
US 2006OOO3405A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0003405 A1 

Kallmeier et al. (43) Pub. Date: Jan. 5, 2006 

(54) METHOD OF EXPRESSING RECOMBINANT (30) Foreign Application Priority Data 
PROTEIN IN CHO CELLS 

Jul. 19, 2002 (GB)......................................... O216648.6 
(76) Inventors: Robert Kallmeier, Holmer Green 

(GB); Robert Gay, Pinner Middx (GB) Publication Classification 

Correspondence Address: (51) Int. Cl. 
NIXON & VANDERHYE, PC CI2P 21/06 (2006.01) 
901 NORTH GLEBE ROAD, 11TH FLOOR CI2N 5/06 (2006.01) 
ARLINGTON, VA 22203 (US) CI2N 15/86 (2006.01) 

(52) U.S. Cl. ......................... 435/69.1; 435/456; 435/358 
(21) Appl. No.: 10/521,768 (57) ABSTRACT 

(22) PCT Filed: Jul. 21, 2003 Method of expressing recombinant protein in CHO cells, by 
using an expression vector comprising the murine IgG 2A 

(86) PCT No.: PCT/EP03/07.946 gene locus. 





Patent Application Publication Jan. 5, 2006 Sheet 2 of 3 US 2006/0003405 A1 

: 

i : 
3 S 
s & (S 5 Se 2 und a E 5 

C/D 9 

2 
c D g 
GN S. C 
o -R 

L 

O 

d 
CD 
2 

O C O O O C O 

c CN CN ves ve 

(uo)eloxe uu 887) 
ueeulu epueo Sejong ueef 

3 g 

  



Patent Application Publication Jan. 5, 2006 Sheet 3 of 3 US 2006/0003405 A1 

Fig. 3 

  



US 2006/0003405 A1 

METHOD OF EXPRESSING RECOMBINANT 
PROTEIN IN CHO CELLS 

0001. The present invention relates to a method for 
expressing a recombinant product gene in a CHO cell line as 
well as to recombinant CHO host cells and to novel expres 
Sion vector constructs. 

0002) The Chinese Hamster ovary cell (CHO) mamma 
lian expression System is widely used in production of 
recombinant protein. Apart from lymphoid cell lines Such as 
hybridoma cell lines, it is one of the few cell types allowing 
for Simple and efficient high-density Suspension batch cul 
ture of animal cell. Furthermore, they allow for very high 
product yields and are comparatively robust to metabolic 
Stresses whereas lymphoid cells are more difficult to culture 
at an industrial Scale. Given considerable cost of production, 
it is of utmost importance to maximize the yield of recom 
binant protein per bioreactor run. Choice of culture medium 
composition and bioreactor design and operation are param 
eters that impact yield and may be quite complex to opti 
mize. More predictably, increases in the Strength or tran 
Scriptional activity of the promoter controlling expression of 
product protein enhance yield. Incremental increases at the 
Single cell level will translate into considerable improve 
ments of product yield in high-density batch or fed-batch 
culture showing Stationary phase gene expression at cell 
densities in the range of 10° to 107 cells/ml. 
0003 U.S. Pat. No. 5,866,359 describes a method of 
enhancing expression from an already strong hCMV pro 
moter in CHO and NSO cells by co-expressiong adenoviral 
E1A protein from a weak promoter. E1A is a multifunctional 
transcription factor which may act on cell cycle regulation 
and has both independent transcriptional activating and 
repressing functional domains. The finetuning of E1A 
expression to appropriate low level expression is crucial for 
Success of the co-expression approach in order to achieve 
the ideal balance in between gene transactivation whilst 
avoiding any negative impact on cell cycle progression. AS 
a disadvantage, apart from careful choice of the promoter 
driving E1A expression, this System blockS part of the 
protein Synthesis capacity of the cell with E1A expression 
rather than expressing the recombinant protein of interest. 

0004 WO95/17516 describes use of the murine immu 
noglobulin gamma 2A locus for targetting an expression 
vector construct to a highly active gene locus in lymphoid 
cells of the B-cell lineage, e.g. widely used NSO myeloma 
cells. NSO cells essentially are a tumor cell line of murine 
plasma or B-cells. Only in B-cells, the chromatin harboring 
the immunoglobulin loci is in its fully active, open State, 
allowing for high transcriptional activity of native immu 
noglobulin promoters or recombinant expression constructs 
integrated into those gene loci. 
0005. As a disadvantage, due to the principle of homolo 
gous recombination, the targetting Sequence will target 
efficiently in murine cell lines only matching the Sequence of 
the gamma 2A targetting Sequence harboring a recombina 
torial hot Spot; for high level expression, the gamma 2A 
locus region must be a transcriptionally active genomic 
region, limiting its effectiveness for homologous recombi 
nation to B-cell types. 
0006. It is an object of the present invention to devise 
another expression System for CHO protein expression in 
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biotechnology which allows for enhanced expression from a 
Standard promoter. According to the present invention, this 
aim is Surprisingly achieved by equipping a gene expression 
vector for CHO cells with a gene targetting Sequence having 
been originally devised for homologous recombination in 
murine B-cells. 

0007 Possible embodiments of the invention are shown 
in the figures. What is shown is: 
0008 FIG. 1 Relative expression levels of green fluo 
rescent protein (GFP) from hCMV promoter and hCMV 
promoter in the presence of the IgG 2A hot Spot Sequence in 
transient transfection of CHO-K1 cells 

0009 FIG. 2 Relative GFP expression levels from 
hCMV promoter and hCMV promoter in the presence of the 
IgG 2A hot spot sequence in stably transfected CHO-K1 
cells. 

0010 FIG. 3 Plasmid map of hCMV-MIE expression 
vector carrying IgG 2A targetting Sequence 
0011. According to the present invention, a DNA 
Sequence for expression of a recombinant gene in a mam 
malian cell comprises a recombinant product gene and a 
promoter for expressing the recombinant product gene, 
preferably a CMV promoter, and further comprises a murine 
immunoglobulin gamma 2A locus DNA sequence or frag 
ments or Sequence variants thereof capable of enhancing 
expression from the promoter. According to the present 
invention, Such a DNA sequence is useful expression vector 
construct for expression of recombinant product gene in 
CHO cells. 

0012. According to the present invention, the method of 
expressing a recombinant protein comprises the Steps of 

0013 a culturing a CHO cell transfected with an 
expression vector comprising a promoter active in 
CHO cells driving expression of a recombinant product 
protein and further comprising the murine IgG 2A gene 
locus DNA or a DNA sequence variant or DNA frag 
ment thereof which is enhancing activity of Said pro 
moter, and 

0014) b. harvesting the product protein 

0015. A recombinant product gene according to the 
present invention is the product protein that is Sought to be 
expressed and harvested in high amount. It may be any 
protein of interest, e.g. therapeutic proteins Such as inter 
leukins or enzymes or Subunits of multimeric proteins Such 
as antibodies or fragments thereof. The recombinant product 
gene may include a signal Sequence coding Sequence portion 
allowing Secretion of the once expressed polypeptide from 
the host producer cell. In a further prefered embodiment of 
the present invention, the product protein is a Secreted 
protein. More preferably, the first or product protein is an 
antibody or engineered antibody or a fragment thereof, most 
preferably it is an Immunoglobulin G (IgG) antibody. 
0016. The DNA sequence of the murine immunoglobulin 
gamma 2A gene locus (IgG 2A) has originally been devised 
in WO95/17516 for use as a genomic targetting sequence 
for generating Stably recombinantlymphoid B-cell lines that 
show high expression of the recombinant gene product. B 
lymphocytes or plasma cells normally express extremely 
high levels of immunoglobulin RNA from the the Ig heavy 
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chain locus, probably due to cell-type specific enhancer/ 
transcription factor activity and open chromatin Structure. 
The preferred murine immunoglobuline gamma 2A gene 
Sequence of the present invention is the Same as the target 
ting sequence used in WO95/17516. It is a 5.1 kb BamHI 
genomic fragment which includes all of the coding region of 
murine Ig gamma 2A except the most 5' part of the CH1 
exon (Yamawaki-Kataoka, Y. et al., Proc. Natl. Acad. Sci. 
U.S.A. (1982) 79: 2623-2627; Hall, B. et al., Molecular 
Immunology (1989) 26:819-826; Yamawaki-Kataoka, Y. et 
al., Nucleic Acid Research (1981) 9: 1365-1381). According 
to the present invention, promotion of Site-directed, homolo 
gous recombination is not the relevant property of the 
immunoglobulin gamma 2A gene Sequence (IgG 2A). 
0.017. Accordingly, any sequence variant of said IgG 2A 
gene Sequence or Sequence fragment or Variant Sequence 
fragment that is functional in or capable of enhancing 
recombinant product gene expression from the promoter, 
preferably from a hCMV promoter as set forth below, both 
under condition of transient or stable expression in CHO 
cells is also encompassed by the present invention. 

0.018. Such functional variants encompass e.g. base 
insertions, deletions or point mutations and be generated by 
methods well-known in the art, e.g. by primer-directed PCR, 
error-prone PCR, 'gene-shuffling termed PCR-reassembly 
of overlapping DNA fragments or by in-vivo random 
mutagenesis of bacterial clones followed by library trans 
fection and functional Selection in CHO cells. For instance, 
random mutagenesis can be achieved by alkylating chemi 
cals or UV-irradiations as described in Miller, J., Experi 
ments in Molecular Genetics, Cold Spring Harbor Labora 
tory 1972). Optionally, a natural mutator-strain of a host 
bacterium may be used. 
0.019 Preferably, such variant sequence or sequence frag 
ment is at least 65%, more preferably 75%, most preferably 
90% homologous in DNA sequence to the corresponding 
part of the natural murine immunoglobuline gamma 2A gene 
locus. For instance, it is possible to insert a Sal I restriction 
site at the naturally occurring Stu I site present 39 bp 
upstream of membrane exon 2 (M2) to provide a unique site 
for linearization within the murine immunoglobulin gamma 
2A Sequence, Such Sequence variant was originally devised 
for Site-specific recombination targetting, but can as well be 
employed in the context of the present invention. 

0020. A promoter is defined as a DNA sequence that 
directs RNA polymerase to bind to DNA and intiates RNA 
Synthesis. According to the present invention, it is a pro 
moter that is active in CHO cells. Such a promoter prefer 
ably is a Strong promoter. A Strong promoter is one which 
causes mRNAS to be initated at high frequency equal to or 
higher than that of hCMV core promoter/enhancer fragment 
(described in U.S. Pat. No. 5,168,062) in CHO-KI cells. 
Such promoter may be a cell-type dependent Strong pro 
moter, as are cited in U.S. Pat. No. 5,589,392, or preferably 
is a ubiquitously active Strong promoter, more preferably a 
constitutively active viral promoter Such as e.g. early and 
late promoters of the SV40 virus, the immediate early 
promoter of the human cytomegalovirus (hCMV) or of 
murine cytomegalovirus (mCMV), the thymidine kinase 
promoter (TK) of Herpes Simplex virus or the Rous Sar 
coma Virus long terminal repeat promoter (RS-LTR), more 
preferably it is the hCMV-MIE promoter as defined by the 
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2.1 kb Pst I fragment described in U.S. Pat. No. 5,385,839 
and/or EP-323997-A1 or a functional part thereof having 
promoter activity. The hCMV promoter construct harboring 
the complete first functional intron of the major immediate 
early (MIE) gene of hCMV, as set forth in EP-323997-A1, 
is a particularly preferred embodiment of the present inven 
tion. 

0021 Preferably a hCMV promoter employed in the 
present invention lacks the modulator Sequence part in the 
upstream/enhancer portion of the promoter. The modulator 
sequence has been found to be detrimental to hCMV pro 
moter activity in CHO cells and stretches from position 
-750 to position-1150 relative to the MIE transcription start 
site (Meier et al., 1996, Intervirology 39:331-342, Regula 
tion of hCMV immediate-early gene expression), in particu 
lar in transient transfection. Without the modulator 
Sequence, the enhancing effect of the presence of the IgG 2A 
host spot Sequence on (modulator negative or mod- for 
short) hCMV promoter is even more pronounced. 
0022. A transient transfection is characterised by non 
appliance of any Selection pressure for a vector borne 
Selection marker. A pool or batch of cells originating from a 
transient transfection is a pooled cell population that com 
prises cells which have taken up and do express and cells 
that have not taken up the foreign DNA. Cells that express 
the foreign expression cassette do usually not have inte 
grated the transfected DNA into their genome yet and tend 
to lose the foreign DNA and to overgrow transfected cells in 
the population upon culture of the transiently transfected cell 
pool. Therefore expression is Strongest in the period imme 
diately following transfection and decreases with time. Pref 
erably, a transient transfectant according to the present 
invention is understood as a cell that is maintained in cell 
culture in the absence of Selection pressure up to a time of 
90 hours post transfection. 
0023 Preferably, a transfected CHO host cell according 
to the present invention is a Stably transfected host cell, in 
particular in combination with a hCMV promoter as set forth 
above. Stable transfection means that newly introduced 
foreign DNA is becoming incorporated into genomic DNA, 
usually by random, non-homologous recombination events, 
in case of a vector Sequence, stable transfection according to 
the present invention may result in loSS of Vector Sequence 
parts not directly related to expression of the recombinant 
product gene, Such as e.g. bacterial copy number control 
regions rendered Superfluous upon genomic integration. A 
transfected host cell has integrated at least part or different 
parts of the expression vector into the genome. Likewise, 
transfection of CHO cells with two or several DNA frag 
ments giving rise at least in Vivo to functional equivalents of 
the essential elements of the expression vector of the inven 
tion, namely the product gene under control of a Suitable 
promoter and the hot spot IgG 2A sequence, is contained in 
the definition of such transfected host cells. In vivo assembly 
of functional DNA sequences after transfection of frag 
mented DNA is described e.g. in WO99/53046. It is possible 
that Such stable integration gives rise, upon exposure to 
further Selection pressure for gene amplification, to double 
minute chromosomes in CHO cells. This is comprised in the 
present meaning of stable. Upon random genomic integra 
tion of the expression vector of the present invention in 
CHO, the presence of the targetting Sequence enhances 
promoter activity for expression of the recombinant product 
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protein. Such effect has not been observed nor could it have 
been anticipated upon homologous gene targetting in mature 
murine B-cell lines including plasmacytoma/myeloma cell 
lines, there, the IgG 2A targetting Sequence Served Solely to 
increase the frequency of high-yielding homologous inte 
grants Since the IgG 2A locus proved to be a recombinatorial 
hot spot. AS Said before, the chromatin of the immunglobu 
line genomic region is in an open, highly active State in 
Suitably targetted B-cell lines. 

0024 Expression vectors are defined herein as DNA 
Sequences that are required for transcription and the trans 
lation of their mRNAS in an appropriate mammalian host 
cell line after transfection with Vector. An appropriately 
constructed expression vector should usually contain: at 
least one expressable marker Selectable in animal cells, a 
limited number of useful restriction sites for insertion of the 
expression cassette for the recombinant product gene under 
control of an upstream promoter region. Where used in 
particular for transient/episomal expression only, it may 
further comprise an origin of replication Such as origin of 
Eppstein Barr Virus (EBV) or SV40 virus for autonomous 
replication/episomal maintenance in eukaryotic host cells 
but may be devoid of a Selectable marker. Expression 
vectors are e.g., but are not limited to, linear DNA frag 
ments, DNA fragments encompassing nuclear targeting 
Sequences or are Specially optimized for interaction with 
transfection reagents, animal viruses or Suitable plasmids 
that can be shuttled and produced in bacteria. Any selection 
marker commonly employed Such as thymidine kinase (tk), 
dihydrofolate reductase (DHFR) or glutamine synthetase 
(GS) may be used. In a preferred embodiment, an express 
able GS selection marker is employed (Bebbington et al., 
1992, High-level expression of a recombinant antibody from 
myeloma cells using a glutamine Synthetase gene as an 
amplifiable selectable marker, Bio/Technology 10:169-175; 
Cockett et al., 1990, High level expression of tissue inhibitor 
of metalloproteinases in Chinese Hamster Ovary (CHO) 
cells using Glutamine Synthetase gene amplification, Bio/ 
Technology 8: 662-667). The GS-system is one of only 
two Systems that are of particular importance for the pro 
duction of therapeutic proteins. In comparison to the dihy 
drofolate reductase (DHFR) system, the GS system offers a 
large time advantage during development because highly 
productive cell lines can often be created from the initial 
tranfectant thus avoiding the need for multiple rounds of 
Selection in the presence of increasing concentrations of 
Selective agent in order to achieve gene amplification 
(Brown et al., 1992, Process development for the production 
of recombinant antibodies using the glutamine Synthetase 
(GS) system, Cytotechnology 9:231-236). It goes without 
Saying that equivalent to a Second transcription unit for 
expression of the marker gene, an expression unit could use 
a monocistronic expression cassette both for the product 
gene and the marker gene by employing e.g. internal ribo 
Some entry Sites as is routinely employed in the art. Vice 
Versa, it goes without Saying that the hot Spot IgG 2A 
Sequence of the present invention and the expression cas 
Sette for the product protein comprising a promoter and/or 
marker cassette are not required to work in cis on a Single 
expression vector; the elements can be well carried on 
Separate co-transfected vectors or DNA fragments which 
may then be chromosomally integrated at a Single, concate 
meric integration site. 
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0025. A further object of the present invention are CHO 
host cells transfected with the DNA sequences of the present 
invention. Further objects are a method for transfection of 
Such host cells and a method for expression of the recom 
binant product gene in Such host cells. The explanations and 
references made to preferred embodiments in the present 
Specification of the invention relate likewise to all these 
further objects of the present invention. It is to be noted that 
a host cell transfected with the DNA sequence or vector of 
the present invention is to be construed as being a transiently 
or Stably transfected cell line. Any transfection technique 
Such as those well-known in the art, e.g. electoporation, 
Ca-phosphate precipitation, DEAE-dextrane transfection, 
lipofection, can be employed according to the present inven 
tion if appropriate for a given host cell type. 

0026. A suitable host cell line can be any chinese hamster 
ovary (CHO) cell line (Pucket al., 1958, J. Exp. Med. 108: 
945-955). The term host cell refers to cells capable of 
growth in culture and expressing a desired protein recom 
binant product protein. Suitable cell lines can be e.g. CHO 
K1 (ATCCCCL-61), CHO pro3-, CHO DG44, CHOP12 or 
the dhfr-CHO cell line DUK-BII (Chassin et al., PNAS 77, 
1980, 4216-4220) or DUXB11 (Simonsen et al., PNAS 80, 
1983, 2495-2499). In CHO cells, the immunoglobuline gene 
loci are inactive and the chromatin is therefore in a densely 
packaged or closed State. Thus, any gene construct inte 
grated in the immunoglobuline loci could not give rise to 
high-level expression of recombinant protein due to the 
specific state of chromatin, unless it would itself comprise 
flanking locus control regions promoting opening of the 
chromatin on both sides of the expression cassette. Further, 
immunoglobuline gene Sequence, and in particular the intron 
portions of it, Show considerably divergence amongst spe 
cies, e.g. from mouse to hamster. The promoter or enhancer 
elements of immunoglobline loci are bothspecies and tissue 
specific and should be active in B-cells only. The murine IgG 
2A Sequence of the present invention enhances gene expres 
sion in CHO cells also in the absence of any natural 
immunoglobuline promoter that is giving rise to full-length 
transcripts coding for complete IgG heavy chain. Preferably, 
the IgG 2A sequence of the present invention is devoid of 
Such promoter. Surprisingly, the murine IgG 2A targetting 
Sequence even improved gene expression in CHO cells upon 
transient transfection of CHO cells with expression vectors 
according to the present invention (FIG. 1); Such transient 
expression is a further preferred embodiment of a method 
according to the present invention. In transient expression 
assays which are commonly taking place about 20-50 hours 
post transfection, the transfected vectors are maintained as 
episomal elements and are not yet integrated into the 
genome. Suitable media and culture methods for mamma 
lian cell lines are well-known in the art, as described in U.S. 
Pat. No. 5,633,162 for instance. Examples of standard cell 
culture media for laboratory flask or low density cell culture 
and being adapted to the needs of particular cell types are for 
instance: Roswell Park Memorial Institute (RPMI) 1640 
medium (Morre, G., The Journal of the American Medical 
Association, 199, p. 519 f. 1967), L-15 medium (Leibovitz, 
A. et al., Amer. J. of Hygiene, 78, 1p. 173 ff, 1963), 
Dulbecco's modified Eagle's medium (DMEM), Eagle's 
minimal essential medium (MEM), Ham's F12 medium 
(Ham, R. et al., Proc. Natl. Acad. Sc. 53, p 288 ff. 1965) or 
Iscoves modified DMEM lacking albumin, transferrin and 
lecithin (Iscoves et al., J. Exp. med. 1, p. 923 ff., 1978). For 
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instance, Ham's F10 or F12 media were specially designed 
for CHO cell culture. Other media specially adapted to CHO 
cell culture are described in EP-481 791. It is known that 
Such culture media can be Supplemented with fetal bovine 
serum (FBS, also called fetal calf serum FCS), the latter 
providing a natural Source of a plethora of hormones and 
growth factors. The cell culture of mammalian cells is 
nowadays a routine operation well-described in Scientific 
textbooks and manuals, it is covered in detail e.g. in R. Ian 
Fresney, Culture of Animal cells, a manual, 4th edition, 
Wiley-Liss/N.Y., 2000. 
0.027 Preferably, the cell culture medium according to 
the present invention is devoid of fetal calf serum (FCS or 
FBS), which then is being termed 'serum-free. Cells in 
Serum-free medium generally require insulin and transferrin 
in a Serum-free medium for optimal growth. Transferrin may 
at least partially be Substituted by non-peptide chelating 
agents or Siderophores Such as tropolone as described in WO 
94/02592 or increased levels of a source of anorganic iron 
favorably in conjunction with antioxidants Such as Vitamin 
C. Most cell lines require one or more of Synthetic growth 
factors (comprising recombinant polypeptides), including 
e.g. epidermal growth factor (EGF), fibroblast growth factor 
(FGF), insulin like growth factors I and II (IGFI, IGFII), etc. 
Other classes of factors which may be necessary include: 
prostaglandins, transport and binding proteins (e.g. cerulo 
plasmin, high and low density lipoproteins, bovine Serum 
albumin (BSA)), hormones, including Steroid-hormones, 
and fatty acids. Polypeptide factor testing is best done in a 
Stepwise fashion testing new polypeptide factors in the 
presence of those found to be growth Stimulatory. Those 
growth factors are Synthetic or recombinant. There a Several 
methodological approaches well-known in animal cell cul 
ture, an exemplary being described in the following. The 
initial step is to obtain conditions where the cells will 
survive and/or grow slowly for 3-6 days after transfer from 
Serum-Supplemented culture medium. In most cell types, 
this is at least in part a function of inoculum density. Once 
the optimal hormone/growth factor/polypeptide Supplement 
is found, the inoculum density required for Survival will 
decrease. In a more preferred embodiment, the cell culture 
medium is protein-free, that is free both of fetal Serum and 
individual protein growth factor Supplements or other pro 
tein Such as recombinant transferrin. 

0028. A possible embodiment of one method of the 
present invention, namely expression and harvest of the 
recombinant product protein, is high-density growth of the 
animal host cells e.g. in an industrial fed-batch bioreactor. 
Conventional downstream processing may then be applied. 
Consequently, a high-density growth culture medium has to 
be employed. Such high-density growth media can usually 
be Supplemented with nutrients Such as all amino acids, 
energy Sources Such as glucose in the range given above, 
inorganic Salts, Vitamins, trace elements (defined as inor 
ganic compounds usually present at final concentrations in 
the micromolar range), buffers, the four nucleosides or their 
corresponding nucleotides, antioxidants Such as Glutathione 
(reduced), Vitamine C and other components Such as impor 
tant membrane lipids, e.g. cholesterol or phosphatidylcho 
line or lipid precursors, e.g. choline or inositol. A high 
density medium will be enriched in most or all of these 
compounds, and will, except for the inorganic Salts based on 
which the OSmolarity of the essentially isotonic medium is 
regulated, comprise them in higher amounts (fortified) than 
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the afore mentioned Standard media as can be incurred from 
GB2251 249 in comparison with RPMI 1640. Preferably, a 
high-density culture medium according to the present inven 
tion is balancedly fortified in that all amino acids except for 
Tryptophane are in excess of 75 mg/l culture medium. 
Preferably, in conjunction with the general amino acid 
requirement, Glutamine and/or Asparagine are in excess of 
1 g/l, more preferably of 2 g/l of high-density culture 
medium. In the context of the present invention, high 
density cell culture is defined as a population of animal cells 
having temporarily a density of viable cells of at least or in 
excess of 10 cells/ml, preferably of at least or in excess of 
10° cells/ml, and which population has been continously 
grown from a single cell or inoculum of lower viable cell 
density in a cell culture medium in a constant or increasing 
culture Volume. 

0029. In a further prefered embodiment, the fed-batch 
culture is a culture System wherein at least Glutamine, 
optionally with one or Several other amino acids, preferably 
glycine, is fed to the cell culture as described in GB2251249 
for maintaing their concentration in the medium, apart from 
controlling glucose concentration by Spearate feed. More 
preferably, the feed of glutamine and optionally one or 
Several other amino acids is combined with feeding one or 
more energy Sources Such as glucose to the cell culture as 
described in EP-229 809-A. Feed is usually initiated at 
25-60 hours after start of the culture; for instance, it is useful 
to start feed when cells have reached a density of about 10 
cells/ml. It is well known in the art that in cultured animal 
cells, glutaminolysis (McKeehan et al., 1984, Glutami 
nolysis in animal cells.in: Carbohydrate Metabolism in 
Cultured Cells, ed. M. J. Morgan, Plenum Press, New York, 
pp. 11-150) may become an important Source of energy 
during growth phase. The total glutamine and/or asparagine 
feed (for Substitution of glutamine by asparagine, See 
Kurano, N. et al., 1990, J. Biotechnology 15, 113-128) is 
usually in the range from 0.5 to 10 g per 1, preferably from 
1 to 2 g per 1 culture Volume; other amino acids that can be 
present in the feed are from 10 to 300 mg total feed per litre 
of culture, in particular glycine, lysine, arginine, Valine, 
isoleucine and leucine are usually fed at higher amounts of 
at least 150 to 200 mg as compared to the other amino acids. 
The feed can be added as shot-addition or as contionusly 
pumped feed, preferably the feed is almost continously 
pumped into the bioreactor. It goes without Saying that the 
pH is carefully controlled during fed-batch cultivation in a 
bioreactor at an approximately physiological pH optimal for 
a given cell line by addition of base or buffer. When glucose 
is used as an energy Source the total glucose feed is usually 
from 1 to 10, preferably from 3 to 6 grams per litre of the 
culture. Apart from inclusion of amino acids, the feed 
preferably comprises a low amount of choline in the range 
of 5 to 20 mg per litre of culture. More preferably, such feed 
of choline is combined with Supplementation of ethanola 
mine essentially as described in U.S. Pat. No. 6,048,728, in 
particular in combination with feeding glutamine. It goes 
without Saying that upon use of the GS-marker System, 
lower amounts of glutamine will be required as compared to 
a non-GS expression System Since accumulation of exces 
Sive glutamine in addition to the endogenously produced 
would give rise to ammonia production and concomittant 
toxicity. For GS, glutamine in the medium or feed is mostly 
Substituted by its equivalents and/or precursors, that is 
asparagine and/or glutamate. 
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0.030. It is a further, independent object of the present 
invention to devise an expression vector comprising at least 
a (first) transcription unit for a product gene, giving rise to 
product protein upon expression in a host cell, and which 
transcription unit is under the control of the mouse Cytome 
galovirus promoter (mCMV promoter), and further compris 
ing a Second transcription unit comprising a glutamine 
Synthetase (GS) marker gene. Such a product gene, or gene 
of interest (GOI) as it may be termed, can be e.g. an 
immunoglobulin coding Sequence. A glutamine Synthetase 
marker gene is any enzymatically active GS coding 
Sequence, be it a natural gene Sequence or a variant thereof. 
The above definitions of functional variant as set forth 
above apply here as well including the preferred ranges of 
Sequence homology. Preferably, the GS marker gene is a 
mammalian GS marker gene or derived thereof. Surpris 
ingly, Such expression vector allows for much higher trans 
fection rates upon transfection in CHO cells than does e.g. 
an expression vector in which the first transcription unit 
harboring the gene of interest is under control of the hCMV 
promoter. This despite the fact that in CHO cells, transcrip 
tional activity of the mGMV promoter is much higher than 
that of hCMV promoter; usually it is believed that upon 
transfection, higher metabolic load reduces clonal Survival 
upon transfection, resulting in lower numbers of transfec 
tants. Thus the effect can not be correlated in an obvious 
manner with the amount or unexpected toxicity of product 
protein expressed, the latter possibly adversely affecting 
growth of transfectants. Indeed, the finding is the very 
opposite of any expectation of a skilled perSon. 
0.031 Further objects according to the present invention 
are animal host cells, in particular CHO cells, transfected 
with Such an expression vector which vector can be main 
tained episomally or can be stably integrated in the genome 
and a respective transfection method. Likewise, transfection 
of animal cells, in particular CHO cells, with two or more 
gene fragments giving rise in-vivo to functional equivalents 
of the transcription units of the present object of the inven 
tion, is within the definition of Such transfected host cells. 
Preferably, Said host cells are stably transfected cells, mean 
ing that the first and Second transcription unit are chromo 
Somally integrated. 
0032. A further object is the use of mCMV promoter to 
enhance transfection rate in CHO cells, preferably when 
using an expression vector comprising at least a first tran 
Scription unit for a product gene which first unit is giving 
rise to product protein upon expression in a host cell and 
which first transcription unit is further under the control of 
the mouse Cytomegalovirus promoter (mCMV promoter), 
and further comprising a Second transcription unit compris 
ing a glutamine Synthetase (GS) marker gene. It may also be 
possible to transfect the first and Second expression borne on 
different vectors, or as isolated gene fragments harboring 
individual expression units. Further, it may be possible to 
transfect a CHO cell that is already recombinant for and 
expresses GS with a first transcription unit harboring 
mCMV. According to the present invention, enhancing 
transfection rate is defining by comparing transfection rate 
in the presence of the mGMV promoter and expression 
vector according to the present invention with the transfec 
tion rate of the same expression vector and host cell under 
identical transfection and cell culture conditions except that 
in the expression vector, the mCMV promoter is substituted 
to the hCMV-first intron enhancer/promoter construct as 
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defined in U.S. Pat. No. 5,658,759 and as set forth e.g. in 
sequence ID. No. 3 of the present invention. This hCMV 
intron MIE-promoter construct, for a given identical product 
gene, Serves as a Standard for determining the claimed effect 
of enhanced transfection rates. Preferably, use of mCMV 
promoter results in at least 10-times enhanced transfection 
rate. 

0033 All relevant definitions given further above apply 
likewise to the present, independent objects of the invention. 
It must be stressed that the present object of the invention 
does not require the presence of the murine IgG 2A target 
ting Sequence as a prerequisite. 

0034) Murine cytomegalovirus (mCMV) is a member of 
the highly diverse group of herpesviridae. Even amongst 
cytomegaloviruses of different host Species there can be 
wide variation. For example, mCMV differs considerably 
from the human cytomegalovirus (hCMV) with respect to 
biological properties, immediate early (IE) gene organiza 
tion, and overall nucleotide Sequence. The 235-kbp genome 
of mCMV also lacks large internal and terminal repeat 
characteristics of hCMV. Accordingly, no isomeric forms of 
the MCMV genome exist (Ebeling, A. et al., (1983), J. Virol. 
47, 421-433; Mercer, J. A. et al., (1983), Virology 129, 
94-106). According to the present invention, it is possible to 
employ the promoter region essentially corresponding to a 
large approx. 2.1 kb Pst fragment described in U.S. Pat. No. 
4,968,615 or any functional fragment thereof. In a more 
preferred embodiment, the mGMV promoter fragment 
employed comprises the transcription start site (+0) and 
extends upstream to about position -500. Surprisingly, Such 
fragment has been found to promote Stronger expression 
than a promoter cassette extending 800 bp further upstream 
beyond position -500. In a most preferred embodiment, a 
core promoter region is employed that extends from the 
transcription Start Site upstream but to the XhoI restriction 
Site at about position -150 from the natural transcription 
Start Site or even extending but to position -100 upstream 
from the natural transcriptions Start site. It goes without 
Saying that the transcription Start Site might be engineered in 
order to comprise a Suitable restriction site for insertion of 
the recombinant product gene. 

0035. According to the present invention, it is also pos 
sible that the first transcription unit that is under control of 
the mGMV promoter harbors at least one intron sequence. 
Such measure is well-known in the art for stabilising RNA 
transcripts and for promoting efficient protein Synthesis from 
the corresponding MRNA. For efficient protein synthesis 
without having regard to the claimed effect on transfection 
rate, it is however not advisable to include the first, natural 
intron of mCMV in the mGMV promoter construct. In 
contrast to the situation with hCMV promoter (cf. U.S. Pat. 
No. 5,591,639), such natural first intron of mCMV was 
found to decrease expression of a recombinant gene from the 
mCMV promoter and is therefore excluded in a further 
preferred embodiment. 
0036) Examples of preferred, possible embodiments of 
GS marker gene cassettes are given in the Sequence listings. 
Seq IDs No. 1 (pEE 15.1 hCMV/GFP+hot spot)+2 (pEE 
14.4 hCMV/GFP) give examples of suitable GS-gene cas 
settes that are expressed from the SV40 (early and late, 
respectively) promoter, a weak to medium level promoter, 
further comprising an expression cassette for GFP (Green 
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fluorescent protein) that is under control of the hCMV 
promoter. Seq. ID No. 1 describes a GS cDNA sequence 
described in more detail in the figure legend of FIG. 3, under 
control of the SV40 early promoter. Seq. ID No. 2 specifies 
an artifical GS-minigene cassette comprising an intron that 
is under control of the SV40 late promoter. CHO cells are 
not naturally glutamine auxothropic, therefore Selection 
schemes as e.g. described in Cockett et al., 1990, High level 
expression of tissue inhibitor of metalloproteinases in Chi 
nese Hamster Ovary (CHO) cells using Glutamine syn 
thetase gene amplification, Bio/Technology 8: 662-667, can 
be applied. Examples of Suitable transfection methods for 
CHO cells are equally given therein; it is possible to employ 
e.g. classic calcium phosphate precipitation or more modern 
lipofection techniqueS. Transfection rate is routinely defined 
as the number of positively transfected cells (transient 
transfection) or clones (stable transfection after Selection 
period) obtained from a pool of cells Subjected to transfec 
tion. The purported effect of the present object of invention 
can be seen e.g. by transfecting CHO-K1 cells by lipofection 
(any commercials reagent and manufacturers protocol) with 
the plasmids of either Seq. ID No. 3 (pEE 12.4 hoMV 
GFP+SV40 early promoter/GS cDNA) or Seq. ID No. 4 
(pEE 12.4 mCMV-GFP+SV40 early promoter/GS cDNA). 
Transfected cells may be grown in any conventional culture 
medium. The culture medium may be a fetal Serum-Supple 
mented or Serum-free medium as has been defined above. 
Preferably, the cell culture medium is a Serum-Supplemented 
medium, more preferably a cell culture medium that has 
been supplemented with at least 1% (v/v) fetal serum, most 
preferably with at least 5% (v/v) fetal serum such as fetal 
calf serum or fetal bovine serum. In another preferred 
embodiment, the transfection method carried out is elec 
troporation. 

EXPERIMENTS 

Experiment 1 

Transient and Stable Expression of GFP Vector Comprising 
Hot Spot Sequence in CHO-K1 Cells 
0037 CHO-K1 cells (ATCC CCL-61) were adapted and 
cultured in normal cell culture medium GMEM-S (Gibco, 
UK) with 10% FCS.-For GS selection, the medium must 
be completely free of glutamine as set forth in table 1 below; 
this necessitates use of dialysed FCS.-All culturing was 
carried out in shake flask at 36.5 C. with orbital shaking at 
125 rpm. Lipofectin (Superfectin"M.Gibco, UK) was used 
for transfection and green fluorescence of transfectant pool 
was measured in a FACS with excitation at 488 nm. For 
every GS/GFP vector construct, transfection was carried out 
independently five times, all data being the average from 
five independently analyzed pools. Starting with transient 
transfectants 48 h post-transfection, the top scoring 10% 
highly expressing cells of the viable cell pool in the cell 
count VS. fluorescence diagram were Selected to determine 
mean fluorescence (FIG. 1). Viable cell population has been 
preSelected by gating in the Forward VS. Sideward Scatter 
diagram. 

0.038 For generating stable transfectants, GS marker was 
Selected 24 hours post-transfection by Supplementing the 
glutamine-free medium with 25uM MSX (methionine sul 
phoximine, Crockett et al., ibd.) and continuing cell culture 
with regular splitting of cultures for 26 days. Note the 

Jan. 5, 2006 

impact of medium levels of other amino acids on the potency 
of MSX for selection, see Bebbington et al., U.S. Pat. No. 
5,827,739. Flurorescence analysis was then performed again 
as outlined above (FIG. 2). 
0039. Untransfected cells served as negative control. The 
hotspot vector (pEE 15.1 hCMV+hotspot) driving expres 
sion of GFP under control of the hCMV promoter compris 
ing the first complete intron of CMV is given in Seq. ID No. 
1 and essentially is the peE 15.1 vector shown in FIG. 3 into 
which the GFP sequence was inserted into the Eco RI 
restriction site in the polylinker. p. E 12.4 hoMV corre 
sponding to Seq. ID No. 3 is identical to p.E 15.1 hCMV+ 
hot spot except that it does not comprise the 5.1 kb Bam H1 
fragment harboring the IgA 2A sequence. peE 12.4 served 
as a vector control. A further vector control peE 12.4 
hCMV(Kozak-) was generated by mutating the Kozak 
Sequence of the cloning site coninciding with the translation 
start site (GCCGCCACCATGG) to a frameshifted func 
tional Kozak sequence that (ACCATGGGTCCATGG) by 
primer directed mutagensis (Sambrook et al., Molecular 
cloning, Cold Spring Harbor 1983), attentuating the original 
Kozak and translation start site. The vector of Seq. ID No. 
1 was further engineered to delete the 400 bp modulator 
region of hCMV enhancer portion, deleting the enhancer 
elements upstream of -750 from the transcription Start Site, 
giving rise to pEE 15.1 hCMV(mod-)/GS cDNA. By 
exchange of the GScDNA cassette of pEE 15.1 (s. FIG. 3) 
with the GS minigene of pEE 14.4 hoMV(mod-)/GFP, 
corresponding to Seq. ID No. 2, the vector pE 15.1 
hCMV(mod-)/GS minigene' was created. Thus all trans 
fected cells harbored a plasmid vector comprising the GFP 
coding Sequence. The GS minigene contains a Single, first 
intron of the GS gene and about 1 kb of 3' flanking DNA 
under the control of the SV40 late promoter; the 3' part of the 
genomic GS DNA is believed to cause a higher copy 
number of vector DNA and thus of GS in transfected cells 
(see U.S. Pat. No. 4,770,359, Bebbington et al.). Whereas all 
hCMV vectors employed in the present study express the GS 
maker gene from its cDNA sequence, use of the GS mini 
gene was included as a further control in order to exclude 
potential effects of GS copy number and expression level. 
0040 For generation and expression analysis of stably 
transfected CHO cells, transfections were performed with 
linearized hot spot vector peE 15.1 hCMV+hot spot vec 
tor. Sal I linearized plasmid was cut in the IgA 2A compris 
ing Sequence portion, free DNA ends potentially Stimulating 
recombination with genomic regions sharing a certain 
degree of homology with the flanking DNA portions, testing 
for potential targetting effects of murine IgG 2A in hamster 
CHO cells. Pvu I cut in the bacterial lactamase marker gene 
and therefore could promote but heterologous random 
recombination. Indeed, the mean fluorescence was higher in 
the Pvu I linearized transfectants showing both some influ 
ence of vector linearization as well as that targetting to 
immunoglobuline loci in CHO cells may not account for the 
effect of the present invention. In addition, the effect of 
enhanced promoter activity was consistingly observed in 
transiently transfected cell populations, nicely correlating 
with relative Strength of individual vector constructs. 
Clearly, genomic integration is not involved at this early 
Stage of transfection. 
0041 FIG.3 shows vector pEE 15.1 of approximately 12 
830 bp. A detailed description of the GS marker and the 
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hCMV-p/intron expression cassette can be found in U.S. Pat. 
No. 5,827,739 and U.S. Pat. No. 5,591,639. pEE 15.1 is a 
possible embodiment of an expression vector according to 
the present invention, except that the DNA sequence coding 
for the recombinant product protein has not yet been inserted 
in the polylinker site. The complete 13535 bp sequence of 
the pe.E 15.1 construct harboring GFP is given in Seq. ID 
No. 1: Therein, the GFP coding sequence was inserted 
in-frame in the Eco R I restriction site centered at base 
position 12814, the introduction of the unique restriction 
Site harboring the ATG Start codon and optimizing the Kozak 
Sequence environment of the Start codon is described in 
detail in U.S. Pat. No. 5,591,639. Thus, the expression of 
GFP protein is under control of the hCMV-major immediate 
early gene promoter (HCMV-MIE or hCMV for short) 
immediately followed by the first intron of hCMV-MIE gene 
followed by the Nco I site (s. U.S. Pat. No. 5,591,639). 
0.042 Polyadenlyation is ensured by the SV40 poly Asite 
further downstream of the polylinker insertion site.p...E 15.1 
further harbors a cDNA sequence coding for glutamine 
synthetase (GS) from hamster that is under control of the 
SV40 early promoter and is followed by an SV40 intron-- 
poly A Sequence. The IgG 2A gene locus or hot Spot 
sequence (hatched boxes CH1, Hi, CH2, CH3, M1, M2 
Standing for Heavy chain constant region, hinge, membrane 
anchor) is the 5.1 kb BamHI fragment of the murine IgG 2A 
locus already described in WO9517516 and the references 
cited therein. Unique restriction sites Pvu I and Sal I are 
shown. 

Experiment 2 

Electroporation of CHO Cells With mCMV p12.4 -GFP 
Construct (Seq. ID No.4) 
0043. Attached CHO-K1 cells (ATCC CCL-61) were 
cultured in Iscoves DMEM medium essentially as 
described in EP-481 791 comprising 2 mM Glutamine 
which was further supplemented with 10% FCS. Optionally, 
the G-MEM medium stated in table 1 and further comprising 
2 mM Glutamine could be used prior to GS marker selection 
as in experiment 1. The cells were detached, pelleted and 
resuspended twice in Serum-free medium, finally at a density 
of 5.3x10 cells/ml. Per 750 ul electroporation batch, a total 
of 4x10" cells was electroporated. Electroporation was car 
ried out as described in Methods in Molecular Biology, ed. 
JA Nickoloff ed, Humana Press 1995, Vol. 48/Chap. 8: 
Animal cell electroporation and electrofusion protocols. 
p12.4 mCMV-GFP vector DNA (sequence ID No. 4) was 
linearized. 50 ul (20 ug) DNA were added to 750 ulcells in 
electroporation cuvette and electroporate-300 Volts/750 
tiFd-expecting an electorporation time of around 12-14 
msec. Following electroporation 800 ul volume of cells was 
transferred into 25 ml of modified Glasgow-MEM (GMEM, 
Gibco) culture medium for GS selection (comprising 10% 
fetal serum but no glutamine, for details see table 1) in a T75 
flask. Divide into 2xT75 flasks by moving 12.9 mls into a 
second flask and incubate overnight at 37° C. in 10% CO 
0044) On the next day 37.5 ml of GS-selection GMEM 
culture medium supplemented with 10% FBS-33.3 uM 
MSX (methionine sulphoximine) were added. Thus MSX 
was finally ~25 uM. Transfectants were counted after further 
incubation for 26 days by colony count per flask. Upon 
microscopic inspection in a Standard inverted microscope 
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for inspection of culture flasks, positive colonies brightly lit 
up in light green and could be easily counted. 

0045. The mGMV construct of Seq. ID No. 4 yielded up 
to 20 times more foci than did cells that were transfected in 
parallel with the hCMV construct of Seq. ID No. 3. The 
vector constructs only differed in the CMV promoter ele 
ments driving GFP expression, the remaining vector parts of 
the vectors were identical (including GS-marker; cDNA 
GS-marker cassette of p12.4). If cells were diluted out into 
96 well plates immediately following transfection, many 
more colonies come up from mCMV transfected cells (>400 
colonies) than from hCMV transfected cells (about 45 
colonies). 

TABLE 1. 

Medium for GS selection 

A. Stock Solutions 

1. Double distilled water autoclaved in 400 ml aliquots 
2. 10 x Glasgow MEM (GMEM) without glutamine 

(GIBCO: 042-2541 in UK). Store at 4° C. 
3. 7.5% sodium bicarbonate (GIBCO: 043-05080 in UK: 

670-5080 in US). Store at 4° C. 
4. 100 x non-essential amino acids (NEAA) (GIBCO: 

043-01140 in UK; 320-1140 in US). Store at 
4. C. 

5. 100 x Glutamate + Asparagine (G + A): add 
600 mg glutamic acid and 600 mg asparagines (Sigma). 
Make up to 100 ml in distilled water and sterilize by 
passing through a sterile 2 um filter (Nalgene). 
Store at 4 C. 

6. 100 mM sodium pyruvate (GIBCO: 043-01360 in UK: 
320-1360 in US) 

7. 50 x nucleosides: 35 mg adenosine 
35 mg guanosine 
35 mg cytidine 
35 mg uridine 
12 mg thymidine 

(each from Sigma). Make up to 100 ml with water, 
filter sterilise and store at -20° C. in 10 ml aliquots. 

8. Dialysed PCS (GIBCO: 014-06300). Heat inactivate 
at 56° C. for 30 min and store at -20°C. It is 
essential to use dialysed FCS when using GS selection. 

9. Penicilin-streptomycin at 5000 units/ml (PS: 
GIBCO: 043-05070 in UK; 600-5070 in US). 

10. 100 mM L.MSX (Sigma): prepare 18 mg/ml solution 
in PBS. Filter sterilise and store at -20°C. 

B.Medium Preparation 

0046 Add the following in the order given using aseptic 
technique to make GMEM-S medium 

1. Water 400 ml 
2. 10 x GMEM 50 ml 
3. Sodium bicarbonate 18.1 ml 
4. NEAA 5 ml 
5. G + A 5 ml 
6. Sodium pyruvate 5 ml 
7. Nucleosides 10 ml 
8. Dialysed FCS 50 ml 
9. Penicillin-streptomycin 5 ml 

GMEM-S contains the non-essential amino acids, alanine, 
aspartate, glycine, proline and Serine (100 um), glutamate 
and asparagines (500 um), and adenosine, guanosine, cyti 
dine and uridine (30 uM), and thymidine (10 uM). 
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-continued 

toctaggaag cctoaaatgg agaaggacac aaacco acct cocto aggct gttcc totat 276 O. 

cc.cggc.ccca cittctttacc taggggtttc. tctgagticta ttgttggagtt acacatggcc 282O 

aggggcattc cagaga.ccct totcatcc at acacticaact caggcagott to cacaaaca 2880 

aagttctgcac accoatacag atggctoact cittgcctgtg ccatotaggg citgaggcaca 2.940 

tggctott go toccc.caagg gaggg act at tagatagotca cactcatgct gaatcctggc 3OOO 

ccattcaaat tagcctgctg. a acac catcc agticcatata gcacatgitat coacatgcac 3060 

gtgtgcacaa aacgcattta atacactggg acaacaattic totgcc.ctgc acago accita 312 O 

tatccago aa totato acca tacacacgac caaaaaaatt caatgcc cac gtttctgcca 318O 

to acaaacag acacatctitt cotcitctgtg gcc acto cat tatatgctoa acacaag acc 324 O 

totgaa.gc.ca gatcCatcto togg caccitcg g g g to atgct tca acco cac atgaattatg 33OO 

caaaccatag ccataatggit citgaatcact tca cactggg atgttcc caa gttcaggcaa. 3360 

gacgagccac aggctotgct gatgactgaa gqacago: aaa gogg to agtcc agctgtatag 342O 

ccactgttga cct gggtoac aggcc ctdct gacccitccac cittct cotgt actgaaggaa 3480 

tgaaagatga gacaag cata gaggg cactt gaataatcca ggtoactctg aggtocaccc 354. O 

alagg catt at tdgacticagg togggalagctg agaCtggtgt CCC agaggga aaggaaggaa 3600 

agcaggcc cc ggggaggg to tdctgtc.cca gtcaggctgg agatctotcc totgaatcca 3660 

tgcagacatgtctg.ccitcac agg gaatcto tcc.ca.gcacc aaccatogttg ggacaaacac 372 O 

tgactotcct citctgttcag ggctagacct ggatgatgtc. totgctgagg cccaggacgg 378 O. 

ggagctggac ggc citctgga C gaccatcac catcttcatc agcct ctitcc toc to agc git 384 O 

gtgctacago goctotgtca cactcittcaa gqttggcact gtc.to coacc citctgctgtg 39 OO 

atggctacac taccacaaa atgtc.citcto acticcitc.ccc agatgtagta ggacgttact 396 O 

ttgctg.cccc tactctgtcc cacacaccat titcctccatt coct9 agcca toccacattg 4020 

ttctatgttga citccacattg tdtcc catac agtctg.ccct tctgtctdtc tdgctgtc.ct 408 O 

gcgtgatcct gatactgtct tatgagacca aacctccttg cattccacac tag cottcat 414 O 

gaggttcaat gctgtc.ttac acacaatc.cc citcagoctoa ccatogctoa agg tactctg 4200 

tgagctatoc toataccatc. tccaccitcaa citcccacaat atctocactic td accoctoc 4260 

catacccagt citcctacctg. tatgaaggga attgaag gag agacaggtog accitctgtct 4320 

titcc cacaga ttggaggg to tdag catggg cqtggtotct gactittctot cactt.ccc.ca 4.380 

caggtaaagt ggatcttcto citctgtggtg gagctgaagc agacgatcto coctoactac 4 440 

agaaac atga ttgggcaggg agccitaggcc actitccitctg. g.gatcagaag agctitcc tag 4500 

gcc.ctgcaga agcc.catcca toc tactgtg cagcctaaca gg gaggccac actictagocc 45 60 

tatgactic to tdatcagaac toccatgg to tcc totttgg agg accacgt gcagtgcagg 462O 

citttgcc.cag accitaalacac titccacagca gtc.gc.cagat atctaactac tocc ggaccag 4680 

aagaac catc. tcc titccaaa ccago actag g gatctgaga totcagaatg tittgcctaag 474. O 

aagagctgga aatcCaggct tcc totgttctgctaca agg acatcago:ct ggatttgacc 4800 

tggaccacac attittcatct aaatgagttt to cacaaagg acacgtttca gatcc ttgaa 4860 

tgag accitct acatggaaga ccagagtcac tatacccaaa got cactctg. tat cott goa 4920 

ccagottatac toggacagott cottcctggit actitcagtga ccctdgctga ggaaaggatc 4.980 
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-continued 

gtttagtgaa cc.gtoagatc gcc to gagac gocatccacg citgttittgac citccatagaa 1880 

gacaccggga cc gatccago citcc.gcggcc gggaacggtg cattggaac g c ggattocco 1940 

gtgccaagag tdacgtaagt accgc.ctata gag totatag goccaccc.cc ttggcttctt 2OOO 

atgcatgcta tactgtttitt gocttggggit citatacacco cogct tcctic atgttatagg 2060 

tgatggtata gottagccita taggtgtggg ttattgacca ttattgacca citc.ccctatt 2120 

ggtgacgata cittitcc atta citaatccata acatggctot ttgccacaac totctittatt 218O 

ggctatatgc caatacactg. tcc titcagag actgacacgg actctgtatt tttacaggat 2240 

ggggtotcat ttattattta caa attcaca tatacaiacac caccgtocc C agtgc.ccgca 2300 

gtttitt atta alacatalacgt gggatctoca C go gaatcto gggtacgtgt toc ggacatg 2360 

ggct cittcto cqgtag cq go ggagcttcta catcc gagcc citgcticc cat gcc to cagog 2420 

actcatgg to gotcgg cago to cittgcticc talacagtgga ggccagacitt agg cacago a 24.80 

cgatgcc.cac caccaccagt gtgcc.gcaca aggcc.gtggc gg tagggitat gtgtctgaaa 2540 

atgagctogg g gag cqggct to caccgctg acgcatttgg aagacittaag goagcgg cag 2600 

aagaagatgc agg cagotga gttgttgttgttctgataaga gtcagaggta acticcc.gttg 2660 

cggtgctgtt aacggtggag g g cagtgtag totgagcagt actic gttgct gcc.gc.gc.gc.g 2720 

ccaccagaca taatagotga cagacitaa.ca gactgttcct titc catgggt Cittittctgca 2780 

gtoaccgtcc ttgacacgaa gCttgcc.gcc accatggtga gcaag Cagat CCtgaagaac 284 O 

accggcct gc aggagatcat gag cittcaag gtgaacctgg agggcgtggit gaacaac cac 29 OO 

gtgttcacca toggagggctg. c.ggcaagggc aac atcc tot toggcaacca gctggtgcag 2960 

atcc.gc.gtga cca aggg.cgc ccc.cctg.ccc titcgc.ctitcg acatcct gag coccgcc titc 3020 

cagtacggca accgcaccitt caccalagtac ccc gaggaca totagogactit citt catccag 3O8O 

agct tcc.ccg ccggctitcgt gtacgagcgc accotgcgct acgaggacgg cqgcc togtg 314 O 

gagatcc.gca gcgacatcaa cct gatcgag gagatgttcg to taccgc.gt ggagtacaag 3200 

ggcc.gcaact tcc ccaacga C ggcc.ccgtg atgaagaaga ccatcaccgg cct gcagocc 326 O 

agctitc gagg toggtgtacat gaacgacggc gtgctggtgg gcc aggtgat cotggtgtac 3320 

cgc.ctgaaca gcggcaagtt citacagotgc cacatgcgca ccctdatgaa gag caagggc 3380 

gtggtgaagg actitcc.ccga gtaccactitc atccago acc gcc to gaga a gaccitacgtg 34 40 

gaggacgg.cg gctitcgtgga gcago acgag accgc.catcg cccagotgac cagoctoggc 3500 

aa.gc.ccctgg gcagoctoca C gagtgggtg taata 3535 

1-8. (canceled) 
9. CHO cell transfected with an expression vector com 

prising a promoter that is active in CHO cells and that is 
driving expression of a recombinant product protein and 
further comprising a portion from the murine IgA 2A gene 
locus DNA which portion is enhancing activity of said 
promoter. 

10. CHO cell according to claim 9, characterized in that 
the vector further comprises a transcription unit encoding a 
Selectable marker, preferably a glutamin Synthetase (GS) 
marker. 

11. CHO cell according to claim 9 or 10, characterized in 
the CHO cell is stably transfected. 

12. Method of expressing a recombinant protein, com 
prising the Steps of culturing a CHO cell transfected with an 
expression vector comprising a promoter active in CHO 
cells driving expression of a recombinant product protein 
and further comprising the murine IgA 2A gene locus DNA 
or a DNA sequence variant or DNA fragment thereof which 
is enhancing activity of Said promoter, and harvesting the 
product protein 

13. Method according to claim 12, characterised in that 
the promoter is a strong viral promoter, preferably the 
hCMV promoter. 
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14. Method according to one of claims 12 or 13, charac 
terised in that the IgA 2A gene locus portion does lack the 
natural immunoglobulin promoter. 

15. Method according to claim 12, characterized in that 
the promoter is hCMV promoter or a functional part thereof 
having promoter activity wherein Said promoter or func 
tional part lack the modulator Sequence in the upstream/ 
enhancer portion as found Stretching from position -750 to 
-1150 relative to the MIE transcription start site. 

16. CHO cell transfected with a mammalian expression 
vector comprising at least a first transcription unit for a 
product gene which transcription unit is under the control of 
the mGMV promoter, and further comprising a Second 
transcription unit comprising a glutamine Synthetase (GS) 
marker gene. 

17. Mammalian expression vector comprising at least a 
first transcription unit for a product gene which transcription 
unit is under control of the mGMV promoter or a functional 
fragment thereof, and further comprising a Second transcrip 
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tion unit comprising a glutamine Synthetase (GS) marker 
gene. 

18. Vector according to claim 16, wherein the mCMV 
promoter or functional fragment comprises the natural tran 
Scription start site (+0) and extends upstream to position 
-500. 

19. Vector according to claim 18, wherein the mCMV 
promoter or functional fragment extends to the natural Xho 
1 restriction site. 

20. Vector according to claim 18, wherein the transcrip 
tion start Site is engineered to comprise a Suitable restriction 
Site for insertion of a recombinant gene product. 

21. Vector according to claim 17 or 18, wherein the first 
transcription unit harbors at least one intron Sequence. 

22. Vector according to claim 21, wherein Said intron is 
not the first, natural intron of the mCMV promoter. 

23. Method of using 17 for enhancing the transfection rate 
in CHO cells. 


