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Impair~d DQmioant Selec:ot~e M1rke: Seauence And 
Intronic !ns.e.rtiQp Stratecies Fo: Enhancement Of 

Expression Qf Gene product And Expression 

yectpr Syst1ms Comprising Same 

37 C.F.R. §1_7~Cdl(!e.l. Copy-:is~t Notice 

A portion of the disc:losure of this patent document 

contains material whieh is subject to c:opy:r:::ight 

protection. The copyright owner does not obje9t to the 

reproduction by anyone of the patent documEjht or_ .·~}_le .. 
patent disclosure, as it appears in the raten,,t.3·:~~d,.~:: 
Trademark Office patent files o.:- records, bud, otherwise . 

reserves all copyright rights whatsoever. \ 

Related Anolicatigns 

This patent document is a Continuation-In-Part of 

U.S. Serial No. 07/977,691 !'iled November 13, 1992, 

20 pending. This patent document is related to "THERAPEUTIC 

l\PPL:CATION OF CHIMERIC ANTIBODY TO HUMAN B LYMP.HOCYTE 

RESTR!CTEO DIFFERENTIATION ANTIGEN FOR TREATMENT OF B CELL 

~YMPHOMA,~ having U.S. Serial No. 07/978,891, filed 

November 13, 1992 (pending), and ~THERAPEUTIC APPLICATION 

25 OF CHIMERIC AND AAOIOLABLED ANTIBODIES TO HUMAN El 

LYMPHOCYTE RESTRICTED O!FF!RENTIATION ANTIGEN FOR 

TREATMENT OF B CELL LYMPHOMA". having U.S. Serial No. 

filed simul eaneo\!sly herewith. This patent 

document is related to commonly assigned United States 

30 Serial No. 07/912,292 and en-::itled "RECOMBINANT ANTIBODIES 

FOR HUMAN THERAPY," filed July 10, 1992. These documents 

are incQrporated herein by refe=ence. 
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As noted, the advent of the biotechnology industry 

has a:lowed for the production of large quantities of 

proteins. Proteins are the essential constituents of a:l 

living cells and proteins a:e comprised of co~~inations of 

5 20 nat:.urally 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 ~his process is ribonucleic acid ("RNA"): 

t::hree types o: RNA (messenger RNA; trans fer RNA; a.nd 

ribosomal RNA) convert the information encoded by the DNA 

int:o, eg a protein. Thus, genetic inf o:-ma ti on is 
15 generally transferred as follows: DNA -+RNA -+protein. 

In accordance with a typical stt:ategy involving 

?:ecombinant DNA technology, a DNA sequence which encodes a 

desired protein material ("cDNA"l is identifiec and either 

isolated from a natural sou:ce or synthetically produced. 

20 By manipulating chis piace of genetic macerial. the ends 

thereof are tailored to be ligated, or "fit," into a 

section of a small circula~ molecule of double stranded 

DNA. This circular molecule is typically refe:red to as a 

•DNA expression vector, " or simply a "vector." The 

25 combination of the vector and the genetic mate~ial can be 

!:'efe:rz;-ed 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 replicat:.es. Thereafter, the circular DNA plasmid can 

30 be isolated and introduced into a eukaryotic host (~e 

mammalian ir. nature) and host cells which have 

incorporated the plasmid ONA 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 Papil!oma virtJs 

( qBPv~) based vectors), most plasmids including DNA 

vectors. and all plasmids including RNA recroviral 

vectors. are inceg~ated in~~ the cellula= ONA such tha; 

SUBSTITUTE SHEET (RULE 26) 

•a1 ' =wo~d ~~·~~ ss-s1-aad 

... 



---·-········"·-----····'" .... ----~~ ~---···-------····--·-····---------~--·····------·---~·--· 

a 3:J'a'd 

WO 94/11523 PCT/l'S93/t 1:l1 

4 

when t.he cellular DNA of the eulcaryocic host cell 

replicates, the plasmid ONA will also replicace. 

Accordingly, as eukaryotic cells grow and divide, there is 

a corresponding increase in cells con:aining the 

5 integraced plasmid which leads to the product.ion 

("expression") of the _protein mat:.erial of i~cerest. By 

subjecting the host cells containing the plasmid to 

favorable growth conditions, significant. a.mounts of the 

host., and hence the protein of interest, are produced. 

10 Typically, the Chinese Hamster Ovary ("CHOn) 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 fer variability as to 

15 where the cDNA is inserted, means for determi~ing whether 

t:he cDNA was, in fact, properly inserr..ed wi chin the 

vector, the conditions under which expression of the 

genetic material will or will not. occur, etc. However, 

mosc of the vector manipulations are geared toward a 

20 single goal-increasing expression of a desired gene 

p!"oduct, i e protein of int.erest. Stated again, most: 

vect.o:r manipulation is conducted so that ar.. "improved" 

vector will allow for production of a gene product at 

significantly higher levels when comp&:!"ed co a ~non-

25 improved" vector. Thus, while certain of the 

feat.ures/aspects/characterist.ics of one vector may appear 

to be similar to the features/aspect.s/charac:eristics of 

another vector, it: is of ten necessary to examine the 

resulc of the overall goal of the manipulatior. - improved 

30 production of a gene product of interest. 

While one "improved• vector may comprise 

characterist.ic:s which are desirable for one set of 

circumstances, these characteriseics may not necessarily 

be de5irable under ot.her circ:umscances. However, one 

35 charact~ristic is desirable for all vec~ors: increased 

efficiency, ie the abili~y to increase the amount: of 

protein of interest: produced while at the same time 

oecreasin9 the number of hos: cells co be sc~eened which 
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do not generate a sufficient amoWlt 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 prot:.ein of 
interest. Accordingly, what would be desirable and what 
would significantly improve the state of the art are 
expression vectors with such efficiency characteristics. 

lo summary Of The Ipvention 

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

15 cassettes which are a part cf an expression vector; 
pref er ably, 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 hose cell not containing this 
protein. As used herein. a Mtranscriptional cassette" is 
DNA encoding fer a protein product ( eg a dominant 

JO selectable marker) and the genetic elements necessary for 
production of the protein product. in a host cell ( .i e 
promote:!'; transcription start site: polyadenyla =ion 
region: etc.). These vectors are most preferably utilized 
in the expression cf proteins in mam.'Tlalian expression 

35 syscerns where in~egration cf the vector into hose cellular 
DNA occurs. Beneficially, the use of such fully impaired 
consensus Kozak sequences improves t:he efficiency of 
protein expression by significantly decreasing the numbe~ 
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of viable colonies while ac the same time, significantly 

increasing the amount o! prot.ein expressed by such viable 

colonies. As used herein, a "natural int.ronic inse:tion 

region" is a region of DNA naturally prese~t 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~ese; an "artificial intronic insertion 

region" is a region of ONA which is selectively created in 

a gene (again, most typically, a dominant selectable 

lO mark.er) which can be utilized for insert.ion of DNA 

encoding a gene product. of interest. Inf orma.t.ion 

re9arding intronic positioning is described in Abrams, 

J.M. et al. "Intronic Positioning Maximizes Co-expression 

and Co·amplifica:ion of Nonselec~a.ble Heterologous Genes. 

15 "J_ Bio. Chem., 264l24:14016 (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 f ollowin9 

20 sequence: 

-3 +l 

Pyxx ATG Pyxx 

where: nx• is a nucleotide selected from the group 

consisting of adenine (A), quanine (G), cytosine (C) or 

25 thymine (T)/ uracil (U); "PyM is a pyrimidine nucleo~ide, 

ie C or T/U; "ATG" is a codon encoding fo~ the amino acid 

methionine, the so-called •start• codon; and -3 and +l are 

directional refe!'ence po in es 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 

par~ of a methionine start codon that initiates 

t.rar.slation of a dominant selectable marker portion of a 

transcriptional cassette which is part o: an expression 

35 vector. Preferred dominant selectable markers include. 

but are not limited to: herpes simplex virus thymidine 

kinase; adenos ine deaminase; as;>aragine synthe:ase; 

Salmonella his D gene: xanthine g~anine phosphoricosyl 
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transferase; hygromycin B phosphotransferase; and neomyc~~ 

phosphotransferase. Most pref er ably, the dominan ':. 

selectable marker is neomycin phosphotransferase. 

In particularly pref erred embodiments of the 

5 invention, at least one out-of-frame start codon (ie ~TGl 
r 

is located upstream of the fully impaired conser.sus Kozak 

start codon, without an in-frame stop codon being located 

between the upstream stare codon and the fully impaired 

consensus Kozak start codon. As used herein, the ter~ 

10 Mstop codon" is meant to indicate a codon which does not 

encode an a.mine acid such that translation of the encoded 

:naterial is terminated; this definition includes, in 

particular, the traditional stop codons 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 sequence 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• star~ codon 

which is upstream of the fully impaired consensus Kozak 

25 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 

30 within about SO nucleotides upstream of the fully impaired 
~onsensus Kozak start codon. Preferably, the out-of-frame 

st.art codon is a pare 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 -8 encode an out-of-frame sta=: codon (ATG); 
and nucleotide -ll is a purine (Al • 

Additionally. utilization o! a fully impaired 
consensus Kozak within a secondary struc:ure <ie a so-
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called "st:em-loop" or "hairpin"! is beneficially viable to 
impairment of t:ranslation of the protein encoded by the 
dominant selectable number. In such an embodiment, the 
start codon of the fully impaired consensus Koiak is most 

5 preferably located within the seem of a st:em 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 aspect:s of t:he invention disclosed 
herein wil:i.. be delineated in further detail in the 
sect:ions to follow. 

15 arief pescription ot The Drawings 

figure l provides the relevant portion of a consensus 
Kozak and several particularly pref erred fully impaired 
consensus Kozak sequences; 

Figure 2 provides a diagrammatic representation of 
20 the vectors TCAE 5.2 and ANEX l (TCAE 12) designed for 

expression of mouse/human chimeric inununoglobulin, where 
the immunoglobulin genes a.rt!! arranges in a tandem 
configuration using neomycin phosphotransferase as the 
dominant selectable marker; 

25 Figure 3 is a histogram comparing protein expression 
levels wi~h the veccors TCAE 5.2 and ANEX l; 

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

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

35 

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

Figure 6 provides a dia;ra:nmatic representation of a 
NEOSPLA vector designed fo= expression of mouse/human 
chimeric immunoglobulin; and 
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Figures 7A. , 7B and 7C are r..:.stograms comparing 

protein expression levels with the vectors TCAE 5.2 vs. 

NEOSPLA 3F (7A). ANEX ~vs. NEOS?LA3F (7B); and GK­

NEOSPLA3F vs. NEOSPL.A3F (7C). 

Petai:ed Description Of Preferred f:ir~ogimen~i 

Disclosed herein are nucleic acid sequence 

arrangements which impair translation and initiation of, 

most preferably, dominant selectable markers incorporated 

10 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 

15 gene product of interest is encoded by DNA located within 

at least one such intron. Such ar~angernents have the 

effect of increasing expression ef fici~ncy of the gene 

product of interest by, inter alia, decreasing the number 

of viab:e colonies obtained 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 pate~: disclosure will be 

principally directed to a specific dominan~ selectable 

25 marker, neomycin phosphotrallsferase, which is incorporated 

into a mouse/human chimeric immunoglobulin expression 

vector. It is to be underst:ood, however. that the 

invention disclosed herein is not in~ended, nor is it to 

be construed. as limi~ed to these par:icular systems. To 

30 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 

35 produces a high level of a protein lie nproduction eel! 

line") involves random int•g~ation o: DNA coding for the 

desired gene product {ie "exogenous DNA"} by using, mos: 

typically, a drug resistant gene, refer::ed to as a 
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"dominant. selectable marker," that allows for select:ion o: 

cells that have integrated the exogenous DNA. Stat.ed 

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-a.mplif ication of the DNA 

encoding for the desired gene product in the transf ected 

ce:l by amplifying an adjacent gene that also encodes for 

drug resistance (•amplification gene"), eg resistance 

10 to met.hotrexate (MTX) in t.he case of dehydrofolat.e 

reductase (DHFR) gene. The amplification gene can be the 

same as the dominant selectable marker gene, or it can be 

a separate gene. (As these in the art apprecia ce, 

"transf ectior." is typically utilized to describe the 

15 process or st:a.:e of introduction of a plasmid int:o a 

mammalian host cell, while "transformation" is typically 

ut.ilized to describe the process or stat:e of introduction 

of a plasmid into a bacterial host cell). 

Two a.mplif ication approaches are typically employed 

20 by those in the art. In the first, the entire population 

of transfect.ed 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 a.s a "shot.gun" approach. an apt description) 

compared to individual clones. This is because 

30 amplification of individual clones initially involves, 

inter alia, screening of hundreds of isolaeed mammalian 

colonies (eacr. derived from a single cell, mos~ of which 

being single copy integrants of the expression plasmid) in 

an effort to isolate the one or t:wo •grail" colonies which 

35 secrete the desired gene product at a "high" level, ie at 

a level which is (typically) three orders of maqn:tude 

higher ~han the lowest detectable expression level. These 

cells are also of cen found to have only a single copy 
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integration o: the expression plasmid. Additionally, 

amplifying individual clones results in productio~ cell 

lines 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 methor.rexate and DHFR, SnM versus lµM) . 

Furthermore, individual clones can typically be isolated 

in a shorter period of time (3-6 months versus 6-9 

months) . 

15 Ideally then, the tangiole benefits of both 

approaches should be merged: at a practical level, this 

would involve decreasing the nun\ber of colonies to be 

s~reened, and increasing the a.mount product secreted by 

these colonies. The present invention accomplishes this 

20 t.ask. 

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 

25 is recognized by t.hose in the art. It is assumed that:. the 

expression of a gene encoding a protein of interest which 

is either co-linked t.o 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 selec:t for the 

integration cf 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 ove~come 

such impairment by over-produc~icn cf ~he g~ne product of 

the dominant selectable marker would su~vive. eg, the 

drug-screening process. By associating the exogenous DNA 
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with the dominant selectable marker. then, a riort~. 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 

5 accordance with this postulated approach, impairment of 
translation of the dominant. select.able marker gene would 
be ~ecessary, 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 ini tia. tor codon by eukaryotic 
ribosomes," Nu~. Acids Res. 9: 5233-5252 (1981) and 
"Compilation and analysis of sequences upstream from the 
translational start site in eukaryot.ic mRNAs," Nu.c. Ac.ids 

15 Res. 12: 857-872 (1984), proposed the following 
"consensus" sequence for initiation of translation in 
higher eukaryotes: 

-3 .,.1 

cc Ace AI.Ki G 
20 (As those in the art appreciate, uracil, U, replaces the 

deoxynucleotide thymine, T. in RNA.) In this sequence, 
referred to as a "consensus Kozak.," the most highly 
conserved nucleotides are the purines, A and G, shown in 
capical letters above; mutational analysis confirmed that 

25 these ewe positions have the strongest influence en 
initiation. See, eg, Kozak. M. "Effects of intercistronic 
length on the efficiency of reinitiation of eukaryotic 
ribosomes.· Mel. Cell Bio. 7110: 3438-3445 (1987). Kozak 
further determined that alterations in r.he sequence 

30 upstream of the consensus Kozak can effec~ translation. 
For example, in "Influences of mRNA secondary structure on 
initiation by eukaryot.ic ribosomes." PNAS 83: 2850-2854 
(1986) Kozak describes t.he ·artificial" introduction of a 
secondary hairpin structure region upstream from the 

35 consensus Kozak in several plasmids that encoded 
pre~roinsulin; it was experimentally determined that a 
stable stem loop st.ruc~ure inhibited translation of the 
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preproinsulin gene, reducing the :· ield of pro insulin by 

85-95'9. 

Surprisingly. it was discove:ed by the inventor that 
by changing the purines Al-3 vis-a-vis ATG star~ codon) 

5 and G(•l) to pyrimidines, translation impairment was 

significant: when the consensus Kozak for the neomycin 
phos~hotransferase gene was subjected to such 

alterations (as will be set forth in detail below), the 
number of G4l8 resistant colonies significantly decreased; 

lO however, there was a significant increase in the amount of 

gene product expressed by the individual G41S 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 obcained. Confirmation 

of the inventor's postulated theory was thus 
experimentally determined. 

As noted, for purposes of this patent document a, 
20 "consen.!:ius Kozak" comprises the following sequence~ 

. 25 

30 

-3 +l 

Pxx ATG Pxx 
a "part.ially iropaired consensus Kozak· comprises the 
following sequence 

-3 +1 

P/Pyx:x ATG P/Pyxx 

and a disclosed and claimed "fully impaired consensus 
Kozak" comprises the following sequence: 

-3 +l 

Pyxx ATG Pyxx 

where: "x" is a nucleotide selected from the group 

consisting of adenine <A), guanine (G), cytosine (Cl or 
thymine (Tl (uracil, U, in the case of RNA): "P" is a 
purine. ie A er G. "Py" is a pyridine, ie C or TIU; 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 a negative number indicates 
"ups~ream'" cf ATG and a positive number indicates 
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"downst:.ream" of ATG: and for the part:ially impa:red 
consensus Kozak, the fo:lowing proviso is applical:>le--only 
one of the -3 or +1 nucleotides is a pyridine, eg, i: -3 
is a pyridine. then +l must be a purine or if -3 is a 

5 purine. then +l must be a pyridine. Most preferably, the 
fully impaired consensus Kozak is associated with the site 
of translation initiation of a dominant selectable marker 
which is preferably (but not necessarily) co-linkec to 

exogenous DNA which encodes for a gene product of 
10 ineerest. As used herein, •nucleotide" is meant. to 

encompass natural and synthetic deoxy- and riconucleotides 
as well as modified deoxy- and ribonucleotides, ie where 
the 3 · OH, 5 'OH, sugar and/or heterocyclic base are 
madif :i.ed, as well as modificat:ion of the phosphate 

15 backbone, eg methyl phosphates, phosphorothioat.es and 
phosphorarnidites. 

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 

cf translation init:.ia:ion of the dominant select.able 
marker must be known. Stated again, in order to 
P.f f ectuat:e a change in t:he 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 well known to 
those in the art including, but not limited to. si t:e 
specific mutagenesis and mutation by primer-based 

30 amp:ification (eg PCR); most preferably, such change is 
accomplished via mutation by primer-based amplifica~ion. 
This preference is principally based upon the comparative 
"ease" in accomplishing the task, coupled with the 
e!f icacy associated therewith. For ease of presentation, 

35 a description of the most preferred means for 
accomplishing the change ~o a fully impaired consensus 
Kozak will be provided. 

' •wo~d s~·~~ ss-st-aad 
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In essence, mutation by primer-based amplification 
relies upon the power of the amplification process itself­
-as PCR is rou:inely utilized. focus will be directed 
theret.o. However, other primer-based amplification 

5 techniques (eg ligase chain reaction, etc.) are 

applicable. One of the t.wo PCR primers ("mutational 
primer"} incorporates a sequence which will ensure that 
the resulting amplified ONA product will incorporate the 
fully impaired consensus Kozak within the transcriptional 

10 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 t.he 

15 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'-tagctaggTccTACCcc-5' 
20 In order to create a fully impaired consensus Kozak, the 

mutational 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): 

25 

5'-atcgatccTggATGCgg-3' 
3'-tagctaggTccTACCcc-5' 

• • 
As is evident, complementarity is lacking in the 

primer (see the "* • symbols) . By utilizing excess 
mutational primer in the PCR reaction, when the sequence 

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

35 amplification product. 

Two criteria are required for the mutational primer-­
first. the leng:h thereof must be sufficient. such that 
hybrid:.za:ion t.o t.he carget will result.. As will be 
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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 mucational primer is becween about 15 and abouc 60 
nucleotides, more preferably between about 18 and a.bout 40 
nucleotides, although longer and shorter lengths are 
viable. (To the extent that the mutational primer is also 
utilized co 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 a.bout 
\ 

2500:1, and most preferably between a.bout 500:1 co about 
1000: l. 

Because the parameters of a PCR react.ion are 
~onsidered 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 pref erred that t.he fully 

impaired consensus Kozak is associated with the site of 
translation initiation of a dominant selectable ~arker 
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; Sal"-onella his 0 gene; xanthine 
guanine phosphoribosyl transferase ("XGPRT"); hyg:romycin B 

JS phosphotransferase; and neomycin phosphot:.ransferase 
C"NEO"). Most preferably, the dominant selectable ma.:-ke::­
is NEO. 
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The dominant selectable marker herpes simplex virus 

thyrnidine kinase is reported as having the following­

partially impaired consensus Kozak: 

-3 +l 

cg Cgt ATG Get 

See, Heller. S. "Insertional Ac ti vi ei es of a 

Promotorless Thymidine Kinase Gene, " Hol. & Cell. J3ic. 

8/8:3218-3302, Figure 4, nucleotide 764. Sy changing che 
+l purine {G) to a pyrimidine (C or TIU), a fully impaired 

10 Kozak as defined herein is generated (the -3 of the herpes 

simplex virus thymidine kinase is a pyrimidine) . Changing 
+l purine to a pyrimidine also has the effect of changing 

the encoded amino acid from alanine (GCTl 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 t.o serine is a more 

conservative amino acid change than changing alanine to 

proline. 
20 Histidinol dehydrogenase is another dominant 

selectable marker. See, Hart.men, S.C. and Mulligan, R.C. 

"Two dominant acting selectable markers for gene transfer 
studies in mammalian ceills, " PNAS 85: 804 7-8051 ( 1988) . 

The his D gene of Salmonella t.yphimunium has the following 
25 partially impaired consensus Kozak: 

-3 +l 

gc Aga ATG Tta 

As -3 is a purine, changing -3 to a pyrimidine {C or 
TIU) results in a fully impaired consensus Kozak: as is 

30 appreciated, because these nucleotides are upseream of the 

start codon, no impact on amino acid translation results 
from this change. 

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

35 (see, Gritz, L. and Davies, J. "Plasmid encoded hygromycin 

a resistance: the sequence of hygromycin B 

phosphotransferase gene and its expressing in Escherichia 
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coli and Succharomyces cerevisiae" Gene 25:179-188, 1983) 

indicates that the consensus Kozak is: 
-3 +1 

ga Gat ATG Aaa 
5 Both -3 and +l are purines; thus changing -3 a~d +l 

to pyrimidines results in a fully impaired consensus Kozak 
(this results in the following encoded amine acids: •l to 
c - glutamine; +l to T - stop codon. Because this codon 
is downstream of the start codon, the change to the stop 

10 codon TA.A should not be accomplished) . 

15 

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

-3 +l 
t.t ::ac ATG Age 

See, Mulligan, R.C. and Be~g. P. wFactors governing 
the expression of a bacterial gene in ml!lmll\alian cells." 
Mol. Ii Cell Bio. 115: 449-459 ( 1981}, Figure 6. By 

changing the +l purine to a pyrimidine, a fully impaired 

20 consensus Kozak is created: the effect en the encoded 
amino acid (AGC-serine} is as follows: CGC-arginine; 
TGC-cysr.eine. 

Adencsine deaminase (ADA) can also be utilized as a 
dominant. selectable marker. The reported consensus Kozak 

25 sequence for adenosine deaminase is: 
-3 +l 

ga Ace ATG Gee 
See, Yeung, C.Y. ec al .. "Identification of 

functional murine adenosine deaminase cDNA clones by 

3 O complementation in E::herichia coli, " J. Bio. Chem. 

260/18:10299-10307 11995), Figure 3. By changing both -3 

a~d +1 purines to pyrimidines, fully impaired consens 
Kozak sequences result. The encoded amino acid 
corresponding to GCC (ala.nine) is changed to ei :.her 

35 praline (CCC) or serine (TCC), with the change to se~ine 
being preferred, due to the conservative nature of this 
change. 

•Cl ' •WO~d S~·~~ 9S-St-83d 
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The reported partially impaired consensus Kozak fo~ 

asparagine synthetase is as follows: 

-3 +l 

gc Ace: ATG Tgt 

See, .Andrulis. I.L. ec al., "Isolation of humar. cDNAs 

for asparagine synthetase and expression in Jensen ra~ 

sarcoma cells," Mol. Cell. Bio. 7 /7: 2435-2443 (:!.967). 

Changing the +3 purine to a pyrimidine results in a fully 

impai~ed consensus Kozak. 

10 The partially impaired consensus Kozak for neomycin 

15 

phosphotransf erase (which includes an upstream out of 

frame start codon) is as follows: 

-3 +l 

ggA._.T.Gg g~a tcg ttt Cgc ATG Att 

Changing the +l purine to a pyrimidine has the ef :ect 

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 

2 O 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 ~o 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 seq-~en~es for NEO are as follows: 

35 

Txx ATG Ctt (SEO ID NO: 3) 

Cxx ATG Ct.t:. (SEQ ID NO: 4) 

Txx ATG Ttt (SEQ IO NO: 5) 

Cxx ATG Ttt (SEQ ID NO: 6) 

where x are nucleotides. SEQ. ID. NO. 3 is most 

pref e:::-red; and xx are preferably cc. 
Othe~ transcriptional cassettes. whi~h may or may not 

include a fully impaired ccnsensus Kozak, can he 
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incorporated into a vector which includes transcriptiona~ 
cassettes containing the disc::.osed and claimed fully 
impaired consensus Kozak; such Pother transcriptional 
cassettes" typically are u:.i.:.ized to allow for 

5 "enhancement,· "amplification• or "regulation" of gene 
product repression. For example, co-transfection of the 
exogenous DNA with the dehydrofo:ate 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 amplifica~ion of the DHFR gene. 
Senef icially, extensive amounts of flanking exogenous DNA 
will also become amplifieC.: therefore, exogenous DNA 

inserted co-linear with an ex;iressible DHFR gene will also 
15 become overexpressed. Additionally, transciptional 

cassettes whic::h 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 (lgas:. These cells support. 
replication from SV40 ori a: 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 e~emplary of the types of 
cassettes which can be incorporated into expression 
vectors comprising the disclosed fully impaired consensus 
KozaK. The skilled areisan is credited with the ability 

30 to determine the specific type of other transciptional 
casset. tes, vis-a-vis the obj ec::tive of 
syst.em, which are applicable and 
advantageously exploited. 

the expression 
whic:h can be 

As indicated above, in particula:::ly preferred 
35 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 out-of-:rarne start codon and the 

' •WO~d ~~·~~ SS-6t-83d 
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fully ixnpaired consensus Kozak start codon. The intent of 

t.he 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 

5 indicate a "nonsense codon, N ie a codon which does not. 

encode one of the 20 naturally occurring amino acids such 

that translation of the encoded material te.rminates 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 tertn "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 l!Xample, with 

15 respect to the following sequence incorporating a fully 

impaired consensus Kozak: 
-3 +l 

gc.A....nlc cAI.jlgc 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, Gee. 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. 
25 When such an out-of-fra:ne 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 

upstream of the fully impaired consensus Kozak st.art: 

30 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 sequenCQ upstream of the fully impaired consensus 

35 Kozak scart codon using (most preferably) a mutational 

primer used in the type of amplification prot.ocol 

desc::rioed above. 
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Utilization of a fully impaired consensus Kozak start 

codon located within a secondary structure (ie a nstem­

loop" or "hairpin") is beneficially viable to impairment 

of translation of the protein encoded by the dominant 

5 sele~table marker. In such an embodiment. it is preferred 

that this start codon be located within the stem of a stern 
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: 

lO 

15 

T 

x x 
x x 
x A 

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 st.em is, by def ini tior.., typically required. For 

exemplary methodologies regarding. in cer al ia, 
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 insert.ion 

region or an artificially created intronic inse;:-tion 
region be utilized and at lea.st one gene produc::. 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 nwr.ber 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. anc in 
conjunction cherewith, the gene product of inceresc will 
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have a greater tendency to be expressed. As further 
postulated, the RNA being transcribed from t:he gene 
product of interest within the in:ronic:: insertion region 
interferes with completion of transcription (elongation of 

5 RNA) of the dominant selectable marker; therefore, t~e 

position that the dominant selectable marker is integrated 
wich~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 splices and introns. However, the 

majority of dominant selectable markers which a=e 
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 necessary to generate an artificial splice 
within the gene sc to create a location for insertion of 
an intron comprising the gene product of interest. Ic is 
noted that while the following rules are provided for 
selection cf a splice site in prokaryotic genes, they can 

20 be readily applied to eukaryotic genes. 
A general mechanism for the splicing of messenger R...~ 

precursors in eukaryotic cells is delineated and 
summarized in Sharp, Philip A. "Splicing of Messenger RNA 
Precursors" Science, 235: 736-771 (1987) Csee, 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; (bl 3' splice acceptor: 
(c) branch point, and Cd} 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~ Nuc. Acids. Res. l0/2:459-

35 472 (1992) which is incorporated herein by reference. The 
consensus sequence for the branch point, ie.the location 
of the lariat. formation with the 5' splice donor, is 

Th111111[ 1mrn11ir~r 
' 



ec-; amtd 

----------~--···.:-~----· .... , -~·-···--~~~~------- -----

WO 94/11523 PCT/LIS93111l2J 

24 

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 point 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 trac~ 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 s· splice donor and the branch 

15 point, it is preferred that the gene produce of interest 
be insert.ed within this region in situations where a 
natural intron exists within the dominant select.able 
marker. However, as notad, such intrcns do not exist 
within most of the preferred dominant selectable markers; 

20 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 cf 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 sequence 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 select.able marker for 
generation of the artificial intronoc inser:ion region: 

SLl::~7iTi..ITE SHEET (RULE 26) 
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A a c 
'1&L .GNN lie.A .G..Lmi ml.C ~ 

Gln Ala Ala. Gly Ala Leu Arg 

Asp P:ro Arg Phe 

Gly Ser Asn 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 

5 group for derivation cf the splice donor:splice acceptor 

s i t.e 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. amino acid residues Gln Asp (codon group A) are 
located at the positions Sl 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 

5' C'TG CAG GAC GAG 3 I 

Leu Gln Asp Gl u 

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 

insert:ion of a gene product of interest, i e a region 
25 amendable to enzymatic digestion. · 

Two criteria are import for the artificial intronic 
insertion region: the first two n~cleic acid residues of 

the 5' splice site ( eg abutting CAGl are most preferably 
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G~ and the first two nucleic acid residues of the 3' 

splice site (eg abutting G) are most preferably AG. 

Using t:he criteria defined a.bouve, an art.ificial 

intronic insertion region was between amino acid residues 

5 51 and 52 of NEO: 

10 

50 NEO S~ 52 NE: 53 

LEU GLN Branch Polypyrimide Tr•ct ASP G~U 3' 

s· eTo CAG/~AAGT GCGGCCGC TACTAAC ITCl3c:TlCl3TCCIT)5 c CTGCAW/GAC G~G 

Not I 

(Details regarding the mathology 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 amino acid residues 

51 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 

tc 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 

a~e not limited to, DG44 and DXBll (Chinese Hamster Ovary 

25 lines, DHFR minus), HELA (human cervical carcinoma), CVl 

(monkey kidney line), COS (a derivative cf CVl with SV40 T -antigen), Rl6l0 (Chinese hamster fibroblast) BALBC/3T3 

(mouse fibroblast), HAR (hamster kidney line), SP2 /0 

(mouse myelom&), P3x63-Ag3.653 (mouse myeloma), BFA-lclBPT 

30 (bovine endothelial cells), RA.JI (human lymphocyte} and 

293 (human kidney ) . Host cell lines a.re typically 

available from commercial se:cvices, the American Tissue 

Culture Collection or from published literature. 

Preferably ~he boat: cell line is either DG44i or 

35 SP2/0. See, Urland, G. et al., •Effect of gamma rays and 

the dihydrofolate reduetase locus: deletions and 

inversions." Som. Cell & Mol. Gen. l2/6:555-S66 (1986) 

and Shulman, M. ec al., "A beet:er cell line for making 
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hybridomas secreting specific antibodies.N Nature 276:269 

11978), respectively. Most preferably, the host cell line 
is DG44. Transfec:tion cf the plasmid inco the host cell 
can be accomplished by any technique available to those in 

5 the art. These include, but are not limited to, 

t.ransfection {including elec:trophcresis and 

electroporation), cell fusion with enveloped DNA, 

microinjeceion, and infection with intact virus. See, 

Ridgway, A.A.G. •Marrlftalia.n Expression Veer.ors." Chapter 
10 24.2. pp. 470-472 Vectors, Rodriguez and Denhardt, Eds. 

(Butte.rworths, Boston, MA 1988). Most preferably, plasmid 

introduction into the host is via elec:troporation. 

~Mlples 

15 The following examples a.re 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 sequence is 
20 intended to be broadly applied as delineated above. 

However, for presentation&l efficiency, exemplary uses of 
particularly preferred embodimenes of fully impaired 
consensus Kozak sequences are utiliied in conjunct.ion with 
tandem chimeric antibody expr•ssion vectors (also referred 

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

I. Tandem Chimeric Antibody Expression f •TCAE" l Vect,or 

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

35 cell developmen~ just prior to the expression of 
cytoplasmic µ 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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process which is required for cell cycle .:..::.:..:ia::.io:: and 

differentiation. Because CD20 is expressed o~ neoplastic 

B cells, CD20 provides a promis~ng ta=get for therapy of B 

cell lymphomas and leukemias. The C020 antigen is 

5 especially suitable as a target for anti-C~20 antibody 

mediated therapy because of accessibil~ty anc sen~itivi~y 

of hematopoietic tumors to lysis via immune effec ~~o.r 

mechanisms. Anti-CD20 antibody mediated the~apy , i:~ce= 

slia, is disclosed in co-pending Se~ia: No. 071978,891 and 

lO Serial No. filed simultaneous:y herewith. 

The antibodies ur.ilized a.re mouse/human chimeric anti-CD20 

antibodies expressed at high levels in mam."1'\alian celJs 

(chimeric anti-CD20"). This a~tibody was derived using 

vectors disclosed here!r., to wi:: TCAE 5.2; .t.NEX l; A.NEX 

15 2; GKNEOSPLA3F; and NEOSPL.AJF (a."'1 additional vector. ':'CAE 

8, was also utilized to derive chimeric an~i-C:J20 anti.body 

TCAE 8 is identical to TCAE 5.2 except that the NEO 

translational start site is a par:ially impaired consensu~ 

Kozak. TCAE 8 is described in ~he co-penci.ng Pel tent. 

20 document filed herewith.). 

In commonly-assigned t;ni tee States Se:- ia2. Number 

07 /912, 292, disclosed, inr:.e:- a2ia. are huroa;;/Old Wor:d 

monkey chimeric antibodies; an embodiment of the invention 

disclosed therein are human/macaque chimeric anti-CD4 

25 antibodies in vector TCAE 6 (see. Figure E of Se:=-ial 

Number 071912, 29.2, and correspcr.dir.g discuss!.c:. J • 'l'CAE 6 

is substancially identical to ~CAZ S.2; TCAE 6 contains 

human lambda constant region, while TCAE 5. 2 ccn ta ins 

human kappa constant region. TCAE 5. 2 and ANE:< 1 

3 0 (referred to in that paten-: document as TCAE 12) are 

disclosed as vectors which can be utilized in conjunction 

with hwnan/Old World monkey chimeric ar.: ibcdies. ':::'he 

comparative data set forth in Se=ial No. 07/9l2,292 vis-a­

vis TCAE 5. 2 and ANEX 1 is relative to ex;:-::-ess ion of 

35 chimeric anti-CD20 antibody. 

TCAF. 5.2 was derived from the vecto!'." CLDN, u 

derivative of the vector RLDNlOb (see. 253 Sci~nc~ 77-91. 

1991}. RLDNlOb is a derivative of the vectc!'." TNC (see, 

'01 ' 
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1DNA 651-66.l. 1998). Ie t:.he vec:.c:- "farn.ily line" is as 
follows: TDN -+ RLDNlOb -t C:.;JN -+ 7:AE 5 . .2 -t ANEX 1 (:.hi: 

use of t.he '"-+" symbol is nc:. inte::ded, nor is ir: to be 

construed, as an indicat:.ior. of the ef ~or: necessary to 

5 achieve t:.he changes from one vectcr ::.o the next: eg t.a the 

contrary, the number and ccmpl.exity c: the steps necessary 

to generate TCAE 5.2 from CLDN were extensive). 

TND was designed for hi~h leve: expressions cf human 

t.:issue plasminogen ac:ivat:.ar. R!..DNl:)b differs fr· om TND in 

10 the following ways: the dihydrofolate reductase ( "DHFR") 

transcriptional cassette (corr.prisin~ promoter, murine DHF~ 

cDNA, and polyadenylation regior..) was placed ir. between 

the tissue plasrninogen activa:or cassette 1·~-PA 

expression casset.te") and the neomyc.:..n phosphotransfe.rasf:'.1 

15 I "NEO" cassette") so that a::. ::h.::-ee cassettes were :i:~ 

tandem and in the same trans~riptio:-:al orient.a.tion. The 

TND vector permit: t:ed selection with G418 for ce 11$ 

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

for DHFR gene amplification in resp~nse to methotrexate., 

20 MTX. The promot:er in front of the DHFR gene was changed 

to the mouse beta g:obin ma;o~ proncter (see, ~ Mol. Cell 

B.io. 1246-1254, 1983). Final:y. the t.-PA cDNA was 

replaced by a poly linker SL.:ch tha: different genes of 

interest can be inserted in the pc.:ylinker. All th.r:'e~ 

25 eukaryotic transcriptional cassettes It-FA. DHFR. NEOJ of 

the TND vector c:a.n be separated frorr. the bacteria: plasmid 

DNA (pUC19 derivative) by digestion wit:h the restriction 

endonuclease Not I. 

CLDN differs fro:n RLDNlOt: in tbe fallowing way$: The 

30 Rous LTR, positioned in front of the polylinker. was 

replaced by the human cytomegalovirus immediate early gene 

promoter enhancer ( ~cMV"), (see, 4::. Cell 52!., 198:.J. from 

the Spe I site at -581 to the Sst l sit:e at -16 (thes~ 

numbers are from the Cell re:erencei. 

35 As the name indicates, TCAE vec~ors were de~igned for 

high level expressions of c~imeric antibody. TCA~ 5.2 

diffe::-s from CLDN in the followi~g ways: 

'Cl ' 
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A. TCAE 5.2 corr.prises four (4;· trar.s;:=.:.pc:.i.onal 

cassettes, as opposed to three ( 3). a.nd these are in 

tandem order, ie a humar.. irnrnunog:obi.:lir. :ight chain 

absent. a variable region; a human irrnr.u:"l.og lob;.:L.n heavy 

chain absent a variab:.e re9ion; DHFR; and NEO. Each 
trans.::riptional cassette contain~ its owr: eukaryotic 

promoter and polyadenylati~ reg~on (refere~ce l:. mad~ to 

Figure 2 which is a diagrammatic representat.:on ct the 

TCAE 5.2 vector). The CMV promoter/enhancer in fi:-o::.t of 

10 the immunoglobulin heavy cnain is a truncated Ve!."'s.:.on cf 

15 

20 

the promoter/enhancer in front of the light c~ain, 

the Nhe _ site a': -350 to the Sst I sit.e a:: -16 (t.he 

numbers are f rorn the Cell reference. S':..lp~<J,I. 

Specifically, 

1) A human inun'.lnoglobulin ligh:: chain cons:ta.n': 

region was derived via amplification of cDNr. by a PCR 

reaction. In TCAE 5.2, this was the human imm~~oglobulin 

light chain kappa constant region (Kabat numbe=ing, amino 

acids 108-2:4, allot:ype Km 3 l . and the human 

imrnunoglobulin heavy ... c ... a1n garr.rna 1 cor.st1;1nt reg j.on (Kabat 

numbering amino acids 114-478, allctype Gmla, G1:-,!.z). Thf': 

light chain was isolated :rom nonna1 human bl0od (IDEC 

Pha:nnaceu:icals Corporatioro, La Jolla, CAl; RNA therefrom 
was used to synthesize cDNA which was t:.hen ampli:ied us.ing 

25 PCR techniques (primers were de:-: ved vi ::;-a-•v·is the 

consensus Kabat). The heavy chain was isolat.ec (ur;ini;- PCR 
techniques l from cDNA prepared from RNA which was in cu.cri 

derived f=om cells t:.ransfec~ed with a human IgG: vec~or 

(see, 3 P:::or:.. Eng. 531, 1990: vector pNyi62l Two amino 

JO acids were changed in the isolated human IgGl to ma-=.ch t_b:: 

35 

consensus amino acid sequence in Kabat. to amine 
acid 225 was changed from va:.ine to a:.ar.ine (GTT t.o GCAl, 

and amino acid 287 was chan~ed from methioninE::! tu ly:::.inc 
(ATG to AAG): 

The human immunoglobulin light arid ht:avy chain 
casse-:.t:.es cont.air. synthetic signa.: sequences fo:: sec.::-e:ion 

o~ the imr.lunoglobulir. cha~ns: 
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3) The human immu:-.oglobulin light and heavy chair. 

cassettes contain specif:c ONA restriction site5 whic~ 

allow for insertion of :ight and heavy itnmunoglobulin 

variable regions which ma~ntain the transitional reading 

5 frame and do not alte~ t~e amino acids normal:y found in 

im.munoglobulin chains; 

4) The DHFR casset:e contained its own euka=yotic 

promoter (mouse beta globin major promoter, "BETA") and 

polyadenylation regic~ (bovine growth hormone 

10 polyadenylation. "BGH'' J ; a:ld 

5} The NEO casset':e contained its own eukaryotic 

promoter (BETA) and polyadenylation region ( SVtl () early 

polyadenylation, "SV"). 

With respect ~o the ~CAE 5.2 and the NEO cassette, 

15 the Kozak region was a co~sensus Kozak (which includ€d an 

ups~ream Cla r si t.e SEQ El NC,: 7 l : 

Cla: -3 +1 

TTGGGAGCTTGG ATCGAT ccAc~ ATG Gtt 

ANRX l (previously named TCAE 12 in the referenced 

20 case J is identical to TCAE 5. 2 except that in the NEO 

cassette. the Kozak regicr. was fully impaired (SEQ ID NO: 

8): 

ClaI -3 +1 

TTGGGAGCTTGG ATCGA~ ccTcc ATG Ctt 

25 As disclosed in the ccmmonly-assigned referenced 

case, the impact of uti:!.ization of the fully impaired 

consensus Kozak was striking: relative to TCAE 5.2, there 

was a significant (9-foldJ reduction in the number of ANEX 

1 G4!8 resistant colonies (258 from two electroporations 

30 ve~sus 98 from six electro~orations) from the same amount 

of plasmid DNA transfected per cell; and, there was a 

sigr:if icant increase in t:.he amount of co-linked gene 

produc::. expressed in each of the ANEX 1 clones. 

Re!erencing the histogram of Figure 3 (Figure 16 of the 

35 conunonly assigned refere~ced case), 258 colonies wore 
de=ived from 2 elec~ropora:ions of 25 µg of DNA conr.a~ning 

a neomycin phosphotransfe=ase gene with a consensus Kozak 

at the transla:ion st.a:: s:te. Two-hundred and one (20~) 
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of these colonies did not express any dececcable gene 
product (less tha.r.. 25 ng/ml of chimeric immunoglobu:in). 

and only a colonies expressed more than 100 ng/ml. Again, 
referencing Figure 3, 98 colonies were derived from 6 

5 electroporations for ANEX l of 25 µg of DNA containing a 

neomycin phosphct:ansfera•e ~ene with the fully impaired 
consensus Kozak at the trans la ti on start site ( 6 

elect:roporations were utilized in order to generate 

statistically comparative values; this was because on 

lO average, each electroporation for AN.EX 1 yielded 
about 16 colonies, as opposed tc 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), whi~e 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 (6t}. 

The foregoing evidences, inter alia, the following: 
1} because the difference between TCAE 5.2 and ANEX l was 

20 limited to the Kozak translation start site of the NEC 

gene, and because the gene product. of interest (chimeric 
ant.i-CD2 O ant.ibody) was co-linked to the NEC 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 conjunct.ion 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 amcun~ of expressed gene 
produc~. Thus. the number of colonies co be screened 
decreased while the amounc of expressed gene product 

35 increased. 
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II. Impacr Of Out-Of-f;ame s:a~: Sequence 

Conceptually, further impairment of translation 

initiation of the dom~nant selec~able marke~ of ANEX ! 

could be effectuated by utili~atior. of at leasr. one out-

5 of-frame ATG st.art codon upstream of the neomycin 

phosphotransferase sta=t: codon. Taking this approach one 

step further, utilization of a secondary structure 

( "hairpinM) which incorporated the neo start codon within 

the stem thereof, would be presumed to further inhibit 

10 translation ir.itiation. Thus, when the out-of-frame start 

codon/fully impaired consensus Kozak was con~idered, this 

region was designed s~ch that the possibility of such 

secondary structures was inc~eased. 

As indicated previously, the Kozak region for the neo 

15 start codon in the ANEX l vec:or is: 

TTGGGAGCTTGG A'rCGA':' CC Tee ATG Ctt. 

The desired sequence for a vector ide~t.ica: to ANEX 1 

but incorpora~ing the above-identified changes vis-a-vis 

the neo start codon, referred to as ANEX 2, is as follows 

2 0 (SEQ ID NO: 9) : 

CCA GCA_I,GG AGG A A':'CGA7 cc Tee ATG Ctt 

{The out-of-frame star~ codon is under:ined.J The 

fully impaired consensus KozaK of ANEX 2 is identical to 

that of ANEX l. The principal difference is the :i.ncl1.1sion 

25 of the upstream out-of-frame start codon. A por;sible 

difference is t.he format.ion of a secondary structure 

involving this sequence, proposed as follows: 
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CG 

:' A CLA . si:e .L 

A T 

AT 

GC 

GC 

AT 

GC 

GC 

TA 

AT 
c~ 

GC 

AT 

CT 

CG 
The sequence in bold, ATG. is t:he upstream ou ·.:.-of ... 

frame sta:-~ codon; the "loop" pert ion of the secondary 

structure is the CLA I site; and the sequence betwee~ thP. 

"T" and "C" (italics and bold/ is the start codon 

{underlined) of the fully impaired consensu~ Kozak. 

:n order to effectuate this change, a PCR f.::-agmeri!... 

wa!; cloned into anti-CD.20 in ANEX 1 from Xho I {5520) to 

Cla I (5901); see, Figure'· Pri~ers were as follows: 

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

S'-GGA GGA TCG AT~ CCI ~:a 7GC TGG 
CAC AAC TAT GTC AGA AGC A.AA TGT 
GAG C-3' 

The upper-lined pcrticn of P~imer 489 ~s a Cl~ : 

site; the under-lined por:ion i!; t.he f'..llly impaired 

consensus Kozak transla~ion star~ site. 

35 5' -Primer 488 (SEQ. ID. NO. lll: 

.S'-CTG GGG CTC GAG CTT ':'GC-3' 

The u~per-lined por:ion of p . • r.J.mer 485 is an X!10 "'" 

sit:e. 
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These primers were prepared using an AB! 39: PCR 
MATE™ DNA synthesizer (Applied Biosystems, Fos~er City, 
CA) . Phosphoramidites were obt.ained from Cruac:hem 
(Glasgow, Scotland): dA(hz) - Prod. No. 20-8120-21; 

5 dG(ibuJ - Prod. No. 20-8110-21; dC(bz} - Prod. No. 20-
8:30-21; T - Prod. No. 20-8100-21. 

Conditions 'for the PCR reaction using these primers 
were as follows: 2.A. ("microliters") of ant.i-CD20 in TCAE 

5.2 in plasmid grown in E. coli st.rain GM48 {obtained 
10 from the ATCC) was admixed wieb 77.A. 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.). 
Thereafcer, 4A of 5 mn dNTPS {Promega, Madison, WI: dATP, 

15 Prod. No. Ul201; dCTP, Prod. Ne. Ul~21; dGTP, Prod. No. 
U12ll; dTTp. Prod. No. U123ll. lA 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, 2min.; 94°C, lmin.; 54°C, lmin. Tenmicroliters 

( 1 O}. l 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 l plasmid grown in 

E. coli bacterial strain GM48 was digested with Cla 1 and 
Xho 1 as follows: 20Aof anti-CD20 in ANEX 1 was admixed 
wi~h IO.A.of 10XNEB4 buffer (New England Biolabs, Beverly, 
MA; hereinafter, NEB); 5~ Cla l (NEB, Prod. No. 197 S, 

30 60uJ: and 64A deionized water. This admixture incubated 
overnight at 37°C, followed by the addition of S~ Xho 1 

(NEB, Prod. No. 146 S, 100 u) and incubation at 37°C for 2 
hrs. The resulting material is designated herein as ftCla 
1/Xho l cut ANEX l". The approximate 400 base pair PCR 

35 fragment was prepared and digested with Cla 1 and Xho l as 
follows: 90A. of the PCR fragment was admixed with lOA of 
3M NaOAc; lA 10\ sodium dodecyl sulfate (SOS); and 90A 
phenyl/CHCl3/isoamyl. This admixture was vortexed for 30 
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sec. followed by al min. spin (1700 RPM). Tne aqueous 
phase was subjected to a spin column which resulted in SSA 
total admixture. To this admixture was added lOA l0XNEB4, 
lA bovine serum albumin (BSA,lOOX; NEBl, 2A Cla 1 (24u), 

5 and 2A.Xho 1 (40 u). This aemixt.ure was incubated at 37°C 

for 2 hrs. The resulting material is designated herein as 
"Cla l/Xho l c:ut PCR 488/489". Both Cla l/Xho l cut ANE:X 

l and Cla l/Xho 1 cut PCR 488/489 were ana.ly%ed by 

agarcse gel electrophoresis and the resulting bands were 
10 observed ac the same relative location on the gel (results 

not shown) . 

Ligation of Cla l/Xho l cut PCR 488/489 and Cla 
l/Xho l cut ANEX l was accomplished as follows: l~ of 

tRNA (Sigrna, St. Louis, MO, Prod. No. R-8508) was admixed 
15 with lA 10% SDS; lOA 3M NaOAc; 4S'A of Cla l/Xho l cut PCR 

488/489 (about 22.S ng); a 1:4 dilution (0.25~ of Cla 

l/Xho l cut ANEX 1 (about 32 ng) in O. 751. tris-

hydroxymethyl aminomechane ethylenediamine tetracetic acid 
(TE); and 42A TE. To this admixture was added 90i.. 

20 phenyl/CHC1 3 /isoamyl, followed by a 30 sec. vortex and a l 

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 270A of 100' EtOH t-20° Cl and another 1 min. 

25 spin ( 13, 000 RPM) . This admixture was dried in a 
SpeedVAC™ and resuspended in l 7'A TE. 2A. ligase buffer 

(Promega, T4 ONA Liga;e kit, Prod. No. M180) and l'A ligase 

(Promega Ligase kit). This ligation mix incuba~ed at l4°C 
overnight. Twenty microliters (20A) of the ligation mix 

30 was admixed with lOA 3M NaOAc, lA 10% SOS, 69A TE, and 

90~ phenyl/CHCl3/isoamyl. This admixeure was vortexed for 

30 sec., followed by a 1 min. spin (1700 RPM). The 
aqueous phase was transferr@d to a new tube and 270A. of 

100% EtOH (·20°C) was added thereto, followed by a 10 

35 min. spin (1700 RPM). This admixt:ure was dried in a 
SpeedVACTM and resuspended in 2~ TX. Ten microlicers of 

the resuspended admixture was transformed in E. coli X-Ll 

blue™ !Stratagene, La Jolla, CA), following manufacturer 
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inst:ruc::tions. Ten ( 10) bact.E" -.~ial colonias were inoculaced 
in LB Broth CGibco BRL, Grand Island, NY, Prod. No. 

M27950B) including ampicillin (SOµg/ml; Sigma, Prod. No. 

A-9393). Plasmids were isolated from the 10 cultures 
5 with a Promega ONA purification System (Prod. No. PR­

A7100l. fellowing manufacturer instructions; these 
plasmids .may have comprised the ANEX 2 vector. depending 
en 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 

c::odon); ANEX 1 does not include this Hinf I site. The 
purified plasmids comprising putative ANEX 2, and 

previously purified .ANEX l standard , were subjected to 
Hinf 1 digestion as follows: 2A of ea.ch isolat.e was 

15 admixed with SA of Hinf I digestion buffer Cl5A 10 x NEB2 

buffer; 15A Hinf I (NEB, Prod. No. 155S, lOu/A}; and 90A 

H20). This admixture incubated for 3 hrs. at 37°C and 

each isolate was analyzed via agarose gel electrophoresis 
(results not shown); nine (9) of the bands were 

20 substantially identical to the ANEX l standard, one(l) 

showed a slight difference in band pattern. For this 
single isolate, the first two bands were at 1691 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 isolate was attributed to 
the presence of the Hinf I site therein. indicating tha~ -t:he desired change to ANEX l was incorporated into this 
vector. This vector was designated "Anti-C020 in ANEX 2 

CGl,Kl," and is generally referred to 'by the inventor as 
30 ANEX 2. 

Elect:roporation of anti-CD20 in ANEX 2 was 

accomplished as follows: two-hundred and forty 
microliters (240A) of the anti-C020 in ANEX 2 ONA (400µg) 

was admixed with lOOA of 10 X NEB2 buffer ; 100A cf Stu I 
35 CNXB. Prod. No. 1875. 1000 u); and 560~ TE, and incubated 

at 37°C for 2hrs. This admixture was then placed ever 8 
spin eolumns (l25A each), followed by addition of llOA lOX 
Not I buffer (NEB): lOA lOOX BSA: and 20A of Not I (NEB, 
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Prod. No. l69S, 800u). This admixture was incubated at 
37°C for 3 hrs., followed by the addition of 120A of 3M 

NaOAC and 12A of 10\ SDS. The admixture was transferred 
to 2 vortex tubes and SOOA of phenyl/CHCl3/isoamyl was 

5 added to each, followed by a 30 sec. vortex and 1 min. 

spin (1700 RPM). The aqueous phase was removed from the 

tubes and segregac:ed into 3 tubes, followed by t.he 

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 l 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 (SA) of the resuspended 

DNA was admixed with 9951.. of deionized water (1:200 

15 dilution}. An optical density reading was taken (OD~260J 

and the amount: of DNA present: was calculated t.o be 
0.7Sµg/A. In order to utilize 25 µg of DNA for 

electroporation, 32A of the 1:200 dilution of the DNA was 

utilized (25 µg was utilized as this was the amount of DNA 

20 utilized for TCAE 5.2 and ANEX l in the foregoing Example 

11. The 1:200 dilution of DNA was formally referred to as 

"Stu l, Not I cut anti-CD20 in ANE:X 2 (25µg) in TE" and 

generally referred to as ~anti-C020 in ANEX 2.k 
Host cells utilized was DG44 CHO ("CHO" J (see, 

25 Urlaub, G. Somatic Cell, 1986 supra). One hundred 

milliliters of 6.6 x 10s cells/ml (84%} were subjected t:o 

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 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 
wit.h 32A of the an~i-CD20 in ANEX 2 in BTX sterile, 

disposable electroporation cuvettes. 

set.tings were as follows: 210 volts; 
Elec~roporat.ion 

400 microfaraday 
3 5 capacit:ance; 13 ohms resistance, using a STX 600™ electro 

cell manipulator (BTX. San Diego, CA). Nine (9) 

elec:roporations were conducted: actual voltage delivered 

over actual times were as follows: 1-199V, 4.23 msec; 2-

Th111~u 1iii1r111nr 
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188V, 4.57 msec; 3-l89V, 4 .24 msec, 4-200V; 4.26 msec, 5-
200V, 4.26 msec; 6-l99V, 4.26 msec; 7-l89V, 4. 5.9 msec; 8-
l89V, 4.57 msec:; 9-201 v. 4.24 msec. (As noc.ecl in Example 

I, the difference in number of performed electroporations 

5 was attribueed to the need to achieve a statistically 

significant number of viable colonies for each of the 

thz"ee conditions. TCAE 5.2. ANEX 1 and ANEX 2; the amount 

of DNA used for each elec:roporation (25 µq) was the same 

for each, and the same number of cells were 

10 electroporated. 

Thereaftar, che elec:roporation material was admixed 

with 20 ml of G41B Growth Media (CHO-S-SFM II minus 
hypoxanthine and thymidine (Gibco, Grand Island, NT, Form 

No. 9 l-0456PK} including SO µ.M hypoxanthine and S µM 

15 thymidine) . The admixture was gently agitated. followed 

by plating 200 µl of the admixture per well into 96-well 

plates, one plat:.e for each electroporation (nine) . 
Beginning on day 2 after electroporation, through day 17, 

150µ1 of each well was rL~oved, and 150 µ1 of fresh G4l8 

20 Growch Media containing 400 ~g/mlG418 was added thereto. 
Colonies were analyzed en day 25. 

One hundred and twenty one (121) colonies expressed 
anti-CD20 ant:.ibody (ie , 13 colonies per electroporation). 

Of these, 63 (52\) expressed over 250µg /ml of protein; of 
25 the 63. 20 of the colonies (Hi. 5%) expressed over 

lOOOµg/ml of protein. Only 5 of the 121 colonies (4.1\l 

expressed less than 2Sµg/m.l of protein. Figure S provides 
a hiscogram comparing exp~ession of protein per colonies 

derived from the vectors TCAE 5.2. ANEX land ANEX 2. 

30 The foregoing data indicates that. incer alia, as 

between ANEX l and ANEX 2, the use of at least one out:.-of­
frame start codon upstream of a fully impaired consensus 
Kozak associated with the ~ranslation initiation of a 
dominan~ seleccabla marker decreases the number of viable 

35 colonies expressing co-linked gene produ~t and 

significantly increases the amount of expressed co-linked 
gene product. 
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III. lmpact Of Insertio~ Of Gene frociuct Of Interest 
Within At Leas' Qne Artjficial Intronic Insertio~ 

Region Of A Domjna~; Selectable Marker 

Building fur~her upon the ANRX 2 vector, an 
5 artificial splice was generated between a.mi no acid 

residues 51 and 52 of the NEO coding region of ANEX 2, 

followed by insertion therein of the anci-CD20 encoding 
region. Two such vectors were generat.ed: the first, 

comprising a consensus Kozak sequence for the NE:O 

10 translation initiation codon and not comprising an out-of­

frame start codon, is referred to as ·GKNEOSPLA3F;" the 

second, comprising a fully iinpaired consensus Kozak and an 

out-of frame stare condo:., is referred to as "NEOSPLA3F." 
Both GKNEOSPLA3F and Nl!:OSPLA3F contain the following 

15 artificial intron sequence between amino acid residues 51 

and 52 of NEO: 

Sl 52 
5'CTG CAG/GTAAGT GCGQCCGC TACTAA: CTC)3 CT CCIJ TCC lTl5 C CTGCAG/CAC ~AO 3' 

The underlined port~on represents a sequence amenable 
20 to digestion with Not I enzyme; the encoding region for 

anti-CD20, inter alia, was inserted within this region. 

Although not wishing to be bound by any particular 
theory, the inventor postulates that during expressior., 

the inclusion of a gene product. of interest within an 

25 artificial intronic insert.ion region of a dominant 
selectable marker (e.g. t~e NEO gene) should significantly 
decrease the nwnber cf viable colonies producing, in the 
case of the disclosed GKNEOSPA3F and NEOSFLA3F vectors, 
anti-CD20 ancibody. This is predicated upon two points: 

30 first, only those vectors which are able to transcribe and 

correct:y splice-cut the antibody enc:oding 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 independe~t of translation of NEO. 

The GKNEOSPLA3F and NEOSPLA3F vectors were 
constructed in the follo.,,:ing manner: 
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Anti-CD20 in ANEX 2 was digested with Not I and Xho ! 

in order to isolate the 1503 bp NEO cassette ONA fragment 
(see Figure 4 between "Not I 7023" and "Xhc I 5520") as 
follows: 10 µl of anti-CD20 in ANEX 2 was admixed with 6 

5 µl deionized H20 ("dH20"): l µl Not I enzyme (NEB, Prod. 
No. 189S): 2 µ1 of lOX Not I digestion buffer (NEB; 
prov~ded with enzyme); and l µ Xhc I enzyme (Promega, 
Madison, WS, Prod. No. R4l64). This digestion mixture 
was incubated overnight at 37°C. The resulting digested 

10 DNA was size fractionated by O.St aqarose gel 
electrophoresis and the desired fragment migrating at 1503 
was isolated via the GlassMAX™ method (Gibco BRL, Grand 
Island, NY, Prod. No. 15590-011) fer insertion into 
pBluescript SX(-) 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 
ant.i-CD20 in ANEX 2·. Digested pBluescript SK ( - ) was then 
collected by ethanol precipitation by the addition of 70 

20 µl dH20; 2 µl tRNA (Sigma, St. Louis, MO, Prod. No. R-
8508); 10 µl of JM NaOAc; and 300 µ1 100% ETOH (-20°C). 
This was followed by a 10 min spin (13,000 RPM), decanting 
the supernatant, rinsing with 70% ETOH, decanting the 
liquid, drying in a SpeedVAC'll'I and resuspending in 20 µl l 

25 x TE. 

Ligation of the NEO casset:t.e DNA fragment into 
prepared pBluescript SK (-) vector was accomplished as 
follows: 10 µl of N.EO fragment ONA was admixed with 6 µ1 
dH 20; 1 µl cut pBluescript SK (-) vector ONA; 2 µl 10 x 

30 ligation buffer (Promega, supplied with enzyme); and 1 µl 
T-4 DNA Ligase (Promega, Prod. No. Ml801) 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) µl of the resuspended ligated DNA was 
transformed into E. coli XL-l BlueTH (Stratagene), 
following manufac~urer instruceions. Ten (10) baccerial 
colonies were inoculated in LB broth CGibco BR!., Prod. No. 
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M27950B) including ampicillin (50 µg/ml; Sigma, Prod. Ne. 

A-9393). Plasmids were isola~ed from the 10 culcu~es wi:~ 

a Promega DNA purification system (Prod. No. PR-A7100), 

following manufacturer instructions; these plasmids may 
5 have comprised the plasmid referred to as BlueNEO• 

depending on the sufficiency of the foregoing. !BlueNEC• 
was confirmed due to the suffic::iency of the following 
procedure. ) 

BlueNEO+ contains a Not I restriction recognitior. 

10 sequence reformed upon ligation of the NEC cassette 

fragment DNA into the pBluescript SK (-} vector. This 

site was destroyed by che following: l µl of BlueNEO• 
DNA was admixed with 16 ~l dH20; 2 µ 10 x Not I digestion 

buffer (N'.EB); l µl 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 
µl final volwne. This 15 µl Not I digested DNA was 

"blunt-ended" by admixing with 4 µl SX Klenow buffer (20 
mM Tris-HCL, pH 8.0, lOOmM MgCl2} and 1 µl DNA Polymerase 

20 I Large (Klenow) Fragment (Prome9a, Prod. No. M2201). 

This admixture was incubated at room temperature for 30 
minutes. BlWlt-ended ONA was then purified by spin column 

fractionation. giving a final volume of 15 µl. 

Ligation of the blunt-ended DNA was performed in a~ 
25 analogous way as t.o the ligation of the NEO cassette 

fraqmen~ ONA in~o the pBluescript SK C-J vector excep~ 

that the final DNA was resuspended in 17 µ1 of l x TE. 

Following ligation, the DNA was subjected to a second 

res~riction digestion with Not I by mixing the 17 µ1 of 

30 DNA with 2 µl 10 X Noe I digestion buffer and 1 µl Not I 

enzyme !NEB). Digestion was allowed eo proceed at 37°C 
for 60 minutes. following digestion, the admixcure was 
purified by spin column fractionation resulting in 15 µl 
final volwne. 

JS Ten (10) µl of the purified DNA was transformed into 
E. coli XL-1 Blue™ (Stratagenel, following manufacture= 

instructions. Ten (10) bacterial colonies were inoculatec 
in LB broth (Gibco BRL including ampicillin (50 µgtml: 
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Sigma) . Plasmids were isolated from the lO cultures with a 

Promega DNA purification system following manufacturer 

instruct.ions; these plasmids may have comprised the 
plasmid ref erred tc 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 µl dH20; l µ1 BlueNEO- DNA, 2 µl 

digestion buffer 3 (NEB) and 2 µl Pst I enzyme (NEB, Prod. 

No. 140$). This admixture was incubate at 37°C for 3 hrs. 

Digested DNA was then purified by spin column 

fractionation. The following synthetic cligonucleotide 

15 was then ligated to the Pst I cohesive ends ~f BlueNEO-: 
5' GGTMGTGCGGCCGc:TACTAACfC?CTeCTCC!CTCCllXllt:CTGCA J• (SEQ ID NO: 12) 

and its complementary sequence: 
(SEQ ?J:l NO: 13). 

Inser~ion of this linker creates a consensus s· splice 
20 donor site (by ligation) followed by a Not I site, 

followed by a. consensus splice branch point, fellowed by a 
synthetic polypyrimidine tract, fellowed by a consensus 3' 

splice acceptor site, a.s indicated above. 
Ligation was performed as described above for the 

25 ligation of the NEO cassette into pBluesc:-ipt SK (-) 

except using 2 µ1 of Pst I linearized BlueNEO- DNA and 14 

µl ( 17 5 pmoles) of annealed complementary 

oligonucleotides. 
The foregoing (and following} synthetic oligo 

30 nucleotides were chemically synthesized usin~ an Applied 

Biosystems 391 PCR MATE'l'M ONA Synthesizer (Applied 
Biosystems, Foster City, CA) . All reagents for the 
synchesis were purchased from Applied Biosystems. 

Ligated DNA was collected by ethanol precipitation as 

35 des~ribed above for t.he preparat.icn of pBluescript SK (-) 

vector DNA. 

Ten ( lO) µl cf the resuspended ligated DNA was 

transformed int.o E. coli XL-1 Blue™ ( St.ratagene) , 
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following manufacturer instructions. Ten (10} bacterial 
colonies were inoculated in LB broth (Gibco BRL) including 
ampicillin (50 µg/ml; Sigma>. Plasmids were isolated from 
the lO cultures with a Promega DNA purification system, 

5 following manufacturer instructions: these plasmids may 
have comprised the plasmid referr•d to as NEOSPLA and/or 
NEOSPLA- depending on the sufficiency of the foregoing and 
the orientation of the insertion of the oligonucleotides. 

Detennination of orientation of the splice junction 
10 linker was preformed by nucleic acid sequencing using the 

Sequenase Version 2.0 ONA Sequencing Kit (United States 
Biochemical. Cleveland, OH, Prod. No. 70770 > · following 
manufacturer instructions. Upon determination of linker 
orientation wit.hi:r, six independent plasmid isolates. 

15 identification of NEOSPLA was tnAde such that the inserted 
splice junction sequences a.re 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 µ1 dH20; l µl NEOSPLA DNA; 2 µl 10 X 

digestion buffer D (Promega. supplied with enzyme); and 2 

µl Xho I enzyme (Promega, Prod. No. R6l6l). 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: s· TCGA'M'AAtTM 3· 1stQ ID NO: 

14). Insertion cf this sequence effectively changes the 
Xho I site to a Fae 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 µl of Xho I linearized NEOSPLA DNA and 14 
IJ.l (175 pmole.s) of annealed complementary 
oligonucleocides. 

35 Ligated DNA was collected by echanol precipitation as 
described above for the preparation of pBluescript SK (-) 
vector DNA. 
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Ten ( lO) µl of the resuspended ligated DNA was 
transformea into E. coli XL-l Blue™ (Stratagene), 

following manufacturer instructions. Ten (10) bacterial 

colonies were inoculated in LB broth (Gibco BRL) including 
5 ampi~illin (SO µg/ml; Sigma). Plasmids were isolated from 

the 10 cultures wich a Promega DNA purification system, 

following manufacturer instructions; these plasmids may 

have comprised the plasmid ref erred tc as NEOSPLA3 

depending on the sufficiency of the foregoing. (NEOSPLA3 

10 was conf irrned due to the suff icency of the following 

procedure. ) 

Anti-C020 in ANEX 2 (Gl,I<l contains i:he 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 

15 Xho I site at the 3' end. Anti-CD20 in ANEX 2(Gl,Kl was 
digested with Xho I by forming an admixture of 1Sµld.H20, l 

µl anti-CD20 in ANEX 2(Gl,X) DNA, 2 µl 10 X digestion 

buffer D (Promega, supplied with enzyme) and 2 µ1 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: 5' TCCAA.'-'GGi;;GC:T J• {S:S:Q IO NO: 151. 

Insertion cf this sequence effectively changes the Xho ! 

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

Ligation was pe~forrned as described above for the 

ligation of the NEC cassette into pBluescript SK ( - l 

excepc using 2 µl of Xho I linearized anti-CD20 in ANEX 2 

30 ONA and 14 µl <175 pmoles) of annealed complementary 
oligon~cleotides. 

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

veccor DNA. 

3 5 Ten ( l 0) µ1 of the resuspended 1 i;a ted DNA was 
transformed into E. c:oli XL-1 Blue™ (Stratagene}, 

following manufacturer instructions. Ten (lO) bacterial 
colonies were inoculated in LB broth CGibcc BRL, Prod. No. 
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M27950B) including a.mpicillin (50 µg/ml: Sigma, Proc. No. 
A-9393). Plasmids were isolated from the 10 cultures with 
a Promega DNA purification system {Prod. No. PR-A7l00}, 
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 µl dH20; 10 µ1 

Anti-CD20 in ANEX 2 (Gl, K) ; 2 µl 10 x Not I digestion 
buffer (NEB, supplied with Not I enzyme); and l µ1 Not I 
enzyme (NEB) . This admixture was digested at 37°C for 3 
hrs followed by size fractionation by O.St agarose gel 

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

N£0SPLA3 was previously prepared for acceptance of 
the anti-CD20 cassette by digestion of 1 µ1 of DNA with 

20 Not I using an admixture comprising 16 µ1 dH20; 

2 µ1 lOX Not I digestion buffer (NEB); l µl Not I 
enzyme (NEB); followed by incubation at 37°C for 2 hrs. 
This digested DNA was then pu:rif ied by spin column 
frac~ionation resulting in 15 µl final volume. 

25 Ligation of the anti-CD20 DNA fragment into prepared 
NEOSPLA3 vector was accomplished as follows: 10 µ1 of 
anti-CD20 fragment DNA was admixed with 6 µl dH20; 1 µl 
cut NEOSPLA3 vector DNA; 2 µ:. 10 x ligation buffer 
(Promega supplied with enzyme}; and 1 µl T-4 DNA Ligase 

3 O ( .Promega) ; followed by incubation at l4°C overnight. 
Ligated DNA was collected by ethanol precipitation as 
described above for the prepara:ion of pBluescripc SK (-) 
vector DNA. 

Ten (10) µl of the resuspended ligated ONA was 
35 transformed into E. coli XL-1 Blue™ ( s t.ra t.agene l , 

following manufaccurar instructions. Ten ClO} bacterial 
colonies were inoculated in LB brot~ (Gibco BRL) including 
ampicillin CSO µg/ml; Sigma). Plasmics were isolated from 
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the 10 cultures with a Promega DNA purifica~ion sys~em 

following manufacturer ins~ructions; these plasmids may 

have comprised tne plasmids referred to as anti-CD20 in 
NEOSPLAJF and anti-CD20 in NEOSPLAJR deper.ding on che 

S sufficiency of the foregoing and relative o=ientation o! 
the inserted fragment with respect to NEO transcription. 

Determination of orientation of the anci-CD20 
cassette insertion was preformed by double digestion with 

KpnI and SpeI (NEB, Prod. No. 1335) in NEB buffer l plus 
10 acetated BSA as follows: an admixture comprising 4 µ1 DNA; 

2 µl NEB buffer l; l µl Kpn I; 1 µl Spe I; 2 µl BSA: and 
10 µ1 dH20 was formed. The admixture was digested at 37°C 

for 2 hrs, followed by size fractionat.ion on an 0. 8% 

agarose gel electrophoresis. Upon decermina~ion of anti-
15 CD20 insert orientation wi~hin six independent plasmid 

isolates, identification of anti-CD20 in N~OSPI.A3F was 
made such that t.he 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 hwnan imrnunoglobulir. light chain 
transcriptional cassette, a chimeric mouse human 
i.Inmunoglubulin heavy chain transcriptional cassette, and a 
murine dihydrofolate reductase transcriptional cassette 

25 {see, Figure 4). 

Anti-CD20 in NEOSPLA3F was doubly digested with Kpn I 
and Stu I by creating the admixture consisting of 14 µ1 
dH20, 1 µ1 anti-CD20 in NEOSPLAJF, 2 µl 10 x digestion 

buffer 1 (NEB, supplied with enzyme}, 2 µl 10 x acetylated 
30 BSA (NEB supplied wich Kpn I enzyme). 1 µl I<.pn I enzyme, 1 

µl Seu I enzyme (NEB, Prod. Nos. l42S and 1875 
respe~tively) . This admixture was digested at 37°c for 3 
hrs followed by size fractionation by 0.8, agarose gel 
electrophoresis and che desired fragment migrating at 9368 

35 base pairs by was isolated via the GlassMAX method. 

A PCR fragment of PNA was generated from TCAE 5.2. 
The two following synthetic oligonucleotide primers were 
utilized in the PCR reaction: 
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5 ' primer: 5 f GCA TGC (".GT ACC GGA TCC ATC GAG CTA CTA 

GCT TTG C 3' 

(SEQ ID NO: 16) ; 
3' primer: 5' CTG ACT AGG CCI 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 hp fragment into prepared anti­
CD20 in NEOSPLA3F was accomplished as follows: 

2 µl anti-CD20 in NEOSPLA3F; l µl SOS; 1 µl tRNA 
(Sigma); 11 µl 3M sodiwn acetate (pH 4.5} were admixed. 

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

20 was admixed with 6 µ.1 dH20. 1 µ.l c:ut ant.i-CD20 in 
NEOSPLA3F vector DNA. 2 µl 10 x ligation buffer (Promega, 
supplied with enzyme) and l µl T-4 DNA Ligase (Promega) 
followed by incubation at 1'°C overnight. Ligated DNA was 
collected by ethanol precipitation as described above for 

25 th~ preparation of pBluesc~ipt SK (-) vector DNA. 
Ten ( 10) J.Ll of the resuspended ligated DNA was 

transformed into E. coli XL-1 Blue™ (Strata.gene}, 
following manufacturer instructions. Ten (10) bacterial 
colonies were inoculated in LB broth (Gibco BRL, Prod. No. 

30 M279SOE) including ampicillin (50 µg/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 ins~ructions; these plasmids may 
have comprised the plasmid referred to as anti-C020 in 

35 GI<NEOSPLA3F depending on the sufficiency of the foregoing. 
(Conf i.rmation was based upon sequence determination o: the 
different regions of GI<NEOS?LAJF vs. NEOSPLAJF.) 
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The new plasmid differs from anti-CD20 in NEOSPLA3F 
in its Kozak sequence for the NEO gene which is: 

-3 +l 
TGT GTT GGG AGC TTG GAT CGAT cc Ace ATG Gt~ 

5 Cla I Start NEO 

for Anti-CD20 in Gl(NEOSPLA.3F, and 

-3 +1 

10 TGT G CCA GC~G AGG AAT CGA Tee Tee ATG Ctt 

upstream Start Start NEO 

for Anci-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 cut-cf-frame start sequence); NEOPLA3F (anti-CD20 
inserted via artificial intronie insertion region between 
amino acids Sl and 52 of NEO; NEO has fully impaired Kozak 

20 and an upstream out-of-frame start sequence): and 
GKNEOSPLA3F (anti-C020 inserted via artificial intronic 
insertion region between amino acids 51 and 52 of NEO; NEO 
has consensus Kozak) . 

Twenty-five (25) µg cf each plasmid (digested as 
25 follows: anti-CD20 in TCAES and ANEX2 - Not I; anti-C020 

in NEOSPLA3F - Pac I; anti-CD20 in GKNEOSPLAJF - Pac I a.nd 
Kpn I) was electroporated into 4 x io& CHO cells; these 
digestions were utilized to separate the genes expressed 
in mammalian cells from the DNA used to grow the plasmid 

30 in bacteria. Fellowing digestion, EtOH precipitation of 
the DNA, and drying thereof, the DNA was resuspended in 
sterile TE at a concentration of l µg/µl. Electroporation 
conditions were as described in Example II, except that 
230 volts was utilized and, following electroporation, the 

35 ~ixr.ure of cells and DNA was maintained for 10 min. at 
room t. empera t ure in the sterile, disposa.bl e 
electroporation cuvette. 
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Following eleccroporation, cells were plated into 96 
well dishes as shown belcw in Table I, based upon the 

expected frequency of G4l8 resistant colonies (as derived 
from preliminary experiments; data no: shown): 

Table ! 

Comparative Expression 

Plasmid 

TCAE 5 

ANEX 2 

GKNEOSPLA3F 

NEOSPLA3F 

No. 

Transfections 

1 

l 

l 

5 

No. Cells 

Plated 

4 x ios 
2 x 106 

2 x 106 

.2 x 10 7 

No. 96 Well 
Plates 

5 

5 

5 

5 

10 Table l (continued) 

Plasmid 

TCAE 5 

ANEX 2 
GI<NEOSPLA3F 

NEOS'PLA3F 

No. G418 

Resiseant 
Colonies 

16 

Hi 

16 

16 

Frequency of G41S 
Resistant Colony per 

Transfected Cell 
1 in 20,000 

l in 100,000 

1 in 100,000 

l in 1.000,000 

{Cells were fed with G418 containing media on days 2. 5, 

7, 9, 12, 14. lS, 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 t.o 7C provide his:.oqra.m results and 
evidence the percentage cf colonies a: a particular level 

20 of expression. 

The Examples provided herein are not to be conscrued 

as limi t.ed to the specific veer.ors, fully impaired 

consensus Kozak sequences, dominant selectable markers, 

cranscriptional cassettes, and/or expressed proteins. The 
25 fully impaired consensus I<ozo.k. o.r.d 1:he ucil.i~at.ion 
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thereof, are not to be construed as limited to ANEX 1 and 
ANEX 2 vectors. Similarly, the preferred fully impaired 
consensus Kozak sequences and vectors in no way constitute 
an admission, either actual or implied, that these are the 

5 only sequences or vectors to which the inventor is 
entitled. The inventor is entitled to the full breadth of 
prot.'7ction under applicable patent laws. Preferred 
vectors incorporating fully impaired consensus Koza:k: 
sequences have been identified by the inventor en ANEX 1 

10 and ANEX 2 for purposes cf claiming these vectors by 
designating plasmids comprising these vectors and anti­
CD20 were deposited with the American Type Culture 
Collection (ATCC), 123 01 Parklawn Drive. Rockville. 
Maryland, 20852. under the provisions of the Budapest 

15 Treaty for the International Recognition of the Deposit of 
Microorganisms fer the Purpose of Patent Procedure. The 
plasmids were tested by the ATCC on November 9, 1992, and 
det.ermined to be viable on that date. The ATCC has 
assigned these plasmids the following ATCC deposit nu.rntiers 

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 invention has been described in 
considerable detail with regard to certain preferred 

25 embodiments thereof. other embodiments within the scope of 
the ceachings 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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SEQUENCE LISTING 
(l) GENERAL INFORMATION 

(i) APPLICANT: Reff, Mitchell E. 
(ii) TITLE OF INVENTION: Impaired Dominant 

Selectable Marker Sequence 
and Intronic Insertion 
Strategies for Enhancement 
of Expression of Gene 

Product and Expression 
Vector Systems Comprising 
Same 

(iii) NUMBER OF SEQUENCES: 17 
(iv) CORRESPONDING ADDRESS: 

(A) AODRESSEE: IDEC Pharmaceuticals 
Corporation 

(B} STREET: 

(Cl CITY: 

(D) STATE: 

(E} COONTRY: 
(F) ZIP: 

11011 Torreyana Road 
San Diego 

California 

USA 

92121 
(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette. 3.5 inch, 1.44 Mb 
(B) COMPUTER: Macincosh 
(C) OPERATING SYSTEM: MS.DOS 

(Dl SOFTWARE: Microsoft Word S.O 
(vi} CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
(B) FILING DATE: 

(C) CLASSIFICATION: 
(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Burgoon. Richard P. Jr. 
(B} REGISTRATION NUMBER: 34,787 

CC) REFERENCE/DOCXET NUMBER: 
(ix) TELECOMMUNICATION INFORMATION: 

35 (A) TELEPHONE: (619) 550-8500 
CBI TELEFAX: (619} 550 8750 

(2) INFORMATION FOR SEQ ID NO: 1: 
(il SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 
!C) STRANDEDNESS: single 

(0) TOPOLOGY: linear 

5 (ii ) MOLECULE TYPE: DNA (genomic:) 

Ciiil HYPOTHETICAL: yes 

Civ) ANTI-S!NS!: yes 

PCT/US93/l 1:%l1 

Cix) SEQUENCE DESCRIPTION: SEQ IO NO: l: 

TAG CTA GGT CCT ACC CC 

10 (3) INFORMATION FOR SEQ IO NO: 2: 

15 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 17 bases 
(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 

!iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

20 ATC GAT CCT GGA TGC GG 

25 

30 

35 

(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 bases 

(B} TYPE: nucleic acid 
(C) STRANDEDNESS: single 

(D) TOPOLOG~: linear 
(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: yes 

(iv} ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TNN ATG CTT 
(5} INFORMATION FOR SEO ID NO: 4: 

'i) SEQU:E:NCE CHARACTERISTICS: 
(A} LENGTH: 9 bases 
(B) TYPE: nucleic acid 
(Cl STRANDEDNESS: single, including 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: C:DNA (genomic> 
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(iii) HYPOTHETICAL: yes 
(iv} ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

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 (ganomic) 

(ii) HYPOTHETICAL: yes 
(iv) ANTI-SENSE: no 
(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 

TNN ATG TTT 
INFOR~TION FOR SEQ ID NO: 6: 

( i) SEQUENCE CHARACTERISTICS: 

(Al LENGTH: 9 bases 
(BJ 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: 

CNN ATG TTT -
INFORMATION FOR SEQ ID NO: 7· 

( i) 

(ii} 

(ii) 

(iv) 

SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 bases 
(Bl TYPE: nucleic acid 

(Cl STRANDEDNESS: single 
(D} TOPOLOGY: linear 

MOLECULE TYPE: ONA (genomic) 
HYFOTHETICAL: yes 

ANTI-SENSE: no 

PCT/l159311 lllJ 

4: 

9 

5: 

9 

6: 

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 7: 

TTG GGA GCT TGG ATC GAT 
CCA CCA TGG TT 

1e 

l! 
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( 9} INFORMATION FOR SEQ ID N::·: S : 

(i) SEQUENC~ CHARACTERISTICS: 
(A) LENGTH: 29 bases 

(Bl TYPE: nucleic acid 
CC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic} 
(iil HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TTG GGA GCT TGG ATC GAT 
CCT CCA TGC TT 

(10) INFORMATION FOR SEQ ID NO: 9: 
(i} SEQUENCE ~HARACTERISTICS: 

18 

11 

15 (A) LENGTH: 30 bases 
(Bl TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE 'I"!PE: ONA (genomic) 
20 Cii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 
(xi) SEQUENCE DESCRIPTION: SEO ID NO: 9: 

CCA GCA TGG AGG AAT CGA TCC 21 
TCC ATG CTT 9 

25 (ll) INFORMATION FOR SEQ ID NO: 10: 

30 

35 

(i) SEQUENC~ CHARACTERISTICS: 
(A) LENGTH: 52 bases 
(S) TYPE: nucleic acid 
!Cl STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ii) HYPOTHETICAL: yes 
(iv) ANTI-SENSE: yes 
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

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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(A) LENGTH: 18 bases 

(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: ll: 

CTG GGG CTC GAG CTT TGC 18 

10 (13) INFORMATION FOR SEQ ED NO: 12 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 bases 

(B) TYPE: Nucleic acid 

(C) STRAL'JDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ii) 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 

25 

CCC TCC TTT TTC CTG GA 

(14) INFORMATION FOR SEQ ID NO: 13 

(i) SEQUENCE CHARACTERISTICS: 

(Al LENGTH! 47 bases 

IB) T'iPE: Nucleic acid 

(Cl STRANDEDNESS: single 

(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ii) HYPOTHETICAL: no 

30 (iv) ANTI-SENSE: yes 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

17 

GGA AAA AGG AGG GAG GAG AGA GTT AGT AGC GGC 33 

CGC ACT TAC CTG CA 

(15) INFORMATION FOR SEQ IO NO: 14 

3S (iJ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 bases 

(Bl TYPE: Nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TY'PE: ONA (genomic) 
{ii} HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 

5 (xi) SEQUENCE DESCRIPTION: SEO ID NO: 14: 
TCG ATT AAT 'l'AA 

(16) INFORMATION FOR SEQ ID NO: 15 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 bases 
10 (Bl TYPE: Nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic) 
{ii) HYPOTHETICAL: no 

15 (iv) ANTI-SENSE: no 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

12 

TCG AAG CGG CCG CT 14 

(17) INFORMATION FOR SEQ ID NO: 16 
(i) SEQUENCE CHARACTERISTICS: 

20 (A) LENGTH: 37 bases 
(Bl 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 Dases 

(S) TYPE: Nucleic acid 
(C) STRANDEDNESS: single 

35 (D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(ii) HYPOTHETICAL: no 
(iv) ANTI-SENSE: no 
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(xi) SEQUENCE DESCRIPTION: SEO IO NO: 17 
CTG ACT AGG CCT AGA GCG GCC GCA CTT ACC 30 
TGC AGT TCA TCC AGG GC 17 
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Claim5 

l. An expression vec~or for expressing a protein 

of interest by recombinant deoxyribonucleic acid 
5 techniques, said vector comprising at least one dominant 

selectable marker, wherein t.na translation init.iat.ion 

start site of said marker comprises the following 

sequence: 

10 

15 

-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 cf incerest 
is co-linked to said dominan~ 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 
0 gene, xant.hine guanine phosphoribosyl transf erase, 
hygromycin B phosphotransferase, and neomycin 

25 phospho~ransferase. 

4. The expression vector of claim 1 wherein said 

translation initiation start site sequence is selected 
from the group consisting of TXXATGCxx; CXXATGCx:x; 

30 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. 

S. The expression veccor of claim 1 wherein said 

35 cranslation initia~ion start site sequence is TXXATGCxx, 
where "x" is a nucleotide. 
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6. The expression vector of claim l wherein said 
trans!at.ion initiation start site sequence is TCCATGCTT. 

7. The expression vector of claim 1 wherein said 
5 translation initiation start site sequence is located 

within a secondary structure. 

8. The expression vector of claim l wherein said 
t.ranslat.ion initiat:.ion stArt site sequence further 

10 comprises at least one out-of-frame stare codon within 
about 1000 nucleotides of the ATG start codon of said 
start site, with the proviso that no in-frame st.op codon 
is located within said 1000 nucleotides. 

15 9. The expression vector of claim l wherein said 

translation initiation start: site sequence further 
comprises at least one out-of-frAine start codon within 
a.bout 350 nucleocides of the ATG start codon cf said start 
site, with the proviso that no in-frame st.op codon is 

20 located within said 350 nucleotides. 

10. The expression vector of claim l wherein said 
translat.ion initiation start. sit::e sequence further 
comprises at least one out-of-frame start codon within 

25 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. 

11. The expression vector cf claims 8, 9 and 10 

30 wherein said out-of-frame st.art codon is part. of & 

consensus Kozak sequence. 

12. The expression vector of claim 10 wherein said 
out-of-frame star~ codon and said translation initiation 

35 st.a.rt site sequence are both included as part of a 
secondary structure. 

111111111111111111111111111111 
* C L M S * SJ~STITUTE SHEET (RULE 26) 

' 
•wo~d as·~~ ss-st-B3d 



--------~ -------------------··-·· ---·--·-· -------------- ---------···----·-------------

SS 30'1id 

WO 94/11523 PCT/US9J/11:?21 

5 

61 

13. The expression vect.or of claims 8. 9, 10 
wherein said translacion 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 dominane selectable marker is selected 

from the group consisting of TxxATGCxx: CxxATGCxx; 

10 CxxATGTxx; and TxxA'l'GTxx, 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 from ehe group consisting cf 

herpes simplex virus thymidine kinase, adenosine 
deaniinase. asparagine synthetase, Salmonella his D gene, 
xanthine guanine phosphoribosyl transferase, hygromycin B 
phosphotransferase, and neomycin phosphotransferase. 

20 

25 

16. The material of claim 14 wherein said 
translation initiation start site sequence is TxXATGCxx, 

where "x" is a nucleotide. 

17. The material of claim 14 wherein said 
translation initiation start site sequence is TCCATGCTT. 

10. The material of claim 14 wherein said 
translation initiat.ion start site sequence is located 

30 within a secondary structure. 

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

35 about 1000 nucleotides of the ATG st.art codon of said 
start site, with the proviso that no in-frame stop codon 
is loca~ed within said 1000 nucleotides. 
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20. The material of claim 14 wherein said 
translation initiat.ion start: site sequence furt:her 
comprises at least one ouc-of-frame start codon within 
about 350 nucleotides of the ATG start codon of said start 

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

21. The material of claim 14 wherein said 
translation ini tia t:ion start site sequence further 

10 comprises at least one out-of-frame start codon within 
about SO 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 includea as part of a secondary 
structure. 

24. The ma~erial of claims 19, 20, 21 wherein said 
25 translation initiation start site sequence is part of a 

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

25. An expression vect:or 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 o: 
35 claim 1 wherein the nucleic acid sequence encoding fo= 

said protein of int:.eres~ is co-linked to said dominant 
seleccable marker. 
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27. The plasmid of claim 26 integrated wi~hin che 

cellular deoxyribonucleic acid o! a mammalian hos~ cell. 

28. The plasmid of claim 27 wherein said hose cell 
5 is selected from the group consisting of DG44, OXBll, 

CVl, COS, Rl6l0, SP2/0, P3x633-Ag8.653, BFA-lclBPT, RAJI, 

and 293. 

29. The expression vector of claim l 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 dominanc seler:t.able marker of claim 14 
further comprising an art: if icial instronic insertion 
region. 
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