDI NG
ADDRESS: (A) ADDRESSEE: | DEC Phar maceuticals 15

Cor por ati on (B) STREET: 11011 Torreyana Road

(O dadTYy: - San Di ego (D) STATE: California
(E) COUNTRY: USA 20 (F) ZIP: 92121 (v)
COVMPUTER READABLE FORM (A} MEDI UM TYPE: Diskette, 3.5 inch,
1.44 Mo

3) The human immu=oglobulin light and heavy chain
cassettes contain specific DNA restriction sites which
allow for insertion of light and heavy immunoglobulin
variable regions which maintain the transitional reading

5 frame and do not alter the amino acids normally found in
immunocglobulin chains:

4) The DHFR casset:e contained its own eukaryotic
promoter (mouse beta globkin major promoter, “BETA®) and
polyadenylation region ({bovine growth hormone

10 polyadenylation, "BGH*): and

5) The NEQO cassette contained its own eukaryotic
promoter (BETA) and polyadenylation region (SV40 early
polyadenylation, *"SV").

With respect Lo the TCAE 5.2 and the NEO cassette,

15 the Kozak region was a consensus Kozak (which included an
upstream Cla I site SEQ ID NO: 7):
Clal -3 +1
TTGGGAGCTTGG ATCGAT ccAce ATG Gtt
ANEX 1 (previously named TCAE 12 in the referenced
20 case) is identical to TCAE 5.2 except that in the NEO
cassette, the Kozak region was fully impaired (SEQ ID NO:
8):
Clarx -3 +1
TTGGGAGCTTGG ATCGAT ccTcec ATG Ctt
25 As disclosed in the commonly-assigned referenced
case, the impact of utilization of the fully impaired
consensus Kozak was striking: relative to TCAE 5.2, there
was a significant (8-fold) reduction in the number of ANEX
1 G418 resistant colonies (258 from two electroporations
30 wversus 98 from six electroporations) from the same amount
of plasmid DNA transfected per cell; and, there was &
significant increase in the amount of co-linked gene
product expressed in each of the ANEX 1 clones.
Referencing the histogram of Figure 3 (Figure 16 of the
35 commonly assigned referenced case), 258 colonies ware
derived from 2 electroporations of 25 pug of DNA containing
a neomycin phosphotransfesazse gene with a consensus Kozak
at the translation stars site. Two-hundreé and one (201)
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(B) CONPUTER: Maci nt osh (©) OPERATING SYSTEM HS. DOCS 25

(D) SOFTWARE: M crosoft Wrd 5.0 (vi) CURRENT APPLI CATI ON DATA:
(A) APPLI CATI ON NUMBER: (B) FILING DATE

(C) CLASSI FI CATION: 30 (viii) ATTORNEY/ AGENT | NFORVATI ON

(A) NAME: Burgoon. Richard P. Jr. (B) REGQ STRATION
NUMBER: 34, 787 (O REFERE@QE/DOCKET NUMBER: (i x)
TELECOVMUNI CATI ON | NFORMATI ON: 35 (A) TELEPHONE: (619)

550- 8500 (B) TELEFAX: (619) 550 8750 (2) I NFORVATI ON FOR
SEQ ID NO 1: of these colonies did not express any detectable gene

product (less than 25 ng/ml of chimeric immunoglobulin).
and only 8 colonies expressed more than 100 ng/ml. Again,
referencing Figure 3, 98 colonies were derived from 6
S electroporations for ANEX 1 of 25 ug of DNA containing a
neomycin phosphotransferase gene with the fully impaired
consensus Kozak at the translation start site (6
electroporations were utilized in order tc generate
srtatistically comparative values; this was because on
10 average, each electroporation for ANEX 1 yielded
about 16 colonies, as opposed to about 129 colonies per
electroporation for TCAE $.2). Eight (8) of the ANEX 1
colonies did not express any detectable gene product (less
than 25 ng/ml), whiie 62 of these colonies were expressing
15 greater than 100 ng/ml; of these 62 colonies, nearly 23
were expressing over 250 ng/ml (23%), with 6 expressing
greater than 1000 ng/ml (6%).
The foregoing evidences, inter alia, the following:
1) because the difference between TCAE 5.2 and ANEX 1 was
20 limicted to the Kozak tranglation start site of the NEO
gene, and because the gene product of interest (chimeric
anti-CD20 antibedy) was co-linked to the NEO gene, a
conclusion to be drawn is that these differences in
results are attributed golely to the differences in the
25 Kozak translation start site; 2) it was experimentally
confirmed that utilization of a fully impaired consensus
Kozak in conjunction with a dominant selectable number
resulted in significantly less viable colonies; 3) it was
experimentally confirmed that utilization of a fully
30 impaired consensus Kozak in conjunction with a dominant
selectable marker co-linked to a desired gene product
significantly increased the amount of expressed gene
product. Thus, the number of colonies to be screened
decreased while the amount of expressed gene product
35 increased.
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(1) SEQUENCE CHARACTERI STI CS
(A) LENGTH. 17 bases

10

15

20

25

33

II . - B L. bl

Conceptually, further impairment of translation
initiation of the dominant selectable marker of ANEX 1
could be effectuated by utilization of at least one out-
of-frame ATG start codon upstream of the neomycin
phosphotransferase staxt codon. Taking this approach one
step further, wutilization of a secondary structure
{("hairpin") which incorporated the neo start codon within
the stem thereof, would be presumed to further inhibit
translation initiation. Thus, when the out-of-frame starct
codon/fully impaired consensus Kozak was considered, this
region was designed such that the possibility of such
secondary structures was increased.

As indicated previously. the Kozak region for the neo
start codon in the ANEX 1 vector is:

TTGGGAGCTTGG ATCGAT CC Tcc ATG Ctt

The desired sequence for a vector identical to ANEX 1
but incorporating the above-identified changes vis-a-vis
the neo start codon, referred to as ANEX 2, is as follows
{SEQ ID NO: 9):

CCA GCA_TGG AGG A ATCGAT CC Tcc ATG Ctt

(The out-of-frame start codon is underlined.) The

fully impaired consensus Kozak of ANEX 2 is identical to

" that of ANEX 1. The principal difference is the inclusion

of the upstream out-of-frame start codon. A possible
difference is the formation of a secondary structure
involving this sequence, proposed as follows:

53

R 1



(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY; linear 5 (i1) MOLECULE TYPE: DNA (genom c)
(rii) HYPOTHETI CAL: vyes (iv) ANTI-SENSE: yes - (1x)
SEQUENCE DESCRI PTION: SEQ I D NO 1: TAG CTA GGT CCT ACC CC
17 10 (3) |INFORMATION FOR SEQ I D NO 2: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH, K 17 bases (B) TYPE:
nucleic acid (O STRANDEDNE%@; single 15 (D)
TOPOLOGY: |inear (i) MOLECULE TYPE: DNA (genonic)
CG )
T A -) CLA I site
A T }
AT
5 GC
GC
* AT
GC
GC
10 TA
Al
cG
GC
AT
15 ' T
CG
The sequence in bold, ATG. is the upstream ouw-of-
frame star:t codon; the "loop* portion of the secondary
structure is the CLA I site; and the sequence between the
20 *T" and "C" (italies ané bold) is the start codon
(underlined) of the fully impaired consensus Kozak.
In order to effectuate this change, a PCR fragment
was cloned into anti-CD20 ia ANEX 1 from Xho I (5520} to
Cla I (5901); see, Figure 4. Primers were as foilows:
25
3°'~Primer 489 (SEQ ID NO: 10):
5'-GGA GGA TCG ATT CCT CQ3 TGC TGG

CAC AAC TAT GTC AGA AGC AAA TGT
30 GAG C~-3°
The upper-lined portien of Primer 489 is a Cla I

site; the under-lined portion is the fully impaired
consensus Kozak translation start site.

- 35 5°'-Primer 488 (SEQ. ID. NO. 11):

$'-CTG GGG CTC GAG CTT TGC-23

The upper-lined por:ion of Primer 485 is an Xho I
site.
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(i) HYPOTHETI CAL: yes (iv) ANTI-SENSE: no (xi)

SEQUENCE DESCRI PTION: SEQ ID NGO 2: 20 ATC GAT CCT GGA TGC GG
(4) | NFORVATION FOR SEQ ID NO 3: (i) SEQUENCE CHARACTERI STI CS
(A) LENGTH: 9 bases (B) TYPE: nucleic acid 25 (O
STRANDEDNESS: single (D TOPOLOGY: |inear - (i)
MOLECULE TYPE: DNA (genoni c) (i) HYPOTHETI CAL: yes

(iv) ANTI-SENSE: no 30 (xi) SEQUENGs DESCRI PTION: SEQ I D NO 3:

TNN ATG CTT 9

10

15

20

25

30

35

These primers were prepared using an ABI 391 PCR
MATE™ DNA synthesizer (Applied Biosystems, Foster City,
Ca). Phosphoramidites were obtained from Cruachem
(Glasgow, Scotland): dA(bz) - Prod. No. 20-8120-21;
dGl{ibu) - Prod. No. 20-8110-~21; dC(bz) - Prod. No. 20-
8130-21; T - Prod. No. 20-8100-21.

Conditions for the PCR reaction using these primers
were as follows: 2A ("microliters”) of anti-CD20 in TCAE
5.2 in plasmid grown in E. coli strain GM48 (obtained
from the ATCC) was admixed with 77A of deionized water; 2A
of Primer 488 (64 pmoles): and 4A of primer 489 (56
pmoles). This was followed by a denaturation step (94°C,
5 min.) and & renaturation stép (54°C, 5 min.).
Thereafter, 4A of 5 mn ANTPS (Promega, Madison, WI: dATP,
Prod. No. Ul201; 4CTP, Pred. No. Ulz2l: 4GTP, Prod. No.
U1211; 4TTp., Prod. No. Ul1231), 1A of Pfu DNA polymerase

(Stratagene, La Jolla, CA Prod. No. 600135, 2.5 U/ml), and
50A of mineral oil overlay was added thereto, followed by
30 cycles, with each cycle comprising the following:
72°C, 2 min.; 94°C, 1 min.; $4°C. 1 min. Ten microliters
(100 ) of this admixture was analyzed by agarose gel
electrophoresis (results not shown); a single band was
found at about 400 base pairs.

The PCR product and the vector were prepared for
ligation as follows: Anti-CD20 in ANEX 1 plasmid grown in

E. coli bacterial strain GM48 was digested with Cla 1 and
Xho 1 as follows: 20Aocf anti-CD20 in ANEX 1 was admixed

wich 10A of 10XNEB4 buffer (New England Biolabs, Beverly,
MA; hereinafter, NEB); SA Cla 1 (NEB, Prod. No. 197 S,
60u); and 64A deionized water. This admixture incubated
overnight at 37°C, followed by the addition of SA Xho 1
(NEB, Prod. No. 146 §, 100 u) and incubarion at 37°C for 2
hxs. The resulting material is designated herein as "Cla
1/Xho 1 cut ANEX 1. The approximate 400 base palr PCR
fragment was prepared and digested with Cla 1 and Xho 1 as
follows: 90A of the PCR fragment was admixed with 10A of
3M NaOAc; 1A 10% sodium dodecyl sulfate (SDS); and 90A
phenyl/CHCl3/iscamyl. This admixture was vortexed for 30

T L nhe papincenent sheet
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(5) INFORVATION FOR SEQ I D NO 4:

(A) LENGTH. 9 bases 35 (B) TYPE: nucleic acid

STRANDEDNESS:

single, including nick (D) TOPOLOGY: |i near

(1i1) MOLECULE TYPE: (DNA (genonic)

10

15

20

25

30

35

36

sec. followed by a 1 min. spin (1700 RPM). The agueous
phase was subjected to a spin column which resulted in 85X\

total admixture. To this admixture was added 10A 10XNER4,
1A bovine serum albuymin (BSA,100X: NEB), 2A Cla 1 (24u),
and 2AXho 1 (40 u). This admixture was incubated at 37°C

for 2 hxs. The resulting material is designated herein as
*Cla 1/Xho 1 cut PCR 4B8/489". Both Cla 1/Xho 1 cut ANEX
1 and Cla 1l/Xho 1 cut PCR 488/489 were analyzed by
agarose gel electrophoresis and the resulting bands were
observed at the same relative location on the gel (results
not shown).

Ligation of Cla 1l/Xho 1 cut PCR 488/489% and Cla
1/Xho 1 cut ANEX 1 was accomplished as follows: 1A of
tRNA (Sigma, St. Louis, MO, Prod. No. R-8508) was admixed
with 1A 10% SDS; 10A 3M NaOAc; 45A of Cla 1/Xho 1 cut PCR
488/489 (about 22.5 ng): a 1:4 dilution (0.251A) of Cla
l1/Xho 1 cut ANEX 1 (about 32 ng) in 0.75A tris-
hydroxymethyl aminomethane euhylenediémine tetracetic acid
(TE); and 42\ TE. To this admixture was added 90A
Phenyl/CHClay/isoamyl, followed by a 30 sec. vortex and a 1
min. spin (1700 RPM). The aquecus phase was transferred
to a new tube, followed by addition of 270A of 100% EtOH
(-20° C), 10 min. spin (13,000 RPM) followed by addition
of another 270A of 100% EtOH (~20° C) and another 1 min.
spin (13,000 RPM). This admixture was dried in a
SpeedVAC™ and resuspended in 177X TE. 2A ligase buffer
(Promega, T4 DNA Ligase kit, Prod. No. M180) and 1A ligase
{Promega Ligage kit). This ligation mix incubated at 14°C
overnight. Twenty microliters (20A) of the ligation mix
was admixed with 10A 3M NaOAc, 1A 10% SDS, 69\ TE, and
S0A phenyl/CHClj/iscamyl. This admixture was vortexed for
30 sec., followad by a 1 min. spin (1700 RPM). The
aqueous phase was transferred to a new tube and 270\ of
100% EtOH (~-20°C) was added thereto, followed by a 10
min. spin (1700 RPM). This admixture was dried in a
SpeedVAC™ and resuspended in 2A TE. Ten microliters of
the resuspended admixture was transformed in E. coli X-L1

blue™ (Stratagene, La Jolla, CA), following manufacturer
'”_';5'_. D

(i) SEQUENCE CHARACTERI STI CS:

(O



54 (iii) HYPOTHETI CAL: yes (iv) ANTI-SENSE: no

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 4: - CNN ATG CTT

9 5 (6) |INFORVATION FOR SEQ ID NGO 5: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 9 bases (B) TYPE
nucl eic acid i (C) STRANDEDNESS: single 10 (D)

TOPOLOGY: | i near
37

instructions. Ten (10) bacte.:ial colonias were inoculated
in LB Broth (Gibco BRL, Grand Island, NY, Prod. No.
M27950B) including ampicillin (50ug/ml; Sigma, Prod. No.

A-9393). Plasmids were isolated from the 10 cultures
5 with a Promega DNA purification System (Prod. No. PR-
A7100), following manufacturer instructions; these

plasmids may have comprised the ANEX 2 vector. depending

on the sufficiency of the foregoing.
ANEX 2 includes a Hinf I gite (“GAATC") upstream of
10 the neo start site (-9 to -13 relative to the neo start
codon): ANEX 1 does not include this Hinf I site. The
purified plasmids comprising putative ANEX 2, and
previously purified ANEX 1 standard , were subjected to
Hinf 1 digestion as follows: 2A of each isolate was
15 admixed with 8A of Hinf I digestion buffer (15A 10 x NEB2
buffer; 15\ Hinf I (NEB, Prod. No. 1555, 10u/A); and 90A
H20). This admixture incubated for 3 hrs. at 37°C and
each isclate was analyzed via agarose gel electrophoresis
(results not shown); nine (9) of the bands were
20 subsﬁantially identical to the ANEX 1 standard, one(l)
showed a slight difference in band pattern. For this
single isolate, the first two bands were at 1691 and 6§70
kB: for the ANEX 1 Hinf I digested product, the first
three bands were at 1691, 766, and 670 kB. The missing
25 Dband at 766 kB for the single isclate was -attributed to
the presence of the Hinf I site therein, indicating tha:
the desired change t; ANEX 1 was incorporated into this
vector. This vector was designated "Anti-CD20 in ANEX 2
(G1.K)." and is generally referred to by the inventor as

30 ANEX 2.
Electroporation of anti~-CD20 in ANEX 2 was
accomplished as follows: two-hundred and forty

microliters (240A) of the anti-CD20 in ANEX 2 DNA (400ug)
was admixed with 100A of 10 X NEB2 buffer ; 100\ of Stu I
35 (NEB, Prod. No. 187S, 1000 u); and 560A TE, and incubated
at 37°C for 2hrs. This admixture was then placed over 8
spin columns (125A each), followed by addition of 110A 10X
Not I buffer (NEB): 10\ 100X BSA: and 20A of Not I (NEE,

This ic the replacement sheet
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(i1) MOLECULE TYPE: DNA (genom c) (i1) HYPOTHETI CAL: yes

(iv) ANTI-SENSE: no (xi) SEQUENCE DESCRI PTION. SEQ ID NO 5: 15
TNN ATG TTT 9 (7) I NFORVATI ON FOR SEQ I D NO
6: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 9
bases (B) TYPE: nucleic acid 20 (C STRANDEDNESS
singl e (D) TOPOLOGY: i near (i1) MOLECULE TYPE: DNA
(genoni c¢) (1i) HYPOTHETI CAL: yes38 (iv) ANTI-SENSE: no 25

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NGO 6:
Prod. No., 189S, 800u). This admixture was incubated at

37°C for 3 hrs., followed by the addition of 120A of 3M
NaOAC and 12X of 10% SDS. The admixture was transferred

to 2 vortex tubes and 500A of phenyl/CHCl3i/isoamyl was

5 added to each, followed by a 30 sec. vortex and 1 wmin.
spin (1700 RPM). The hqueous phase was removed from the
tubes and segregated into 3 tubes, followed by the
addition to each tube of -20°C 100% ETOH, followed by 10
min. spin (13,000 RPM). Thereafter, -20°C 70% ETOH was

10 added to each tube, followed by 1 min. spin (13,000 RPM).

The tubes were then placed in a Speed VAC™ for drying.
followed by resuspension of the contents in 100A TE in a

sterile hood. Five microliters (5A) of the resuspended
DNA was admixed with 9950 of deionized water ({1:200

15 dilution). An optical density reading was taken (OD=260)

and the amount of DNA present was calculated to be
0.75ug/A. In order to utilize 25 pg of DNA for

electroporation, 32A of the 1:200 dilution of the DNA was
utilized (25 pg was utilized as this was the amount of DNA
20 utilized for TCAE 5.2 and ANEX 1 in the foregoing Example
1). The 1:200 dilution of DNA was formally referred to as
"Stu 1, Not I cut anti-CD20 in ANEX 2 (254g) in TE" and
generally referred to as *anti-CD20 in ANEX 2.*
Host cells utilized was DG44 CHO ("CHO") (see,
25 Urlaub, G. Somatic Cell, 1986 supra). One hundred
millilicers of 6.6 x 10° cells/ml (84%) were subjected to
a 2 min. spin at 1000 RPM. These were washed with 50 ml
sucrose buffered solution, followed by 5 min. spin at 1000
RPM; the material was then resuspendaed in 4.5 ml of the
30 sucrose buffered sclution. Thereafter, cells were counted
and 0.4 ml of CHO cells ( 4.0 x 106 cells) were admixed
with 320 of the anti-CD20 in ANEX 2 in BTX sterile,
disposable electroporation cuvettes. Electroporation
settings were as follows: 210 volts; 400 microfaraday
35 capacitance; 13 ohms resistance, using a BTX 600™ electro
cell manipulator (BTX, San Diego, CA). Nine (9)
electroporations were conducted: actual volrage delivered
over actual times were as follows: 1-199V, 4.23 msec; 2~
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CNN ATG TTT 9 (8) I NFORVATI ON FOR SEQ I D NO
7: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 29
bases 30 (B) TYPE: nucleic acid (O

STRANDEDNESS: single (D TOPOLOGY: |inear (i)
MOLECULE TYPE: DNA (genomic) (ii) HYPOTHETI CAL: yes 35 (iv)
ANTI - SENSE:  no : (xi) SEQUENCE DESCRI PTION: SEQ ID'NO 7:

TTG GGA GCT TGG ATC GAT CCA CCA TGG TT

10

15

20

25

30

35

is

188v, 4.57 mgec; 3-189V, 4.24 msec, 4-200V; 4.26 msec, 5-
200V, 4.26 msec; 6-199V, 4.26 msec: 7-189V, 4.59 msec: 8-
189V, 4.57 msec; 9-201 V, 4.24 msec. (As noted in Example
I, the difference in number of performed electroporations
was attributed to the need to achieve a statistically
significant number pof viable colonies for each of the
three conditions., TCAE 5.2, ANEX 1 and ANEX 2; the amount
of DNA used for each eleczroporation (25 jg) was the same
for each, and the same number of cells were
electroporated.

Thereaftax, the electroporation material was admixed
with 20 ml of G418 Growth Media (CHO-S~-SFM II minus
hypoxanthine and thymidine (Gibeco, Grand Island, NT, Form
No. 91-0456PK)including 50 uM hypoxanthine and 8 uM
thymidine). The admixture was gently agitated, followed
by plating 200 pl of the admixture per well into S6-well
plates, one plate for each electroporation (nine).
Beginning on day 2 after electroporation, through day 17,
150¢t1 of each well was removed, and 150 pl of fresh G418
Growth Media containing 400 pg/ml G418 was added thereto.
Colonies were analyzed on day 25.

One hundred and twenty one (121) colonies expressed
anti-CD20 antibody (ie , 13 colonies per electzoporation).
Of these, 63 (528%) expressed over 250ug /ml of protein; of
the 63, 20 of the colonies (16.5%) expressed over
1000ug/ml of protein. Only 5 of the 121 colonies {(4.1%)
expressed less than 25¢g/ml of protein. Figure S provides
a histogram comparing expression of protein per colonies
derived from the vectors TCAE 5.2, ANEX 1 and ANEX 2.

The foregoing data indicates that, inter alia, as
between ANEX 1 and ANEX 2, the use of at least one out-of-
frame start codon upstream of a fully impaired consensus
Kozak associated with the translation initiation of a
dominant selectable marker decreases the number of viable
colonies expressing co-linked gene product and
significantly increases the amount of expressed co~linked
gene product.



55 (9) | NFORMATI ON FOR SEQ ID No:  8: (i) SEQUENCE
CHARACTER! STI CS: (A) LENGTH: 29 bases (B) TYPE:
nucl eic acid

Building further upon the ANEX 2 vector, an
5 artificial splice was generated between amino acid
residues 51 and 52 of the NEO coding region of ANEX 2,
follgwed by insertion therein of the anti-CD20 encoding
region. Two such vectors were generated: the firse,
comprising a consensus Kozak sequence for the NEO
10 translation initiation codon and not comprising an out-of-
frame start codon, is referred to as "“GKNEOSPLA3F;" the
second, comprising a fully impaired consensus Kozak and an
out~of frame start condon, is referred to as “NEOSPLA3F."
Both GKNEOSPLA3F and NEOSPLA3F contain the following
15 artificial intron sequence between amino acid residues S1
and 52 of NEO:
51 52
5°'CTG CAG/GTAAGT GLGGOCGE TACTAAS (TC)3 €T (€13 TCC (T)g € CTGCAG/GAC GAG J'
The underlined portion represents a sequence amenable
20 to digestion with Not I enzyme; the encoding region for
anti-CbD20, inter alia, was inserted within this region.
Although not wishing to be bound by any particular
theory. the inventor postulates that during expression,
the inclusion of a gene product of interest within an
25 artificial intronic insertion region of a dominant
selectable marker (e.g. the NEO gene) should significantly
decrease the number of viable colonies producing, in the
case of the disclosed GKNEOSPA3F and NEOSPLA3F vectors,
anti~-CD20 antibody. This is predicated upon two points:
30 first, only those vectors which are able to transcribe and
correctly splice-out the antibody encoding region and
correctly translate NEO will be G416 resistant; second,
because each antibody cassette has its own promoter and
polyadenylation region, transcription and translation of
35 the antibody is independeat of translation of NEO.
The GKNEOSPLA3F and NEOSPLA3F vectors were
constructed in the following manner:

This e the repiacement sheet
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5

(C STRANDEDNESS: single (D TOPOLOGY: |

(ii) MOLECULE TYPE: DNA (genom c) (i1) HYPOTHETI CAL: no
(iv) ANTI-SENSE: no 10 (Xi) SEQUENCE DESCRI PTION: SEQ I D NO 8:
TTG GGA GCT TGG ATC GAT 18 CCT CCA TGC TT

11 (10)
CHARACTER! STI CS: 15

| NFORVATI ON FOR SEQ I D NGO 9: (i) SEQUENCE
(A) LENGTH. 30 bases ’ (B)

TYPE: nucleic acid (C) STRANDEDNESS: single
| i near (ii) MOLECULE T#PE: DNA (genonic)

TOPOLOGY:

10

15

20

25

30

35

Anti-CD20 in ANEX 2 was digested with Not I and Xho T
in order to isclate the 1503 bp NEO cassette DNA fragment
(see Figure 4 between *“Not I 7023* and "Xho I B5520") as
follows: 10 ul of anti-CD20 in ANEX 2 was admixed with 6
pl deionized Hy0 ("dH;0"): 1 ul Not I enzyme (NEB, Prod.
No. 189S); 2 ul of 10X Not I digestion buffer (NEB;
provided with enzyme); and 1 H Xho I enzyme (Promega,
Madison, WS, Prod. No. R4164). This digestion mixture
was incubated overnight at 37°C. The resulting digested
DNA was size fractionated by 0.8% agarose gel
electrophoresis and the desired fragment migrating at 1503
was isolated via the GlassMAX™ method (Gibco BRL, Grand
Island, NY., Prod. No. 15590-011) for insertion into
pBluescript SK(-~) plasmid DNA (Stratagene, La Jolla, CA}.

pBl\iescrip: SK (-) was previously prepared for
acceptance of the NEO cassette by double digestion with
Not I and Xho I using the same conditions as above for
anti~CD20 in ANEX 2. Digested pBluescript SK (-) was then
collected by ethanol precipitation by the addition of 70
Bl AH,0; 2 pl tRNA (Sigma, St. Louis, MO, Prod. No. R~
8508); 10 pul of 3IM NaOAc; and 300 pl 100% ETOH (-20°C).
This was followed by a 10 min spin (13,000 RPM), decanting
the supernaéant. rinsing with 70% ETOH, decanting the
liquid, drying in a SpeedVAC™ and resuspending in 20 ul 1
x TE.

Ligation of the NEO cassette DNA fragment into
prepared pBluescript SK (-) vector was accomplished as
follows: 10 pl of NEO fragment DNA was admixed with 6 ul
QH,0: 1 pl cut pBluescript SK (-) vector DNA; 2 pl 10 x
ligacion buffer (Promega, supplied with enzyme); and 1 ul
T-4 DNA Ligase (Promega, Prod. No., M1801l) followed by
incubation at 14°C overnight. Ligated DNA was collected
by ethanol precipitation as described above for the
preparation of pBluescript SK (-) vector DNA.

Ten (10) Kl of the resuspended ligated DNA was
transformed 4into E. coli XL-1 Blue™ (Stratagene),
following manufacturer inscructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.
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20 (ii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no

SEQUENCE DESCRI PTI ON: SEQ I D NO. 9:

(xi)

CCA GCA TGG AGG AAT CGA

TCC 21 TCC ATG CTT 9 25
( 11) I NFORVATI ON FOR SEQ I D NO 10: (i) SEQUENCE

CHARACTERI STI Cs: (A) LENGTH: 52 bases _ (B) TYPE
nucl eic acid (C) STRANDEDNESS: single 30 (D)
TOPOLOGY: |inear (1i) MOLECULE YPE: DNA (genonic) (1)
HYPOTHETI CAL: yes (iv) ANTI-SENSE: yes (xi) SEQUENCE

DESCRI PTI ON: SEC&&;E

10

£§%) %%Eluding ampicillin (50 pg/ml; Sigma, Prod. Nc.
A~9393). Plasmids were isolated from the 10 cultures wizh
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions; these plasmids may
have comprised the plasmid referred to as BlueNEOe
depending on the sufficiency of the foregoing. (BlueNEQO+
was confirmed due to the sufficiency of the following
procedure.)

BlueNEO+ contains a Not I restriction recognition
sequence reformed upon ligation of the NEO cassette
fragment DNA into the pBluescript SK (-) vector. This
site was destroyed by the following: 1 gl of BlueNEO+
DNA was admixed with 16 1l dH;0; 2 B 10 x Not I digestion

. buffer (NEB); 1 pl Not I enzyme (NEB). This was followed

15

20

25

by incubation at 37°C for 2 hrs. This digested DNA was
then purified by spin column fractiomation resulting in 15
Bl final volume. This 15 pl Not I digested DNA was
"blunt-ended" by admixing with 4 pl 5X Klenow buffer (20
mM Tris-HCL, pH 8.0, 100mM MgCl;) and 1 Bl DNA Polymerase
I Large (Xlenow) Fragment (Promega, Prod. No. M2201).
This admixture was incubated at room temperature for 30
minutes. Blunt-ended DNA was then purified by spin c¢column
fractionation, giving a final volume of 1S5 ul.

Ligation of the blunt-ended DNA was performed in an
analogous way as to the ligation of the NEO cassette
fragment DNA into the pBluescript SK (~) vector except

. that the final DNA was resuspended in 17_u1 of 1 X TE.

30

s

Following ligation, the DNA was subjected to a second
restriction digestion with Not I by mixing the 17 pl of
DNA with 2 ul 10 X Not I digestion buffer and 1 ul Not I
enzyme (NEB). Digestion was allowad to proceed at 37°C
for 60 minutes. Following digestion, the admixture was
purified by spin column fractionation resulting in 15 ul
final volume.

Tern (10) ul of the purified DNA was transformed inte
E. coli XL-1 Blue™ (Stratagene), following manufacturer
instrucrions. Ten (10) bacterial colonies were inoculated
in LB broth (Gibco BRL including ampiecillin (50 Hg/ml:

et



35

GGA GGA TCG ATT CCT CCA TGC TGG 24

CAC

AAC TAT GIC AGA AGC AAA TGTI GAG C 28 (12) 1 NFORVATI ON FOR SEQ I D NO

11:

10

15

20

‘25

30

s

(1) SEQUENCE CHARACTERI STI CS

43

Sigma). Plasmids were isolated from the 10 cultures with a
Promega DNA purification gystem following manufacturer
instructions; these plasmids may have comprised the
plasmid referred to as BlueNEO- depending on the
sufficiency of the foregoing. (BlueNEO- was confirmed due
to the sufficency of the following procedure.)

BlueNEO- contains a unique Pst I restriction site
spanning the codons for amino acid residues 51 and 52.
BlueNEO- was digested with Pst I as follows: an admixture
was formed containing 15 ul dH20; 1 1l BlueNEO- DNA, 2 ul
digestion buffer 3 (NEB) and 2 p1 Pst I enzyme (NEB, Prod.
No. 140S). This admixture was incubate at 37°C for 3 hrs.
Digested DNA was then purified by spin column
fractionation. The following synthetic oligonucleotide
was then ligated to the Pst I cohesive ends of BlueNEO-:
5* GGTAAGTGCGGCCGETACTAACTCICTCCTCOCTCETTIITICETSCA 3¢ (SEQ ID NO: 12)
and its complémentary seqgquence:
5 * GGAARAAGSAGGGAGGAGAGAGTTAGTAGCGGECGCACTTACCTIGOA 3°  (SEQ ID NoO: 13)
Insertion of this linker creates a consensus 5' splice
donor site (by ligation) followed by a Not I site,
followed by a consensus splice branch point, followed by a
synthetic polypyrimidine tract, followed by a consensus 3
splice acceptor site, as indicated above.

Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK i—)
except using 2 ul of Pst I linearized BlueNEO- DNA and 14
pl (175 pmoles) of annealed complementary
oligonucleotides.

The foregoing (and following) synthetic oligo
nucleotides were chemically synthesized using an Applied
Biosystems 391 PCR MATE™ DNA Synthesizer (Applied
Biosystems, Foster City, CA). All reagents for the
synthesis were purchased from Applied Biosystems.

Ligated DNA was collected by ethanocl precipitaction as
described above for the preparation of pBluescript SK (-)
vector DNA.

Ten (10) 1l of the resuspended ligated DNA was
transformed into E. coli XL-1 Blue™ (Stratagene),

Thic i¢ the replacement sheet
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56 (A) LENGTH: 18 bases (B) TYPE: Nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: linear 5 (i)
MOLECULE TYPE: DNA (genom c) (ii) HYPOTHETI CAL: no (1v)
ANTI - SENSE: no (xi) SEQUENCE DESCRI PTION: SEQ ID NGO 11:

CTG G&G CTC GAG CTT TGC 18 10 (13) | NFORMATI ON FOR SEQ ED
NO 12 (i) SEQUENCE CHARACTERI STJ CS: (A) LENGTH: 47
bases (B) TYPE: Nucl eic aci

following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL) including
ampicillin (50 pg/ml; Sigma). Plasmids were isolated from
the 10 cultures with a Promega DNA purification system,
5 following manufacturer instructions: these plasmids may
have comprised the plasmid referred to as NEOSPLA and/or
NEOSPLA- depending on the sufficiéncy of the foregoing and
the orientation of the insertion of the oligonucleotides.
Determination of orientation of the splice junction
10 linker was preformed by nucleic acid sequencing using the
Sequenase Version 2.0 DNA Sequencing Kit (United States
Biochemical, Cleveland, OH, Prod. No. 70770) following
manufacturer instructions. Upon determination of linker
orientation within six independent plasmid isolates,
15 identification of NEOSPLA was made such that the inserted
splice juncrion seQuences are in the correct forward
orientation with respect to the direction of NEO
transcription. '
NEOSPLA was digested with Xho I by forming an
20 admixture of 15 ul dH;0; 1 1l NEOSPLA DNA; 2 ul 10 X
digestion buffer D (Promega, supplied with enzyme); and 2
gl Xho I enzyme (Promega, Prod. No. R6161). This
admixture was digested at 37°C for 3hrs followed by DNA
purifcation by spin column fractionmation. Into this site
25 was ligated a self complementary synthetic oligonucleotide
having the following sequence: 5' TCGATIAATTAA 3°  (SEQ ID NO:
1¢). Insertion of this sequence effectively changes the
Xho I site to a Pac I restriction site (as underlined in
SEQ ID NO: 14).
30 Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK (-)
except using 2 pl of Xho I linearized NEOSPLA DNA and 14

T 1 (175 pmoles) of annealed complementary
oligonucleotides.
35 Ligated DNA was collected by ethanol precipitation as

described above for the preparation of pBluescript SK (-)
vector DNA.

Thio e s o mant aneet



(C© STRANDNESS: single 15 (D TOPOLOGY: linear
MOLECULE TYPE: DNA (genoni c) (i1) HYPOTHETI CAL: no

ANTI - SENSE: no62

CTG GA 17 (14) | NFORMATI ON FOR SEQ ID NO 13
SEQUENCE CHARACTERI STI CS: (A) LENGTH:. 47 bases 25
(B) TYPE: Nucleic acid ( CASSTRANDEDNESS: si ngl e
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic)

10
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20

25

30

35

Ten (10) Rl of the resuspended ligated DNA was
transformed into E. coli XL-1 BlueT™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibeco BRL) including
ampicillin (50 pug/ml; Sigma). Plasmids were isolated from
the 10 cultures with a Promega DNA purification system,
following manufacturer instructions; these plasmids may
have comprised the plasmid referred to as NEOSPLAJ
depending on the sufficiency of the foregoing. (NEOSPLA3
was confirmed due toc the sufficency of the following
procedure.)

Anti-CD20 in ANEX 2(G1,K) contains the anti-CD20
light chain and heavy chain immunoglobulin cassettes and a
DHFR cassette bounded by a Not I site at the 5' end and an
Xho I site at the 3' end. Anti~CD20 in ANEX 2(Gl,K) was
digested with Xho I by forming an admixture of 15uldH.O, 1
#l anti-CD20 in ANEX 2{G1l,K} DNA, 2 {1 10 X digestion
buffer D (Promega, supplied with enzyme) and 2 il Xho I
enzyme (Promega, Prod. No. R6161). This admixture was
digested at 37°C for 3 hrxs followed by DNA purifcation by
spin column fractionation. Into this site was ligated a
self complementary synthetic oligonucleotide of the
following seguence: §° TCGAAGLGGICGET 3° (SEQ ID NO: 1S5).
Insertion of this sequence effectively changes the Xho I
site to a Not I restriction site (as underlined in SEQ ID
NO: 15). _

Ligation was performed as described above for the
ligation of the NEO cassette into pBluescript SK (-)
except using 2 gl of Xho I linearized anti-CD20 in ANEX 2
DNA and 14 ul (175 pmeles) of annealed complementary
oligonuclectides.

Ligated DNA was collected by ethanol precipitation as
described above for the preparation of pBluescript SK (=)
vector DNA. ‘

Ters (10) ul of the resuspended ligated DNA was
transformed intoc E. coli XL-1 BlueT™ (Stratagene),
following manufacturer inscructions: Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL, Prod. No.

(i)
(iv)

(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 12: 20

GGTI AAG TGC GGC CGC TAC TAA CTC TCT CCT 30 CCC TCC TTT TTC

(i)

3 _“"'b:.'ﬂ_,-f



(ii) HYPOTHETI CAL: no 30 (iv) ANTI-SENSE: yes (xi) SEQUENCE

DESCRI PTI ON:  SEQ I D NO 13: GGA AA AGG AGG GAG GAG AGA GIT AGT AGC
GeC 33 CGC ACT TAC CTG CA 14 (15)

| NFORMATI ON FOR SEQ ID NGO 14 35 (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 12 bases (B) TYPE: Nucleic acid (O

STRANDEDNESS: si ngl e 46

M27950B) including ampicillin (50 pg/ml; Sigma, Prod. Ne.
A-9393). Plasmids were isolated from the 10 cultures with
a Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer ingtructions: these plasmids may

S have comprised the plasmid referred to as Anti-CD20 in
ANEX 2(G1,K)A depending on the sufficiency of the
foregoing. (This was confirmed due to the sufficency of
the following procedure.)

Anti-CD20 in ANEX 2(Gl,K)A was digested with Not I

10 and Xho I by forming an admixture of 6 pl dH;0; 10 pul
Anti-CD20 in ANEX 2(Gl.K); 2 pl 10 x Not I digestion
buffer (NEB, supplied with Not I enzyme); and 1 pl Not I
enzyme (NEB). This admixture was digested at 37°C for 3
hrs followed by size fractionation by 0.8% agarose gel

15 electrophéresis and the desired fragment migrating at 5515
base pairs by was isolated via the GlassMAX method for
insertion into NEOSPLA3.

NEOSPLA3 was previously prepared for acceptance of
the anti-CD20 cassette by digeStioﬁ of 1 pl of DNA with

20 Not I using an admixture comprising 16 Rl dH0; '

2 pl 10X Not I digestion buffer (NEB); 1 ul Not 1I
enzyme (NEB); followed by incubation at 37°C for 2 hrs.
This digested DNA was then purified by spin column
fractionation resulting in 15 yl £inal volume.

25 Ligacion of the anti-CD20 DNA fragment into prepared
NEOSPLA3 vector was accomplished as follows: 10 pl of
anti-CD20 fragment DNA was admixed with 6 pl d#,0; 1 ul
cut NEOSPLA3 vector DNA; 2 #l 10 x ligation buffer
(Promega supplied with enzyme): and 1 pl T-4 DNA Ligase

30 (promega); followed by dincubation at 14°C overnight.
Ligated DNA was collected by ethancl precipication as
described above for the preparation of pBluescript SK (=)
vector DNA. .

Ten (10) Hl of the resuspended ligated DNA was

35 cransformed into E. coli XL-1 Blue™ (Stratagene),
following manufacturer instructions. Ten (10) bacterial
colonies were inoculated in LB broth (Gibco BRL) including
ampicillin (50 pg/ml; Sigma). Plasmids were isolated from
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( D) TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genoni c)
(ii) HYPOTHETI CAL: no (iv) ANTI-SENSE: no S (xi) SEQUENCE
DESCRI PTION:  SEQ ID NO  14:

47

the 10 cultures with a Promega DNA purification system
following manufacturer instructions: these plasmids may
have comprised the plasmids referred to as anti-CD20 in
NEOSPLA3F and anti-CD20 in NEOSPLA3R depending on the
5 sufficiency of the foregoing and relative orientation of
the inserted fragment with respect to NEO transcription.

Determination of orientation of the anti-CcD20
cassette insertion was preformed by double digestion with
Kpnl and Spel (NEB, Prod. No. 1335) in NEB buffer 1 plus

10 acetaced BSA as follows: an admixture comprising 4 pul DNA;
2 Ml NEB buffer 1; 1 pul Kpn I; 1 pl Spe I; 2 Ml BSA; and
10 pl dH;0 was formed. The admixture was digested at 37°C
for 2 hrs, followed by size fractionation on an 0.8%
agarose gel electrophoresis. Upon determination of anti-

15 CD20 insert orientation within six independent plasmid
isolates, identificaticn of anti-CD20 in NEOSPLA3F was
made such that the inserted sequences are in the forward
orientation with respect to the direction of NEO
transcription.

20 The 5515 bp anti-CD20 fragment contains the SV40
origin, a chimeric mouse human immunoglobulin light chain
transcriptional cassette, a chimeric mouse human
immunoglubulin heavy chain transcriptional cassette, and a
murine dihydrofolate reductase transcriptional cassectte

25 (see, Figure 4).

Anti-CD20 in NEOSPLA3F was doubly digested with Kpn I
and Stu I by czeatiﬁb the admixture consisting of 14 ul
dH;0, 1 pl anti-CD20 in NEOSPLA3F, 2 Ml 10 x digestion
buffer 1 (NEB, supplied with enzyme), 2 pul 10 x acetylated

30 BSA (NEB supplied with Kpn I enzyme)., 1 pl Kpn I enzyme, 1
‘Bl Stu I enzyme (NEB, Prod. Nos. 1425 and 187S
respectively). This admixture was digested at 37°C for 3
hrs followed by size fractionation by 0.8% agarose gel
electrophoresis and the desired fragment migrating at 9368

35 Dbase pairs by was isolated via the GlaasMAX method.

A PCR fragment of DNA was generated from TCAE 5.2.
The two following synthetic oligonucleotide primers were
utilized in the PCR reaction:



TCG ATT AAT TAA 12 (16) 1 NFORVATION FOR SEQ I D

[ : - 14
NO 15 (i) SEQUENCE CHARACTERI STI CS: (A LENGTH..
bases 10 (B) TYPE: Nucleic acid N (C STRANDEDNESS
single (D TOPOLOGY: |inear (i) MOLECULE TYPE: DNA
(genom c) (i) HYPOTHETI CAL: no 15 (iv) ANTI-SENSE: no
(xi-) SEQUENCE DESCRI PTION:  SEQ ID NO 15,4 . TCG AAG CGG CCG CT
14 (17) I NFORVMATION FOR SEQ ID NO 16 a7 b (1) SEQUENCE

ERI STI CS: 20 A) LENGTH: ases
CHARACT 5' primer: 5'(G TGC GGT ACC GGA TCC ATC GAG CTA CTA
GCT TTG C 3°

(SEQ ID NO: 16);
3 primer: 5' CTG ACT AGG CCT AGA GCG GCC GCA CTT ACC
5 TGC AGT TCA TCC AGG GC 3° (SEQ ID NO: 17)

The underlined portion of SEQ ID NO: 16 represents a
Kpn I site, and the underlined portion of SEQ ID NO: 17
represents a Stu I site.

The PCR product was digested with Kpn I and Stu I and

10 then ligated into prepared anti-CD20 in NEOSPLA3F.

Ligation of the 627 bp fragment into prepared anti-
CD20 in NEOSPLA3F was accomplished as follows:

2 1l anti-CD20 in NEOSPLA3F: 1 ul SDS; 1 K1l CTtRNA
(Sigma): 11 gl 3M sodium acetate (pH 4.5) were admixed.

15 Following phenol/chloroform isocamyl extraction of the
admixture, the DNA was precipitated from the agueous phase
by addition of 270 pl ethanocl (ice-cold) and this was spun
at 13,000 rpm for 10 min. Following a 70% ETOH wash, the
DNA was resuspended in 16 UlTE, 10 Kl of PCR fragment DNA

20 was admixed with € pl dH,0, 1 pl cut anti-CD20 in
NEOSPLA3F vector DNA, 2 ul 10 x ligation buffer (Promega,
supplied with enzyme) and 1 pl T-4 DNA Ligase (Promega)
followed by incubation at 14°'C overnight. Ligated DNA was
collected by ethanol precipitation as described above for

25 the preparation of pBluescrsipt ‘SK (-) vector DNA.

Ten (10) pl of the resuspended ligated DNA was
transformed into E. coli XL-1 Blue™ (Stratagene).
following manufacturer instructions. Ten (10) bacrerial
colonies were inoculated in LB broth (Gibco BRL, Pred. No.

30 M273850B) including ampicillin (50 Hg/ml; Sigma, Prod. No.
A-9393). Plasmids were isolated from the 10 cultures with
& Promega DNA purification system (Prod. No. PR-A7100),
following manufacturer instructions; these plasmids may
have comprised the plasmid referred to as anti-CD20 in

35 GKNEOSPLA3F depending on the sufficiency of the foregoing.
(Confirmation was based upon sequence determination of the
different regions of GKNEOS2LA3F vs. NEOSPLA3F.)

L T - _ st owi it



(B) TYPE: Nucleic acid

(D) TOPOLOGY
(ii) HYPOTHETI CAL: no (1v) ANTI-SENSE: no (xi)

SEQUENCE DESCRI PTION: SEQ I D NO 16

ATC GAG CTA

30 (18)

TYPE:
(D

(C) STRANDEDNESS: single

| i near (i) MOLECULE TYPE: DNA (genomc) 25

27 CTA GCT TTG C

| NFORMATI ON FOR SEQ I D NO 17 (i) SEQUENCE
CHARACTER! STI CS: (A) LENGT#2 47 bases (B)

Nucl eic acid (C) STRANDEDNESS: single 35

TOPOLOGY

10

15

20

25

30

35

line@he new plasmid differs from anti-CD20 in NEOSPLA3F
in its Kozak sequence for the NEO gene which is:
-3 ) +1
TGT GTT GGG AGC TTG GAT _CGAT cc Acc ATG Gtt
Cla I Start NEO

for Anti-CD20 in GKNEOSPLA3F, and

-3 -1
TGT G CCA GCA_IGG AGG AAT CCGA Tcc Tce ATG Ctt
upstream Start Start NEO

for Anti-CD20 in NEOSPLA3F.

Comparative analysis of expression of anti~CD20 in
TCAE 5 vector (comprising NEO with consensus Kozak); ANEX
2 vecror {(comprising NEO with fully impaired Kozak, and
upstream out-of-frame start sequence); NEOPLA3IF (anti-CD20
inserted via artificial intronic insertion region between
amino acids 51 and 52 of NEO; NEO has fully impaired Kozak
and an upstream out-of~-frame start sequence): and
GKNEOSPLA3F (anti-CD20 inserted via artificial intronic
insertion region between amino acids 51 and 52 of NEO; NEO
has consensus Kozak).

Twenty-five (25) Hpg of each plasmid (digested as

follows: anti~CD20 in TCAES and ANEX2 - Not I; anti-CD20

in NEOSPLAIF -~ Pac I; anti-CD20 in GKNEOSPLA3F - Pac I and

-Kpn I) was electroporated into 4 x 105 CHO cells; these

digestions were utilized to separate the genes expressed
in mammalian cells €rom the DNA used to grow the plasmid
in bacteria. Following digestion, EtOH precipitation of
the DNA, and drying thereof, the DNA was resuspended in
sterile TE at a concentration of 1 ug/pl. Electroporation
conditions were as described in Example 1I, except that
230 volts was utilized and, following electroporation, the
nixcure of cells and DNA was maintained for 10 min. at
room temperature in the sterile, disposable
elecrroporation cuvette.

GCA TGC GGT ACC GERA TCC

10
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(i1i1) MOLECULE TYPE: DNA (genonic) (11) HYPOTHETI CAL: no
(iv) ANTI-SENSE: no 58

50

Following electroporation, cells were plated into 96
well dishes as shown below in Table I, based upon the
expected frequency of G418 resistant colonies (as derived
from preliminary experiments; data not shown):

5
Table I
Comparative Expression -
Plasmid No. No. Cells No. 96 Well

Transfections Plated Plates

TCAE S 1 4 x 108 5
ANEX 2 1 2 x 10§ 5
GKNEOSPLA3F 1 2 x 10§ 5
NEQSPLA3F 5 2 x 107 S

10 Table 1 (continued)

Plasmid No. G418 Frequency of G418
Resistant Resistant Colony per
Colonies Transfected Cell
TCAE S 16 1 in 20,000
ANEX 2 16 1 in 100,000
GKNEOSPLAJF 16 1 in 100,000
NEOSPLA3IF 16 1 in 1,000,000

(Cells were fed with G418 containing media on days 2., 5,
7. 9, 12, 14, 18, 22, 26, 30 and 34:; supernatant from

15 colonies was assayed for immunoglobulin production and the
colonies became confluent in the wells on days 18, 22, 26,
30 and 34).

Figures 7A to 7C provide histogram results and
evidence the percentage of colonies a: a particular level

20 of expression. ,

The Examples provided herein are not to be construed
as limited to the specific vectors, fully impaired
consensus Kozak sequences, dominant selectable markers,
transcriptional cassettes, and/or expressed proteins. The

25 fully impaircd consensus Xezak, and the uctilization
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 17

GCA CTT ACC 30 TGC AGI TCA TCC AGG GC 17

59

10

15

20

25

30

51

thereof, are not to be construad as limited to ANEX 1 and
ANEX 2 vectors. Similarly, the preferred fully impaired
consensus Kozak sequences and vectorg in no way constitute
an admission, either actual or implied, that these are the
only segquences or vectors to which the inventor is
entitled. The inventor is entitled to the full breadth of
protection under applicable patent laws. Preferred
vectors incorporating fully impaired consensus Kozak
sequences have been identified by the iaventor on ANEX 1
and ANEX 2 for purposes of claiming these vectors by
designating plasmids comprising these vectoérs and anti-
CD20 were deposited with the American Type Culture
Collection {ATCC), 12301 Parklawn Drive, Rockville,
Maryland, 20852, under the provisions of the Budapest
Treaty for the International Recognition of the Deposit of
Microorganisms for the Purpose of Patent Procedure. The
plasmids were tested by the ATCC on November §, 1992, and
determined to be viable on that date. The ATCC has
assigned these plasmids the following ATCC deposit numbers
69120 (anti-CD20 in TCAE 12(ANEX 1)) and 69118 (anti-CD20
in ANEX 2 (Gl,K)); for purposes of this deposit, these
plasmids were transformed into E. coli.

Although the invention has been described in
considerable detail with regard to certain preferred
embodiments therecf, other embodiments within the scope of
the teachings of the present jinvention are possible.
Accordingly, neither the disclosure nor the claims to
follow, are intended, nor should be construed to be,
limited by the descriptions of the preferred embodiments
contained here.

CTG ACT AGG CCT AGA GCG GCC

RRYAL R



VWhat is clainmed is: 1. An expression vector for expressing a
protein of interest by reconbi nant deoxyribonucleic acid techniques, said
vector conprising at | east one dom nant sel ectable marker, wherein the
translation initiation start site of said marker conprises the foll ow ng
sequence: -3 +1 Pyxx ATG Pyxx where "Py" is a
pyrim di ne nucl eotide; "x" is a nucleoti@e, and the nunerical designations
are relative to the codon "ATG'. '

SEQUENCE LISTING
(1) GENERAL INFORMATION
(i) APPLICANT: Reff, Mitchell E.
(ii) TITLE OF INVENTION: Impaired Dominant
5 Selectable Marker Sequence
and Intronic Insertion
Strategies for Enhancement
of Expression of Gene
Product and Expression

10 Vector Systems Comprising
Same
(iii) NUMBER OF SEQUENCES: 17
(iv) CORRESPONDING ADDRESS:
(A) ADDRESSEE: IDEC Pharmaceuticals
15 Corporation
(B) STREET: 11011 Torreyana Road
{C} CITY: San Diego
(D) STATE: California
(E) COUNTRY: USA
20 (F) 2IP: 92121

{(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb
(B) COMPUTER: Macintosh '
(C) OPERATING SYSTEM: MS.DOS
25 (D) SOFTWARE: Microsoft Word 5.0
(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B} FILING DATE:
(C) CLASSIFICATION:
30 (viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Burgoon. Richard P. Jr.
(B) REGISTRATION NUMBER: 34,787
(C) REFERENCE/DOCKET NUMBER:
(ix) TELECOMMUNICATION INFORMATION:
35 (A) TELEPHONE: (619) 550-8500
(B} TELEFAX: (619) 550 8750
(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
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2. The expression vector of claiml1l wherein the vector conprises a

nucl ei ¢ add sequence encodi ng the protein of
dom nant sel ect abl e marker. 3.

claiml wherein said dom nant sel ectabl e nar ker

consi sting of:

aspar agi ne synt hetase, Sal nonella his D gene,

her pes sinplex virus thym di ne ki nase,

interest is co-linked to said
The expression vector of

Is selected fromthe group
adenosi ne deam nase,
xant hi ne guani ne

phosphori bosyl transferase, hygromycin 33B phosphot r ansf er ase, and
neomyci n phosphot r ansf er ase.
{A) LENGTH: 17 bases
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
5 (ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: yes
(iv) ANTI-SENSE: yes
.(ix) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
TAG CTA GGT CCT ACC CC 17
10 (3) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 bases
(B} TYPE: nuclaeic acid
(C) STRANDEDNESS; single
15 (D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{1ii) HYPOTHETICAL: yes
(iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
20 ATC GAT CCT GGA TGC GG
(4) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 bases
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (genomic)
(iidi) HYPOTHETICAL: vyes
(iv) ANTI-SENSE: no
30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
TNN ATG CTT 9
(5) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 bhases
35 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single, including nick
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: (DNA (genomic)
Thin Lo opeeceran sheet



4. The expression vector of claim1l wherein said translation initiation
start site sequence is selected fromthe group consisting of TxxATGCXX;

CxxATGIxx; and TxxATGIxx, where "x" is a nucl eotide,
provi so that the codon "Txx" downstream of the ATG codon does not encode a
5. The expression vector of claim1 wherein said
translation initiation start site sequengg i s TxxATGCxx, where " x"

CxXxXATGCXX;
stop codon.

nucl eot i de.

10

15

20

25

30

35

(6)

(7)

(8)

{iil) HKYPOTHETICAL: vyes
{iv) ANTI-SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CNN ATG CTT
INFORMATION FOR SEQ ID NO: §5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 bases
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{ii) HYPOTHETICAL: yes
(iv) ANTI-~SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: S:

TNN ATG TTT
INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 9 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{ii) HYPOTHETICAL: Yyes
{iv) ANTI-SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ: 6:

CNN ATG TTT
INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 bases
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: yes
(iv) ANTI-SENSE: no

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

TTG GGA GCT TGG ATC GAT
CCA CCA TGG TT

lg

with the

is a
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6. The expression vector of claim1l wherein said

initiation start site sequence is TCCATCCTT.

10

15

20

25

30

5

(9)

(10)

(11)

{12)

S5

INFORMATION FOR SEQ ID N&J: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear
MOLECULE TYPE: DNA (genomic)
EYPOTHETICAL: no
ANTI~SENSE: no
SEQUENCE DESCRIPTION:
TTG GGA GCT TGG ATC GAT
CCT CCA TGC TT
INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 bases

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

MOLECULE TYPE: DNA (genomic)
HYPOTHETICAL: no

ANTI-~SENSE: no

SEQUENCE DESCRIPTION: SEQ ID NO: §9:
CCA GCA TGG AGG AAT CGA TCC

TCC ATG CTT )

INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:

(A) LEMGTH: 52 bases

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D} TOPOLOGY: linearxr

MOLECULE TYPE: DNA (genomic)
HYPOTHETICAL: yes
ANTI~SENSE: yes
SEQUENCE DESCRIPTION:
GGA GGA TCG ATT CCT CCA TGC TGG

CAC AAC TAT GTC AGA AGC AAA TGT GAG C
INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:

single

(ii)
(ii)
{(iv)

(xi) SEQ ID NO: 8:

(ii)
(ii)
(iv)
(%1)

(ii)
(ii)
{iv)
{xi1)

Thay b

SEQ ID NO: 10:

transl ati on

18
11

21

24

e e e TIEATT
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7. The expression vector of claim1l wherein said 5 translation initiation

start site sequence is |ocated W thin

8. The expression vector of claim1 wherein said

initiation start site sequence further 10
out-of-frane start codon within about
codon of said start site,
is located within said 1000 nucl eoti des.
vector of claim1 wherein said

(A)
(B)

LENGTH :
TYPE:

(C) STRANDEDNESS
(D} TOPOLOGY:
MOLECULE TYPE:
HYPOTHETICAL: no

5 (ii)
(ii)

a secondary structure.

transl ation
conprises at |east one

1000 nucl eotides of the ATG start

with the proviso that no in-frame stop codon

5615 9. The expression

18 bases
Nucleic acid
: single
linear
DNA (genomic)

10

15

20

25

30

35

(13)

(14)
(1)

(15)

ANTI-SENSE: no

SEQUENCE DESCRIPTION: SEQ ID NO: 11:

CTG GGG CTC GAG CTT TGC 18
INFORMATION FOR SEQ ED NO: 12

(iv)
{xi)

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 bases
(B) TYPE: Nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genocmic)
(ii) HYPOTHETICAL: 0o
(iv) ANTI-SENSE: no62
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

GGT AAG TGC GGC CGC TAC TAA CTC TCT CCT 30
CCC TCC TTT TTC CTG GA 17
INFORMATION FOR SEQ ID NO: 13
SEQUENCE CHARACTERISTICS:

(A) LENGTH: 47 bases

(B} TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: no
{iv) ANTI-SENSE: vyes

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

GGA AAA AGG AGG GAG GAG AGA GTT AGT AGC GGC 33
CGC ACT TAC CTG CaA 14
INFORMATION FOR SEQ ID NO: 14

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 12 bases
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
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translation initiation start site sequence further conprises at |east
one out-of-frame start codon within about 350 nucl eotides of the ATG
start codon of said start site, with the proviso that no in-frame stop
codon is 20 |ocated within said 350 nucl eoti des. 10. The
expression vector of claim1l wherein said translation initiation start
site sequence further conprises at | east one out-of-franme start codon
within 25 .about 50 nucleotides of the ATGsstart codon of said start

site, with the proviso that no in-frame stop codon is | ocated within

sai d 50 nucl eoti des.
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: no
(iv) ANTI-SENSE: no
5 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
TCG ATT AAT TAA 12
(16) INFORMATION FOR SEQ ID NO: 15
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 bases
10 (B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{ii) HYPOTHETICAL: no
15 (iv) ANTI-SENSE: no
{xi) SEQUENCE DESCKIPTION: SEQ ID NO: 15:
TCG AAG CGG CCG CT 14
(17) INFORMATION FOR SEQ ID NO: 16
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 37 bases
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25 (ii) HYPOTHETICAL: no
{iv) ANTI-SENSE: no
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16
GCA TGC GGT ACC GGA TCC ATC GAG CTA 27
CTA GCT TG C 10
30 (18) INFORMATION FOR SEQ ID NO: 17
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: &7 bases
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: sgingle
35 {D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(ii) HYPOTHETICAL: no
{iv) ANTI-SENSE: no

Thin s (e 1 Thacenign) Abeet
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11. The expression vector of clains 8 9 or 10 30 wherein said
out-of-frame start codon is part of a consensus Kozak sequence.

12. The expression vector of claim 10 wherein said out-of-frane start
codon and said translation initiation 35 start site sequence are both

i ncluded as part of a secondary structure. )

S8

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17
CTG ACT AGG CCT AGA GCG GCC GCA CTT ACC 30
TGC AGT TCA TCC AGG GC 17

e
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61 13. The expression vector of clains 8, 9 or 10 wherein said
translation initiation start site sequence is part of a secondary structure
and said out-of-frame start codon is not part of said secondary structure.
14. A doninant sel ectabl e marker encoded by a nucleic aci dhis SEHANE Been

wherein the translation initiation start site of said don1 aced
mar ker i s sel ected "m ’ﬂ ”] ,T

5%
Claims

1. An expression vector for expressing a protein
of interest by recombinant deoxyribonucleic acid
5 techniques, said vector comprising at least one dominant
selectable marker, wherain the translation initiacion
start site of said marker compriges the following
sequence:
-3 +1
10 Pyxx ATG Pyxx
where *"Py" is a pyrimidine nucleotide; *"x* is a
nucleotide; and the numerical designations are relative to
the codon "ATG".

15 2. The expression vector of claim 1 wherein the
nucleic acid seguence encoding for the protein of interest
is co-linked to said dominant selectable marker.

3. The expression vector of claim 1 wherein said
20 dominant selectable marker is selected from the group
consisting of: herpes simplex virus thymidine kinase,
adenosine deaminase, asparagine synthetase, Salmonella his
D gene, xanthine guanine phosphoribosyl transferase,
hygromycin B phosphotransgsferase, and neomycin

25 phosphotransferase.

4. The expression vector of claim 1 wherein said
translation initiation start site segquence is selected
from the group consisting of TAXATGCxX; CXXATGCxx;

30 CxxATGTxx; and TxxXATGTXX, where "x* is a nucleotide, with
the provise that the codon *"Txx" downstream of the ATG
codon does not encode a stop codon. '

5. The expression vector of claim 1 wherein said
35 ctranslation initiation start site sequence is TXXATGCxX,
where *x" is a nucleotide.

This is the replacement sheet
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fromthe group consisting of TxxXATGCxx; OCxxATGCxx; CxxATGIxx; and
TxXATGIxx, where "x" is a nucleotide, with the proviso that "Txx"
downst r eam of the"hA'EﬁieCIQQ@@end@ BigeflOt encode a stop codon. 15.
The mar ker of cl ai aid dom nant sel ectable marker is selected
fromthe group con lmlwz B pes sinplex virus thym di ne kinase,
adenosi ne deam nas synt het ase, Sal nonella his D gene, xanthine

guani ne phosphoribosyl transferase, hygro in B phosphot r ansf er ase,
and neonyci n phosphot r ansf er ase.
6. The expression vector of claim 1 wherein said

translation initiation start site segquence is TCCATGCTT.

7. The expression vector of claim 1 wherein said
S ctranslation initiation start site sequence is located
within a secondary structure.

8. The expression vector of claim 1 wherein said
translacion initiation start site sequence further
10 comprises at least one out-of~frame start codon within
about 1000 nuclecotides of the ATG start codon of said
start site, with the proviso that ne in-frame stop codon

is located within said 1000 nucleotides.

15 9. The expression vector of claim 1 wherein said
translation initiation start site sequence further
comprises at least one out-of-frame start codon within
about 350 nucleotides of the ATG start codon of said start
site, with the proviso that no in-frame sgtop codon is

20 located within said 350 nucleotides.

10. The expression vector of claim 1 wherein said
translation initiation start site seqguence further
comprises at least one out-of~-frame start codon within

25 about S0 nucleotidas of the ATG starct codon of said start
site, with the provisc that no in-frame stop codon is
located within said 50 nucleotides.

11. The expression vector of claims 8, 9 and 10
30 wherein said out-of-frame start codon is part of a
consensus Kozak seqguence.

12. The expression vector of claim 10 wherein said

out-of-frame start codon and said translation initiatioen

. 35 start site sequence are both included as part of a
secondary structure.
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16. The marker of claim 14 wherein said translation initiation start

site sequence is TxxXATGCxx, where "x" is a nucl eotide.

17. The

marker of claim 14 wherein said translation initiationTidshed HadHetn RBALIANCE

I s TCCATGCTT. 18. The marker of claim 14
translation initiation start site sequence is |ocated

AN

structure. 19. The nmarker of claim 14 wher

10

15

20

25

30

35

61

13. The expression vector of claims 8, 9. L0
wherein said translation initiation start site sequence is
part of a secondary structure and said out-of-frame start
codon is not part of said secondary structure.

14. A dominant selectable marker encoded by a
nucleic acid sequence, wherein the translation initiation
start site of said dominant gelectable marker is selected
from the group consisting of TXXATGCXX; CxxXATGCxXX;
CXXATGTxx; and TxxXATGTxx, where "x" is a nucleotide, with
the provisc that "Txx" downstream of the ATG codon does
not encode a stop codon.

15. The material of claim 14 wherein said dominant
selectable marker is selected from the group comsisting of
herpes simplex -virus thymidine kinase, adenosine
deaminase, asparagine synthetase, Salmonella his D gene,
xanthine guanine phosphoribosyl transferase, hygromycin B
phosphotransferase, and neomycin phosphotransferase.

16. The material of claim 14 wherein said
translation initiation start site sequence is THXOAATGCOXX,
where "x" is a nucleotide.

17. The material of claim 14 wherein said
translation initiation start site sequence is TCCATGCTT.

18. The material of claim 14 wherein said
translaction initiation start site sequence is located
within a secondary structure.

19. The material of claim 14 wherein said
translation initiation start site sequence furcher
comprises at least one out-of-frame start codon within
about 1000 nucleotides of the ATG start codon of sald
start site, with the proviso that no in-frame stop codon
is located within said 1000 nucleotides.
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translation initiation start site sequence further conprises at |east one
out-of-frane start codon within about 1000 nucl eotides of the ATG start
codon of said Shiag8Heetiat Been Reiidded he prOV|so that no in-frame stop codon is

e =

20. The material of claim 14 wherein said
translation initiation start site sequence further
comprises at least one out-~of-frame start codon within
about 350 nucleotides of the ATG start codon of said start

S site, with the proviso that no in-frame stop codon is
located within said 350 nucleotides.

62

21. The material of claim 14 wherein sgaid

translation initiation start site sequence further

10 comprises at least one out-of-frame start codon within

about 50 nucleotides of the ATG start codoen of said start

site, with the proviso that no in-frame stop codon is
located within said 50 nucleotides.

15 22. The material of claims 19, 20 and 21 wherein
said out-of-frame start codon is part of a consensus Kozak
sequence,

23. The material of claim 21 wherein said out-of-

20 frame start codon and said translation initiation start

site sequence are both included as part of a secondary
structure.

_ 24. The material of claims 19, 20, 21 wherein said
25 translation initiation start site sequence is part of a
secondary structure and said out-of-frame starrt codon ig

. not part of said secondary structure.

25. An expression vector selected from the group

30 consisting of ANEX 1 (included within American Type

Culture Collection deposit number 69120) and ANEX 2
{included within ATCC deposit number 69118).

26. A plasmid comprising the expression vector of

35 claim 1 wherein the nucleic acid sequence encoding for

said protein of interest is co-linked to said dominant
selectable markerx.

This is the replacement sheet
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20. Thé mar ker

sequence further conprises at

about 350 nucl eotides of the ATG start codon of said start site, with
proviso that no in-frame stop codon is |located within said 350 nucl eoti des.

21. The marker

sequence further conprises at

of claim 14 wherein said translation initiation start site
| east one out-of-frame start codon within

t he

of claim 14 wherein said translation initiation start site
| east one out-of-frame start codon within

about 50 nucl eotides of the ATG start codofi3of said start site, with the
proviso that no in-frame stop codon is |located within

10

15

27. The plasmid of claim 26 integrated within the
cellular deoxyribonucleic acid of a mammalian hest cell.

28. The plasmid of claim 27 whergin said host cell
is selected from the group consisting of DG44, DXB1l1l,
CVl, COS, R1610, SP2/0, P3Ix633-Ag8.653, BFA-1clBPT, RAJT,
and 293. ' .

29. The expression vector of claim 1 further
comprising an artificial intronic insertion region within
said dominant selectable marker, wherein an encoding
sequence for a protein of interest is located within said
insertion region.

30. The dominant selectable marker of c¢laim 14

further comprising an artificial instronic insertion
region.
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sai d 50 nucl eoti des. 22. The marker of clains 19, 20 and 21
wherein said out-of-frame start codon is part of a consensus Kozak

sequence. 23. The marker of claim 21 wherein said out-of-frame
start codon and said translation initiation start site sequence are both
i ncl uded as part of a secondary struture. 24. The marker of

clains 19, 20, 21 wherein

ABSTRACT

IMPAIRED DOMINANT SELECTABLE MARKER SEQUENCE AND INTRONIC
INSERTION STRATEGIES FOR ENHANCEMENT OF EXPRESSION OF GENE
PRODUCT AND EXPRESSION VECTOR SYSTEMS COMPRISING SAME

Disclosed herein are fully impaired consensus Kozak sequences which are most typically used
with dominant selectable markers of transcriptional cassettes which are a part of an
expression vector. These vectors are most typically utilized in the expression of proteins in
mammalian expression systems. As defined, disclosed and claimed herein, a "fully impaired
consensus Kozak" comprises sequence (1), where; "x" is a nucleotide selected from the
group consisting of adenine (A), quanine (G), cytosine (C) or thymine (T)/uracil (U); "Py"
is a pyrimidine nucleotide, ie C or TU; "ATG" is a codon encoding for the amino acid
methionine, the so-called "start codon; and - 3 and + 1 are directional reference points vis-a-
vis ATG. ie - 3 is meant to indicate three nucleotides upstream of ATG and + 1 is meant
to indicate one nucleotide downstream of ATG. Dominant selectable markers further

comprising artificial intronic insertion regions are further disclosed.

(Figure 1)
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said translation initiation start site sequence is part of a secondary
structure and said out-of-franme start codon is not part of said secondary
structure. 25. An expression vector selected fromthe group
consi sting of ANEX 1 and ANEX 2. 26. A plasm d conprising the
expression vector of claim1l wherein the nucleic acid sequence encoding for
said protein of interest is co-Iinkeq/%o sai d dom nant sel ectabl e marker.

Neomycin phosphotransferase gene

Cla | ~3 4
TCAE 5.2 TTGGGAGCTTGG AYCGAT CC A cc ATG GH
' Met \al

ANEX 1 TTGGGAGCTTGG ATCGAT CC I cc ATG Ct
: Met ceu

ANEX 2 CCaGCATGgAGGA ATCGAT CC I cc ATG Ctt
Met Leu
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containing the plasmd of claim26 wherein said
2/6

plasmd is integrated
cel l ul ar deoxyribonucl eic acid of said mammal i an

27. A manmmal i an host cel
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host cell. 28. The mammal i an host cell of claim 27 wherein
sai d 'mammal i an host cell is selected fromthe group consisting of D4,
DXB11, Cvi, COS, R1610, SP2/ O P3x633- Ag8. 653, BPA-I|cl BPT, RAJI, and 293.
29. The expression vector of claim1l further conprising an artificial
intronic insertion region within said dom nant sel ectable marker, wherein

an encodi ng sequence for a protein ofsjéﬂerest Is |ocated within said
i nsertion region.

TCAE 5.2 vs ANEX 1(TCAE12)
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(i)

in a reconbi nant

conprising an
31. An expression

i nt er est

of claim 14 further
wherein said expressi on vector conprises:

neonyci n phosphotransferase (NEOQ dom nant

| east one protein of

| mpaired
initiation start codon such that said nodified

I nstronic insertion region.
sel ectabl e marker gene which has beeg, granslationally inpaired by

nodi fication of the region of the NEO gene which includes the NEO

30. The dom nant sel ectabl e narker
transl ati on

artificial
vect or which expresses at

host cell
transl ationally
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| east one

and
kogous DNA is operably linked to a

CCA GCA TGG AGG A ATCGAT

whi ch translationally inpaired NEO gene is

?

pronot er and pol yadenyl ati on sequence different fromthe pronoter and

| east one heterol ogous DNA whi ch encodes for at
wherein said heteg

i nt er est,

regi on of the NEO gene which includes the NEO translation initiation start
at

codon has the follow ng nucl eotide sequence:

CC TCC ATG CTT (SEQ I D NGO 17)
operably linked to a pronoter and pol yadenyl ati on sequence;

(i)

protein of
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oper ably

i nked to

i nsertion region

ANEX 2 vs NEOSPLA
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pol ydenyl ati on sequence operably linked to the NEO gene,
sai d”het erol ogous DNA and said pronoter and pol yadenyl ati on

and wherein
seguence

sai d heterol ogous are inserted into an intronic
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contained in the NEO gene. 32. The vector of cIa|n131
further conprises a second domi nant sel ectapl e mar ker - gene

33. The vector of claim3lwherein the intronic insertion regionfs a:
synthetic intron sequence which is inser

whi ch

£d betvieen the CAG which encodés

e

Ok

gl ycine at position 61 and the GAC whi ch encodes aspartic acid at6p05|t|on-

62 of the NEO gene. 34. The vector of cIa|n131mhere|n t he
protein What is claimed is: _ . ..ﬂﬂﬁ
1. An expression vector for expressing a

protein of interest by recombinant deoxyribonucleic acid
techniques, said vector comprising at least one dominant
selectable marker, wherein the translation initiation start

site of said marker comprises the following sequence:

-3 +1
Pyxx ATG Pyxx

where "Py" is a pyrimidine nucleotide; "x" is a nucleotide;
and the numerical designations are relative to the codon
i ATG " .

2. The expression vector of claim 1 wherein
the vector comprises a nucleic add sequence encoding the
protein of interest is co-linked to said dominant selectable
marker.

3. The expression vector of claim 1 wherein
said dominant selectable marker is selected from the group
consisting of: herpes simplex wvirus thymidine kinase,
adenosine deaminase, asparagine synthetase, Salmonella his
D gene, xanthine guanine phosphoribosyl transferase,
hygromycin B phosphotransferase, and neocmycin
phosphotransferase.

4, The expression vector of claim 1 wherein
sald translation initiation start site sequence is selected
from the group consisting of TxxATGCxx; CxxATGCxX;
CxxATGTxx; and TxxATGTxx, where "x" is a nucleotide, with
the proviso that the codon "Txx" downstream of the ATG codon
does not encode a stop codon.

5. The expression vector of claim 1 wherein
said translation initiation start site sequence is
TxxATGCxx, where "x" is a nucleotide.

O o
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of interest

cl ai m 32.

I's an anti body. 35. A reconbi nant host cel
contains the expression vector according to claim 31. 36
reconbi nant host cell which contains the expression vector according t

37. A reconbi nant host cell which contains the

expression vector according to claim 33.

10

15

20

25

30

35

60

€. The expression vector of claim 1 wherein said
translation initiation start site sequence is TCCATGCTT.

7. The expression vector of claim 1 wherein said
translation initiation start site seqQuence is located
within a secondary structure.

8. The expression vector of claim 1 wherein said
translation initiation start site seguence further
comprises at least one out-of-frame start codon within
about 1000 nuclaétides of the ATG start codon of said
start site, with the proviso that no in-frame srop codon
is locared within said 1000 nucleotides.

8. The expression vector of claim 1 wherein said
translation initiation start site sequence further
comprises at least one out-of-frame start codon within
about 350 nucleotides of the ATG start codon of said start
site, with the proviso that no in-frame sgtop codon is
located within said 350 nucleotides.

10. The expression vector of claim 1 wherein said
translation initiation start site seguence further
comprises at least one out-of-frame start codon within
about S0 nuclecotides of the ATG start codon of said start
site, with the proviso that no in-frame stop codon is
located within said 50 nucleotides.

11. The expression vector of claims 8, 9 or 190
wherein said ocut-of-frame start codon is part of a
consensus Kozak sequence.

12. The expression vector of claim 10 wherein said
out-of-frame sgtart codon and said translation initiation
start site seguence are both included as part of a
secondary structure.
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38. A reconbinant host cell which contains the expression vector according

to claim 34. 39. The reconbinant host cell of c¢laim 35
wherein said host cell is a nmanmalian cell. 40. The
reconbi nant host cell of claim39 m@?rein said manmmalian cell is a

Chi nese hanster ovary cell

13. The expression vector of claims 8, 9 or 10
wherein said translation initiation start site sequence is
part of a secondary structure and said out-of-frame start

codon is not part of said secondary structure.

14. A dominant selectable marker encoded by a
nucleic acid sequence, wherein the translation initiation
start site of said dominant selectable marker is selected
from the group consisting of TxxATGCxx; CxxATGCxx;
CxxATGTxx; and TxxATGTxx, where "xX" is a nucleotide, with
the proviso that "Txx" downstream of the ATG codon does not

_ encode a stop codon.

15. The mwmarker of claim 14 wherein said
dominant selectable marker is selected from the group
consisting of herpes simplex wvirus thymidine kinase,
adenosine deaminase, asparagine synthetase, Salmonella his
D gene, xanthine guanine phosphoribosyl transferase,
hygromycin B phosphotransferase, and neomycin
phosphotransferase.

16. The marker of c¢laim 14 wherein said
translation initiation start site sequence 1s TxxATGCxx,

where "x" is a nucleotide.

17. The marker of c¢laim 14 wherein said

translation initiation start site sequence is TCCATGCTT.

18. The marker of claim 14 wherein said
translation initiation start site sequence is located within

a secondary structure.

19. The marker of claim 14 wherein said
translation initiation start site sequence further comprises
at least one out-of-frame start codon within about 1000
nuclectides of the ATG start codon of said start site, with
the proviso that no in-frame stop codon is located within
said 1000 nucleotides.

T
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20. The marker of c¢laim 14 wherein said
translation initiation start site sequence further comprises
at least one out-of-frame start codon within about 350
nucleotides of the ATG start codon of said start site, with
the proviso that no in-frame stop codon is located within
said 350 nucleotides.

21. The marker of claim 14 wherein said
translation initiation start site sequence further comprises
at least one out-of-frame start codon within about 50
nucleotides of the ATG start codon of said start site, with
the proviso that no in-frame stop codon is located within
said 50 nucleotides.

22. The marker of claims 19, 20 and 21 wherein
said out-of-frame start codon is part of a consensus Kozak
sequence.

23. The wmarker of c¢laim 21 wherein said
out-of-frame start codon and said translation initiation
start site sequence are both included as part of a secondary
structure.

24. The marker of claims 19, 20, 21 wherein
said translation initiation start site sequence is part of
a secondary structure and said out-of-frame start codon is
not part of said secondary structure.

25. An expression wvector selected from the
group consisting of ANEX 1 and ANEX 2.

26. A plasmid comprising the expression vector
of claim 1 wherein the nucleic acid sequence encoding for
said protein of interest is co-linked to said dominant

selectable marker.

27. A mammalian host cell containing the
plasmid of claim 26 wherein said plasmid is integrated

* C L M S *
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within the cellular deoxyribonucleic acid of said mammalian
host cell.

28. The mammalian host cell of claim 27 wherein
said mammalian host cell is selected from the group
consisting of ©DG44, DXB1l, CV1, C(OS, R1610, SP2/0,
P3x633-Ag8.653, BPA-1cl1BPT, RAJI, and 293.

29. The expression vector of claim 1 further
comprising an artificial intronic insertion region within
said dominant selectable marker, wherein an encoding
sequence for a protein of interest is located within said
insertion region.

30. The dominant selectable marker of claim 14

further comprising an artificial instronic insertion region.

31. An expression vector which expresses at
least one protein of interest in a recombinant host cell

wherein said expression vector comprises:

(1) a translationally impaired neomycin
phosphotransferase (NEO) dominant selectable marker gene
which has been translationally impaired by modification of
the region of the NEO gene which includes the NEO
translation initiation start codon such that said modified
region of the NEO gene which includes the NEO translation
initiation start codon has the feollowing nucleotide
sequence:

CCA GCA TGG AGG A ATCGAT CC TCC ATG CTT (SEQ ID NO: 17)

which translationally impaired NEO gene is operably linked
to a promoter and polyadenylation sequence; and

(ii) at least one heterologous DNA which
encodes for at least one protein of interest, wherein said
heterologous DNA is operably linked to a promoter and
polyadenylation sequence different from the promoter and

Mhic e ta reniacomernt sheet
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polydenylation sequence operably linked to the NEO gene, and
wherein said heterologous DNA and said promoter and
polyadenylation sequence operably linked to said
heterologous are inserted into an intronic insertion region
contained in the NEO gene.

32. The vector of <c¢laim 31 which further

comprises a second dominant selectable marker gene.

33. The vector of claim 31lwherein the intronic
ingsertion region is a synthetic intron sequence which is
inserted between the CAG which encodes glycine at position
61 and the GAC which encodes aspartic acid at position 62 of
the NEO gene.

34. The vector of claim 31l wherein the protein
of interest is an antibody.

35. A recombinant host cell which contains the
expression vector according to claim 31.

36. A recombinant host cell which contains the

expression vector according to claim 32.

37. A recombinant host cell which contains the

expression vector according to claim 33,

38. A recombinant host cell which contains the

expression vector according to claim 34,

39. The recombinant host cell of claim 35

wherein said host cell is a mammalian cell.

40. The recombinant host cell of claim 39

wherein said mammalian cell is a Chinese hamster ovary cell.
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ABSTRACT

IMPAIRED DOMINANT SELECTABLE MARKER SEQUENCE AND INTRONIC
INSERTION STRATEGIES FOR ENHANCEMENT OF EXPRESSION OF GENE
PRODUCT AND EXPRESSION VECTOR SYSTEMS COMPRISING SAME

Disclosed herein are fully impaired consensus Kozak sequences which are most typically used
with dominant selectable markers of transcriptional cassettes which are a part of an
expression vector. These vectors are most typically utilized in the expression of proteins in
mammalian expression systems. As defined, disclosed and claimed herein, a "fully impaired -
consensus Kozak" comprises sequence (1), where; "x" is a nucleotide selected from the
group consisting of adenine (A), quanine (G), cytosine (C) or thymine (T)/uracil (U); "Py"
is a pyrimidine nucleotide, ie C or TU; "ATG" is a codon encoding for the amino acid
methionine, the so-called "start codon; and - 3 and + 1 are directional reference points vis-a-
vis ATG. ie - 3 is meant to indicate three nucleotides upstream of ATG and + 1 is meant

to indicate one nucleotide downstream of ATG. Dominant selectable markers further

comprising artificial intronic insertion regions are further disclosed.

(Figure 1)
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