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neonyci n- phosphot r ansf er ase- genes and net hods for the
sel ection of reconbinant cells producing high I evels
of a desired gene product 5 Scepe of the Invention The
invention relates to new nodified

neonyci n- phosphot ransf erase genes and their use in

S ' t hods for high-producing reconbi nant
cgéfés%‘ifﬁ%o ccordi ngly, the present invention also

rel ates to new expression vectors which contain a

nDdIerd neonyC|n phosphotransferase ene preferably
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products usi ng the correspondi ng hi gh-produci ng

reconbi nant .cells. 15 Background to the Invention

Ngﬁmqggﬂfﬁggpﬁga@% the preferred host cells for the
producti on of conplex biopharmaceutical proteins as
the nodifications carried out post 20 translationally

ar e Bivsatieprelaigs te newnmrdilivd heemyeinimsphptrangferase genes

P AR Suction (AR B hETBBLGRG s od BB Fls.
andic@&irdingRa tiye blmmr&nm&émina)a)sccmlétes to Mber exprbssiat veodtors
of S, i ncr easi E‘g?l%{ carrl ed out under

ASHRIPSP He0e, Riferably

r esrApipel AtitH Q@féﬁeaffentbke%t&%&@ﬁawmﬁﬁa tcﬁé’ﬁbterologous
reduction, the reduced interference in

pmrpmczi‘a& i O dventien fudlaenrslaiesto memc&&pfaﬁapam heterologous

ol HSRREED biRgRRe SO Sl ibg Lty e EPTE LRyt oot
ceIIs as host cells is becom ng nore w despread as
tqgsg celli aaagﬁ t 0,.suspension growh in serum and
pr Q are al so regarded and accepted
as safe 30 production cells by the regulatory.

authorities. 2 In order to produce a stable nannallan
cMammalignggliistaredpe esefesed hast celivfasdoe promdutionfof complex

| B dinacsdka RS 5818 RRRIREBOS colustf o sy
s efrmedtatidreal e @bnﬂﬁﬁb!éi\hrﬁh hueifarg. ibth feeETicRially and
pho hot r ansf er ase transfectign. The 5

Basgeetigae _5'5\%1 "%4\% r%lev%t%ht@%af@layfg&@%dnyeloma
becﬁéo((ﬁﬁﬁsée Hanfster Ovary) cells and BHK (Baby Hamster Kidney) cells.

The cultivation of the host cells is increasingly carried out under serum- and

'protein—free production conditions. The reasons for these are the
concomitant cost reduction, the reduced interference in the purification of the
recombinant protein and the reduction in the potential for the introduction of
pathogens.(e.g. prions and viruses). The use of CHO cells as host cells is
becoming more widespread as these cells adapt to suspension growth in
serum- and protein-free medium and are also regarded and accepted as safe
production cells by the regulatory authorities.
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host cell starting fromone individual or separate
cotransfected vectors. Two to three days after
transfection the transfected cells are transferred
into mediumcontaining a sel-e¢ti.ve agent, e.g. 418
when usi ng neomyci n phosphot ransf erase-gene (NPT
gene) and cultivated for sone weeks under 1o these
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proportion of high producers in the transfected cell
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t her r ' r '
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involved in clone identification. The evelopment of such an expression

system is the subject of the present invention.

The amino glycoside-3'-phosphotransferase Il enzyme (neomycin-
30 phosphotransferase) (EC27195) the gene of which is transposon 5-
associated in Escherichia coli is used as a selectable marker in a number of

organisms (e.g. bacteria, yeasts, plants and mammalian cells). This enzyme
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1o One of these nutants (d ul 82Asp) was used as a
mar ker for selecting enbryonic stemcells, the
neonyci n phosphotransferase gene being integrated
into the c-nyc gene by targeteg honol ogous

reconbi nati on (gene targeting) (Hanson et al., 1995).
The authors restrict thenselves to the use of the
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e fe SRNEE b MesBiR SplBhdFhaDde abeiRbEben as seomyein,
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c Gien Hepse (Yengfdyishs 1980%i stronic transcription
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clonés can b ener at ed fter repeated selection and
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day (6pa/cell/d
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ications oses nodi fied
neonyC|n phosphotransferase genes Wi th particul ar
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prepare reconbi nant bi opharmaceuti cal proteins

c onammalienecalls. nidiecawbars describera nporeieniog areibed fer expression
¢3S S0, BB 9RC o ot 16 APl i

T eleesieldpidud) iDNA Gragasirts aieh cdde f@l\#\prdmdit&t elanﬁent a gene of

descrlbed 53046 cont |ns n onpter - | ess
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d t
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ke suitable no neo
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phosphotransferase gene). The arangement of the elements only occurs in
the transfected cell, so that only a few cells show the correct arrangement of
the elements. Moreover, after gene- amplification, using an amplifiable
selectable marker, no high producing clones can be generated. Aiter
repeated selection and gene amplification the cells generated exhibited at
most 6 pg of protein per cell per day (6pg/cell/day).



processes. The problem of the present invention was
therefore to provide correspondi ng new nodified
neonyci n phosphotransferase genes, expression vectors
whi ch contain a nodified neonycin phosphot ransferase
gene and a gene of interest functionally linked to a
het erol ogous pronoter, a nethod of selection for high
produci ng reconbi nant cells, pyeferably for mammalian
cells, and a process for produci ng heterol ogous gene
products. Surprisingly, within the scope of the
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whe SR RRCBRTHEWT sARAPAB AR 569 AP aRTe3e8s neomycin
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phosphot r ansf erase gene has a | ower enzyne activity

than the wild-type neonycin phosphotransferase. In a
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provi ded eukaryotic expression vector containing a
nodi fi ed neonyci n phosphotransferase gene as descri bed

aboBiptiginglyf withiR te Besse of ﬂﬁ@&ﬁeﬁntﬁﬁ@éﬁtl@ﬁdlt Ak Be¥A Possible to
expressi on vector_containing a
produce and identify new modified highly selective neomycin
phosphotransferase genes which are characterised by their particular

suitability for the selection of high producing celis.

Summary of the Invention

In a first aspect, there is provided modified neomycin phosphotransferase
gene characterised in that the modified neomycin phosphotransferase
gene at amino acid position 91, 198 and/or 240 in relation to the wild-type
gene codes for a different amino acid than the wild-type neomycin
phosphotransferase gene and wherein the modified neomycin

phosphotransferase which is encoded by the neomycin



het er ol ogous gene of interest functionally linked to a
het erol ogous pronoter and a nodified neonycin
phosphot r ansf erase gene as descri bed above. In a sixth
aspect, there is provided mammalian cell containing a
nodi fi ed neonycin phosphotransferase gene as

descri bed above. In a seventh aspect, there is

provi ded manmmal i an cell which has been transfected

wi th an expression vector as described above. -4b- In
an eighth aspect, there is provided manmal i an cel

whi r fecte ith_an expression vec
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pr ecoagdimphdsthotinsfefasd)i ng manmmal i an cel | s,
characterised in that (i) a pool of manmalian cells is
transfected with a gene for a nodified
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oS nResRYs A FOFloRe WHIESS gasRded by theraamycin
asphedphotragserase gervhaed loRémartyife SRRAY MdiPthangdld-type
sel ectin #g%%$ecells whi ch express at | east one

ey
heF%?@Vgaéﬁ@SB@% 'PA%erest, characterised in that

(i) a pool of mammalian cells is transfected with at

| east ..on en f interest ang. ene for a nodified
neBha i -%ﬁ)&&ﬁﬁﬁ?f@dﬁMi%i@%egégemmpmm?ram%ase
t hencoriedetly @ makfiddsnaurtydin bhbyphithnsfeiase §enslas idessribed
mhléh all ow expression of the gene or genes of

i nP8P¥st and of the nodified
neonyci n--phosphot r ansf erase gene; and (iii) the

ma ian cell re.cultivated in the presence of at . .
lCE Tlh Sl 4R S i fariotd Slerac veuby otaining a
t heogifiedtrieontyciraphadphatransferast g@wlagdyssibesefeience

to the growh of those cells which express the

nodi fi ed neonyci n- phosphot ransf erase gene. In an

el kewaefiftih aspetctherd isqurevided pukaryded erpidisidnafectvicanttingg a

g2@9t§§4|§§%4s%w%késﬁ?urﬁﬁ{o@%gﬂ%[?etgi t%xaD ﬁgtse?olggt;odseg%%oter

and a modified neomycin phosphotransferase gene as described above.

In a sixth aspect, there is provided mammalian cell containing a modified
neomycin phosphotransferase gene as described above.

in a seventh aspect, there is provided mammalian cell which has been
transfected with an expression vector as described above.



characterised in that (i) reconbinant manmalian cells
are transfornmed with an expression vector as

descri bed above; - 4c (ii) are cultivated under
condi ti ons which all ow expression of the gene (or
genes) of interest, of the gene which codes for a
fluorescent protein, and of the nodified

neonyci n- phosphot r ansf er ase g (ii1) the mammal i an
cells are cultivated in the g ésence of at |east one
sel ecting agent which acts selectlvely on the growh

f I
or TR Rt T enct® e B Mo héd psPBefént e b peen
netrapﬁectepmtkmroexmsélena@etogalseiesamubd abgvd.he
manmal i an cells are sorted by flowcytonetric

analysis. In a twelfth aspect, there is provided
metrhadint appeniutbersisgirovided methed pf eridhing nfanmimekiarestlls,

i nzié;g&ré%g@wthgpmml ian cells, characterised in that
I e

a poo manmal i an ceIIS|stransfected wi th at
t onpogerienanmalianeetsis taansiecied yithe geme for a modified

nodi fi scri bed
above; e?f?l ;3' gh ;P#@Fag{r%géréu |va?§r§9 ecg’%Condltl ons
whiiidh &l eanaremahewelbmaw Culh\eate@enéer(mncttﬁmmso!hloh allow
interes
hospho‘% p%]gans ]Jéeﬁ gfs llgl% E&“‘" 4 %%omﬁaﬁyn[gr?d%ghotran?ferase gene; and
c uﬂut)u vahednammalian ges areceultvated in heqiresence ofaitdeastioge

agent. V@élé&m@%g%n? gﬁ*édﬁ?%&eﬁﬂﬁlf‘?}n%@y&pﬁfof manvx\mllan

mammal i an gl ves ence
of thos®llgcandgixps @ref@mceég the gepwtb of thase cells Which express

neonycig mmaé@fﬂg&ﬁ &eﬁgnsfgea #e\c’})a the

protein(s) of intere i's o are o fromthe
mamal i an cells or the culture supernatant. In a

t hI'nrfI R Qsﬁb%‘? %Eré i'%eﬂrSVIHéd mé?Hbﬂjﬁfjoﬁ'éfrm’ggaH& selecting

pro u0|ng at | east
r SRR HERRCallE whigh axprgés ﬁgle%hw%bet@miggws gene af interest,

(i ghdrasien®edmithairemmal i an cel I's are transformed with
an expreSS|on vect or as descri bed above; (ii) are

culi i vaa Beelghaamegfian celbwis transtected W@ih:aéJ@ﬂ‘SéQQB@en@fof
the gengtetédt ande§éne fr d ﬁbﬁﬁl@é%oﬁfngm@w&ﬁih%tﬁé{gl fefase as

codes for a fluorescent protein
neonyci48SEHBRGABPYGInsT er ase gene; (iii) the manmalian

celii) S ane neathinaliah eelld Ard AALRILES BRES DndRlorsSASEL ANGw
- expression of the gene or genes of interest and of the modified
neomycin-phosphotransferase gene; and
(i - the mammalian cells are cultivated in the presence of at least one
selecting agent which acts selectively on the growth of mammalian
cells, and gives preference to the growth of those cells which express
the modified neomycin-phosphotransferase gene.

In an eleventh aspect, there is provided method of obtaining and selecting

mammalian cells which express at least one heterologous gene of interest,

characterised in that

(i)  recombinant mammalian cells are transformed with an expression
vector as described above;



sel ecting agent which acts selectively on the growh
of mammalian cells, and gives preference to the
growt h of those cells which express the nodified
neonyci n- phosphot r ansf erase gene; and -4d- (iv) the
mammal i an cells are sorted by flowcytonetric anal ysis
(v) the protein(s) of interest is (are) obtained from
the manmalian cells or the culture supernatant. In a
fourteen aspect there is provi “met hod of producing
at | east one protein of interest, characterised in

th i) m ian cells as described above are

e v redRlats Uoiconafiend iiieh Aliw Srprespin &t thsroete (or
t he gergensk) bhintsrest, of te gdre whidhido@ds for a fluorescent protein,
oot 11135 BB MR RT hEB RN RS afidarserpSe gene:

nefiiyal ithe nearhiralian eeltsibtd oudthededinttheqireséms dfrattdust one
et ect rpuinGraaent WBlos Atte SFoEfian H5 BtantP.et mtimaian
gi ves preliscamghgives prefarengedotiie gtfov&th@ﬁm(rselfdeﬂs witicledxpress
expres -.bho ransf er ase gene;
GP S s Mo heSaRAMESH R BIRI AR BB &d3q Po

| @8t dhe mammaliangeils araddrizad i fpy-cgtuenétiiv analyeis.
protein(s) of interest is or are subsequently obtai ned

fromthe mammalian cells or the culture supernatant.
Di l8@ lueslith aspeatotbiefe isroddey aiethod of plociuciagsdt éeast @ne protein

or o tprestiPacobidnt harmnlean S8 chBHRR 1S et g1
expr es & peol chmamokliah eelboisitranstecied dity et east onagene of

' q ; , S ;
phosphateRest AR Iheond BF Anddifed Reorh G ARGt Jusferase as
sel ect dlgiseribed Abper; 5- Conpared with the use of the

W ghitl- t i, Oy . |
ey PG PRSI ER RO HTEHEE BT pUGR cRPIARIOR of the
neony cigenedRogenes)r eiptesestamndydths mitidifiscbseamycine
cells Wl roductivity of a protein (an
ant i boWSWE%%%%SE’e increased by a factor 1.4 to
16ide. masamaliar celsoanediultivateskinHbe puesdreenf at tpaséone
di sclo I ' )
i 1 er onooAng Rl hied Abte Flbalely I ot of Haripalan
aci d pé&slisiasd gies pederegse ipthe growtiopr these defis which express
pr ef er idnfIHRA RBSHhycin-phosphotransferase gene; and
(iv)  the protein(s) of interest is or are obtained from the mammalian cells or

the culture supernatant.

In a thirteenth aspect there is provided method of producing at least one

protein of interest in recombinant mammalian cells, characterised in that

(i) recombinant mammalian cells are transformed with an expression
vector as described above;

(i) are cultivated under conditions which allow expression of the gene (or

| genes) of interest, of the gene which codes for a fluorescent protein,
and of the modified neomycin-phosphotransferase gene;

(li)  the mammalian cells are cultivated in the presence of at least one
selecting agent which acts selectively on the growth of mammalian
cells, and gives preference to the growth of those cells which express
the modified neomycin-phosphotransferase gene; and |



t he neonyci n phosphotransferase gene di scl osed may be
the nmutant d ul 82Gly, G ul82Asp, Trp9l Ala, Val 198Gly,
Asp227Ala, Asp227Val, Asp227dy, Asp261Asn, Asp261dy
or Phe240l11le. For selecting high producing manmalian
cells it has proved particularly suitable to use the
mut ants Trp9l Al a, Asp227Val, Asp261Asn, Asp261dy and
Phe24011e, while the nutants, K Asp227Val and Asp261 Ay
in turn gave cell clones wtt tthe highest
productivity and are therefore particularly preferred.

Theg \hi gh- produci.ng cells ca e pbtaiped by the use of
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Al so 1.SGl onhi nant na Lian cells which
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Di sclosed is a process for obtaining and sel ecting
reconbi nant mammal i an cells which express at | east

one heterol ogous gene of interest, which is

chafacte reconbi nant mammal i an cells
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preferably via an internal ribosomal entry site (IRES), which enables

- bicistronic expression of the gene which codes for a fluorescent protein and
of the gene which codes for a protein/product of interest, under the control of
the heterologous promoter. Particularly suitable are expression vectors in
which the heterologous gene of interest is under the control of the
ubiquitin/S27a promoter.



sel ecting agent which acts selectively on the growh
of mammalian cells and gives preference to the growh
of those cells which express the neonycin

phosphot ransferase gene; and (iv) the manmalian cells
can be sorted by flowcytonetric analysis. If the
mamal i an cells have additionally been transfected
with a gene for an anplifiable sel ectable narker

gene, e.g. the DHFR gene, it F¥ possible to cultivate
the mammal i an cells under conditions in which the
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Disclosed is a process for the expression of at least one gene of interest in
recombinant mammalian cells, characterised in that (i) a pool of mammalian celis
can be transfected with at least one gene of interest and |
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If the mammalian cells have additionally been transfected with a gene for an
amplifiable selectable marker gene, e.g. the DHFR gene, it is possible to
cultivate the mammalian cells under conditions in which the amplifiable
selectable marker gene is also expressed, and to add to the culture medium

~ a selecting agent which results in amplification of the amplifiable selectable
marker gene. |
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Figure 2 shows a diagrammatic view of the eukaryotic expression vectors
which code for a single-chain protein (Figure 2A) or for a subunit of a
monoclonal antibody (Figure 2B) and are used to transfect CHO-DG44 cells.
"P/E" is a combination of CMV enhancer and hamster ubiquitin/S27a
promoter, "P" on its own is a promoter element and "T" is a termination signal
for the transcription which is needed for the polyadenyiation of the transcribed
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primers, the dotted lines indicating the primers Neofor5 (SEQ ID NO:27) or
‘Neofor2 {(SEQ ID NO:29) located upstream of the npt gene or the mutation
site, respectively, and the dot-dash line indicating the primers Neorev5 (SEQ
ID NO:28) or 1C49 (SEQ ID NO:30) located downstream of the npt gene or
the mutation site, respectively. The nuclectides exchanged with respect to

the wild-type sequence are emphasised above and below the arrows.



5 Figure 8 shows the increase in the mAb productivity
achi eved by dhfr- nedi ated gene anplification taking
as its exanple a cell pool which was obtained from

the transfection of CHO D4 wth the vector

conmbi nation pBI DG HC/ pBI N-LC (NPT-w | d-type) or

- pBIl DG HC/ pBI N5- LC (NPT nmutant D227V). After the first

10

15

20

25

30

¢ Eidiihi € BRBSSBL ISy ¥l he Bobfioh drHe msshtdneT
afRitAf drEAk itiin tWe NPT arrmn@dcmilﬁedlwenthe Crdtha bamsantf séQoence
nM and then 500 nMof MIX to the cul

chameingies paiwvean @#@erIHOQWQO@ngmeﬁ F?ﬂ Ir—zgzymes dltf%rent
g&%é?%& onfind g%re ﬂﬁﬂtﬁe%ﬁtrﬁﬂrﬁi NP'TG&OFédn Ebhﬁén@é‘ fshown

€ Specl IC produ tIVIty er cel
( podrey) Thdaiieovastitsaindoe &- wmmicrag@atcaf tb@ mtzyme obviously

76BY SpralbinesRss, BREIEN sl RSBV Mt SN he
t Bat=INHIE than a8t &f tﬂ@Q@frﬂlhﬁgpfh@S{:tH’aﬁe iri theenTP tmt@[gmpa:relde

withthe NPT wild-type, in a dot assay. For_this, I
e;awls@t@e \h@?ct!n%r‘@lb%fﬁ@é el IiBoreititehaye aunctighdn Ehe ATP
Bg&lofl C?di E‘gel Hofff vvlﬂ\ﬁl th8 gﬁgnﬂﬁﬁﬁmoglycomde

genmp@eSEth'Dol‘@ldﬁ) wdnlch/mdurum at B3t ﬁ@n‘t’oayfttbe Emambfsagde-

NS 9 esa BrRerT bR s TIE S hbehey

( 2R{hé Bolde élré)ass?% (tﬁg@ah@ @J@ugjdn tHe26ddts of H=R $ililarity
NG 13), D261N (S | D NG 15). 2401 (SEQ ID 25 NO

1$PGIQ§3|CSQN5%t l@ﬁs $oof thg anNgpalypeside-aradiyingeramgs. Amino
I
Cebld Hefd \ngnﬁ}e&@ﬁosp ﬁ@ﬁﬁltmrpﬂflﬁae"vﬁﬁhétﬁ)ﬁdsn%%

te’in ation assay
extracts wer e flltered through a sandw ch of P81

BB e P B g NP Ry e, Soi8Bton of

PR ﬂahbfé@f@fwﬂﬂﬂ-ﬁé@@eé@ﬁ RERS ﬂ*’tﬁ"tbﬂ'sateﬂij cells were

proteins bind to the nitrocell ul ose,

plreesfrntsd witbdha vectasn PBINAMBRAr 9@@6—“@?8 Ema%al@ -N8-MCP1

t
B R RscEREbd s Sl Eyd e T i voe
\AﬁV\ﬁ')ﬁetﬂQ@M mldaﬁtsB!M lﬁBAB}D tahdeflr@]lsp?ﬂ?ﬁijy aF%r select:jng stably
phosphoi e |na | en_obtain .
e etRases gl A laor o Hilo SE G e atied B the medium
PGP L REfvE BGIHE T'ﬁ@tdoY\béMtratlth?t tRErcefHuRtR: §ﬁ|§é’rﬁ€|tant of the
activities denote the average of the NPT nutants from

2 reedmbineol praisior MEE-h gregussed was datepmined by BLEGAGENd the
Wil d-type NPT hei % (Fi
TEPERINETORIEF iR el ah A% B9 Ry i s batehfosent
afifle Blérages of the specific productivity or of the titre of 18 pools from 6

cultivation in 6-well dishes.

In Figure 6 the influence of the NPT mutations on the selection of stably
transfected mAb expressing cells was investigated. For this, CHO-DG44 cells
were transfected with the plasmid combinations pBIDG-HC/pBIN-LC (NPT-
wild-type), pBIDG-HC/pKS-N5-LC (NPT mutant Glu182Asp) or pBIDG-
HC/pKS-N8-LC (NPT mutant Asp227Gly) (Fig. 6A) or with the combinations
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Chaha i PRS- Tl LB ALy £7E1 3500 IO

T GCATARE -LO (NRT RUESHTILYE2GYRPBIDGHGIYBROZRIONET tnutant

Trp91Ala), pBIDG-HC/pBIN3-LC (NPT mutant Val198G), pBIDG-HC/pBIN4-
L.C (NPT mutant Asp227Ala), pBIDG-HC/pBIN5-LC (NPT mutant Asp227Val),

| pBIDG-HC/pBING-LC (NPT mutant Asp261Gly), pBIDG-HC/pBIN7-LC (NPT
mutant Asp261Asn) or pBIDG-HC/pBIN8-LC (NPT mutant Phe240lle) (5to 9 .
pools in each case), which differ from one another only in the NPT gene
(wild-type or mutant) used as the selectable marker. Moreover, the pBIDG
vectors also contained the GFP as marker gene. After 2 to 3 weeks'
selection of the transfected celi pools in HT-free medium with the addition of

(G418, the GFP fluorescence was measured by FACS analysis. Every graph,
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to GFP-based selection with an MIX anplification step
taking as the exanple <cell pools 5 and 8 (cf. Fig.
11). Two weeks after the co-transfection of CHO D&4
with the vectors pBID-HC and RBI NG LC the 5% of cells
with the highest GFP fluorescénce were sorted out
frompools 5 and 8. Then dhfr- nedi ated gene

amplification was carried out by adding 100 nM of 15
thoted

miioheeR@eRtIPVPKING BoRtians EHfed? @ttt cpheused as a

c [

SCEFTLs ERhPY) AppsEntiite Rerdgif GFF: flugisbHic g poos
t mdnicts pedibiien tparedacted withytheesanoe blasamd qoenbidatyon.

(pg/ cel l *day) was cal cul ated. Each data point

represents the average of at least six cultivation

I FiGuie8 66 thelidskase 2Pt rﬂ%gepréauéﬁ\ﬂwsa&ﬁ@ved %y 9Rfer- |

correl ati on between the anti body productivity an
Grrediaigsh geneanwlitieationgtaking arite rsapple sekll ppobivbich was

I

p BBID 8cHanoB (LRGN -wikdety priesiep BIIE 4¢CABING-LC (NPT mutant
“BEH BhoF R et S Teha b eer e -
CHfpeA ARG T el AL AR i we
byarigdSputdiy the addition 96100 miyl and phem 800 md spBETIX tocthe culture

ductivit N d | *d
Preli dhe et Ehnfiation BbMe R Ap RSt REl e Siera®h of the
abobRAFhs Sleterdfingd by IBAS AN theSsgdtifiPsisiubtidsser cell and per
Det ai | ed Description of the Invention and Preferred

. ERpYdPatssiiday) was qafeulatad. Bachglatapeintderwsests theeaverage of

amf%!ﬁ%t%ﬁr?ﬁstihmn{zﬂa%g&s in each case to the

position o am no acid as coded by the wld-type
neonyci n phosphotrasferase gene with SEQ ID NO 1. By

TEITe:0 s BE R B AN L Sabis B tauf pepiciito the
WirhJe 8 A ateh pareBAsIEN #le RPTIAIREDeaf & ot ¥issdy€For this, cell

pol ypepti de havin(gadiffe_rent amno acid fromth _
wekdaeippuersr pregiare Giroay twoediferast eed poolse(poghil repdad)i expressing

CATAL AP TRREE AP B L Bt ) FRLAER wicoe
SgeneSHQ M NO: 1) lor wittthe NR T higatis E 826G (BEMIDHaus), E182D
CTSEBI Rl AT VAT CED LEHLRR L HeL o 2heBlorn
SSEETING.S) P21 980 INCEe e Pl EOIDIbRA VB2t
(SEQ ID NO:13), D261N (SEQ ID NO:15) and F2401 (SEQ ID :
NO:17)GIu182Asp or Asp227/Gly. Non-transfected CHO-DG44 celis were
used as negative control. G418 was used as the substrate in the
phosphorylation assay. The exftracts were filtered through a sandwich of P81
phbsphocelluiose and nitrocellulose membrane in a 86 well vacuum manifold.
Proteins phosphorylated by protein kinases and also non-phosphorylated
proteins bind to the nitrocellulose, whereas phosphorylated and non-

-phosphorylated G418 passes through the nitrocellulose and binds to the

| phosphocellulose (Fig. 9A). The radioactive signals were detected and
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" rel evant des or pr ot el

'SH@@I@%@&MW Frméid‘umlaMDTe

SEQ I D NGO 2, using so-called standard "alignnment”

al gorithms, such as for exanple "BLAST" (Altschul,
S.F., Gsh, W, Mller, W, MWers, EW & Lipnman, 15
D.J. (1990) "Basic |ocal alignmaent search tool." J.
Mol . Bi oI . 215:403-410;, Gsh, W & States, D.J.
(1993) "ldentification of prot ei n codi ng regions by

VBHAGRTE Sbl hhbartAkRs,. TRESIRI RN ndigosh Binea

" Mitpl 5 pgtofexsraet wees mdktch:d!&ﬂaﬁ@theepercehﬁdé erizymen@dtivity.
Z%g 131-141; Zhana} %_ L. (1997) 20
RGBERARIPIe £ %@%ﬁé gl ﬂa\% pre@Egs fithe HIPT mutants

B SR o SR RSREBE  pg T b

Ftakethasd80% (Hidelh, Al ejandro A. Schaffer, Ji nghw
Zhang, Zheng Zhang, Webb M Il er, and David J. L prman
(1997), "Gapped BLAST and PSI-BLAST: a new generation

OFiguir 20 Bhdatahe Noriieah Biot2inal N9 baNE' T, edebsiba anditds
Res. 25:3389-3402). Sequences are in correspondence -

meﬁ\tﬁés? NRF pesp sraissin the IrAnstasircheell Bedler Fendhisdptal RNA
bG/as ﬂ%ﬁtai'efd fFﬁnfﬁd“&fféltb?lt %teﬁ‘ﬁﬂﬁ@e dﬁéé&ﬁg‘gﬁé‘% which were

al gorit resent 1 nvention provi
nirdinkfestiech end;sa!erctgﬂh eltipdrovittaties NPJswild-B@eggeres ($H@A ID NO:1)

B AARRBNE T SRS PR RS I B o Pt s Ruboto-19),
gwmmr(saupm N@E,af\mm YSEQ‘ mpmy gﬁ@zﬂm@m ID NO 9)

0OCesses -

By ato2x gl B 1 DrdyensEG l@awamr Daam@a@ﬂta Né) 13),
S§JRIN {%E@f:DCﬁU $5) vgnocﬁmnsgtg% gﬁﬁ' 1*72 : UpGrapsRe cHo-

I nterest express a ‘neonycin erase gene

‘ adET(lbeMj callp ilavem need mediné nepative contgdly €O jidnef Ezmmfge tybedised
- cells ' a e . over non-transfecte
cuitha FEiC; ﬁﬁfﬁ’ ng?%ﬂeg\@&%égo%‘é%ﬁ”'?%ﬂ rampnised the cgdiggdegion

obf ienmdhéhed 1RSMMHE tanBRRRERDELNLAS §élﬂ§‘§|f?ﬁ§%ﬁ§\ld’T

(NPT geneS) according to the inventlon des
h&resarpief abastis3 kinwias dejettedt ilnorderdealatanrine tke nphgene

gsnEy PR R BolbRLARIORE PieRIEDRANES i lom e

Waboherlmamaoaedj @wpooar@wﬂ@sﬂﬁg mABYy conpared with
wt, NPT.

511 2«,’:5'6 n¥C| n Phosphot r ansf erase Genes

AdOdHi IggT% 1| ¢ 967 He and D- 3% BO &f opapmic DN was
vin 1 to 80% ?erab MH(;%P% mE@g&)dgﬁe

t nedmzryegmmot thel NRT geaeoﬂjrvttaﬁfecté\d éﬂda@rié@4mlé§lls were used

mé'ats Hé Sne%fa é%gfc’lfsroi\mf hcehp!gg%?d BBW-L Em%ssu%%’dogs t%e standard
(320 pg, 160 pg, 80 pg, 40 pg, 20 pg, 10 pg, 5 pg, 2.5 pg). The copy number
of the npt genes in the cell pools was calculated using the standard series
.which had been determined from the signal intensities measured for the
titrated plasmid-DNA.

Figure 11 shows the isolation of high-expressing mAb cell pools by a GFP-
based selection using FACS taking as the example two cell pools (cell pool 5

~and 8}). These cell pdols, obtained from the co-transfection with the vectors



enzyme activity of wt NPT, while those which have only
1.5 to 26%of the enzyne activity of Wt NPT are
particularly preferred. The enzynme activity of an NPT
can be determ ned for exanpleqg a dot assay as
described in Exanple 4 and given as Method 5. 20 The
termw | d-type neonycin phosphotransferase refers to a

' t f whi ch f t
D REaHE rh SRR C R S HiedtERTe sBatPn iR 2eea FAcs
2 sértind Thel dshcgenatioh oM GS anabadyin the dellURRES Slbernatant
5-associated in Escherichia coli and contains for

eh i Bopkevas datarminasthby Essadaties egebserting sep arg the specific
SEEIR D o SRl oY e e (LRSI AR, PAILABGRG, 7N sorts
amraregloneo sinddn @ath lwaee ities 5% ohcalls wibtiye highest Gy ci n

d A1 8, b ' tivatj th fibioti by th
Kt ore 28 3 ERl Bl BontfiseSei M i of a
hyshen cakiodiorPfurshf 78rhaIdars0se _ri ng 1. The term
Wt NPT also refers 30 to all NPTs whi ch have a

conpar abl e enzynme activity to the NPT coded by SEQ ID

Bsdar o 5 8B 0 6 Al b
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* Figurdds _ _
e dReRGepRiakig = 156 pRafHC SetbbR S B LREME 1)

t l(%?@»ﬁﬁsedfse@edtbhm;iﬂaén MIX .agn}blﬁ@%atilam etdp mkinlgTéé tie éample
substrate_.l s ent 1 n ldaenti cal .- or near .

i &@ﬁtpioé’ 5 @6‘5’%&?%&90%1 X %nr‘f‘éﬂ/\)”@@kﬁta.%?" i‘%@?'tfﬁé‘%fe&“oaqu CHO-
19944 Biin@tvertors pHIBIAIC a’a\ﬂﬂa% ih«étﬁ-ﬂ@%%%&@ﬁ%@%% the

en;yne act|V|ty to an enzyne contalns t am no
abighesd Gafah fluotgscerce weralSoded AUMIRT phats Zand @pdhab|difr-

o) LVIEYeif,. it hi bi t 1t %
o pise) G SriptialasirbySE KaMiaEoRts eyl oo &
dinsgtharesatey(MINX NG thd eLitoedmdidlrr Qrh® chife@ntrattiinl 6f thBenAb in
activity can be determned in the dot assay descri bed
i AheeglvsHiue sirprpaiest PeieRPQlSs wandeigeminediky ELISA and the

F : I r [
T SHABE BB T cof andfr Bt ARiofooll\Sa) et BRculatpd, Each
i siabapouht vepreseot thecwverage of at leashsix woltivatidn runs in 75cm?
szlgugnce, e.g. on the substitution, insertion or

déP8f¥on of at |east one or nore amno acids.

Del etion, insertion and substitution nutants can be

produced by "site-specific nutagenesis" and/or
¥wmsd§@ seFetation hatwesndhe antibgdy prgalyctivity and the

Sthasiesdalighonis werd abtdimeh by dandfédting €HORR Gavowith the vector

p%%ﬁ%}ﬁg ic‘rJﬂr%1 %Eﬁ{)—ﬁf aﬂgtp%q}\l%-LC. They were subjected to sequential
GFP-based FACS sorting, and the 5% of cells with the highest GFP
fluorescence were sorted out. The concentration of the 1gG2 antibody in the
cell culture supernatant of the pools was détermined by ELISA after each
sorting step and the specific productivity per cell and per day (pg/cell*day)
was calculated. Each data point represents the average of at least six

cultivation runs in 75cm? flasks.

Detailed Description of the In\_/ention and Preferred Embodiments
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are used as selectable markers in which at |east the
ami no acid tryptophan at 20 amino acid position 91,
the amino. acid glutam c acid at am no acid position
182, the amino acid valine atygni.no acid position 198,
the am no acid aspartic acid at am no acid position
227, the amno acid aspartic acid at amno acid
position 261 or the am no acid phenyl al ani ne at am no
acid position 240 has been altered conpared with

WrNBFolldWwingSnResatibh enttheathine \wid positicns pslhtesad each case to
effective enrichnent of transfected nmammalian cells

witehpasitipg Rf hereedng asd assgedadby thewildtyng @RrEYEn

' t iy i3t g AL wahieh jaffect .
ORBsfh ot S4B qcrfSmh RN M NOM, Y & BRg 3ehein
2pBosplectparefferasedjenePas meaut amucleid aait wiieb wsdas ¢or a
- BERpsetiie Sty edM A oroseatraitb s ettty dney Blyiae
bREYINGER HAePEhttin PR ANPHBAT tHRNVIId-1As BrotéiM e aFRIz8t one of the

preferred are correspondi ng substitution nutants in
waNIRo gcishperjionsdeswibesrmerspbwiin ghaspenification wivelh are

ot B8l b SERTRASEE NERTIRGGY cide e
pt?hﬁ rredrhylogoud” inebins #Bhthesebupnesd esgion yatrpingthé hutation
2 b B SIS, T, L HERCE o

e EbQGeReCor tﬁb%ldﬁyﬁ@ ridycit Bﬁ({@ﬂﬂ%&?&*&%@ Idc¥ording to

conpared wth the wt-NPT is only to 80% preferably

5S&EM YD NOR, esng smrelles sfeadard \alignment” @geathetesugb s for
ref erabl, ) 9 269 t fi@rr ' .

CRREFRIS RS IR, S M LGS L i el e,

a@.g. e} I'Basie bedhaligiment seatch iteol i ) MdieBfobr2m S403-410;

that the enzyne C ivié&y, of the nodified NPT is |ess

| Rish 286 Siatre gl (1958) HilRtication Gigapteingeding regions by
p ' ; a s [k Wird. PT.
18% E\%:%?d?éﬁggm ang(%me?%g}n%o%igﬁgﬁ? '%fé ?ﬁ%’h%régg%rmru'

i Matusdw iR L a8l Vianggdod996hAppiicatiane of hetyeorlBLAR T sgrver”

VHRALERR gl s s 4 A d. oh VAR T R osi e
atPawerBLASTIA ras hbivaitk BLAST SR phcatidhffor peeeues or t he
glutam c acid at am no acid position 15 182 may _al so

beUtEPRIRCIEBIENSS FaAlYSE ARt @nnattignadpAROMEIRAs i #E-6P5

APliscRul Bodtdtl £ Tolnd0 =T, ABRIERC ATCRATEC fhahui

c@iang ZbengiZtiang; Webb iddke drut Dokl rlipman (1092, “Gapped
Cl , | C . en al anl ne, I oSl ne, or

B Eaar R ANE: a bR YnduBlipd or pidietigdEoae persche

afodieid" REcRIZTASRE FesMPIFEIB8d%402) B qURABeS are in

correspandence when they correspond in their sequence order and can be

-identified using the standard "alignment” algorithms.

The present invention provides new modified neomycin phosphotransferase
genes and methods of preparing and selecting mammalian cell lines which
“allow a high expression of heterologous gene products, preferably

biopharmaceutically relevant polypeptides or proteins The processes
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20 wth wt NPT, code for glycine, alanine, |eucine,

i sol euci ne, phenyl al anine, tyrosine, tryptophan,

aspar agi ne, glutam ne or aspartic acid at am no acid
position 261. In particular, a% has been found that

with the mutants Qul 823y, ul 82Asp, Trp9l Al a,

Val | 98Gly, Asp227Ala, Asp227Val, Asp227dy,

Asp2613y, Asp261Asn and Phe2401l e as sel ect abl e

nRER@ING fo the ingentipssaietrasadoprivaiivan the seledtiomefellsfwhich
t

. ffﬁé&ﬁ?ﬁ?ﬁe 24l bRtk éxr‘.@f’etsg a Hé&ﬁg&ﬁ@th%§§b$ﬁanﬁ8rase

ates O ntegrate gene

r genktacchating td#eeinvantion whmregrpes the:tuhmfeatelolrceélisrd eélective

10

15

- viMadifiea I &8 )les
based on the w | d- type are non- conserved am no aci ds

Still nDre referred ar.e ants 227Val

ey OVRE FoR T SR sals AP REInak R8s bagh found that the
T I

LB A PGS RSB TP AN ALR BONET e

peecendingito the inggntisndescsibedthareindpsod Sllystantial selective

¢ R Tk ¥ SBAT BebfhyCh MV nFeci 808 (e

sgens).f This paﬁrﬂ:ﬂ!aﬂ;erelaml tbithe sise A nfutasisWhicRhavee lower

pr esunabl eatly reduced enzyne function of these
é)ﬁ'f‘?a(‘:%@g\l%@pﬁ' cﬁ&’ YERA-. only a few cells were

5 obt ai ned after the sel ection phase, which were
mor eover sever el y | npai red in their growth and
yCHNPF - se SsenasnAccidinanth 2TP@ Invention

which are | ocated outside the three conserved notifs

10 has pll’tﬁ(eﬁ gegtichlagy surgblenoaisd medified NPT genes which code for
am nog cosi de- 3 - hosrr)hot r ansf er ases. am no aci

aBNPYET 11NN HefeoRERIeab!K ﬁ@lyrﬂorﬁl@fbﬁscértbe@nam@oactmty
agf %prrd PHe?erré’cFﬁFﬁd g.;eiﬁs%?e %ﬁ@mnkh%%mpw% 30% of the

motifs in the N-termn regi on
aghrpykeyacbityesf3wthifbs prlhﬂerimnseenblsbsha\r@yomynﬂrﬁam 26Pe of the

- RPAgn Bl or R BT Refii B p P ST BRI activi of

20

~increased by a factor of

25

30

buh NPT BaMens heltemsinedt fir dexdrhiBleCPNacHYE dsEBY 1 45 deBYribed in
contrast, the amno acid at position 261 is a

c&xaemled and givengsdietodde third conserved notif of
the Gtermnal region (Shaw et al., 1993; Hon et al.

1997; Burk et al., 2001). 20 Conpared with the use of
V\ItTNE'IfEHB vileHype aiebeycay khosphwrarsfdrasée refeletoca seonfycin
82d Ul82As. Val 198d ant, showed a
o PEaGRAO A s B Ry e dpohe i ORyCoBiR S £
t Bﬁo§ﬂ~’r&réﬁsféﬂ&§e4§é)¥z%/ﬁ% YEM an 95)Rﬁ8 %%ﬁ%?fl%tﬁgﬁ%?na%&ally
Abppspeden drassppiated] | Ermrmnchm o@ru @nd\nonyalmaﬁar example the

| %{iﬁgsé%% ?é’qlu%nfc"élcg}i%n fi)'rf SI%Q2 ID NO:2 or is coded by the nuclectide
sequence given in SEQ ID NO:1. This enzyme gives resistance to various
aminoglycoside antibiotics such as neomycin, kanamycin and G418, by
inactivating the antibiotics by the transfer of the terminal phosphate of ATP to
the 3' hydroxyl group of the amino hexose ring I. The term wtNPT also refers
to all NPTs which have a comparable enzyme activity to the NPT coded by
SEQ ID NO:t. This includes in particular those NPTs in which the
enzymatically active centre which catalyses the transfer of a terminal
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25 or 4, in the case of the Phe2401le or Asp261Asn
mutant productivity was increased by a factor of 5.7
or 7.3 and in the case of the Asp261 Gy or Asp227Val
mutant it was even increased a factor of 9.3 or
14.6. To express the nulti-chained protein (an

anti body), co-transfection was carried out. The two
proteln chai ns were each expressed by their own

v@ao@p a&ﬂqféO@oﬁ%éPaS%rat@ srRresgntcipdaMmigentiealiarenerly
9%n tvéyblzsn@ bRESPYRUL ‘%9§§dHBH ot ol "B B PRI S001)

at e reductase
praEskhtis |ha\$e=.ncmmpatétble anzlyaiecsctivily a) an @tnzymefwhlch contains the

B0 iR M AoZBe ERaed ddsbomienzyme

c haxiomy: Fit @@?ﬁbltsﬂab&ﬂt&( to 1@()%°Bref8rfa HapuCEt the drizyme
transfected ene for a nodifi'ed neomycin
pi@@%ﬁbﬁ'ﬁ&l@’ﬁé‘r@ééﬂ \hﬁ?T: Hefiaed ByISEQ IE) d\l@@/oWl’Ble the activity can

o5 e o 0 BAF AR SEEH o R o o

n&betihhodrs. phosphot r ansf erase and/ or one of the
nodi fi cati ons described herein; (ii) the manmmali an
cells are cultivated under conditions which allow

eFRINIBRIMRalRf pdterrBBadibk ﬁﬂﬂé\ﬂ@'ﬂlﬁérﬁlrhthe reduction in the enzyme
phosphotransferase gene; (i) e mamual 1 an ce

aBetivity covpesd W‘lth Wél\lPEF isriasedcen of madificadion afrtbe amino acid

el h
SSLSEHE, 88y W S i\ BT B o o
oEndﬁrbgatmm@IécdeI mletﬁ)mlr:mtértmleaﬁdoﬁmett}mtion dmutants can be
osphot r ansf er a ne. Particula referred is a
D BB, B s tor Shade staRengss” ritel IPCR-Resed Tactagenesis
IeE Qs badtdtle TREBOH tefi‘é'désfp’[fﬁéﬂ fordBRInSI @tt%f offspeich and

particularly if the m)dl gene use

a Zevois (1BDBNChagiecds. 1hyitle othearefeoenass).h t he

wi | d-type gene, codes for alanine at amino acid
position 91, for glycine or aspartic acid at am no

aSuipnsiaglyi mma&&féeﬁmnulmgﬂ iNRedfhysil gHosphbffaRSfelddeOMutants
198, for al an| ne, ycine or valine at am no acid

p&ES HiseH as el eqté'?'egwéi%% rpwhizt aidprstdae weniae agid fiyptophan at
aghinf%%id %@%ﬂ@@% hel ermdosg&g g: 5&1@50!@{%&%%1%'3%@ position

position more pre
wh B2hthebgmiaenqeid |vsdlne it emind aciol d)d‘&:t[dryw@s gbeam inoceid aspartic

3 t 7 /or. fo
o Bl RAM i PodfioR A%, B9 anii AGaska b aridiahamige acid
PpbbitieH! 281 of tnéeérﬁﬁqbeah@bﬁenyramé\wa ﬁ{aﬁécréﬁ@io%h[on%o has

| “conpari son with the wl F{'E gene, e at 2
litdia

25

abean ;ﬁ!i@red @@mmoed with amN @melbm tcagchiaven paticutarly

ﬁb&' oF va tr%ﬁf%%gggﬁ%h plcgﬁT%neE%%péassmn
\Nrétb fbhme\m;d dﬁégr@@ecg geReios imardst. Q&&o@i‘dhﬁg@'r aieanAvhich affect

Nat ur al | 3/
the amin ac1ds at positions 91, 182, 198, 227 and/or 240 are preferred

30

amino acid occurring at this location in the wild-type has been replaced by
another amino acid. Even more preferred are corresponding substitution
mutants in which a change in the corresponding amino acid leads to a

reduction in the enzyme activity compared with wt-NPT to. 1 to 80%,

Particularly advantageois are substitution mutants, i.é. mutants'in whichthe™™



present invention also includes nodified NPT genes and
the use of nodified NPT genes according to the

i nventi on which conprise a conbination of the 30
correspondi ng am no acid exch es. 21 The present
invention further relates to eukaryotic expression
vectors which contain (i) a heterol ogous gene of

interest functionally Iinked to a heterol ogous
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priSRBtEPIVARd (0 89 "%aMisaiPreietatEdm} & te 30%, most preferably to
phpsphes Q%Sflﬁér%%ﬁlarig%@feﬁ%goér%osp%nh?r NEE f Qe{gé‘mﬁgﬁ the

whi ch codes for a neonycin rase
haminevacid Bﬂ m824c26V eogl/or @dpdraschedrt inodified-docpedingly so that

A5 R SRR icoP S S oo Eg % pell 1 o rateraniy

n&ﬁw 120 6998 yor& prafdianly vhiychs ¢0B0% o
80%, prefera)kl)l 19t0 ggy/% ngre preferg'g({’gj%cg%i@&aﬁy offR*1.5% to

66 %f Mog Pf@fﬁiﬁﬁﬁ?elsa?cwtiﬁfltl}ﬂ%\‘ migtagein whmtbmeuangmncam at
o0k 88 xtlE)HeZﬁ F2Ehked R’adc{]fY%rWR%Fo {r? g&:@ﬁ’@ﬂhe enzyme

activity es ‘an enzyne ac
preemeityabf thelmBdifie 9P 4o Imrtadn \WEh, prfeitalbly DRtRESHIY it 20%,

phos hot ran se. rred expression vector
C RO He SRl AP AR GAmBARCDNE WS o
nodi fi ed NPT which has only 1 to 80% preferably only

1 to 60% of the enzg@ activity of wtNPT. Also
prisicerdiag taamothgrarsodiment of trespreisent inwentidn, edvafBgeocus

30% of

S RSB L ESETRY, A LaPRAASWRA ABPY, eotS reiraly Og.

araeamheseamqonam@nso[w@herphwiymlbnm@rﬁzrgms?\enﬁmhsmin%damd
g only.

NPT ene ich co for mutants havin

2GRS0 :en%/?rezd%c:t Moreqyes: ihgrglptrmie reickattarinpyacid position
bei y e
Eﬁasnp”"ageé'if‘nﬁb?i?é#’?‘é&p{%ﬁ%&'ﬁ% aseRadha Guldnige or any
erdbioen preferabfy mégativelyecharged Bheneepide saliso rpreaffecrbdrae modified

5 of di f NPT,
ol T 88 M B Com PR Rk VNP ichge s e BBerenie.
Tneine GetleuBie, M&ehylgﬁsnmf@ IQ E[neP&Q?f&o&ﬁarﬂét Qfﬁﬁ'ld 4@8

Asp261. In this cont ext , nmut ants are ﬁreferre
V\AHO@H'% B8l |Pé‘%feﬁrﬁd|c%§|nﬁ¢<ﬂjfted NJopenas whigh, bysengayrison

pr e abI yeon[l% %{ M%‘%?Q@é@%&e r%be?u&rg% %(?Ie‘iilytoalri;rgne

3@%)3&@ typ&iptat, pspéragatd )glmahuneloﬁaé;ﬁarﬂé%n@fattd?ﬁ:_no acid
TR gen g b PefouhIthanhose duindbat wihdbeanggns

g Iglﬁ ; ?ag?;gyma%lgmggﬂsp; ygig?mglaa'\ﬁagﬁéémiy, hSEbEHRERsp227Val,
Asp227Gly, Asp261Gly, Asp261Asn and Phe240lle as selectable markers it
was possible to achieve an enrichment of transfected mammalian celis with
high expression rates of the co-integrated gehe of interest, with the result that
these mutants are particularly preferred. Still more preferred are the mutants
Asp227Val, Asp227Gly, Asp261Gly, Asp261Asn, Phe240lle and Trp91Ala, as
the best enrichment rates are achieved using them. The utant Asp227VaI is

particularly preferred.
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- 22 corresponding position. Preferably the glutamc
acid at position 182 may also be replaced by aspartic
acid, asparagi ne, glutam ne or another preferably
negatively charged am no aci,djgAlLso preferred are

nodi fi ed NPT genes which code for glycine, alanine,

I euci ne, isoleucine, phenylal anine, tyrosine or 5

 WBRERRRE b AP RO Y ol PRRoRBY uRedSiraves o be foavitele

WhistRergGeEtHOs |8 BEtraftRBIdEC HERDIEY, Qeiisstmcgéigsie'ﬂ@m—free

tyrosine or tryptophan at am no acid position
c e Eitians. viknpTesWlt sbthsr plesumedlyagreatty dedluest eRFyme

g . Whi i j | euci ne

PRRETQM Y TRt (ASKEO06: c8pRB8CR, iy R colts were
asptairgl after the spledtion pieasy, visplaere nRtbeva! sev8rél9 impaired in
agid 261 conpared with weNPT. It is particularly
pﬁlﬁ'regrpé‘@hla{i‘ddét@'ﬁ’- mut ant wherein the aspartic acid at
position 227 is replaced by glycine, alanine, valine,

| euci ne or isoleucine, the aspartic acid at position

- 26heiagnine picitscet pusitonsal 8diand, 2274bdaged, o thecwild-type are non-

S LRSI 5 o 00 Lk Ly s et
vigctherG-taviiinbl egidrabhthansthinoetly dBitie-ganes phBiraRsiepsi€ss. The

~for a Aul 823y, Gul 82Asp, Trp9l Ala, Vall98Gly,

PSR AP At RGFEPNR alsehsionen o thesparseenserved ppBnaseids and
Is lﬁ%?%ﬁ%tﬁde%the%n%ewéa ltﬂBﬁqu{}ﬁﬁ% R%tﬁ"nlﬂﬁﬁal region of the
SEqUERte

0
G ul823@y nutant contains the am no aci
o&NBEQyINR-3 -phosphndrarsterasés .t By cGhtuh} 2Ws pmind arids at

cont.ai ns e 1o _aci d sequence of. SEQ | D NO 20, .in .
CRES40S 159 Sl B e Ao BHES TS raleRiTiay région of
atiedNPEIBaNSR MbverHRldd2 Didshie the ddmeefrsEmafifst 8y contrast, the
Vai | 98dy nutant contains the am no acid sequence of

SEOiNPanid # pasiHiarnt’ a8 eopsenvhe avipe Ziel i thetthind conserved

c ' tRe ' > facER LD 0

Ao e S RRr S P B oot T, LB o
aal.20Gkquence of SEQ ID NO 12, in the case of the
Asp227Gly nutant contains the am no acid sequence of

- SEQID NGO 22, in the case of the Asp261dy nutant
COBhAIIS Wi BT RR Mrﬁﬁ%%%%le AL ik inltfle case of

the case of the Asp261Asn nutant contains the am

athiedGREGETY, Gl 88RSP1aMdNGall®@8Sly emdantrshonecca peodiictivity

o ErebA Y nip Gt B3 4RI eL o TS ez BRASR

- VeRIduictivisy Wasancréaped byal factsd¥ A28 Glys, ifAd %Ja@ebf the

Asp261Asn, Phe2401le orTrp9l Ala nutant, - 2
Asp227Ala or Trp81Ala mutant productivity was increased by a factor of 2.2

or 4, in the case of the Phe240lle or Asp261Asn mutant productivity was
increased by a factor of 5.7 or 7.3 and in the case of the Asp261Gly or
- Asp227Val mutant it was even increased by a factor 0f 9.3 or 14.6. To
express the muiti-chained protein (an antibody), co-transfection was carried
out. The two protein chains were each expressed by their own vector, one
vector additionally coding for the NPT gene while the other vector coded for

the amplifiable selectable dihydrofolate reductase gene.
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particularly if it contains the am no acid sequence
given in SEQ ID NO 12, SEQ ID NG 22, SEQ I D NG 14,
SEQ ID NO 16, SEQ ID NO 18 or SEQID NO 6 or also if
it is coded by the nucleic acix sequence given in SEQ
ID NGO 11, SEQID NO 21, SEQ ID NO 13, SEQ ID NO 15,
SEQ I D NO. 17 or SSEQIDNOS or contains it. In

ition tFe rese |nve rovides for the first
wegehl By R by e B Prshss o eaiging domigombinant
t hﬁarﬁﬁfﬁlaﬁf e8luC it eh@pdsavi ﬁi‘bdﬂ‘%@ﬁé@ﬁ’\ydﬁ Eﬁo%mg?r}ﬁferase

code for a different amno acid than t m no
atgeé‘ﬁh cbBaresterised vabat (iba propof mamamanmCeHs Bhie@adected with a

BB oA B8 BBl R 8 bl o 0,

a prefemm;ed m(m nagrei p/referablgrmart@@om trRowt IiN%TeraEIW 5 to 26%

_rmq? {;Il ed NPTs ?‘ic” bed here and nade avai
e Q%@'tggﬂfp\%' sfYRehBEPRVYEIR PResPhstiansfeipsy anstier poe of the

alAGdifiCatfin AR SIQibRe r%??'(ﬁ* e t%émnfl%’lfargéiéﬁﬁ %rﬁe thAIB'\_/ated under

position 15 198 an or I'sol euci ne
FeonHéionsr e whibtle prebewnt eixprassidron ofpr cme demcfdﬂted heneomyecin

c8@‘§%P%%R?EB?I¥P@S%5§$‘5:Z%@H' biheiBanTrdierkpellh A utivated in the

vV grégencet ofp@siebioon élcaiiflg fagent @it 4@s %‘élélﬁﬁbw éw the growth
261. Both the éenes and the gene products (enz

a6 MypEalige £alls: apddives prefetonsedp the wrowth ot eo¢eils which
oot dRsaRb by bbSpEARI K abBGend. Pr esent

i nv ntlon provi rst ne’ nodi fied NPT
with the am no acid sequences accordi ng to SEQ ID

Bt o TaR R 15 B B RGP GRS WD BARES & FRsifiod NPT

pigemeiescniyeatih atbre rdévaudﬁﬁh@%bgiubaﬂomPEreﬁm5§¥ Withd rﬁél:ﬁned

DNA sequences according to

ST geﬂ@@edgpgepmaq\@t@om@gﬁ\lﬁ wiicRChg j;on’EEE:!QSDDWIth the

E { e
| ikvoB YensEbueh R Mrine & Bk A6 iy S Leicl BRI or
t asphmc i at awemd aojl mnmfn $83, far gycineQiti Aifindesbie Pesition
of %n ? ich codes for a product of interest,
THE gﬁ?ﬁ@ %%Bau% Cige @rmaﬁaeat aBTing Aeirasition 326efﬁéﬂbflclr3¢ or
a asBhRidihd at QIQ‘J[I’YCPQEIHI ﬂf‘sltlcﬁ?@M glefo? s ié@cgrq@ %IE aﬂ{lno 0 agid position

deri vatl ve thereof. However,

o48ntbtil erye m&ﬁerréﬂweanE gEfHGIS rwmch:shy cm;aphesqm edthribe wild-
ts full short d f

oip8 bnd;cEage BRThiheafafi® o6l HoslBh et o BRabsine

PeatiRIrationradihé o0 anfins BerPesiicH261 2a08PtsarRf preferred are
fusions. The gene of interest may be the natlve gene

o s@'dﬂf@n'b'@T RNES wh@p by comparison with the wild-type gene, code at

25

30

amino acid position 240 for an isoleucine or at amino acid position 227 for a
valine, while an NPT gene which codes for valine at amino acid position 227
compared with the wild-type gene is particularly preferred. Naturally, the
‘present invention also includes modified NPT genes and the use of modified
NPT genes accordin'g to the invention which comprise a combination of the

corresponding amino acid exchanges.
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5 nutated or otherwi se nodified. Such nodifications
i ncl ude codon optimsations for adapting to a
particul ar host cell and humani sation. The gene of
interest may, for exanple, codg for a secreted,
cytoplasm c, nuclear- |ocated, nenbrane-bound or cel
surface bound polypeptide lo The tern1 "nucl eot i de
ence sequence” indicates an

e@@f‘?"&é‘l‘toﬂﬁuﬁ% fie&aé%s Hevieliesxp@ssicanectors which
frc&m@:ﬁt ® bh@%@r@‘lﬁms@é&e ofafitdg feﬁ t%}l{éug?fn ﬂsg?@ac or
synt hetic ori gl n i ch occur as sin ? g

sthelamiogens @Eﬂﬁn ptepaadéita mellftauﬂnetgnmm rp:(bmpbdira@sferase

d
it aPoririedng iMUFRhGuiifh HaBES LA Faamytin®
113} triafy tema@mm | ki FRLER -
SI:%].:,ggscr?béd in Sarrbgrsggre @%@hﬁé}e@orﬂ?émsu Rnﬁld type
et

ycaqg@@)sp Banyfe@mseg By a "\@y\gmr "M\@rpeomne;acumty for the
o BPeds B e oBRton & RESADE EnBime BUGRE MR rbrshanas to
2(;atnmm1 80%, arefeasbly 1ntat8ﬂ% hore phdesyon belyi Stod0Rtdrahe
TR ST A P ECN S
l Nneritic?l 9QVEeRENBIAS 88 tvity clefbitidngth Eénz)?me%ﬁg@:t)?gfjﬁo 30%,

for a protein if the desired protein I's produce

- ceﬂfﬁfeé@b'an%@E%BGpr@m@gchbWItby@ldéwpbywepmr. ption
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20
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Cgﬁh ngggﬁg}.@%}%éansl ation of the mRNA. 25 Both the -

stran ose nucl eoti de sequence is identical

to the MRNA sequence and is normally also given in

Se at abanks, e.g. EMBL or GenBank, and al so
¢ Ao PRIRTEd P REESPANGE Y caniginem srodtrANKT gAnasEciasodes for
t he niddifiéck NFOT viHijem St @ﬁiyoﬁtm??epfe?ér%ﬁffgngo‘l 43 3 60% of the

coding for a product or protein. 'Anuclelc a
cmym%ra%lvrty oefeMANETso Alsol podismadche exacesidor8Ovectors with

V, e er._of nuc tide s uence. on
{ thEdra s ond< Wik B688 ol ARt BEUES Y T B Y of the
i mrﬂymes%nvmyn difO\raNlPd' SeHEﬂM%rM Pfé?@rr%@ aps (’thgb@ expression
Nucl rﬂ’a}é}kﬂ que uences whi ch code for proteins nay

|V§8 06 8 IR Enodfipd NE Ingepriavhish sosle for mutants having

/MK 11 Bomyched c r epar, :
revers1egt r%langgr/l pc?I gﬁesaélﬁgysynt eS| @?Vﬁﬁl Segg%qa%y being
stdedgrthined ninatheRidat assapt descriBNA pr Estaagde T4 emdargfered to as
| f ttE\ ?NA is present as a double stranded DNA

noi' ¢ E?Fi it contains both a coding and a non-codi ng

strand. The termintron denotes non-codi ng nucl eoti de
sequences of any | engt 1o They occur naturally in
ndRenetherameedioant Ogémmvanhbratre ekpreisaimnecsctorsmontain genes

of modified NPT which have been modified, compared with wtNPT, at amino
acid position Trp91, Glu182, Val198, Asp227, Phe240 or at position Asp261.
In this context, NPT mutants are preferred which are modified at position
Trp91, Glu182, Val198, Asp227, Phe240 or Asp261 and have only 1 to 80%,
preferably only 1 to 60%, more preferably only 1.5 to 30%, and most
preferably only 1.5 to 26% of the enzyme activity of wiNPT. Preferably the
amino acids Tryp91, Glu182 or Asp227 may each be replaced by glycine,

- alanine, valine, leucine, isoleucine, phenylalanine or tyrosine at the
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previously transcri bed nRNA precursor by a process
known as splicing. This requires precise excision of
the intron at the 5° and 3' ends and correct joining
of the resulting nRNA ends so @as to produce a mature
processed MRNA with the correct reading franme for
successf ul proteln synthesis. Many of the splice 15
donor and ﬁgblce acceptor sites involved in this

spiarEsRengingLeestion. Rreferglly theqaluinsais acistat eesition 48RImay also
atpd heprxen- tb)F‘tarsBQrtf&r akiBt a%Eor i o@bfgrﬁi‘ﬁgeér alﬁ%lﬁqu preferably

been characteri sed by noWw. ervi ew see
etnegativelyoghargept @ﬂum@/%dxduéisoobréfetredearte #tbdified NPT genes

Pr | ides wth a_.bi ophar maceu I

s.‘@ﬁ'.#‘ RRdeY BBt ”%%&%{ﬂﬁw O&HEINSol @@ﬁ AgFAmdwosine or

C)thypromiean dt yarpinokadle Sposiiire 308Ncdmbaed Kfh wfl\ﬁﬁPptlﬂr addition,
e derivatives or fragments thereof, but are no

r é@?‘#'?@ﬂeﬂ Tt genes gre splensd which po@@lfgrpetylc:ruaegalmneh valine,

CisoRscaBoY by MRSk 2988151, ppar i

ThfﬁNF%eT nﬂlmlwp@ptaddesé madiiee¢ dNPTT ganes aviaichdcode for glycine,
uence r.ot ei to polyners of am no

et T dRUBHCRen Pheriiflarine, dyioRme, deip omtiess @paragine,
vw@;imhnhaaeorbag;ﬂaﬁﬁ@dééme& %o tafcﬁﬁ%@técﬁﬁﬁér'e}ﬂ &?Mh WINPT, It is

reacti ons such as 30 glycosylation hosphoryl at

a(P&rWlélﬁ"b P @ierr@dotce HBe & oHHaR| W@erelrh ghe saspactic IaGICbEIt position

e [ anpl
st Pt UPI ons g@l}é‘en?}r 8@%% \l%iggr F ug% 'gpis§ﬁuﬁﬁ"eaéh%§3pamc
arad:ld HSIp@Bltht Pdihesplaced bynan whinire, -valibe, eticid)iiS@leucine or

bi al ogi c act|V|ty The term " poI ypeptldes t hus
gi"bt FH@?@%’?}CU ¥ bY SIGRE O 2FB3188INSsr ot ei ns ‘

consi sting of an imunogl obulin conponent, e.g. the
Fc conponent, and a growth factor, e.g. an
i rﬁaﬁlﬁlelakly mrefbr@ﬂafpleapreﬁstqmeedpamhmhmwﬁmn msodified NPT

N N T TN T

plmm@g@mSmﬂthpmy A%%MI?PASSQGBM&EB@he%OIIe

cyt oki nes terl euk| nes L) such as -

| imytant, |_W@Ch |'“|_1'1€e C@S@ of the|Glg 18 @Wmutintgonta_ngthq amirm acid

IL-18 I nter ero
oaminawcid aeqmncrm@fr&[éQsin RO 20, i TtNF):aseJ oﬁtmTrpgmla mutant

b , GW CSF,
e BRI D518 86T B PR NS, (WSt e
PRI EHBBR mufBHt cohRfied ﬂie“arﬁl?ﬂ) %i&%bﬁuéﬁ@% Bf §Eti ﬁpﬂl'(fé in the

and fragnments thereof such as for exa
Feage)d thedspad7 Ala mutand gastains the @mno(agld a;nquamyf SEQ ID

( 'F?O 1'6”%9% 85’%1 6ﬂh8|1?§p@§7%9muqaentcc%rﬁ ains tthe amino acid
sequence of SEQ ID NO:12, in the case of the Asp227Gly mutant contains
the amino acid sequence of SEQ ID NO:22, in the case of the Asp261Gly
mutant contains the amino acid sequence of SEQ {D NO:14, in the case of

' 'se&i':en!:éo?‘ £d r'f]Dﬁf%ﬁ) h%%aslel'(g]tﬁ dl&ﬂ é’%’%d l‘nu]f%%t cor]t%ms the

the Asp261Asn mutant contains the amino acid sequence of SEQ iID NO:16
and in the case of the Phe240lle mutant contains the amino acid sequence of
SEQ ID NO:18. Most preferred is an expression vector using an Asp227Val,
Asp227Gly, Asp261Gly, Asp261Asn, Phe240lle or Trp91Ala mutant,
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15 variabl e or hypervariable regions thereof as well
as Fv and Fd fragnents (Chanov et al., 1999). The
anti bodi es may be of human or non-hunman origin.
Humani sed and chineric antibodjges_are al so possible.
Fab fragnments (fragment antigen binding = Fab) consi st
of the variable 20 regions of both chains which are

hel d ..t oget her by the adjacent constant regions. They
na??rﬂ‘émg%ﬂ?de%‘H%F‘l‘i‘rs B AMINe acibRrquaneerdivemi SEQ ID NO:12,

arg EQad) RS- @z’ SEQGIEi N@gwﬂ S@Qﬁggﬁét f@%%éﬂé'hé% PAPEER 1D

or by DNA cl oni ng. her ’ant s are
F(M@ § or pisaghitin rsocm Ia:htftmnuddelcmmnﬂ aemlerh;e given ¢oBFQ (D

B8 H S5 ENBERE QI L R G U N AR S B NG-17 o

WS EQ ICONSI:5tor eshpaigd itt he vari abl e regions of the

heavy (VH) and light chain (VL). These are known as

Fv fragnents (fragnment variable = fragnent of the

VaRi it t [ i 1e cyst.ei .
gr oupslof earggﬁitt@gt ggp rﬁgf!dr%g fp'gt S{)@@? ’ﬁ?@f?ﬂ neomycin
t lrémpﬁwtrana@lm& gendshand thegofid pmcmoadolHeréﬁdthMh c&ﬁf@red

her d bl
el 3 B ginteenhl AETR ecdibdn o hemna gacamino
byaoie positioh TapSh o108k Pt 24D2GAB BleRint m%ﬁtlo@%ﬁcﬁgﬂy

to 30 ami no acids, preferably 15 am no aci
prisaviees far theifisgh tamg JrpPb 21488 onRhe24a mitaots whicaritve a

anpBfibed haffie AT ComfBdh PRRWRET. TH8fEbanag TS
c hmsnnﬁed hferagmé miade avdilgble withithescope £ five invention

ant| odi es nown and described, cf. 5 for exanple
%ﬁa*é'%’ 99%@%0&9‘@9’”% # HREE 3 pesitign |9au§0r§tly<alﬂ%@t pgsition

hal\% AeefordeMBLEIRE &t bBitiBhoHeC FiRheMblel IR b n‘%ﬁ{: thvention

derivatives. The intention is to produce retc NE

arovias der tietfinst tirpe OIS Mp hamtsarduih, enipaned ayitt WiNBT, code
In order._.to

2R BOEE RS P BHLY ol RSB e

- prgdeicedt ﬁsS”hdﬁQaﬂ ‘Bo BiaGerdst dhdiHel derRy b r‘éﬂhbfé”(renzymes) are

domai ns. [ tinmerisation domai ns nmay be

e%ﬁ‘ﬂﬂ@ ?'hf@ecﬁﬂet tirag i thessrangmidhe imintiensin this cortext the

N el L G

- t Isequienaes] avtordig torBEQfIDtNO:4,BEQAD KOy BHQ 1BROUS SEQ ID

Mo ST L b A St SeB BRSSO, me

- bipyad@ittinfatrm ;ﬂ‘BWd@s rdi ﬂe&i N’P“lvﬁéhé@wnﬁ?ﬁé ngd‘ 88qti8%ces

. 25

30

peptide linker in the sckFv nol ecUl
according to SEQ ID NO 3, SEQ ID NO:5, SEQ ID NO 7, SEQ ID NQ:9, SEQ

ID NO:11, SEQ ID NO:13, and SEQ ID NO:17.

Gene of Interest

The gene of interest contained in the expression vector according to the
invention comprises a nucleotide sequence of any length which codes for a
product of interest. The gene product or "product of interest" is generally a

protein, polypeptide, peptide or fragment or derivative thereof. However, it
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amno acids results in the formati on of honodi mers by
superi nposi ng VHNL 20 chai ns. The di abodi es nay
additionally be stabilised by inserted disul phite

bri dges. Exanpl es of di abodies,can be found in the
literature, e.g. in Perisic et al., 1994. The term
m ni body is used in the art to denote a bival ent

{ CRDAE of BN orieBRsEitR KA ' The o poiesrsinagie present in
| LN b aG] i shBrtehed 36y, 490G fURRYH ?@ﬁ@fo?ra%bé Yathdlfeh gene. It

as dimerisation region. This connects the scFv
f MYMEIR 9epyMie LMNACRT areferaidy ﬁ&h“bmf epespariding Gagments of

a r m ni bodi es are

S8k 48040 o BUARLER Bl A SLL BOILER TS i may be

t matatzty bs oHedwige t hedifidd. t 0 8abet enéditicatictlseNhclude codon
trimeric_sc ﬁ%derlvatlve (Kortt et al

hon? 1997

TRRUAIPAANS 1] N9 gLPalieHnhasheelistnd huganisation.  The
I r e t I

TR B Pl e S EpIO A TR o Sirlied GYRRISSmE, nuclear-

wivestied amembrang-bound-orarell susfaceviaiunct paypemtider e ar e

al so derivatives of scFv fragnents. The

mul timerisation is achieved by neans of di, tri- or

t athea e CnQOIlebﬁde csiduerb! Ut Uiegeit Pasl @dqudince” i8R ates an
&?91995 vegélﬁ%/leet al ., 1993). io0 CGene which codes

an@¢igel ‘BWﬁ%lWP'YW%ﬂ%@@%EﬂQWHﬁ threeof as well
t
CERIONPL 9 MOV OF QAEPRE 05U ST SR8k Wi o

f @n?bla)gffaamcysbland knd repreaelme thyenedinb bdrgtoer—@mimg r?trand of a gene.
Pr, r.a ot nes retr ribed under, the

O A s8ho oy e Mo, [ B ctSIaA ] tefandigs such as
Pk aipRkifies mg}é?eriﬁms loFtFBCRSrheéli%\@ed hﬁjt&bé’ﬁé§§ C(@rlj descnbed in

protein are a bicistronic
i ls%%@obl% aﬂomagrﬂflﬁﬂ{wbél etsalma%) pr oduce t he

protein/product of interest in |arge anmounts, by
nmeans of the expression rate of the fluorescent

plByt éwdmg'o i reedhiu titee prepdrtyp oot €dpacimyotba, sp&dific sequence of
nF‘?PZ 8 een, hluis tgreen bl ue, vyellow or other

o Vg ol il duicisie 35 18T iexapRle eeneUNaR Chk@meseme or an

| $niNRENto fAMOLES GeHhalpkOk&! rihée'é?%thggfsa'o?egtﬁerro jymers and

Aequoréa victoria or Renilla renfforms an

d evadropededuiesn sunkmasc for feaanmtamﬁm BéRNét, eRMA, ,otﬁér RNA

1?1?%%@%?;%??1%2@? hg!ygfap]tg dés In ao /10 §§18a6| Srnodcesg Acc;ordingly, a

gene codes for a protein if the desired protein is produced in a cell or another
biological system by transcription and subsequent translation of the mRNA.
-Both the coding strand whose nucleotide sequence is identical to the mRNA
sequence and is normally also given in sequence databanks, e.g. EMBL or
GenBank, and also the non-coding strand of a gene or cDNA which acts as
the matrix for transcription may be referred to as coding for a product ar
protein. A nucleic acid which codes for a protein ailso includes nucleic acids
which have. a different order of nucleotide sequence on the basis of the

degenerate genetic code but result in the same amino acid sequence of the
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O her fluorescent proteins and genes coding for them
are described in WO 00/34318, WO 00/ 34326, WO

00/ 34526 and WD 01/ 27150 which are incorporated
herein by reference. These fl upfescent proteins are 30
fl uor ophores of non-bi ol um nescent organisns of the
speci es Ant hozoa, for exanple Anenoni a nmaj ano,

p?r% S}@%ﬁu?@' f]%%aﬁi]%eilg%ﬁawéiﬁhzo tolgsﬁréﬁe(y%ﬁ:@ysﬁlso contain

gn’eens Di scosonma "Magent a" Anenoni a sul cata. The
fl uorescent protelns used according to the invention
contain in addition to 5 the wild-type proteins

n r et. S
o o PRSI BRATESIToEAIEL P e, aggpare by
werardsalvanswiptioraans symibesisfofdhed seabhdh DA estrapdot &S mRNA

Cie G A o B T o o8B P HuETa rarpanesr double

C fﬁtl@miéhi@ﬁ& mblé%ufeﬁ%bbﬁ@ih@ﬂotﬁ%ééd;ﬁ% @Rl LhohBding strand,
stability of the protein. Mreover e expression’io

|n manmal i an cells or other species can be |nproved by

t QﬁﬁP lon t
f | uor escenwr%[?o(ltié;rl{br%e?ra a %'H eﬁdlj%%gﬁe @%ﬁg%r%es tewyalength
séltent adus nmndaéy jn pumﬁeem@éukagoaﬂ@dzmés and @re eliminated from a

sel ect abﬁl Er su EI [ (Hof ol at e reduct ase
( BIRBPUS 3" fl PH&F'% é\eW@é?U(e#t YRIPIRFeBR &npiiciegrlisitg. This
p fr@h@lré@ PF@%@ ekdisBASSHIRE thikdh aﬁﬁb@ taPHt?Se eRHO LRI rrect joining

% hr oughf tonetry with I'Uorescence-
act |f|\7%t' egHliiRg m%‘éﬁtemd‘S(%)o produgefd matwrsqeacessed mMRNA with

m e l enen Th

b SRERRY rerlthg ritaor SRS it BrE R hariar daegtine spiice
prcmmeamd\h;pdlbe aaide@vm sy e @ thRes@IRN®y Process, i.e. the
interest and preferably also of the 5 fluorescent

pﬁ&%'ﬁﬁceﬂrﬁé:qt%fﬂ HIFSPBYT@E e geppRiREmop Btk ebintadaces, have
URT G rdieiBod by Wy APEr 2R AUBRALY sEBOALHRSCL!! 188y

of the genes or sequences functionally connecte

therewith. A pronoter contains recognition sequences

f o iin'n I\I%lpe qumsrase and the initiation site
f i anscription initiation site). In
order to express a desired sequence in a certain cell

type or a host cell a suitable functional pronoter
yetalas/pplypentidahewdhi | ddophaimacentiel fsigriificance vinglhde for

C SRPhTC arbobiet SRles, S Fiosy HEuMRHSE Bt tecues,

- Thegeploes ceplothid elerivativkas abdrdgnents thereof, but are not restricted

25

30

thereto. Generally, all polypeptides which act as agonists or antagonists

and/or have therapeutic or diagnostic applications are of value.

The term "polypeptides” is used for amino acid sequences or proteins and
refers to polymers of amino acids of any length. This term also includes
proteins which have been modified post-translationally by reactions such as
glycosylation, phosphorylation, acetylation or protein processing. The
structure of the polypeptide may be modified, for example, by substitutions,

deletions or insertions of amino acids and fusion with other proteins while
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15 as GenBank, for exanple,. and nay be obtained as
separate elenments or elenents cloned within

pol ynucl eoti de sequences from comercial or

i ndi vi dual sources. In induciblge pronoters the
activity of the pronoter nmay be reduced or increased
in response to a signal Cne exanpl e of an inducible

S . . cI t et ronoter. This |
ARG 1Bt RS oA 65 iy o, for
Weixaptanfuston protestss byngistiey foﬁcéfphmﬁﬁmb%!ﬂﬂtﬁﬁhe@omponent e.g.
trangact ivator protein (tTA). In the presence of

t &8¢ SRR N eAn ﬁ(ﬂfﬁ‘gﬂbfachrAe ¢ @ntistadsiukin. nhi bi t ed.

Exanpl es of other inducible pronoters are the jun,

fos, netallothionein and heat shock pronoter (see
alEs@ngded pvdtherapeatic proi®iag;are @m&emrﬁhln&lhke gtORM fackdr, human

ClaghV PRI St el REL Bt iosza sppeminogen
t @@tltdélloﬂ Ptﬂl l?a’? p@féi’lﬁf{E‘P*O)OEyltouﬁééagEd hterlenes (ILt) such as

97/ 1566 ear | pronot er, adenovirus naj or

phlartet fL%dlswél rHetSalllL& -G 18, 11L5% dkrsOel - 1ﬂh¢L41angL 13, IL-

trmnlre aty 4egh0l arcoma Virus, the
oy Dronongr i Tpias T oEg [PV HEE athpramfe. -omeoa
ophetaLthUmtmlrommesmHHmlrl(aYNFprsnmt as ST W-@Iﬁﬂa‘ﬁ b”mél ¢k gamma,

TR RS B eeb Bt iR emd M GE. ~Other xemples are

f Wdc%ﬁél' Yp&PABRSL eijndlt‘ﬂspé?ﬁfl&e Farf géihgfeor&}eﬁﬁq Yhtib6dies and

in order to 1ncreasé/regulate the tran
atreigmanys i theseofegpelesas cfpr cassrplee Fab, FEHb'eﬂab'Dze Fthand Fc'

CEARRIdHL Rt 6) AP HeAB T i T Rlob R ERARS Cangh the constant

awhrigbleyor Fgpetvariabled |@|ﬁs R&ROf GNARACAS FRNEHATFd fragments
several C@fll es of an enhancer sequence may be used,

Ghameveel/abr 18090 ehtamndibodigscBrayi kgl 9f haman or non-human

'- emt@ﬁfﬂae@,gv\gﬁ.gén@Eﬁfﬂ{é#i%ﬂb%d%% LS LORBRLEAN. | 1

ano cont ai ns one ancers/
enhancer sequences, preferably a CW. or SV40 enhancer.

The, term enhancer denotes a nucl eoti de sequence

W TPHTERLS TEomegt Gt B T RACEPOEY CBring variable
PESEBAE I ofapstht BHEINSt WHldhabes hteftﬁ to%e'ihbf e Ridj é)cﬂﬁrﬂfconstant
a gene functionally connected to t m)ter Un

pFedigber d heldnay bedrodicashivasxample ﬁrorrnd@rmammma! shtibodies by

P h refore
D SEElin g RN FPIEE |H ps BRelISY o EMACTb R Borofer antioocy
fragments are F(ab'), fragments which can be produced by proteolytic

digestion with pepsin.

By gene cloning it is also possible to prepare shortened antibody fragments
which consist only of the variable regions of the heavy (VH) and light chain 7
(VL). These are known as Fv fragments (fragment variable = fragment of the
variable part). As covalent binding via the cystein groups of the constant
chains is not possible in these Fv fragments, they are often stabilised by
some other method. For this purpose the variable region of the heavy and

light chains are often joined together by means of a short peptide fragment of
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within an intron or even within the coding region. The
enhancer may be |ocated both in the inmediate
vicinity of the transcription unit and at a 20
consi-derabl e di stance fromth romoter. It is also
possi ble to have a physical and functional overlap

-vviththe pronoter. The skilled man will be aware of a

er of e fbancers fromvarious sources (and
a9 0 GEVA® ARAS. iEferaly Eh AR gcigs. Sthie produces a
endiage p<pvd SRR I
adelnovﬁfr(ﬁg enhancer Sngc%@gr%ﬁ;ggl%[}egﬁﬁsa%%mer by a peptide
i dtﬂ@péndéh@h e&@ﬂmdtfsfr@gmeh@mr& saled oefeired thias single chain Fv

o R RO SR ARGS ot o PO RBR B Lyiowm v Aaribed, of.

offopégampﬁmggm@t@§1gggp contai n enhancer sequences
such as the frequently used CW pronoter. The human

CW enhancer is one of the strongest enhancers

nt.i t of i bl .
ofianast fedts) Yahbls | BRBIATNO el RfIRRS D arpducing
strwititreried sefv gbucammst i cBhesimentieavy fmtm'bﬁucé&ecomblnant
An?]&lg?er. 0S l’]b e nodifjcation.is, for exanp
B BRh o BraTed pheMeshinSicbiptenandyingrased binding

Pravidityer Irf e EL ctiBYe fil"lé Qn@lﬁnfé?i%@t:&?%f%é rE;CFV fra ments they
regul atory sequences which I ow control/regul at %

t et pﬁ@m%ta%rfusm mrpteyns Twills muifaﬂprlmimrerd@’aamlse The

AR BR5 OHEL B T B S BB ¥t an 0 o

s iHetiz stracturps (Etroﬂed@ﬂﬂsﬂﬂgtﬂr@é’l) Roch NP NdIciNZipper domains.
cto The above nentioned transcription factor

s Aot thes stRigeee th%’%@?%@@ﬁtb@ﬁ@@@ﬂf*@@t Vbnange/L regions of the
t rs%F%Cffég%émrbraqréewfbymuumgﬁémngtég?ﬁi %ﬁ 5 a}mlﬁi%ﬁtan%%mes)_. |

binding site for the activator pr
act both positively and negati vel y on transcri ption.

S Y bt ASBP 05. 4816 PR o Ry oo s

' Cﬁsﬂivaﬂﬁé aSHoﬁ@ﬁiblq thEapSstideStinidr: in ﬂf%qgcla@qnolecule to 5 to 10
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references therein The transcription efficiency can

alEsINgGidh Fesadiedn Bhye &rairtiongpithamedliorass &y supsgioerrsing VHVL
o%ﬁh‘éﬂ% At Higpﬁ& RYARLY té&dlt&ETaHg e E@bﬂ%e@ir bﬁi ! r{e%fqzilsulphlte

one ree or’ nore
dé:u*elgﬂsnlﬁvgampfes of digimrdies cgeme fasnd)in thd dtdrature,18.g. in Perisic
this h I ncreased the pronoter activity. Basically,
tﬁéaédzé? #onal regul atory el enments include
het.er ol ogous pronoters, enhancers, term nation and

pol yadenyl ati on signals and ot her expression control
elT@eetars MBybady iueedire thmartderdancte @ biwhlent dgmadimesic scFv

SREESS A Bnsfls 5?8%‘31&8 rcgtgm wﬁlc'r‘.oéjosntgl?alslthe %ﬂﬁ region of an

immunogiobulin, preferably 1gG, most preferably IgG1, as dimerisation
-region. This connects the scFv fragments by means of a hinge region, also
-of IgG, and a linker region. Examples of such minibodies are described by
Hu et al., 1996.
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"Transcription-regul atory el enents" generally conprise
a pronoter upstream of the gene sequence to be
expressed, transcription initiation and term nation
sites and a pol yadenyl ation_sbgnal . 25 The term
"transcription initiation site" refers to a nucleic
acid in the construct whi ch corresponds to the first

C aCJ% gh a Rﬁcr orated in the primar

PA¥ IS UTE iRy ,SBpte artavalehhbemofimeric scFv

' '@eﬁ‘l‘véﬁ\'/é’(}(ér'ttt@( alTepoey eThaRiindct RusidieoPVANPL Githout the use of a
sequences. 30 The term "transcription termnation
silinker sequancetlgads utedeormabor eflibners. which is
normally at the 3 end of the gene of interest or of
the gene section - 33 which is to be transcribed, and

V\:ﬁ‘hdﬂfrbgm@@ﬁs &howh ihhthetat @snmm(umta@bdse*srﬁﬁﬁ:ﬁfhéné be -i, tri- or
RNA pol ynerase. The "pol yadenyl ati on si

S| %ﬁﬁ%‘i’a'g%u%iﬁi‘?éu%l %rH* c@§§e§eéil\’é Ve eOht SC aff%@@ﬁfS-c The
Siph QitidlerisBford 1se§9n 'Hgy BRIy B’i'cﬁ ?iRNér at@ﬂ'amenc Lfoiled coil
post-transcri tlona orporation ©o uence
alsdmut:tdt@@{ﬁé& adalnliﬁs&mrm 433% ;des/efmottyA., t1299IS) at the

cl eaved 3" end. The pol yadenyl ation signal conprises

the sequence AATAAA about 10-30 nucl eoti des upstream
ofGéiewllichrodis B heludnskodnt pastERNCe | ocat ed

downstream Various polyadenylation el ements are knovvn

io such as tk polyA, SV40 | ate and early pol yA or

D7 SR TS0 s vere

t cantiins ptgene cmiing fdsrasflaonelsoaam ;m‘otmln preferably funcﬂonally linked
pro t er/ enhancer i nter st an

o SRS oPrbtetl, H50R onad von Traai nad usher the

e'c%ﬁ%! of | & FNGENREteRSIBHRIY SroRBRADsIRRAEL tRE protein/ product of
transcription unit contains two further translation

r doferestoand the flyorestentnriofin cierensiacaby @y bisistiopie MRNA.  This

RS Qo ash Rl BRI WPkl e, sriTprpauct of

béntexestandadie draountspbiy musarexef #eséxpressionastadsf the fluorescent

~advi sable to renove, add or change 5' - and/or

20
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3'Praidif-ansl at ed regions of the nucleic acid sequence

which is to be expressed, in order to elimnate any

potentially unsuitable additional translation

| il dubwsceoti pratedr maynbe, frqeraropls, vihigedemi bloish-green, blue,
ct e [essial 2 t he tra{éscr

o e B TARBE Bt Birab P G BIRSFo RleL SHiBlr gample s green

fluorescent protein (GFP) obtained from Aequorea victoria or Renilla
reniformis and mutants developed from them; cf. for example Bennet et al.,
1998; Chalfie et al., 1994; WO 01/04306 and the literature cited therein.

Other fluorescent proteins and genes coding for them are described in WO
00/34318, WO 00/34326, WO 00/34526- and WO 01/27150 which are
incorporated herein by reference. These fluorescent proteins are -
fluorophores of non-bioluminescent organisms of the species Anthozoa, for

example Anemonia majano, Clavularia sp., Zoanthus sp. |, Zoanthus sp. I,



10

15

ri bosomal consensus binding sites may alternatively be
inserted i mediately upstream of the start codon. In
order to produce a secreted pol ypeptide the gene of

i nterest usually contains a-signal sequence which
codes for a signal precursor peptide which transports
t he synt hesi sed pol ypeptide to and 30 through the ER

The .signal _sequencge i,s often but ngt al yays
TS SO BB Lot DheSues sooTpeBL dioosoma
asg. 'Fagbely edndmosiondtaiapept i dases after the protein
has been filtered through the ER nenbrane. - 34 The
gene sequence Wi ll usually but not necessarily contain
[ j I i d P .
SRR SR profi R R acq e oAk i erfisHBntain in adition to
s dup wildety paprofeinsinatocal ce daneticalhnvengmseesd mitares eusl variants,

e UG 0 e Lo K Sty oo
Suhih atheFaitBrRis angebllibs. Hﬂ?@t‘iér%n&séc?%yafd?r%&ample alter

el ement according to the invention is the interna
r tiid soreiiptient oy eRlission | RESfrunThihe RESatiosmehichromophores, the

' i ch. f [ | | tivat th .
O A REMPRE S BTG RS AR 5, P
I n medrhylagaa eds or wihergpddiAPcai beditipréyed by dolien optimisation.
upstream gene and i-n an _animal cell allows the ) i
t Pégardini 30 o inigaticn e SHerqssseh Praladh may Msmbe)useedmfusion
Awift HYbRAAABFEAKEE, l-préfﬂé%aﬂ;z?%% tsr'gﬁ le RERHEARS idlker such as

i ndependent ri1 bosonal entry” si or the trans
ofdinysoiotrta rediactpag (PHERY. | ocat ed i medi at el y

downstream In contrast to bacterial nmRNA which may be

mul ticistronic, i.e. 15 it may code for nunerous

diThiefletvie spohy ephittde shyo the TRHSSBNMYr6tRird thakes it possible to
transl ated one after the other by the nRNA, the

nEptaGtt e PrafRis  e0onby dhrerahfiom |eytemetryowili at feprescence-
ABELGALR dN'sPRYFRCS) B BY Fubr&lcdic@iErosdhBy, the case

of a nmulticistronic trfanscript 1n a eukaryotic cel

the translation would be initiated fromthe

translation initiation site which was cl osest upstream

and 20 woul d be stopped by the first stop codon, after

whi ch the transcript would be released fromthe

ri bosome. Thus, only the first pol ypeptide or product

coded by the nRNA woul d be produced during

translation. By contrast, a nulticistronic transcript

with an | RES el ement which is functionally linked to

‘the second or suhsequent open reading frane in the

transcript allows 25 subsequent translation of the
open reading frame | ocated downstream thereof, so
that two or nore pol ypeptides or products coded by the
same transcript are produced in the eukaryotic cell
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The I RES el ement may be of various |engths and various
origins and may 30 originate, for exanple, fromthe
encephal onyocarditis virus (EMCV) or other Picorna
viruses. Various | RES sequencef and their use in the
construction of vectors are described in the
literature, cf. for exanple Pelletier et al., 1988; -

3 l.,..1989; Davies et al., 1992; Adam et
alq:.)t,h% 'ﬁ‘% 5 EisaI ., 1992; Suginoto et al.,
1994; Ranesh et at., 1996; Mosser et al., 1997. The
lg. e sequence | ocated downstreamis functionally
||ﬂF?e

GXPESSID ¥ectepsopfaing athleaphpre dretpeiegous prompter which
S i j L ect essio :
SRABWRD SPreia 900 Lpi oN SR CaRO Breterdblll slge of the

sdlubrescemt pextpinessi on for the intended purpose. The

opti mum perm ssi bl e di stance between the | RES el enent

and the start codon of the gene |ocated downstream

t e @i Prometdr’ HENGIRE S&XPHIPRSHOMIFERRhBRS HHTE Sﬁ{ows and
by sinple experinents by varying the 1o spacing an

d €t they trapecriptisneeisthengpaes onsequeneas functiohalyheonnected
S j USA N ter e ys. By.the neasuyes.
R iy T BrORAGE [ t i3 s RafBa plafiR, o binding RNA
eyplessiase archibedhitiatiohisite fostrafsgiptioh (vahswiption ibifidtion site).

IRoEd: Brioret S e RRE Sl nenndien Ckivep ar bost cel

S dailtabRERBEL@9al iptomBRIrHhQ&Eh & cﬁH§érP)eThé %Rius%nﬁ willBe familiar

i
invention. Hanster-Ubiguitin/S27a Pronoter
aN6tthe&r vensbd iofepromaierse fione s@iriowsy sourees a dududing geomstitutive,

oy AL P R Pl

geseGahBanke fars exampleg\eritl e bpr siitainell ¥s fsepatatendleénts. or
linked to ,the gepe of interest and the gene which

cGHRIBEY AoRsdioMEdBe ROISIIIRAtINe BearaBcemi omy iconspetsial or
r

DITUEel Shrkhe, DETRLEIIS brin BRIEN o UAY M oroter may bo
preduted opirereaszasl in rasponae tb easignaheOok exaenplel dfoan irglucible

f o res: . GGri c rea 1 Lnding,site .
oSO i e RSN el BBl 1A LEhtEinS totracycline

Pabieratol sehvendtrseftetd)edhich carPbeimddledhy eheftasy@meSbulated
bi ndi ngﬁsi te but, ng. TATA box. Al so 30 &r eferredyi S a

pliGnseetivatpr pietein (Hdhstinthe ipressncacaliteaerrling dhe binding of tTA
Loul g iy cor { niag .

e i lntlitect MERamBIGREbE Kbl HfcITE Ot YR A jun ros,

| metatothéemeimiandi ineatt shacki prammotendsad blso Baorimoek et al., 1989:

patticul arly ronoter which is activated by the

" sisan el 4PaAr |

Of the promoters which are particularly suitable for high expression in
eukaryotes, there are for example the ubiquitin/S27a promoter of the hamster
(WO 97/15664), SV 40 early promoter, adenovirus major late promoter,
mouse metallothionein- promoter, the long terminal repeat region of Rous

Sarcoma Virus, the early promoter of human Cytomegalovirus. Examples of

- other heterologous mammalian promoters are the actin, immunoglobulin or

heat shock promoter(s).
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A particul arly advant ageous enbodi ment is a pronoter
with a nucleotide 5 sequence as contained in Fig. 5
of WD 97/15664. Particularly preferred are pronoter
sequences whi ch contain the _seguence from position
-161 to -45 of Fig. 5. The pronoters used in the
exanpl es of the present patent specification each 10
contain a DNA nol ecule with the sequence from position
1923 to 2406 of SEQ ID NO 55 of the attached sequence
| ipstconesp Jmuﬁ?m@ﬂéea@goggrm&m&d%ant@etfnﬁctﬁér@&meénnected to
-372 to +111 fromFig. 5 of WD 97/ 15664 and repfesents
t ptherpraguiatpey Sﬁﬂyﬁﬁﬁ%ﬁ* inj orglen tpr irmasefiegulgtettbe transcription
Shailif, inaPeRgLatfn Diseggauence  region. Anot her
suitabl e pronot ragment contains the sequence from
is posi tion 2134 to 2406 (corresponding to -161 to

1inFi 97/ 15664) .. A pr.onoter [

cbRf &¥RTP |f98tnﬁ%m§> BRESH fﬁaﬁt'efaﬂ@tim&ﬁdzgﬁphanse@awences
'$n rmdbpneerncféﬁg‘et 'tﬁ@airan(]%ﬁ iRPBO vy PRSI ) ﬁé
to +111 in Fi g. of WO 9/f£6 64) Iylfs poss!’lgin Off, or more
eﬁneﬁdcm@rml@rnm\@rabmeﬁ@éanrerm@cer seqlianeetmay be used e.q.

stag al so _poss

o 2eCMh B A RGeSOl e S ieR REHA efecording to
ulﬂhéldht«-‘i/ari’doﬁZ7ﬁ al‘nollh‘mf eeré]mbedimemte ntaies lores O;ruﬁrﬁirda o@shancers/
mut ant s/ variants of _t conpl ete sequence o
@Bﬁ?ﬁ@%ﬁ%’@ﬁ@?e@fﬁf‘%ﬁf’ AN B henIneEd,  for

exanpl e, by substitution, insertion or deletion.

Correspondi ng 25 subfragnments, nutants or variants are
héﬁh@i texft @nhaheer dehete@ polwnicieotidei $equinmeomdhia sn.the cis

i fi Promoger, |on Ly combined w th other
F ko A E) GTHEL 2By 67 g R AERleE Bt o7 ibates the
agitanetiiptioriof ha cg@m@smnti@né!@« ichnhegbdt fte thiSOprsradRirer Unlike
fragnment from position 1923 tq 2406 of the nucl eotide

s@a@@ﬁt%s 4% Sffech obEn RRcHS issndemsnsans of pesitionoaRdagentation
o £ {6l Lo tiERedre Bo pBRfioeAdn CPRRY BF LBRAR trefigbifption untt
hadthén tanaimdron pt ieyenaeithivi the whidinly heggorat Theasnh30er may be
| | t 80 | t.,90%
LR g SRRl R R o o
t%@né@l@%ﬁ!@ didRckr aBenhe (pdhdotbe HLLd é[&@gFﬁéﬁll}:lel b dhave a

conmparative reporter gene assay. Partic
piPasicAband funginal i a@riaPowsh dhs piRmatens Haeeslalled man will be

TP REHERGEr B BHARLEES W bl G QA Sfpostea i
Qfdaﬂbdmaslsueﬁ%asp[m‘lﬂ&lbd yeal SV40 enhancers, CMV enhancers,
polyoma enhancers, adenovirus enhancers) which are available as
independent elements or elements cloned within polynucleotide sequences
(e.g. deposited at the ATCC or from commercial and individual sources). A
number of promoter sequénces also contain enhancer sequehces such as
the frequently used CMV promoter. The human CMV enhancer is one of the
strongest enhancers identified hitherto. One example of an inducible
enhancer is the metallothionein enhancer, which can be stimulated by

glucocorticoids or heavy metals.
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| east 85% preferably at |east 90% nore preferably at
| east 95% and nost preferably at |east 97% and have a
correspondi ng pronoter activity in a conparative
reporter gene assay. 10 In a gerr.espondi ng conparative
reporter gene assay the pronoter fragnments to be
tested including the reference sequence are cloned in

fy o%&hegrppq%éu om(ﬁj?%t@)?\iigé?&%é%ﬁiqlggtﬂe PGB Snuttiple Sp1
pbmh@tam or Toee @lombotsl” €8gashcdy ahaY Nals6FBe. chiftfifed with

~constructs 15 (pronoter sequence + reporter gene) are

s [RAHRIBNT $SAYSHSES d e | #ltaw toan rqllé%@tulemn sOf #hgy. transcription
. epo%d AThdy the §|fn%?ér'c9d?1 @Qﬂ}%&erélppgé%[bp dQl]::lth@eThls can be

géne xpreSS|on a ment
gdeseifon exem@m by rinkat tuyseqmnm wlgich fmfemlnﬁmgrsltes for up- or

B gt pPBS iR Db o1 19 2Eeer @i pPeR dEassrption

| fadB epul gor Biahfly, had® %:89@1\/@%% tﬁé‘@réﬁs@ﬂ@ﬁcﬁ{ activity.

sequence of the hanster ubiquitin/S27a pronoter and

t Recthirsdpaneelegs dhe binding wie dar theyaelivedon preiteio AP 1.owhich may
e r I

BB P o B BR8P, LG o091 can oo
t bentBolikb yntallakiskdat efl faeigro rsumh abe fobieganiple/ geciath factors,

ene or sel ected fragpents r be obt aj ned
D EakRes: PR Ry PSS! (Slol o082 and ieteienaandbsran). The
dgapsEMAdn BGRY/ Jc:'éﬁ%ls‘ebsbagm\‘:?ééééﬁs bg‘oroo |H? the promoter

nmet hods as descri bed f exanple In
1989ueness byelheemudation imtltlstcmtma@*nbnom ﬂhbtton) of one two,

i&ﬂgg%‘f&cﬁ%’sﬁ%&% %adi ﬂ\o ceig n[éﬁﬁl?g a{ﬁ &15 oﬁgl Se y, whether

oth:ghaucrhcaehsd@trmpktﬁn@tenhatnﬁtyng t he sequence of this
fraction may be chem cally synthesised. A probe of
this kind may be used for exanple to clone the
UB‘ Qe e Zddaifsns refulalty ietB

@ otahier fragr}entsrt Ler eo%’ eﬁgrﬁfg?gﬁl%a%@gaté%éﬂhs%mmoters
hybham@at itemnination sand mulu‘qﬂeamylathe sihaatst endgeﬂmneexpressmn

S pnﬁglae]gﬂ%ﬁ]?or bo:tp %d&g:éhﬁ%saglﬁl gogl%%ﬁgﬁg&f r)eguYa?ory sequences are

PkASRAGSr BRt VAR s @ditppés Wi t hout any great effort
and use them for the purposes of the present

i nventi on. The 5" 5 untransl ated regi on or speci al

AP C A ERoRT BRI Bl Reliticps prffoter, upstroam

7 Dbmmar gene gequence ta be axpresléedgtnaMmp@bntmlﬁaﬁbn and termination

ransl at e na o be obtained by Iimted
{5 @P‘é qY@S‘gM?%&T g‘@ rom|arger DNA fragnents.

The term "transc_ription' initiation site" refers to a nucleic acid in the construct
which corresponds to the first nucleic acid which is incorporated in the
primary transcript, i.e. the mRNA precursor. The transcription initiation site

may overlap with the promoter sequences.

The term "transcription termination site" refers to a nuclectide sequence

which is normally at the 3' end of the gene of interest or of the gene -section
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Such DNA nol ecul es may al so be chem cally synt hesi sed
or produced from io chemcally synthesised fragnents
by ligation. Deletion, insertion and substitution
nutants may be produced by "sifge-specific

nmut agenesi s" and/ or "PCR-based nut agenesi s

techni ques”. Corresponding methods are nentioned for

e.in Lotts ei ch and Zorbas 1998 Chapter 15 36.1
w‘?'wn%ulst fer b o BPasihss, By cvash- RyBes aakeuti 81 perination of

PrpRRTribtion %Wﬁp&%é% ated region of the hanster
ubi qU|t| n/ S27a gene or fromthe S27a part of the
hanster ubiquitin S27a gene or the 3-untransl ated

reglion. ;i i S ssi.ble t.o i entif an_ O isol ate
soS v adnlodh SERAL s &5 Brehseianbenbhiafrauses Tisavage at
hanepedfiv sitgedtee @ferﬂi bEthe @ul@é@b@@hﬂﬂﬁ% bBQt—tran criptional
speci es. Suitable techni ques are” descri bed ?

e%‘é‘?ﬁi’P@fqtl?r‘L%ﬁ‘% §pav iRt H%-&@Bdmapmlm:les (polyA tail)
% Zcﬁ?f’%ﬁa\ﬁ@ ?’%hﬂg ﬁﬁi“f gEBfagbﬂglagﬂé psj@r%’( eg%w [élh ises the sequence

| SATAROY@EbpubfEI-30| quEOHIMMp&ﬂ%wmftﬁéableﬁvage site and a
| east 90% | east 95% and nost

f
oRBRUPER JodHed dot T Sait rtiv PoIVeReRYIation Blaraants 5 known
SeAANES tRipdiyIe 8910 Mtd Rinahé sy bbiyas oP(B@HO,%}gA (described for

Usi ng t he neasures descrl bed above it Is possi
osEMPla N bIst PrHi22edP8)expr essi on cassette which is

hi ghly val uable for the expression of 30 heterol ogous

gene products. An expression cassette obtained by one

onn armrefesne@en&msiunem OB theh prefamit anverition bach akirgetiption unit

v lscs rGRBBR i, PITOisg/er B BIAMARS, & GpPecdl Dferest andlor a

15

20

25

30

VQﬁél&érW Qisng/elioas e tfdﬁé@ﬂbﬂl&ﬁ‘ t%lﬂbﬂ@ﬁrﬁbhfeﬂltl ylrpealnother

prepare conventi onal nethod known 1 n
déseianesd eﬂ\)bodsﬂ@ahmeotmn@mmion unio 8ontains twoxfanpee translatxon

descri bes the functional conponents of a
e§$ Pé?gzi’ljrﬁtgswtable pronoters (in addition to the

harrst er ub| qui ti n/ 827a pronoter), enhancers,

I on an adenyl ation nal s, ant i bi oti
r Zi SZ’H E@H&lg D @W%ﬁgransﬁﬂqrb@atla@ﬁn site (AUG),
StRElobEhdd?PERd B ng@@giﬁghé‘l %Fzﬂﬂ%:lbgaeggﬂg\’t% é %Qﬁessed For -

cloning vectors
plopdimung expeassén tipma@gbe adyimmﬂcdeemm mdﬂisonochangeaﬁ' and/or

anBlEn SR Yl AL bie SoutSll e SSirnorempich s to be

siexpleused, I e, order WeJ | elginatd | AnE SbteplEMOSNRELE Nhdditional
chronpsones, The eukaryotic expression vectors

t jfaneiatiop initiatiop sadians or pihsik sepuenees whirkrmight affent expression
f%rt tREHFBhSerighiBR! bF UxpRlbsr Eve1 2N 3PP rSmote expression,

ribosomal consensus binding sites may altematively be inserted immediately
upstream of the start codon. In order to produce a secreted polypeptide the
- gene of interest usually contains a signal sequence which codes for a signal
precursor peptide which transports the synthesised polypeptide to and
through the ER membrane. The signal sequence is often but not always
located at the amino terminus of the secreted protein and is cleaved by signal
peptidases after the protein has been filtered through the ER membrane.
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15 resistance genes which allow replication and

sel ection of the vector in bacteria. A nunber of
eukaryotic expression vectors which contain multiple
cloning sites for the introductd an of a pol ynucl eoti de
sequence are known and sone may be obtai ned
commercially fromvarious conmpani es such as

gkrhat a%en La JoI | g‘o Wﬁ%’b’gg@ Q\FVI Eé%gaggy g%tralu? k|)ts own signal

BisegitiepbE e 3f ﬁeorﬁkﬁtﬁlélbgﬁ’é!' feqiiehee i&Not enﬂ_a‘?'zeterologous signal
het er ol ogous pronoter, the gene of interest and

mS§RHERES @|"Fff0dUC}§l¢d§&Whm@ﬂéﬁeskiug@m@u&ﬁ@nal sequences

ORJi I t or,

o8k 8781 5 958 ) 88,5008, HoHCERR-BBbes BB Bucuenco
ridad)amm{s sy gs BenBané {rdRE’BL. enhancers or a

pol yadenyl ation signal are introduced into the

expression vector in a manner famliar to those

sktyhe @ pohtaht Pegiihtory RieRSRY ﬁéééremgvﬁac {ﬁg ieR86Ai89h& Internal

the invention contains, at the mni
hebesomsd ot ysilenbRES). The |B£r&ebmen1t0@nm"tsearajsaquence which

B T

genm@thgtgdjangsfrmma:éﬂ YOAPS sleittury)o4red the pstréam gene and in an

partlc 3 IY\:{() e@;rre according.to the invention to
'faaﬁ%? [4% Qs ransation PEw Sisliens (P ragding frames) from a

p 'STHEE Yanschisy. tTﬁé‘ |FRES Yeldth @ﬁ?ﬁfo@ﬁiés%@ﬁd@é@ﬁ&éﬁ' rifbsomal entry

vector in which the heterol ogous -
p iséeefebitlye atr amﬁlqnm:n iof/ 887 operoreading frlameg doeatetl |mmedtately

a5 P i SRR, b L R o

fumrﬁayartajdey fbi metkransl dlﬁermoﬁt}ﬂ?p@ptldes or products which are
phosphotransferase gene is located in the same or in

a Uislatadone ANSE e ataer fifi the BIRNANThe Mrioklyopl mitNAs from
g :aw,a;eaem af?@ﬁ‘drio% e d& Qﬁdtc%ro@ fofr lé?l%bﬂé"ﬂro i Poduct. In

unctiona Il nked" refers
ndlcé eace af |acrn9élq:|&trmtramsqmcrt it aIeukaeyphemﬂsthahraﬁslalm would -

- pg:f’el:ﬁtgﬁneg 8Fn &3@% sge can% {ee?{hgﬁé@é Eltgggst upstream and

f il areastoppkd rﬂgewhetwaastePdckd&nl @ft@ﬁ%néﬁmdﬁpt Would be
is able to control or nodul ate etranscrlptlono

t ieleaspd i s abasqiuenddusnonlydhe figst Mﬁep@lde or product coded

SHIC L 0 PRI TSE PR, AL s,

gemeltrcnsB'quE:ntratsscﬂlpe V\hit‘nhﬁdRES eferidret whigh ieffuActionally linked to

cret| 0 %nal uence in the sane reading frane.

At oSRFPNS QN SHbSHAIENY Phelk da2BRenIEate (18 Biendiamseypt allows
' %ub%g&&qt ‘ﬂt%?]%fa?@fﬁ‘ %F] frige o{b‘éﬂ ?Qan?ﬁ@efr?ﬁ%u%ﬁe&itdownstream
does not necessarily have

Erhlhene@é,r s0 rtbatd two torbmons godypeptides lerpropuotsi dedbd bgtthe same
trr%scnpt are produced in the eukaryotic cell.

The IRES element may be of various lengths and various origins and may
originate, for example, from the encephalomyocarditis virus (EMCV) or other
Picorna viruses. Various IRES sequences and their use in the construction of

vectors are described in the literature, cf. for example Pelletier et al., 1988;
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assi st the transcription of the gene sequence. For
this purpose they may be both upstream and downstream
of the gene sequence, possibly at sone distance from
it. A polyadenylation site is fdinctionally |inked to a
gene 20 sequence if it is positioned at the 3' end of
the gene sequence in such a way that the

nscrl resses v the codi ng seqguence
G5 St LSe 81 Shnal 0% At Ay’ Sk MoTapet al. 1992
aCSQ%:ﬁHcﬂ@ ck al.cP998rRhFR3H ot ER.C OB s TRk Ef.g%ggﬁ g.

by the PCR technique, by ligation at suitab
restriction cutting sites or by splicing. If no

' ' ot t 25
oy F58pfie SPhBhER IRy HbWRan S sirapie lEkedlp fie 3 ond o
ustee IRES elermemen ekmmvepaehgsle sofsated @bft&af thd BRpression of the
i nventjon fFﬁ ncti onal | i nki n#eqtpre erably does not

t R pIHR 4 f¢ oo wafiAbeaffeqted onbassuffipient expression for
e b t

crbghapa ifpese ahe iy ! SSAISHINSIHHED By e e
i relemest m@ﬂthmeﬁ@ér@@@doﬁgﬁ @ene lothicadlr elewaetream thereof for

| 1y linked together. This ans .
P o EnE e h ' Ahe tetermife tedEniE Sinarangal Bverying the
t Fepagne apdddeternhining the WXpPSSHeN rateOh8id furdtn of the spacing
ex ressed starting fromthe sane heterol ogous

ERPONSs O8NGAYSWS arly preferred enbodi ment the
functi onal linking takes place via 5 an |IRES el enent,
so that a bicistronic nRNA is synthesised fromboth
g@neéhe nersues raescribed vt &t possableohoduntntgu‘t ant dstimum expression

additionally c enhancer. el enents
WRelE T B B ar P9t e rpEe TG hateroiogous gene
Pq:rrbdnctlsarAM XPPESSIOR TasBettd o@t@?tﬁéﬁ%y‘?ﬁedﬁ§b?r0denor more such
whi ch the heterol ogous pronoter, preferably t

uwaawfﬁﬁﬁssmeiﬂr@ﬁd‘veh%sutaeﬁwuﬂﬂe nvendem t her eof 10
is linked to an enhancer elenent, e.g. an SVv40
enhancer or a CW enhancer el errent. Fundanent al | vy,

t Hdanesimrddsgoiini8274hBraeoles Wit hi n an expressi on
vector may take place starting fromone or nore
transcription units. The term 15 transcription unit

| IndghdtRed badirReit OtFleW@ sSBA oSy %@oﬂfin@qﬁethe invention
genes to be transcrib he genes wthin

t Gnédns he mblqmtmlsew@ proncateoofthe hlamsk@u nreferabig functionally

ST 4, 28 b RS 5Bl DB e

s dire generofiimterast apidheigenk whbaredss fisa Buoreesehtiprefein.
this transcriptional |inking of genes, nore than one

protein or product 20 can be transcribed froma

t RS Qg [ h p E C

T RS2 Praei 8t (ReASET isor Pavish omologous

wiiremotgrewhisheis sdescribed in WO 97/15664. Such a promoter preferably
‘has at least one of the following features: GC-rich sequence area, Sp1
binding site, polypyrimidine element, absence of a TATA box. Particularly

preferred is a promoter which has an Sp1 binding site but no TATA box. Also

preferred is a promoter which is constitutively activated and in particular is

equally active under serum-containing, low-serum and serum-free cell culture
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the transcription and translation of the gene

sequences contained therein. Each transcription unit

may contain the sane or different regul atory el enents.

| RES el enents or introns may be used for the

functional linking of the genés 25 within a

transcription unit. The expression vector may contain

a sin%Je transcription unit for expressing the gene
ofCONAitengst In ameihapgnbosimrmptrit g Ao inddciblet promadtey; garcularly a
g i ; £ | uar t_ protein.
Aﬁ?ﬁ?ﬁﬁ%f@gfﬁﬁg%Eggggggﬂgggﬁ%@ogég%ﬂ%gagb arranged in

two or nore transcription units. Various conbi nations

of . the. genes within a transcription unit are ,
pAs SIS, ag¥aRGeqli BTIDREHTOBY 1§ RePrasmeksEnwith a nucleotide

I _RBANE# i e i or, LSt i

of “anches SREehtEaD R g CS o IR0 97 1588 PREleRy i erred are
i pEemnptal senuenceswhieh lcoblairt the segdarate foomapodition -161 to -45 of
S e sive transfections in any desired order. Any

combi nation of regulatory elenents and genes on each

vector can be sel ected provided that adequate

expression of the transcription units is ensured. |f

n

gIRMpteRt Head i ieyarampley dfiteprpresent meteeinwnscifisaion each
agdhidi? R DNIRRBIFLId With 63! s ue?%eeﬁbﬁxbg&itiﬂﬁr@:?to 2406 of
may be positioned on the expression vectbrs.
ASESR P05 ahthexattashsEdsequericertisting o (i getjoerdeecoresponds

! c}/ g%g f{%@gﬁe nt6 g't(ﬂ%a ﬁﬁ if%%q %éqgtﬁléf Wé IPQ?M gébd4 gng(?ggresents the
ppesfehretrproaictens.e dplefePed prdnSRF Bhe8R\RCHIHOPABR tAfs ddiuence
two separate transcription units. Each transcription

uk?9'08an ANcihr(c sHikablgnarasxgiee Segsmrntocontginse thee rgequence from
P S: e ; tal nedq R

P pastieh®2154 B 2A0B RircRREnaRE @ P B 2811, inFig »g of wo
s 8ifEl §fGalp the pravnoter eviicte contantsaonlg the whilience frefrepasitivn 2251

a .el engnt i s used ensure the functional L

" PR 1§ e Rnoeh Brkobal GoRBapands 5 pstigRdbaRitH 1 in Fig. 5
coflQuOf or15med) f | I0ds RRREIE fo RRGRPIY b%}ﬁ&@’ras%%;a@ﬂée in the 5'
the gene of interest are contained in two separate

t Plastion ptarng fren Bositie 2184y be under the control of

the sane or different pronoters/enhancers. However,
preferably, a weaker heterol ogous pronoter, e.g. SV40
eltrisyalpo qradsile tosusts éahdtional Babfragimbhed oNte genfieedhamster
20 ret&géggl y no %nhancer IS used. Exfpr essi on vectors
wHPHY BRrRmete; paaeRnae,as orelliAs tungliengl meptantslvariants of
WH eBrighstessaperl dhsunf A8 thelddf wiilh Havk! B inodified,
transcription unit contalns the gene of interest and

offri ceamylea byensubstitiitio, f iseation uor esietatiorpr ot €orresponding

> oS GlaheorE: uRlf§ S hereRie: Pt arepied to e

i $mbiifietgstomoters”.

A madified promoter, optionally combined with other regulatory elements,
preferably has a transcription activity which corresponds to that of the
promoter fragment from position 1923 to 2406 of the nucleotide sequence
~given in SEQ ID NO:55 (-372 to +111 from Fig. 5 of WO 97/15664). A
modified promoter proves to be useful for the purposes of the invention if it
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25 at the 3' end by a sequence which codes for a polyA
signal, preferably BGH pol yA or SV40 pol yA. Al so
preferred according to the invention are those

-expression vectors which instgad of the gene of

interest have only a multiple cloning site which
alloms 30 the cloning of the gene of interest via
cognltlon sequen ? restrl ti on._endonucl ease
uf

r 3E@NSEEBEAT ECHM irthbas at asélfro%eq Repfergbly &t least 80%,
r Qﬁéfe‘ ﬁr‘efél‘éiblyeé\tqéﬁe'tcé@ﬂsa?ﬁj rﬁ%st"@lelfe %&l%é&%"@'b?ﬂ'le activity
restriction endonucl eases are fromth
arqf ther 4P83 alsl Y408 clip@menks (-87@ tesed 1ihfragment)sinsa mmparatlve

" repoff oePeafu) CHAfTRA rEERR ol MR Manters whion

fcwavexanwhmmum Sequenck edmelogy HO8% wildHgpe %de‘thOSEQ D
iﬁe% on, With the expression vector accor

heohematae Bt $els psanper&f@t i 809 praforably at

pﬁ@éﬁr@é%y p)ﬂ@:@i%lyaéi 16&3t %%n%d@ SUb3 t]' 5% and most

“rodent cell's such”as nouse, tat @ler ce
| ipneteratiifeat deash % sand havansf e@respormiﬁng meomoter activity in a

corr ing cell h.an expression vector

a&?&f‘%ﬁ%ﬁ‘g‘% ngq{gerigrsﬁ/ngneﬁqsgx results in transformed,

genetically nodi fi ed, reconbinant or transgenic
I1s, which are al so t he subject of the present

R)éh?‘?féﬁsp intg QPW'WQPOHSF ggne @ssaydhe prerpstes filgments

”ﬂ@ bé‘W%%éd“?né\ﬁ&%%%{e?%\_g &%@EB é‘salgH ed@f ront of a

c@rbmomrlefernemﬂev gene adiem dades, fof example fosllliciferass secreted

 LHRURR Ahadendibl B et o Seio el (T iG E gieonstructs

CQb*cﬁnot@rSiecﬁiehbab# eemmrﬁg@héan@re@ul@ﬁdlﬁenﬂyqmrécﬂl@ced into the
mouse, preferabl i NSO and Sp2/0 cells and

dé?*?tv%@’ Sy &9-de Potransfestion @ freniaguctiom ap s reporter
Olgch@elBlosdith IRURR HRohBtetirElnEAl iP &ut3fn 35 Cakdhhed by

nvent| are given in
l—lammmr;ngjﬁ're paitémesordernt ofﬁﬁedepoﬂedgene (04 cbtres;eonding fest is

lls, .other nal.i a eII [ but

¢ Sauid ST aRRBPELn AHSRe Rl (PR RRGRFOIs i Molecular Biology,
mq@gqyg, deegdents, or eukaryotl c ceI l's, i ncl udi ng but
not resPrl cted to yeast, insect and pI ant cells, may

al so be used as host cells for the production of

b'%h%%ﬁé?é}t ééﬁ:eggﬁrqobf tﬁé Sh%l?!st@ \iqditin/ S Brobir and the

Mouse uct
modified promoters, which may also mclude, for example, the 5 untranslated

region or selected fragments thereof, and the coding regioh as well as the 3'-
untranslated region of the ubiquitin/S27a gene or selected fragments thereof,
may be obtained by a skilled man with a knowledge of the sequence
described in WO 97/15664 using various standard methods as described for
exam'ple'in Sambrook et al.,, 1989; Ausubel et al., 1984. Starting from the
sequence described in WO 97/15664 a suitable fragment may be selected,
for example, and an oligonucleotide probe containing the sequence of this
~ fraction may be chemically synthesised. A probe of this kind may be used for

example to clone the ubiquitin/S27a gene or the 5' untransiated region or
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Cell line Accession Nunber NSO ECASS No. 85110503
Sp2/ 0- Agl4 ATCC CRL-1581 BHK21 ATCC CCL-10 BHK TK-
ECACC No. 85011423 HaK ATCC CCL-15 2254-62.2 ATCC
CRL- 8544 (BHK-21 -derivative);dHO ECACC No. 8505302
CHO K1 ATCC CCL-61 CHO DUKX ATCC CRL-9096 (= CHO duK
CHO dhfr ) CHO DUKX 131 ATCC CRL-9010 CHO D&44 Url aub

X [ 412, 1983 P 5 ATCC
; *ﬁ‘li'% 7 %‘% O%fxagi ﬁp%@o HEHORHA 2 dbgary of the
E(E%ﬁ@‘stgﬁ geﬁ@ﬂnbl ASinghRke reEaEdIRgdnOAs Ry &é‘&r%ﬁ%ﬁﬁﬂfe‘ the skilled

host cells with a polynucl eotide or one of
eﬂé?'éé%l'@r@ 9@§¢I@ﬂgoa€@@trfm|mgrrtoéema@tmeniregmeots wﬁhout any great

h Sanbr ok et .al. .

S Rl R M ITbolEL A SRR Shedh o

t nenisrstated megioe mdepétmal fragmants klygrespican nesbilgtesl obtained by
fecti cal ¢i hosp ate co preC| pitation,

F?'(S r@ﬁ?ﬂ"ﬁf’?% @1 F {qg rinpgeasfrom genomic DNA or a

d@étrfoﬂm: edhat eﬁrédn@é}ﬁfseﬁit 'tﬁ’é‘ 5'PLAARERI | fé@bﬂnmalyh also be

mcroinjection and viral infections. Accord
i danEdnby tlianted exangeleass dH fiilgephm drcab| IytrgmrIDN@d fragments.

OO b IS 55 PRGNSl FREE Pl rom
c vhemdsaltyesyrithésibed fregovemis by ligagorgpi somal |y

contained in stable nmanner in the host c_eI | . The
transfection nmethod which gives the opti num

- LIRS &?tlh%lmatlﬁﬂﬁnﬁﬁBfﬁiweﬁ dficed by, "site-specific

heterologous - gene 1 n |n guesti
i snyhagkeesisd andiord @fGRrbased mleﬂageytesscteehmquesr @mponding

SRR e R 56 SREFEE AR 90 Craper

r Seat watin fupththeefbesicesel | . This applies

By cross-hybridisation with probes from the 5' untranslated region of the
hamster ubiquitin/S27a gene or from the S27a part of the hamster ubiquitin
S27a gene or the 3-untransiated region it is also possible to identify and
isolate suitable promoter sequences from corresponding homd|ogous genes
of other, preferably mammalian species. Suitable techniques are described
by way of example in Lottspeich and Zorbas 1998 Chapter 23. Genes are
"homologous" for the purposes of the invention if their nucleotide sequence
exhibits at least 70%, preferably at least 80%, preferably at least 90%, more
preferably at least 95% and most preferably at least 97% conformity to the

nucleotide sequence of the gene with which it is homologous.

“Using the measures described above it is possible to obtain an optimised
expression cassette which is highly valuable for the expression of
heterologous gene products. An expression cassette obtained by one or
more such measures is therefdr_e a further object of the invention.
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even if the sequence to be introduced or the gene to
be introduced is 5 identical to an endogenous sequence

or an endogenous gene of the host cell. For exanple,
a hanmster actin gene introduced, into a hanster host
cell is by definition a heterol ogous gene. According
to the invention, reconbinant manmmal i an cell s,

pr, rodent [ hanst er
(ofc s aj2

transfected mnth one of the expreSS|on vectors
according to the invention described herein are
prid¥ee rp@iession ttﬁ,ct@recﬁﬂ%rma@ttOprtbauweahpmfmay theoretically be

h u £48; 1

"SHERARE 1 SRS T R syt o TR T8 dpscred by
cSdmbicak ettd e(d 989) dat éyasbple: %amemm@IsbyietshSﬂbes the functional
d| fferent [ conposed

kind a of
COUTSEIETER S5 GNP © o S IRlGy T BASNeTS it SEHRIoRSto the hamster

iGE27e pﬁr%fndtaﬂseeﬁHQH&értsS [@M‘llﬁ&loﬁ“gﬁ@oqﬁl eny[at;on
i n_independent or mul'ticistronic transcription'u

oignals, ngn@tptlegeﬁlatampemm% rseleriablesmarsrs, r@ItCHémn starting

2GRS s, GO AT B, e e a0
| mreduas itioemi leth plhen*g:lmd:bm:t@rf‘ ophugyeBp phagehids, HevwrNiels, or viral

|nt case enden transcriptional units it
SEMts S B8 RALITOS TalroV HESoaadREoVREs ARazassociated

t f t Ayt I
il S 2 8D Ly e

sebppriosames. t hidiee gpkersition emeeslonhee@er&estymaaw @isw econtain

e BB bR ST by S B i b i S

Byesistarel BeBes! whieht ailowardplightivn edrid Cﬁe%ﬁttdn”bﬂﬂhé' vector in
transl ation initiation of the genes is obtained in the

1Znd gu@yg@a Gt srkanvetic gdressr vegtors mdich contain multiple
PRIARGRBs KA RS iAPEadRRror £ pBHhABROAIE stGUBlod Blknown and

tha irst cistron, FaRsTatt onarni
ofsoBle whiag hbe bybtarets aﬁnmem!tyalfﬂoad Varmpls- doppahded such as

S PaRRS: LA TRES o M I RIARS IG5, A1 LS4 Promege,

| fMa@iEaQﬁrV\ll osphdren® B#oééléhdesﬁgwrﬁ@éha'l:’a% AlItes E'AP DA,
the cistrons, additional inter 46 cistronic elenents

may be |ntroduced for exanple, which ensure uniform

T ht200H0LE DroRaMHE 6ohE e ifldt D ESHBCAER Somycin

o) Si muil t aneous
prpd:nhsphntyaasfemﬂmegeoé dred epﬂbm@twﬂnesgpnetcmdnsg fmhacmorescent

APl Gt SeA i st appsoma entry
't%2@2355%‘32“?2‘2%@2‘2?&?%%%@'?%%%@“%F e 0808 o the
gex@ressuctastor in a manner famiiar to those sktlled in the art. An
- expression vector according to the invention contains, at the minimum, a

heterologous promoter, the gene of interest and a modified neomycin
‘phosphotransferase gene. Preferably, the expression vector also contaihs a
gene coding for a fluorescent protein. ' It is particularly preferred according to.
the invention to use a ubiquitin/S27a promoter as heterologous promoter.

Particularly preferred is an expression vector in which the heterologous
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wi th one another can be adjusted, thereby bal ancing
out any differences in the nRNA stability and in the
efficiency of transcription and translation. Inio
addition, the expression vectqgps are nore stable
because of their small size and are easier to handle
bot h durlng cloning and during transfection. In one

of. the invention, therefore, the

t
P oMol r?br%"b%wﬂ@naaﬁarwq PiaRflent e S PEInBIpt and the
CennihRehl@RlesVibl B f%‘?eétfe e}heé ct:bﬁalﬂ/al\’ﬁl{égi together or

genes whi ch code for one or re other protern
i referetionply liokad randetbememyom phosphatersfémsetdene is located

oob B e f eEPitBrae Yol Fimlicr tne control o

the sane pronoter/enhancer corrbl nat i on and for at

st. one ot her selectable marker, e.g. dihydrofolate
Ripae. seependt dheiinigsend ‘i‘fPFé?”PHQQrtthﬁfmhéUmiBlnal linking" or

c t
cﬁmtr?\t/lg{]gl E&Eere'?fe%(rﬁ%éft?gebcgﬁgl tions, op? %%ﬁaﬂ'ces Qr partial
mseHentes twhick d@neeposifioned moi tedt {hegt eannsﬂqrﬁ:ptn dlamr intended

A P SR B TR o ety cocing
2@eﬁul b@@mnc@ Ivbidiis izt Eagiontrsl M?dh@mjlé@\/ﬁhé tir@@Aption of the
{(gg Essential. Medjium (MEM  Sigma), |scove's

GQENSUFBANRRLS, AR His Postion. ~ Seyirsally, dmitorrd necessarily,
(lﬁﬁ‘t’{étforr%ggrlswké@ﬁl\?ﬁggg )closg'g(gé’( ’\%rld if fwo coding gene

Invitr 0g serum
prsetieences ace (Hkkedtatiin rthe (chgrm‘) a siéaodstncmf srghas seqeehce, in the

ConpBh IR o, - ABRGSOR B RinctiAl Tokeiihromaterojss seneratly

( Godhted npetieBm of ff@éé&hglg;eneeﬁ e8|t %Qéi\ﬂrﬁt inRek8%arily have
insulin-like growth factor sal (e.g. sodium

clP e elese é@ub. BrhanersA e"@elginmotm§msgtlao either: pepwded that they
( %sgrst ﬁ%ﬁhs?qpt‘% of the ggfeEC@ S85 el F&I’dtﬂ%oéu@%s g they may be |

ym di ne se' or ot het

' nmm e,r]mneaantarkﬂl dbwnstream:i/ off thig @aee‘samﬂfﬁce, pAidsiygit some

 HRRR o nE s PoRBRPRY RHGN o3iEo A Snnelly dbadalay a gene

pr.
PlsafaERcS Has %%’c%fiﬁddédoéﬂﬁé@ SrdShBe c;"%ﬁ's 2 ré’%é?ll&ﬁh@‘régxch a way

been 5 m xed with a suitabl e anpunt
t thalel ibet ig@meariptian| yorogﬁ@és% ediacetHes oddliop eguuesse to the

Og)l%g%{deﬁg aglg %tgﬁéﬁ Lm iﬁf%v ?%geei?é N %]cgérﬁg]r&?rg? nqonventlona[
" set@nbinagt agethiods) ef@r By tthe aP S RO $dehttguaNbE hlg@ﬁ!&ﬁ C&fs suitable

the growh or survi val. of host ce|lls with a
Ldestirn pufting hes b PucsPlSIS. it Sulighle Testriction cutting sites

are available synthetic oligonucieotide linkers or adaptors may be used in a

manner known per se. According to the invention the functional linking

- preferably does not take place via intron sequences.

In one of the embodiments described, the heterologous promoter, preferably
a ubiquitin/S27a promoter, the gene of interest and the gene coding for a

fluorescent protein are functionally linked together. This means for example
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question. Wthin the scope of the present invention,
geneticin ((418) is preferably used as the nmedi um
additive for the selection of heterol ogous host cells
which carry a nodified neonyci p;phosphotransferase
gene. Preferably, 418 concentrations of between 100
and 800 g/m of nediumare used, 15 nost preferably

30, 00, Va/m  of nedi |f the host cell t
HLE SR I R Y RS —
e gre biprosy&d slarGiRPRdOhe d4hé h%?éro%b%uk %r@:%oter

separately introduced into the host CcCel
generally have different selectable narker genes. 20

" BEbEAB BB ERS AR SIS L poce vi

byam RESdzlemieot suf that adiciepoindiRYiSR ﬁﬁﬁhé@se@ﬂ@ﬁi bbt? genes.
cul tivation illustration,

6ot et 8oy ting T diArdianagiay pddiionsly contain
Seérﬁ?érﬂi@ree@ﬁé‘rﬂé whith £4! hﬁ‘ldﬁﬁgﬁry &Y Eondesn more  promoters.

transformed with this gene are able to grow I n

. pr%@'éﬁe'@r bf praferred d@r&iresqmummgn avectdri ot ithieimdharkesterologous

WL S BRI b % OERRS fom trroot,

seb dioked o @onshildamees elenTérﬁf e.q2lh §V3D ldntancaesss IOV enhancer
%bl ft;nCtl onal selectable narkers. Positive

l e markers permt the selection and hence
enrl chnment of transforned cells by conferring
resistance to the selecting agent or by conpensating
f drundagoentalipbibei exppessian abdhe gerdes adthin antdxpréssion vector may

cel 0 , c II which have, received the
¢ doke | Plack HeeBl, ) | Sn¢ Tt waR ratsarpupy. unis. 9% temn
eItrammfpadn it ise@fihiy %SS§ régiballifcHROKESigs oﬁB (ﬁ%ﬁHfFé' §enes to
of this is the_ thym dine kinase - 48 gene of the

Hhg Eansgnbad xThe 9@@93 W@l@@ﬁfw@mﬂnmwe funatiopally §nked to

W I '

gadnr{céy% gme? "flrgg S t O 3” tlhgkiﬁq{ on Xlst?her é: faou%@re under the

s dtarscaiptienaincdra mfstm smehpmmasteemh promotaglamhianger. As a
rkers i ncl ude

t he @nﬁhftab e. e %
gdEHT EAFIY rﬁBﬁFﬁ‘ﬁ’ ﬁgg geHe8. Here fhianone protein or product
f rRgmpRt Sranbeisdd Frih @%ﬁé@hﬁﬂ@ﬁ Ul AN IR Sxpressed.  Each

honol ogues and fusions with other proteins or
pafAnsgaption it aentainsathe rrguwalbat eldmentsawkich aneenammary for

5 B A8 e % R orein

-t litactegansariptiondeieinag cohtaih i sameasBflelent béigrlfgatory elements.

25
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The literature describes a |large nu
18@3 Qﬁetf%ﬁ‘té Qreiicens graydae used far e binctieeali inking of the genes
( RARHiA IV PAREIRtibY Sihtmar kers  (see for exanple WO
92/ 08796 and WO 94/ 28143). Exanples of selectable

mar kers which are usually used in eukaryotic cells

| Weugﬁp}elg%i e\peedctor may contain a single transcription unit for expressing
the gene of ihterest, the madified NPT gene and optionally the gene which
codes for the fluorescent protein. Alternatively, these genes may also be
-arranged in two or more transcription units. Various combinations of the
-genes within a transcription unit are possible. in another embodiment of the

present invention more than one expression vector consisting of one, two or
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am nogl ycosi de phosphotransferase (APH), hygronycine
phosphostransferase (HYG, dihydrofol ate reductase
(DHFR), thym di ne 15 ki nase (TK), gl utam ne

synt het ase, asparagi n synthet gse_and genes which
confer resistance to neomycin ?6418), pur onyci n,

hi stidi nol D, belonycin, phleonycin and zeoci n. It is
al so 5033| hle to select transformed cells

f MYP Wegt'%ﬂpﬂﬁm eg|ipserigyl kR ﬂ'l,ﬁﬁbc%u:pmptrapéfection or in
t BLscedad BEASFeCliShIM a8y @I%bf?él? %rdéi’e'énf&ﬁrﬁﬁﬁ%trgﬁrﬁ%ﬁulamw

or fl uorescent pr ot el ns may be used reen
f pigonerisend geneeon gaghPyeciatcan be seledtadpsovideddbét adequate

| RSP 4 IR, R L D! e ReRhRS. oer

- f regulakeg elomettbemnd gahay)resg. @&H[ﬂ(ﬁhﬁl I’geb‘iés o iHtérdst @Mselectable

non- EI ol um escent or(ganlsrrs such as e.g. 25 Di scosonm
splark@lve ppsitioppd ¢y EPle&(PE%S'Oer%q{Pﬁus sp.) for
t he sel ect| on . of transforned cells. Gene expression
and sel ection of high-producing host cells 30 The term

. géweouiipgiys ehoexpresaipasveeior laecordimg do ithe i iovematint cmontaining a
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transl ation of . a er | ogous gene, sequence in

Q?Pé ﬁ %ég{%§tesgnc2 r g é{%ﬂg CflERe N 13 modiffed' 3% neomycin
dphesphdteshsf@lasbemagn cohRibassth génédan dora@tart h alvo separate
correspondi ng 49  nRNA which is present in the host

ctflaﬂs%ﬁlpttﬂﬁ' s. pESFA tigNSERRtQNEAE £ay tignsegabr angey@iess one or
t
quant i%%kw gfg ucggﬂé?/ rsa(%g@%% i"an%ﬁ ﬁ%ﬁscﬂ_ﬂﬁ)n unit

s ﬁ’n&;ca@cumﬂﬁrlthetciodhrosemmemmne grorheter de pesmoteedenitancer, while
exa n_ bl at br| di sat i . o

- PRt dodKegmelemettis o3edHo itk B fstipaat infing ot al the
cebhigorentNA onf byhCRyaR hedticH Saple®0Kor emadified neomycin
1989; Ausubel et al., 1994). Proteins which are

e RbegRiFNseraspand ihe geRRt NtRsesteageneiatngd il by separate
Eﬁ%@i@ﬂlﬁ\}eﬁq} BMlté’,E{h’(&)&?%raggﬁg QBReP YR c%ﬁtrof OF th& ML Dr different

ern I 0i hunoas
I premofersfenpategrson, Hdwte@retl oprefﬁrabltxe i o\lvegk@al heterologous

AUk, o PR R eFo R BB o
198&era‘8¥§%?'erﬁan@br is JE) . Eﬂi‘r%s‘s%h”ﬁectﬁi’@'%tth two separate

expression level (or rate), high expression, increased
ei{pﬂé@@tm @lﬂltm@ﬁ pfea‘atf@d. vithip theefséﬂp@ ooftﬂ@ lnventlon One

[ [

L) e RSt e o YABGREAPB, Bapety =
hgehecebdingefag. aoﬂu@'egﬁmhpmtbhg Wwhile ahéhelhaﬁeuuamsmptnon unit
protein. |ncrease i expressi on or a o
D RAREUE B To0RRANCT danto, PEraGh: EAoR Jaregip Pyt i mited

at the 3' end by a sequence which codes for a polyA signal, preferably BGH

polyA or SV40 polyA.

“Also preferred according to the invention are those expression vectors which
instead of the gene of interest have only a multiple cloning site which allows
the cloning of the gene of interest via recognition sequences for restriction
~endonucleases. Numerous recognition sequences for all kinds of restriction

~endonucleases as well as the associated restriction endonucleases are
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present if a cell according to the invention is
cultivated by one of the nethods according to the

~invention described here, wthout gene anplification,

10

15

20

| ea% BHK4p BIIK U6 G GH-Kt.&H-BY

and if 20 this cell produces_aj;|east nore than
roughly 0.5 pg of the desired gene product per day
(O 5 pg/cell/day). Increased or high expressi on or a

sion or rate, or h productivity are
'gbovw? Gay f“% prigfart. c%rﬁfeé%'%%r %ﬁ%@”cﬁ% o Espd vdiieh sansist of at
W' kagﬂkax%u&éot&%&eagﬁbéémﬁ@% 's@ﬁuﬁ'ﬁdéduﬁel%t%f dGh recognition

nore than roughly 1 esired gene produc
pesequeyIces canhy wnﬂ/f@awam.@@ inrfarebroolt ebal.hil §B9.
expression or a high expression |evel or rate or high
productivity are present in particular if the cel

‘acdostdCals to the invention w thout prior gene

anplification produces at |east nore than roughly 1.5

pg of the desired gene product per day (1.5 pg/

cefbd Qr’f’éﬁsfedti&rﬁr Q\ﬂﬁ'ﬁ%@r ei?br%'%smoﬁx REERP! Q&:c%:r@ tibgthe invention
expression level or rate or producti vi

pr@é@ﬂyotm hast peells careaused, tmefewbly savundiiamy d;ej!st lemd more

2B obBRh el sloh'5% el 5 S rBuTve Sl dRes. The
praubisetsioe tragisfoction bfbkosindspamndingRasilsi with ain Mxpressmn vector
|ncreaaed or high expression or so a particularly

hi YFPFOE 'ﬁee;%%.fbﬁ iR¢gsitiop, resilis dn thansfoEedy Whﬁtl@aﬂy modified,
prr%@Hﬁ{HlHéﬁtyoﬁfrﬁns%érﬁéedétlls tzvh'iéheFFf 'lsoaﬁfeog;gir)}fé%t bR thgepresent
i nVent i on Wit rior gene a tion  prod

atinveatsan.nore than roughly 3.0 pg of the desired gene
product per day (3.0 pg/cell/day). By neans of a
sinple gene anplification step, e.g. 5 using the

DHPf¥fdfFd daset céils firithB UIB6SS8 éﬁt%ﬁﬁ@éhtﬁﬁﬂaf@hﬁtﬂ%@éﬁﬁlls such
the productivities can be increased F@% a factor of

GipriBUEXOR, and CHO-
| n%?g?;?ggﬁxﬁ%%ﬂggﬁe%e%&ﬂam %‘f’ctth'eggt Xel d’% usesarticularly

een su
geprefargd | Bre allHD-BG4Y, | CHOMIUWKX el CH@-Kducaﬁd atBHK21 cells,

' eas de&%ﬁlg (’ggﬁnla ?ghégélalg]gpg@{/)cellgss Is egabﬁ%ag% are myeloma

_Ie@,ﬂts MRom t AR ARy 16eRGa6K! | NSRY . an®P! &p2/0  cells  and

preferably at |east nore than roughly 15 pg/cell/day,
stdenvatiype/depeendani o thasel ealldinesor e t han roughly 20

- pg/cell/day or at least nore than roughly 30

25

30

pg/cell/day. 15 Hi gh or increased expression, high

-prEdaraplesi dfyhamnsterhdargh nﬁ:xm‘eeG@IlsthbﬁV@n bé usedl gc&Aling to the

be achieved both b he expression

SEVSOTh e, GVRY 1n SAB. T e iobndHeyaee. gesvatives and

or@es%fenuaﬁtsocsfqaséé %éu@fcﬁﬁéfdan%?ﬁ atrﬂ?eils mgafn t n%ﬁ restricted

For exa coexpression o gene of "Intere

arie aelhmdea"lafdmnﬁ’ans mice, rats, monkeys rodents, or eukaryot:c cells,
including but not restricted to yeast, insect and plant cells, may aiso be used

as host cells for the production of biopharmaceutical proteins.

‘Table 1: Hamster and Mouse Production Cell Lines
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gene it is possible to select and identify cells which
express the heterol ogous gene to a high degree.
Conmpared with wt NPT, nodified NPT allows nore
efficient selection of stably aransfected host cells
wi th hi gh expression of the heterologous gene of
interest. 25 The present invention thus also rel ates

0 a process for expressing at | east _one _gene of
Siedrleer i n reconbl nant manpseessiaveNUgbeshar act eri sed

bhe”

M at | east one gene of i e gene for a

Meyp2/0-@¢ 1aeonyci n phosphot remstCerere-yg1ch conpared 30
Mth the wild-type neonycinl phaosphotransferase has

)rﬂWKm to 80% of the acti vi AJCCheetetGibl y only 1 to
re—preferabty—onty L S~he NG referabty
)\rﬁﬁi/ .5 to 26% (ii) the ceﬁpg‘cacr)léq%gﬁpmg Lwéd under

pMEK tions which -51- all ow gxXgCeSeLots of the gene or
enes of interest and the npdified neaomycin

RaSARA 2ansf er ase gene; (i | ATCCHeREBRASL i an cel 1§ are

presence} of at | east one sel ecting
Sbh ﬂpr%%pg%é%)y #A18, which acts selectively on the
IOH\Dh of the manmalian cel EC_A&)(EIN@l BE65pO2f erence to

rowth of those cellslwh (efx-%ess_t_h@—mm-t-;-ed-—
Wh phosphotransferaseA‘E Fr\’eC N1 1(|v) t he
lcﬁei[ﬁuklx proteins of TNtelgFEq Q—W
romthe mammalian cells or|the culture supernatant.

P{efCd@bduk Ci'k&ldhﬁ“l)nant rmrrml ian cells are used which

rave hean tr.an

| PR BT T ety on | RICHEREGIT wootrts
FTRDSIGYE a process for Sse| graip &t GEConbdi nant
rammal i an  cel |l s which exprgss at | east one gene of

nterest, wherein (i) a poo C§ﬂ32[ﬂdnﬂ@514éﬂ d8BBs i s

ﬂ@g‘éﬁﬁﬁf@d—w—(—h—éﬂ'—{"@aﬁ—ﬁ "“” erest—and—=a
e f'6r°a modifi ed neonyc ]n:Tghﬁog o ransfer ase whi ch

By/pnparison Wih wld 15 pggemg@wgsn
hosphot ransf erase has only tqa 80%of the activity,

AR @%nl y 1 to 60% mJAEC}S}GF:ér%I y only 1.5 to
0% ||.lJD_l IJl Cl Tl aUl y Ull! y LEgAlC.C N.b/()S HJH?OSIIC

=

OO0

=S-l

[ ey an Wor

a lian cells are cultiva under "co ons which
alTow expression of the gene or genes of interest and

the nodi fied neonycin otransf erase gene;
Ve A bR R oA o o

Giﬁge@&a;] C?Hac\t/és‘cﬁértes ?ﬁ?@"‘gcgdn Wgegglgﬁntlo?{ q&%@ﬁléﬂ out by
nmumbnhmnaiehé&odangmkmeok et al., 1989; Ausubel et al 1994) Suitable
methods of transfection include for example lyposome-mediated transfection,
calcium phosphate co precipitation, electroporation, polycation- (e.g. DEAE
dextran)-mediated transfection, protoplast fusion, microinjection and viral
infections. According to the invention stable transfection is preferably carried
out in which the constructs are either integrated into the genome of the host
cell or an artificial chromosome/minichromosome, or are episomally
contained in stable manner in the host cell. The transfection method which

gives the optimum transfection frequency and expression of the heterologous
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preference to the growh of those cells which express
the nodi fied neonycin phosphotransferase gene. 25
Particularly preferred are processes for expressing at
| east one gene of interest _ang for selecting

reconbi nant cells which express a corresponding gene
of ‘interest if a nodified NPT gene described in nnre

Sk P B PRLA G5 B ) sdence

the widd- H¥Ae DRBReEOMES hBLt @leMCt*snféf@freéSﬁﬁrats' & ®dtérologous
at 30 amno acid position 182, for alanine at am no

aciequposet Ponheterolpepugigeeen enaelatlam tﬁotr@ch@lstp@@l t iTows applies
1 f or..al ani l,.ycine 0 &
p;%gfle [ gnth% %qﬂ? I8(r3é;’gt 'é’gn'é‘ma%’ as ar agﬁ{ n?ggt Ct;r‘f"‘o "gﬁ?%"ced is

paderttican t86dn @rndbgenoesalseqoen@e &r an ianaogeﬁﬁw(gea@ df the host
p03|t| n 240. IS artlcularly preferred to use

|exaﬂ1@ﬁeé terAGPedREs Intredyssd YR a 'ﬁ%@?iﬁﬁﬂ‘-’ét cell is
orbT(g | &iog ,ge@ﬁ{eally, all the nodified
gny%ﬁ‘lnﬁ%)hggngp}t]ot r%nosferase genes according to the
| nvention nentioned in this patent specification are
l.e f.or, such For the preferred
- oo B Y pfidh Hest b hant ahati e i Sl ftateraply rodent
mMudills] afbsh eesiepally HEpastep teRd sliek ageCormes . BHRecells which have
selectlon of the cells which express a gene of

i esne drangirrtad nwdthr peg ofifreg E?ﬁ%rqs§’%‘arV|eiCBH_Soaﬁcqf6mQ to the
e’fﬁ\?%t%nbéfeé’éi{ﬁie%éﬁéﬂ'@a @SRk | ng agent. o
However, I's al so possible to use other
am nogl yc:03| de antibiotics such as neomycin or
cells cording ta the i.nvention
o8 2h pfgeoraBina woeRiefion B AfelP RS0 s PBogugoms e
G4ﬁ8n@(ﬂbn91|- adtibediek UreABE dihemtrankfeckias of %\aﬁéble host cells can

parti cul arléﬁlpreferable to add 300 to 700 ¢
péheﬁ@t!@ﬁ"y ¢afFied pdibyniwordiEegrndi ethedss m&!pgqnpglthls kind are

* Wrtioled i ohRfbdtior Y phtikd, 1h€ rRBVIEALUGH SnblbR. BRfks coding

I nent suc
pdssithk e sobapiteahay éxeoabmmmmbdetﬂd & \wddpandent or multicistronic

PSR R U DB B3 e rr

'mtréﬁsféétleﬁur?hgelﬂl iHfarRRdsel @é‘d@@'tﬁe %lk:ﬁfométl‘l@ réﬁiés?nhataon of

exhi bited a productivity increased ¥9 factor of
- thepanest #féercintegration o dhegespms of tha hosbeelh Howeyear, in the

Vadals%o&%’]ﬁi%%@%l%@n?crfkﬁ?ﬁglr ur‘ﬂ{) it rﬁlfl aoneﬁ'eﬁg 2%&&9‘1 fhat the

case ant ctor
i mWsW@fembde%pMﬁMt qirot‘élmmissﬁlay theitsanie skability and

g AnEhTens/aeR ST o0y o fo Sero Sagk, the egpression
| Noftthg detes take bﬁbece'%ﬁ’f%ﬁ]a fAuMici¥tronic transcription unit by means of a

single promoter and only one transcript is formed. By using IRES &lements,

| “a highly efficient internal translation initiation of the genes is obtained in the

~second and subsequent cistrons. However, the expression rates for these
cistrons are lower than that of the first cistron, the franslation initiation of
which, by means of a so-called "cap"-dependent pre-initiation complex, is
substantially more . efficient than IRES-dependent translation initiation. In

order to achieve a truly equimolar expression of the cistrons, additional inter-
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Asp227Val nmutant. The specific producitivities for the
various nodified NPT 25 genes are shown in Fig. 6.
The correspondi ng processes may be conbined with a
FACS- assi sted selection of regonbi nant host cells

whi ch contain, as additional selectable marker, one
or nor e fluorescent protelns (e.g. GFP) or a cel

hods .of obt aj ni ng. _
" iR PEIR IS Baf P Bt reteerahpla Wiehr epsme uniform
w&i)dpmeee:ﬁﬁya@ls% cbajumﬁdn wathethBaReES &l shta (IR 9a/DsRS).
use of (artificial) transcription factors, treatnent
of the cells with natural or synthetic 53 agents for

g%rgcgggl} @Ebé}ﬁleﬁp%g\%%%é JU%E}? P&% ?@e?‘ﬁ{ﬁ?er of heterologous

nmmtechns twhigpr ist ;enerferrednacowndl@ ttdn eheunvemt&m as cotrandi&btion, in

PR aenPaan] e Seabbatel riRg 2ied W6 feteal dtamvpsrectors.

asrrrembtsqatelédva@]t & el Tertdird proptHionef YeABs and
adenovi rus, EBV ofg BPV), the Esoe?) of " % and gene products

argth PP@a@“QﬁHebﬁéﬁtﬁQ Aglusterldheby( brimmaingeoutaany, differences in
1 )y O 0 e

cnEmRNA skl Send BT BfiRiorR, OF BRARBIRIAR End FaRbhton. in
f/\/n regiaitoon, ghea:xméslmm vge?mles afe inmrer ﬁableahdcatt{]@ getheir sdmall size

ich codes for, 1o, the uor escent tei.n has rove
i s @bl B e e S3 Hito fraestsbenor

a nodi fi ed NPT gene as sel ectabl e marker. The

resulting bicistronic nRNA expresses both the

priB e partisglat embodimentee tl“@ntmvehhom I tllmrefQ@nﬁe host cells are

pra?fdﬁicfhail?} %rl??efﬁgl%ﬁ' gar&ferédé( %o?r% cge[gd yt-tq%ee or more vectors

expressi o tern
f Ihammgsgentaspwhiobl mcje fmrsoreasnrl morms:ﬂnéﬁ prot€inereti inferedt. The

15 invention to and i sol ate
e VS HE Py Pk MBS ot (NG St Bt opyod, dat sxamples for the
f'dﬂﬁéresﬁf%%mpb‘?t Bl GteRSPIH7S §RErese: Ond&y thar tdoﬁ‘&?‘is(ggghe same

fluorescence activated cell sorting equl pnent
TirsoR@teréenmnasr contvntionaand farsat least snevbihen selddtable marker,

20 i ncreased expression rate of
tﬁ%&aéh&?ﬁ%&%& gg%égﬁh is a nultistage process. The
host cells which have been transfected with the
expressi on Vvector accordln% to the invention

oPYGCSRANaytodhe rinvemtian ke hes weﬂﬁcﬁrﬁ@refar@ewoestawﬁhed adapted
e’é"f‘l’&’é&‘[\/ﬁé@ LFrHieg 'séﬁ{rﬁ Gt H}gﬁ‘é nygﬁfrﬁgglﬁﬁ{gﬁfbﬁ are free

ection o S EXpr essi ng
e fipm @nimal protetnsqregtides hd=2dmpiesseincampleraialie lobtdinatge media

SRty P S T el Refe0 (sime)
g@f'gﬁ%‘ﬁ? g}lo?lﬁgde %Pﬁi Fgﬁ@;gfﬁg t(E)ZJI %ﬁl S RmMd)Y Minidat edsential
Medium (MEM; Sigma), Iscove's Modified Duibeccos Medium (IMDM;
Sigma), CD-CHO (Invittogen, Carisbad, CA, USA), CHO-S-SFMII
- (Invitrogen), serum-free CHO-Medium (Sigma) and protein-free CHO-Medium
(Sigma). Each of these media may optionally be supplemented with various
compounds, e.g. hormones and/or other growth factors (e.g. insulin,
transferrin, epidermal growth factor, insulinike growth factor), salts (e.g. -

-sodium chloride, calcium, magnesium, phosphate), buffers (e.g. HEPES),
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- prAygsten.i YYitin dheesc

whi ch codes for a fluorescent protein and is coupl ed
to the gene of interest, in order to identify and

sort out the cells/cell population which exhibit the

hi ghest 30 expression rates ofg+ | uorescent protein.
Preferably, only the cells which belong to the 10-20%
of cells wth the highest expression rate of

fl uorescent rotein are sorted. oyt further
COPEIRPRERT, (9 praaeEI0G n/ HEHR.  Blbfamig. sglucose or other

g&hﬂa%r‘it r%ﬂ%eﬁfs tdnebiokibe 'R ra&S klemante. Sﬂﬁﬁcﬁ.%rpé'érum—free
further cultivated. Accordingly, the brightest

5%eq‘bﬂ edrer pisferred @cepidimg ée tthgdmeentiove the Hwst mellg e talso be
19 tur a
Sl 95 S I ByEbroy BB by Pt boen

pmaf(ed r @itheabsuitatéat amolmit ofiesdruivght #stored 1&%eaMcit Benetically
{l%% & 1% of the fluorescent cells are sorted out
I

SHICh FIOrRSS BBE SR selepiatie reaiker @gnesi one or
om&%l éelé’&mgsaéﬁn@%'ré‘%deéﬁﬁﬂﬁé Riédngh! pools/cell
clones. Oneor nore, preferably two or nore and
especially three to or nore sorting steps may be

< T Efing Yelaqll s TR U8 clSlalie® e el e argutn or

spaplifaicof ¢ast teh Wlti‘ma deficigéncy que hhy éé&@ctﬂ@l%kﬁwdrlﬂer gene in
the case of pools. q%ures 11 and 12 show specif

&Cat bR resent imgniipen gsﬂatlcm (G418) is
Kpt%@%lg LSRG AR rhéﬁlﬁfﬂ é&@tlvétf&pthteogeié&%w I?é}éroh%%ous host

for exanple. resent invention
r eelig adhichy carmp romediietiareaphycin mrngplauhialsﬁbasa gene. Preferably,

SRR LEPefiet L) SEA LIS Ch S oo
(imodtesndriapanBooBahd 3y/&#!drsmel mt rﬁnﬁé%s@dcézrisi%ﬂe to be

an expression vector accordi ng to the i nvention

.t hengteatedrwite @ aomber| of expressioni vedtods, umdedf several genes of

ARSI (¢ Bocokotro Rl BHRLGESH T, The oSt o dFalbeneraty have
piiifftent esldctdite mapkkfger@sneonyci n phosphot r ansf erase

gene; (iii) the manmalian cells are <cultivated in the
presence of at |east one selecting agent which acts

SPLECIHBNS R RIPN QI ROl Sebion of

expliesehichecarsainf ihisl geseniyyc ite ep:hhmmof raanetfresm&iing selecting
t h I h exhi .

o20ent 37 doe P ivalon BREEE o Ay flustFatiad At anibighn gesistance

AR89 thd UseBYad hPusithit saBEidtle aak¥e! Onl fcells which have
desired Steps (ii) to (iv) may be repeated once or

sbpenalransfieggedi with tthis gens argbablenfedgraw dadpe(prepence of the
corresponding antibiotic and are thus selected. Untransformed cells, on the

‘other hand, are unable to grow or survive under these selection conditions.
There are positive, negative and bifunctional selectable markers. Positive
selectable markers permit the selection and hence enrichment of transformed
cells by conferring resistance to the selecting agent or by compensating for a
metabolic or catabolic defect in the host cell. By contrast, cells which have
received the gene for the selectable marker can be selectively eliminated by
negative selectable markers. An example of this is the thymidine kinase
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30 A corresponding process is preferred which is
characterised in that the sorted manmalian cells have
an average specific productivity, wthout an

addi tional 55 gene anplificatggon step, of nore than
0.5 pg of the desired gene product or products per
day and per cell (0.5 pg/cell/day), preferably greater

et 80 U Spg B ShELSBlaeaE AR e win e

pglmaltdam@tms aediionnof @cpclerﬁzﬁ'r@rb@angy@@hefleétﬂ@ﬂo“the elimination
p/ceII/d 5 for exanpl e greater than 5 9,

oSSR TEETkoB, PSR GO augition: cinclugling the

h u y e
”gﬁf;ﬂg@g;%?é@é@atgbsﬁrgjé}@ gﬁbelyrgfe P&?et J?{ﬁ?ow%gif'e% Y‘@ﬂants and
uyBrigntsh eframpRNIAT )efunsymajneqbyamrfcaptdmwaﬁvea hemsiloghes and

s&‘%@?? &ﬂ“h% *f%sé} ﬁ}egnrl\?fl'%rrrﬂei)é gi@t?g’fg‘@g ﬁ*a‘?ﬁ}r@ Sﬁé%@ﬁlpliecmarker

Prewin i ivd t selacthe ZWgudities! wedok0 @tfladved 94ipld CB’t‘ir‘rsrclererbte
Al so preferred according to the invention is a proce

i Romlesy duitheming gidid gedeents inthe regione o etbraaios whrch are
ugied é?:l %e gr Se ﬁv@ncﬁﬂﬁ% Iﬂgrrégur%r %%%&élﬁ?% %rlgrgeé ®Slmber of

For t e sel ect ed produci ng ¢
psefe@tabEyrmd{etn genesl rmﬂudrngabsfmmtmnm e(posnﬂrlrélnegatrve) markers

C %‘%ﬁuf?f and Wﬁgém%gﬁﬁ@ﬁﬁ%gf@u% gs of selectable

i miakess thctre ar@rmuw WD Us lelRbrydlicCESR ircude the genes for

preferably obtained fromthe cell ‘culture nmedium as
s@&’@@@&fc‘@%‘ﬁ@ pr odti&'lOSPhP“@fhﬁeEﬁSﬁ ei n i ARRpr essechygromycme

g e

RO ho S ARAE LD YD S By HBRIGIE rodkBRsd BSUPRET hymicine
obmsre a MumtBWWBMaw,omp&traghl synthstase and genes which
subs{%ntl al II){ free from, h/h reconbi nant proteins

2 TR S tpioa, Ko Mo/ S0+ BHEAMystn Pistdeion,p. belomycin,
PpA &8 aptieze@Rld. i ed out. First of all, cells and

cell debris are renoved from the culture medi um or
| ysate. The desired gene product can then be freed

! HOR S98500AL SR ARMIALF s BOIGRREL AR aBithied col
i Bortimea{FADS).y F?mdhisobaetermfm I@@idéiﬂh%e ekhaneface markers or
preci pitation, reversed phase HPLC or c r omat ogr ap

ﬂue@ﬁqsa%i?foteﬂsr pay bsy uesed (8- @k@%ﬂg@ras@gnher@amh{%!’) and
il oﬁgﬁﬁoﬂﬁr@ﬂ O ﬂ%gbbréé‘ gfc%c?na B kbﬁ@% e ({@%m% or other

gous proteln expresse reconbrn

: -cepeQear gedkfloorestentt peotekis laex rm:fearrsd widsie rildagdsedn in other

the, lite e, Har r i 30 1995 and

SEiout SoBb i wiidts g BaneBiclim BeskpnicoragBigns Such as e.g.
Discosoma sp., Anemonia sp., Clavularia sp., Zoanthus sp.) for the selection
of transformed cells. ‘

Gene expression and selection of high-producing host cells

The term gene expression relates to the transcription and/or translation of a
heterologous gene sequence in a host cell. The expression rate can be

generally determined, either on the basis of the quantity of corresponding
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- 56 In addition, the cells according to the
invention may optionally also be subjected to one or
nore gene anplification steps in which they are
cultivated in the presence ofsqn selecting agent which
| eads to anplification of an 5 anplifiable selectable
mar ker gene This step nmay be carried out both with

I . I
oTRRBA B EREERE. B ahe FRETEREET oR vde FePis ol thagiepyiy of gene
FASA(:Bt Biceiabll wHich @nenebdéd By WAY Syerdesicintdrast. h?ﬁS)quantity of
and with cells which have not yet been sorted. to

prBRAHPEPFUCcads DY franseHetion of eceelegtedr@cae@nda aa@uenyce can be

t d ' .

CBISHFERSIS B0 N BTl Bielhy iy
t hrotagdioa, whiith hytoriseiohoof caeﬂhﬁarrfRNi\I athyePOR anstadde (Sambrook
g e BBl o i R S S Bheb Gy Beect
t hﬁldl@ﬁld&@éduéﬁéem%s@fbe&%tbhﬁfneﬂgﬁg ou%ﬁnerﬂﬁ)dfs such as, for

anplifiable sel ectable marker dge_ne y codes
are@mpige BhiSh westersedddt, f &7 @!ﬁungmca;wsayofimmunoprec:pltat:on

E(‘ﬁ@é%tgcﬁndp Fﬁf i hl%log;%ﬁf afc?%)? 2k g@e g cﬁtgéaéer' %Fﬁ@f"gﬁeﬂ g of the
rrmrotmldefoﬂmed diyhfACS ahalysiy (Srabask 6DEERI98HN ABUBe! et al.,
he gene is anplified if a host 20 cel |

tr 75?1~7""tf)ected therewith is cultivated in the presence of
the sel ecting agent nethotrexate (MrX). The follow ng
Tabl e 2 gives exanples of other anplifiable selectable

nekheetermge high expressien el dorrade), Siheexpragsiandncesased
LT T ——

i rexpEstmnloo gynthé8is:dFArhétebologoa9 sequearilesinBoduced into a host
lifiable sel ectable nmarker genes Anplifiable

eélc%wé QRNEQHRC I Hierapsieha piokeing ditreased RE high
s e
Dxo85en{ ihamell @crortnntaithe insgntioViE30.08/atéd brione dfithe methods
g%%ggﬁﬁtgﬁ% g’i‘A"'S\/ ,n@%ﬁﬁgr? Hggcrpty & Rgraet %v:t%%ﬁ? gené am”ﬁlthcat) lon, and if
this cell preduces at least more than roughly 0.5 pg of the desired gene

product per day (0.5 pg/cell/day). Increased or high expression or a high
expression or rate or a high productivity are also present if the cell according

to the invention without prior gene amplification produces at least more than
roughly 1.0 pg of the desired gene produce per day (1.0 pg/cell/day).
Increased or high expression or a high expression level or rate or high
productivity are present in particular if the cell according to the invention
without prior gene amplification produces at least more than roughly 1.5 pg of
the desired gene product per day (1.5 pg/ cell/day). Increased or high
‘expression or a high expression level or rate or high productivity are present
in particular if the cell according fo the invention without prior gene
amplification produces at least more than roughly 2.0 pg of the desired gene

product per day (2.0 pg/cell/day). Particularly increased or high expression or
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synthetase : aspartate D78586 (human) aspartate

transcar banyl ase: di hydroorotase) adenosi ne-deam nase
K02567 (human) Xyl-A- or adenosine, ML0319 (nouse)

2' deoxycofornycin AWMP (adenyl atg)- D12775 (human)

adeni ne, azaserin, dean nase 30281 1 (rat) cofornycin
UWP- synt hase J03626 (human) 6-azauridine, pyrazofuran

IMP 5 -d enase J04209 (harrster) nycophenol i c

203 BRTTSHEY A sRYSBEi6Ya! QT &) PRRUY vguaradkictviy are
X%?%%ént( 1Ethé3él$ll AcdHrgPBhe 'il% lrfyeibH V\Yﬂhtoﬁh prior gene ampilification
phosphori bosyl transferase Iimting xant

H@quag@s a8t leashmece thamesughly ﬁmammdw;remgm product per

« R O BaleARe) Y s 3 5R5e Bsk stniBealsh step, e.q.

I\/Ei.@rﬁ@tr(é BHF RVRATOAmptiRe e Wﬂtélm)as described hereinafter the
t hym dyl at e- synt het ase DO0596 (

P BaAAT baITHESSRaBBY S sBUSE P! lerst 3do (10asp that the
- ¥ h "
SRR VT ASEE G 500y are o

cah afhiabonéo ai dedinndaicle dﬂaisdleeresij_n_hjeeted tmw&mtﬁm%n step if
aﬁﬁ deironions BhERS! wof it Wb e i a/g6R0e0 Dpaproduct
ety (MRAPQIdaat breﬁém:n;aat @asﬁmmré]ﬁ{mugﬁw pglceli/day,

(harrster (3-as artyl hydr oxamate, M27396
a|r5przazprqﬁeraglyaakte{@§,$t, rpksethan roughly 15 pglcelllday stifi more

preferably at least more than roughly 20 pg/cell/day or at least more than
roughty 30 pg/cell/day.

High or increased expression, high productivity or a high expression level or
rate can be achieved both by using one of the expression vectors according
to the invention and by the use of one of the processes according to the

invention.

‘For example, by coexpression of the gene of interest and a modified NPT
gene it is possible to select and identify cells which express the heterologous
gene to a high degree. Compared with wiNPT, modified NPT allows more
~ efficient selection of stably transfected host cells with high expression of the

heterclogous gene of interest.

The present invention thus also relates to a process for expressing at least
one gene of interest in recombinant mammalian cells, characterised in that (i)
a pool of mammalian cells is transfected with at least-one gene of interest
and one gene for a modified neomycin phdsphotransferase which compared
"with the wild-type neomycin phosphotransferase has only 1 to 80% of the
~ activity, preferably only 1 to 60%, more preferably only 1.5 to 30%, most
'preferab_ty only 1.5 to 26%; (ii) the cells are cultivated under conditions which
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U38940 (nmouse) U07202 (rat) argini nosuccinate- X01630

(human) canavanin synthetase M31690 (nouse) M26198
(bovi'ne) ornithine-decar boxyl ase M34158 (human) -

a-di fl uoronet hyl orni t hi ne 33 (nouse) ML6982 (rat)

HMG- CoA-r educt ase L00183, l\/[L27 conpactin (hanster) -

58 - ML1058 (human) N-acetyl gl ucosam nyl- Mp5621

(human) tunicanmycin transferase

t rﬁ“@%%prﬁmnﬁmhﬁ S1ORSONG 1001 iRtaiest) ansb theemaglified meomycin

b
AETEEFRSEaddBite QBT B AP LaIs &) culivgied in the
nmrks%ncgaertﬂdabéelasgso?r?élecmbg yage}rgerp;o;%mmh G@?Bs Wltnt:h acts
| ti t unction. .o ., e.qg. for
3%%?@%&53 j %“Womfb & the frammaien PFQC%%%@H%S prejeegnge to the
anrgoWtiFR. of5 R | ScalisC e ey fé’;fpréébe bhesy Mdefiéd Oheomycin

purines. Cells which lack the DHFR genes cannot grow
| mﬁ%phﬁﬁa@@ﬁr@ee@@nwmﬁv) thecprotgiRog ereteins of interest is or are

vl 98 rcho SRS thenifafin TRE DALY, pRRAP Forabty

- medcombinBne neaheatian g;elh‘s direl msu? @d;l(i):hﬂ hag@ rmﬁenotmmmeu with an
- the DHFR I s_net hot ate (Mr 10 The present
T FRgPL RER TR e B hod o | brepar mg. and

sel ecting reconbi nant mamualian cells which contains
the fol |l ow ng stei)m &p transfection of the host
céf Ihssinkepticry alsegelaies ko edquecass fasssiecting recpmbinsintmammalian

CEAINCIoRh LRESEChe Ol DB, ey () @ poo o

t hﬁama’ué!mnmfmlsns d:rramréféot@u!mwwwdbaal drvnvgend Iof te bt @ind a gene

e vari nes.; iii) the amplification of the

S Atbglied aLoBREIN BosnetnseiRge vHeich b SR i
[olf n C | ko
gt (SIS Mgl 106 405 o g o

mgarREarakiy mnly dcte 68%nwnbiet pesfatably only 1.5 to 30%, most preferably
dnly 1.5 to 26%; (i} the mammalian cells are cultivated under conditions
which allow expression of the gene or genes of interest and the modified
neomycin phosphotransferase gene; and (jii) the rhammalian cells afe
cultivated in the presence of at least one selecting agent, preferably G418,
which acts selectively on the growth of the mammalian cells and gives
preference to the growth of those cells which express the madified neomycin

phosphotransferase gene.

Particularly preferred are processes for expressing at least one gene of
interest and for selecting recombinant cells which express a corresponding
gene of interest if a modified NPT gene described in more detail in this
- application is used, particularly if a modified NPT gene is used which by
comparison with the wild-type gene codes for glycine or aspartic acid at
- .amino acid position 182, for alanine at amino acid position 91, for glycine at
amino acid position 198, for alanine, glycine or valine at amino acid position

227, for glycine or asparagine at amino acid position 261 or for isoleucine at -
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Preferably the transfected cells are cultivated in
hypoxant hi ne/thym di ne-free 20 nmediumin the absence
of serumand with the addition of increasing
concentrations of MIX Prefer y the concentration of
MIX in the first anplification step is at |least 5 nM

‘The concentration of MIX may, however, also be at

| east 20 nM or 100 nM and be i ncr eased step by step to
| amigp a¢id porition M4l It ds eariiatarbnpreferredsiootisethe Asp227Val,

rl@nbes pon%?ﬁla ce‘?lfé@/ar 2%gg%ﬁ%haﬁﬁﬁb{l?@gng%r reaP iy mutant.

a @Hmaﬂmralhtha‘ mMﬁHtMmpmmtmdsphbﬂnaﬁﬁemd geme@y abeording to
gent [ f| ort gd % fl uorescence actjvated

iy iong s Rbea PARS Dl (S TeaNon vAE cehitaR for such a

SHro8ede W'thé'ﬁt@?érﬁéb ﬁe%?n;!rdhtﬂi}%s? cﬁ)’?ﬂgfer&i’e %{)enesMsee the

| east 20, preferably in the ™ presen

MBRctipm opringdifigd neomycinebesphatransiérase geses.
productivities substantially to nore than 20 pg of

gene product per cell and per day, preferably to nore

t Mare sllectih olibie s viddich ekpressIWgedd of iHlerest and almedified

h Ils t
CNITT BBbads BAiattod tohSEnmele By 89ng GALS S heirsspg agent
NdeEv it ¥ als%%%ssﬁth@ t8 QQS herl Eﬁﬁiﬁbgyméﬂg érﬂﬁ)aot:cs Such as

anplifi abl e sel ectabl e marker gene ordi ng
i MESMYcim OF kanamyein. pihsicelts a¢qoydsmg ite the mvenaoa@he enaferably

ot BI bl BT i Paf a8 PP Pec M el mpgim.

an RegpxRRs sigtiamaiy 'p?éfe?éblé%ﬁdé%ob%w fig o'F@ﬂ'@?VﬁérrinL of
and 418. It is therefore possible to reduce t he

nwwitgre plediane Theprdditienof mughhes0 pgmfiG4tB panoltaf culture

o i@t o P SRR 1s75) 58he Prinert s,
t Hsssils b s6lbat REchhiPARCRNIS &fth 4 PaftRiLIAR MighiX@rédbn rate.
sel ecting reconbi nant manmmal i an cells whi'ch express at

| dhseorpparsrt withitogaise of bR, after §$|6§¥101&N‘dfha4 pg G418 per

- Char &AL é@{éd dﬁ}nteﬁéelébt)amer el e ||§Bé§iﬁ%{e%{‘a ﬁ%gd&tivity

ar e trans Ah- exXpr ession  Vect accord
t andreasedbyg @ faciorafd .4 e 4 e'nthefcczrsea:ﬁ tlae‘pﬂluﬂ 82BIlye Glu182Asp

o G VA S Gl Eanto B et it o 411 Bhsobasaaidbesp227Gly
ofmiitaRt, 05Y 8 fAEt VRO 6F 4iiN iR &8de of the A@%ﬁﬁzfmﬁ' or Trp91Ala

neonyci n - phosphot ransferase gene and the %ene whi ch
c sartant, oby & farianoé Scear 7 3 iottbe gase of the Phrg4eiernnfspd61Asn

ST S e 45 B R o BB o o
ofAsmWal ﬁmtateﬂ Mheapecifg predupitieties endbetvariohe nisditeédNPT

of those Cﬁ| s . ch express t he neonycin
genes are shown in Fig. 6

The corresponding processes may be combined with a FACS-assisted
selection of recombinant host cells which contain, as additional selectable
marker, one or more fluorescent proteins (e.g. GFP)} or a cell surface marker.
Other methods of obtaining increased expression, and a combination of

different methods may also be used, are based for example on the use of

 (artificial) transcription factors, treatment of the cells with natural or synthetic
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25

25 phosphotransferase gene; (iv) the mammalian cells
whi ch exhibit high expression of the fluorescent
protein are ' sorted out by flowcytonetric analysis;
(v) the sorted cells are cultiyated under conditions
under which the anplifiable selectable marker gene is
expressed; and (vi) a selecting agent is added to the

cul ture nmedium which results in the anplification of )

t REeNty f%‘iwﬁi‘ﬁ“ﬁgvé\xﬂ@té‘% AIEPPES nflf ateipiogouse@ene  expression,
PahbicAqIthy BERHIRY T @RI RGO S Sbfovi
\Mji_gh_th% L @%5@%?ﬁ?msph8‘??£i%@?%§§ Tnptéving the
dévtatiave ®fi mRMAstranglation oincaeasing eltte  gahs odpseefler tieel use of

o SpRoBiACERRe J5Par B iR Fsf B yrrE Spotignes 2 Feplication
Pofighes Bhy. clSV4RdpotyoniC adenbdils, 5 ERVMBE | BP\gelthe use of
whi ch_exhi bit an average specific productivity of nore

t REIPlifiotionrproypeting apequersies thtemann o al31994) o in vitro
CHpiEBi ot 0 0 oAb B 4 1t
preferably nouse nyel ona and hanster cells, are 1o

DRI E PSS aptit D1 pePRaH HierRe af (g 4s08 which codes for
Chite: FLdes s C&TIGSFofdih 1RIBYrbvéd BafidttEp et dcHivé dv Bojunation with the

1983) are particularly preferred aS they have no DHFR )
atisp\aftg mgdiie NP b @ene assseleelabla maskermuiag iresuiting bicistronic

g%’f‘ t 8)@%3@95 Ddif, #Re gtﬁginwg&&n gy (fﬁtgres\}mq%dn the, fluorescent

ication In other pes as we

 t pedteirowre rible Jeamis of HBisDEBEDImgt bF tey exptedsiorpos shélpeotein of

to . use.in e transfection, process nmut ated DHFR
oEeh A e dLitrErSat Pt i aesludbpsRible actordng to the
S fv@intibMi foY idehtifyRinkP igofaat lﬁtgh%rﬁ”@ur@ﬁg @coRibinark 3%t cells by
Wgler et al., 1980; Haber ef al., 1982). The DHFR

mareans i ef pghet ifluaraseants preign eexpessed sepecby osoding using

A SR U s IPMRORY o These

cell s do not express endogenous DHFR and therefore do
n grow jn purine-free medi um_ Consequently, the DHFR
odhe pelgotian ‘o egombiiganshast deiiswhicns Brabit ok YiaibeAnd an
ank s hsed TTENIBRAE! ol | | i
hypchant hine/ t Hgﬁn EJIalqneJ-ﬁfS rtlzééedrr%%i%{fn%{egg kﬁtbedlicﬁv{gnta [ E)nr'fl listage
i prenessr | Bbe hestecdllsl whidhehaven beear transfectedf witktbe expression

: Z&%?tg@?%@qorgﬁégiocmé/ qm%n%%' &7 'c);:)%cc:)ma';lzlﬁlA hc@l&'r%%sfected with another

vector, for example, are cultivated under conditions which pennit the
selection of cells expressing the modified NPT, e.g. by cultivation in the

presence of a selecting agent such as G418 in concentrations of 100, 200,

o 400, 600, 800 ug or more of G418/mL of culture medium. Then the

30

corresponding cells are investigated at least for the expression of the gene
which codes for a flucrescent protein and is coupled to the gene of interest, in
order to identify and sort out the cells/cell population which exhibit the highest ‘
-expression rates of fluorescent protein. Preferably, only the cells which
| belong to the 10-20% of cells with the highest expressioh rate of fluorescent

_ protein are sorted out and further cultivated. In practice this means that the
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- 61 - Ala (=A) al anine AP: al kali ne phosphatase Asn
(=N) asparagine 5 Asp (=D): aspartic acid bp: base
pair BSA:, bovine serumal bumin CHO Chinese Hanster
Ovary dhfr: dihydrofol ate-redyctase 10 DVBQO

di met hyl sul phoxi de ELI SA: enzynre-1|inked i nmmunosor bent
assay FACS. fluorescence-activated cell sorter FITC
fluorescei ne-i sothi ocyanate G-P. green fl uorescent

pPogbiast 1% of thegjuorgpesninselisagiedsorey qui@nd friher meiltivated.
HRSS,. | S I o ' -
neseniayy 8 BGGEsE ¥ Fo1oB0, ulf brighiest 3% geceven the
| brightest 1% wd sbedlucesdaent setie of lkbeelkivixibas eamdiso be sorted out
nmonqcl onal . anti body - 1. nmonocyte chenpattractant = .
o PBHeTaRIEat Rl Mo PRFREY SO AR, SRRl o The brightest
NEXC bR -tABOBRGRILSANS fi 94 %‘iethepﬁﬁbr&%ﬁﬂ%eﬂ§ea@%b§ted out and
reaction PBS: phosphate buffered saline Phe (=F):
phepligadédni ne 30 Trp (=W: tryptophan Val (=V):
valine W: wld-type 62 - Methods
The selection step may be carried out on cell pools or using pre-sorted cell
pools/cell clones. One or more, preferably two or more and especially three
or more sorting steps may be carried out, while between the individual sorting
steps the cells may be cultivated and replicated for a specific length of time,
e.g. roughly two weeks in the case of poois. Figures 11 and 12 show specific
productivities after FACS-based sorting with and without a gene amplification
step for the mutant Asp227Gly, for example.

The present invention thus relates to a process for obtaining and selecting
recombinant mammalian cells which express at least one heterologous gene

of interest, characterised in that (i) recombinant mammalian cells are

- transfected with an expression vector according to the invention; (i) the

transfected cells are cultivated under conditions which allow expression of the

. gene or genes of interest, the gene coding for a fluorescent protein and the

. modified neomycin phosphotransferase gene; (i) the mammalian cells are

cultivated in the presence of at least one selecting agent which acts
- selectively on the growth of mammalian cells and gives preference to the
growth of those «cells which express the modified neomycin
phosphotransferase gene; and (iv) the mammalian cells which exhibit a
particularly high expression of the fluorescent gene are sorted out by flow-
cytometric analysis. If desired steps (ii) to (iv) may be repeated once or
several times with the cells obtained in step (iv).

A corresponding process is preferred which is characterised in that the sorted

~mammalian cells have an average specific productivity, without an additional



10

15

20

25

30

1. Cell culture and Transfection 5 The cells

CHO DA4/ dhfr' - (Urlaub et al., 1983) were pernmanently
cultivated as suspension cells in serumfree

CHO S-SFM | nedi um suppl enent wi th hypoxant hi ne and
thym di ne (Invitrogen GrbH, Karlsruhe, DE) in cell
culture flasks at 37C in a danp at nosphere and 5%

CQ2. The counts and viability were determ ned
widehe2 &‘% tie) stepoeiingre (hepHhemdofdpe desiretgene preduct or

byhrbHYSsatrRINanSHér éléll(;@.@ggléieh@iagf )ﬁ{%{oef@néﬁ g?@r than 1

seeded in a concentrati run
easrselfday, angegyprefeiaplf greaterithen Pl pg;’cé{ddgﬁrﬁttlll more preferably

B e P, S1ER toof b b S e 4 sircetucay,

téigr ekarppRsgricdtdMAan 546|-708 9lmfe¢@tgr@hf1#tﬁéW1§ P, of
ﬁs r eagent vvere m xed toget her is according to the

day: etg. né‘@rfﬁ%@tﬂ%}@ ahveaderaraduciviorithese cells can

51 g ol BN R R

Afswetem hpee facior of at lkkaab2te 40. Ahis3F €hown far exdrhple in Figure 12

a8 helio «Pho b TSI BLGURNE G Ko Shecite PR ges

t vasrefeitvedn20ays 28f elfdayt r ansfection into
HT- suppl enented CHO- S-SFM | ‘medi umwith 418

(I'nvitrogen), changing the nmediumevery 3 to 4 days.

A?xléo %f%rreﬂgi}; ok Sghe@fthe VL RYEY a?fjg X lﬂ wiills suitably sorted

sel ec |on an eri nenta eries
coetienaraatrepivated amd msledv\m qnj‘epare?(lﬁe pgilcmde@ir geaespbduct of

& BETsto o s, dRE s igth pradh NG Polisnare Brobarahly gyftivated

ONG LEBRRE TN cHIRFEOheGRIN @hﬂ%e?er@bﬁ%naﬁs’sﬁéﬁﬁuow B&fure under
expreSS|on vect or cont ai ned

n@@ﬂﬁ&nqmpmaﬁhotaimf@m@@sm etft albkee genken{ interest.  The

Cﬁéb% %ﬁﬁﬁjc@gﬂﬁé}%ﬁ[ ?ﬁﬁ% fgr%%ﬁﬁlegtgtgﬁetcf %ﬁmstiwgcctéll%%lthpet l%edium
hyasoa aechated gerd pmﬁmotjl ﬂfethérpfo@dzlﬁ ds @&bﬁes(sbﬂv\lvitfﬁd!ﬂ@kecretlon
dded to the nedium.in concentrat| on

4@@5@?njﬁow%er6 e ﬂeﬂﬁ#ﬁoﬂ‘é@éﬁ%%@ Beiso! ﬂe@aﬁr (Pl'arp%lfiysates In
! pdeniceanihPd dLebai ARcleBaUEANiCHS B SIRREIP oo from

the addition of the sel®ecting agent
Detheh rrecsrbinamiEprataing ah best cetl ipratedts, Sconmmnai Nbarification

a@c ecfdn%g a%'g?&e%:%t SPEgQ| E?ilszaé'lﬁfx‘%i%@@ are removed from

extps esftuen melidor or Weae. UTRE ddtirell géne phatird can thbﬁ be freed
pAD- CW vect or.. éV\ér ner et al., 1998) and nedi ate the
from contaminating soluble proteins, ‘polypeptides and nucleic acids, e.g. by
fractionation on immunoaffinity and ion exchange columns, ethanol
precipitation, reversed phase HPLC or chromatography on Sephadex, silica
or cation exchange resins such as DEAE. Methods which result in. the
- purification of a heterologous protein expressed by recombinant host cells are
known to the skilled man and described in the literature, e.g. by Harris et al.,

1995 and Scopes 1988.

Amplifiable Selectable Marker Gene
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constitutive expression of a heterol ogous gene by the
conbi nation of CW enhancer/ hanster ubiquitin/S27a
pronoter (WO 97/15664). Wile the base 1o vector pBID
contains the dhfr-mnigene whigh_acts as an
anplifiable selectable marker (cf e.g. EP-0-393-438),
in the vector pBIN the dhfr- m nigene has been

repl aced by a neomyci n- phosphotransferase resi stance
gene (Fig. 1). For this purpose the selectable nmarker
n {HROSR I
P R TNa L7 I IBRUMIEIE (P(ERRfalsh be

i subjectad fo ore Ohe1oEe @ﬁeecanwhfpahemuamaﬁmmh they are cultivated

{ PG RLARSEApe bf a s fery iy R2eR G R BRAE Pin

f aagjmabieméibct&bmm@hlﬁeml YTTes 8 il bfermﬂ@@buv\@éth with
gated. with the 3750 bp Bsu361/ St ul %rrent of

V%U%W i SXPrgAs arl %&%S%% groteincandbave P erably been pre-

Kl

oo Pl e, P M Mg DRE o B Gy
i slebarttze hemharﬂemlﬂeceltawplcﬁﬁqu Beentseded. Pal o
Alto, CA USA) and brought under the control of the
CW enhancer/pronoter in the vector pBID 'so that the

Mrhbi refeduisit RAhSE #1 IRGIWRAB drb @dartioRRlIP rahSRIcREd WM a gene
| RES 25 el ement was retained. The follow ng procedure

widichs egdes for apampifiable splestable rmaflﬁeeh It ¥ Cpneeivgble for the

Y

PREB TR0, 4 ORI G R i 0t on one
s ef) then exprassiorc vecterst actarding fohihesiaverstiore o AIcGEe Tintrpduced into
t he pyse of, .ruta [ riners and thus elimnated. On
tﬂéeﬁf’ﬁié‘?e"r@hﬁ' g‘ﬁ' ?géﬁohlﬁrt"leﬁ f'site was inserted by 30
means of a primer with conplenentarity to the 5 end

of the I RES sequence or a Spel cutting site was
i Thecnpdintly spisstablematker gens uskally casiesipess mvmq/whrch is

u
et Toc o 9 BB RS ngbb Sl st
GFBrseqamm thas anﬁlnﬂalstbe&el@dtbb!ﬁbahamm §Bﬂé amy code for
nto the sin cutting site
NI R ERB SR e £e5bihg dens gt egRpIgrc a host
' Beli RarfdBed@etl@n s Ralnady 950R pRIRAR: di f‘iﬁbtéé?ectwg agent
vect or pl RES2- EG-P was brought under the 5 control
t ectopvexated Mgt hamst er ubi qui tin/ S27a pronoter in
the vector pBIN This produced the bicistronic base
vector pBING (Fig.1l). Human MCP-1 cDNA (Yoshi nura et

alThe bR8RINgviiablel mgﬁlésl elamplee of cahsreap@liihilg seiddtable marker

sites of the vectQ gBINas a 0.3 kb Hndli]/EcoRl
genes and the assoc:ate selecting agents which may be used according to

the invention, which are described in an overview by Kaufman, Methods in
Enzymology, 185:537-566 (1990).

Table 2: Amplifiable selectable marker genes

Amplifiable selectable Accession number Selecting agent
marker gene
dihydrofolate reductase | M19869 (hamster) methotrexate (MTX)
E00236 (mouse)
metallothionein D10551 (hamster) cadmium
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15 5. Dot Assay for determ ning the NPT enzyne
activity In order to prepare a cell extract according
to a nethod of Duch et al., 1990, 6x106 cells were
washed twice with PBS and therg esuspended in 600 pL
of extraction buffer (0.135 M Tris-HCl pH 6.8, 20%
glycerol, 4 nMdithiothreitol ) After four cycles of

of . drv ice or_water the

—h

|l 20_debris was rem d *3 (EBW@PM uging and the

aratyiglHeosaaingked f oM59621 (BubgBluent dHFYERMYSBaY .
HeENs$fIB8e N concentration in the cell extracts was

dinrsomy htRNBysyatiBrtade o MERd 8a\humiany t he BbQrBidin

M’ PAERssy ( Bi 0- Rad | JOB(AE (Huenares GrbH,| olebaieh,
), with BSA as the stpmdand (pitptei n (Current

e leN— N e

orot ocol's 1Tn NDIecular Bi ol'0gy, Ausubel et al ., 1994,
updat ed). In order to 25 determ ne the NPT enzyne
atﬁQCW @ngatoathe myesfiondsecamplifiable eledtasledmarkert gene used is

I RN YT
bua‘g[}efort D{-iERf ionad tfumdt)mr)foigzin ﬂ‘@n’pﬁl]e EI@PFM&@FUM?@;H and DHFR.
otein content o Wi cel | extract from
RO o PEet e o) tresioRBEais Af (RineRe. Sl whRhdRck the
rzﬂ(\i/lﬂ-lwlé% génﬁsg%émgp Fc%!? )u( llerJI d&:b%nﬁe@moﬁ?%% gene is

s/ m nus
pitherefereus Bseidi sglpcEdig marientor( mab:tlng]@ndxamahiymg genes in

ool PIMPREE i Indiered medRrd Thes salifa egium sgsed in

( Sohjwictibanwits HIOHFR §ass B melbiolrekbteo@Xp sandwi ch
of one | ayer of Whatman 3MM paper, P81

phosphocel | ul ose nenbrane (Whatman Laboratory
I
r%r%gen{(v@'v%ﬁg O herEichal m&ﬁ%@é ggeé@rgai of pldpfifly! dtcPS8ecting
phesghbmmnwnmilgn cels whlmhwtazréalnarikie mﬂo\nﬁng steps: (i)

IFERT AP Bl fora 8c8 i (el A Bt tof Sproteiny

nlﬂrb@ﬂ@dﬂiﬁt@ﬁ&taﬁ%&dl{@@né@mybﬁ 9ﬁh@§ﬁéf’el=ééé5éhd DHFR; (i)
After washing three tinmes with deionised H2O

w&hﬂﬂr\faﬁeg Ghehe celsgnder canddiansiehish ,@élﬂ‘e(te;@remth efithe various
QiR sk I(|Wﬁegérlkﬁppﬂ'§dgloﬁ'cff Hi L6 %’1 y%e& %@nge%v dftivating the

S|gnalé were’ qu using a
( Mefle quther prasenty mfai sedectikgefgeint wHEE) alldws tﬂrﬂ arhelification of at

T I TR M R

MEHUtREbNAE thar F@dté@%bll@ﬁl% élivAte idine-
Kar | SrUhgr DE) and the 15 sepa%éttl gﬁgﬁgp%‘”ﬁmy@‘ydme free

géne@uatntbprahses\pg Oéﬁarum endivethstheradditien ef/borensing:

%‘JP@%SQ&?F‘@%@W rﬁ%?é?a%\yotﬁg'co %eearslt’ratllzcgnebpﬁl[rgc in?ﬁ?a first
amplification step is at least 5 nM. The concentration of MTX may, however,
also be at least 20 nM or 100 nM and be increased step by step to 1 pM. In

individual cases concentrations of more than 1 uM may be used, e.g. 2 uM.

If the corresponding cells are additionally transformed with a gene for a
- fluorescent protein, these cells may be identified and sorted using a

fluorescence activated cell sorting device (FACS) and then cultivated in a
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- gives pre er%nce to the gr%)wth fIO t%ose ce

-according to the standard procedure for

gl yoxal / DMSO- denatured RNA (Current Protocols in

Mol ecul ar Bi ol ogy, Ausubel et al., 1994, updated). The
probe used for the subsequent gpn-radi oactive

hybri di sation with the 20 Genel mages CDP- Star

Det ecti on K| t (Amersham Bi osci ences) was a PCR

o oRY Fenlelof SRR IR o Seter ol Hyerd! S roreraby in e

me&fe’tﬁiettﬁfeid 8r 108 hMIMTHO N hid Wag g%@@ib!@ﬂaeﬁcrease
random prine | abeltl |"n%ék| t (Amers i 0Osci ences
ally

FP&PMU‘t'e@EUbSE@ m@edhanzg) Q&O&gmpmducmbr valband

|£8E 97 AN R k192929128181 9B 8L, o e

I i;lolshd:eltsrmléytbe‘ subjé.‘etbl:lsto ame Ji rﬁsteegené'\’eﬁﬁﬁﬂ&tﬁﬁﬂﬂébb ‘Tﬂ? order

Mann DE) . unts of DNA ( 10&0%
Gggowff%%‘@ (r-‘%/ b@f@ a'g'aaéh emene Ygntaresiand the
f blﬂiﬂlﬁéﬂiebyeié&%bﬁi ﬁ‘a%ﬁé’érfbféf'% 'ﬁéé@glnbﬁgst!'f@%ve‘?\tuoﬁlthe high

in an al kaline buffer usin
e qgtultf Sdriclerande hiavte is, hnEJaé $ekffeCiB)e prat-selaction by

PR of et PR 6 B i laB -l ES e

uaaﬂn@glyt:dsmde egtibioties 0ok ./ neohil) l&fBEnty diBhAd l&msn is
s the standard 320 pg, 160 pg, 80 pg, 40 20

p ef? rg POossioly o @%JC £h% numker f gisBe Areglification teps required
IS he
Géﬁ?ﬂ;%ﬁ! dferpdispife g\éﬁe%f@bg%ﬁmﬂlﬂﬁ%ﬁwmé

Bi osci ences) vvas a PCR 5 product which conprised the

NPT FI TC-dUTP- | abel |
BBt bRt e RBr invEien F pisndefateh e peocesses
Crovebivrgthsg arahdelecting MecombRiant MarkhialioAN@IIBh&Rich express at
Bi osci ences, Freiburg, DE). The chem | um nescence

slegshl anbietergingaust geae L& inderest 1andgermstheracierisenl in that (i)
(Péﬁfn%ﬁﬁﬁhﬁ'rﬁéﬁ]h%l%ﬁs):elis-r hgB erﬁsf%B@é Wﬁﬁbgh QI(Rfe@ggn vector

npt genes in the ce I'n guestion was deter
uaterydirigtes thenthvedtise Eindsthelrgerte fordinbamiplifiatiie aigkadable marker

LB RSB Lo e S U G o
Usk@sApgast! the §onst antgad tdre 1@%5&09% emodﬂ’fecﬁ neomycin

CHO cell was taken to be about 5

- anpl e
whaw@@@f%sa@w@mwmwb&t qagtestfor as‘bloment protein;

bﬁ@gar A Qﬁ%hfnﬁé]i]a‘?ﬁ 'Ee %r@e &Wﬁlk%%éyg’s (@Eéﬂ%‘%@ﬁg ﬁ%d & 1685t one

Tselgt#ha a@SEQMfﬁD;H\IébE) selsthbYBoh the GréwiH bf MaNPhdlian cells and
Asp227Al 7Val gSEQ | D NO 11)

15 which express’the neomycin
phosphotransferase gene; (iv) the mammalian cells which exhibit high
expression of the fluorescent protein are sorted out by flow-cytometric
analysis; (v) the sorted cells are cultivated under conditions under which the
amplifiable selectable marker gene is expressed; and (vi) a selecting agent is
added to the culture medium which results in the amplification of the

amplifiable selectable marker gene.
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Asp261 Ay (SEQ ID NG 13), Asp261Asn (SEQ I D NO 15)
Phe2401le (SEQ ID NO 17), G ul82Asp (SEQ I D NG 19),
Asp227Gy (SEQ ID NO 21), Aspl90G@y (SEQ ID NO 23)
and Asp208G@y (SEQ I D NG 25) re carried out by PCR
usi ng nutagenic prinmers (Fig. The vector pBIN
(Fig. 1) or 25 pBK-CW (Strat agene La Jolla, USA) was
used as npl ate for the PCR nutagenesis. First,

t H@r@@ulaﬁy Qreje'zfﬁd 6h3 CofresRENAnoAPEesieinaviyER e ewdified

TR, PSRRI E5e oX8p R B88HiEed bR n08hTn arg ysed
AspRDB@Efgradds awam in,which waly o Emphﬁtatmnsstapnseeamed out.
lificati.on which ¢ dof I\Iefor5

u d for. the.amp ﬁn
s ORGSR TPRERES 3 PPTERHONFIB0 PSS NR S A SR
( AfthrRlaARYeNS WiNG? éﬁNEn ahsﬁaré Nl pm&ibﬁy of more than

rel evant mutagenic forward (fo pri nmer:

c 20 fprafeTablyragne tGan 29228 ¥3 (Bﬁ@ﬂ letmp3@)3fof4q\|@¢ﬁ of the

\IESIbE e P A Ao SESHRE b o BT R 91

in the case of the NPT nutant d ul 82Asp (SEQ I D NO
1 of Neofor5 5 ID NO 2 and El 82Dr ev
V\@%W ggngel 'WP&QTQ%’SE@“F%‘“%@@@GP“Q fﬁtSQE?'lﬁ a(%EQ

E)hoc%ét F\',(leag?fg)erﬁé @ls@Qfof UHFIQ'PE éﬂ’léﬁ@‘lﬂgwlg %le@c?aﬂl@ﬁ%rker
I Ehﬁ@@&‘)n%rcﬁﬂ- (ABT(@SEQ?L-@Q@) 28) CHoeGg4Atpaub et al.,

VTe0shard Padiliard el 4 e 8 nd BEFN Al e gwn.
Vag&Fenuit(SHrutaBohOl3 6)derito bk difte teube tREQH HRW[R:%M

= nﬁ”dngﬁﬁgﬁéﬁ%@q Vel hgve figir i engegenous

| DHNER Zokiy Ry dt 12 B td 958 fﬂe’\{%r'i_’s%ctﬂfn '\%focégg é@ﬁ@tated
(SEQ ID 15 'NO and D190G or (SEQ I e

- t iR gensf whish mﬁesmazmotas‘pw@ism@uc@@nsmmﬁ tQS) of

o R E R (SHTEPN REPLaiooh g MRl (2B HOIGH) 1982),

- |n the case of the NPT nmutant Asp227dy (SEQ ID
21 of Neofor5 20, (SEQ I D NO 27) and D227G ev, ( SEQ
R gparger g madipslaresyitable for the selection and subsequent

ampllﬂcatlon when using DHFR negative basic cells such as CHO-DG44 or
CHO-DUKX, as these cells do not express endogenous DHFR and therefore
- do not grow in purine-free medium. Consequently, the DHFR gene may be
- used here as a dominant selectable marker and the transformed cells are

selected in hypoxanthine/ thymidine-free medium.

The invention is described more fully hereinafter with referencé to some non-

. restrictive examples.

EXAMPLES

Abbreviations
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NO 28) and D227G or (SEQ ID NO 52). In order to
prepare the nutants Asp227Ala, Asp227Val, Asp261 4y,
Asp26l Asn and Phe2401l1le primer conbi nati ons were used
for the 25 anplification whichconsisted of Neofor2
(SEQ I D NG 29) and the relevant nutagenic reverse
(rev) primer or of IC49 (SEQ I D NO 30) and the
rel evant rmutagenic forward (for) primer: - .1n the
case of NPT nutant Asp227Ala (SEQ ID NGO 9) of Neofor2
("R ER) NOAQinand D227Arev (SEQ ID NGO 38) or of |C49
(SEQ I D NG 30% and 30 D227Afor (SEQ ID NO 37); - 69
i ARhe case afalmephasphetassp227val (SEQ ID NO 11) of
0 (SEQ._,) 29) and D227Vrev (SEQ I D NO 40) or
2?"9{@%")( SE%SIPBP‘@%O) and D227Vfor (SEQ I D NO. 39);
I mdphemase g¥paNikTadidt ant Asp261 Ay (SEQ ID NO 13)
of Neofor2 (SEQ 5 ID NO 29) and D261 Grev (SEQ ID
NERi2) or ofP3S€ARAI{ SEQ I D NO 30) and D26l Gfor (SEQ I D
); in the: -aut ant Asp26l Asn (SEQ I D
@%) of NS SEfl iR 29) and D261 Nrev (SEQ
| EHNO: 44) orChifhesCHaniSeQOVBNNG, 30) and D261 Nf or
(SEQ.1D NO:43); ,10 .- in the case of NPT nutant
PrFEgﬁou e (éﬁ%ﬁ"BPﬁ‘lﬁieﬁ?L'B%Sﬁeoforz (SEQ ID NO 29)
amMBZA01r edikeldR 4 AExide) or of 149 (SEQ | D NG 30)
and F2401for (SEQ.ID NG 45). Then the codi ng strand
of EIRA: 5" s e @NZyMmeatipkadignmdnps@hent @ssayst rand of the
LERcsect | ool BUAILRd Golfified,d On wer e conbi ned
by "hybri di sall on 1 n the overlapping region formed by
t HdT@ut agenifiopescaeme-sadfiengasatet he single strand

r ﬁgns wer e fillﬂed i n %ﬁg the entire product was
a% fied agdPRNTHOESCBRRPIA®R the primers Neofor5
(. 361Q (EBYNO Zgilitaniid abRpr evd (SEQ I D NG 28)  or Neof or2
(SEQ 1D NG 29) and 1C49 (SEQ I D NO 30). These PCR

prlilcts: 20 dsieedi gested with Stul /Rsrl |

‘ 5/ Ne - t . 1h t ant

GBSay - HaRETRnBa S oo " Sl Thst

( MBS or 5/ NednypoxafBite/thyaddities of the nutants

A, ul , Aspl90dy, Asp208d d Asp227Gl
Drdé%%ﬁngrl I‘S‘%)'RHB‘PG?/Z/ I 029 PCRypfgductg of t%?e- m(jtr ant s

ggrALa, iﬁ@%}h@sonﬁ?%ﬁ%s@ey’ Asp261 Asn and
Phe24011e). Then in the vector 25 pBIN-LC (Fig. 2B) or

plk: CW (St rkiipbgee, La Jolla, USA) part of the wild-
- mAb: monocional antibody _
- MCP-1: monocyte chemoattractant protein-1
MTX: methotrexate
MW mean value
NPT: neomycin-phosphotransferase
PCR: polymerase chain reaction
PBS: phosphate buffered salihe
Phe (=F): phenylalanine
Trp (=W).  tryptophan
Val (=V): valine
- WT: wild-type
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type NPT sequence was elimnated by Stul/Rsrll
digestion, Dralll/Rsrll digestion or Stul/BstBlI
di gestion and replaced by the corresponding fragnents
of the PCR products. By sequepce_anal ysis of both the
conpl ementary and the coding strand the desired base
substitutions in the 30 various nutants were verified
to ensure that the renmi ni ng DNA sequence
corresponded to the wild-type NPT sequence. In this
V\%@Bg%expr ession vectors pBIN1-LC, pBIN2-LC
p =tC, pBIN4-LC, pBIN5-LC, pBIN6-LC, - 70 pBIN7-LC
and pBI N8-LC were generated, which contain the NPT

ta t ul82 rp9l Ala, Vall 984y, Asp227Ala,
Zﬁ '9 %ﬁ@?}l—e& RBh261 Asn or Phe2401l e (Fig.
2#% cérsmot@mumrﬁgf NTaupibeat, S1968) Ydré @e&haﬂeﬁa dultivated

1640 bp Bsu36l fragment fromthe nodified pB
t a6 Suspgneion celig & gerumfias HQ-1-SiFMH rke@nmmummented with

RS G AL e R KB GEHET S cutar

Wil BkKbEBDYE INA daartgy Hgnmeré rmandh8% C%@Wﬁehmdll counts and

expressi on vectors pKS- N5 KS- N7 _an

WY \*@éﬁé&%f@ﬂnaﬁ.\ﬂew %&ffﬁﬁg%n GRunteF(SHhagh S!c'\ﬁ%li“ DE)
%f‘\ﬁg r;/b?éﬂ%@é‘tamu@ﬁﬁ@% )Seﬂ’é‘ﬁen%ﬁ?%ﬁe@éﬁed in a concentration

ctlve . The human CDNA was then cl oned
i m‘d + Bed@ ImLpa@@sur@ﬁvewCZ 0r35d@3§ a 0.3 kb

Hi, ndl | 1/ E ' i
LSRR oL APEB i acA St WS oo FElhstoctn
ew C1$0LDB 44 eEtbrOé@cF&Saﬂsf@cﬂonk h1|>klurtdia kdtaBaihHuof afggasmid-DNA,
(Fig. 26). 15 The nutatjons_inserted in the neong in

ﬁlﬁ‘is

pﬁ‘olélp H’B{'P‘Hﬁﬁ@éﬁ”ﬁg @ngie Lb:Pft Ris JRageMamRresnEed 1o

@F@é@gﬁ%ﬂagﬁﬁg%@cg%%gé %oﬁgpﬁﬁkﬂ(ﬂume ?/f) 200

: ccmstar@mﬂo expravendiellyl grawiinglC i OdnG4d aede irv 8B ordnef IlE-

T 5Spp Ry BT ghecfind A Ryse LAY uop at 07°C n

I %P@éiﬁﬁxcumeﬁoh Prnk leg I—CIOBlﬁplémérmd CHCiS(ﬁEMlB@I@cwm waas added.
(Asp208 261 p26l Asn).and rel ate

€
t d:QE tee INFY %‘@éﬁe‘éﬁﬁ% igRitiee CEQ%WBF%" @nSfPﬂf?FjL?eﬂ@és 8Fek he

NRBBRANAAR, AP-SURBIGRLAEL CRORS-Simfiniodidm with G418
transfec 1 xpreSS|ng cel was used as an
eX inifregent), thenging thes sieaiunof e\aer3|3rtgl dedaymiAwed rpieodBDmg/mL of

s o R i S

p%dﬂ‘c@ﬂ?btiérfh&s 2449 lowered to 200 pg/ml or ralsed to 500, 600 or 800
ug/mL. In DHFR- and NPT-based selection in the event of co-transfection, in
which one expression vector contained a DHFR and the other expression
vector contained a neomycin-phosphotransferase selectable marker, the cells
were transferred 2 days after transfection into CHO-S-SFMI medium without
the addition of hypoxanthine and thymidine and also G418 (Invitrogen) was

added to the medium in a concentration of 400pg/mL.
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30 Two doubl e preparations were carried out. Two days
after transfection the cells were seeded in a 96

wel | -plate (2000 cells/well) and selected with 400

pg/ mL of (418 in HT-suppl enented CHO S-SFM I medi um

In the case of 71 the cells transfected with

pBl N- MCP1 sel ection was also carried out in parallel

with 800 pg/ L of (418. The cell popul ati ons obtai ned
mérlaHFBu*é%%%%g%qf Fmnlifiaatien @féaevnt&gﬁeqélelterglmig gefes can

6
SRRkt e RO NG LendSkert M REF, Drsonnoren,
t Ddrysh ectanoentreliomog §.—~ 200 ot toeat Hfefréd EH@IS-SFMII medium.

popul ati ons in which selection had been carried out
with an NPT wild-type gene (SEQ ID NGO 1), in those

cel IExRfBYsiahiveatrshi ch had been transfected with a
nmut at ed NPT, fewer cells survived the initial

s dpanalyse meterxmﬁq%on TSy @isl exppegRienVEeRss Weee gfed which
? agﬁj atbg)léV %gcﬂo%\glel} n tei?wte \rﬁﬁ%’ﬁfﬁ@é @ﬁ?dﬁ‘%‘ the

h asnimgtlwa ttemﬁs?mgmf ahdztbrqu’gbli\dﬁgeéﬂ@?ﬂ)y aln?I comﬁ&dtibgl‘cﬁRJMV

priaeghanae PoREYSItn Prgnater Qs 14 SoA 5 s e base

t bectep ?mr_@ cbhﬂeﬁhs ﬂﬂe dﬁfrwmg‘éﬁé%tﬁbly abfPad éﬁ %mmlftabﬁe
NPT nutants with the nmutations AsploCdy

- Aspleotbly matker woe. %@%@@Q&i@m @@N%orcraﬁil Nothe dhfr-
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PGB kP il bl brerase ressance
cgenemFlgart)l En][ tids puqmsieetie;sele’wéble a@rﬂbr neohgeincel | s

Bbereigraarmeaanch e VAl A aime At Kegoiuguenyiation

l@?ﬁ‘ﬁ'v@éb B fkteq froRP i é&rﬁme?é?élrﬁiaéﬁ\%BKf@W\/ (Stratagene La
exceptions in the case of the nutant Asp20 20

Fdola,t(ve, YeN) asta 4649 bptBaudnl fragment. n%ftm @a@tlohsgwm the

HSEAR S  OEf5Ee ps on

owdth theB750dss Bgasci Stub fragienp bthesveticr pBKD, which was also-
concentrat| n of é@ﬁ% 1 produced was neasured in
t eated it iflenpw- @SSby ELI SA. Cell 25 pools
in which the NPT nutants had been used as sel ectabl e

mar kers showed on average 50% - 57% (d ut 82Asp
min the bicistrobibaseseastor pBRIG TRigy 1 htlrtealnRSS-IGIﬂ?] gene region was

PIaEl b ¥ weEBT oSSR RS (BRrifH R gy EA53 4R 'and
eb%ud?ﬁ@ndégfﬁé-c@itr&‘bi &d EN/ eﬁhan@?lﬁonﬂeﬁﬁltﬁé \Ni%'for pBID

mutants as sel ectabl e markers 30 the proportion

hisgrhhattbauaultisls sloning sitedipiween die pEIMOieH ﬁ%@'@ﬂl%’\disES-

C%\‘grﬁient was retained. The following procedure was used. In a PCR
mutagenesis in which the plasmid pIRES2-EGFP acted as thé template, on
the one hand the Hindlli cutting site AAGCTT within the IRES sequence was
converted into the sequence ATGCTT by the use of mutagenib primers and
thus eliminated. On the other hand an Xbal cutting site was inserted by
means of a primer with complementarity to the 5’end of the iRES sequence
or a Spel cutting site was introduced by means of a primer with
complementarity to the 3’end of the GFP sequence. The resulting PCR



actually be increased. - 72 Exanple 3: Influence of
the NPT nutations on the selection of stably
transfected mAb expressing cells In a co-transfection
CHO- D&A4 cells were transfegt%q first wwth the plasmd
s conbi nation pBI DG HC/ pBI N-LC (NPT wi | d-type),
pBl DG HC/ pKS- N5-LC (G ul 82Asp NPT nutant) or
pBl DG HC/ pKS- N8- LC (Asp227G y NPT nut ant (Fig. 213).
| f—ragﬁ@f\tewhtﬁh %ﬁ@n?a mm%ppm@ietaéegst #ad pPgHNIGe, was
| F . .
ety X SBDI R TIoRR e e 2 ACag| cuting site at
ctmg drot ofathBHr@Etipke cr:lemn;gcame afdhe veatulr eBiRr kethe same way the

oEARaeT Bearte e P B8 W ar pIBRBERRAIT: s b tnder the
UebAttbl éﬂh@@ﬂ\ﬁ’élﬂfﬁ?@ﬁh@ﬁi@ﬂéﬂﬁlh@tﬂﬂlﬂﬂ@y@noter in the vector

conpar abl e data may al so be obtained, for _exanple

u By Eh@wodamm%bwmt@m lease wectavpBING (Fig.1).
Enhancer/ Hanst er Ubi quitin/ S27a Pronoter or other
pronoter conbinations. 15 In all, four series of

t I—ﬁmnéremu‘ilén‘scmwe(\mmlrhem etudl., i1988helascadsmed Bitm thed

pool

 DBSrreannBl SR TR U RO Aecoma
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@n?éhtN%Eumdgdintma@e@ﬁmalnrmdmsmg:QA popul ati ons
V\/nl ¢h had been transfected with a nutated NPT, fewer

cells 20 survived the initial selection with (418.

AR iPreet A REtel PENEF AN 2 oy the hepyy chain

Wwids ¢lbred ﬁ@da fl JlﬂittaBlzam&mgd L frafimeat Bito tievector pBiy o(rj
titr I N the ulture r nat ntSVVa et

P aliasdfed Gith S i HiA B OBl e Rsier Rg-HE or
W'p’EﬂD@PIGJﬁ:q B?Wh@ﬁ;%{i]‘\%hgmtmﬁl&@tﬂ@r Aand %eﬁﬁélaﬁé@ as a07

mar ker, t he has been selected wth
Gkbl B@Bhalpbiln@ﬂla‘mgma@tmm b caespagdinancuttiog sies of tlne vector

P RBFINY nfNG W8k b ey kB C 4t pRINBSEC (L )

shovved an increase in productivity and titre of 126%
and 107% respectively. Thus, by using an NPT nutant
vv|3th Qﬁ%ced enzynme activity it was possible to

or (I)—% orﬁ%u’c“% V‘)gs% dt§orﬂﬁ %@g?aﬁ%?ug wily a Goulter

alfcmdxeAltta desrbec"ﬂn@ EP@S |sa°aitetd~|mthra‘hejmmm+argrﬁn Bisef mm’ttaran

g?ﬁ% %tgérg%/é(\)(ggqrﬁ;&h 8&@ i Ct !ggcr:]er%%&ensﬁyqs absorbed ata
wavelength suited to the ﬂuorescence protetn and process by means of the
attached software Coulter Expo32. The sorting is normally carried out at a
rate of 8000-- 10000 events/second. The suspended cells can be centrifuged
(5 min at 180xg) and adjusted to a cell concentration of 1 -1.5 x107/mL in
HBSS. Then the cells can be sorted according to their fluorescence protein
‘signal. The cells are taken up in test tubes already containing culture
medium, then centrifuged and, depending on the number of cells sorted,

seeded into suitable culture vessels or deposited directly in microtitre plates.

4. ELISA
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for the selection of the transfected cell pools, 3
pools in each case. At the higher concentrations,
significantly fewer cells survived the selection in
the 5 cell populations in which selection has been
carried out with an NPT wild=t%pe- gene, the effect
bei ng greatest with the Asp227Gly nutant. The stably

transfected cell popul ati ons obtai ned, however, showed

noTI@kemIPdr titreim supengtatdopstabl traisféted mme &eus were
nifijc ggffer ence. coul d be detected between the
%&r& P@'hy 1S4h Hsingithe ORtEi EiprnMGR -1 Setditdamcgordance
cth 08 bR fRetuesd |ﬁ§%hﬁétfoﬁ%$f3®céio%&en§é*§ Phsvrﬁ@geﬁgg

the cells selected by t nutants again
hildéigelbgsgobgt i viti es on average, led by the

22 tapt, th tivit f i ch f
t1 To G md® Il wdafnBnis Eomabitrantrorien Eipidias cots
bWVéQ Quehtiflél b ELISAaiticordih§ ta sRiraHE brocetiMred (B UridAeS
g, 6A). 15 Then in a co-transfection

h Fi
oS Moy Biokaie esuel il 1986, spdataell using on the

p%@é@ %&cﬁ?lﬁ %‘E % gfg%g%ﬁn%ri%?hamburg, DE) and

p BirDteHatheBhsRd 20 ARrpdjuljatedigbatantihtinan kappa light chain

o GAD Horbl8 b E] TIATR v

(%mzmtueédﬁ?fg/ﬁyma weﬁﬁ&ﬂéi]lat&( H&ﬁmhﬁu (?(@%—é%gw In
NPT nut a Wl?@ pBl DG pBI N7- LC ( 261Asn nmut ant

or(GBH OG- r@@@@ﬂ@@t(mﬁém@:ﬂl@o ongeading am hprves) .
”PesEQ tOha ¢ egéﬂlt‘ﬂ}alt%ﬂstlnlt'é again the two

r ot di ns of a nonocl ona humanl sed I g&x
anti body wer e each expressed by their own vector,

et a<Say ot SRE it B KT Enay e say . O
t rANSeer & ;br@ibak@ hlcell B traBBSEcRbRYTHS rﬁ%ffﬁid“é\‘ﬂ)lﬁ’cfh ePal., 1990,

pool s were transfected. In contrast to the
pc@(ﬂlchtqeéiﬁyverﬂ wigsined twigeowith B Svasddbere retiusheadediPT600 L of

d.th
PR R (138 M THBTICELID AL LB gl dlivnon.
be@ﬂhert foan sf/cﬂes edfmezlhg anaduhaivirt INFT batl dfedry dcd wowatd? the cell
t hr ee- week i on of the transfected cell pools in

§ &W%f@o Y ceaHIfugingiang the supgenaian was Hseg for the
400, HGGOENLENSS k88 AHd [gg?égntdohﬁgnt%h&g}ﬁ cbll extracts was

culture super nat ants ‘was rm ne over SI'X
r Ldﬂierrﬁir@d b Bradiord Assayvsing des BHD-RABD ﬁrotenmassmd(Bio~Rad

L A R R LN IR S
serbmmﬂaé h Nﬁﬂé@ﬂar Biology, Ausubel et al., 1994, updated). In order to
determine the NPT enzyme activity a Dot Assay was carried out, based on
the protocol of Platt et at. 1987. For this, 5 pg, 2.5 Hg and 1.25 pg of protein
- were adjusted with extfaCtion buffer to a final volume of 20 pL, topping up to
a total protein content of 5 ug with cell extract from non-transfected CHO-
DG44 celis. After the addition of 200 plL of assay buffer (67 mM Tris-HC! pH
7.1, 42 mM MgCl,, 400 mM NH4CI) plus/minus 40 pg/mL G418 and
plus/minus 5 uCi [y-P]-ATP/mL (NEN) the extracts were incubated at 27°C

- for 135 minutes. Then the extracts were filtered in a 96 well vacuum manifold
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5 all the cell pools which had been selected with an
NPT nut ant showed on average an increase in
productivity and titre by a factor of 1.4 - 14.6 and
1.4 - 10.8, respectively (Fi g, 6B). The best
selective enrichment of cells wth a higher basic
productivity could thus be obtained with the NPT
mutants Asp227Val_and Asp261 Ay, with increases in
averRigichst avehill iRasse) ET heowah a sanewichvotongmthyer 8f

L SRR SN paer. ¢t ShoRAoEutinse WAL En g Rien |
| iLaketatory DivesitieaMgidsheien Grieat BritdiffESh@higroestiulosbenembrane
t S bablchRe peSt b tetnSantEpRandstod tispiain dirses And non-

t pRbeplceIAts protalirbiht to#6 htReli@osaniAlly pﬁbsﬁﬁ Bited
| evel a di stribution of the expression [evels

t he nd

i 4 Kepassesdheuaitheaniropeiilesa and insts totbe phasploasliulose.

t L e N~

o TS WA RER BRE W Serird (g TG harRSwere removed
t frons flecappbratld, wasbles agaimiWithriesO GO ReSEW driedraticum

with the additjion of %ﬁ% t.he. GFP f uore%cence was

nEALAPEWS HOGAs ViR BRERg Hsing &iFdiospho Imagecfidolecular

f Dypaassenceradanels in fact correlated with the

titre data obtained for the nonoclonal |g& anti body.

Pool s selected with the NPT nutants Asp227Val,

: A%Pzﬁé%é(m%?;ﬂ%f}%' and Phe2401l e also had the

15

hi'gher proportion’or cells with a high G-P
f MotaldddAnees isbiteéd e the cdlisavittetHes TRIZGL reslgamttdtcbhfing to

NPT nutants Trp9l Al a,. Asp227Ala, Asp227Qy, 25
2 Bt B HiaRa (G e, Gt Kl Hgot RE) and tho
sebpsidtion A8 ig FRA Bf/ IRX @Ie_%tr@%&esﬁsoﬁﬁ@ the ttahef fq 2 Hybond

nmediumit was possible to increase the productiv

~ ofN+ mdog @nersbeand (Ameiishiasr Binsciemdes; Frpitaurg, DE) were carried out

arCer i B A BB bR o BeraBusc RE TRy

MiCurrehieP siteco|$ irc Moladiiart Bloidgy, inusubel sedl], 999a0Lpdated). The

obt ai ned co-fransfection with the plasmd
Bl TP ST BB AT hbhgiseton with the

20

- 25

30

AgRAR(Mabls d@%r‘ﬁé&%ﬂ%@lﬁ@%ﬂ%&% Estc@gfg? Wés)a PCR

Asp2613dy), pBI DG HC pBI ant
apteiBt DEhichicopiirisediioe (CaRihgmagion ofFthe NPT ene; Gl O-dLETP-

o BETER B sy | feCinaRListrdiBen oS Vi a b etelinsaes

C pandbrv @riaehiabelily ki (A ersRafBscich c¥erreMurgXpen! e,
on a cell pool s obtained by the co-transfection of
pBlI DG HC/ pBI N5- LC (NPT nutant Asp227Val), the

o7 SEFERAABER S L Y160 7 KR ol | onta by 506

MGénomic DNA was isolated from the cells using a DNA isolation kit according
to the manufacturer's instructions (DNA Isolation Kit for Cells and Tissue;
Roche Diagnostics GmbH, Mannheim, DE). Various amounts of DNA (10 pug,
S Mg, 2.5 ug, 1.25 pg, 0.63 pug and 0.32 pg) were filtered by the standard |
method (Ausubel et al., 1994) in an alkaline buffer using a 96 well vacuum
‘manifold (Schleicher & Schill, Dassel, DE) onto a Hybond N+ nylon

membrane (Amersham Biosciences, Freiburg, DE). Untransfected CHO-



10

15

20

25

30

- specific to the phosphoryl ation of

Exanpl e 4: Determ ning and conparing the NPT enzyne
activity 10 In order to conpare the enzyne activity

of the NPT nutants with that of the NPT wild-type a

dot assay was carried out to gternlne the NPT

activity in cell extracts, based on the procedure of

Platt et al. 1987 and shomn by way of exanple in Fig.

9A for the NPT mutants d ul 82Asp and Asp227Gly. Cel

@44 calls svensy @89@1 ef5athal negative wontipk fidyeeplasmid pBIN-LC was

2{’9’3 EpoaPaRRL s 1 bpto B 40 AL B § S o, 25

| DgNCIhéLD)rcdue wgechfdrtlee Nﬁﬁsmuemmncﬂadma h@SE@sbﬁbn with the

NSSEImAchT AP, Stek dortesam ki Anelaliam dtiogioages) was @ PCR

oV 2
B SO 8 DG o RS S e

N@bgll)ed aeqerding {p tmeswntmanrS) jnsltslpﬂ@ls!\smﬂ'( SEQGdhelmages
r Pt sy EERAS KR TR sre BigerERtts oFdlige 0B).  The

nebamilumineszehcel mgﬂélsT\hereeqzlamleaiCui;MgtawmgbeMé%téHRTDS-CL
ant re signific reduced, conpared with t

s oS et of e Tieh GORBTORbER of et 8nigp n the cells

V&@%tléﬂ%@@”%@?ﬂﬁgd td?;‘?n()gi\"tiég ét)éﬂgan%“%%gﬁisa%icw E\)éd been

V\/nl le the NPT mutants
3omna¢ﬁjfmrr5%ma@nahmtewhes of thstutﬁaiaeld plasmwl QNAan'ﬂme number

2P BT AR Tt Yo Hacl i BE ey b opeiept Aihe DN

Theningbah THOt@&INeds mkedthmdoamnfmcﬁq.gl ul osedwgr e .
cause y e

NPT enzynme activity. Wthout the addition of the NPT
substrate 418 to 76 the assay buffer no activity
coul d be detected on the phosphocel | ul ose. The
sibxaaipge dbt Mutadenesis g the heomgtingtesphotrahsi@nese whi ch
resulted fromthe proteins phosphorylated by protein
ki nases wthin the cell extract, were used as an

| Thertile @@®tit@ionkan théianaltyﬁé wmg@ﬁé n@fadéé'f@kl?e_Pare the NPT
applied. 5 The reduced enz% e activit
PTr

RS GEABARRH(SE OrID NG AFroSAAID (L EoIn: bO-8) bl 188Gly

N, P A D DN Ase R A SRR 1Rt

| pé@pQGW\BIyCGSE@dDH‘é@m 3)t Aapa6basre(SEQHD MO 3FThe240lle (SEQ ID

Ul AR SRIAE BN Mo A B S oA

NREpAubent SE&ID-NOH3) and Asp208Gly (SEQ ID NO:25) were carried
out by PCR using mutagenic primers (Fig. 3). The vector pBIN (Fig. 1) or

- pBK-CMV (Stratagene, La Jolla, USA) was used as a template for the PCAR
mutagenesis. First, the 5” or 3’sections of the mutants were prepared in
separate PCR operations. To prepare the mutants Glu182Gly, Glu182Asp,
Trp91Ala, Asp190Gly, Val198Gly, Asp208Gly and Asp227Gly, primer
combinations were used for the amplification which consisted of Neofor5

| (SEQ ID NO:27) and the relevant mutagenic reverse (rev) primer.or Neorev5
(SEQ ID NO:28) and the relevant mutagenic forward (for) primer:
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The only exception were cells which had been
transfected with the NPT nutant dul 823y and
expressed conparabl e amounts of NPT-nRNA. In dot bl ot
anal yses carried out on genomg DNA fromthese
transfected cell populations it was shown that the

hi gher expression of the NPT nutants was 15 obtai ned

ertog I BssCERS! NRTGTHERE G uplebilSERLR) hiZver bentarpasEQ D
" o9 NE2(Fa6d EXE2GEQSERMPNG 32 florf SiNeGiehb Y sER) 515! 28)

w th the NPT nut ant Trﬁ a, the gene dos
pr edBRf a2 GRr (RlR MhNOs31)a pool 2 the integration

ef f eﬁ{thgct{?s'éaéf\%ﬁ?hl\lllgr H}g Eteegﬂﬁ;?gmqgg%ﬂﬁ&ﬁﬁgs/@f &lgofor5

TGO s st (012002 Mg 5
resn@?) Eﬁﬁgbg @cé)(N@ &) under identi cal
sel ewtherta@éetﬁahéwﬁnmhgé%%ﬁgQBégb&%'ﬁeo%@(seq

hi gh expression of an
sor t {IthY QA7 haod W%A@We(aﬁ@m GHID2BEAH of HEbeewWi(SEQ 1D NO:28)

tran conbi nati on pBI D-HC and
@{g@@% r&gEﬂ; IOE!rrgﬁ}ocl onal humani sed |gQ&
am i indtig o(asegafzm NRTnUtent\es1l 98 GROIHE @ J0NGI7916F NERGHS (SEQ

t he ains _of the antibody are each
expr@@éﬁﬁgw%é&%sﬁﬁv {RELID NRI-36) orafdieerenEI(SFQals HlO:28)
codegnd 91 oBGERHIHS A 1AQGHI45d neonycin

phosphot ransf erase sel ect bl e marker

( Asppareiopsatciting NEHONURMNGDIPOGl 6SEQpD Noa23) FMNeofor5

cont G D) dre o TadGh st s N85 0P ae Reoraus (s 1D

of tlﬂ@i&)aamtbnat)eme@ﬁmmlmg@f) the expression of
GFP and t he Ilg'?t chai n by nmeans of an | RES el enent,

on dB-the carecbthe b BWU@WSWY (St QDO 25)s0f Neofors

BI ﬂ%}%ﬁ? |
|too i sol ate cel %E é@ll\gg% %{%&N&%Févé éEQ ID
rmnd‘dDO&‘ﬁa)la%DQBSGqur (ﬁlE’@IID NﬁSﬂgl ecting the cells

1t Tnitndis88e SFind RIS At 300 (SnaPR0S Hatdvsofors
vvhl qBEajufBrN@ zfﬂ';ra‘m DIE7 SRV (SERS IVRRES 32%# %FN'eQFb\}?S@EQ D

8 medi umwi th the addition o

pg/ rﬁl 038)@{1@18023@6?5(8&%@1\&6@& cel | 1o popul ations
were obtained. The titres and productivities of all 8
pools were determ ned by ELI SA overall several runs

- (In ordey to preparerthg endthitst ASp2R2T Aler Asp ZETOL, Asgoenkily,

25

30

d bout 1. 3 g/ cel | d
o AR A R i Bl oy e ol
PeampHfiSatiittwRichedchsiRe & oF RRofor2 (SEQ ID NO:29) and the relevant

- mutagenic reverse (rev) primer or of 1IC49 (SEQ ID NO:30) and the relevant

mutagenic forward (for) primer:

- Inthe case of NPT mutant Asp227Ala (SEQ ID NO:9) of Neofor2 (SEQ ID
NO:29) and D227Arev (SEQ ID NO:38) or of IC49 (SEQ ID NO:30) and
D227 Afor (SEQ ID NQO:37);
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pool 5 having the highest productivity and pool 8

having a productivity which 15 corresponded to the
average of all the pools. In each step, the 5% of

cells wth the highest GFP fl yorescence was sorted

out by FACS and further culti®ated in the pool . This
sorting was carried out up to six tines in all, with a
cultivation period of about two weeks between each

sor tin thetcasegfiNgT ynutehbAsp2vadalf(SEGH ID dMrd 1hofNedfor2 (SEQ

LGB GERTR Wl 0 No20) an

chai DE2Wefe (Sﬁ&llmma%ed by their own vector and
duri n G-P- basei{il%FACS sortl%n% it was onl gossi bl e
to sBBECEsER £ matantAspr Gl (SR ID HiR:18hai Neots2 4SEQ

" eSuld) NeJ:2b] andTELDYSRRRID NERUP) b CAd R0 THNO:30)

productivities were abl e |ncrease
pg/ c@hfﬂD@@;ﬂGf?rE&EB lDaN@dfi‘s)ortl ng alone (Fig. 11).

o B AR R HDdEE DisE Neotor2 (sEQ

SV40I{ENUB29Pénd rmame@f(slshﬂm EppansmC4oRsF #h NibB0) and
subseguent ampl i-fi cation setp, starting from

pool B @1Hfﬂf(§5@ PINOH3st sorting step, by adding :
100 ;
iih sla‘bftNilﬁT%tIS@f gfj@%{a@ng&p% 1b NBS A Nr&2!@EQ ID

i ncrease roduct n aver age€
of . nNOe2$)tmd Ea4@gev,(a$EQda/NoF4@) orldh)IC49GSER IMND30) and

expr I e fluorescent protein had no
nega‘t—e? (13?064,6%@ ver on cell growth and

vitality. During gene anplification the growh

properties of the cells are also seri OUS|i; negatively

i Ahendhe €oding strandgbithe ®sectiorsand thevirxmpleimentant %trargd of the
WACLL dtfon' F tﬁggﬁ&ggﬁ ih:chJ%l%hoﬁ %1%8350%1?18@ By I"E%Yﬁ*égap%n in the .

the  pre-sort showed consi d
r @_lveslappthgrragtcmﬁosmbdiayl the mmgens:q;rtmert deyupmices, thegbingle

s SlreptirefoBs el ertiune antte biadie} g8 qmpiggagsin in a
c@dR RAPHIN pRBraRESTOPS PHL A mﬁﬂow)haﬁw s:'éové\mism ID NO:28)

‘anda oodﬁowthrate I'n addition, the develo

20
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5
“achieved by using a nodified N PT-se ect ;bar[gg

PO irngk 6 PSRN HBING 2RThessBEEcproducts
e wtersybet e B e
c@Gipl 8236y, 41 rp@pAiafa:@Vah@Sﬁlﬁg SsulyBstBl memfbﬁﬁméerm@ PCR
SEOUCIR T T 1L PRNB e3P DR Pl AHEISURHY - RPPEOG(P Y ANG ASp227Gly)
| %rmaﬁﬁﬂsﬁxm@é@wmﬁ PURCpRRARES 8fft b7 Ala,
vmﬁtﬂpmé’&'ab e‘kBFéilehGlE AspaaiiAsn afd Pheﬁéﬂll@)yTheGFrPthmm&lor .
%Nﬁio(ét(#%gzw) orp I@&W%’tr&t geﬂ nfa ‘flgﬁ’ L) fé/‘i? of the wild-
type NPT sequence was eliminated by Stul/Rsrll digestion, Dralll/Rsrli
digestion or Stul/BstBI digestion and replaced by the corresponding
fragments of the PCR products. By sequence analysis of both the
complementary and the coding strand the desired base substitutions in the
various mutants were verified to ensure that the remaining DNA sequence
corresponded to the wild-type NPT sequence. In this way the expression
vectors pBIN1-LC, pBiN2—LC, pBIN3-LC, pBIN4-LC, pBIN5-LC, pBINS-LC,
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{88yt 2SO 20 el 3R i,

K2Agtordhe light thainlof 188AumMaGRisetidgG2- driibddikardselonedRinto these

S Oxgrsyo varpie En A 5 5y Shed DB ekl frroraars (P8R

925 - 931 Kortt, A A et al., Protein Engineering
1997, 10 (4), 423 - 433 30 Lottsplei ch F. and Zorbas H.
a}:e mgtq;m| |9§¢|@ed bR nam ysia ghos@iatransfeese are on the one

L%‘éﬁ%%hﬁﬁtut%hsadfmoéﬁb\/%ﬂ%g@ PhetRYis) é??eggéﬁpi%?\la

14Iu1828ty,-Glu182Asp, Asp227Ala, Asp227Val, Asp227Gly) conserved
amino acids which flank conserved domains, such as e.g. the motifs 1, 2 and

- 3 (Shaw et al., 1993) (Fig. 4). On the other hand the mutations are located
within the conserved motif 1 (Asp190Gly), 2 (Asp208Gly) or 3 (Asp261Gly,
Asp261Asn) and relate to a conserved amino acid.

Example 2: Influence of the NPT mutations on the selection of stably

transfected MCP-1 expressing cells

MCP was used as an example of the expression of a single chained protein
'in CHO cells. For this, CHO-DG44 was transfected with pKS-N5-MCP1,
pKS-N6-MCP1, pKS-N7-MCP1, pKS-N8-MCP1 or pBIN-MCP1 (Fig. 2A).
Two double preparations were carried out. Two days after transfection the
cells were seeded in a 96 well-plate (2000 cellsfwell) and selected with 400
Hg/mL of G418 in HT-supplemented CHO-S-SFMH medium. In the case of
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87, 3435 - 3439 Yoshinmura, T. al S TETTERS

1999ld pgipefranaferred intpathe 4 wel plaiesemtlhabqutcﬁem daesiater.
3
S it R Byl g op and
gvg%(?S}NT-HgYCOI%‘t nalstabi?imnsfmjt%c(ij éeﬁni\fl_vﬁﬁievggéodlaa% sdlécted at a
- en none Res.
1@@'?09'? Ozgﬁéglgfmbf(f?‘%ﬁa\ﬁr@m% the ppaymedunction is so
n%@méﬁém irApared i ﬂ@rﬁfv\?rrﬁé@n@semh%?hﬂﬁéﬁéﬁéﬁgm $b&HAnd

nodi fied neonyci né)hos hot r ansf er ase gene
apﬁﬁﬁioﬁ@lﬁ thrtgnat |e®1ﬁU9|1 4aBmalenubes Qam)bemaateiat&d toraltow

L sEai e REERg Bl DAV PR 2 e

- ardnvobatrafion Wae revdidd &dZGXEQ@XfﬁLna b esph ediipesl tBEFFE

i s encoded by the neonycin phosphotransferase

géﬁgect'ﬁasof@ﬂeow ey yare alcesvarely irmaired e thain erowfipend
NSRAING ShdPERAFHGSH 438 ek %%@ssbﬁe %5%?‘3 % 6P dtions in the

phosphot r anst erase gene accor aim1
clcasact én¢ sadani Asp28Glyhe nodi fi ed neorTyC| n

~ phosphot r ansf erase gene conpared with the wild- type
- gene codes for alanine at anmino acid position 91 in

I Flraii e deiisttRfmsrédted Witbehe 3RORINS Blu NG PAsEP2 78y or

acid position 198, and/or. for isoleucine at am no aci g
wnth the NPT wild-type, 18 pools were cultivated (9 pools each of mixtures 1
and 2) over four passages in 6 well plates and the concentration of the MCP-
1 produced was measured in the cell culture supernatant by ELISA. Cell
pools in which the NPT mutants had been used as selectable markers
showed on average 50% — 57% (Glu1 82Asp mutant) or 57% — 65%
{Asp227Gly mutant) higher productivities than cell pools in which the
selection had been carried out with the NPT wild-type at 400 or even 800

. Mg/mL of G418 (Fig. 5). Thus, by using NPT mutants as selectable markers
the proportion of high producers in the transfected cell populations could
actually be increased.-
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position 240. 3. Modified neonycin phosphotransferase
gene according to claim1l or 2 characterised in that
the nodi fied neomyci n phosphotransferase gene codes
for a polypeptide with an am no acid sequence
according to SEQ ID NO 6, SEQ1D-NO8 or SEQID

NO 18. 4. Mdified neonycin phosphotransferase gene
according to any one of clainms 1 to 3 containing or
cdhearaplend: dhfluersemfahe NRT aoutdtiogs b0 HBECRIEBMN 0B stabiQ

ID NO 7 or S 7. 5. Mdified neomycin
phosphotranéﬁaé\gg%qgeﬁg?ébgﬁa?eééf”&?eéléd in tﬁyhat t he

‘modi fied neonyC|n phosphot ransf erase gene conpared

with the wild-ty (gene codes for._glycine at am no
adn@ %ﬁﬁﬂﬁ@@tlm&@ﬂ [Eer4taeda wase tiansisctet fipspwithahe plasmid

oA BB CHA RN (AN RS e PR SRk s L
wngem SR ASeNPTOh (ize) mmmw@mhetu@méﬁzmww? nutant)
éﬁ@ %ggenc ded b t he_neonyci n phosphotransferasSe

g

fa?m)é?C E%@gaatlomﬁttgﬁedtthaﬁw PECtGIN ehaippef a
n@ﬁﬁ‘r}{&rh@ecﬂ’h ahat lﬁ&zrfeﬁflé%%%h e%cl r&%df% W%B’cor which

p 0Sf hotransferase ne according to
rélly sedes ﬁoﬁm&Hﬁlﬁ ér momcedseie«.ia’ge marker in a separate -

AL 58 ARSIl M b el
| BMMEARaNCEHP b tIPUbLIqitin/S2Qal YoiWatddcorfbindEiehf iHrslvever,

hotransferase gene according to claim5

neonyci n_ ph
opog}/%ﬁkjg’ ‘%ﬁ‘tg dnayalsedia phiginggl, &er %‘a@&i@e‘#@@g &ceWMii ng
t ‘Er?%gclePP?Qné ersngsl\Hd\@nﬂamh% %r{?ste"\'g s Fl’igmdpter or

8 I\/bd| neomyci n pho trans rase enco
bythemproniatedcersbimations. phosphot ransf erase gene

according to any one of claims 1 to 7. 9. Eukaryotic

~ expression vector containing a nodified neomnycin

phe silihfiur 3BfbS bhTangRRREOAS WRid cEFiddbIANY B8 cabe HsHig® pools
1 to 7. 10. Eukaryotic expression vector containing a

héeE AT FOrgRation. Byicontgst tor g il mopmiafionsrir adiieh
s'@zfécﬁibﬂ' WEOUSTiRL TR i ey Wﬂg-t¥¢eegelﬁ‘§ qmtﬁb% oll .

phosphot r anst erase gene accor di ng one
1 popuation83vhigh haddesnytoansfeebepveitisa mutatadt NPT, fewer ceHs

SO o8 B B o b4 ARG eyl slpton o

Phigé ﬂ*aﬁsfé@tédhé!ﬂp@@k e HiCfée Smgeswm ﬁfEdihrﬁQmHPth%EQ

ID NO 4, SEQ I
additional 400 ngmL of G41 8, the antibody titre in, the cell culture

supernatants was determined by ELISA ever several runs (6 - 8). By
cdmparison with the use of an NPT wild-type gene as selectable marker, the
cells which has been selected with the Glu182Asp mutant showed on
averége an increase in productivity and titre of 86% and'77%, respectively,
~and the cells selected with the Asp227Gly mutant even showed an increase
in productivity and titre of 126% and 107%, respectively. Thus, by using an
NPT mutant with reduced enzyme activity it was possible to sélectively ehribh

cells having a basic productivity which was up to twice as high.
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SEQ ID NO'8, SEQ ID NO 10, SEQ ID NGO 12, SEQ I D NO 14

or SEQID NO 18. 12. Eukaryotic expression vector
according to any one of claims 9 to 11, characterised

in that it contains one or nore enhancers functionally
linked to the pronoter or ﬁrgﬁ’ot“ers. 13. Eukaryotic
expressi on vector according to claim 12 characteri sed

in that the enhancer is a CW or SV40 enhancer. 14.

EdR @&npHiar drassfpddioni ssiiesdbe influencerafidifterent amycamratiohs of

cl r It ,cont

e B o spfbetin WIS 400 S =080 fauf irted s frere used

exor tﬁmsse:bamtmmfdhe axamfe?bt@@ ctb pobBi BpbblEitpé s €4des eflt the
in.that the heterolo fo Igj/ene of interest is under

t SRS fongenisetionie SITANtY fpwsy geliswiiyedithe selection in the
Ly

cl ai ns

c@engi e eff &gérlv@irig)gr@tﬂtuwtl*eﬁmeﬁwzﬁ?@lymut\ahnt CﬂThe Stably

ot BRE R PP B bk Ak B ot i

Egkawitoand vieAity e $Rivsver 866 SignleaAl df @lﬁagaﬁc‘é @dlﬂa Belftected
characterised In that it di ti onal contal ns an

i hebvaan the pesbictivieas apddities gohrvsd wmcra elastyiid sombination
b'u%bﬁ%r"t?ér‘?sf@étﬂfr?sﬁhp%\/gﬁ I'Eej?g, ﬂgrli%hlg"%b é&@\ﬂ@ﬂé Bfgd'lggnutants

|'uorescent prot &in
f @gain padtha highestproduotivities en eweragmdbﬂ by iee CRSPA2VGly

K .
v ofant Sag bRl B RBR s fili imessighac et kol B ner
t hld-type, fefowedibycthetGIle82A85 nfuthhURIHE BGHBHUES HRAtimes
and ;t he nDdlfled neonyci n- phosphot ransf'erase géne are

| iR EEdF 19 Ohe or in two separate transcription

units. 19. Mammalian cell containing a nodified

neonyci n phosphotransferase gene according to any one
ofThendin mecatirapsfécti@ CHB+IBA4 aslls wele thhsfechaswitheRe plasmid

aronae i RATEIGH ROPBINAES W8T wikhbvae. ABiDR-H Bl -L

22%%????’* ook PRI SC/BBNARS (ieo B5ENpT mytanh

cBPIDGCGIRAING L6 (Wayl G5y P & Matont), FBING IG/pBINA-LC

PR PR LN LO BN B Lot
HC/pBING-LC (Asp261Gly NPT mutant), pBIDG-HC/pBIN7-LC (Asp261Asn
NPT mutant) or pBIDG-HC/pBIN8-L.C (Phe240lle NPT mutant) (Fig. 2B). In
the vector configurations used, again the two protein chains of a monoclonal
humanised igG2 antibody were each expressed by their own vector, which
additionally aiso codes for a DHFR or neomycin selectable marker in a
separate transcription unit.

For each plasmid combination, 5 pools were transfected. In contrast to the
cell populations in which selection was done with an NPT wild-type gehe,
fewer cells survived the initial selection with G418 in the cell populations
which had been transfected with a mutated NPT. After a two- to three-week
selection of the transfected cell pools in HT-free CHO-S-SFMII medium with -
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mar ker. 23. Mammalian cell according to claim 22,

characterised in that the anplifiable selectable

mar ker gene is di hydrofol ate-reductase (DHFR). 24.

Manmal i an cel|l according to _any one of clains 19 to

23, characterised in that the manmmalian cell is a

rodent cell. 25. Mammalian cell according to claim 24,
gslracterlsed in that the rodent cell 1is a CHO or BHK
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mammal i an cells is transfected with at | east one gene

of interest and a gene for a nodified
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u trdascmmm:allly dinkesMn te Iadeah\tw:hm pizeas IRESMleimeat. JRiteresulting
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o FBRRIPR dirtvErt des spessinpthe t3roeharaiamand i selpstgble
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oflistihitian efrtheaxpsessiem lgevgiswesth@rtr@hefeeztmcelbpopelatnons on the

SRR A RS Mg

- apimashe feceedian ot
MRy !aﬁﬁly%%' q@ @gemé ejrs ﬂ%ﬁés%é‘@%erer%pﬁ?lsalﬂlfé& disibted with

20

25

30

. t threbaveBl®7 setdutionasfehé sefsicttéded!l posis MMBfeaTIREeLSSEMI

are _addi trang ected with a gene for an

Bbe Girfd ﬂwﬁcgepw'c@dneasured ina

one gene ation step,
sﬁ‘leeiﬂr%lﬁﬁtﬁ ﬂlafﬁmd e the pravioetamial \ig6GRi ardibobyiFRoalscsaldeted with

IRRENBTINLIRE'AsRB2PUS] HpIBY R A 162 Akh hdBheRdoile Siso
had the higher proportion of cells with a high GFP fluorescence, followed by
the cells selected with the NPT mutants Trp91Ala, Asp227Ala, Asp227Gly,
-Gly182Asp, Glu182Gly and Val198Gly.

By adding the selection agent methotrexate (MTX) to the culture medium it
was possible to increase the productivity of the cells still further by inducing a
dhfr-mediated gene amplification. Thus, for example, after a simple gene
amplification step with 100 nM MTX, the specific productivity in the cells pools
obtained by a co-transfection with the plasmid combinationé pBIDG-
HC/pBIN5-L.C (NPT mutant Asp227Val), PBIDG-HC/pBING-1.C (NPT mutant
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of methotrexate. 29. Method of obtaining and sel ecting
mamal i an cells which express at |east one

het er ol ogous gene of interest, characterised in that
(i) reconmbi nant mammalian cells are transfornmed with
an expression vector accordintpPto any one of clains
16 to 18; -86- (ii) are cultivated under conditions
whi ch al | ow expression of the gene (or genes) of
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ol ShaBenEnting U A8 pob, pRSURARRLE HehBbn HSRH 1.2 Bfycoliay
ofcavignbel aaime\@e:l IFQureMcgwe&y wagbbexmopld, ontaheetl pool '

i Ref ol B tr@elon o GRS H G I He' Sutant

nmusmlzmtp elhé m@é@s@qht;ﬁdd@mlwtquxﬁgvea%éy achieved by the
an SI1 S. accorln fo claim 29

fiqrepf &’Ba( (WQ "PMtMTKéO H@Nﬁﬁaby SROGW IMT ).
addltl onal ly transfected with a gene for an
anplifiable selectable marker and the cells sorted by
f Iaopledet Deterairing snd congpasingj the tNRIT eazgmel stisity one
gene anplification step, the anplifiable sel ectable
mar ker gene preferably being DHFR and the gene

- arnploréieckt campaiectherenzshedgdtivity @R tHd RETOMULENs Wid that of the

addition of nmethotrexate. 31. Method of producing a
| ¥RT Wilkktypes detassayi waseakiediayt te detasmingithe NPT actwlty in

AT R R, PPRARbRRATEDr it BpL. 19hT Brf oy py way of
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enesb interest and of the nodified neo

obreruitie thes P Tmptants Q@Jmﬁmusam EbNQ;ShKélu'l 82Asp

3entd3$*ﬁ%”@é§§‘582{“§§ﬁ'§‘§| '?/f‘%gt Qﬁi%(%?ﬁ @ﬁs BNG2a),

mfath@8Gly (SEQ 4D N@rv), gspm@vqsmlmmo st hRs 2 Wi (SEQ 1D

NS RsE oA E uf NS T Asreo7 A (SEG 0 Ng:21), Asp261Gly

Pr(SEE 1T Noqfsl) Imé;?zeq%n'(%m BNOQ Z@f ﬁﬁ@zﬁbﬁ’é’té@a ID NO:17).

manmal i an cell's or the ‘culture supérnatan
Cell extracts from untransfected CHO-DG44 cells were used as the negative

control.

The enzyme activities of the NPT mutants were significantly reduced, -
compared with the NPT wild-type. On average the NPT mutants had only
between 1.5% and 62% of the wild-type enzyme activity, while the NPT
mutants Asp261Gly and Asp261Asn with 3.1% and 1.5% had the lowest
residual activity and the NPT mutants Val198Gly and Trp91Ala with761 9%
and 53.2% has the highest residual activity (Fig. 9B). The signals obtained on
the phosphocellulose were specific to the phosphorylation of G418 caused by
the NPT enzyme activity. Without the addition of the NPT substrate G418 to



32. Method of producing at | east one protein of

interest in reconbinant mamalian cells,

characterised in that -87- (8) reconbi nant mammal i an
cells are transforned with an expression vector

according to any one of claim&®6 to 18; (ii) are

cul tivated under conditions which allow expression of

the gene (or genes) of interest, of the gene which
caideaskay baffet Horescientowd dleaddtecacbrfhe ;brh&ﬁh‘@denuiﬁée The

neonyci n- Phosghotransferase ene; (iii) the manmali
cé!grsal%lps e Poafh%@'trqpeJ'H@S%rr@%\@@%fwm@h |r%%\4ted6r@n the

SPHEBIPragati kel ek oghesis K 58 %Mt usea
grasvarhindérrzh osetreldbt Blemticalarespmissy sehwle mpgliéd.ed

neonyci n- phosphotransferase gene; and (iv) the

manmal i an cells are sorted by flowcytonetric anal ysis

( vnhet RRAILBE ARz adtivity 't BRERP T SutRtS Loffiarbd aﬁthfsth@ NPT

the mammal ian Ccells or the culture supernatant
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CRSRRLRE Iﬁ?ﬁnél?fﬁégéﬁ t&ﬂ%g A tr?eﬁl e?I ?@Wicﬁ%é@been

any one o t iva der
ccbmhsfeccied with thie MPﬂ'cwudebypem exhllmfed hebu@'eNPToénzyme activity

B Sisfies HIEA SRR Fol oS SR SR RRRNPL3ROE8IR i 1.
mh)e &g SXRBBRGH W’éré %bhmmmh 1544 beém.%ﬂsm@eéw.tﬁ%@wp*r

in the pr esence of at | east one selectin rg ?ent whi ch
amlstaﬁé@@1&%Iyﬁr&1exmesg¢dmmpafam@mu s of NETFaRNA. In

\z;\lh%?% %‘Ié’i%d& ‘.Ihaerﬂg 8?9{1 @%ngﬁﬁm&?mw{?‘ﬁe%eoﬁr{s?ected cell

expr

nmm@tmhbwpbcﬂho&msﬂ\at ttmeh;gbeueexmrieism)nntdi ehes 8IRt tnedants was

manmal | cells are su dto ast ene
Eneady Genseate ofids@roneTraelion ot i efogenous DNA

' '?rtut%rrﬁéffe tr§n§’éruﬁfaﬁ é&%’ﬁéﬂﬁiﬁﬁibh@ﬁh@' pRd 168 OF"bF Qfamﬁle in the

mamal i an cel or the culture super nat ant .
acels seleried maﬂmtherw’b'mtdaai Thipod Ala,dhe :genemsaoe@qt $=d

| $x&0hs ] an BEOTT WY iy 2, R egpRoRErBEL tohbhebs. in this

het8/, engisfactad @els il whitiiabrkedd dithi A rediueedWrizyiit &ctivity have
under conditions which all ow expression of the

s lasen; ysedpior the gelestien grrable oraintheniss satweh masker gtein to
compensate for the reduced resistance to the selective agent under identical

“selection pressure.

Example 5: Isolation of cells with high expression of an mAb by GFP-based
' 'FACS sorting

In a co-transfection CHO-DG44 cells were transfected with the plasmid
combination pBID-HC and pBING-LC, coding for a monoclonal humanised
IgG2 antibody (Fig.2B). In the vector confirgurations used the two protein
chains of the antibody are each expressed by their own vector which
additionally also codes for a DHFR or modified neomycin phosphotransferase

 selectable marker (Asp227Gly mutant; SEQ ID NO:21) in a separate
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(ii) the heteronmeric protein/product is isolated from
the culture or culture nmedium 35. Method according
to any one of clains 31 to 34, characterised in that
the sorted mammalian cells e bit an average _
specific productivity of nore than 5pg of the desired
gene product (or products) per day and per cell. 36.
Nﬁthod accordlnq%to claim 33 or 34, characterised in

EANSORRLILR N é'gfj't'oﬁ‘emesV%;iﬂr pB NG Gioentains another .
t desi.r
F o e e

N@tﬂm@sm@ of giftYyand thanlighatrhaird bylnaea{m; &art RBES element, on co-

AU b i S b o
I bdskfle hins adek 1Ré to isblde cgm%eﬁgtléﬁgm%gof the

Met hod according to any one of
chapae¢lenakardibiody: purely by selesting theneltsewitls adrigh GFP content by

CeUAEEA LSS OBy LS oA B0 oA o

1 wm.chmmalau fmst toel fosthereeweké ¥REE6N FEHTdd @ﬂO—E/ §#Mn

<110> BOEHRI NGER | NGELHEI M P
GRSt P BioRE ARG APPSR SSfomsd cell
L T T
10letarsnped iy iSAaverakt sagerak utis(7 18).- On<ave@fagd the titres were
D%ﬁ% ﬂ’a{ﬁ’@l e%ﬁ%ﬁ pﬁd%L&tl%Q:egé}egré(ﬁJgpﬁiJl.]3>pg/%£59ﬂ pél2 égi Forthe
subsequent sequential FACS-based sorting the pools 5 and 8 were selected,
pool 5 having the highest productivity and pool 8 having a productivity which
corresponded to the average of all the pools.  In each step, the 5% of cells
with the highest GFP fluorescence was sorted out by FACS and further
“cultivated in the pool. This sorting was carried out up to six times in all, with a
cultivation period of about two weeks between each sort. Astonishingly, there
was found to be a good correlation between mAb productivity and GEP
fluorescence (Fig. 13), although the two protein chains were each expressed
by their own vector and during GFP-based FACS sorting, it was only possible
to selecte for the expression of the light chain, as a result of its transcriptional
coupling to GFP. The productivities were able to be increased to 9.5
pa/cell/day by FACS-based sorting alone (Fig. 11). Comparable data were
also obtained when the Hamster Promoter was functionally linked to the
SV40-Enhancer instead of the CMV—Enhancer. By a single subsequent MTX
émp!ification setp, starting from pools 5.and 8 of the first sorting step, by
adding 100 nM MTX to the selection medium, it was possible to increase the
productivity of the pools to an average of more than 20 pg/cellf/day (Fig. 12).
- The high expression levels of the fluorescent protein had no negative effects
whatever on cell growth and vitality. During gene amplification the growth

properties of the cells are also seriously negatively influenced by the addition
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at gatt gaac aagatggatt gcacgcaggt tctccggccg cttgggtgga
gaggctattc 60 ggctatgact gggcacaaca gacaat cggc
tgctctgatg ccgcecgtgtt ccggectgtca 120 30 gcgcaggggc
gcececggttcet ttttgtcaag accgacctgg ccggtgccct gaatgaactg
180 caagacgagg cagcgcggct atcgtggctg gccacgacgg
gcgttccttg cgcagectgtg 240 ctcgacgttg tcact gaagc

oA HTE BariclE A g BRGRT 98 biceg An G tatiseat Howgesr, the
e ool afcaaa anoMaaeh ' 35 HE0IE A rstios i

cdegpacse & i ¢yaklaeb I@gsbim%t 021 (im nw?mg‘b(g aTarh@{ YUAEWRY the
i, 00 SRR AR R L i wer

c aatitgipedatitiy highodtaligcang aaiicgonwdd ragaaaat 45 600
ggccgctttt ctggattcat cgactgtggc cggctgggtg tggcggaccg

SRS o Rt L D AU e e

208a404¢ A8 aB6GE GRERE, dFAEALEAT 184 GGk el

780 2/ 34 Sacgagt tct tct gg 5 %Eitg)%géﬁg&‘@fi%mﬁg@ene

<z2plifipriior sirte@mawhishigsmneaaltyotomprife <4 @@rlification stages with
increasing additions of MTX. This was achieved by the combined use of an
enrichment of transfected cells with increased expression of the genes of

interest, achieved by using a modified NPT-selectable marker with reduced

enzyme activity, followed by a GFP-based FACS sorting with a subsequent
gene amplification step.
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Met Ile Gu An Asp Ay Leu Hs Ala Ay Ser Pro Ala
Ala Trp Val 1 5 10 15 du Arg Leu Phe Ay Tyr Asp

Trp Ala An @n Thr Ile Ay Cys Ser 15 20 25 30 Asp

Ala Ala Val Phe Arg Leu Ser AI_E\GIn Gy Arg Pro Val
Lou Phe 35 40 45 20 Val Lys Tht Asp Leu Ser Ay Aa
Leu Asn Qu Leu A n Asp u Ala 50 55 60 Ala Arg Lou
Ser Trp Len Ala Thr Thr Gy Val Pro Cys Ala Ala Val 65
70-ITERDTURE Leu Asp Val Val Thr Gu Ala Ay Arg Asp
Trp Leu Leu Leu Ay u 8590 95 Val Pro Ay Gn Asp

etslrJ" Al foa-A SJuLy330100105
@w F: aF a%ﬁjgc'g e%fga% 3965 TR P

L | Ala 130 135
fi@“éﬂﬂ%{ %F étal ymdﬂ%fﬁf%o g%@ﬁg:a%ﬁ’ rop G Aon

Asuside AE}M @tw: Wem@rdﬂﬁﬁotbﬁﬁ maiec@atibidicgyGNeviEYrk ;

Le(Bre@rﬁe PublisNiray Es&détespé‘rﬁi Wl@yﬂh&ré@éhéé’ S 9@'43(up3:|ﬁ§3d)
175 Ser Met Pro Asp Leu Val Val
Hi g'aélye%sb ch@h, Mﬁée%rﬂw@rq@eiowm 99I_e &(8)r 6506 n- 1518

Asp 195
2oo %p ot %’Y’K?EH @'S’gaq?%%x’@%éf Ar ngyr An
Adpurk| E) lAla aeﬁ;d&rmmfgﬂﬁzzmﬂs 2@@30)TBV5@\L3768,F> Ile Ala

géghgg% t% ﬁc:e%ce 1994r£63 802 - go frg Phe 225 230
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Leu Val Leu Tyr Ay Ile Ala Ala Pro Asp Ser Gn Arg
Ile Ala The 245 250 255 Tyr Arg Leu Leu Asp du Phe
Phe 5 260 <210> 3 <211> 795 10 <212> DNA <213>
Artificial sequence <220> <233 Description of the
artificial sequence: 15 Neonycin nutant E182G <400> 3
at gatt gaac aagatggatt gcacgcaggt tctccggccg cttgggtgga

t at 6 0 t t gcacaaca gacaat cggc
? ‘?@?Cgoaﬁ‘;eéég’céﬁf’gggbgcgg@tb 51%120 gcgcaggggc
Iaaeah! RUA & AI9NARMIC s Re585rcRORDISECE 2gRal g8aCt g

180 caagacgagg cagcgcggct atcgtggctg gccacgacgg
gddessast Ddg-&}cﬁﬂg&!@ erhriqentPet, &gad G0t-dacact gaage

oY HEHE AT B2 BE 0 985 ot coat cat ggc
t gricgc Pakal. 6iehrRH00993) ¢ 1ayaggct {86 t ccgget acc
%’cccattcgaaccaccaagc aaacat c 420 at cgagcgag

f: @fkabt ehabal flpa&ie/d Bﬂﬁdﬂgg%t-@bgatga t ct ggacgaa
480380t gRdc IQQH%@Q@%@%S%%%&S%‘%&B%J tcgecaggce

t caaggcdag “cat'gcccgac atc
t Farisyt, gacstcal SycotiredooOUgRt 127 cgaad at cat ggt ggaaaat

600. ggccgctttt ctggattcat cgactgtggc cggctgggtg
PR os e st acoal Rochssn 1987, 163,520 535
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40 atagcgttgg ctacccgtga tattgctgaa gagcttggcg
gcgaat gggc tgaccgcttc 720 ctcgtgcettt acggtatcgce
cgctcccgat tcgcagcgca tcgcecttcta tcgecttctt 780
gacgagttct tctga 45 795 <210> 4 <211> 264 50 <212>
PRT <213> Artifici al sequepge <220> <223> Description
of the artificial sequence’ 55 Neonycin nutant E182G
4/ 34 <400> 4 Met Ile Au dn Asp Ay (L;eu Hs Al a Slhy
I a Ala Trp val 15 10 15 5 u Arg Leu e
PATE?yCI%IBA%ISp Trp Ala An dn Thr Ile Ay Cys Ser 20 25
30 Asp Ala Ala Val Phe Arg Leu Ser Ala @dn dy Arg

1. Moaiﬂédvﬁéorh%!n Pﬂ%sﬁﬁgﬁ% &é& ggﬂla é’%?igﬂ%sé@ 9% gﬁ%{)ﬁ%mod:ﬂ ed

neqmacmr@qsabo@nsf%rqﬁe_wexlaaamno ahid @ sitiamB1PA88 @nel/or 240 in

relﬁo'i‘l o, ff‘le\@ild %yﬁ% égng %{cﬁg f&ne%d%%e}{flggl\@% %E{ th%ut{?gl wild-type

necmlmcnm pqunhm@nﬁecaseetgm @anl Wiherdiau thé a nRvdified aneomycm

ph%p‘l‘w k}éﬁsfé&%ﬂ@?&rﬁ% ﬁﬁg gﬁfﬁhg '}ﬁysl%n fgesalggtrar}ﬁf%rase gene

hasra owgrsermym@aetlwmthahsthaNHdAyae besmicin phospHotrasferase.
Arg Al a
2. Modified neomycin phosphotransferase gene according to claim 1 characterised
in that the modified neomycin phosphotransferase gene compared with the wild-
type gene codes for alanine at amino acid position 91 in relation to the wild-type
gene, for glycine at amino acid position 198, and/or for isoleucine at amino acid
position 240.

3. Modified neomycin phosphotransferase gene according to claim 1 or 2
characterised in that the modified neomycin phosphotransferase gene codes for
a polypeptide with an amino acid sequence according to SEQ ID NO:6, SEQ ID
NO:8 or SEQ ID NO:18.

4. Modified neomycin phosphotransferase gene according to any one of claims 1 to
3 containing or consisting of a sequence according to SEQ ID NO:5, SEQ ID
NO:7 or SEQ ID NO:17.

5. Modified neomycin phosphotransferase gene characterised in that the modified
neomycin phosphotransferase gene compared with the wild-type gene codes
for glycine at amino acid position 182 in relation to the wild-type gene, for
alanine or valine at amino acid position 227 and/or for glycine at amino acid
position 261 and wherein the modified neomycin phosphotransferase which is




130 135 140 30 Arg Thr Arg Met G n Ala Gy Leu Val Asp
A n Asp Asp Leu Asp Au 145 150 155 160 du H's dn
Gy Leu Ala Pro Ala GQu Leu Phe Ala Arg Leu Lys Al a
165 170 175 35 Ser Met Pro Asp Ay Ay Asp Leu Val

Val Thr Hs Ay Asp Ala ng ~180 185 190 Leu Pro Asn
lle Met Val@Qu Asn Ay Arg E’he Ser Ay Phe Ile Asp 40
195 200 205 Cys Gy Arg Leu Ay Val Ala Asp Arg Tyr

Lded’ 5P iHd A § T4 ivi
ondSb 5Pl ool P38 38k 1aelDhofsfefShl vy
thap3be »dld-type nepgyciraphosphotyanst@rgsel e Ala Ala Pro Asp

Ser GlnArg Ile Ala Phe 245 250 255 50 Tyr Arg Leu Leu

Asp Gu Phe Phe 260 55 <210> 5 5/34 <211> 795 <212>
quﬁedcm@&owftmfiD?htwpmél@uefmaseS gerz0>ac2adling to claim 5

' . . . . f . . . 7_ H
on8BSBYA Y0 ot HeBl it AU fransliA Uehe codos o
a pgtyreptidggvitht an emjpo agid sequeiauacagadingttet SEQ IBONO:4, SEQ ID

t cggc tgctctgatg ccgecegtgtt
N N B L 00 0gat fot ¢ 1ttt casg

accgacctgt ccggtgccct gaatgaactg 15 180

. Modified neomycin phosphotransferase gene according to claim 5 or 6 containing
or consisting of a sequence according to SEQ iD NO:3, SEQ ID NO:9, SEQ ID
NQO:11 or SEQ ID NO:13.

. ‘Modified neomycin phosphotransferase encoded by a modified neomycin
phosphotransferase gene according to any one of claims 1 to 7.

. Eukaryotic  expression  vector containing a modified neomycin
- phosphotransferase gene according to any one of claims 1 to 7.

10. Eukaryotic expression vector containing a heterologous gene of interest

functionally linked to a heterologous promoter and a modified neomycin
phosphotransferase gene according to any one of claims 1 to 8.



caagacgagg cagcgcggct atcgtggctg gccacgacgg gcgttccttg
cgcagctgtg 240 ctcgacgttg tcactgaagc gggaagggac
gcgctgctat tgggcgaagt gccggggcag 300 .20 gatctcctgt
catctcacct tgctcctgcc gagaaagtat ccatcatggc tgatgcaatg
360 cggcggctgc atacgcttga_gggggctacc tgcccattcg
accaccaagc gaaacatcgc 420 atcgagcgag cacgtactcg
gat ggaagcc ggtcttgtcg atcaggatga tctggacgaa 25 480
gagcat cagg ggctcgcgcc agccgaactg ttcgccaggc tcaaggcgag
catgcccgac 540 ggcgaggatc tcgtcgtgac ccatggcgat .
11. Eukaerqlier exgrresgiant ectert agpprdingatgaciaing (0 080 Og gbatanterised in

t ; : C t.c

e A e Ao S A e s e e TR s ghF o AR

withy &a amige @cid) seayence actadling ¢gtSEQtID Alydt aﬁ%dg NO:6,

{ LERCL .

SEEOM NOB SRATDNEREE S680M 11032 SEGUbINO1431 HFRap

NOB.3> Artificial sequence' 45 <220> <223> Description
of the artificial sequence: Neonycin nutant VW1A

<400> 6 50 Met Ile Qu G n Asp Ay Leu H's Ala Ay Ser
12. EuRatyotica eXpeeskiqn Viadctorl dcchddihg t&d anyr gnéeof PHlaintd y9 to 11,

chah¥btefRBd I *?hﬁl if’lccg%lntgin(éI gnél' grr rr|1c|3r% e(%r}/an%?s Ej%rctigrg)al?yslirﬁ?ed to the
promoter or promoters.

13. Eukaryotic expression vector according to claim 12 characterised in that
the enhancer is a CMV or SV40 enhancer.,

14. Eukaryotic expression vector according to any one of claims 9 to 13
characterised in that it contains a hamster ubiquitin/S27a promotor.

15. Eukaryotic eXpression vector according to claim 14 characterised in that
the heterologous gene of interest is under the control of the ubiquitin/S27a
promoter.

16. Eukaryotic expression vector according to any one of claims 9 to 15

‘characterised in that it additionally contains a gene for a fluorescent protein which

- is/will optionally be functionally linked to the gene of interest and the heterologous
promoter.

17. Eukaryotic expression vector according to claim 16, characterised in that it
additionally contains an internal ribosome entry site (IRES) which enables
bicistronic expression of the gene which codes for a fluorescent protein, and of



55 6/34 Asp Ala Ala Val Phe Arg Leu Ser Ala A n Gy
Arg Pro Val Leu Phe 35 40 45 Val Lys Thr Asp Leu Ser
Ay Ala Leu Asn Gu Leu Gdn Asp Gu Ala 5 50 55 60
Ala Arg Leu Ser Trp Leu Ala Thr Thr Ay Val Pro Cys
Ala Ala Val 65 70 75 80 éQ_Leu Asp Val Val Thr GQu

Ala Ay Arg Asp Ala Leu Leti" Ceu Gy GQu 85 90 95 \Vval

Pro Ay Gn Asp Leu Leu Ser Ser His Leu Ala Pro Ala

ki i 8ol kB ol el Qo s of o

heteyalogas mpsaters, Phe Asp His G n Ala Lys His Arg Ile
GQu Arg Ala 20 130 135 140 Arg Thr Arg Met u Ala Ay

Leu Val Asp G n Asp Asp Leu Asp Gu 145 150 155 160
18. Eulydli expression \@ojor_accokmngrioocidina 16 ar 12 wchanactatised\ing

i Ho AR % ol ARRE S i
nearaycifhioaphotransfetase\Vgéndlave Ascatédl yn Ang dhie 9@ s&barate

- 195 200 205 Cys Gy Arg Leu Ay Val A a
‘”“E%%pk?§“@§$ Gn Asp Ile Ala Leu Ala 35 210 215 220 Thr

Arg Asp Ile Ala Qu Qu Leu Ay Ay Gu Trp Ala Asp

' 230 235 240 40 .Leu Val. Ley Tyr Gy J|
19. MafralghE osfi> Saftnifd al inagifSd | Boopcipr @hosbhotprisistse gene
accoydingitg ahg wneasf chimsd to Phe Phe 260

20.Mammalian cell which has been transfected with an expression vector
according to any one of claims 9 to 15.

21.Mammalian cell which has been transfected with an expression vector
according to any one of claims 16 to 18.

22.Mammalian cell according to any one of claims 19 to 21, characterised in that it
has additionally been transfected with a gene for an amplifiable selectable
marker.

23.Mammalian. cell according to claim 22, characterised in that the amplifiable
selectable marker gene is dihydrofolate-reductase (DHFR).

24.Mammalian cell according to any one of claims 19 to 23, characterised in that
the mammalian cell is a rodent cell.

25.Mammalian cell according to claim 24, characterised in that the rodent cell
is a CHO or BHK cell.

26.Method of enriching mammalian celis, characterised in that
(i) a pool of mammalian cells is transfected with a gene for a modified
neomycin-phosphotransferase according to any one of claims 1 to 7;



45 <210> 7 <211> 795 <212> DNA 50 <213> Artifici al
sequence <220> <223> Description of the artificial
sequence: Neonycin mutant V198G 55 7/34 <400> 7
at gatt gaac aagatggatt gcacgcaggt tctccggccg cttgggtgga
gaggctattc 60 ggct at gact..gggcacaaca gacaat cggc
tgctctgatg ccgcecgtgtt ccggcigtca 5 120 gcgcaggggc
gcccggttcet ttttgtcaag accgacctgt ccggtgccct gaatgaactg
iiy180 agRHH a g : c cggwg :
(")gcgtt.i?%cttg @ggaaGCt%g% g%oﬂf@%gggggg?fg cac gaaglé]lCh allow
exRygguIan 9f dre mpgéiesorenmygpgigsnbetransgiansogene; 300
(iii)92t ¢hé Crtngf’nrﬁ%%%'f %ﬂgtal@%ﬁﬁf%\%‘: iﬁ%@a?%sae%cgcef GR' RSt one
tgatgcaatg cggcggct gc atacgcttga tccggcracc
seleefing: agealy whitnectengelegtively anrc e growtipof anamaaigageells, and
i C t g c g £
IV P SRTERe X B2 IR 1hhe e A Bl e B8 ARt
neqroyciggtgsphotansferagecgensa.. . ~ 540 20 ggcgaggatc
tcgtcgtgac ccatggcgat gcctgcttgc cgaatatcat gggggaaaat
600 ggccgcetttt ctggattcat cgactgtggc cggctgggtg

27. Methggcafgaktaming @ndasgjacting fanamatiay iceliy wiiclt exptegs at least

ond AbEASbEATS S8AS 1f 950 AR AFHGed FRRERct e

(i} a pool of mammalian cells is transfected with at least one gene of interest
and a gene for a modified neomycin-phosphotransferase according to any
one of claims 1 to 8;

(i)  the mammalian cells are cultivated under conditions which allow
expression of the gene or genes of interest and of the modified neomycin-
phosphotransferase gene; and .

(i) the mammalian cells are cultivated in the presence of at least one
selecting agent which acts selectively on the growth of mammalian cells,
and gives preference to the growth of those cells which express the
modified neomycin-phosphotransferase gene.

28. Method according to claim 27, characterised in that the mammalian cells are

additionally transfected with a gene for an amplifiable selectable marker and
the selected mammalian cells are preferably subjected to at least one gene
amplification step, the amplifiable selectable marker gene preferably being
- DHFR and the gene amplification preferably being carried out by the addition
of methotrexate.

29.Method of obtaining and selecting mammalian cells which express at jeast

one heterologous gene of interest, characterised in that
(i) recombinant mammalian cells are transformed with an expression vector
according to any one of claims 16 to 18;



25 720 ctcgtgcttt acggtatcgc cgctcccgat tcgcagcgca
tcgccttcta tcgecttctt 780 gacgagttct tctga 795 30
<210> 8 <211> 264 <212> PRT 35 <213> Artificial
sequence <220> <223> Description of the artificial

| sequence: Neomycin nmutantgd/198G 40 <400> 8 Met Ile

| GQu dn Asp Ay Leu Hs Ala Gy Ser Pro Ala Ala Trp
Val 1 510 15 45 Gu Arg Leu the Ay Tyr Asp Trp Al a

(if) G ﬂan@ Buiﬂ?éteU enddry c@(&tr&% v@r@cﬁt_’al%‘;\/ e&éﬁas%k{?hék qgé/aded'ue (or

Leu Ser Al a Gy Arg Pro Val "Leu
45 geﬂﬁamf "m;%esthpf K@pgﬁ@% wish cpdeafer adluorescent proteln, and

€ ok e pegffcep S Pharidpheogey 11200 A

(i) g/ 3he Lfamm@balvaq:e”salarermulhyaiem W thg pregenep dfr gt Lleast one

g Yo By Sl 8 Lo o co

Valarskgivase preference e ghal garovsh of dhosey dells whishTexpress the
LetinbgRie eomyh-phBspictrantferase gene: and

(iv)  the mammalian cells are sorted by flow-cytometric analysis.

30. Method according to claim 29, characterised in that the mammalian cells are
additionally transfected with a gene for an amplifiable selectable marker and
the cells sorted by flow-cytometric analysis are subjected to at least one gene
amplification step, the amplifiable selectable marker gene preferably being
DHFR and the gene amplification preferably being carried out by the addition
of methotrexate.

31.Method of producing at least one protein of interest in recombinant
mammalian cells, characterised in that

(i) - a pool of mammalian cells is transfected with at least one gene of interest
and one gene for a modified neomycin-phosphotransferase according to
any one of claims 1 to 7;

(i) the cells are cultivated under conditions which allow expression of the
gene (or genes) of interest and of the modified neomycin-
phosphotransferase;

(i) the mammalian cells are cultivated in the presence of at least one

' selecting agent which acts selectively on the growth of mammalian cells,
and gives preference to the growth of those cells which express the
modified neomycin-phosphotransferase gene; and

(iv)  the protein(s) of interest is or are obtained from the mammalian cells or the
culture supernatant.

32. Method of producing at least one protein of interest in recombinant
mammalian cells, characterised in that




Ala Thr Cys Pro Phe Asp Hs G n Ala Lys Hs Arg lle
GQu Arg Ala 130 135 140 Arg Thr Arg Met Gu Ala Ay
Leu Val Asp @ n Asp Asp Leu Asp Gu 15 145 150 155 160
GQu Hs dn @y Leu Ala Pro Ala G u Len Phe Ala Arg
Leu Lys Ala 165 170 175 20_ Ser Met Pro Asp Ay Gu
Asp Leu Val Vval Thr Hs AVy Asp Ala Cys 180 185 190
Leu Pro Asn Ile Met Ay Qu Asn Ay Arg Phe Ser Ay

(i) Pherehbﬁbﬁ%%lt #ﬁémémlaaoée[#éﬁq/réngo}‘rﬂéﬁ%lﬁ% %)go }Z!%ion vector

Thrac;asaogdm@ ann OAlean@aJmSI’LB tet8dy Ay Gu Trp Al a

(i) Asrhr% QuliYhﬁe rﬁ% g@%lf’;’%? %viﬁ :'zﬁlgw/_\?kplbﬁglo %ﬁi%d;ene {or
259e3®sTpf |rwen§st.@di thl&sgene wvhBth c@dies foirea ﬁllﬁﬁ@scaﬂmateﬂw, and of
: tif ence
4C2) ﬁé l'ﬁ:hi%ggeo s%‘f%pﬁ??%@f‘sﬁaé%b?ﬂ% msglqusequence:
(iii)l\ledhgcmnmmaléart c@ﬂ@?ﬂe<éomva&dairgahé gerescpcagalfoglaldast one

ggc %ﬁt%‘%m‘%}a Ctt%‘%ﬁ’@ﬁp ?’8‘%8 @b‘o& reg@gaagia&qells

ccaet givea pﬂaﬁ@egcgctagth@ggrcgmmggm@ﬁe cels giielngxpress the
ACGH8GHLT he S HHIRSRSL A LASLY geh8latd 34
(iv)  the mammalian cells are sorted by flow-cytometric analysis
- {v)  the protein(s) of interest is (are) obtained from the mammalian cells or the
culture supernatant.

33.Method of producing at least one protein of interest, characterised in that

(i) mammalian cells according to any one of claims 22 or 23 are
cultivated under conditions which allow expression of the gene of
interest, of the modified neomycin-phosphotransferase gene and of
the amplifiable selectable marker gene;

(ii).  the mammalian cells are cultivated and selected in the presence of at least
one selecting agent which acts selectively on the growth of mammalian
cells, and gives preference to the growth of those cells which express the
modified neomycin-phosphotransferase gene:;

(i)  the selected mammalian cells are subjected to at least one gene
amplification step; and

(iv) the protein(s) of interest is or are subsequently obtained from the
mammalian cells or the culture supernatant.

34.Method according to any one of claims 31 to 33, characterised in that the

mammalian cells are transfected with at least two genes of interest which code

for a heteromeric protein/product, and

(i) are cultivated under conditions which allow expression of the subunits of
the heteromeric protein/product; and



caagacgagg cagcgcggct atcgtggctg gccacgacgg gcgttccttg
" cgcagctgtg 240 ctcgacgttg tcactgaagc gggaagggac
tggctgctat tgggcgaagt gccggggcag 300 5 gatctcctgt
catctcacct tgctcctgcc gagaaagtat ccatcatggc tgatgcaatg
360 cggcggct gc atacgcttga. gecggctacc tgcccattcg
accaccaagc gaaacatcgc 420 atcgagcgag cacgtactcg
gat ggaagcc ggtcttgtcg atcaggatga tctggacgaa 10 480
(ii) 929t ﬁé%oﬂﬁﬁbcﬂﬁﬂéiﬁgﬁﬂ%&a%cti&)létbﬁgﬁﬁﬁg e GRS G Quiture
catgcccgac 540 ggcgaggatc tcgtcgtgac ccatggcga
gcchg8tUlyc cgaat at cat ggt ggaaaat 600 15 ggccgetttt
ctggattcat cgactgtggc cggctgggtg tggcggaccg ctat caggac
660 atagcgttgg ctacccgtgc tattgctgaa gagcttggcg
35. Mejbgd Acgerding daciycene of chims, 31 :t0 .34, chanagietised in that the

SO e SN PRl o B850 SPeb i T ByY 1 gk than
Spgofithe deiredzede produti (@raalro@mls)epmmam&aéﬂeelk_ﬂb
Description of the artificial sequence: Neonycin

mut ant D227A <400> 10 35 Met Ile Qu G n Asp Ay Leu
36. Mathed Alcgoding $erclaimo 38| ar B4achamctéalsedlinSthi® thé sofed host

cel@eg(hggf;’alg g@ciugg%osyercifés&o%Bti\ﬁ{yaofgngreqhgn-rﬂpgl é)fethg desired

gene product (or products) per day and per cell.

37. Method according to any one of claims 26 to 36, characterised in that the

mammalian cell is a rodent cell.

38. Method according to claim 37, characterised in that the rodent cell is a
CHO or BHK cell.

39. Method according to any one of claims 26 to 38, characterised in that the

mammalian cells are cultivated in suspension culture.

40. Method according to any one of claims 26 to 39, characterised in that the

mammalian cells are cultivated serum-free.
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40 Asp Ala Al a Vval
35 40 45 Val

Val Phe
Leu
Leu
Val
Arg
Adn
100

Leu
Asn
Ser Trp
65
Asp
Asp
105
Leu

Arg Arg _
S ER e LER ik

Leu Leu Ser Ser
110 55 10/34 Val
Leu Asp Pro 115 120 125 Ala Thr
s Gn Ala Lys Hs Arg lle Au Arg
Arg Thr Arg Met Gu Ala Ay Leu Val

H s Thr

Asp G N AR AR

Hs An Gy
L
V

ys Ala 165 170 175 Ser
a

Ser

Vet

Pro

Phe Arg Leu Ser Ala G n dy Arg Pro

Lys Thr Asp Leu Ser Ay Ala

GQu Leu An Asp Au Ala 45 50 55 60 Ala Arg
Leu Ala Thr Thr G\;}/3VI

70 75 80 50 Leu Asp VHi

Trp Lou Leu Leu Gy Qu 85 90 95 \Val

Hs Leu Ala Pro Ala Qu Lys.

Pro Cys Ala Al a
al Thr AQu Ala Ay

Ay

Ile Met Ala Asp Ala Met

g e e B Ao A g Lew

Pro Asp Ay Qu Asp Lou
T 2081 VAR Y CETYPHOSPHATRAYSFERASE OSEIGES PYD MEIBODEUFOR THE

PreziAsm1bl eoMHECERBIGNY Asnrd srodugrRha 9l ey P A

wFEP Rt

g:[-'; Cys Ay Arg Leu Ay Val Al a Asp
€ Ala Leu Ala 20 210 215 220 Thr Arg

Alalle Ala Qu Gu Leu Ay Ay Gu Trp Ala Asp Arg

t e 302262933 -2351 240 25 Len Val
Ala Pro Asp Ser Gdn Arg

4
A@L@@u Leu Asp G u Phe Phe 260

<160> 55
<170>

<210> 1

<211> 795
<212> DNA
<213>

<400> 1
atgattgaac
60
ggctatgact
120

. gcgcagggygc
180
caagacgagyg
2490
ctecgacgttg
300
gatctcectgt
360
cggcggetge
420
atcgagcgayg
480
gagcatcadgg
540 -
ggcgaggatc
600
ggccgetttt
660
atagcgttgyg
720
ctoegtgettt
780

PatentIn Ver. 3.

Escherichia coli

aagatggatt
gggcacaaca

goccggttect

cagegcgget

tcactgaagc
catctcacct
atacgcttga

cacgtactcg

ggctegcegeco

tegtcgtgac
ctggattcat
ctacccgtga

acggtatcge

1

gcacgcaggt
gacaatcggce
ttttgtcaag
atcgtggctyg
gggaagggac
tgctcectgeco
tcegygetacce
gatggaagcc

agccgaacty

tectecgdgecyg
tgctectgaty
accgacctgt
gceacgacgg
tggctgctat
gagaaagtat
tgcccatteg

ggtcttgteg

ccatggegat
cgactgtgge
tattgctgaa -

cgcteeocgat

gcctgettge
cggctgggtyg
gagcttggcyg

tcgcagcgea

ttcgccaggc

cttgggtgga
ccocgeegtagtt
ccggtgecocct
gecgttecetty
tgggcgaagt
ccatcatgge
accaccaaqc
atcaggatga
téaaggcgag
cgaatatcat
tggcggaccy
gcgaatggyc

tcgectteta

Leu Tyr Gy Ile Ala
Ile Ala Phe 245 250 255 Tyr

gaggctatte
ccggetgtca
gaatgaactg
cgecagetgty
gccggggcag
tgatgcaatyg
gaaacatcge
tctggacgaa
catgccegac
ggtggaaaat
ctatcaggac
tgaccgoctte

tcgecettett
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30 <210> 11 <211> 795 <212> DNA 35 <213> Artificial
sequence <220> <223> Description of the artificia
sequence: Neonycin mutant D227V 40 <400> 11

at gattgaac aagatggatt gcacgcaggisfctccggccg cttgggtgga
gaggctattc 60 ggctatgact gggcacaaca gacaat cggc
tgctctgatg ccgcecgtgtt ccggectgtca 45 120 gcgcaggggc
gcccggttcet ttttgtcaag accgacctgt ccggtgccct gaatgaactg
]igzggggﬁgfbéﬁég%agcgcggct at cgt ggct g gccacgacgg
gcgttccttg cgcagectgtg 240 50 ctcgacgttg tcactgaagc
gggaagggac tggctgctat tgggcgaagt gccggggcag 300
gat,ghect gt catctcacct tgctcctgcc gagaaagtat ccatcatggce
t gatigeaptgyg 360 cggcggctgc atacgcttga tccggcetacc

t geaeat gy accaccaagc gaaacatcgc 55 420 11/ 34
atzgagcgatheGacgiacieg gat ggaagcc ggtcttgtcg at caggat ga
tctggacgaa 480 gagcatcagg ggctcgcgcc agccgaactg

t t<@dg@eaygc t caaggcgag catgcccgac 540 5 ggcgaggatc

t ¢gtctgativc€ar gyrgaly goot it ta cgaatat cab got ggaaast
6001iggccgetttt ctggattcat cgact gt gdgé cggcet gggtg 15

tggcggaccg ctatcaggac 660 atagcgttgg ctacccgtgt
tgi%tlggfﬂigéfugég‘(?t‘%l@gwr d‘é@’agfgg@g;@g fgactyche Ile Gég Cys

Asp Ala Ala Val Phe Arg Leu Ser Ala Glmn Gly Arg Pro Val Leu
35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu
50 55 60

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala
65 . 70 75

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly
85 90 © 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu
100 105 110

Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp
115 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp
145 150 155

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys
165 170 : 175

Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala
180 185 190

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Axrg Tyr Gln Asp Ile Ala Leu
210 215 220

Thr Arg Asp ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg

225 : 230 235

Val

Ser

Phe

Ala

Val

80

Glu

Lys

Pro

Ala

Glu

160

Ala

Cys

Asp

Ala

Phe
240
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10 720 ctcgtgcttt acggtatcgc cgctcccgat tcgcagcgca
tcgccttcta tcgecttctt 780 gacgagttct tctga 795 15

<210> 12 <211> 264 <212> PRT 20 <213> Artifici al
sequence <220> <223> Descriptiyy of the artificial
sequence: Neonycin mutant D227V 25 <400> 12 Met lle

Gu dn Asp Gy Leu Hs Ala Gy Ser Pro Ala Ala Trp

Val 5 Q u eu Phe Gy Tyr Asp Trp Ala
Gafﬁ“c;%%? 1%6?1 %F’re %gy%s’ﬁ%%&io% 30 g{eﬁ%ﬁlm BN\ Phe
Phe Arg Leu Ser adndy Arg Pro"val Leu Phe 35 A0
45y 3Bryalen Ysu T, A3p kenpfer Ay Ala Leu Asn Gu Lou
A@n Asp Au Aka 0 55 60 Ala Arg Leu Ser Trp Leu Al a
Thr Thr Ay Val Pro Cys Ala Ala Val 40 65 70 75 80

Leu Asp Val Val Thr Gu. Ala Ay Arg Asp Trp Leu Leu
Lei#i@Gy3 3@ u 85 90 95 45 Val Pro Ay G n Asp Leu Leu
Sev?l%er’H s Leu Ala Pro Ala du Lys 100 105 110 Va
Se?lEPePWet Ala Asp Ala Met Arg Arg Len Hi's Thr Len
AST 1Br o* a1 1¢50! FPgvener Ala Thr Cys Pro Phe Asp His
G&zéga Lys Hs Arg Ile Au Arg Ala

<223> Description of the artificial sequence:
Neomycin mutant E182G

<400> 3
atgattgaac
60
ggctatgact
120
gcgcaggggco
180
caagacygagg
240
ctogacgttyg
300
gatctcctgt
360
cggcggetge
420
atcgagcgag
480
gagcatcagyg
540

ggcggggate
600

ggccgetttt

660
atagcgttgg
720
ctcgtgettt
780
gacgagttet
795

<2105 4
<211> 264
<212> PRT

aagatggatt
gggcacaaca
gococggttet
cagcgcgget
teactgaage
catctecacct
atacgcttga
cacgtacteyg
ggctocgogee
tcgtegtygac
ctggattecat
ctacccgtga
acggtatcge

tctga

gcacgecaggt
gacaatcggc
ttttgtcaag
atcgtggetyg
gggaagggac
tygctccitgee
tccggetace
gatggaagcc
agccgaacty
ccatggcgat
cgactgtgge
tattgctgaa

cgectececgat

<213> Artificial sequence

<220>

teteoggeceg
tgctectgaty
accgacctgt
gccacgacgg
tggctgctat
gagaaagtat
tgcccattceg
ggtéttgtcg
ttegecagge
gcctgettge
cggctgggty
gagcttggey

tcgcagogca

cttgggtgga
ccgecogtgtt
ccggtgcoct
gcecgttecttg
tgggcgaagt
ccateatgdc
accaccaage
atcaggatga
tcaaggcgag
cgaatatcat
tggcggaccyg
gcgaatgggce

tegecttcta

<223> Description of the artificial sequence:
Neomycin mutant E182G

gaggctattc
ceggetgtca
gaatgaactyg
cgcagctgtg
gccggggeag
tgatgcaatg
gaaacatcgc
tctggacgaa
catgcecgac
ggtggaaaat
ctatcéggac
tgaccgcttc

tegecttcett
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130 135 140 Arg Thr Arg Met Gu Ala Ay Leu Val Asp
A n Asp Asp Leu Asp G u 55 145 150 155 160 12/34 Gn
Hs Gn Gy Leu Ala Pro Ala G n Leu Phe Ala Arg Leu

Lys Ala 165 170 175 5 Ser Mety B0 Asp Ay G n Asp Len

Val Val Thr Hs Ay Asp Ala Cys 180 185 190 Leu Pro
Asn Ile Met Val Gn Asn Ay Arg Phe Ser Ay Phe Ile
Asp 195 200 205 10 Cys Ay Arg Len Ay Val Al a Asp
Arg fyrs,Gn Asp Ile Ala Leu Ala 210 215 220 Thr Arg
val . :
e 1{12@32%51%2%92}3% F1 R i v GEY i g‘ £ AAF‘QTIP
Ala Pro Asp Ser G n Arg Ile Ala Phe 245 250 255 20
Tya1luAngg llem brE Aspr@E dpherPhea 260 5240z 43 2%
<211> 795 <22@2> DNA <213> Artids cial sequence §20y>
30 <223> Description of the artificial sequence:
Neery &l Ahat dat DROAEG AUQ0Sed Riat gahtgaacraagat ggatteu
gcacgcaggt3st ct ccggecg cttggdfgga gaggctattc 46 60
gg}ct at gact gcacaaca gacaat cggc tgctctgatg ccgccgtgtt
Gdctyt cdr g?@ Leu f5 adbydeEigdee gt EeutGin or adiy
accgac ?gt ccggtgccct g gaactg 180 40 é%\agacgagg

C34¢05£096L. 2559 99ct 9, 9acaggacgg gegtigetty cgcagetgtg
65 70 75

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly
85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu
100 105 110

‘Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp
115 120° 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Aryg
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp
145 1590 ‘ 155

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Axrg Leu Lys
165 170 175

Ser Met Pro Asp Gly Gly Asp Leu Val Val Thr His Gly Asp ala
180 185 , 150

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu
210 215 - 220

Thr Arg Asp Ile ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg
225 230 235

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile 2la
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Phe
260

- <210> 5

Val
Ser
Phe
Ala
Val

80
clu
Lys
Pro

Ala

Glu
160

‘Ala

Cys
Asp
Ala
Phe

240

Phe
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240 ctcgacgttg tcactgaagc gggaagggac tggctgctat

t gggcgaagt gccggggcag 300 gatctcctgt catctcacct
tgctcctgcc gagaaagtat ccatcatggc tgatgcaatg 45 360
cggcggctgc atacgcttga tccggct ag@4t gcccattcg accaccaagce
gaaacatcgc 420 atcgagcgag cacgtactcg gat ggaagcc
ggtcttgtcg atcaggatga tctggacgaa 480 50 gagcat cagg
agccgaactg ttcgccaggc tcaaggcgag catgcccgac

99Gt ¢gCHLC
54G;ggcgaggat c tcgtcgtgac ccatggcgat gectgettge

cgaatatcal; 40 90aaaakncH00 ggecegetttt ctggattcat

cgact gt ggc cggct gggt g t ggcggaccg ct at caggac

55 660

13~L34> atagcgttgg ctacccgtga tattgctgaa gagcttggceg
gegaat gogerigacageltt ehe A20:iei €gligetite@eggt at cge

cgct ccagatnyetgoagegeantiggect t cta tcgecttctt

ggcgagttct tctga 795 <210> 14 10 <211> 264

PRECR213> Artificial
Desertptdaon 28f2tdv@ tar g¢ddochadt sefgengecy chepymfoivn gaggctatte

mffant D261G <400> 14 Met

sequence

<220> 15 <223>

780 5
<212>

Ile Au G@n Asp Ay Leu Hs

ASCER PSS IBPGRAREA AT AREFIVAItICsoteaty $09qBItIEE CHIgFtatea

0
Léd’Phe Ay Tyr Trp Ala dn dn Thr Ile d S
cgiﬁg%ﬁ?éygcgcgﬁ%%%t {é%tgtcaag accgacctgt ccggtgé%cgygaatgaactg
SEk, 3
caagacgadgyg cagcgcedgot atcgtggetg gecacgacgg gegttecttg cgeagetgtg
240 )
ctcgacgttyg tcactgaagc gggaagggac gcgctgcectat tgggcgaagt geceggggoag
300
gatctcctgt catctcacct tgctcctygcc gagaaagtat ccatcatgge tgatgcaatg
360
cggeggetge atacygcettga toccggctace tgeccattcg accaccaage gaaacatcge
420
atcgagcgayg cacgtacteg gatggaagcc ggtcttgtceyg atcaggatga tetggacgaa
480 :
gagcatcagy ggctegegeo agecgaactg ttegocagge tcaaggegag catgecegac
540 :
ggcgaggatce tcgtcgtgac ccatggegat gectgottge cgaatatcat ggtggaaaat
600
ggeegetttt ctggattcat cgactgtgge cggectgggtg tggcocggaccyg ctatcaggac
660
atagcgttgg ctacccgtga tattgctgaa gagcttggeg gegaatggge tgaccgette
720 '
ctcgtgettt acggtatcge cgeteccgat togecagegoa tocgectteta tegecttott
780
" gacgagttct tctga
795
<210> 6
<211> 264
<212> PRT
<213> Artificial segquence”
<220> .
<223> Description of the artificial sequence:
Neomycin mutant WO1la
<400> 6

Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val

1

5

10

15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
30

20

25
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25 Asp Ala Ala Val Phe Arg Leu Ser Ala G n Gy Arg Pro
Val Leu Phe 35 40 45 Val Lys Thr Asp Len Ser Ay Ala
Leu Asn Gu Leu G n Asp Au Ala 50 55 60 30 Ala Arg
Leu Ser Trp Leu Ala Thr Thr Qsy3Mal Pro Cys Ala Ala
Val 65 70 75 80 Lou Asp Val Val Thr Qu Ala Gy Arg
Asp Trp Len Leu Len Gy GQu 35 85 90 95 Val Pro Ay
Gl pARDa 18R LeD PPer anprrdd 8.le R u,L
100 105 116 40 Val %gf ﬁdﬁ&ﬁﬁg@%&g&@ﬁ% X?%SLKF% Fhe
Leu H's Thr Len Asp Pro 115 120 125 Ala Thr Cys Pro
Pve1Asps Hins &# tAhasty i 814Argd hen @i Asg AnaaldB3 iy ala
135 1480 45 Arg Thr Argsset Au Ala Ay Lem Val Asp
A@n Asp Asp Len Asp Gu 145 150 155 160 Gu Hs dn .
GAjaLtie Aled Pro TAPal €t (hlleeIhPHh AR RY Alsg Pew dypsAld aalm0val
16@5170 175 Ser l\/tet7‘P3ro Asp Ay Qu ASp Leu Val Val 80
hr H's ¥L ﬁ Cys = 180 185 190 55 Leu Pro Asn
||L8u|\z%*fp Vatt & Rg GJGF VLA alwf’éfgséﬁp &ly Pe JepelagEly Glu
14/ 34 195 200 205 Oys Gly Arg Lou’@y Val Ala Asp Afg

ngrgl A Eﬁg %I? Agp %\? eﬁ@o }35.['[,220%\.}2 Thr %%lu Lys

Phe 225 230° 335 240 Leu Val 180 Tyr Gly Ile Aﬁa A a

Prra1Aspr S8k @ 2A602 4] a4l ﬁe?rb?rglgr;%.%uzg’ps &9 1 ¥Y'asp Pro
Arg Lou lbeg Gy G u Phe theze 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
- 130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
| 165 ' 170 | 175

Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 1385 180

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
185 200 205 :

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu 2la
210 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 : _ 230 235 240

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Phe
oo 260

<210> 7

<211> 795

<212> DNA

<213> Artificial seguence

<220>
<223> Description of the artificial sequence:
Neomycln mutant V198G




10

ctt gggt gga
gacaat cggc
gcdeaygangc

gaabgeasle
geoeacgacgg

t gactgange

t d88gct acc tgcccattcg accaccaagc gaaacatcgc

15 <210> 15 <211> 795
sequence 20 <220>
artificial sequence:

gaggct att

tgctctgatg ccgeegtgtt ccggetgtca

<212> DNA <213> Artificial

<223> Description of the
Neormyci n nutant D261N 25 <400>

15 atgattgaac aagatggatt gcacg¢aggt tctccggccg

c 60 ggctatgact gggcacaaca

120 30

gcccggttct ttttgtcaag accgacctgt ccggtgceccct
SRR LI Talo EToTe By r-To[eloTela o ol piR- 2 R o1e ) 4 a

gcgttccttg cgcagcigtg 24

ctcgacgttg

gaggctattce

9ggangggacsdgeetged algckggengaaglc 9RGA9986&0 tgtca
332800 gatctcctgt catctcacct tgctcctgcc gagaaagt at

ceatcadugec veedagtaat gttt36@chiyg mccggeggot gegatReget g qgaacty

420 40

attéganeidg eaycaetE pigattggabyaceggiatdugcgtatataggadgaictgty

Egg g
s

6

tYgc

aat at cat

Fotetggdte

tggacgaa 480 gagcatcagg ggctcgcgcc agccgaactg
g € toHdgesaP WargestydeIcbattggbaadpmagt gccggggcay

00 QGLcgirt T gt gyt Eat e gaet

aaaat

tgatgcaatg

- tg 9@%9&@9 S LR092C . H0Q: AL 2ACALLIG. t%g&&&é?%gc gaaacatcge
15 tabpgcigaa gagcttggcg gcgaat gggc tgaccgcttc
ategagegay cacgtacteg gatggaagoce ggtcttgteg atcaggatga tctggacgaa
430
N gagcatcagg ggctegoegee agccgaactg ttegocagge tcaaggegag catgcccgac
- 540
‘m) 20 ggcgaggatc tcgtcgtgac ccatggegat gectgettge cgaatatcat ggoggaaaat
600
ggcegotttt ctggattcat cgactgtgge cggectgggtyg tggeggaccg ctatcaggac
660 ’
atagcgttygg ctacccgtga tattgctgaa gagettyggcg gogaatggge tgacogettc
25 720
ctecgtgettt acggtatcge cgctccegat tocgecagcgea togectteta togecttett
780
. gacgagttct tctga
795
30
<210> 8
<211> 264
. <212> PRT
35 <213> Artificial sequence
<220>
fﬁﬁ <223> Description of the artificial sequence:
N Neomycin mutant V198G
40
<400> 8
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pre Ala Ala Trp Val
1 5 10 15
45 Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
20 25 30
Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Axrg Pro Val Leu Phe
35 40 45
50
-Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
5C 55 : 60
Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val

55 65 70 75 80




AT
oo d
Lo
., N

50 ctcgtgcttt acggtatcgc cgctcccgat tcgcagcgca
tcgccttcta tcgecttctt 780 aacgagttct tctga 795 55
15/34 <210> 16 <211> 264 <212> PRT <213> Artifici al
sequence 5 <220> <223> Descrd/f®4 on of the artifici al
sequence: Neonycin nmutant D261N 10 <400> 16 Met Ile
GQu G@n Asp Ay Leu Hs Ala Gy Ser Pro Ala Ala Trp
Val 1 510 15 Gdu Arg Leu Phe Gy Tyr Asp Trp Ala

AmuGhap Thin vhe My csaSelz) 5120 22p ég% LéﬁpLéﬂzieﬁjély Glu

- Val Phe Arg Len Sey Ala A n Gy ArggPro Val Leu Phe g5

10

15

20

25

30

35

40

45

50

35 40 45 20 Val Lys Thr Asp Len Ser Gy Ala Leu Asn
Gwrllewe Guy Asp GEpuLAharebBebSsH0HiA BevARgalers S86 dTP Lys
Leu Ala Thr Th¢ dy Val Pro Cyst®Ala Ala Val 65 7Qo75

80 25 Leu Asp Val Vval Thr du Ala Ay Arg Asp Trp Len
LéidlLen @iy ¥ph Alg529D DG Myl ARy r@ KevGHAs ABp: Leu Agn Pro
Ser Ser Hi'® Lau Ala Pro Al 4288 u Lys 30 100 105 110

Val. Ser 1le Met Ala Asp Ala Met. Arg Arg Leu His Thr
Le"&aﬁg)r PG Pﬂsthzasaggl-ssélm BlaThys Gis Pre Pife CASpATe Ala

Hs A Ala Lys Hs Argile Gu Arg Ala *430 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
1le5 170 175

Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 190

Leu Pro Asn Ile Met Gly Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
21¢ 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe

225 230 235 240
Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255
Tyr Arg Leu Leu Asp Glu Phe Phe
260
<210> 9
<211> 795
<212> DNA

<213> Artificial sequence
<220> .
<223> Description of the artificial sequence:

Neomycin mutant D227A

<400> S

atgattgaac aagatggatt dcacgcaggt tctecggeeg cttgggtgga gaggctatte

&0

“ggctatgact gggcacaaca gacaatcgge tgctetgaty cogocgtgtt ceggotgtea

1z2¢
gcgeagggge gcccggttct ttttgtcaag accgacctgt ccggtgecct gaatgaactg
180 ' ’
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Arg Thr Arg Met Qu Ala Ay Len Val Asp @ n Asp Asp

Leu Asp Gu 145 150 155 160 40 Au Hs Gdn Ay Len

Ala Pro Ala Qu Lea Phe Ala Arg Leu Lys Ala 165 170

175 Ser Met Pro Asp Ay Qu AsP®4.au Val Val Thr His

Gy Asp Ala Cys 45 180 185 190 Leu Pro Asn Ile Met

Val du Asn Ay Arg Phe Ser dyPhe Ile Asp 195 200

ZQQa Qc @E (o] cEth .
I |2€a0§| a@[g?u A?f aﬁ(%lo 21%1')26’5%[% T#rcgﬁr%@gﬁﬁggﬁ%&ﬁqgn &@léﬁ)gc‘tgtg
Gdj:cbﬁ)tlgﬁgy ta_ayt@algc-rﬁ@ga%g@g%p:gﬁﬁgg&&ﬁ: t%&éc@é%tzéécggggcag
24®0 55 16/34 Leu Val Lou Tyr Gy Ile Ala Ala Pro Asp
SaratGactrtg chketAlca tPhec 245925 Qya38bagtat cArgedeiycl @hatgeaaty
Ast¥9d u Phe Phe 5 260 <210> 17 <211> 795 10 <212>
DNA92293IAREREIITER Seefssieec R20st«2P 3scBestadcpbi@ratcge
of*%’he artificial sequence: 15 Neomycin nutant F240l

<400929%9%% GAPY FHECTaaYHRGGIET LEAEHEHGYR LERICTPGcEgtygacyaa

ctt? g%% a gag?ct attc é 60 20 %%Ct at gact gggcacaaca

gataa c’%%cq PPt A Ga g EHReGt Gt T eyt Bt EacI9Fg catgccegac

g ' t t Aagcgacctat ¢ tgccct aam

oA SR LA BRIl B SEAR Shonance

Qﬂgg%ﬁgéﬁﬁﬂl 9@Sééﬂﬁ%ﬁkgcgéﬂ%%gsggtéﬁgctgggtg tggcggaccg ctatcaggac
atagegttygy ctaccegtge tattgctgaa gagcttggeyg gogaatggge tgaccgette
720

ctegtgettt acggtatege cgetecccgat tegecagegeca tcecgeoctteta tegecttett
780 : '
gacgagttct tetga
795

<21¢6> 10

<211> 264

<212> PRT

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Neomycin mutant D227a

<400> 10 ‘
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 10 i5

Glu Arg Leu Phe Gly Tyrxr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
20 25 30

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu FPhe
35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
' 50 55 60.

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 75 80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 110
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25 240 ctcgacgttg tcactgaagc gggaagggac tggctgct at

t gggcgaagt gccggggcag 300 gatctcctgt catctcacct
tgctcctgcc gagaaagtat ccatcatggc tgatgcaatg 360 30
cggcggctgc ataggcttga tccggcet aoe/3Igcccattcg accaccaagce
gaaacatcgc 420 atcgagcgag cacgtactcg gat ggaagcc
ggtcttgtcg atcaggatga tctggacgaa 480 gagcatcagg
0GELCYEPCE; A g tQ..t g aaggc tgcecgac

EAR R e 0 S OB G e R R
cgaat at cat ggt ggaaaat 600 ggccgctttt ctggattcat

cgdet ghggty<gg6t Bggtgpt BUCggacst ahat 6899a¢ 166%140arg 214
atagcgstgg ctacccgtga tatd gctgaa gagcttgage@ gcgaaggggc
tgaccgcatc 720 ctcgtgcttt acggtatcgc cgctcccgat

t dgcadbydare Hgtctctrdat egedeticvdl 2280cpacgaghbEtLiChga clu
45-9P95 <210> 18 <21%$8 264 50 <212> PRI <213> 160
Artificial sequence <220> <223> Description of the

artios fies 4t %@&M%AlaS%rQ\@éﬁy%im Leut Bt 2124819 TAL34ys Ala
<400> 18 Met I1e'Q@ uGInAspGIy ed HlsAIaGIySeF"5
Ty%r%%tﬁr% %Eg %ayl G 1n1§ e]JlVaéG\Igl %é.ﬁeglypr}xespGAYa Cys

190

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 220

Thr Arg Ala Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 2490

Leu Val Teu Tyr Gly Ile Ala 3la Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> 11

<211> 795

<212> DNA

<213> Artificial sequence

C<220>
<223> Description of the artificial sequence:
Neomycin mutant D227V

<400> 11

atgattgaac aagatggatt gcacgcaggt tctccggccg cttgggtgga gaggetattce

60

ggctatgact gggcacaaca gacaatcgge tgctetgaty ccgecegtgtt ceggctgtea

120

gegoagggge gcoccggttet tittgtcaag accgacctgh cocggtgecet gaatgaactg
180 '

caagacgagg cagcgcgget atcegtggetg gccacgacgg gegttoottg cgcagetgtg

240

ctecgacgttg tcactgaage gggaagggac tggetgetat tgggogaagt goocggggeay

300
gatctcctgt catctcacct tgctcectgee gagaaagtat ccatcatgge tgatgcaatg
360 .

cggcggectge atacgettga tecggectace tgoccatteg accaccaage gaaacatcgc
420 ) ’
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20 25 30 Asp Ala Ala Val Phe Arg Leu Ser Ala G n dy
Arg Pro Val Leu Phe 10 35 40 45 Val Lys Thr Asp Lau
Ser Ay Ala Leu Asn Gu Lein Gn Asp u Ala 50 55 60
15 Ala Arg Leu Ser Trp Leu Alailtea Thr Gy Val Pro Cys
Ala Ala Val 65 70 75 80 Leu Asp Val Val Thr Au Ala
Gy Arg Asp Trp Leu Leu Leu Gy Qu 85 90 95 20 VaI
Prg cGhycd H Ashe L r Hi
Glr.uao%g ('gloo TOETIS T §8§§|?ﬁ°§t % ati\s%ga %3 %é ggacgaa
Ardpghrgcd®t) ghicScddyccle Rcby oc2acddqydd
TreaQys Pro Phe Asp Hi sgbgéﬁ i Lﬁ% v Ar%ga;ﬁ%gag Srtgeccgac
Arqychhagatk30ciB85 Al 36 tuggThrgodtgedbic GybaAl@ad ygtggaaaat
Le®Oval Asp G n Asp Asp Leu Asp u 145 150 155 160
AU ST th cEhgatim tAb e Poo gt agGetigiey Phecha@chr gratcaggac
LéAPOLys Ala 165 170 175 35 Ser Met Pro Asp Ay Qu
As?;%a%%t%ﬁ SYAF Y tHF R tPIC 938 A St Oysy  9¢80rthREC 18Bcegotta
nlle Mt Val Gu Asn Ay Arg Phe Ser Qvy
i CP%%C‘Ast GBI 50T D5 CITy SEFFING LevcTityval tmegttett
éké@@'t?kg Asp 116 Ala Lau Ala 210 215 220 45
'W% g Asp Ala Qu Qu Lau Ay Ay Qu Trp Al a
Asp Arg Ile 225 230 235 240 Lau Val Lou Tyr Gy lle
Ala Ala Pro Asp Ser Gn Arg Ile Ala Phe 245 250 255
5@2Tyr Arg Leu Leu Asp G u Phe Phe 260
<211> 264
<212> PRT
<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Neomycin mutant b227V

<400> 12
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 10 15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
20 25 30

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu Phe
: 35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
50 55 60 :

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 75 80

Leu Asp Val Val Thr Glu.Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
- 85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 : 110

Val Ser Ile Met Ala Asp Ala Met Arg Axg Leu His Thr Leu Asp Pro
115 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp'Gln Asp Asp Leu Asp Glu
145 _ 150 155 _ 160
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55 18/ 34 <210> 19 <211> 795 <212> DNA <213>
Artificial sequence 5 <220> <223> Description of the
artificial sequence: Neonycin nutant E182D 10 <400>
19 atgattgaac aagatggatt gcacgeaggt tctccggccg
cttgggtgga gaggctattc 60 ggctatgact gggcacaaca

gacaat cggc tgctctgatg ccgccgtgtt ccggctgtca 120 15
gcgcaggggc gcccggttct ttttgtcaag accgacct gt ccggt gccct

gaal gaactdn éﬁp 1&AaQAL 3390, £2959CY lgtPh%t 89& q?g:%t Jeu Lys Ala
gccacgacgg gcgttgettg cgcagectgtg 1240 ctcgacgttg 435

t cact gaagc gggaagggac tggctgctat tgggcgaagt gccggggcag
28308 gatet £4t gliycal clzgacctyu gat 06l 066 8a9aA3qhah nla cys
ccatcatggc togaigcaatg 360 cggeggctgc atacgcttgaso
tccggctacc tgcccattcg accaccaagc gaaacatcgc 420 25
abegagcgagncabygtact ¢y gadugyaagiy fet clitegbeg @iycaggatiga rsp
t ct ggacgd&> 480 gagcat cagg2@@ct cgcgcc agccgaxst g

ttc ccag C tcaaggcgag catgcccgac 540 ggcgatgatc

tE@% 9 ceet (53@9&%1 ét TR thge Efndiiat dar Yt §hadaat Ala
30 6 gccgctttt ct ggatitcat cgact gt ggc é4%Yct gggt g

Ei g}gﬁa;gglggﬂg%&qggga gggg%aégggg Hﬁjg% i Cccﬁqt IRsp arg 523

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> 13

<211> 7985

<212> DNA

<213> Artificial sequence

C 220>
<223> Description of the artificial sequence:

Neomycin mutant D261G

<400> 13

atgattgaac aagatggatt gcacgcaqgt tectccgaccg cttgggtgga gaggctatte

60
ggctatgact gggeacaaca gacaatcggc tgctctgatg ccgeccgtgtt ccggetygtea
120 '

~gcgcaggggce gccoccggttct ttttgtcaag accgaccetgt cecggtgecct gaatgaactg
180 :

caagacgagy cagcegcegget ategtggctg geocacgacgg gcgttcecttyg cgcagetgtyg

240

ctegacgtty tcactgaage gggaadgggac tggectgctat tgggcgaagt gccggggcag

300

‘gatctectgt catctcacct tgctoctgee gagaaagtat ccatcatgge tgatgcaatg
360

cggceggctge atacgettga toccggctace tgcccattcg accaccaage gaaacatcgce

420
atcgagcgag cacgtactecg dgatggaagcce ggtcttgteg atcaggatga tectggacgaa
480 '

gagcatcagd ggctcgcgec agceccgaactg ttcecgccagge tcaaggcgag catgcecocgac

540

ggcgaggate tcecgtcecgtgac ccatggegat gectgcttge cgaatatcat ggtggaaaat

600

ggccgctttt ctggattcat cgactgtggc cggetgggtg tggeggaceyg ¢tatcaggac
660 '
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720 35 ctcgtgcttt acggtatcgc cgctcccgat tcgcagcgca

tcgecttcta tcgecttcett

<210> 20
sequence
artificial
20 Met

Al T
TER AP AT G &
(atehEden g -

Al ckeytAsh tekya Leu A n Asp Qu Ala
LenpsSer Trp Leu Ala Thr Thr dvy Val

Val

G<%1Asplieeu Leu Ser Ser
10611952940 Val

<211> 264

45 <220>

Val

1

510 1 d Ar L
Pl Parigedons gl

e

sequence:
Ile Au d@n Asp Ay Leu Hs Ala Gy Ser

780 gacgagttct tctga

Val

L QU DeT .
Lys

65 70 75 80 10 Leu Asp Val
Arg Asp Trp Leu Leu Leu Ay Qu

Léw LA sERhr

<220>

<223> Description of the artificial sequence:
Neomycin mutant D261G

<400> 14
Met Ile Glu Gln Asp Gly Leu His

1

Glu
Asp
Val
Ala

65h
Leu
Val
Val
Ala
Arg
145
Glu

Ser

' Leu

Arg

Ala

Lys

50

Arg

Asp

Pro

Ser

Thr

130

Thr

His

Met

Pro

Leu

Ala

35

Thr

Leau

Val

Gly

Ile

115

Cys

Arg

Gln

Pro

Asn

Phe

20

Val

Asp

Ser

Val

Gln

100

Met

Pro

Met

Gly

Asp

180

Ile

5

Gly

Phe

Leu

Trp

Thr

85

Asp

Ala

Phe

Glu

Leu

165

Gly

Met

Ser
Leu Asp Pro

Tyr
Arg
Ser
Leu

70
Glu
Leu
Asp
Asp
Ala
150
Ala

Glu

Val

Asp

Leu

Gly

55

Ala

Ala

Leu

Ala

His

135

Gly

Pro

Asp

Glu

Trp

Ser

40

Ala

Thr

Gly

Ser

Met

120

Gln

Leu

Ala

Leu

Asn

Ala

Ala

25

Ala

Leu

Thr

Arg

Ser

105

Arg

Ala

Val

Glu

Val

185

Gly

Phe

§506°
LG B

50 55 60 Ala Arg
Pro Cys Ala Al a

d

795 40
<212> PRT <213> Artifici al
<223> Desarypfd on of the

Neonyci n nutant E182D 50 <400>

Pro Al a
Tyr As
Jaeoggotofappoacte

Pr
%:%ta Wgcgccttctt

Val Thr Au Ala Ay
85 90 95 \Val

Gly Ser
10

Gln Gln
Gln Gly
Asn Glu

Gly Val
75

Asp Trp
90

His Leu
Arg Leu
Lys His
Asp Gln

155

Leu Phe
170

Val Thr

Arg Phe

Pro

Thr

Arg

Leu

60

Pro

Leu

Ala

His

Arg

140

Asp

Ala

His

Ser

Ala
Tle
Pro

45
Gln
Cys
Leu
Pro
Thr
125
Ile
Asp
Arg

Gly

Gly

Pro Ay
Hs Leu Ala Pro Ala Ju Lys 15
Ile Met Ala Asp Ala Met Arg Arg
rLe 115 120 125 20 Ala Thr Cys
- Prd PRePESF AR GV Lys His Arg Ile Qu Arg Ala

Ala

Gly

Val

Asp

Ala

TLeu

Ala

110

Leu

Glu

Leu

Leu

Asp

190

Phe

Trp

15

Cys

Leu

Glu

Ala

Gly

Glu

Asp

Arg

Asp

Lys

175

Ala

Tle

Val

Ser

Phe

Ala

Val

80

Glu

Lys

Pro

Ala

Glu

160

Ala

Cys

Asp
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130 135 140 Arg Thr Arg Met Au Ala Gy Leu Val Asp
A n Asp Asp Leu Asp Au 145 150 155 160 25 Gu His
G@n Ay Leu Ala Pro Ala Qu Leu Phe Ala Arg Len Lys
Ala 165 170 175 Ser Met Prasdsm Gy Asp Asp Leu Val
Val Thr Hs Gy Asp Ala Cys 30 180 185 190 Leu Pro
Asn Ile Met Val Qu Asn Ay Arg Phe Ser Ay Phe Ile
Asp 195 200 205 35 Cys Gy . Arg Leu Gy Val ébga Asp
Arg Tyr G Asp Ile Ala L& a 210 215 2287 Thr Arg

e a j a a
B 58 AT, Dok Rty St D AR T P g me
Al a I%ro Asp Ser An Arg Ile Ala Phe 245 250 255 Tyr
A b@g Ay TAspr @ wakher Phewdbi 60y s2403p211 £25b>2795phe
53s<212> DNA <213>2Aptificial sequengss <220> <223> 240
Description of the artificial sequence: 55 Neonycin
mtiavh 1l D27 @y20¢ 34 T1<400»> 222 atgaisgaeac agatrgddtet Ala Phe
gcacgcaggt tctczfgccg cttgggtgga Pdggctattc 60 5 253
ggct at gact gggcacaaca gacaatcggc tgctctgatg ccgcecgtgtt
cegyérgt bar LE20CHe FéaghyEP§eceggttct tttt gt caag
accgacct gt & fgtgccct gaatgaactg 180

0

<210> 15

<211> 795

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Neomycin mutant D261N

<400> 15

atgattgaac aagatggatt geacgcaggt tcteccggocyg cttgggtgga gaggctattc
60

ggcetatgact gggcacaaca gacaatcgge tgetotgatg ccgecgtgtt cocggotgtca

120

gocgcagggge geccggtict ttttgtecaag accgacctgt ccggtgecct gaatgaactg

180

caagacgagg cagcgcggcet ategtggetyg gccacgacdg gecgttececttg cgcagetgtyg

240

' ctcgacgttg tcactgaagce gggaagggac tggctgetat tgggcgaagt gocoegggdcag

300 _
gatctcctgt catctcacct tgetcotgee gagaaagtat ccatcatgge tgatgcaatg
360 '

cggcggetge atacgettga tceggetace tgceccattcg accaccaagce gaaacatcgc

420 :
atcgagegag cacgtacteg gatggaagcc ggtcttgtcg atcaggatga totggacgaa
480

gagcatcagyg ggctogegee agccgaactg ttcgecagge tcaaggcgag catgccecgac

540

"ggcgaggatc tcgtegtgac ccatggcgat gectgettge cgaatatcat ggtggaaaat

600

ggcegetttt ctggattcat cgactgtgge cyggetgggtg tggecggaccy ctatcaggac

660
atagecgttgg ctaccegtga tattgctgaa gagettggcg gcgaatgggc tgacecgcttc
7290 .
ctegtgettt acggtatege cgcteccgat tcgcagegea tegcocttota tegecttett
780

aacgagttct tctyga
795
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caagacgagg cagcgcggct atcgtggctg gccacgacgg gcgttccttg
cgcagctgtg 10 240 ctcgacgttg tcactgaagc gggaagggac
tggctgctat tgggcgaagt gccggggcag 300 gatctcctgt
catctcacct tgctcctgcc gagaaagtlat/3ecat cat ggc tgatgcaatg
360 15 cggcggctgc atacgcttga tccggctacc tgcccattcg
accaccaagc gaaacatcgc 420 atcgagcgag cacgtactcg

gat,ggaagec ggtcttgtcg atcaggatga tctggacgaa 480
~<pi1) P@agcat cagg ggctcgcgcc agccgaactg ttcgccaggce
t caaggcgag catgcccgac 20 540 ggcgaggatc tcgtcgtgac
ceatggcgali rgecdgckgensagaat at cat ggt ggaaaat 600
ggccgctttt ctggattcat cgactgtggc cggctgggtg tggcggaccg
ctaegaggac 660 25 atagcgttgg ctacccgtgg tattgctgaa
gagétt gyugrgeyaat gjgthd gatc§etiad s#@Brckecgt gettt
acggt atipevegerereghtPi%dgcagcgeca tcgecttcta tcgeettcett
780 8acgagttct tctga 30 795 <210> 22 <211> 264 35
Artificial uence <220> <223>

Dé@éfr?lp‘% i“oH %an e ar¥ |1ﬁ“cf{éf’ %}ﬁcgéﬂ P49 MNeohyeiTrp val
mut ant D227G <4005 22 Met 'Ile Qu n Asp Ay Lau H
Al r

g%ug%ﬁ? %%3 g%é)dﬁ&gTé%;?%élgrég%i l§1%$% %?r ﬁgé g%§ éyégSer
Ser

Asp Ala Ala Val Phe Arg Leu Ser Ala G1ln Gly Arg Pro Val Leu Phe

35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu 2Zsn Glu Leu Gln Asp Glu Ala
50 55 60

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 . 75 80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 . 110

Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pro
115 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
165 17¢ 175

Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 190

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 240
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10

15
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30

20 25 30 Asp Ala Al a Vval
Arg Pro Val LeuPhe 50 35 40 45 Val
Ser Ay Ala Leu Asn Gu Leu G n Asp Au Ala
55 Ala Arg Leu Ser Trp Leu Al agltya Thr Ay Val Pro Cys
Ala Ala Val 21/34 65 70 75 80 Leu Asp Val Vval Thr du
Al a Gly Arg Asp Trp Leu Leu Lou Ay du 85 90 95 5

Va,ie 591 G g{g %gkil%fe%a e‘gsteS%r Hs Leu Ala

a du Lys
I\/Et Arg Arg Leu H's Thr Leu Asp Pro 10 115 120 125

AlgyrTheg Qe PEQ Ahechaped $nA N Ala Lys His Arg lle
Gn Arg Ala 2830 135 140 15 Arg Thr Arg Met G n Al a
Gy Leu Val Asp G n Asp Asp Leu Asp Ju 145 150 155
160 Gn Hs Gn Gy Leu Ala Pro Ala Gu Leu Phe Al a

Phe Arg Leu Ser Ala G n Qy
Lys Thr Asp Leu
50 55 60

CNeE R S ageapte ene

Ar‘g?lIQEUllys Ala 165 170 175 20 Ser
d ¥ Azp’1=eu Val
193 12peb™Pro Asn 1le Met Val

Val

Thr

Met

Hs Ay Asp Ala Cys
GQu Asn Ay Arg Phe Ser

Pro Asp Ay

180 185

Giﬁléﬁem‘mlefl%ﬁl FHAPGBCD00 205 Cys Ay Arg Leu Ay

2

aAsp Arg Tyr Gn Asp Ile Ala Leu Ala

5

CIJ. Elontéé

I I e AI a AI
25000351 Tyr Arg Leu Leu Asp G u Phe Phe

atgattgaac aagatggatt gcacgcagygt tectccggecyg

35 -

40

45

50

55

60
ggctatgact

120

gcgeaggggco
180
caagacgagg
240

‘ctcgacgttg

300
gatctcoctgt
360
cggcggcetyge
420
atcgagcgag
480
gagcatcagg

540

ggcgaggatc

600

ggccgetttt
660
atagcgttgg
720
ctcgtgettt
780
gacgagttct
795

<210> 18

<211> 264
<212> PRT
<213>

<Z20>

<223>

ro Aspgs?%g;é%sgl%1L

gggcacaaca
gceccecggttcet
cagegegget
tcactgaagce
catctcacct
atacgcttga
cacgtactcg
ggctcgegeco
tegtegtgac
ctggattcat
ctacccgtga
acggtatcgc

tctga

gacaatcgge
ttttgtcaag
atcgtggcety
gggaagggac
tgctecetgee
tcecggctacc
gatggaagcoe
agccgaactyg
ccatggcgat
cgactgtyggce
tattgctgaa

cgctoeccgat

Artificial sequence

Neomycin mutant F2401

u Leu

Ile Al a

tgctctgaty
accgacctgt
goccacgacgg
tggetgetat
gagaaagtat
tgcccatteg
ggtcttgtcg
ttcgccagge
gcctgettge
cggctgggty
gagcttggcg

tcgcagcgea

SE%TF‘I\?&I

210 215

y Ay Qu Trp

Leu Tyr

Ay

Phe 245 250

cttgggtgga
ccgeecgtgtt
ccggtgecct
gcecgttecettyg
tgggcgaagt
ccatcatgge
accaccaagc
atcaggatga
tcaaggcgag
cgaatatcat
tggcggaceyg
gcgaatggge

tecgeottota

Description of the artificial sequence:

gaggctattc
ccggectgtea
gaatgaactg
cgcagctgtg
gccggggcayg
tgatgcaatyg
dgaaacatcgce
tctggacgaa
catgcccgac
ggtggaaaat
ctateaggac
tgaccgeatc

tegecttett
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ttcgccaggé t caaggcgag catgc

260 40 <210> 23 <211> 795 <212> DNA <213> Artificial

sequence 45 <220> <223> Description of the artificia

sequence: Neonycin mutant D190G <400> 23 50

at gatt gaac aagatggatt gcacgcaggt/3tct ccggccg cttgggtgga

gaggctattc 60 ggctatgact gggcacaaca gacaat cggc

tgctctgatg ccgcecgtgtt ccggectgtca 120 gcgcaggggc

gcccggttcet ttttgtcaag accgacctgt ccggtgccct gaatgaactg

55,480 22/ 34 caagacgagg cagcgcggct atcgtggctg

geeacHac aduIe ot Get EOy clcaact ol 2404t 69achid G1a Trp val

t cact gaagc gggaagggac tggctgctat tgggcgaagt gccggggcagy

300 5 gatctcctgt catctcacct tgctcctgcc gagaaagt at

ccatcatggeut giat gogargr 300Teggrggcl gcslat aegctiieg&ly Cys Ser

tccggctacc tgétcattcg accaccaage gaaacatcgc 42030

at cgagcgag cacgtact cg gat ggaagcc ggtcttgtcg atcaggatga

t éFpgakgdas 1o 480 ﬁﬁsgclét%ﬁgg gct ey cgoc ragck é(eﬂ-gLeu Phe
gac 540 ggcgag

8158 295 BSOS G R G2t s,

tggcggaccg ct at.caggac éb atagcgttgg ctacccgtga
13410l 03a,980C L 89€0, 90921 999G LIAGRACHLS /21 ala val
65 70 75

80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 " 95

Val Pro Gly Gln Asp Leu Leu Sexr Ser His Leu Ala Pro Ala Glu Lys
100 105 110

Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thrxr Leu Asp Pro
115 #120 . 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
130 _ 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
165 170 175

‘Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 150

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 200 205

- Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 220 :

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp ARla Asp Arg Ile
225 230 235 240

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Sex Gln Arg Ile Bla Phe
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Phe
260




ctcgtgcttt acggtatcgc cgctcccgat tcgcagcgca tcgecttcta
tcgccttctt
<211> 264

20 780 gacgagttct tctga
<212> PRT <213> Artifici al
<220> <223> Description of thegridficial
Neonyci n nutant D190G <400> 24 35 Met
Ay Len Hs Ala Gy Ser

Pro Ala Ala.Trp Val

30

795 25 <210> 24
sequence

sequence:

Ile Au G@n Asp
15 10 15

Au.Acg, Leu Phe Ay Tyr Asp Trp Ala Gn dn Thr Ile

a

K 14¥S7928T
Sero,Abapgd n Gy Arg Pro Val

Leu Phe

20 25 30 40 Asp Ala Ala Val Phe Arg Leu
35 40 45 Val

Lys

- Thiz1Aspadelrisgh: GhuBhasLen Asn Gu Lou A n Asp Qu

10

15

20

25

30

35

40

45

50

55

Ala 45 50 55 60 Ala Arg Leu Ser Trp
Pro Cys Ala Al a Val

a

e 2val

Leu Ala Thr Thr
65 70 75 80 50 Leu Asp

Vai2zVal Dehiri@tiiol et Ghy Ard tASaITERgh&kd:eu Leu Ay
G u 85 WOm¥sinViabtadtoE@30 A n Asp Len Leu Ser Ser

Lou Ala Pro Ala du Lys

Hi s

100 105 110 55 23/34 \Val

SerifPPelet Ala Asp Ala Met Arg Arg Leu His Thr Leu
Asgggpf%gafﬁ 239PCAPE L AFACITREIOYS tRProyRite cAspoHiswaGimpactatte
A%E L

accgacctgt-
gecacgacgyg
tggetgctat
gagaaagtat
tgccecatteg
ggtcttgtecg
ttegecaggeo
gccfgcttgc
cggctgggtyg
gagcttggceyg

tcgcagegea

cecggtgecet
gcgtteecttog
tgggcgaagt
ccatcatgge
accaccaagc
atcaggatga
tcaaggcgaqg
cgaatatcat
tggcggacey
gcygaatggge

tegectteta

s Hs Arg lle Au Arg Al a
NSRBI
d
&égcaggggc gecocoggtict ttttgtcaag
180
caagacgagg cagcgcggcet atcgtggetg
240
ctcgacgttyg tcactgaagc gggaagggac
300
gatctccoctgt catctcacct tgctcctgec
360 '
cggeggetge atacgettga tocggctacce
4z2¢
atcgagecgag cacgtacteg gatggaagcc
480
gagcatcagg ggctcgcgece agcoccgaactg
540
ggcgatgatc tcgtcgtgac ccatggegat
600
ggccgetttt ctggattcat cgactgtgge
660
atagegttgg ctacccgtga tattgctgaa
720
ctcgtgettt acggtatcge cgotceccgat
780
gacgagttct tctga
795
<210> 20
<211> 264
<212> PRT
<213> Artificial sequence
<220>
<223> Description of the artificial sequence:
Neomycin mutant E182D
<400> 20

g 5 130 135 140 Arg Thr
ggp a?jifaLgﬁcaﬁﬂcg%%qugtﬁtggﬁg Ag@cggﬁgpgsgcggctgtca

gaatgaactg

cgcagctgty

gccggggcag

tgatgcaatg
gaaacatcgc
tctggacgaa
catgcccgac
ggtggaaaat
ctatcaggac
tgaccgcttce

togecttett

Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val

1

5

10

15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser-

20

25

30
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145 150 155 160 10 u Hs Gn Ay Leu Ala Pro Ala
G u Leu Phe Ala Arg Leu Lys Ala 165 170 175 Ser Met
Pro Asp Gy GQu Asp Leu Val vVal Thr Hs Ay Ay Ala
Cys 180 185 190 15 Leu Pro AsiY34e Met Val du Asn
Gy Arg The Ser Ay Phe Ile Asp 195 200 205 Cys Qy
Arg Leu Gy Val Ala Asp Arg Tyr Gn Asp Ile Ala Leu

Ala 20 210 215 220 Thr Arg Asp Ile Ala Qu Gu Leu Ay

GagpGila TR Abha ASP 20 GnRheer22B, 230 8333;5 F&%OPr(ZSIalieﬂeu
Val Leu Tyas Ay Ile Ala Alasgfro Asp Ser An Aig Ille .

Al a Phe 245 250 255 Tyr Arg Leu Leu Asp G u Phe Phe
2681 BYs 2I0xsPELewx 221 >GI4081a <P AsDNALBS.eq2¢ B> Asp Glu
ArtifiePal sequence <225(ﬁ> <223> Descri ptieon of the
artificial sequence: nyci n nmut ant D208G 40 <400>
25*1atﬁ%ﬁ tifaaccaagdt @gatlflaggéég%f&gﬁlyt ¥ek@ygceys Ala Ala
ct ®dggt gga gaggct at t 60 ggct at gact ggycacaaca

ggcaaj ¢ ;tgctalga C tt tca 45 120
gq'gega%g[gg]g ggc%g% tG tpt‘]%t %ggg%rgg & %gr'é it %%‘béteg‘cﬁi%{
gaat gaactg 180 caagacgagg cagcgcggct at cgtggctg
964aCHACAA 069k EGS £9uCHaAGEL 9 1d40teu 2la Pro Ala Giu
100 105 110

Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp
115 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp
145 150 155

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys
165 . 170 178

Ser Met Pro Asp Gly Asp Asp Leu Val Val Thr His Gly Asp Ala
180 185 190

Leu Pro Asn Tle Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile
195 _ 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu
210 215 220

Thr Arg Asp Ile Ala Glu Glu Lesu Gly Gly Glu Trp Ala Asp Arg
. 225 230 235

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala
245 250 255

Tyr Arg Leu. Leu Asp Glu Phe Phe
260

<210> 21

<211> 785

<212> DNA

<213> Artificial sedquence

<220>
<223> Descriptien of the artificial sequence:
Neomycin mutant D227G

Phe

Ala

Val

80

Glu

Lys

Pro

Ala

Glu

160

Ala

Cys

Asp

Ala

Phe

240

Phe
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50 ctcgacgttg tcactgaagc gggaagggac tggctgct at

t gggcgaagt gccggggcag 300 gatctcctgt catctcacct

tgctcctgcc gagaaagtat ccatcatggc tgatgcaatg 360

cggcggctgc atacgcttga tccggct aoc/3igcccattcg accaccaagc

gaaacatcgc 55 420 24/34 atcgagcgag cacgtactcg

gat ggaagcc ggtcttgtcg atcaggatga tctggacgaa 480

gagcat cagg ggctcgcgcc agccgaactg ttcgccaggc tcaaggcgag

catqgescgac 540 5 ggcgaggatc tcgtcgtgac ccat ggcgat

gCalygCiL gec Gaat atnat gggéggg@@@a£ctc%gcgg9%gggv% g{ga gaggctattc

ctagygat t cat cggctgtggc cggctgggtg tggcggaccg C caggac

66cabagegt tyggcet B0aC gh g toabt 064 G 9§89 Glclig 88 £« ccggetgtea

gdg®at gggc tgaccgcttc 10 720 ctcgtgcttt acggtatcgce

cgruceggdC tocgeagegtattegockugt acdoegetdt clichgtdd@it gaatgaacty

gaddfagttct tctga 795 15 <210> 26 - <211> 264 <212>

PR‘F‘agaCYJaGQ?O CRPFISI YLt REFTHIIC g eFtrATIRCI K 2RO BLAARZ>gcagetygty
t| on of the artificial sequence: Neonycin

mgtoﬁﬁf‘ ‘Eﬁ’tﬁ%é"%t%&g%aWﬁ?aFl WEEC B h tagpe@aptLeerggggcay

Ala Trp Val -1 5 10 15
atctcctgé’ a%étggé%tALgktcctgcc gagaaagtat ccatcatgge tgatgcaatg

360

cggeggetye atacgcttga tecggctace tgeoccattceg accaccaagc gaaacatcge
420

cacgtactcg

atcgagcgag gatggaaycec ggtcttgteg atcaggatga tetggacgaa
480 :
gagcatcagyg ggctcgcgec agcoccgaactg ttegcoeagge tcaaggcgayg catgcccgac
- 540
ggcgaggatc tcgtcgtgac ccatggeogat gectgettge cgaatatcat ggtggaaaat
€600 : )
gycegoettit ctggattcat cgactgtgge cggetgggtg tggcggaceyg ctatcaggac
6460 '
atagcgttgg ctaccegtyg tattgetgaa gageottggog gegaatggge tgacogettc
720 '
ctegtyeottt acggtatcge cgetocccgat tegocageogea tcgecttota tcgoctteott
780 '
gacgagttct tctga
795
<210> 22
<211> 264
- <212> PRT
<213> Artificial sequence
<220>
<223> Description of the artificial sequence:
Neomycin mutant D227G
<400> 22 '
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 . . 10 15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser -
20 25 30

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu FPhe
35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
50 55 60

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val




T
O

10

15

20

25

30

35

40

45

50

55

30 Qu Arg Leu Phe Ay Tyr Asp Trp Ala G n dn Thr Ile
Ay Cys Ser 20 25 30 Asp Ala Ala Val Phe Arg Leu Ser
Ala Gdn Ay Arg Pro Val Leu Phe 35 40 45 35 Val Lys
Thr Asp Leu Ser Gy Ala Leu Asie 341 Leu A n Asp G u
Ala 50 55 60 .-sa Ala Axg Leu Ser Trp Leu Ala Thr
Thr Ay Val Pro Cys Ala Ala Val 40 65 70 75 80 Leu
Aspsval Val Thr Qu Aba Ay Arg Asp Trp Leu Leu Leu 80
Gy Gu 85 90 95 45 Val Pro Ay G@n Asp Lou Leu Ser
SareuHrsp Led) Ahd RocMian@ wikys g 10 | e
Ile Met Ala Asp Alsa Met Arg ,%‘rg gLe@%Hlﬂ%TL%%OL%{ﬁLeg &ég cla
Pro 115 120 125 50 Ala Thr Cys Pro Phe Asp His A n
Alall§so Hilsy ALy Adpe LEh ULAr GeAl ser 130 136 A140prAngaTliu Lys
Arg Met Au AP Ay Leu Val Asppsd n Asp Asp Leu1Asp
G u 55 145 150 155 160 25/34 Gu Hs Gn Ay Leu Ala
c?lAFard%? Met Prie 2P 2 14 oLty Bys e HI65H7@et78sp Pro
5 Ser Met''Pro Asp Ay Qu B Leu Val Val Th¥2%H s Qy

1 1 Pro Asn |le Met Val @
AS}JH R‘r%’ys BﬁeOEgie @3-9 |%1BGIL3¥S J%Aggollﬁ)s;lulgrg Ala

Q/s yArg Leu Ay Vval® a Asp Arg Tyr &R Asp Ile
Az Loy 1 Al
s dlolnga, hooka Blen 5 Ay 3 s

Leu Val Leu Tyr Ay Ile Ala Ala Pro Asp Ser G n Arg
| leeuAlias R Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys'Ala
165 170 175

Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 130

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 : 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 . 220

Thr Arg Gly Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 240

Leu Val Leu Tyr Gly Ile Ala Rla Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255 )

Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> 23
<211> 795

- <212> DNA

<213> Artificial sequence

<220>

'<223> Description of the artificial sequence
Neomycin mutant D120G

<400> 23

atgattgaac aagatggatt goacgcaggt tetecggecyg cttgggtgga gaggctatte

60

ggctatgact gggcacaaca gacaatcggc tgctctgatg cegecegtgtt ccggctgtea

120

gcgcagggge gceccggtict ttttgtcaag accgacctgt ccggtgeect gaatgaactg
180 -
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HMr1> 21

245 250 255 20 Tyr Arg Leu Leu Asp G u Phe Phe 260
<210> 27 25 <211> 21 <212> DNA <213> Artificial
sequence <220> 30 <223> Description of the artificia
sequence: (A igonucl eotide Negfoyd <400> 27 ttccagaagt

agtgaggagg ¢ 35 21 <210> 28 _,. <211> 19 40 <212>

DNA <213> Artificial sequence <220> <223> Description

of the artificial sequence: onucl eo

Epere 003 g @E%%fgwtag%%cacggsgwcgébcc pgusTFetata

@gcgztfé;‘cﬁet% Fiopt ?%%aao%g the éaglr | Ci Q%Sgg%%%ﬁtcé:@égéggcag
ASQQQHEﬁéﬂgéEQ€c£$EEfQ&é%é%ﬁ@%@ogaégiagtat ccatcatgge tgatgcaatyg

360
cggcggetge atacgottga tecggctace tgcccattcg accaccaage gaaacatcgc
420
atcgagcgag cacgtactcg gatggaagcce ggtottgtcg atcaggatga tctggacgaa
480

gagcatcagg ggctegegec agcogaactg ttcgccagge tcaaggcegag catgcccgac

540

ggcgaggatc togtcecgtgac ceatyggeggt gectgettge cgaatatcat ggtggaaaat
600 ' :

ggccgetttt ctggattcat cgactgtgge cggctgggtyg tggcggaccyg ctatcaggac
660

atagcgttgg ctacccgtga tattgctgaa gagottggeyg gugaatggge tgaccgctte
720

ctcgtygettt acggtatcge cgoctccecgat tegcagcegca tcgoettota tegecttett
780 ) )

gacgagttct tctga

795

<210> 24
<211i> 264
<212> PRT
<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Neomycin mutant D190G

<400> 24
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 ‘ 10 15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser .
20 25 30

- Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu Phe

35 490 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
50 55 60

Ala Arg Leu Ser Trp Leu Rla Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 75 80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu

85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 _ 105 110




gaactgttcg ccaggctcaa g 21 10 <210> 30 <211> 22

<212> DNA <213> Artificial sequence 15 <220> <223>
Description of the artificial sequence:

A igonucl eotide I C49 20 <400>23Q3aggcaaaatc cctt at aaat

ca 22 25 <210> 31 <211> 20 <212> DNA <213>

Artificial sequence 30 <220> <223> Description of the
arthf ECJ S e; i.0 ot, | 1 r. <4

P e LR T LR L v T I
<212> DNA <213> Artificial sequence <220> <223>

55

Desar rpt icaR Ofotie ashiHisChah ©00UeNal's ad® 11e¢ Glu arg Ala
5 digonsel eoti de E182G en35<400> 32 acgacgagat
ccccgeecgtc 20 50
Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leun Asp Glu
145 159 155 160
10 Glu His Gln Gly Leu Ala Pro ala Glu Leu Phe Ala Arg Leu Lys Ala
165 170 175
Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Gly Rla Cys
- 180 185 190
15
- Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Sex Gly Phe Ile Asp
195 200 205
”fj Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile ZAla Leu Ala
G 20 210 215 220
Thr Arg Asp Ile Ala Glu Glu Leun Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 240
25 Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255
Tyxr Arg Leu Leu Asp Glu Phe Phe
260
30
<210> 25
<211> 795
<212> DNA
35 <213> Artificial sequence
<220>
<223> Description of the artificial sequence:
Neomycin mutant D208G
40
<400> 25
atgattgaac aagatggatt gcacgcaggt tctcecggecog cttgggtgga gaggcectattc
60
: ggctatgact gggcacaaca gacaatcggce tgctctgatyg ccgccgtgtt ccggoctgtea |
45 - 120
goegeaggagge geccggttcet ttttgtcaag accgacctgt ccggtgccecct gaatgaactyg
180
caagacgagy cadgcgeggcet atcgtggetg geoccacgacgg gecgtteccttg cgecagetgtyg
240
50 ctecgacgttyg tcactgaage gogaagggac tggctgctat tgggcgaagt gcoccgaggcag
300
gatctcctgt catctcacct tgctcocctgec gagaaagtat ccatcatgge tgatgeaatg
360 . - :
cggcggctge atacgcttga tceggetacce tgcccatteg accaccaage gaaacatcgce
420 '
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<210> 33 <211> 23 <212> DNA 55 <213> Artificial
sequence 27/34 <220> <223> Description of the
artificial sequence: Qdigonucleotide W1Afor 5 <400>
33 gggaagggac gcgctgctat tgg 28/340 <210> 34 <211> 23
<212> DNA <213> Artificial sequence 15 <220> <223>
Description of the artificial sequence: --,)
A i gonucl eotide WO1Arev 20 <400> 3 ¢caatagcag
GrEcEtd ceEatYE R RIIIE5ILATTI 59 LIS PATTIIcIes

<ZI3> Artificial < > | Pt

EREoa e T e bnaar sor T ae VAbhGr P
gﬁé@‘&%gﬁté”ic&%&@&aﬁ cRat 889882888 4386 24aatatcat ggtggaaaat
600 :

ggcegettit ctggatteat cggetgtgge cggetgggtg tggcggaccyg ctatcaggac
Ziggcgttgg ctacccgtga tattgctgaa gagettggeg gogaatggge tgaccgettce
Ziggtgcttt acggtatcge cgctoccocgat tcgcagegeca tegecttcta tegectteott
;zggagttct tctga .

795

A

<210> 26
<211> 264
<212> PRT
<213> Artificial sequence

. <220>

<223> Description of the artificial sequence:
Neomycin mutant D208G

<400> 26 :
Met Tle Glu Gln Asp Gly Leu His Ala Gly Sex Pro Ala Ala Trp Val
1 5 10 15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
20 25 30

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu Phe
35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
50 55 60

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 75 B8O

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 110

val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pro
115 ' 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Axrg Ile Glu Arg Ala
130 135 146

arg Thr Axg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 : 150 155 _ 160
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1, ~7 <210> 36 40 <211> 24 <212> DNA <213>
Artificial sequence <220> 45 <223> Description of the
artificial sequence: digonucleotide V19BG ev <400>
36 gccattttcc cccatgatat tcggz2%@324 <210> 37 <211> 21
55 <212> DNA 28/34 <213> Artificial sequence <220>
<223> Description of the artificial sequence: 5
A i gonucl eoti de D227Af or <400> 37 ctacccgtgc
tatbgeigaang 0 3 1
<21Sg@f?t??l%%éﬁzéé%ﬁﬁﬁge §§3(%%'%eé§%ﬁDé§%%}8tlon
the artificial sequence: -.~ digonucleotide DQZ?Arev
20ex400>r38 Eid cagcani ragcas@ogliavel Zhr His Gly asp Ala Cys
180 185 190

f Ala

Leu Pro Asn Ile Met Val'Glu Asn Gly Arg Phe Ser Gly Phe Ile Gly
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 2490

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 C 255

Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> 27

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<Z23> Description of the artificial sequence:
Oligonucleotide Neofor5 :

<400> 27
ttccagaagt agtgaggagg <
: 21

<210> 28

<211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide Neorevd

<400> 28

atggcadggtt gggcgtcge
18

<210> 29

<211> 21

<212> DNA

<213> Artificial sequence
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25 <210> 39 <211> 21 <212> DNA <213> Artificial
sequence 30 <220> <223> Description of the
artificial sequence: digonucleotide D227Vfor 35
<400> 39 ctacccgtgt tattgctgazayzal 40 <210> 40 <211>
21 <212> DNA <213> Artificial sequence 45 <220>
<223> Description of the artificial sequence:
A i gonucl eoti de D227Vrev <400> 40 50 cttcagcaat
aagaegggta g 21 <210> 41 55 <211> 24 '..,. 29/ 34
<2é%%?ﬂNﬁw§%§%ﬁmA&k'&h&kﬂk@%ggﬂﬁm%@qué%%g> S <223>
Descri pbiopnatidhaqarfiidishal sequence:
A i gonucl eoti de D26l Gfor <400> 41 gccttcttgg
cgagbtctdc tgag 10 24 <210> 42
gaactgttcg ccaggctcaa g
21

<216> 30

<211i> 22

<212> DNA

<213> Artificial segquence

<220>
<223> Description of the artificial sequence:
Oligonucleotide IC49

<400> 30
cggcecaaaatc ccttataaat ca
22

<210> 31

<2i1> 20

<212> DNA

<213> Artificial sequence

<220> _
<223> Description of the artificial sequence:
Oligonuclectide RE182Gfor

<400> 31 .
gacggcgggyg atetegtegt 20

<210> 32

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide E182Grev

<400> 32
acgacgagat cccedgccegte
20

<210> 33

<211> 23

<212> DNA

<213> Artificial seqguence
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<211> 24 15 <212> DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence:
20 A igonucl eoti de D26l Gev <400> 42 ctcagaagaa
ctcgccaaga aggc 24 25 <210> 43/3£211> 24 <212> DNA
30 <213> Artificial sequence <220> <223> Description
of the artificial sequence: digonucleotide D26l Nf or
35 <400> 43 gccttcttaa cgagttcttc tgag 24 40 <210> 44
<211> 24 <212> DNA <213> Artificial sequence 45

2 g%i De 3> Descr on of the artificial sequence:
a |gonqﬁA idéi E-gﬁ’ 5 166> ctcagaagaa
ctcgttaag aggc

<400> 33

gggaagggac gegctgctat tgg
23

«<210> 34

<2311> 23

<212> DNA

<213> Artificial sequence

<220> :
<223> Description of the artificial sequence:
Oligonucleotide W9lArev

<400> 34
ccaatagcag cgcgtecett cece
23

<210> 35

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide V198Gfor

<400> 35
ccgaatatca tgggggaaaa tggce
24

<210> 36

<211> 24

<212> DNA

<213> Artificial =equence

<220>
<223>» Description of the artificial sequence:
Oligonucleotide V19BGrev

<400> 36
gecattttee cccatgatat tcgg
. 24

<210> 37
<21il> 21
<212> DNA
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30/ 34 <211> 22 <212> DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence:
A i gonucl eoti de F240I for <400> 45 10 ggctgaccgc
atcctcgtgec tt 22 <210> 46 152€/Bk> 22 <212> DNA
<213> Artificial sequence ,.~ <220> 20 <223>
Description of the artificial sequence:
Odganuel eabide FdQLrey <400> 46 aageacgag
atgcggtcag cc 25 2 <210> 47 <211> 20 30 <212> DNA
<2L3p>Artificial sequence <220> <223> Description of
t hezapt pddcgiiatise@pEense art39i & 4109846l Let.i d E182Df or
<400> 4dligrenacpacggegatayaabet cgtcgt 20 40 <210> 48
<211> 20 <212> DNA

<400> 37

ctaccegtge tattgctgaa g

21

<210> 38

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide D227Arev

<400> 38
cttcagcaat agcacgggta g
21

<210> 39

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence
Oligonucleotide D227Vfor

<400> 39
ctacccgtgt tattgetgaa g
21

<210> 40

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide DZ227Vrev

<400> 40
cttcagcaat aacacgggta g
21

<210> 41
<211> 24

5




10

15

20

25

30

35

40

45

- 50

55

- ctcagaagaa ctegttaaga aggc

45 <213> Artificial sequence <220> <223> Description
of the artificial sequence: digonucleotide E182Drev
50 <400> 48 acgacgagat catcgccgtc 20 55
.................... 31/ 34 <P 49 <211> 19 <212>
DNA <213> Artificial sequence 5 <220> <223>
Description of the artificial sequence:
O i gonucl eoti de D190G or 10 <400> 49 catggcggtg

I%F P¥e. 19 15 <210> 50 <211> 19 <212> DNA <213>
A<rztl1 i 8F 5 FISEGeRTE P~ 20 <220> <223> Description of
t%ﬁ%ﬁ rt|f|C|aI sequence: (A igonucl eotide D190G ev

ig 522 9G3A95A09C 36CHGGALY skRerd0> 51 30

igonucleotide D261Gfor

<400> 41
goectteocttgg cgagttcectte tgag
24

<210> 42

<211> 24

<212> DNA

<213> Artificial seguence

<220>
<223> Description of the artificial sequence:
Oligonuclecotide D261Grev

<400> 42
ctcagaagaa ctcocgcecaaga aggdc
24

<210> 43

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223 Description of the artificial sequence:
' Oligonucleotide DZ261Nfor

<400> 43
.gccttettaa cgagttcette tgag
24

<210> 44

<211> 24

«<212> DNA

<213> Artificial sequence

<220>

<223> Description of the artificial sequence
Oligonucleotide D261Nrev

<400> 44

24

<210> 45
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<212> DNA <213> Artificial sequence <220> 35 <223>
Description of the artificial sequence:
A i gonucl eoti de D208G or ,r}:~~ <400> 51 gattcatcgg
ctgtggccg 40 19 <210> 52 <2BD¥3H9 45 <212> DNA
<213> Artificial sequence <220> <223> Description of
the artificial sequence:. 50 A igonucleotide D208G ev
<4003, 52 cggccacagc cgatgaatc 19 55 32/34 <210> 53
<231, 2}yn <212> DNA 5 <213> Artificial sequence <220>
<2323z DesqriptionLhiethe artificial sequence:
A igonucl eotide D227G or 10 <400> 53 ctacccgtgg
takkgetgaa g 21 15 <210> 54 <211> 21

<223> Description of the artificial sequence:

Oligonucleotide F240Ifor

<400> 45
ggctgaccgc atcctegtge tt
22

<210> 46

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223>» Description of the artificial sequence:
Oligonucleotide F240Irev

<400> 46
aagcacgaygyg atgcggtecag cc
22

<21G6> 47

<211> 20

<212> DHNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotid E182Dfor

<406> 47
gacggcgatyg atctcgtegt
20

<210> 48

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucieotide E182Drev

<400> 48
acgacgagat catcgccgtc
20
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<212> DNA <213> Artificial sequence 20 <220> <223>
Description of the artificial sequence:

A i gonucl eotide D227Grev 25 <400> 54 cttcagcaat
accacgggta g 21 30 <210> 55 392Kkl 2406 <212> DNA
<213> Cricetulus griseus 35 <300> <310>

PCT/ EP/ 96/ 04631 <311> 1996- 10-24 <312> 1997-05-01 40
<400> 5p, gatctccagg acagccatgg ctattacaca gagaaaccct
gt.Ctggapaa acaaaaaatt 60 agtgtccatg tgtaaatgtg

t ggagt at,gc ttgtcatgcc acatacagag gtagagggca 120 45
gtbh ad ggga gLeaptdcotn@d tcttectt tatgggggac ctggggactg
aactcaggtc 180 atcaggcttg gcagaaagtg cattagctca
cggagsctta tcattggcga aagctctctc 240 aagtagaaaa

t caatgtHdcrtiget @ntcdgthgcaaticatia sghhiegaga ggggaagggt
50 300 aciaathogi4@rigggbEdayifgt: ggt cacat ct gaat agcagt
agctccctag gagaattcca 360 agttctttgg tggtgtatca
atgéeettmaa aggggtcaac aacttttttt ccctctgaca 420 33/34
axatvatedty ertetgiucct tgtccctcat atttgaagta ttttattctt

tdagtgttg

<210> 50

<z21ll> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide D190Grev '

<400> 50
gcaageagge accgccatg
19

<210> 51

<Z211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide D208Gfor

<400> 51
gattcatcgg ctgtggceg
19

<210> 52

<211> 19

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide D208Grev-

<400> 52
cggccacagc cgatgaatc
19 o
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480 aatatcaatt ctagcacctc agacatgtta ggtaagtacc

ct acaact ca ggttaact aa
cccaacactt tttctttgtt tatccacatt -tgtggagtgt

600

540 5 tttaatttaa ctaatttaac

gtgtgtgtgt gtgtgtgtgt gtgtgtgigi gtgtgtgtgt gtgtgtgtgt
660 gcgcgcgcgc gcgctcggat cattctacct
tttgtttaaa aaatgttagt ccaggggtgg 10 720 ggtgcact gt
gaaagt ctga gggtaacttg ctggggtcag ttctttccac tataggacag
780 aactccaggt gtcaactctt tactgacaga accatccaaa
840 15 tttttattta tttatttttt

gtgtgtgtgce

tﬁqﬁec?ét c taattttagt _
gt 't ¢ ag acagggtttc tctgtggctt tggaggctgt
dg?égag'? gctctt ccaggctgg tctcgaactc agagatccac
) % 1 ftf%f%ég 3 %gcg

ct'gcct ¢t gc

1080 agaaganraa
gttactctgg ctggccaatg
cagacagaat ctcaacaggc gcagcagtct tttttaaagt

900

cttctgagtg ctgggattaa aggcatgcgc
cacgaacget tggetctacc taattttaaa 20 1020 agagattgtg
t P-Gacaagd Yidbeal Oltbe JLEGirgeaaAL LAMERELCCC CCaaaaaaaa

doardd cagtgmragct gaagca cgatgatttg
1140 25 agctctaggg agtctcctgt

1200

ogggicacaa cacaggddad v t gcatatcag gcattttatc taagctattt
1260 aatgtgtatt ttggaggcag cagagct aat
agat t aaaat gagggaagag cccacacagg 30 1320 ttattaggaa

gataagcatc ttctttatat aaaacaaaac caaaccaaac tggaggaggt
1880>c4cct tt ag ggat ggaaga aaagacattt agagggtgca

crragccaaa

afgggﬁég%g cactgagttt
agbcoGaac: cocht L aakhe

<220>

<223> Description of the artificial sequence:
Oligonuclectide D227Grev

<400> 54

cttcagcaat accacgggta g

21

<210> 55
<211> 2406
<212> DNA

<213>» Cricetulus griseus

<300>

<310> PCT/EP/96/04631

<311>
<312>

<400> 55
-gatctccagg
60
agtgtccatg
120
gtttatggga
180
atcaggcttg
240
aagtagaaaa
300 '
acaatcgttg
360
agttctttgg
420

18996~
1%97-

10-24

05-01

acagccatgg
tgtaaatgtyg
gtcagttect
gcagaaadtyg
tcaatgtgtt
gggcatgtgt

tggtgtatca

ctattacaca

tggagtatge

attcttecott
cattagctca
tgctcatagt
ggtcacatct

atgcccttaa

gagaaaccct
ttgtcatgce
tatgggggac
cggagcctta
gcaatcatta
gaatagcagt

aggggtcaac

gtctggaaaa

acatacagag

ctggggactyg
tecattggcega
tgtttcegaga
agcteccctag

aacttttttt

1440 35 gt gaggt gga ggact gggag
gtcctgtttt gcctattttt

acaaaaaatt

gtagagggca
aactcaggfc
aagctetcete
ggggaagggt
gagaattcca

ccctectgaca
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“tgcaggtttc

1500 tggggacagc acatgttcct atttttccca ggatgggcaa
tctccacgtc caaacttgcg 1560 gtcgaggact acagtcattt
cttactgtat ggcttttaaa acgtgcaaag 40 1620
accgtttcac gctgggaggy wacgtgcggce tcagatgcett

1680 agggccagga gggggct aca cggaagaggc
cttgggaaga ctcgatttgg 1740 45 gcttcagcectg
gct gagacgc cccagcaggc, tcctcggeta caccttcagc. cccgaatgcc

TEICET Cagutea  ACE 146 BEE ctHg00a" 14 COLhYCEaT toentotts

a t c. calcccce
L

aGiakaaets aLALGGGEE0-AHlAba0aa ChIeALCLLO 8036939k 8%agtgt
t tdcdbagcaaa 1980 aagaaagcga cgaaaaacta caattcccag
acagagtigic gthagedotCotdeitgabgCcitgtd@4yS34kaddytatat gtgtgtgtgc
aaxmaagccc cctttaaagg aaagcccctc ttagtcgcat cgactgtgta
ageaaggegic 92300cddaaeacatthctt aattgt-t gghgeasagigist: ccaggggtyy
t ¢ddggaccg aaat gagaaa gagcataggg 2160 5 aaacggagcg
ccjagetsy retgycdchgItyiraat aefwogtet ctttigrageygrygacag
2220 aggcacttgc gtggacgcct aaggggcggg tctttcggec

RIS C (] o @Ff@@‘f‘i?ggctagztzggﬁagégfg"t?tagft:%aacttﬁ‘%%‘ﬂ'étté taattttagt

0 2340
CoaLecl, 99,9710, | AL S09E L BSEACt €20, 10 2R
CtéEi%BBQ&%% g%%QEE§¥é%t§éEg§%%Q9g tctecgaacte agagatccac ctgecectetge

gt gaccatta
cctctgactg
cacacccgca

260
ctectgagtyg
1020
agagattgtg
1080
aaaaaaaaaa
1140
agctctaggyg
1200
ggggttacaa
1260
aatgtgtatt
1320
ttattaggaa
1380
ctacctitag
1440
gtgaggtgga
1500
tggggacage
1560

gtcgaggacf

1620
gtgaccatta
1680

- agggccagga

1740
gettcagetg
1800
ttcecggccecca
1860
cattcggccc
1920

actataacca

1980
aagaaagcga
2040

ctgggattaa
tgtcacaagg
acttcactga
agtctectgt
cacaggtttt
ttggaggcag
gataagcatc
ggatggaaga
ggactgggag
acatgttcct
acagtcattt
acggtttcac
gggggetaca
gctgagacge
taaccettee
catececeeeyyg
gatagceedqg

cgaaaaacta

aggcatygege
gtgtcatgtc
agctgaagca
caaacagaat
tgcatatcag
cagagctaat
ttctttatat
aaagacattt
agggcgcaac
atttttccca
tgcaggttte
gctgggaggg
cggaagayggc
cccagecaggce
cttctaggea
teeteacety
atgtgtggaa

caattccecag

caccaacgct
geccctgeaac
cgatgatttyg
ctcaacaggc
gcattttatc
agattaaaat
aaaacaaaac
agagggtgca
cgectttaact
ggatgggcaa
cttactgtat
cacgtgcggce
cacacecgea
tcétcggcta
tttcecggega

aatctctaac

ctgcatcttg

acagacttgt

tggctctace
caccccoccea
gttactctgg
gcagcagtct
taagctattt
gagggaagag
caaaccaaac
atagaaaggg
gtcctgtttt
tetecacgte
ggcttttaaa
tcagatgctt
cttgggaaga
caccttcagc
ggacccaccc
tctgacteea
ggacgagtag

gttacctcte

taattttaaa
ccaaaaaaaa
ctggccaaty
tttittaaagt
cccagccaaa
cccacacagg
tggaggaggt
cactgagttt
gcctattttt
caaacttécg
acgtgcaaag
cctctgactg
ctegattigg
cccgaatgece
tedcegocaaa
gagtttagag
ttttagcaaa

tteteatget
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aaacaagccc
2100
ttgaaacatt
2160
aaacggagcg
2220
aggcacttgcoc
2280
gcggctette
2340
gcttgggget
2400
atgtag
2406

cctttaaagdg
ttaatgttygg

cccgagctag

gtggacgect

ctttccgate

tccecgegteg:-

34/34

aaagccccte
goeacaccgtt
tctggcactg
aaggggcyggyg
cgecateogh

ctctcacect

ttagtcgcat
tcgaggaccyg
cgttagacag
tettteggec
ggtgagtgtg

ggtcggeggce

cgactgtgta
aaatgagaaa
ccgcggtogt
gggaagcccco
tgctgcggéc

tctaatcegt

agaaaggcgt
gagcataggyg
tgcagcggge
gttggtccge
tgccgctccgr

ctcttttcga



