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or separate c ransfecte vectors
The cultivation of the host cells is increasingly carried out under serum- and

protein-free production conditions. The reasons for these are the
25 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 wideépread as these cells adapt to suspension growth in
serum- and protein-free medium and are also regarded and accepted as safe
30 production cells by the regulatory authorities.
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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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integrated into the c-nyc gene by targeted honol ogous
reconbi nation (gene targeting) (Hanson et al., 1995).
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25 h?aiosphotransferase gene). The arrangement 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. After
repeated selection and gene ampilification the cells generated exhibited at

30 most 6 pg of protein per cell per day (6pg/cell/day).
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expression vectors which contain a nodified neomycin
phosphot ransf erase gene and a gene of interest
functionally linked to a heterol ogous pronoter, a
met hod of sel ection for high-ptoduci ng reconbi nant
cells, preferably for manmalian cells, and a process
for produci ng heterol ogous gene products. 20
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Phas RABHkART 1S 8SIBCHETES high producing cells.

Summary of the Invention

The present invention provides new modified neomycin phosphotransferase
genes. Surprisingly, it has been found that an enrichment of transfected
mammalian cells with high expression rates of the co-integrated gene of
interest could be achieved by using the modified neomycin

phosphotransferase genes described hereinafter as selectable markers.



according to the invention. The expression vector
preferably contains other regulatory elenents, e.g.
one or nore enhancers functionally linked to the
pronoter or pronoters. Expressbon vectors are also
preferred which additionally contain a gene for a
fluorescent protein which is functionally 25 linked to
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Particularly suitable are expression vectors in which
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control of the ubiquitin/S27a promoter. 6 The

invention also relates to expression vectors which
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25 manmalian cells are cultivated in the presence of
at | east one selecting agent which acts selectively
on the growth of mammalian cells, and gives

preference to the gromh of thése cells which express
t he neonycin phosphotransferase gene. 30 The
invention also relates to a process for the expression

Of AL |J1\Fez?'ﬁibn%|?§o ré]ﬁl%@ t8fex edt srvﬂ'ﬁ%meﬁé’éﬁ of the  gene of
ian cel racte |se I n (1) a pool
rrammielsaooruelﬁ a muitlpzlea:fmﬁmsé@famm@ra@ratléeﬁucbrfegwé €. a

o e e B IO B Ron R Ehbb s agseon

pr ehehRltivasedy 1 to 60% nore preferably only 1.5 to
30% nost preferably only 1.5 to 26% of the activity

5and/ or one of the nodifications described above; (ii)
th
5 Dyaeltlr BaPedt h RirfEn sDESs RCHbRRR HErinaRon el
nodiHicrecomtaimngree of thmmmmmarmséénaxbﬂgbne@mycmu ) t he
manmal i an ceIIs are cultivated, i Lhe [ €§8Ne .. Of
| RBpSBIEr I REes SEnasAreo Il Berd arueng o et M present
U Nen\@navh helafds FREEBMbA B W\érﬁm@ﬁéh gbNewhRhe et t 0
the growth of those cells which express the neonycin

10 phmwafacmmtb anecofdba expeasgion ectarg acspiting fo the ipyention.
ﬂﬁfpg' n}ﬁg EJ +f?f’a%' O)Ff‘%crdgﬁ]blﬁéntar% ﬂ%’%ﬁlgngﬂgé{cﬁg?gﬁﬁbmﬁ?t hamster

pr eggntuch s el g.abHOuedliseor BiéK abbsateopa’upulaclgmefbued In
obt ai ni ng and sel ectin reco

oh eOR el e rese T Ba e 4 S0 B BHEN RS rpcadsionally
Ir gggﬁgﬁded@ﬂmhé %eﬁ@%ﬁ&ﬁ §Hp‘ﬁﬁ§blb Reldb®bléimarker, e.g. with the

I nant manmmali an cel are transfected with an
15exmmaesﬁmﬁnmbotﬁﬂeaed@MaSQﬁDHERﬁhe i nvention which in
addition to the gene of interest and the nodified
neonycin phosphotransferase gene codes for a

f | upEpceMorPaRbetRited id A pidtesERsmerrichihg eebhhikdre mammalian
cul tivated under conditions which all ow expression of

t heefe nbidy oxregeRavodified AEarySin PRIRPNGERESIHAhIRR e s
f ol Q%ﬁ%{tr et ?\G(HEt fif Qh‘abﬂzﬂﬂgsnm‘ﬂlan'&%f ﬁ’gn%@@éc\hﬂﬂ agene

erase’ gene Ian cel are
20 C u Ifb:r 5 adaeiifiech nedmypmq:zrmspéowanﬁeraseawhlmim% en lsfc'lt 1i0n@0%

Ry Sl L Rl PV S pos et

Qﬁﬁ%w {o2aMi shthexdtioRy ahbRr aa@rarmmmodmcauons descrlbed
o) otransferase gene; 25 and %/g t he mammal i
H

mcelamvar i) e memmghan sallcgredrbivat ﬂﬁ%@rsdltlcms "Whish allow
- "H”m%gé%é?@# 4 rﬁﬁ&fﬁeé‘?@ bﬁﬂﬂféhé(%ﬁr%gr;&g% egaﬁéa 8ﬁ§;dand (iil) the

259enfamtdiantdedls [drEEuUﬁated intthe Wmetﬂf@tﬂst onktselaatiag agent
the manmalian cells unﬁler coRdl tions i.n \ J]
anmpihieh A6tseselectively on the growth of mammalian cells, and gives

preference to the growth of those cells which express the neomycin

phosphotransferase gene.

30  The invention also relates to a process for the expression of 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



30 selectable marker gene is also expressed, and to
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25  and (iv) the mammalian cells are sorted by flow-cytometric analysis.

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

30 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.



transcription unit is indicated by an arrow. The
anplifiable selectable marker dihydrofol ate reductase
is abbreviated to "dhfr" and the sel ectabl e nmarker
neonyci n phosphot ransferase rs8abbreviated to "npt".
The NPT nutants 5 E182G (SEQ I D NG 3), E182D (SEQ ID
NO 19), WB1A (SEQ ID NO5), DI 90G (SEQ I D NO 23),
V198G (SEQ I D NO 7), D208G (SEQ ID NG 25), D227A (SEQ
ID NO 9), D227V (SEQ ID NO 11), D227G (SEQ ID NO 21
D281té‘5‘e(£ﬁp thé) pmzessps appering tsatgeummonareamwﬁzag with

oAl ARG e el Sro B SRESER L8 he
at ntéiﬁmléﬁa‘:h MO whiti sratcetivalddinl m;@rsmﬂtulture Other

originating fromthe encephal omﬁocardltls wrurT T5
5 as embadimertsaelate Bbgwrssww ighitae garmaliemgells, preferably

casé r\fgﬂqcﬁ drk %ﬁ%g{éd%' Gop Its n@%‘h”htescﬂi lﬁ\‘?étéh QIrid@F

oW n reen uorescent protein
" MeBrU -freedesnditaanst he Monocyt e Chenvpattract ant
Protein-1, whereas "HC' and "LC' code for the heavy
and light chains, 15 respectively, of a hunmani sed

MO RRGEARAON bR ﬁglt"ietgody. Figure 3 shows the part of
t he sequence © e neonycin phosphotransferase (npt)
10gene in which the point nutations have been inserted
by E i t :
Eiatel! BaMS s HER Rl R eedNBIGTPH It bask) Iekidys used to
r egixpresstthe easorh bieasthpioteihstin SHO-DGHH cellse "PHE" i |s a combination
[ nucl eot i de

fl -cod Th
1 P8 N GRAEEST AR BT St BN S B r St Pt En o
(3ihGLARS é&@ﬁ)otéﬁel%ﬁt@ﬁﬂ andlove 4 Widﬁ%l@h&l'f@ﬁﬁaﬂ@nmlon

sequence. Arrows indicate the direction, | enqg1
15 posihichois rwectada‘op thmmlyadg@dathm@f thetenscripe rrtt%NAd The

or SoSHo LT A% DT AU AR Pl B W B FehSeribeh unitis

pr 'nﬁ@bét,edt wairb&d Horrsishihg the hétengogtngs generea Sequence
Neofor5 (SEQ ID NO 27) or Neofor?2

S
| ofegien vu mu&tmlﬁ g@ttlpgéltﬁﬁtforgrgﬁglcgprgteﬁ omqig§§%':‘r]2mult|ple
S' § Tbmﬁﬁé?tg&f\lehﬂg?% s l?%%tgd"ﬁtétﬁ@) g)ﬁg':fhotér'éfem&ﬁ’t' ‘éﬁté B@plifiable

20 NOs%t)a)ctdahﬂe amardteddingdiafelate cdductaseripabfeviated t@odlnfh"eand the

t t t T, | eot i > "
 ERRERE el RENBY P pa TSl P BRI 2 et
abQyR-§pe PeipeWitast) aTHeWRE $0clchidgit conving fromsthe
conserved domains and the position of the inserted NPT

nutecephalom tosRritiherygpacisAmiptaialdasgma eatry gifewithin the
baso Ss %mé ?&H@Qﬁn@ r{\f’rﬂpjal‘?@' ﬂﬁblkégtt Eatghfdcf &S MWllowing green
rt (f d enzy g

yCOSIde rent conserv
25d0moh§scmtprotdmn‘0ﬁﬁ"ed V\/Ithl n the NPT protein
sequence (shown 5 in grey) The three notifs in the
C-terminal region of the enzyne obviously

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 fransfect CHO-DG44 cells.
30 "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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Neofor2 (SEQ ID NO:29) located upstream of the npt gene or the mutation
site, respectively, and the dot-dash line indicating the primers NeorevS (SEQ
ID NO:28) or IC49 (SEQ 1D NO:30) located downstream of the npt gene or
30 the mutation site, respectively. The nucleotides exchanged with respect to

the wild-type sequence are emphasised above and below the arrows.
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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
30 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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30 vectors also contained the GFP as marker gene. After 2 to 3 weeks'

selection of the transfected cell pools in HT-free medium with the addition of

G418, the GFP fluorescence was measured by FACS analysis. Every graph,
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phosphocellulose (Fig. 9A). The radioactive signals were detected and
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30 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
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25 progranms”, Nucleic Acids Res. 25:3389-3402).
Sequences are in correspondence when they correspond
in their sequence order and can be identified using
the standard "alignnment” al gori4 hhvs. The present

i nvention provides new nodified neonycin
phosphotransferase 30 genes and net hods of preparing

g ROHRE EhADETREIRL! Gré Elibielicads o gguenua@émewa@eplms
ression o et erol ogous dene pro preferab
b| epd’malgniibe ebhcantrationedfdhanyGRanyipedy irdide asll qaﬂtuteesu]sernatant

The oce ses 1 ac.cor e i entlon e b

or Bhie s asifipte T BEH Ry A AT S o4 BT TG ppecifi
to Fchﬁmﬂ@wep@if célN&fd B8k d@((ﬁgﬁé@i*aayl)&@é@’@a!ﬁulated In all 6 sorts
phosphotrans erase gene accordin he i nvention

5 whivghe gonesand i eagthedsecihed edfice %lwgbﬂaehﬂgr@st GFP
ARt Al R R Sl ro PG trodd o
phasph ek andpfzivaseng ineScrohfiiSksgenes) according to
the invention described herein has a substanti al
seI ective advantage over the wld-type neonycin

{2856%E ﬁ%lrﬁzﬁé@se@"lﬁ N pesitivity Bkisieved by combln:ng a
rt cularly relates to the use of mut ant s whi ch

10 a (Eiﬁﬁébgsmsgle@tlanwm aryMIghpapbiicationtster iaking 29 the examp|e
Mo =
o Mo peean o POt S0 R cro-

t oD mﬁlltﬁe Qécﬂ&PQ'pBHDl-fbK) BhdquBINGJBCftI% 5°/anf &k with the
1 to 80% onl 60% of t he

2%‘ I sh GRR (lugresesnds War T oMbl B 9ok Aghes e dnr-
|
RS g pheadoifed b g b IrO R o
15 26%eihoira>eateéwﬂ'9@ﬂoahe culltqlry_medlwnNWmeanompatrtailmo’émeymAb in
e tis e gt s uBRaiRe b nabi s Bt Ry BEA5A apa the
EX@. buﬁc bradstt@ity per asl Med bef dby (ﬁ@cér Iraay pwas walodidtg@ eEach

| neo CI n phosphotransferase refers to a_neonycin .
phge @@marmres%té tige AueiagiecH & derst spulivadion runs in 75cm
amggg%yco& de- 3' - phosphotransferase Il enzynme (EC
5) the gene of which is naturally transposon
20 5- associ ated in Escherichia co/i, and contains for

25 S
NP 14 Sodis e foragtRn e $$r§ﬁwegé%§mcpgo§$wﬁqud the
SE%#@ﬂh@elsceﬁeé %WM%@E&(&%RT lIiNE S dridl wfl PigS 11).

7 ) - am nogl ycosi de antibiotics such as neo;_r}/m n, kanamycin

andhesegellppols wacs phiginastpy ansfrcting 6HQ-DGAA with the vector
tr anshShaltin BH-HY ThdBBINAAE S RErdibibted to sequential

25  GFP-based FACS sorting, and the 5% of cells with the highest GFP
fluorescence were sorted out. The concentration of the IgG2 antibody in the

cell culture supernatant of the pools was determined by ELISA after each
sorting step and the specific productivity per cell and per day (pg/celi*day)
was calculated. Each data point represents the average of at least six

30 cuitivation runs in 75cm? flasks.

Detailed Description of the Invention and Preferred Embodiments




the 3' hydroxyl group of the am no hexose ring 1. The
termw NPT also refers 30 to all NPTs which have a

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

NO 1. This includes in particulzar- those NPTs in which

the enzymatically active centre which catal yses the
transfer of a termnal 17 phosphate fromATP to a
substrate is present in an identical or nearly

i dentical conformation (Shaw et al., 1993; Hon et al;

19&7t7ie f@mvhngnnfahnat:@ﬂﬁn)he amina acid riﬁ:aﬁioasaf@h:wr imash case to

t
ce Besfim Ly r8ied 4 A bR b he WHkaLPE nklyefh e
enéMH@prﬁatﬁa‘sﬁféms&gehé with SEW 1 N©: abByh "&ﬂocﬁfmcﬂﬁ@amycm
preferably 90 to 120% of the enzyne activit

5 di phpsghairansfeasaIengels Meants natelc asidpyhich %/@ﬁqsefOf Re

L

Fuhdeimgnt diffeyeniragiino eei! faore the wdldttypedpeoteimatt dideast one of the

Sl S B o U RN

ﬁ Lfs {8 thsmv.rdh@pé Wastkirf witth SERQ ID MDD #tHK context the
etlon | east “one or nore am no aci ds.

10 Delm“m' 'drmmmtngeus". roaans that thes sequariceredipnagars/ing theyautation

d fi N
pr g u%&gﬂﬁy‘ﬂﬂf‘bg é@?@ofggpg%mg:%%gél%ng %%/ggfegce, in this case
”E‘H'@ @eresrane wliedypeneensaipl shdsphbtahsieeasshacauiding to

Zorbas (1998) (Chapter 36.1 wt er references
SuSRQ & NP7, (Uﬁmgfﬁ%c%?aqs PB‘Eﬁ'{B "@f*@ﬂ P@teﬁfqﬂw )Such as for
Ph%ﬁ g‘ié @éLAsT'aétﬁts LRSS GMIE WSMiIas Weﬁ\/ﬁ@r@tliw & Lipman,

east the amino acid tr pt ophan at
15 20 Dadri (ﬁ@%hi&ammcai aiigranenttsearemiosd” dcMel. ﬁigt 2Pp@d03-410;

aci [
2t it RSB EE T o5 Boediaubos BRUBh Al 1oy
amd@ta&tas@remmcyl dbapers? Nlamie Lehet! B268R7H Mm:ldén T.L.,
artic acid at amno |, position 61 or b%q_m "
aC| @ty -l &fihae%ad- (élﬁrqﬁ)o Appligaliens ? REwoR server
be I -804 3t NPT, S5 to
ac el ERE o SREN L, Zhalor T Mo T 2
20tr aﬁeWecBle@SMw aetwerk BLAGT apmi!darugh fexiptessetiveror

e CUICIMAGE oo e el SR e Bliop P iBhie Res, 64965
PO |iskRIS s?éphelrﬁﬁ Thaﬁmasa_ZM@duﬂrpwaéadmA Sbﬁéfﬁafrr gitghui

Partl cul'arly advant ageous are substitution mJ S,
. &hangt aheeg iZhanai \WebbrMdilles anddavid d. bironan { Wg?%t Gapped

{1 A0 BRSO, KBS, Ml 005 P ek Barde

25 Corp’r@gr@wl NocRibAtids ResoR5: 3&&319a$14fﬂ)1 Beqbend:esaamhange
in the corresp ondln am no ac:lg ads to a

in wﬁesaﬁaweawh% 8Y CYHFRCE 'W%W WGW*P% g?f ?'88 can be

80%3entified using the standard "alignment® algorithms.

The present invention provides new modified neomycin phosphotransferase
30 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



18 preferably to 1 to 60% nore preferably to 1.5 to
30% nost preferably to 1.5%to 26% Particularly
preferred are nodified NPT genes in which the amno
acid 91, 227, 261 and/or 240-has been nodified
accordingly so that the enzyne activity conpared with
the wt-NPT is only 1 to 80% preferably s only I to

o0y B S R  BP SoRERL El whe
nmuirpatiditionWaitied gehe ofiifitaresbeimleas a rasvmMmaiaphospiatidnsferase

227 has been nodified in the forms chtht the enzy )
ac GPPPAFCErdIng & HsdnverEPNgT Jiyeath %6/5 cefls &selective

gr %fﬁgéﬁ}%&)é %%ﬁgra\bst?%tﬁgéﬁs 50f rsﬂ{&% &f ke HedPtMRRIthat the

o conpare e w - NPT. According to
5 aneiskaf teerbulifimchneahydin @hpﬁpb@ﬁﬁnﬂfﬁl\aeﬁtgems (mNPT genes)

ARG B Yol RGBS

I elé@'vﬁﬁtagescﬁ}eﬁ?lﬂ% eld-taiengbleini grsphotransiarase gbdne (WINPT
amno acid positions 91, 182 or 227. Moreaqgver, the

gl @enr)-c Thisirertieuiany rRiatesita thype obmutantsavhighhawe gdower
be eﬁ‘gghcﬂ'vﬁféﬁ‘g’%féd ﬁntﬁ‘%%tﬂlPTaS paragi ne, glutam ne or

any er pr negati vel'y charged am no acid.
10Al so preferred are rmdlfl ed NPT genes whi ch by

ord uaq J?)e‘rhe Invention

tryptophan at am no acr d posrtl on 198 Also preferred
are nodi fi ed NPT genes whi ch, by corrparl son 20 wit
vvt Nmas praed partigilady suitablpdaiuse mpdiied NPT igepes mthlﬁfé code for

Eﬁ AN i \);r?%onlé(yf 380 Bréf%%‘b&%ﬁ? 1 AR Qﬁ'tﬁ@enzyme activity

rtic acl no- aci posit
15 26bf wtNPJar Prefetireui NAT mutentb exa tasenthichdtave ctrﬂay tl He 30% of the

o SACER i da ] F s I i e
an‘en%gﬁr?e‘lgétlr\ﬁtyaéf WANEE bad bartiRilde/ prfémd® Vﬁh% S8 EIRtivity of

to achieve an“enrichnment of transfected mammual i an
cerars Nm teanhbghdeigpniesdi 1 exanepleo ahdok assai @gr deseribed in

e t esult that these nutants
W’?l %T’@?ﬁ&eﬁ\r’éﬂéf“@?@gé&i Il nore preferred are
20the mut ants Asp227Val , Asp227Gly, Asp26l dvy,

Asp261Asn Phe2401l e and Trp9l Ala, as tThe gest .
enrlienteEmWHGHYES REAE YN PBQQ‘H‘QE@'%GF?H%W efhie 3 ngAmycin

f r -
coRiesHflowpilstentelifla GHIA coleB iR B Afinodlcote 3
to db@sphetnama‘br&se lrenk@ns (EGr2. Frﬂe%)dhecgernemfo\fhlch is naturally
nsfecte 4 cells, un rumfr
o AfTSPGHan Sragcries it Exthd i, L s Rpa it dibte the
25" EHSRE K ¥88uence given in SEQ ID NO:2 or is coded by the nucleotide

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

30 o all NPTs which have a comparable enzyme activity to the NPT coded by
SEQ ID NO:1. This includes in particular those NPTs in which the

enzymatically active centre which catalyses the transfer of a terminal



function of these nmutants (Aspl90dy, Asp208dy), only

a fewcells were 5 obtained after the sel ection phase,

whi ch were noreover severely inpaired in their growth

and vitality. The am no acids af positions 182 and 227
based on the wild-type are non- conserved am no acids

whi ch are |l ocated outside the three conserved notifs

lo in the C-termnpnal region of the .. . .
anPhOsPYa s AT i p St PRe Tt pEfSR0LD an ienaler nearl

at jiftichl 6B AETP(Riwe BS|. t TDI3) @Mt o018 \BR Atk 28N 02001)
acids and is |ocated outside one of the conserved

no@nddhus hep@ eenRaraPleaenFvsRs aptivly ter@e enzyme which contains the

gmaﬁ@%%%gas e%ceFH?‘ﬁEgbf{\gg% ﬁ%@g@gﬂ' H% QQBHQ%? O’E Rézyme

position are cons
5 amagetividcif dsemhlb[ﬂsfmnoﬁt Be o158k, rprgicvablp D015 124086 NPthe enzyme

E gmr@ Qgg%&te essNgg_t (iefg\%dt&g&éﬁoli)e&é ,I\ghlge he acEEXnty can
Co%%%é‘t@ﬁnﬁ%"ﬁtlﬁ?d@t éééa%/rt%s‘bhbé@' ﬁEﬂ@ﬁg#‘tﬂ anH‘?éfefrre@if to as

the CG-termnal region aw et al ., Hon et al
19WethBdik et al ., 2001) 20 Conpared with the use of
wt NPT as sel ectable marker the cells in the case of
the Aul 823Gy, dul 82Asp and Vall 983y nutant showed a
10 Pr Fdipelamaritatly prférees etle hyiuantaiatrereinfthé. réductiort in ithe enzyme

the case of the Asp227 t ant rodu
i n@ctybe gompaed with o\wﬂ@fﬁs ased OIP aj"o 'ﬁ t&sﬁe}A@fe ffuno acid
AS R2a(iEx@e Ok g T g{heo"sébﬁﬁh%ﬁ Paé@quéﬁt d)rV bléDétlt‘)ﬁsof at least one or

i ncreased 'by~a factor of 2. he case of
t hendtiee 24010 eacids. ASDEGBIIQQD :mmnn md)caw@stltwtloy magants can be

'tﬂg)re WL % %lt%?gﬁe%ifﬁ‘g%gerﬁgﬁl %na)?)?m;?b%%%ﬁ%as%u%genesis
151 n(ié@ﬁﬁiéﬁeéw Suifaitnd eictnbd® afe desdribddl fof @xaipis ey difspeich and
mul ti - chai ned protein gan anti body), co-transfection

waZashas  FPB)&haptamb. i wittpetheerefe@nseds wer e each

expressed by their own vector, one 30 vector
additionally coding for the NPT gene whil e the other
ve@uprisindlyditthas beemefoany khdt ibeampah phbapihatransferase mutants

AR LReA SRS TeE aaRets B b et B St nrig tptorhan at

20" CCRARLERM podBoRTBl | fR: &ﬁldosadm ghRafi s Es at amm&a&|ue¢b3|non
neomnyci n phosphotransferase gene, characterised

t halt82 the ampwpacidivalingnabRminp seidiposition; 195, dne amino @ptdqasparhc

B L o

pr gfositialpl 36 Lobtheanindacin shenylakeairebataninb doid ﬁﬁ%lonQ40 has
andreon diseedeomperecdpi AT O7S FHsSEIR B VR tCaaYy
25, oG SHIRRARAL L 868 et $819f g orpressi
neaatecion the co-integrated gene of interest. Accordingly, mutants which affect
the amino acids at positions 91, 182, 198, 227 and/or 240 are preferred.
Particularly advantageous are substitution mutants, i.e. mutants in which the
amino acid occurring at this location in the wild-type has been replaced by
30 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 wi-NPT to 1 to 80%,



phosphot ransferase gene; and (iii) the mammalian cells
are cultivated in the 1o presence of at |east one

sel ecting agent which acts selectively on the growh
of manmalian cells, and gives pgeference to the growth
of those cells which express the neonycin

phosphot ransf erase gene. Particularly preferred is a

cor i n s ' e i fd,ed NPT .1s
AR R R S bbb To B TR TR Peseon o
pantg%ubacky. Phriiditartyostefdradi athogigee NEE@eﬁ@ﬁ&SwﬁQ:lh the

a nodified I\{E’T\/\hlch, by co rison with t

wi ALY BEidge @2708%@“#% r@?ﬁ'ﬁw%e%ﬁ mé’ﬁ*ffi%* %r&ommgly so that
po 2 al

Dop B8RS achly Shf5i i L ASIRREISS S’ 1 800 Bctra
5 19®nlyf ‘bto 80%nimre mEfpcatnig ooty 1.&1t0 38%atmasti prefmablg only 1.5% to

t for ci ne..or 20 sarai e, at_am no

b8 oloff Greragta & X BLPSyClipd RSB TG B By Soid o
poétﬂlh@ Bciddsibitiort 227 hﬁ@ 'b@eﬁfrﬁédﬂf €M tﬁéqoﬁ‘ﬁ"gugﬁfﬂﬁ%@t the enzyme
whi ch, by conparison with the wild- ty gene code

f oﬁCU‘éﬂy efdhamegified Nich & lg@%thano%“/zmeé@fa lydvetveen 1 and 20%,
AN 261.
reBriPIp beRaed fUCiet BRORARIH BESHGIER, 0y
10 corrparl son vvlth the w |l d-type gene, code at 25 am no
aci d OSIt %t40 for an isoq/(ﬁum ne or. at am no acid
et

podice W@ hegembg e BregeniiBregiaa Igrantageocus
comaﬁ@raré%éé@wmcrﬁﬂy%nﬂﬁr@oﬁ%fhtwmpﬁ%de%ﬁg%%,
W t he w ld-type géne is particularly preferre

Na@laramne, walmﬁ,eleUpm@s iseteucinge pheoylakinie phiyresies at amino acid

acoarlibfl Yo 1 BR87 22 o AR o Fuf SRl e gt Hinin 980 position

15 COﬂBQﬁﬁéy Qﬁoﬁe telilﬂaéb@i Wﬁﬁ@ﬂ@@dldﬂgsmgmea@mamme or any
exchanges. - The present invention further rel ates

t o Ot ?f@(@@y éﬁﬁﬁ@!%lv SGhagas Fpnoaid hA‘W@gﬁffﬁq ane modified
h

h:{hg{gbgg%‘u@hgﬁ% %gﬁﬂé&g%%ﬁ% H g{hﬁ%’&%é oy | rg ))&'Wéj dhife,

p h b e, nmieaﬁaana,smergwiemaectwmm@ ot prﬂm@han\m rniion acid

e SSRUaR S, A Ry S i B T U5 5o i Baror

20 NEQAGIIN PN QRIZOFOF @ﬂ/%fr@! éﬁ#}lneB){e@bmé qg\ble@éme' SMErylalanine,
enzyme acti'Vvity for the pur@oses of the invention is

medytosiag, Bypiprbaacesharaginghybtaneiberas 45eadEs acd ahamine acid

refera

6‘0@%8?0? I‘%ﬁ‘ gh)zloﬁé&gcr?ﬁ\ﬁaﬁ? %e% @Pﬁéﬁ%&&%@% I%ﬁgil":’i 0 one

en@dﬂmwdﬁu’[mm G’sﬁﬂAliaOVarl\%Gﬂy @meIZG)AM MMW&I

activit enot es an enz act i VI 1

o GERAEEY, A2 CH AT BN R ERAE. aam%eq@‘brﬁ,r@amers t

ph

25 oA By ARl HAET A o ERERELA LR B cols wi

high expression rates of the co-integrated gene 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 Asp227Val is

30 particularly preferred.



15 a nodified NPT which has only 1 to 80% preferably

only 1 to 60% of the enzynme activity of wtNPT. Also

preferred are expression vectors with nodified NPT

genes which code for nutants- heving only 1 to 30% of

the enzynme activity of wNPT. Particularly preferred

are those expression vectors which contain a nodified

NP [

260 S RE S B TI0bR i hEP R th AT n b g e drtuitable

be'rrrzgjkerréefbetrm mecticnn mﬂieardarﬁsbctad £H0-dB544 ichbsl under serum-free
dreferred to

B saraBRorisn A eI o e mEStE G BoLaeY enzyme
c Omr%tsan%ﬂ?ése r%@téﬁts '(‘Ré’fb ‘fg(ﬁﬂy NEdpowsc), *&?Mﬁ‘a R8P Rells were

nodi fied, conpared w th NPT, at am no acid position
5 Tr pbtaln@l afiazthemla_@@n mgzwhlqhh@amaoncreomer gevereloimpaired in

[ text, NPT nutants are preferred
o arouf] gLt position Trpol, G ul82, Val 198,
Asp227, Phe240 orAsp261 and have only 1 to 80%

preferably only 1 tq 600/ nore preferably onI?{j 5to
3o%eaﬁwnﬁ@ﬂd%@t RASYASY %/amh?g based 9nhe,vgid-type are non-

é%g%r@%ﬁ a)l‘rggbf a%fd&s%rygg ar& rlc?d:gg% %ﬁél ki g@@f@rﬁ.‘é‘r@éd motifs

10 gI yreiheeC-temnianal :re@on/aﬂ thaeam||negb/msde%@heapmmteansferases The

phenyl al anj ne_ or t the 22 corres

Poantng At S P Bled tslbndi A8 oot eseR pfhorggide and
MaYys ksRd &ﬁsﬁ@%r@c@ﬂhbmoﬁw@wrﬁotﬁ@ iirfltheANR8maBiaNfgion of the
gl utam ne or another preferably negatively charge

amanun@@ﬂvrépsmi@@opb%m@tmf%rﬁ%ew fargepstite g@ﬁ&amds at
nyitl‘c‘)ﬁgqsg%fnc?ﬁﬂ(f bRCeoreAl Smn{oeé‘cﬁbg‘ﬁﬁ HeS6L t@HﬁlhE?l;:?gmn of

al ani'ne rosine or s ryp an a am no
15 pogd NOT, baBaconpesrtbieds butekdsPie cbnsetdfddtmmirfs By contrast, the

e ach, B o 25 ShRLLF 4y MED o201 s gt conserv
t r%tﬁ%ﬁ‘% @t—teﬁmr{é@r%bﬁ @Pit &) 4483CABRt 8 ‘1‘997‘ Burk et
Al'so preferred are nodified NPT genes which

codﬁ 2@®1bly0|ne al ani ne, | eucine, isoleucine,
phenyl al ani ne, tyrosine, tryptophan, asparagine, 1o
glutam ne or aspartic acid at amino acid 261 conpared

20 WM JonibNEd. witH tHeSusdpafr WiNrrT at‘:;b&&l@i&tﬂemadert heUsstisdn the case of
mut ant. wherein _the aspartic ac position 227 |s

r el GRGIY G HRAsR a4 Wall 96@1'}{ W@tamteﬁhws%@ %Productwlty
i S%c‘?&ﬁ%&gby tahfﬁcﬁﬁ Rf% 14 C2 426 ﬁeacfas@%?' thé %%gé? Pmutant
y’ an_al a

[‘ace ni ne, vali eucl ne, i ne or
gl m-fanimom;ty paast incridased joybyfaglqrcnf &5 od. 1a5|pethag:|aae of e

Y Al b P g3 e SR T R KEBRER 8 lor o 22
253 WE32(H the E01FANE BhebUbft B Asp¥el AOSHWant 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 of 9.3 or 14.6. To
express the multi-chained protein (an antibody), co-transfection was carried
out. The two protein chains were each expressed by their own vector, one
30 vector additionally coding for the NPT gene while the other vector coded for

the amplifiable selectable dihydrofolate reductase gene.



Asp227Al a, Asp227Val, Asp227dy, Asp2613y, Asp261Asn

or Phe240l1le nutant, which in the case of the

A ul 82@y nutant contains the am no acid 20 sequence

of SEQID NG 4, in the case of 206he G ul 82Asp nut ant
contains the amno acid sequence of SEQ ID NO 20, in

the case of the Trp9l Ala nmutant contains the am no

aci :

Vai 1550 SREPLhiEE et IR o Hhroges s i Bl iiFior pecombinant
SEQAMMNDE8, célts whindch eapwsefatrhedvhefjme"dnmcimmmaphotransferase

e Bkl R A R A AR 16 B ettt it 2

acigénesfof semetified mEehidh E@oé@hotkéﬁs‘f&%s@%ﬁcﬁfha%h&lly 1 to 80%,
Asp227G y nutant contains the am no acid sequence of

5 SEQreferakty A2to §R%t Feore seferably Aed sg0@1 nwpst preaferaply 1.5 to 26%
d fh
oo A0SRy AR SR b B, Mo e of he

acimdodificatiorsedederiBEQ HdPeiNO(ih&h8 anamehaliant detiscareecultivated under
t he Phe2401| e rr%gant contains the am.no acid seguence
of COSEHONS NG MBUQW pr BXRIEEEIN; s Sin &6 eOLP neomycin

Ve‘gi% spHéerHsf@Fésésggr?% i{a %I Aﬁ@aﬁgtﬁﬂallaﬁs&gﬁ]&r@ Sliltivated in the

1Asn, Phe2401 r Trp9l Al a rmut ant
10parresence nyatn ieast o Aelgctng agentawhichb ani$ delestiveinon the growth

9 IE\(/S TehRegn ' QUS B gy SReloreli fEthagra, hdge cplls which

It expreaged risontyn phosshdtraastalaseguasce given in SEQ
ID NO 11, SEQ ID NG 21, SEQ ID NO 13, SEQ I D NO 15,
SEQID NG 17 or 5 SEQID NG5 or contains it. In

adqjérhé’u a% ?gré?éﬁée@ a'cBYr%ﬁ tg ) gg Ip?cyééé%s\zvﬁreﬁ JsBe afrh&gﬁ‘ied NPT

time no neonyci n ansferase genes an
15t hggegendegoriodddn mqrheiemrm\xhnsca‘rppdnoaqﬂa“r gartioularty WthdPTodified

ot R Bont o St oRadpt FabuipbliP TN eb S FopRayag Wihdne

Pr iRy pleryeeial b@ﬂe@ﬂfrtélé‘r\!h@%k ¥mifd QYidGRsitfor 91,8 dlvEipk
time Tr p9| Vall98 or Phe240 mJt]ant sI \j\*ﬁ%(l:h have éy meor

r ecsOOH GRS 6 aaine ridypasdiarat &l faf glicine N BMIT gcid position

o e e R 55 ASAE BF R FREGRNTK P Sovgpe o

202l atparagibe aaninaacid pusition 261 arlforisme@uy@ !aﬂama’(o acid position
positiagn 15 198 and for | sol euci ne _at position 24

Fgr%ﬁ)eﬁwrr@oretmsfeﬁfe&%ﬁt P heeRes shich iy sfeRarsan wmthe wild-
‘;'ogzﬁe P &]%D dk 15 VAMS al s acﬁg%”%?l@ﬂ Zth ShMdNidr glycine

cine at position 1 ani ne or
valandéomsn@nagmecah apfio anid gasmitiorgl§ti Rartaulglysirefesred are

26 d t he gene uct. enzynes

ar ahod BPTden PR RGBY cpepafifnie WihihF iR BEEETE: bpct
25t h%rhtﬁ\!&&ﬂﬁcﬂ BBsitibA 24DIfSr &9 Rokicinder Z0amIrRS&id position 227 for a

invention provides for the first tine nodified NPT ,

wi tvelingewhie 8o NIRRT @ene 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 according to the invention which comprise a combination of the

30 corresponding amino acid exchanges.



sequences according to SEQ ID NO 4, SEQ I D NG 6, SEQ
IDNG8, SEQID NO 10, SEQID NG 12, SEQ ID NO 14 and
SEQ I D NO 18. Mreover, the present invention
provi des nodi fied NPT genes wi th the DNA sequences
according to SEQID NGO 3, SEQID NG5, SEQ ID NO 7,
SEQ ID NO9, SEQ 25 ID NO 11, SEQ ID NO 13, and SEQ ID
NO-1.Z, , k0t : .
NOTHE pis NPl S B8L o S8 0L GbRRS op yaggors whicn
30 contemti) anhetenpibgses gand of interestitinsgonEiydimket tamy
l ength i ch codes for product of interest, The
gonBGPIREREE Fpmetar k) 8ot eH BSPmYFe Rehglrgsisrase
P el hccBRlid & tHeBve PG R ¥oddsderE Aeoffycin
derivative thereof. However, it 24 nmay also be RNA or

5 antphoepbetrangderarlrevigjen dasflow mneymst atisigy bempaessbwithiwild-type

its full.le in shorteped form .as a,fusion gen

or Teottyan, SRt eliotsbak She.“Big, 'k e Hiudte PRI, ARy for he
Pr ¢fuepeddyofatRblAn@intionis ARen dhrzl oty whiich corresponds to
fusions. The gene of interest may be the hative 8ene

sedhenest 8¢, prefamphnt to Btk Mere Rirfaseiisofls & to 60% of the
no : a0 RN PIrC ﬂsﬁ&ﬂ]@
op%n%‘y@%t?%ﬁ@pf) or aggpﬁdﬁgﬁgbggtﬁgg% cu arﬁe%gftthgecfr[esent
10 andnventieni ‘Ekgmer?anzym@eactg/ﬁy'éaaﬁotbsm:re&sﬂyrrrmactivﬁtlgrof 1 to 30%,
exanpl e,, .C a_secreted, cyt asm c, nucl ear-
o AR b e e kst G et e e Reb Biea
polyRephbfignsféasEhe term "nucl eotide sequence” or

"nucl el ¢ acid sequence" indicates an oligonucl eoti de,
nucl eoti des, pol ynucl eotides and fragnents thereof as

el o . e
1A 3ol e PR RUARIENER (el Ricn codos o
151 epr eaedified NPT odiicrghas ordyn-1cted B0OY, Siretensblpfordy gette 60% of the
Nucl ei ¢ acid sequences_may be nodi fied using standard .
t e IRV T SCEVBh AsWIRFE; ¢ AlgpeliofEednArggeKeessiop, vectors with
PCR- LAt e S ' -' 0
o Tpaed JOTRERACARRNS b for ARRENS REING orhP TP B% of the
meanzytriee gotivipe rafy woNPTEapakattiguieily apesfered i ares dopsen cexpression

of nucl eaot.ides in a nucjei id, for .exanple a n .

' VESTE SRUGRTRn AN 2 MO B Gt B dof liags heving
20t heoriy M Besd s20% @F hele I@@iz%ém%f Sacllitl MB¥C WANPITeCilee ictivity being

such "as for exanple rRNA, TRNA, nRNA,_ other RNA

noldséeinaised ciDNlieo o @isgpe plasgebed nnabExapplegidcand referred to as

pr ccordingly, a gene codes for a protein if
thgﬁgt@édr%\d protein is produced in a cell or another

bi ol ogi cal system by transcription and subsequent
translation o Bot h, the codi.ng s

md@@%ﬂ@f&ﬁé@%@&”ﬁgﬁ@eéﬁgnﬁl%m Sror g0l Neclnusontain genes

2 532%3@%@2@83@%\3 @ﬁ/&é&ﬂﬁ%!rfé/ bBkR nGhiHEH, ddtnSEEHSRRT WINPT, 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

30 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



GenBank, and al so the non-coding strand of a gene or
cDNA which acts as the matrix for transcription nmay
be referred to as coding for a product or protein. A
nucl ei ¢ acid which codes for-a2pretein al so includes
nucl ei c acids 30 which have a different order of

nucl eoti de sequence on the basis of the degenerate

gerb%?rjegg&g@ﬁ{; %g%'&g;)?ls Brdfetdbif “% gﬁ]@ni@@@@ a?gbgiéiﬁg J82 may also

sequenc rotein. elc acid's
whitehrepdaeed by epspzﬂreu: recidregspEragine o gtidamineg ot rarusherTpesferably

b SBEPEUF S, ORI ATEE EPtne Al b Bl s ats RARGPS NPT genes
t hevisgs @Béb %I%ﬁénﬂaﬁfn@me@cﬁ@\l&oléﬂcw% rE)?fenﬂ\a'ﬂ’an|ne tyrosine or
produced froma gene. he cDNA i's present as

5 do tibyPéopheey ahaemwrdr@péttlgné 94 cem@eaadwvﬂtbbmﬂ\laT In addition,

oo LI A R AL g, o

1o igdieycioe, Cllyros‘aaé i &hyipyopHannain@mnes asid kot 240 Qﬁﬂ’ipared with
and are eI imnated froma ﬁrew ously transcri bed nRNA

pr ¥¢DForAlsy BreipBedsdek Iegk Nbpl ideingg. WhiGhs code for glycine,
re%‘{’éﬁlﬁé IB[ERES G i dind, é?f Iéi%ﬁ?% fFdIn ,ttr*fgﬁﬁgm%aragme,

ends ‘and correct | oi he’resulti
10 enmtemnae; otroasma@Mcaezlchahmnmne FHO s edmipRNAT wiritthwtNPT. 1t is

theﬁaﬁ% r%r%} %33985% Jésagf%l &géar%,\,ceSSfH-gn%Eé%l Fc%c'd at position

acoeptioreplated l:iyrg‘I?d:lMQdaleﬁlrieh alirsed e Gding oPli11@séine| the. aspartic
the _sequences |ocated directly at the exon- i ntron or

. ntacihabReftiPR 281t iscep)agesy iy aaea!ﬂmaﬁaveltrt%rlegeaewoleucme or
., 1987.
Pr ﬁtggﬁl%@g}ﬁgl%'?\?p%?g&est lg% ro e| ns/ pol ypepti des

15w th a bi opharmaceutical significance include for
anti badi e enzynes, cyt n hoki
GHERG PRIGTSY 2rS PeUBSE P Sai® PREUES AT FGBGg NPT
%’ﬁ%@t\rﬂméﬁ‘ ééc@é’f‘or Py ‘FH%IQOGIJ@?N;#J g1 AlR e\?ﬁﬁ 98Gly,
Ceneral ly, all pé}etl whi ch act’ as agonists or

antﬂmj@&? Alas AS:@Q-?i o‘\‘SFﬁQ\?é;'Y Hrapapa Gy, aL\SCPrZ‘Sd ﬁ@gmﬁha%one

OB B et cPoh Sl R P LSRR o i
ot o seqlignes sf SECAID NO: aCinctae@fasermy theeGUi B2 ABp mutaeit @ontains the
al so includes proteins which have been nodjfie

po MNP A $RGUEHERI Y AN Sh & begasgofdpe Trp91Ala mutant
9! YoARNhIHL Liir i '9saRenYLALd gmtgﬁep W@ ,grﬂagrcagé QF gl

processi ng structure o
modi &1 %Glyfmutaekampﬂams tlbny amrbstaddﬁeq:mce Qfﬁlé@ﬂBr?stOc& in the

Iprz:gétel g%ﬁﬁgﬁ'}@% r%ﬁfan% corqtalnsu[ e%?m\r’lmotamao sequence of SEQ ID
25 NO:10, in the case of the Asp227Val mutant contains the amino acid
sequence of SEQ ID NO:12, in the case of the Asp227Gly mutant contains
the amino acid sequence of SEQ 1D NO:22, in the case of the Asp261Gly
mutant contains the amino acid sequence of SEQ ID NO:14, in the case of
the Asp261Asn mutant contains the amino acid sequence of SEQ ID NO:16
30 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 TrpS1Ala mutant,



retaining its biological activity. The term

"pol ypepti des" thus also includes, for exanple,
fusion proteins consisting of an i munogl obulin
conponent, e.g. the Fc conpenegnt, and a growth
factor, e.g. an interleukin. 5 Exanples of therapeutic
protelns are insulin, insulin-like growth factor,

Qut h_f
PBRE AR D0LIROSHd i A0 LSRRI S o2
( EF?IB}QIItW@tﬁZ}%Q?Dg\IOI1m:;_65lﬁ@lmlN(eS|6(LB$D FENSD alalf)r SEQ ID
| NG 6 a1 5. cpsteci iy, the micleic aalt Segugboe ivenen SEQ D
I L I rHfie I
NG SEF ONOTIRSED [0 1019, 880 1 LR SEETEINp.17 o
5as SF:NE laIheh Obett)ratams igamma, TRAIL, G CSF, GMW CSF,
M CSF, MCP-1 and VEGF. O her exanples are nonoclonal,
pol ycl onal , nmultispecific and single chain antibodies

andn aﬁaa@manaréwtemerﬁuﬁfpr@ﬁdé@roretrﬁ@rrpétqln%@hwod:r% mReomycin
F(ab')2, Fc and Fc' fragnents, light (L) and heavy

( HPhEsROAGBNIBIASEoRNRs Fnd tﬁﬁ@wr@angﬁsé greof which compared
VAR NPT BUBSEY SUiRBLA IFAAS) et Rl A dcid St amino

Fv and ragnents anpv et a
10 antactcbﬂm:sﬁomﬂ'yp% G 1 %naﬁhemmlo'i’hdwprment owegtion particularly

d b
o BPRViaEs e s i Tl MR B B D BRuBER e haye
of réfgcatpehaRhe acﬂ@tyf&thé\‘éd%trbﬂmP?h'ﬁhé‘%dd‘ﬁé“dWNPf@

hel d toget her by the adjacent constant regions. They
mafleseribedhateand sradsc@ygipblerwithin dom seppe ehtle invention

an a "
S DRI i b B8RS o Bl A5 93E 0860 PR
15 F( dl98)ahd foadematcnaiat pbsma:m 260. purtekraeste bthepsresed ipvérition
epsi n, ene cloning it is also

t
O LEPHHES 19 thPABSNENS NG AN S GgTHAEHMIPSVIND T, code

wh t t

ST 8 LA, P S B RB an or

Fv diycingrehpssifién 2gfeBothiheigsinies ancfthagreet proﬂutﬂsdenzymes) are

ariabl.e part).. As.coval ent bindin at cystein

or Saguss P b oAt ER VAbE b chberd tip vsBlef iiufispontext the
20t hesesdnit nﬁ\Fc#ﬁm?\f]iréwde?dr tﬂéehrﬁfthe@ nidchtRid qudmmmesmo acid

ot her method. For |&E1§ur pose the variable regi on of

t héeﬁ@awe%ﬁ@cormr@ﬁp IRNGide BfR A NQiGh&EQR lgNBS SEQ ID
Y NGEARe stlo 92, BER IR 18R E QN DO AR brebler, the

amno ac ani n0 aci

pr puess tmerﬁlonqtrevsneb ymmmechPd*rmrms withMee DNVHsedqubnces

ancehoyd FgRehis N s, SECHPBRL Saa 6Bz, §ERlo nos, sea

z5ch¢DrN6\41 [TEgMMNG: 1 e )sEdBRb ey, of scFv
antl bodi es are known and descri bed, cf.

Gene of Interest

The gene of interest contained in the expression vector according to the
30 - 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



5 for exanple Huston et al., 1988. In past years
various strategi es have been devel oped for producing
mul timeric scFv derivatives. The intention is to
produce reconbi nant anti bodieg4wi-th i nproved
phar macoki netic properties and increased binding 1o
avidity. In order to achieve the nmultinerisation of
t h‘?néf BYed EQW/QE? aﬁﬁ?é’nseaﬁﬂApr?ﬁé‘&‘éHeﬁ iltdsPthay be present in
proteins wth 'timerisation do he
rrullitS| fioatl r €150, amsbor’tameﬂsfcmry a”sea fn‘.xsmnegmepbreas Bhlabéli&l gene. It
ion of an | Gmé hel es(cm #
Y (e geyio qrher%ra Yn8 ApﬁércoﬂEﬁ‘?BPHQ'”g ragments of
Ot hasiofsr Gﬂh%ggéﬁ‘e bhlﬁtér@&terhéy‘bb%é rﬂa%é’%;@ﬁe@éﬁu\éh‘c@”&r it may be

VL regions of the 15 scFv fragnent are used for
S5mulreiigded safi @the(rww@ mpdifiedr i - Swrh peyndifingtipes) inclade codon

terdplishoths i HEainhNol A5ty %Ppggfgél?taﬁg rg%rﬁ%ﬁféétlon The

| I @@Te mfrmtdwestsmﬁy mbleaamipm toods fop alddcretat noytagledmic, nuclear-
results in the formati on of honodi ners b

superatR oRERYPrORRIOOMd Oh SR SUrTRRR- b&vae&d%&epm
addi tional |y be stabilised by inserted disulphite
bri dges. Exanpl es of diabodies can be found in the :
10l i theateme, naclgotide sastesce” ost "ruicleic E@dll sefhent&’ indicates an

nomtigeftrleBideRfutBalch, Mol S STRR SuRLRGRIGH hereor as wen

f ussOMNIK Adre RN AV cdermiit adrnsyritheticCiddigire $iHich @lccan as single or
i mmunogl obul i n, preferably{g_I nmpst preferably |gGlL,
qlpgef &

as aq sapfeand SEgi"TBRICSER epAiRg 0§ NoReCosig,strand of a gene.
and oAty sPEERReet may B BRdiEd o SaRlerfledPiues such as
15desmhek$;mi:|fhy mutagetesid of POREnedateBmurhgenasisne.g. described in
tri S .u art to.d te a trival ent
ho ﬁiﬂjﬂ écg\gsgﬁé?ﬁ ?'v%t El Kgng’tgf' Jet al., 1997).

The d| rect fusion of VH VL wi t hout the use of a
Ilnker sequence |leads to the formation of triners. s
The3¥ r'agdivet ds kneant the Pﬁ@QﬂM oascapagity oft & bepficdic sequence of

2?@%62? \é@gf.”\?a;“%cﬁé' ffPF %&Féﬁl\@é %Thgﬁé %Y YhSriSSme or an

20MUlH RN | $&t HEN dsS aaqhaweaorbyhaeamh@élsdlof bher |@cﬁiymers and
tetrameric coiled coil structures Pack et al.

19
andnagesioieeles o§ue ag for fgg@)oe & néRNﬁi Crﬁ%egther RNA
F orp, Biell Q" %‘m\?ﬂto@@&g?éﬂudé& ﬁ’ﬂ Bf‘cﬂo@&@o HEBE% t REcordingly, a

expression’vector a ing to e I nvent cont ai ns
a gEme mxdnbmf@r famrotaeuﬁ ifuloe eisseetﬂ pplstemrsrnro@m@#cban&bbqll or another
functi onal IS¥ nkedt to .t

Pr GHEIPERR) Y85t bydrrstebish PRRce Frssaiefh BBbsiatien of the mRNA
25 Both the coding strand whase 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 or
protein. A nucleic acid which codes for a protein also includes nucleic acids

30 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



1s control of a single heterol ogous pronoter so that
the protein/ product of { interest and the
fluorescent protein are coded by a bicistronic nmRNA
This nmakes it possible to identify cells which
produce the protein/product of interest in |arge
anounts, by neans of the expression rate of the

bePRER R iRE 2B Seadthosi e hREERY nlhE G Blig contain
or irgitdrey. col oured fl uorescent protein. One particul ar

exanple is green fluorescent protein (GFP) obtained
from Aequorea victoria or Renilla reniforms and

nmu t \Y/ e i ; (S
T, SR8 SOkl SR SR yeRre by
5t heeveérseteanscaplian add tslyetheisis. of behgacohdudNAssimantd from a mRNA

rot ei.ns enes coding_for th ar scribed jn WO

bors pile P SRS RsSiofin s s ol EPHE B prdseah s & double

whisgfinde€ DNA eslpQl8 itesbrigine ibdtiod coBiNgr 1S nomhiRekhg strand.

fluorescent proteins are 30 fluorophores of

non- bi ol um nescent organi sns of the species Anthozoa,

fo e I i j : i t

p. e tERE L SERDteR, FBhFRAIChBLLRE RerpnodS B! AhY length
10 D Steyaoeus patufalydl rinserosie makspyotit greaes'and@re atisonated from a

o BV G RS ARET A BESNR0T W BRrP GRSl oS SRlicing. This

adebgiiRsys precise dxefsivh btHeViRBoR R HY 9SarltPd Wrids &Hd correct joining
genetically engi neered nutants and variants,

f r afthenresulting MRANA eeds sp agdpipindidca aAaraiure peicehsethndRNA with

Lg@%?ﬁ@%géﬁﬁgﬁmfgﬁgﬁ%r u.ctggsgﬁdyS%oéghgs&gh%%ésqgll\n@g\y of the splice

15t helopseidral spicedacesptesisies sipestednin thie sbitingt proeees, i.e. the
chromophores, the _extinction coefficient or the
st &6AHERGEDlocakRd drektly #t thepPsvBtront i dniEQpexen; ipierfgses, have

nggﬁmdréﬁeﬁ%d By HBxgtFl‘”t?rE?rﬁ&?é}b%%v §é’é‘0?|§hfnﬁ§’59é{ﬁg1é®’7.

opt1 m sation:. cording to the invention t
fluorescent protein may also be used in fusion wth a

seIPec{ abrke ma! rkgiﬁt Iprgfer ably an anplifiable
sel O as di hydrofol ate reductase
29 (DHFR). 15 The fluorescence emtted by the fluorescent

proteins makes it possible to detect the proteins,.

e. Froteins/pelyngptidasw Wi ofebigpharmaceuticalosignifieaaee include for

act | S0or y e .

o S UBE FFObRaSR. Hhrh0 hohe Yy YR RS B8esion mlecuis,

ex peesstoen andcther detvdtaessoafrabeasts dmerebit lButobogows restricted

pr onot er \Méni ch . . . .
thereto. enerally, all polypeptides which act as agonists or antagonists

25 andfor 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 maodified post-translationally by reactions such as
30 glycosylation, phosphorylation, acetylation or protein processing. The
structure of the pelypeptide may be modified, for example, by substitutions,

deletions or insertions of amino acids and fusion with other proteins while



al | ows expression of the gene of interest and
preferably also of the 5 fluorescent protein. The
term pronot er denotes a pol ynucl eoti de sequence which
allows and controls the transzgiption of the genes or
sequences functionally connected therewith. A
pronoter contains recognition sequences for binding
Rl e | (1] fi :
T R g T TR bl S SiicBs; Bjus alpg includes, for
or ezamipde, eMproesprcﬂeMescmthmgqueanemnmraagi@wul'mi nomebhent, e.g.
type ar a host eII t.abl e functi ronnter
mdte B Bmiiint An SerditbaBRen <1 e et o w th
a variety of pronoters fromvarious sources, including
constitutive, inducible and repressible pronoters.
5Th &)(aa"rnée% @b&@rawtlwrammaﬁwesem nsLBindikeqramin kactor, human
for d b S e
oSy RS (B Bl ST oo AR cyfafl adbSminogen
f r @mlmm"rﬂF’@)aerythromedn VEE Q9 cydokineg . gl interfedikiriasl (¢L) such as

or e Negsdash i fledpbntes bs B8nlrS wntd llap Edtué:elf 13, 1L

an 4iynqueisble 1 6p1|9~'f‘?t Ar18 S’Intbﬁﬁrdr?p?ﬂzlé%ﬂ)ﬁé"e-bﬁe?t -Jamma, -omega

pronbter. This contains tetracyc erat or
10 sequetate Sufrost Qeonsie hactan ( BMF) SOt & ENFaalpha beta or gamma,

| VL e CE, SO BT MG AP gl BT, gl Rxbingles are
t efgdrideidriE)] bgbdlﬁﬁlonﬁxaﬁw;t@e@ﬁicobhaf siflgCichb®  antibodies and

pronoters are t nmet al | ot hi onei n and heat

shér@emrémﬁhereqfséecfme%fgarﬂ%ﬁ&tﬂte elfa% FabioB@b')., Fc and Fc'

Cog, rsc\%ﬂw{'ft )ght Jil.?%é?i he%@y H gﬁ‘ il {hScHdih€ Brd'tRe constant,

parti‘cu ssion In
15 eukran;sbveeer hypenariable femiorsxdmpykbef talae:velblrﬂuf—'v|add5mafragments

t fot t 97/ 15664 I
P ORBEgt. ShodSEaL nH%EPwe BRkae o g1ga or non-human
freto?# Pt BLRRRISE arltf SRR, arth@die@%eta%dTbﬂs”éibléepeat

regi on of Rous 30 Sarcona Virus, the early pronoter of
hurran Cyt omegal ovi rus. Exanpl es of ot her heteroI ogous

| Lan _pr r e agtli [ SIA .
TR, R8PSl rensBhire, TEAP LI B B varabi
20 hetre@eh@gausow eRaiherwerh A& helmcmgmlaéri byctbiened}‘aednt @onstant
ot her regul atory sequences i n

or de
i nEPGIRBE/ (TEGY MK PEHREOHYGRTSIOF .ers@ma.l? fra'a ¢anveptippalgntibodies by
erIre%%ﬁ? QiAtre ésﬁ%iéa%ee%xc%oés Rl & by TNR rdefFﬂﬁ§n o ér antibody

“be functionally T1nk to e ncer sequences
tofrragm@*asearteheF(abamsftagnmrntenwhicacnam b¢. proiuceti by proteolytic
one, or

dtgestlon "With pepsin.
25

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

(VL). These are known as Fv fragments (fragment variable = fragment of the
variable part). As covalent binding via the cystein groups of the constant
30 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



enhancers and/or several copies of an enhancer
sequence may be used, eY a CW or SV40 enhancer.
Accordi ngly, an expression vector according to to the
i nvention, in another enbodi rent, -contains one or nore
enhancers/ enhancer sequences, preferably a CW. or
SV4O enhancer. The tern1enhancer denotes a

BOPKRHE 901 98, ST RSRe MOLT b, Sl kB8 R arpguces
t heingls pblypeptidé ghaonn (Whleh yehand Micariegbleldtogeimae &l efpeptide
[ ter nl i ke rormters the effect of

0 .IEI S pLo é) .
enfifiier 4 PRtbpDAdEIMSH S (58 eiSBrTEMEED P edt &iNdH chain Fv
an en
beﬁﬁa R e oD er P JiiRfs Bre kitfin Aha Yoscrioed, cf.
5w o exanheleddaitor et egl‘tﬁ‘BS The enhancer may be | ocated
both in the immediate vicinity of the transcription
unit and at a 20 consi derabl e distance fromthe
Pr gopest yidars Sv&iRe RRSkdES havdayserd d@m{@pe‘cﬁlfoangroducmg
functional overlap with the pronoter. The skilled
Wi IFWU|B@8F'§\A/§P%V oferiyaivfber 16 dnteatierris fe onﬁqvﬂalf:Eocg:ombmant
SO . . -
‘éhﬁ@@&%@ anc Fd\fea Q%gk@gﬁ@ﬁo%&ﬁlggﬁla%&%d binding
10 enlaarmtgr sin admndmlarame\mthmmﬂtsmemmh @it heaschV frhgments they

o 0 RIS, Ao SRS b e

or i JIBMeFIQETIGH @ibﬁiau@sﬂﬁ‘ndy@é Vfoﬁl'é&bnﬁﬂ’é‘rtﬁ@SQHSAegfb‘n”@feén IgG or
of pronoter sequences al’'so cont ai n enhancer seduences

subkliastructuses (sgiletheriy stiseuresihsyrroas the Leqtiee Hippan domains,

o ERRRCSER P FlsbbontBEOTAER 1 MIRRERLDL sgons of o
15 enkaRg &ragnseritkee netakdrahbltiorgisatienf@gcedia, trivirthpestabbdies).

stinmulated by glucocorticoids or heavy netals. 32

Anot her possible nodification is, for exanple, the

| Nt Qduct 938Gy RILELRis tﬁé’ t & th&@ SHHER %ntTnlﬁnodlmerlc scFv

pronot er sequences nay al so conbi ned wt

r egerigave setupréeTirs tlmeelptndelImkeconttheldaFegnioﬂaudm tofS to 10

t he transc ti vity. Thus, the pronoter .can
T Giing s B89 in i fofpilion Beremadifel 87 SuRTRPSIAG VHVL
20 EXZRBIR. by'h!elmébdstges 8P HERGASI YL CaBHCedbydnBerted disulphite
SlteS for U- dO\Nn reuatln%transcrlptlon
g

f abfigpgs. ﬁ?@%@%@f Faberisseean bangend pt thenliteraddneoe.g. in Perisic

Splt ]‘ 4<an'pl e, has a positive effect on the

transc’rlp I'on activity. Another exanple is the

bi ndi ng site for the activator protein APl, which may

act_ both p03| ely an at| el ra cr|

Thdngoer g iadyas uShng B 1S Ergfh 8N fomplimeric soFv

25 Of dEE%fNé RUeRsRE offénfusf?aﬁﬂmt@n \gﬁ.ewcenfaﬁs% #HeSCH3 region of an

cyt oki nes and serum (Fal sst et al

r efremamogdotitior eprejeraliiye Ig®r anest meﬁe@abief ng;1 @Sy dyaarisation

al %é)gig%. '1GE %%%%gctg%hg E’g'fpaggmel%spo meta%[e. of a hinge region, also

of IgG, and a linker region. Examples of such minibodies are described by
Hu et al., 1996.
30
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sequence by the nmutation (substitution, insertion or
del etion) of one, two, three or nore bases and then
determining, in a reporter gene assay, whether 15
this has increased the pronotesgactivity. Basically,
the additional regulatory elenents include
heterologous pronoters, enhancers, ternination and

I d_ather e cont,r.ol
PP TYBAEDH ERbRBY T HRR M AR B e RIRE TREBN b5l Bieyic soFv
Seqileanate\& Kartt slail. k|m@9\i‘1) f'[hief tiinect\fambﬁuﬁ \LH“-}JlL Wit g the use of a
"Transcription-regu ory e ements general ly conprise
a PREpRIRAUEnGEiPRdmi 15F TomAlihe tlEiRnce to be
expressed, transcription initiation and term nation
sites and a pol yadenyl ation signal. 25 The term
5 tffehuesfragrpehtsnkrhGWm iirattm@rartsas atiinr ahbadie® wanictubhee & b, tri- or -
aC| in,t truct corresponds tp the first
ifer ISl FORTIR o M pEPR SR dnachp fraryes.  The
” angameRtatidn 8 ddhfevaND rpm%@blés@i’f di, e dr eReRidit icelled coil
initiation site may over pr onot er

se@trelﬁtyé@s (Barckmeteals dPRP &y |L§VBJ@M at @.ni 923)i on
site" refers to a nucl eoti de sequence which is
normal ly at the 3' end of the gene of interest or of
10t h&a hiphoiddes f83a flubiesbenisprioteibe transcri bed, and
whi ch brings about the term nation of transcription
by RNA pol ynerase. The "pol yadenyl ation signal" is a
Si gRanAREAY BRTRDIMEAD t@%eé&@rﬁ‘%&?or%cco?d;ﬂg%ﬁ ¢hd 1iRvention
site at the 3" end of the eukaryotic nRNA a
pomnt&m@cganpt&@m formdimrpmenhm@tem paefgaphemtxoﬁauy linked

h
o1 84 o Seec MRSt oierBR)l Aty didiedal ol e OFer the
15t h@oﬁ&@“@ﬂ@ﬁ sinfyd Adste uslﬁrd’rﬂot@u@oematdm% prRgéine Product of
of the cleavage site an sequence | ocate

dovwigfeséaaﬂd \V@rﬂl&rgswwa@w%@ .C@ﬁe@tynérh@sta@f@c KABIA. This

| 0

p0|n€/ des H%@? orldé)e(ifgnlﬁﬁgsei\ﬂﬁﬂ%é%g?ég(‘??%%f?ﬁlﬁ%ﬁ?%dua of

pr éfteresdn dare dinmeurits,dby triemnsrasbatexprassidn mie eddhe fluorescent

transcription unit has a pronoter or a

pr &9 GRS/ enhancer el ement, a gene of interest and/or a

2515 marker gene as well as a transcription term nation
el enent. In another preferred enbodi nent the
t r decflupreseentupioteiponexi be R rmRIAeR iegns bAsisimgreen, blue,
ary I ul

Co%%h?\iveorr é)tl#f?rja%oz %rte?:_l f%?é?c{én?ﬁ%t%%s @ég (pﬁﬁaufme&a%ple is green

fluorescent protein {(GFP) obtained from Aequorea victoria or Renilla

reniformis and mutants developed from them; cf. for example Bennet et al.,
25  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
30 fluorophores of non-bioluminescent organisms of the species Anthozoa, for

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



20 a stop codon and a pol yA signal for each
pol ypeptide to be expressed. For optinmum expression
it may be advisable to renove, add or change 5'-
and/or 3'-untranslated regionseof the nucleic acid
sequence which is to be expressed, in order to
el imnate ‘any potentially unsuitable additiona
tr [ RS-t ns, _Qf en Wh ¢
m S RPPEL stald, AR i SR et BlspGtordd Ut TRy DhRosoma
exppeY¥agantbeVielemdmia culbata.t o pronot e expression,
ri bosonmal consensus binding sites may alternatively be
inserted i Mmedi ately upstream of the start codon. In
Or 4Bk flRres MY P%t@n%.%%@%%ﬂ:oﬂﬂh@f ReHd iAGertih c&fBR Rfaddition to
interest usually contains a signhal sequence which _

5 cotlesWilgrtyre piajeiak natwrat ar genetinaly iengingereth mutantspord gariants,

S P R B G AR T s

| oQathegthat prdteirandmpeptitas. nThe afiutatiens esedtrady foobrample alter
and is cleaved by signal peptidases after the protein
hadheexFitalion &r MissidLgREERIMERNRERBPEIRN Ad4chrpmophores, the
geﬁﬁtiﬁ@[ﬂ)‘he&%ﬁi%ﬁﬂ oruﬂéaét%illigﬁﬁwﬁ%t prBFe‘?r‘:r‘.SWrbb?/er‘f P 34 Bression
Its own signal “sequence. the native signa

10 sequarmaemiaiamotlipoester spehiesaranl g oasrosedrigd codon optimisation.

ot EP g R S BLRST M s Rac AR oAy e B 088 in fusion
skiyithes! sERBt=MI nfiPRES Bgfaragw SRR EBDISseItaBRSrker such as

such as GenBank and E e inportant regul atory

el difnsirofalade reduriese(RiHER)nvention is the internal

ri bosomal entry site (IRES). The | RES el enent

conprises a sequence which functionally activates the
15t r el Atdrescemid eatiited Hynttepéodestent pfotaind' makesiinpbssible to

1o net hyl guanosi ni um c CAP structure) and .the

i SR B PRI 910y SaMORTH, PYiaiebis Witk 2 fluorescence-

tr [ ' I s) from

a8 B e e e o

i ndependent ribosomal entry site for the translation

of the open reading frane |ocated i medi ately

downstream In contrast to bacterial nmRNA which may be

multicistronic, i.e. 15 it may code for nunerous

di fferent pol ypeptides or products which are

transl ated one after the other by the nmRNA, the

majority of mMRNAs from animal cells are nonocistronic

and code for only one protein or product. I'n ‘the case -

of a nmulticistronic transcript in 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



nult|C|stron|c transcript with an | RES el enent which
is functionally linked to the second or subsequent
open reading frane in the transcript allows 25
subsequent translation of the 3pen reading frame
| ocat ed downstream thereof, so that two or nore
pol ypepti des or products coded by the sane transcript
ar gy éq% Géﬁfrb%#@ngykaryotlc cell. The I RES el enent
y—ﬁe—op—var#ous—reng hs and various origins and may
30 originate, for exanple, fromthe
enﬁﬁghalo%%ocardl IS Vi Lus %Eggyl or ﬁthen Pi corna t hich
i (15T ProaTPRUSAHESC T Te RS Relerolggayus prefyeter whic
Coﬁﬁé\ﬁlé‘céhﬂ’ésﬁm vecther gemke of eiptdreste nidn ﬁr@i%rab[% also of the
literature, cf. for exanple Pelletier et al
5 35ﬂug@r$ge@&pr@tem 1989; Davies et al., 1992; Adam et
al ., 1991; Morgan et al., 1992; Suginoto at al.
1994; Ranmesh et al., 1996; Msser et al., 1997. The
geMbeseqme pegndies adetbten wn pblyeaoiebtidd uquennalwpnch al[ows and
l'inked to the 3" end of 5 the IRES el enent, i
sp&@ﬂ"ﬁ@lsﬁgestéﬁ"éicﬂéa%& tthat99Re AxGRBEECEH H?‘Cttq{@"y ComeCted
rbﬁntH”afﬁf gﬁb%té}* cBHﬂaYns""?écderﬁldny s@&ﬁ@ﬁéé‘sd O mﬁng RNA
C|ent expression for the i'ntended purpose.
10 opporymarpee anddhe linitigiicn aite torhranserdptiarnédran|edetian mrtm’ﬁlpn site).

nih Biferb ety Atiedireh poHBlGs b STl SRR h oot oot 2

by sﬁltéﬁlé@u@é‘tlﬁfdl BRithoteb L bl dhdsthe The skl n@namn be familiar
determ ning the expression rate as a function of th

sp#dting V@%‘Ptﬁg of dpsBmoiars g@ﬁ@ ¥3Hey%s Sogfcash eNFibaiNg é:QnSt'tUt'Ve
degef it dnld r'e?ré’é%grﬁb rS bt‘FHeStr i) s”EBEPm dat%banks such

expressi on ette I's of ue for
15 expise&snBankf fdreempleg@msl rglemebe Dstqme:@llast sepsmte elements or
exp essi on cass .obt aj ned means of an |
eSe et ovingr EPbAGCiestaf T Reu i Rediotoy Sppiercial or

' nYrﬁmll:!Qﬁl sdtRoBs. ern Haleivid bivheAdr tﬁé@mtrw olfhe Jﬁromoter may be
anot her enbodi nent the expression vector accor

t heedurasher hereassst i iespengs tnaaoﬁma n/%@xaﬁm&%pg@ndﬂdumble
th rgrﬂ € s tHE € eehtag:glzl)/m—:f Lt'ﬂé} Hl%e%ohf’atﬁ?:ﬁetracychne

gene o erest even nD gerably function
20l Imlpecbtboseqthmmn@etﬁ.’f) wimt:laroestbeamnﬂubbd tgreaeetnmmne regulated

O epeastvson eIz RYRS Prikrars of Wit ind'birail of tTa
Pr Qétey |§"4h'h?d?te'd3 E?§|‘ﬁblé§e«§¥ btﬂemcﬂﬂiﬂé ofi#§ thré the jun, fos,

pronoter preferably has at |east one of the follow n
f eanatelicthiopein iaod Reajushmnk progwterssee Blsﬁd$ﬁ@'lb§<?qkeet al,, 1989;

pol rim.djn ement, absence of a TATA box.
Par qpéégpaert I ?B%)f’erred is a pronoter which has an Spl
25 bi ndi ng S|te but no TATA box. Also 30 preferred is a

S;o@?‘g’g d%}rgt‘eﬁss w%?ghStairteuéer\{ighédgcélﬂléﬁg OIchr nhlgr\ 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-l promoter, the long terminal repeat region of Rous

30 Sarcoma Virus, the early promoter of human Cytomegalovirus. Examples of
other heterologous mammalian promoters are the actin, immunoglobulin or

heat shock promoter(s).



equal |y active under serum containing, |ow serum and
serumfree cell culture 36 conditions. In another

enbodi ment it is an inducible pronoter, particularly a
pronoter which is activated by31he renoval of serum A
particul arly advant ageous enbodi nent is a pronoter

with a nucleotide 5 sequence as contained in Fig. 5

of WD 97/15664. Particularly preferred are pronoter
sequences which contain the sequence from position

- 1@.10bnesﬂ<51djhg trétgroldgoush prgmotent aans bastuhciionallye connected to

exa les o resent at ent ecification each .io . .
CoRNE e U A SPalEIE s RTre L iereelradiinte ot irpBioription
1923ty ﬁ”é?ﬁe%ﬁresé}@ch@séﬂ@ 55 of the attached sequence
listing. This sequence corresponds | to the fragnent

5-372 to +111 fromFig. 5 of WO 97/ 15664 and represents

SnEaT BREIS. e BAMBIF inay, o8 AndICRRR) b RS Hfoer sequences

suirt alvder pooimotamsef Maegrtmtscuermlnacttvhtg sé%pnetmsa bnenor more
15 position 2134 to 2406.(co res ondln to-16 Qb d,
+1 $MNARCETS ANEOTFEURESI CoPp) HH?”%F@W © used, €.9.

cont él\/]'bz oPHv4d %ﬁhéﬁé’ér‘e nﬂécérﬂﬁfﬁlypoér\ bkprasdidplvedter aéé)cﬁdmg to

IS no nger functional (corresponds to position -
10t otha]lnvemtldn gn snotber \amiggdisess) comteinsS opesai iMeret enhancersl

ot ARhebe EEBRF PR Ol bSvao g B8 7D ¢ 1

use functional subfragnments of the con‘pl ete hanster
ubi qU|t| n/ S27a pronpt er sequence as as functi

mut mge;%rqr@ﬁog%#enm?é BoRplBrEeQY secepre Which A the ois
Sulpf aﬁ’i% reRf MaLRP bRVE HRAiLIBPUahd ethus sBmulates the

exanpl e, by su stitution,” insertion or deletion.
15 CortrreaspombmgafZS gend rfagcntm“aély eonrmted dp mlmﬁﬂ'@t%rre Unlike

Re:Pglﬁ"rT]l% etergrt}agﬁ%pﬁp 98 %e!’q%ﬁit{gﬁa f}ﬁdceg%vgﬁéidgaf%ﬁ or]entat:on
I egiflathel eapl thBRITO® be positienadliry froatokort beting il tpémsmptlon unit,

activity which corresponds to that of the %? grormter
fr agtremtary vr&rﬁrp@getveanwmﬂs’th@ocwle r§giome THgcPRARGEE may be

2 SEE8 R, 1o FRBIAERY 3 pb il b nd at o
20usﬁfoub|de®ablehé|smncpoﬁfem dtfie tpremqherentlt o al$o ipossible Hashave a
oGS pPi OPeRSia et 5 Brahels s TnS Rilep wap,wi be
and,yyat opbeﬁ@hﬁg} of @nﬂaﬁ@éﬁs #ORYvafiolid @oBeddsvidnd deposited in
databanks such as GenBank, e.g. SV40 enhancers, CMV enhancers,
polyoma enhancers, adenovirus enhancers) which are available as

25  independent elements or elements cloned within polynucleotide sequences
(e.g. deposited at the ATCC or from commercial and individual sources). A
number of promoter sequences 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

30 enhancer is the metallothionein enhancer, which can be stimulated by

glucocorticoids or heavy metals.



of the 1923 to 2406 fragnment (-372 to +111 fragnent)

in a conparative reporter gene assay. Particularly

preferred are nodified pronoters which 5 have a

m ni nrum sequence honol ogy to-t3&e w | d-type sequence

SEQ ID NO 55 of the hanster ubiquitin/ S27a pronoter

of at | east 80% preferably at |east 85% preferably
?r?éb p%%s/?bl RIREEHA rl@ﬁb%eﬁémb%a%ﬁe %ﬁﬂ@&ﬁ’o%ﬁhuitlple Sp1

pre erabl'y at ast 7% an ave a correspondi ng

pr biraligy  sitetsi vi Thei pranoteongequenicee meyoriser kereombined with

assa 10 In a carres di C LV PYf
S CadieRe RRshistErs [ e g EanpeRbalBuRRTRL e HERScrption
t hachigfye! FReS the pHaN6Rr 3aA b nade réprekspRY mucable Thls can be
pronot érl ess reporter gene whi ch codes, for exanp

5 f odonadpr example By dpkingdo saauenFaR WhNs prRoP M&"Q}ﬁltes for up- or
gr%%@g-eﬁﬁkﬁﬁ@eﬂéanﬁhghnk%ﬁfg) Th eﬁﬁoﬁ??ﬁéﬁﬂHﬁéﬁ %%nscnphon
(pronot er seqtence repor ene) are subsequently
I NfcouSpd ifort exhinple, trm acpd)shis\;e effgct GRIANBGHdnsdription activity.

e m&%&g@p ¢ H%t“g?eell?gi(ﬂjfﬁ: 8¢ gﬂ%ﬁ:ahq%p{g@[j Beoin APT Suhich may
de*a%f FbiEsbsvelyBAS Hégaavém@nnfaws@nptm nTﬁ@tacmw &EAP1 can be

reporter gene. A corrésponding test is found f
10 exanpirelléch bausllbkindet ofalfactorsuspeht agr troesdispPien growth factors,

Mol ecul ar  Bi.gl 9 up T

e u oot S E st Bl DT B Eand IGREREY Fierein).  The
t hgrangBahtidre effiicrioyt eas, aebi bé lr’faseaaédoby mﬂamgmg floe promoter
exanple, the 5 untranslated .region gr sel

f r SGRUADGE tbweth@omu FHAD (FHPUBHIORY NEGHM A gﬁﬁs ign),gf one, two,
thende ﬁniﬂ@% t?é’s?sf : acgﬂ’\erne@ét@ﬂnﬁngtf "}?aLfBbSHért GéMeSa€gay, whether

gene or se nments thereo be 0Obt ai ne
15 by thais Slas|ihergased the pionotenadinvdiyge of the sequence

described in WO 97/ 15664 using various standard

nmet hods as descri bed for exanple in Sanbrook et al.

198fhsicAg PRl additiéhal ,re%\%ﬁt‘bry Sleméntednéludehieterologous promoters
sequence’ described in 97/ 15664 a suitable fragnment

nmagnbansense desaination rand oesrasiesylalinn signals and other expression
ol 'c%ﬁﬂﬂ%fémérﬁg %ngﬁ'g:glﬁﬁlé'aﬂbl ntsﬂﬁltﬁéﬁ}%@gﬁl%t&? dedl@nces are

fraction na € Cch y synthesi sed rob
20thlk$10Wnrfdrﬂm/vdn'musscmﬂ types. exanple to clone the

ubi quitin/ S27a gene or the 5 wuntranslated region or

38 other fragnents thereof, for exanple by

hy birtfHseap !lcﬂ'ﬂréqlﬂélbﬂ( bidpraty" gEnérafly cBAifFsera peSAGRY upstream
Usi ng the repor ene assay descrl bed above the

skidf |tr@@| genan;quemr,e be gxpfetﬁsegiotramptlpp initiation and termination
prQr r- ' thout any great effort
an&ﬂ%%%npﬁag#)lyggéﬁ e puréogles of the present

osinvention. The 5 5 untranslated region or speci al
fragments thereof can eang/ he obtai ned @/ - ‘

e term "transcription Initiation site” refers fo 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.

30
The term '"transcription termination site” refers to a nucleotide sequence

which is normally at the 3' end of the gene of interest or of the gene section



PCR anplification wth corresponding priners from

genom c DNA or a genomc library. Fragnents of the 5

untransl ated region nay also be obtained by limted

exonucl ease 111 digestion frongbarger DNA fragnents.

Such DNA nol ecul es may al so be chem cally synt hesi sed

or pr oduced from io chemcally synthesised fragnents

by t.Lo I t b u

WHA%? |%m {/b k‘EJe%e 5%51 @té%ﬂj N3Gk l/vﬁg: g)giggg %&5& Wré) "ermination of

Mutegsogstics’ prNmpolyR%MSed mut agenesi s

t echni ques”. Correspondi ng nmethods are nentioned for

exanple in Lottspeich and Zor bas 1998 Chapter is 36.1

Wi fe A

or oS PEDARerBRBRATRT, oY ST Poiic it Syt Pepvace at
5 ubiagspradifiv Sk at dand' end faf dhe tdmka@@ﬂa NI INEA arﬁd tpmet—transcriptional

hanst ' t S27 t

e dasipothd L hayse6R of abpul okl Agetii el eotva tai)
SUigh ahé &|dHveind'esnd e quensaisaddrfaticer ﬁlgﬁﬁp@&hrﬂﬂses the sequence
honol ogous genes of other, preferabl ian

spéABYRASEbeH 18- ?efécrwezﬂhe@swréstmr@fbéw dgevege efte and a
exigghgnée‘lqlp%{éosﬁ&vﬁgtr ogpa[ E)@é #ﬁ%{;ﬁs gg%‘ﬂ{:)ﬁ &%ents are known

are ogous
101 nwenhiantk potywelt’ov»nmrdateoamaﬂ@aslecpMe)r Bshi botysé\ &escribed for

| east % at | east 80% preferably at
Ie%@"ﬁgﬁ% %eé(?é% ﬁééfer ably at |east 95% and nost
preferably at |east 97%conformty to the nucleotide

sequence of the gene with which it is honol ogous. o ]
Usﬂ!h@ preferred semeadimandrafhiée prissert inventionpsashbiransasiption unit

OB B B oy BB SRR S JNEDr st gror o

15 gem@ameo@mESasAne&W &s fanscridibeetdraireiion edﬂﬂnm oﬂa another
re suc asur s is thegefore a further

bj ect .
of PIRETEAVERPPERTCSghepraee RIIPB A CRUBNSCB{Q futher translation

veekQidtg eRRdi ng to the invention The expression
vector according to the invention may theoretically be

prepared by conventional nethods known in the art, as

P RSB ABR i Pl s SiEn AR e o),

2ove<at Sop ddn St bAkbIgA HiGE tfer éa&h po@ﬁspﬁd@m be &lfpessed. For
hamst er ubi quitin/S27a pronoter cers .
t e ORLIAT EXPERSSIGLIt Vb’%}’e?@/ IaQt’iséhle tgi T§RKIVE, add\arishgnge 5- and/or
resd ﬁhﬁ%&aﬁa@%g: gl FL AR endg?élgeéﬁld s%gheﬁ@é ' QIH!CIh is to be
starting poln splicing signals. nventi ona
cl mpr&;seelct ior sordary foe alswdateo ay podehiedlyt msuitablg. additional

pl asm ds., t ha em ds, caosmids. i r.al )
Ve SeBsttopdntaton 2Bard: ot oS ReieHiesdtaeh MRt afediBxpression
2Sad%‘?‘3cﬁerllr'§ﬁ%npﬁ6ﬁn@r @%ﬁ@ébﬁnﬂevey' rHS &% Bﬁ:ﬁﬁ@t& expression,
sinplex virus, as well as artifi.cial chronosones/m ni
ribosomal consensus brnding sites may alternatively 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
30 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.



chronosones. The eukaryotic expression vectors
typically also contain prokaryotic sequences such as,
for exanple, replication origin and antibiotic 15

resi stance genes which allowregplication and sel ection
of the vector in bacteria. A nunber of eukaryotic
expressi on vectors which contain multiple cloning

S| Lf% égﬁets%ﬁyﬁﬂaé %gmgjéu% i fu{tfi’n}g?ﬁ@’c%%%éﬁlﬁé%oﬁain its own signal

sequente are

coraguenad.| ¥f thearatuvers'ugmx sequUIREE BNG EBs@t a heterologous signal
Str at agene, Jol | a, USA: | nvitrogen, Carlsbad,

CA SEQKRENCe| mtrog@:c%m KRN panngsa Nmeyogs signal sequences

Bi %%ﬁ;%‘ﬁd ArenkRSHn fRliRe AliiRd Eﬁ?n Uy deposi ited i sequence

het er ol ogous pronoter, the gene o nt erest "an

5 nodistabEmhksestiehasnGepBaeslhod EMBE.er ase gene and
optionally the gene coding for a fluorescent protein,
addi tional regulatory el enents such as the internal

fl @@ﬂ‘ﬁboﬂ@rﬁﬂ bRttt Bletr TRESccoRNNGNE @RS iAVerition is the internal
%aden ylation signal are introduced into the
ex;ﬁ

esemahenirsie (IRF2). nbhfm ERES alempeat cemprisesa sequence which
quﬁcﬁ%na[l¥ Byl t@ra%{cﬁgﬁiﬁ%o\éﬁﬁj@geﬁ&&ﬂmwg £ erminal

he i nvention contal ns
10 hemtby@ganesmnmma@r (CAH%estrgmneebhni:inﬂher e;sstrmmi gene and in an

nodifie hot r.ansf er.ase :

pr eripatsg B e PARIRER 0BT ES, BB hirarrive ragpes) from a
gerRmi@tangcigt! Thd IRKS erpRIHt pp6AHES Bn ihdependent ribosomal entry
particularly preferred according to the invention to

uséita i e ttranskation @f off6t epersransting orageutpcated immediately
pr %Wn%'irea\rlr\ﬁ aer b?ﬁ{g tlt% HACRIrel Hﬁ%\lﬁ\s\&ﬁﬂh erﬁ%é?ésrhalﬂmstronlc i.e.

vector 1In eterologous - 4
15 pretferragblcy)da fmrl quntarmﬁsSZﬂfﬁerpnbrmﬂweptldbe ogempeoddcts which are

intere ne whi ch code or,,a fluorescen

or GBIt P et SHGEN PSS TTRYA HbP wrIoThY & MRNAS from
fungihanséily atd MepdcRRBnichehd 888 $bonly one protein or product In
phosphotransferase gene is |ocated in'the same or

a §re@§aa@ of arranligistrenicdranseript insx kaaryﬁt!@ eell Qme)tsenﬁatlon would

%e.p PE‘%E%H gﬁglsﬁ? tP r]hsk%@ﬂﬁltl%g@l?s t% R‘l{%\ﬂ%ﬁ g\)}% I%Jgéé]sif'uBgtream and

20 nUQ\l’CﬂJI@ bacstdpped wrthemrstrst@;atbdah aftsrowkichefe Wanebrigtreould be
positioned so that th g can perf orm.their intended

f uhelersad fregr thepbeiam aTBP%rRﬂINé Fheemséﬁeypepgde or product coded
f“'&gt OO ALRNA %ﬁﬁi tl:Qe ate , er@e@:%r%%%ﬁnces fcodtrast, a

bl'e to control ranscription
t henultlmakedlcgmmpq mm iIHQESh@em‘%]t pdsch ||3)funct10nally linked to

Gener al | but t _necessari fun tional l.y |jnked.

oS cHRAREL S P bSAREEET e, fradindafome Muheolifigit alows
2599@@1133@@1%&”%%&3%11%' bhkRE 8pen nretdﬂi%g}?afﬁeﬁn@f logated downstream

secretion signal sequence, in the sanme reading frane.

Al theregh so fthalctwealmore palypeptitesor @roductgciesied! by the same
o HREEHBELATLLEEM R inkhRiERRTAone sequence 1t

does no{ nec sarl

The IRES element may be of various lengths and various origins and may
30 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;



to be close to it. Enhancers need not be cl ose by
either, provided that they assist the transcription
of the gene sequence. For this purpose they nmay be
bot h upstream and downstream.ofst he gene sequence,
possi bly at sone distance fromit. A polyadenyl ation
site is functionally linked to a gene 20 sequence if

suckng sty T ERG: DRk s 195 Rdam by A BIaRBR Tt 1902,
COEIMDES BeaKC e1992: RagnedpoétyAdanobaiiossesétaal 997,

Li nking may take place according to conventi onal
reconbi nant met hods, e.g. by the PCR techni que, by

i . . | Y N . '
P A5 bp A BRI A AT 325 6 onc o
5ar ehadRESablementnt. & ethecspddingy inu séleotsddsn khatkbe sxpression of the

adaptors may. b sed in a .mann no er se. .
ARG et ST AIA TS FeRid S puhieny expression for

Pr ¢h8"iRRhYed RFpd. TR RPBHARS pehBissHié BRISREBAGREN the IRES
In one of the enbodi nents descri bed, the heterol ogous

pr ciement apdether giairy codon Dfulbieqaens resied gavemiteam thereof for

1 PR PR o PR A By bRk dernfipts pyvarving the

10 Thispagianant adeteainirige thel exphasiopotdie tawe agiimetioh of the spacing
interest and the gene coding for a fluorescent protein
ar HSNGFUEEH 98NSEASSAYSf rom t he sane het er ol ogous
pronoter. In a particularly preferred enbodi nent the
functional linking takes place via 5 an IRES el enent,
so Byh#e mdrstires descrdbarRNAS| possitie Hesiidai am @ptivuih expression

genes. .. The expression,vector, cordin t

Pl WaSAoaaR: pBR LS gl B el pr dressroiaaous gene
15WhigrBdaets. T AR axpeessidry cassdifteobtaisl By Predrad f ene or more such

Particularly preferred is an _expression vector in

whiepasyres fietharefosy adurthes siaiedof the Bvepteny t he
ubi quitin/ S27a pronoter or a nodified formthereof, io0
is linked to an enhancer elenent, e.g. an Sv40
enhdameterdibiquiGvib s famosster el enent . Fundanent al |y,
the expression of the genes within an expression
vector may take place starting fromone or nore

20l T AASShbPEF BmbBdikient the &@5rBksidR VAGS Gbbiidiry) td'thke invention
is defined as a regi on which contains one or nore .
gerasntaios ghe tutiaigitiniS2da. proRwige Ak henhemistera preferably functionally

andPker 8 et Bl st bPET g ch BT RimABhaly rked to

unithe ajepewfdeteréandithagenei whitlo caties iorta oreécdritgrotein.

same pronoter or pronoter/ enhancer. As a result of

this transcriptional Iinking of genes, nore than one

pr ofygl i { pfSMERP BE thé2RaREIPER LI BBWRul homol
25trgﬂ§%pf%9ﬁ“§ﬁ%t pﬁ‘%ﬂ t hus expr esse(?.h; Each9 i NOMOIogons

t r gpreodt@t ibichuisi desooibedi inWOh 871Egdat Sugh & prasnoter preferably

m'r?ahs %rt eleggtc%%ga&y tﬁceorfollowing 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
30 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 regulatory el enents.
| RES el ements or introns may.bggused for the
functional linking of the genes 25 within a
transcription unit. The expression vector may contain

a single transcri,ption unit for. ex SS| t he

o pfigbas: T et pedest s T BAICHIR PPt Raculary a
'b?o:WBte?thlér‘P%eéctfv%[ed b@tHd rpReRt BNseipPt ei Nn.

Al'ternatively, these genes may also be 3o arranged in

two or nore transcription units. Various conbinations

of i _ D ; by . _ _
on & SRR A AleByh ARGHIREL B, 4 By i = nucteotie
51 Nsegqlente asrodntdinad inEigXPoLVED OF/A88840r Panmlatyi preferred are
of one, two or 42 nopre transcription units na
i nPEPMBLEFiSPANCRBRYs Whgh CWQWPWGBW HRMPOSIH 0” 2161 to -45 of
sugcessive transfections in any desired order. Any
conbination of regulatory elenments and genes on each
vector can be sel ected provided that adequate

ession.of the Ir nscription.ynits is, ensured, .JLf ..
o LB ot e BR S B i bt G431, Bectidation each
10 ad@ohtaﬁﬁéd mmeﬁolééulen'ivﬂh ahé s¥quente oI sition K823 to 2406 of
may beI$05|t|oned on the expressign vectors.

Ac S QilRNG; 5%0f BRttactiedPapens? lsingr Hiigaaenre coresponds
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phgsefeodaprsmoters ee Weﬁerrachpnmnbﬂemsrgmi@ mdqnpmme this sequence

two separ trans tlon Each. transc i on
inTedERn Ao PREALR Pameal iigmet, bnias “Fshaedlnce from
15Pr Qbdftiopr 2184 bet Q4gsn§@n@epomnga¢bne$1l Ho OR®I1 in Fig. 5 of WO
are under the control of the

transcri Ion unit
sar%lbﬁﬁﬁﬂdt ¢k PESIMPLEh NGd FORIAIGRY thexpraeenaer fepre masitipn 2251
an té 55%6%‘?&19!‘%9%%%%%5!0 cSHé%’ﬁc?ncf é}éﬁ?ﬁ&r\ A ) +411in Fig. 5

l i nNking o 'S conp nen e gene
cowalvtbel’rmﬁi dtl is posyibiento pRizsohibier armsrﬁcaieaseqambe in the 5'

t he _gene of ﬁ_r est {\ ggg a| ned in two separate
tréW?@F'?‘bﬁ%W% PISPOYHY <heSr be under the control of
the sane or different pronoters/enhancers. However,

preferably, a weaker heterol ogous pronoter, e.g. SV40
earll ;s plsonpessibleits wse funationaheubisaimerts eibtheyepmplate hamster

(B HR008 APuIBEBEG e M R G s o

Wl tthe ohfeeCcongcpicet desubiejnidras thédaef wHitie have cm;en) modified,
transcription unit contains the gene of interest

opIPONKRTPIE.  GiincSURSHAGTY 0INS2rHan,oPes BBIRIO: ot eéwrespondmg
25T BB EARS S BB VBl G BREPSab B cferred 1o as

ene er abl'y, each transcription un
is"madlﬂ&:ﬂpmmcaera’ he 3 end by a sequence which codes
for a polyA signal, preferably BGH
A modified promoter, optionally combined with other regulatory elements,
preferably has a transcription activity which corresponds to that of the
30 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



pol yA or SV40 pol yA. Also preferred according to the
i nvention are those expression vectors which instead
of the gene of interest have only a nultiple cloning
site which allows 30 the clomdng of the gene of
interest via recognition sequences for restriction
endonucleases Numer ous recogni ti on sequences for al

@%g Erahgéﬁé{t o?'rt Jac?ﬂntx %%ﬂ %%%Fagﬁsgst% yve Egefgﬁaﬁé)o\%t least 80%,

ases are’
f r crmre rpeehralﬁiy atidast BO%‘ am@lﬂo)st pﬁqmwaisleasie‘l 0% bf the activity

Co st o nucle t s
reE’ “et é%%@cg agmqni t% o 1(‘3 r@gP'@{'?)gm @& §pmparative
ou
198‘;%%}%?%%& 28l PQrtfcarar@Xﬁ\@PérPed arSaBRel Sonihers which

I's For tranSfection wth
5 ex PAES SA GNINIBYINo Segdenred hagialegyt e tlnewelhi-tme sequence SEQ ID

o8 s g Pemsigt icfltRy B37F prBhBl A e R B RG, Blbteraby at
MO Ut 8534, prfleadiE bElea@EBLYU, imes: prEierably aukers 968 and most
transfection of the corresponding cells with an

exﬂf@@ﬁﬁt&h giclegsk 97a’?:&51ddhﬁ§§e t% GP%SFP‘PN/EH&RTRWE%VU?P%V“Y in a
in B&%’%?étﬂfe@e% ngeggﬁégggésy nodi fi ed, reconbi nant or
trans ic cel

ch are al so the subject of the
10 present |nvent| on. is Preferred host cells for the

pur oses of t |nvent| an.aLe nster

B CipqRprieing S enatila Pt ek 2 BedtoRiodpamens
CHQ; fAdsteel imimln§iQhevmfem&édmm@nbse @‘IoﬂiétESrﬁé front of a
ceII lines. Particularly preferred are CHO DA

poRieriespireRartemgensHkbichcades, for exampie fer I|u9|ferase secreted

50 Cﬁ%ﬁﬁ bR Ruobla AP EEPLC TREBLBhsinucrs

15 cel{ponatdr sdquervra& itveEpoies gengh s smrbset;eemilmmtroduced into the

I I i,.ch

b'e?eeeéecee'ﬁéi‘gp& oH-p Y vttt e Bhe, Al PR SFBe aeporter
1 tab bebleay¥mn BHpvmuepronstiel Vidigh®f iAnguedtion is determined by

descendants of these cells, other mammualian cells

i nasmeaﬁuﬁ@gkibe protein eentant o dhe cerastar gansesACTOIFREREASING test is

i ﬁ?Lﬂ’bd e{ﬁq ge}f’ﬁ\e%% i Rt %l &ﬁrr%H{(?[ré’tBEbfé rﬁ%glh%'cular Biology,

cte nsec
20pla994cabaaednay al so be used as host cells for the
producti on of bi opharmaceutical proteins. 30 Table 1:
Hanst er and Mouse Production Cell Lines 44 Cell |ine

- ACEERS bSO queltel ECHRS Hthst&P LbRRAH/S27a promoter and the
modified promoters, which may also include, for example, the &' untranslated
region or selected fragments thereof, and the coding region as well as the 3'-

25 uniranslated region of the ubiquitin/S27a gene or selected fragments thereof,
may be obtained by a skiled man with a knowledge of the sequence
described in WO 97/15664 using various standard methods as described for
example in Sambrook et al., 1989; Ausubel et al.,, 1994. Starting from the
sequence described in WO 97/15664 a suitable fragment may be selected,

30 for example, and an aligonucleotide 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 &' untranslated region or



Sp2/ 0- Agl4 ATCC CRL-1581 BHK21 ATCC CCL-10 BHKTK
ECACC No. 85011423 HaK ATCC CCL-15 2254-62.2 ATCC
CRL-8544 (BHK-21-derivative) CHO ECACC No. 8505302
CHO K1 ATCC CCL-61 CHO DUKX-AFE€C-CRL-9096 (= CHO duk
CHO dhfr ) CHO DUKX Bl ATCC CRL-9010 CHO DX44 Url aub
et al; Cell 32[2], 405-412, 1983 CHO Pro-5 ATCC

CR T ) i 14

coRE fadifRoty BherbtddP exciBie B9 fivbrfalArit ot s iary of the
hodtantstbt gemernb. digiog Yveispeoter genﬁras_eay! dekcrittdtbabove the skilled
expressi on vectors a ordl n to the I nventi o |

oS Bha BonE A8 SaTiBn Ao Sk tve SaeB a0k Yathost any great

198%orAapEbabe ethedl for #99PLrpcitst 8bliRe SprRERCHSePlion. The 5

transfection include for exanple |yposone-nediate ‘
5t r atndreestaten regionl @i sprqiidsagmeriscihepaictar easilyobe obtained by

el 0 y cation- (e g. . .

ot & AR, R, Bl s8Pondifo Sprtery fcqm; genaic DNA or a
m gfepionjieclibrary. anBraghferits ofnflects’ anstrardttod disaibrt endyhelso be
i nvent.ion stable transfection is preferabl quoar ri ed

outOtFNGA; Bh e ereyaiRase df digesticer from &ypak ENA fragments.
t hESLQfFPBﬂ% ﬁfoléaﬁeﬁﬁﬁa? 4180 $R) éhéfhicéw %gﬁf lelsfskb! or produced from
me/ mnic no somal 'y

chronoso ro ome, or are ep

10 comheitieallyi syrdhedised iragmentsi by igatiomost cel | . The
transfection nethod which gives the optinum
transfection frequency and expression of the

hetDrs|eli®g QHSertiod 2ndaribetiiutioh MeUtBARE meagide proddessby Osite-specific
is preferred. By definition, every sequence or every

geRUtagsapsisd anaios "RES-bassd mulaganesis éerhniaues"a Corrésponding

n h n " n H

- rag SR Tpa AN o Bimpic'ft EBRAGH andPAtbet 108 Chapter
15se@ieheatntfortber rei¢eodesed or the gene to be introduced

is 5 identical to an endogenous sequence or an

endogenous gene of the host «cell. For exanple, a

hamg @FoRChyBridISatRN WithoglébRd freinotHe MaTHiehsRRsd régbh of the
'S hamster ubiquitin/S27a gene or from the S27a part of the hamster ubiquitin
S27a gene or the 3-uniranslated region it is also possible to identify and

20 isolate suitable promoter sequences from corresponding homologous genes
of other, preferably mammalian species. Suitable techniques are described

by way of example in Lotispeich 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

25 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
30 heterologous gene products. An expression cassette obtained by one or

more such measures is therefore a further object of the invention,
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by definition a heterol ogous gene. According to the

i nvention, reconbi nant mammalian cells, preferably

rodent io cells, nost preferably hanmster cells such

as CHO or BHK cells which havesgbeen transfected with

one of the expression vectors according to the

invention described herein are preferred. In the

PAODLARBH d7eRAHELIAN <o RS- BRI RNl & Ry Such. as

e. ¢- 5170 o110 a c RO, c a fection

of suitable host cells can theoretically be carried
out_ by two different nethods. nﬁﬁ's,of his kind are. .
corfhes EIPERSSIPMYREKY BECdBEnite sther H%V%@avywﬂmfﬁtma“v be
chaj BGS c6EiEnal PhethBES CkifdWPH NIt $hdTBt P&s described b
ac?b%%gggfeg Fﬁqgﬁﬁependent or mu ticrstronid_ |e. y

5 t r Seswbriopkistal. UNDBS), tor exasipigl Saphkronk alsai desonbes tthe functional

host cell is then 20 transf. e i s 1S 0t 0
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However, in_the case of independent transcriptional .

unisianaly, antdioticeresistance Geogregeleriable mearkaiAsPligation starting

en t L £ oteel i

ST ST 0, g8 S\ CoRroRg] by, ray be used to
10 ef frodwae fherh netdheplamnivisd beatasiophhges xphagamida, 26smids or viral

t he nes take place within a.multici,stronj ,

t r SREET picBh atrHaClY s e Bpilies, AHERdIisER, pepngapsociated
onhyug8e dricMepsdsdsirhsiek OVifRy. aByvels aBJartifEial hedmossmes/mini
a highly efficient internal translation initiation of

t hehfmesomesobtlfienebkanyolin eXpiassion RetPrsubypicali¥nalso contain

Ci : t expr ' tes t W e
ci SBORour SRTeec RN THR 07 ShAple BPUon IR an apiviotc
15t r aesistdnicen genes iwlticlonakidw 3@plibatedn dog selestonfofathe vector in
so-call ed "cap"-dependent pre-initiation conplex, is. .
SUBSCIRN afY JUMBPEOLPHKaVeliE SXRESSIREC USRS, Contdin mutiple
tr 205HiRg isfBs kot the HtkILctibA of & SRINtQedtiltl $atRiehckdte known and
equi nol ar expression of the cistrons, additional inter
46 soriestmeyi be edhiatneds comynersialiyt frodudedpus osoreranigesuch as

B BRI R 35 BBk Eorbfgf oS Promega,
20 POEBEEN VAN, VSATrBD Bigstiersdes Qlopthohi PalcAknnbar USKA.

het er ol ogous 5 proteins, which is preferred according
to the invention, is cotransfection, in which the

9ERGw ﬁéferél%@é{]@ﬁ)i&rﬁo{?ﬁ,it tz%[géﬁéj of thtéickt 8r8Mhe modified neomycin

expression Vecto S the advantage t hat
cemhmisphpirepsietdsengend ageheptienallygéeegena dading fasi a fluorescent

one apot her ,.can .be adj ust er '

o Bl Sl TR Aty SEmehty P§aiﬁ§a¢”%qmé§gap%°ma‘ entry
25 ef fditel ARES)0enhaAESTS drbh i soly adshylatiohs sighabare hitrdduced into the

addi tion, t he expression vectors are nore stable ,

be EXPESSTIPN t YRAIGr ¥ Manas fagpilanie B98e eskiled Haneeart.  An

bot f, JULLiRY Rl ALY i itVeHtiRhe&nitafs, at the minimum, a

heterologous promoter, the gene of interest and a modified neomycin

phosphotransferase gene. Preferably, the expression vector also contains a
30 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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In one particul ar enbodi nent of the invention,
therefore, the host cells are additionally
transfected, preferably cotransfected, with one or
nore vectors 15 havi ng genes afich code for one or
nore other proteins of interest. The other vector or
vectors used for the cotransfection code, for exanple,

for _the oth ot ejin. oF ei_ns nt er est u der

t nBrarfier obrefiraBlyoh St 8508 Brboflr It 5558 g st and the
angeh@wtath teass fcsrrusfla@ﬂaaebemqbra@ﬂkalr@ fmlbaauy Inﬁkeﬂi together or
di hydrof ol at e reduct ase. i Accordlnggto th

i neEnfunstionally lijad ard fre QP@“MF'EfFH]OéBW @%fﬁfﬁ%es%’!f is located
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option ree from ani mal
5 proteins/peptides. Exanples of commercially obtainable

medi.a . i.pcl ude F12 ma,._.Dei senhof e DE N
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CLRRAFr 4 SRED BRI 5E (ELASH) e 0 coun

10 t h geae rmm@nnayn‘ atptsi ahlal oy chmtrelupp hmuimiate dhei frénscription of the

o RS BBecEREL e BOSBR BaBe Al BF e peessary,
gf Mdﬁloﬁﬁg?ﬁ Miked DNW sdqldrices giro vioeftagéiper andaif koo coding gene
i um chl oride, calcium_ magnesium

phgggﬁgm@gs argyfimkegds of & §ne PErESf a aqcreﬁgms&fgaloqgaguence in the

h
or RE® LR Tme n B 2 SrhamATISd BRIFoR! Js generaly

15 eI toeanes upélréamugitheerading lgeae saaqdeaceartedqmerhm membssari!y have
according to the_invention, IIs may al s .
cofe PFoIGEE il AT BRE R AG 038 B ST it fat they
m%b@isméﬂaﬁﬁgytlgﬁe& tRe @eﬁ@dséﬂubhcé Wrﬁﬁ@'pﬁ:ré@éé’ﬂ{ey may be

of serum In order to sel ect genetlca Yy nodi f
celbioth wmstrhawgnds@o\mmﬁrm nafr hes geee tesjuenaes la@ssabiy at some

ST i PSS IRE A B PRI 16 o oo

20 SU'@&&Q@I@& I isIpozitioretisatithe 3yepwid ties gede sequehyd@in sfich a way
host cells with a _deficiency for the sel ect abl e marker

geffeati rtheqUetSCHRtoN PRPGTCEPRS s¥Bpeher qaingr 8egWence to the
] né%ﬁfa' la%ﬂeé] G40 Frg:? may ta‘?(eep @béé/cdr‘éiﬁg ﬁscér'?\?entlonal
nMedr um a S

|t|ve or t ect’ion o etero 0g
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25 ar @ralgRAilable synthetic oligonucleotide 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
30 a ubiquitin/S27a promoter, the gene of interest and the gene coding for a

fluorescent protein are functionally linked together. This means for example



15 nost preferably 300 to 400 pg/m of medium If the
host cells are to be transfected with a nunber of
expression vectors, e.g. if several genes of interest
are to be separately introducesitinto the host cell
they generally have different sel ectable marker
genes. 20 A sel ectable marker gene is a gene which
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“gukaryoti c ce enes am nogl ycosi de
ph@hdtammhmagmt (‘rmi—qqntamhem,ammer different regulatory elements.

le_é%g)St a3 %%h@'\ {og(swﬁggg %S%#O? éﬁ% % tlhggfjl‘iﬂkﬁge of the genes

25 SY il atfansefipidraghit synt het ase and genes whi ch
confer resistance to neonycin (G418), puronycin,

hi stidinol D, belonycin, phleonycin and zeocin.
The expression vector may contain a single transcription unit for expressing

the gene of interest, the modified NPT gene and optionally the gene which
codes for the fluorescent protein. Alternatively, these genes may also be
30 arranged in two or more transcription units. Various combinations of the
genes within a transcription unit are possible. In ancther embodiment of the

present invention more than one expression vector consisting of one, two or
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It is also p033|ble to select transformed cells by
fluorescence-activated cell 20 sorting (FACS). For
this, bacterial (3-galactosidase, cell surface markers
or fluorescent proteins may. e used (e.g. green
fluorescent protein (GFP) and the variants thereof
fron1Aequorea victoria and Renilla reniforms or other
speci e

red uor.escent, proteins and i NS whi
£ PEore NS Rt it Ga) ot bSafindin Ao oo B rsfittion or in
no%é&&bh&@tfﬁﬁﬁ@&bn@ﬁﬁ%?@'@slr&d@d% An@co%.r@tmqsrcr@gulatory
Anenoni a sp., Cavularia sp., Zoanthus sp.)

sp. ,
t helemrémandrge@rs o gASH YPAEY C@a hes selegiad Fé'B@Md@Qsth@h adequate

% r%l g%és%? e 1 ag{é t‘tﬂm’ hig ROSLn&hb %&fests%l"ﬁ other

Sl on re e transcrlp?lon an

t r mgillatbrweiea‘fem ahdtgenet og.guadditinralsgenesnafdnienest drestlectable
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e R TCoy 4 RT3 S S5t SE Nl i ¢y of
corresponding 49 nRNA which is present in the host

cell or on the basis of the quantity of gene roduct

pr Agoorstingihi an expresrion egctay @(P@F@léﬁetooth mV@f‘g@ﬂ corjaining a

SePgbr o noiarEet 1ot e, Mk BRBLEITR, Rioffied neomyein
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ri bonucl ease-RNA 5 protection, in situ hybrisat|
cetrausgnlptmmrats b@a&Cﬁaﬂ%@Wé‘&@ G frarsoribe apid eX eXpress one or

enc i d’ egé{%‘*éb E}ocﬁ{dsa' 1f b&t?\gééneé:’ LRl %th%IrY@H et ecransantlon unit

cted ' eoti de sequence can al so
detrmymrreelmmay thacooiisl ofdhe samespromater, of momcégdmhéncer while

gt SE50 R B0k AETISF B papisparona of o v

acbbmﬂoheﬁfs the [pr ¢l RYepe bwhichmuosdsy aifar nmo@iﬁetdheneomycm
rotein fol |l owed be/ FACS anal ysi s (Sanbr ook et al.
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YRR S SUB) SR o SR P oo
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ession level or rate or a high productivity, are
pr drepsCriptiora UpEE | argc BEAfemad WEInhbel BoeRR |Q§nthies'n"ent'°“ One
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VTR HerRefein, LAE RS ioe 3588 o b B8 cpronaly =
an@elnfa 26dinbi forcal fiugrescerte prateinl emsite rfoe eomhartranscrlptlon unit
Eg%gnlﬁﬁjn% g]sq %gi)f%dtql]ﬁzdey ' ggr erﬁgﬁhg@&br @Q§ |0516}}/rgt is limited
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o present I'f the cell according tot invention |

vv| tdmduﬂopSinﬂ ey anplification produces at | east
nore than

Also preferred according to the invention are those expression vectors which
instead of the gene of interest have only a multipie cloning site which aliows
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



roughly 1.0 pg of the desired gene produce per day

10

(1.0 pg/cell/day). 25 Increased or high expression or
a high expression level or rate or high productivity
are present in particular if.tdwe cell according to the
invention wthout prior gene anplification produces
at least nore than roughly 1.5 pg of the desired gene

product .per . day . [ [l /day). rea r._ i .
ExEPEL MR afrion syt BREeERYy o Der  BIE SRS v st o at
pr RESE bixvhilisledtidespas setigritbri Behaeridec UAAIst idf duitabetdcognition
according to the invention wthaout prior gene

anpPAYENCHSi G B bwindder axamaledn Sasplropkghal olgé?y 2. 0

pg of the desired gene product per day (2.0

pg/cell/day). Particularly increased or high

expliosk€ebtd:h or 50 a particularly high expression |evel

or rate or particularly high productivity are present

if the cell according to the invention w thout prior

gerer afmmdréctiont ivith theoducessih hesdr aBdddingato the invention
roughly 3.0 pg of the desired gene product per day
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amphi+f i [ ' t ME%e ;
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pr edeaesistiil ttraesfacdionbaf theccarespdnidingacdliscwith anf expression vector
least 2.t0.10, sq that the er.nms, "hi.gh expressj.on, o

| nererding &R pesdnistiton; Thrdls” I ol PUTES  GanBtigalyy modified,
I N @nbihant bP ransgéhic\Wlieh wWiich Bes it e gliBféct @f @he present
gene amplification step if this cell produces at

| edeNiiBRe than roughly 5 pg of the desired gene

product io per day (5 pg/cell/day), preferably at

| east nore than roughly 10 pg/cell/day, nore

15 pr Prefeaiedyhast cetiaisor tnerpurpbses obtighinyeiforpgre bhimstierycells such

20

soredRanBBICHE Fat Gharers hbRsbbAryb3ERX 87°and co-
pgbgw | Ay of Sadivalives/dbBE RS X HRBS N liddN Particularly
productivity or a h|8h.expre35|on l evel or rate can

be peafairededreotGHOYD g GHe-DPKKhe CHHdssrael  BHK21  cells,

vectars acc i ha, j ' nd f
oneegi B IR bl BHIPEIIL TE NRY SIS B myeloma
Foechxarmmm, Me Cosoumessspmfe@blt heNSEnearaf iSpB0estells and
and a nmodified NPT gene It is possible-to select and

i dapfivatjvasigasgenpants qiippescelt ieshet er ol ogous gene to

a high degree. Conpared with wt NPT, nodified NPT

allows nore efficient selection of stably transfected
ho&ixargdlés ohvihemstérgana xpewsss celts whichhean betwsesl agoerding to the

7 aheBlonga s 3 TaReCPRIIIRVET Bl v¥ls BriBies and

25 Of deBé&idfits bNtHeReENs Nather FRIMMbIIANcEIR iheluding but not restricted

30

characterised in that (i) ‘ .
to cell lines of humans, mice, rats, monkeys, rodents, or eukaryotic cells,

including but not restricted to yeast, insect and plant cells, may also.be used

as host cells for the production of biopharmaceutical proteins.

‘Table 1: Hamster and Mouse Production Cell Lines



a pool of mammalian cells is transfected with at | east

one gene of interest and one gene for a nodified
neonyci n phosphotransferase whi ch conpared 30 with the
wi | d-type neomyci n phosphotrangf erase has only 1 to
80% of the activity, preferably only 1 to 60% nore
preferably only 1.5 to 30% nost preferably onIy 1.5

t ROA /ll\ fhe Ce!!s are ciltivatoad nind er uunun tons
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the invention. 10 The inventlion also relates to a
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H pt caa at—teast—one—g rest,—wherern
(k) CF!PES' manmal i an cel I?‘smg‘%ransfect ed with at
Ie=amoq:ngangne of I nterest giirGCgHRIe-9086r a nodifi ed
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W I('g%f@ﬁig’beéﬁgﬁ Vn phosphotransferaSe has only 1 to

804 rvity, pref eropgrg'cqu 95150 60% nore
DTS

p1 € y 1.5 to 30% |npst preferably only 1.5
t o CHDGHA4) the mammal i an gdliaukeetealrul ti vat ed under

diti whi ch al | ' f
Gtnes of i nierest and the midrd] P2 s a6
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arne ultivated in the presence of at | east one
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expressing at | east one gene of interest and for

iglr Ctig%rﬁscﬁreﬁt q{rgtﬂi@%{gﬁg#f)éc i@%?@c?l?g(ﬁﬁtﬁzépﬁlgguﬁ@?tide or one of
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- desies i BRstesBiofDN@ctet abkcondirighite tlgplinveatioonis scau'setd:l out by
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G orepRFPRSaMAInEHE (SPTBIGY Bendogcmes bt gl y t9std. Sutable
T
calcium phosphate co precipitation, electroporation, polycation {e.g. BEAE
dextran)-mediated transfection, protoplast fusion, microinjection and virai
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



am no acid position 198, for alanine, glycine or
valine at amno acid position 227, for glycine or
asparagi ne at am no acid position 261 or for

i sol eucine at 52 amino acid-position 240. It is
particularly preferred to use the Asp227Val,
Asp227Gly, Asp261Gly, Asp261Asn, Phe2401le or Trp9l Al a

mu RYE 0

onsehRdn R cell m Sesbdlf AL BT idhn, gy sequence
meor i @m@l gené hnsertmi dmta dymetidelic & ireferredetcs wst abltesterologous
for such g}é s For the pr?ferred ne

PhERHERGSST S5O IPHEIRER 1 B1F BROWGRI (TP applis
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the cel express a gene of interest and
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Wc@mﬁﬁﬁm{hefemhgba@gwg_i n. The cells according to
the invention are preferably cultivated and sel ect ed
in 200 to 800 g of (418 per nL of culture nedium
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10r oeghs, ymé@{) prefefabG4 bamséer cdliscfuahubas OHO Ik BHH& mﬂ5| whlch have

| BefBe kBt SIS ot SRR Sagen gocorang to the

parﬁv&mbﬂrdeschbga herdin ebs pRfiefréde. By conparison with
the use of Wt NPT, after selection wth 400 pg 418 per

m of culture nedium as sel ectable marker, the cells

i biyted t f
o5 BRI Vol S RoRIoRer FRGERs duch b o
15Va|n1x98ﬁlqnaﬁuaamodle§/ (en Aty e tios ttﬁnsfecﬁldnooﬂ sumab!et m‘est celis can

f.th of .2.2_qr. 4.
n erretall 67 ey By A wrePheEE. APt B kind are
a fard 1pSHse‘é‘lfof5a AuPber oBsuBlritetHeAseaf ard Ry ﬁ%ﬂ%'@r@s coding
Asp261As mut ant and even by a factor of 9.3 or

| n feméhasss sulbginitsh maysbe arcammesniatedgp Independgait it {multcistronic

d
e S T A
20 pr eeestesednyTHie i< ditbhded! tovstbure FRCSoiddomekid representat:on of

e sns i deeREHten i e 9SS o oSt Fabr Rawdler. in the
pr Qgh N5 |ﬁﬁe;g?nﬁrﬁ)tra?fscﬁptfcﬁ‘lall uhis fﬁ%ﬁsﬂﬁéﬂ@ﬁy bé”@n%ﬂé@rthat the

thods of obtalning I ncreased expression,
connm!RNétsu whiahf enmde theedifferenthpetteinaydispley tbe &m stabllity and

o SRR ) PR RPeL APl S heEHbEagb)ip oxression

25 natdﬂ e gehes YaHdBhte withiBa MgBcisBofhietrangor Q@iﬂ ahit B means of a
endogenous or heterol ogous gene expressio
single promoter and only one transcript is formed. By using IRES elements,
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 translation initiation of
30 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-



inproving the stability (half-life) of nRNA or the
protein, inproving the initiation of MRNA

transl ation, increasing the gene dose by the use of
epi somal plasm ds (based on thegesuse of viral sequences
as replication s origins, e.g. Sv40, polyons,

adenovi rus, EBV or BPV), the use of

ampli.fication-pro i . e : .

SR Y B9 FRUEREESof SRR S ervyeg unfor

C Ot e 8irs rt & iracenjactn. witl H6IRES Slerpéreid (WO 94/05785).

transcription of the gene of interest and the gene

whi ch codes for ao the fluorescent protein has proved

pardi of f . . . . .

oS A8) U Sk ROEL 80y Sy Seefologous
5r esuibtsing Wwhich 98 rpsafegredn@porrdingr tosibesingention, hie cotransfection, in

or ot Ponditee Bin ebRRek, BRskSH I HBleRdiicSorossion vectors.

eX RS siagthefadvaAtdayeothat berddin propertieat dignebeind gene products
fluorescent protein it is easily Eossible according to
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host cells which have been transfected with the
exghedg oartiowart ypbadipndigidghe dnyerdian faereferg. dre host cells are

opti o ' c ' veedor. . f.ar
P BTty PO et cBBLEco S Plno (4 poro vecors
15t héhavied @ehies nvioith caddesfoe xpree ssimyet tibengatoteired of\ifterest.  The

e.g., by cultivation in e 25 presence of selectin
gL yEHo6 oF aaB 15esh i dAe rERRE LR rofe: By gampe, for the
40hthEP0proBR @r Oprdt®ing of [rdr8bimiuriercdhd UEshtifBIdbiMhe same
Then the corresponding cells are investigated at

| egyomfater/emntw@nsep ceawirstiopfanchier gé frast wRiectiheoarlsciable marker,
a fluyo t el nd is coupled to the gene of
& HAFPaROIaR Feflofas® A ;

i nt 0 1dentify and sort out the

spcel I s/cell popul ati on which exhibit the highest 30
expression rates of fluorescent protein Prefe l?l ,
onlACeFRdingdp| tee\iRyemiondBednst ells ijee poetaraRy eStabiipied, adapted

Wi thhd Bﬁaﬁ%@a%ﬁde%em.ﬁiegrbdn@h@nef oﬁqw%nngsﬁ ﬁ’ﬂstdlia which are free

proteinare sorted out and further cultivated. In _
pr doamcanimiail protemsépeaptides.t Hexamplgs dirdoghmestiallyogbtainable media

t he fl| uorescent | sa.are sorted,o a ur, .

cul'f‘?[b‘é?eg%amﬁcc%ﬁdi ﬁ%‘gg',a’t ee'%?qrﬁ):ﬂ%%sig %I%) F%ﬁ@"g?g%l ySigma),
25t hepIbbebd's Stoditedr FaYRSs tISdiukT i(DMEd! Sligftedf Mikienal Essential

fluorescent cells of a cell mxture can also be sorted

outMediven r éAEM; aBigma), nlsgopelst Maglifigd yDygloeree's eliedium  (IMDIM;

o 9B n PGP LBRIBERTT s Corodd) G ool g CHO-s-sFml
(Invitrogen), serum-free CHO-Medium (Sigma) and protein-free CHO-Medium
(Sigma). Each of these media may optionally be supplemented with various

30 compounds, e.g. hormones and/or other growth factors (e.g. insulin,
transferrin, epidermal growth factor, insulin-like growth factor), salts (e.g.

sodium chloride, calcium, magnesium, phosphate), buffers (e.g. HEPES),



replicated. The selection step may be carried out on

cell pools or using pre-sorted cell pools/cell

cl ones. One or nore. preferably two or nore and

especially three [ io or noretdorting steps may be

carried out, while between the individual sorting

steps the cells may be cultivated and replicated for a
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gene; and [ﬁt he myal i an cells ich exhibit a
PaPels BIEH SArhY GneAiERa GEPEHCHt PhoRD Fr%ﬁéé%%ge@%ngrefemb‘yr

ar e S bEHcith t*&‘l fdf%tmfé%hof@é rdnﬁ 806359 B of Inedium are used,
desired stepsa( f (v be repeat'ed once or

15 Sew&fsalprbfefrabiyv\mm to h@&:ﬂlgl’rﬂl obtnmdltern i #f H;leebo:éti oglls 8 to be
A correspondi ng process is Ereferred whi ch

,ché’laé‘éf%tﬁ’%é’\’nlth 4 PWADSE 76 SBFeRon YERIPT 519- JEspYeralgenes of
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ad Iti1onal 55 e anplification step, of nore t
0. 511fta;enfselhetab@maé@r@@n35product or products per
day and per cell (0.5 pg/cell/day), preferably greater
than 1 pg/cell/day, nore preferably greater than 2

20 pg/ﬁC@lele/thEtMe reaiker geheeisps @%a'bh}(:h gilced eiie tsbeon‘:a selection of
pg/ cel | /day, even nore preferably greater tha
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25  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
30 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



for selection using the NTP nutant Asp227Gy. The

specific productivities 1o were between 20 and 25
pg/cell/day., { Also preferred according to the

invention is a process in wossuitably sorted cells

are replicated and used to prepare the encoded gene

product of [ interest. For this, the selected high
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of transformed cells.

Gene expression and selection of high-producing host cells

30 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 detemmined, either on the basis of the quantity of corresponding



the host cell by neans of another vector. 15 The
anplifiable selectable marker gene usually codes for
an enzyne which is needed for the growth of
eukaryotic cells under certatmxwtivation conditions.
For exanple, the anplifiable selectable marker gene
may code for dihydrofolate reductase (DHFR). In this
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phosh)hor ! bP Esi )é He%%?:lfn%r% thc'—:‘rrgp'éuﬁg pro%gltnhI I&reased or high
expression or a high expression level or rate or a high productivity are
present if a cell according to the invention is cultivated by one of the methods
according to the invention described here, without gene amplification, and if

20 this cell produces at least more than roughly 0.5 pg of the desired gene
product per day (0.5 pgfcell/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/celi/day).

25 Increased or high expression or a high expression levei 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

30 in particular if the cell according to 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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dr oxamat e,

aI BBIND thﬁ DBFBthamlrﬁ@atlmaw@nx mdg%qub@@mgln@ftat the

2 A PaRIEERRAE R ot FRIBr R 1o 10, o that he

or (tj&r?ﬂl‘s gl eﬁﬁlebemml' aﬁﬁehﬁdigggrggsmhbr high l\?llrgg%dmty“ are used
a- di f 1 uor opret hy|] or ni t hi ne nmouse 2 (rat _
HVE @%U?"é%f’éhé’ hidthasbaan sdyeesiiac 9 ?ﬁ‘&ﬂ%‘t‘% gtep if

58thrs %ﬁ?ﬁﬁ?&é@é@ﬂéa&"n@é‘r@tt%ﬁ FSLEFRBI g br th&RRE#dd gene product
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per day (5 pglcel[lday) preferably at least more than roughly 10 pg/celi/day,

more preferably at least more than roughly 15 pg/cell/day , still more
preferably at least more than roughly 20 pg/cell/day or at least more than
roughly 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 wtNPT, modified NPT allows more
efficient selection of stably transfected host cells with high expression of the

heterologous 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 phosphotransferase 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

preferably only 1.5 to 26%; (ii) the cells are cultivated under conditions which
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24, 25, etc., 30, 35, 40, etc.. The

25  Particularly preferred are processes for expressing at least one gene of
interest and for selecting recombinant cells which express a cotresponding
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

30 - amino acid position 182, for alanine at amino acid position 91, for glycine at
amino acid position 198, far 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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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.
30 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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The cell lines CHO DUKX (ATCC CRL-9096) and CHO GM44
(U laub et al. 1983) are particularly preferred as
t hey have no DHFR activity of their own, as a result
of nmutation. In order to be -ald® t0 use the

DHFR-i nduced anplification in other cell types as
wel | which have their own endogenous 15 DHFR activity,
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coRB By PRy b BnB¥ ) bR, FLELT 1090 g ip viro

doaimpiifitatie] setabkdased losr DEAGdnkatamesyMonzed aieil.t 3996).
are selected in hypoxanthine/ thym dine-free nedi um
25 The invention is described more fully hereinafter

mﬁgge{riﬂ%&i ti_%nsé’f”t'ﬁer%éhe b?fﬁ'?tér'e%f 'a\ﬁ% ﬁéaﬁ@rlle?%{h!éw codes for

reviations =A) al ani ne
10 aI kel ilurepbardpivatedrs bas Aswe(d:p@rt:a.dpﬂy aﬁede/esmmmjtqnﬂbpn with the
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ELI SA: enzyne-|inked i mmunosorbent assay FACS:
fI gerteisc e the thagiy ef this| gouplpg &f the @7@"953‘0” of the protein of

' § B
YGRS SARENS PSR Gi s SO AAbUE REBIan o the
15 invention to identify and isolate high-producing recombinant host cells by
means of the fluorescent protein expressed, e.g. by sorting using.

fluorescence activated cell sorting equipment (FACS).

The selection of recombinant host cells which exhibit high vitality and an

20 increased expression rate of the desired gene product is a multistage
process. The host cells which have been transfected with the expression
 vector according to the invention or optionally cotransfected with another
vector, for example, are cultivated under conditions which permit the
selection of cells expressing the modified NPT, e.g. by cultivation in the

25 presence of a selecting agent such as G418 in concentrations of 100, 200,
400, 600, 800 ng or more of G418/mL of culture medium. Then the
corresponding cells are investigated at least for the expression of the gene
which codes for a fluorescent protein and is coupled to the gene of interest, in
order to identify and sort out the cells/cell population which exhibit the highest

30 -expression rates of fluorescent protein. Preferably, only the cells which
- belong to the 10-20% of cells with the highest expression rate of fluorescent

protein are sorted out and further cultivated. In practice this means that the
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i QBP1S a[t 'were determned with a CASY1 Cell Counter
(Schaerfe System DE) io or by tryptan blue. staini ng

and the cells were then seeded in a concentration
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15NPT-based selection the cells were transferred 2 days
af ! er{gﬂzj%steha%%tolnot uls rl]'teIc.)atel_grtos i llo%rersesr,] fordoi(a:tlél%l% %nd 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; (ii) the
20 transfected celis 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; (iii) 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
25 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).
30
A corresponding process is preferred which is characterised in that the sorted

mammalian cells have an average specific productivity, without an additional
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25 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.,

30 1995 and Scopes 1988.

Amplifiable Selectable Marker Gene
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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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25

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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25 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

30 amplifiable selectable marker gene.
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20 Mutzagsificatipn wnen ssiqy DdER, nedativei bagie 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.

25
The invention is described more fully hereinafter with reference to some non-

restrictive examples.
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strand regions were filled in and the entire product

was anplified again in a PCRwth the priners Neofor5

(SEQ I D NO 27) and Neorev5 (SEQ I D NG 28) or Neofor2

(SEQ ID NGO 29) and 1C49 (SEQ Idd NO 30). These PCR

products 20 were digested with Stul/Rsrll

(Neof or 5/ Neor ev5 PCR-products of the nutants

Gul 82y, Trp9l Ala and Val 1983 y), Stul/BstBI

(Neof or 5/ Neorev5 PCR products of the nutants
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DraI I1/Rsrll (Neofor2/1C49 PCR products of the nutants
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?Strat age La Jolla, USA) part of the wld-
5ty|95pl‘(IPII) seqae]vmélcm elimnated by Stul/Rsrll
estion, DéaIII/RerI di gestion or Stul/BstBI
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of B@pe PCR pb@ﬁhgts@;urﬁya@@ﬁuence anal ysis of both the
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subH®t ut i on&hinesendamsterHVaks nutants were verified
to sure th DPNA sequence
cogﬁferspondeda?jgbmora% d;%sé NPT sequence. In this
10 WajZ)NlﬁG expr dmetomsuwmmi&s pBI N1- LC, pBI N2-LC,
pBl N4- LC, . pBI,N5- LC, C,. 70 pBIN7-LC
gﬂi@k @M%edﬁsﬁﬁw”ﬁwtﬁ $%i n the NPT
a Uk|§8@sten3éa8w&téd cHkdRSA y, Asp227Ala,
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ZBflT(S The rﬂﬁ@l‘efﬁ?pﬁ@eNth*ﬁﬁyaﬁﬁ? were isolated as a
p Bsu3 he nodi fi ed pBK-CW,
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15 poI@]m@fE}se agthiam@:aaad W|th the 3750 bp Bsu361/ St ul
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@how BNENSOI ynerase. In this way the
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\AB?LE??% gener at eg%ﬁﬁé\%gﬁ??ﬁg@ﬂ he NPT nutants
d HmB2Asp, Abppogamthine/thymddsEly and Asp227dGy,
reiige( hl vel Y; he Ruman MCP-1 cDNA was then cloned
fHese eXi¥ELd™n vectors as a 0.3 kb
20 Hi mREK! / EcoRintEfrRgmBbsorhEl @ntry 869 or the light chain
of the humani sed 1g& anti body was cloned into these
exfPessi on v&BeRASL as a 0.7 kb HindlI1/BanH fragment
(Flgg 2B). i Tﬂb%l&ﬂﬁl%hh%?yﬁ' nserted in the neonycin
o sptﬁotrans erase are on
- of MOPel: ( Vai In@tdoyte Bherfdattrbelanprotest ( Tr p9l Al a,
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55 SUGMAAS €. 0. phdvh 0BiLkfs 1, 2 and

NPT: neomycin-phosphotransferase
PCR: polymerase chain reaction
PBS: phosphate buffered saline

Phe (=F): phenylalanine
30 Trp (=W):  tryptophan

Val (=VY}:. valine

WT: wild-type

e one hand substitutions



20 3 (Shaw et al., 1993) (Fig. 4). On the other hand
the nutations are located wthin the conserved notif
1 (Aspl90dy), 2 (Asp208Gy) or 3 (Aspz26l Ay,
Asp261Asn) and relate to a comerved am no acid.
Exanpl e 2: Influence of the NPT nutations on the

sel ection of stably 25 transfected MCP-1 expressing
cells MCP was used as an exanple of the expression of
a single chained protein in CHO cells. For this,
CHQAceHE was transfected with pKS-N5- MCPL,

pKS- N6- MCP1, pKS- N7- MCP1, pKS-N3- MCP1 or pBI N- MCP1
(Fig. 2A). 30 Two doubl e preparations were carried
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15 no ast@hling uortaesﬁamfedtwexfs mstrhctiomsandeaddet! inea velusos efd 200
t trat f 400 [ .. P ,
E heldaBon ranreneote R gan B o4 Tk ind SHBhEY
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hat not enough (418 nol ecul es can be

| namallvamwtobZamlL efhHT ssuppistpented GE-SSi Y medium was added.

coRobiits NP TaREsRsr EETL B Y S drnporet 2 days ter
20 S UkrainsRgtibh entbi M Bsupplehresited ﬂ)l—tih-&SFlvbumetzlhmy wiithr @468 |
e BEVGTORT DG et et F9 dalts Bgya e o pgm. of
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25 CORGiEH bAt ieRPre¥isidheediPeontained a DHFR and the other expression
vector contained a neomycin-phosphotransferase selectable marker, the cells
were transferred 2 days after transfection into CHO-S-SFMII medium without
the addition of hypoxanthine and thymidine and also G418 (Invitrogen) was

added to the medium in a concentration of 400ug/mL.
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1 produced was neasured in the cell culture
supernatant by ELISA. Cell 25 pools in which the NPT
nmut ant s had been used as sel ectable markers showed on
average 50% - 57% (d ul82Asp- mr ant) or 57% - 65%
(Asp227dy nutant) higher productivities than cel
pools in which the selection had been carried out
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andling: 8l haipRl G6hAG He'dbhBEn AR BrABikr PRiGR bnd RES-
element was retained. The following procedure was used. In a PCR
mutagenesis in which the plasmid pIRES2-EGFP acted as the template, on
the one hand the Hindlll cutting site AAGCTT within the IRES sequence was
canverted into the sequence ATGCTT by the use of mutagenic 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



in productivity and titre of 126% and 107%
respectively. Thus, by using an NPT nutant with
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(5 min at 180xg) and adjusted to a ceII concentration of 1 — 1.5 x10°/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,

30 seeded into suitable culture vessels or deposited directly in microtitre plates.

4. ELISA



74 the addition of 400 pg/nL of (418 the anti body
titre in the cell culture supernatants was determ ned
by ELI SA over six runs. Fig. 6B shows the averages of
the titres and productivities termned fromthe
pools in the test. Conpared wth the use of an NPT
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fact correlated with the titre data obtained for the
nonocl onal 1g& anti body. Pools selected wwth the NPT
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the protocol of Platt et al. 1987. For th|s, 5 ug, 2.5 ug and 1.25 pg of protein
- were adjusted with extraction buffer to a final volume of 20 L, topping up to
a total protein content of 5 ug with cell extract from non-transfected CHO-
DG44 cells. After the addition of 200 pL of assay buffer (67 mM Tris-HCI pH
30  7.1,42 mM MgClz, 400 mM NH4C!) plus/minus 40 ug/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



could be achieved. Figure 8 shows, by way of exanpl e,
on a cell pool 5 obtained by the co-transfection of

pBl DG HC/ pBI N5- LC ( NPT nmutant Asp227Val ), the
increases in productivity to-2dspg/cell/day achieved
by the addition of MIX (100 nM MIX fol |l owed by 500 nM
MIX). Exanple 4: Determ ning and conparing the NPT
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25 7. Dot Blot Analysis
Genomic 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 g,
5 ug, 2.5 ug, 1.25 ug, 0.63 pg and 0.32 ug) were filtered by the standard

30 method {Ausubel et al., 1994) in an alkaline buffer using a 96 well vacuum
manifold {Schleicher & Schuli, Dassel, DE) onto a Hybond N+ nylon
membrane (Amersham Biosciences, Freiburg, DE). Untransfected CHO-



Nort hern Bl ot anal yses on total RNA showed that cell
pool s which had been transfected with the NPT

wi |l d-type and exhibited a high NPT enzyne activity 1o
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rrar ker (Asp227dy mutant; SEQ ID NGO 21) in a separate
77Exg ¢r i Mutagenasis of thg nadmydnsRhosphotaRsfease
pBI NG LC cont ains anot her selectable marker, GFP. As
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134 Nektor2 (SEQ ID NO:29) and 1C49 (SEQ ID NO:30). These PCR products
20 were digested with Stul/Rsrll (Neofor5/Neorev5 PCR-products of the mutants
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or Dralll/Rsrll (Neofor2/1C48 PCR products of the mutants Asp227Ala,
Asp227Val, Asp261Gly, Asp261Asn and Phe240lle). Then in the vector
25 pBIN-LC {Fig. 2B) or pBK-CMV (Stratagene, La Jolla, USA) part of the wild-
type NPT sequence was eliminated by Stul/Rsrl! digestion, Dralll/Rsrll
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
30 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, pBING-LC,



80 - Monaco, L. et al., Gene 1996, 180, 145 - 15
Morgan, R A et al., Nucleic Acids Research 1992, 20,
1293 -1299 Mpsser, D.D. et at., BioTechni ques 1997,
22, 150 - 161 OChshima, Y. etalyg J Mol Biol 1987, 195,
247 - 259 5 Pack, P. et al., Biotechnology 1993, 11,
1271 - 1277 Pack, P. et al., J Mol Biol 1995, 246

(LPbinZs oFd pPREAT e odnetied e POMEG P 33dsans
- 1@@18’2@131 ,Tr@maevalabaeimpmmaom@rmi%l? AspP81 Gly,

52 Nucl ei ¢ Aci ds Resear ch
199’6392§4A526’9'Ph922@b@(F'QaErBPook J., Fritsch, EF. &
Mani atis, T., Ml ecular Coning: A Laboratory Manual

Col d Spri ng Har bor Laboratory, Cold Spring Harbor, New
5 YorThe rea8ninGdNDE syutdhits vReretisolntdelias él‘iﬁ&ﬂlhp]’BSlBﬁ’llﬁrment

redicthe Besinea A ChYgthe fadhed Gidionsisleg towith Kienow-

al .DNRIRKyiegse Apadigatdd WA tAO8350 8. BRABIStuIZ ent of the
Sugi noto ‘et at., Biotechnol o&m 1994, 12, 694 -
i

YerverigoypBIR, whickiwas alsopresniedaith lﬂea@\N@NAw@Nmeme In this

T SRS o8 pr P Ry
10 33 gefi@hated mcﬁieoMérnw theRIFT neitaats.Glu182Asp, Asp1 90Gly,

Arznelm Forsg1 E& Res. 1998, _48. 870 -
W HSPROBRQlY gpd Asp22 fisly, regRactiglydThe humss M%’m cPNA was then

35%;one§ﬁﬁgcp’$1 %gg;res%mﬁ%ép\%%%%b ad %—P&%ﬁiﬁtﬂ%&%ﬁ fl('?gment (Fig.

ne @A) «ir the hokipthain ahthediumsanigen gGh antibedy waedldned inttt these

amerBranan yedbe G gy Ro R LANBagRBRE RS I 1

15the wild-type gene codes for a different amno acid
than the wild-type neonyci n phosphotransferase gene.

2. TscmFiabens stsaacinShe SBRBY R HIGERASEagERESRer & Hig one
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b A ek bR B EES s .0 the motfs 1,2 and
20 PhasegMw ansif QVQ@@? (Ig? mt)h @rﬁ?@fe%tﬁgr hand i r‘ﬂihﬂatFUns?are'lécated

characteri sed e nodif neomnyc

phedihinvtheaerisereemednd A8p1906|y) (A8p208Gly) or 3 (Asp261Gly,

- Asp261Asn) and relate to a conserved amino acid.

Example 2: Influence of the NPT mutations on the selection of stably

25 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-NB6-MCP1, pKS-N7-MCP1, pKS-N8-MCP1 or pBIN-MCP1 (Fig. 2A).
30 Two double preparations were carried out. Two days after transfection the
cells were seeded in a 96 well-plate (2000 cells/well) and selected with 400
Hg/mL of G418 in HT-supplemented CHO-S-SFMIil medium. In the case of



conpared with the wild-type gene codes for al anine at
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and 2) over four passages in 6 well plates and the concentration of the MCP-
1 produced was measured in the celt culture supernatant by ELISA. Cell

25  pools in which the NPT mutants had been used as selectable markers
showed on average 50% — 57% (Glu182Asp 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
pg/ml of G418 (Fig. 5). Thus, by using NPT mutants as selectable markers

30 the proportion of high producers in the transfected cell populations could

actually be increased.:
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ac &rhainegr/Pooro b narl 3 Vdb & tetreei/bleah ster Ubisuitini@27a Promoter or

hetfﬁ_r‘ol 0 ou%ﬁrgene of .interest is under the control of

t RO RIGMALRT SHINaleNs,  onpt er . 19. Expressi on vect or
isaccording to one of clains 11 to 18 characterised in

that it additionally contains a gene for a fluorescent
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19 setdutioacyas cansiddiout tithtari NP Taalitt-typengeriey ircthatsaiced an
o 5 B Py & Pef e 9 S cote
20T | WPRRSEE Me Mtk 8ERction with G418. After two to three weeks' selection of
the transfected cell pools in HT-free CHO-S-SFMIl medium with the
additional 400 pg/mL of G418, the antibody titre in the cell culture
supernatants was determined by ELISA evér- several runs (6 — 8). By
comparison with the use of an NPT wild-type gene as selectable marker, the
25  cells which has been selected with the GIlu182Asp 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 sélective!y enrich

30  cells having a basic productivity which was up to twice as high.
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NPT mutant) or pBIDG-HC/pBINS-LC (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.
25 - additionally also 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 gene,
30  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—SFIVIII medium with
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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
dhir-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 combinations pBIDG-
HC/pBIN5-LC (NPT mutant Asp227Val), pBIDG-HC/pBING-LC (NPT mutant
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25  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 with 61.9%

30  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
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chant@dn@re sanasdriptiohaactive genpeiggdiens ¢eg.| EJ)aﬂ:@r example inthe -

cul d | t 0,43
o el SERE T R T RE OB YOG g e e eteetyn
@ireﬂm:nammrpbmlamm@ ihpoal 2 el ihiegpdtioh sffddi Mofiigstes. In this
1/ 34 SEQUENCE LI STI NG . . .
way, transfected cells in which markers with a reduced enzyme activity have
20  been used for the selection are able to synthesise enough marker protein 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
25 FACS sorting

In a co-transfection CHO-DG44 cells were transfected with the plasmid
combination pBID-HC and pBING-L.C, coding for a monoclonal humanised
IgG2 antibody (Fig.2B). In the vector confirgurations used the two protein

30 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 1D NO:21) in a separate
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5 <110> BCEHRI NGER | NGELHEI M PHARMVA GVBH & CO KG <120>
NEW NEOWCl N- PHOSPHOTRANSFERASE GENES AND METHODS FOR
THE SELECTI ON OF RECOMBI NANY CELLS PRODUCI NG HI GH
LEVELS OF A DESI RED GENE PRODWET_10 <130> Case 1-1411
<140> <141> 15 <160> 55 <170> Patentln Ver. 3.1 20
<210> 1 <211> 795 <212> DNA <213> Escherichia coli

25,<400> .1 atgattgaac. aagat tt C t. tctcecggcecg
ot VGBSPRIriagh c PheRtioTy g dectar pHING g Edutains ancther

JacaRIcEHIS mAREE IGRR J ASGOEGHH G the #885drbtieAal IFKhPBEF the
gcgcaggggc gccgggttct ttttgtcaag accgacctgt ccggtgccct

ga&KBERRSI) ofEbF csbthediahbClazigdyoyeens at agiRgStajement, on co-
t O
e oaraacdtn $ BTG SRRHE vBLfrs RO AP I G dea
35 pa8Sibavithinc g}t\orca'mmggmlatet mkm?trgmig?ama@@mc P arabf the
t cat t gat t cgqc
{ ORI B RO (e Py R0 58 AEk G N8BS content by

at c@aas9Rd Frasys8rifed Hah98 %%E%Fat@ 9bf bbisSher! FA%H8L8a from
tctggacgaa 480 gagCatcagg ggctcgcgcc agccgaactg

t t secngier a eshdyo dathreatvgksgmiect®Ain dictiag g2i0G-S-SFMII

tCat S AT R 995681 oP460 RGihO%: E938 ELRRT 1S %r2%33%%),
populations were obtained. The titres and productivities of all 8 pools were
determined by ELISA overall several runs (7 — 8). On average the titres were
about 1.4 mg/L and the productivities were about 1.3 pg/cell per day. 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 GFP
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
pgfcell/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
amplification 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/cell/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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t ggcggaccg ctatcaggac 660 atagcgttgg ctacccgtga
tattgctgaa gagcttggcg gcgaat gggc tgaccgecttc 720 50
ctcgtgcttt acggtatcgc cgctccegag tcgcagcgca tcgecttcta
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14@mplifigation siialgaimehich gengrallseompeiges/dl amgliicetian Atgges with
10 AShdrE4siA§RdHitbns 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 NP T-selectable marker with reduced
enzyme activity, followed by a GFP-based FACS sorting with a subsequent
gene amplification step.
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tct ggacgaa 480 gagcat cagg ggctcgcgcc agccgaactg
ttcgccaggc tcaaggcgag catgcccgac 35 540 ggcggggatc

t CHiGHPRE 6FAl 49688 986 Ol ikge §gaat atcat ggt ggaaaat
600 ggccgctttt 'ctggattcat cdgactgtggc cggctggatg

t gbbygaoch. Atettatadlyalzic 86/0s ResHaag §992 L0 11206601299

ot M0 BT o PRBAGBIRE 0987, bEGMRTibE « Coccttcta

t camshimbl v éB8). IPFBAGIN $b8 Cian 24?’_5- okt <210> 4
<211> 264 50 <212> PRT <213> Artificial sequence

<2P@skj P<ebab; Botsohnplogprd 988, 1 hel2ft +fIRéral sequence:

55_Ne ' E 4/ 34 ., <400> Met Ile u @&
Asgaéggﬁﬁlgﬂaﬂwswg’%ﬁg‘éé@g)ﬂgg“gﬁa Trp VZI g 5 "
10pEfetidr, Gl Bt AF Qvaieke Phes @3y Byo Asps Trp Ala G n dn
Thr 1le Ay Cys Ser 20 25 30 Asp Ala Ala Val Phe Arg

Letressic, A. &£t@l.n S@ugture 499¢.02,Vid17el2%%he 10 35 40 45
Platt, S.G. et al., Analyf Biochem 1987, 162, 529 - 535
Ramesh, N. et al., Nucleic Acids Research 1996, 24, 2697 — 2700
Sambrook, J., Fritsch, E.F. & Maniatis, T.,Molecular Cloning: A Laboratory

Manual Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989

Scopes, R., Protein Purification, Springer Verlag, 1988
Shaw, K J. et al., Microbiological Reviews 1993, 57(1), 138 - 163
Simonson, C.C. et al., Proc Natf Acad Sci USA 1983, 80, 2495 - 2499
Sugimoto et al., Biofechnology 1994, 12, 694 - 698
Yenofsky, R.L. et al., Proc Natl Acad Sci USA 1990, 87, 3435 — 3439
Yoshimura, T. et al.,, FEBS LETTERS 1989, 244(2), 487 - 493
Urlaub, G. et al., Cell 1983, 33, 405 — 412
Werner, R.G. et al., Arzneim.-Forsch./Drug.Res. 1998, 48, 870 - 880
Wigler, M. et al., Proc Natl Acad Sci USA 1980, 77, 3567 - 3570

. Zhang, J. & Madden, T.L. Genome Res. 1997,7,649-656; . .



| Pr d’&'BEMIBCLl&
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characterised in that the modified neomycin phosphotransferase which is
encoded by the neomycin phosphotransferase gene has a lower enzyme

activity than the wild-type neomycin phosphotransferase.

3. Modified neomycin phosphotransferase gene according to claim 1 or 2
characterised in that the modified neomycin phosphotransferase gene
compared with the wild-type gene codes for alanine at amino acid
position 21 in relation to the wild-type gene, for glycine at amino acid

position 198, and/or for isoleucine at amino acid position 240.

4. Modified neomycin phosphotransferase gene according to one of claims 1
. td 3 characterised in that the modified neomycin phosphotransferase gene
codes for a polypeptide with an aminb acid sequence at:cording to SEQ
ID NO:6, SEQ SEQ ID NO:8 or SEQ ID NO:18.

5. Modified neomycin phosphotransferase gene according to one of claims 1
to 4 containing or consisting of a sequence according to SEQ 1D NO:5,
SEQ ID NO:7 or SEQ ID NO:17.

6. 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 {o the



<213> Artificial sequence 5 <220> <223> Description
of the artificial sequence: Neonycin nutant WO1A
<400> 5 10 atgattgaac aagatggatt gcacgcaggt tctccggccg
cttgggtgga gaggctattc 60 ggctsd gact gggcacaaca

gacaat cggc tgctctgatg ccgcecgtgtt ccggctgtca 120
gcgcaggggc gaccggttct ttttgtcaag accgacctgt ccggtgccct

gaat C 1 . :

oees el e gt 1 ABTEE 00T SR K BERAbAE Sancor for
t cactgycige aggdrmggdpogdpet 23t at t gggcgaagt gccggggeag

300 20 gatctcctgt catctcacct tgctcctgcc gagaaagt at
ccatcatggc tgatgcaatg 360 cggcggctgc atacgcttga

t CeOMbAREd hEBRERI SibpHoRER3RUE IFERE A6EHBiIng 8 Llaim 6

at cgagcgag cacgtactc aagcc ggtcttgtcg atcaggatga

5 1 ot ggiegattonses inghatiednodtigd NegoneEURISgbeYStaee Gene

oot corgaionE ARREREte SANNITARED add SedHENR Hihdinatn sEQ

600 3D MOt BEQUD NOgIRISEQIDMNRALHEEQADINOgBYt g
t ggcggaccg ctatcaggac 660 atagcgttgg ctacccgtga

tattgctgaa gagcttggcg gcgaat gggc tgaccgcttc 720

ct 89hg6difibd AeBrHR d ' d '
g e A
10 <211>»rXecontaining or consisting of a sequence according to SEQ 1D NO:3,

SEQ ID NO;9, SEQ ID NO:11 or SEQ ID NO:13.

9. Modified neomycin phosphotransferase encoded by a modified neomycin

phosphotransferase gene according to one of claims 1 to 8.

15
10. Eukaryotic expression vector containing a modified neomycin
phosphotransferase gene according to one of claims 1 to 8.
11. Eukaryotic expression vector containing a heterologous gene of interest
20 functionally linked to a heterologous promoter and a modified neomycin

phosphotransferase gene which codes for a neomycin
phosphotransferase having a lower enzyme activity compared with wild-

type neomycin phosphotransferase.

25 12. Expression vector according to claim 11, characterised in that
a) the modified neomycin phosphotransferase gene is a gene according
to one of claims 1 to 5, or '
b) the modified neomycin phosphotransferase gene at amino acid
position 182 and/or 227 codes for a different amino acid than the wild-type
30 gene at the corresponding site, or
¢) the modified neomycin phosphotransferase gene at amino acid

position 261 codes for a glycine.



<212> PRT <213> Artificial sequence 45 <220> <223>
Description of the artificial sequence: Neonycin

mut ant WO1A <400> 6 50 Met Ile AQu @n Asp Ay Leu Hs
Ala Ay Ser Pro Ala Ala Trp Vags 1 5 10 15 du Arg
Leu Phe Gy Tyr Asp Trp Ala G n dn Thr Il.e Ay Cys
Ser 20 25 30 55 6/34 Asp Ala Ala Val Phe Arg Leu Ser
Ala Adn Ay Arg Pro Val Leu Phe 35 40 45 Val Lys Thr
‘Asp Leu Ser Ay Ala Lou Asn Gu Leu A n Asp Au Ala 5

50185 E&@réﬁs@onﬁﬁ@ctbﬁdc&ﬁ‘ﬂm e cleftn 13 Q:hﬁi’écté'rhéecﬁnythé(ﬁby
Pro Cys Ala Ala Val 70 75 80 10 Leu Asp Val

Thr Gnpadsag yitathke n@g typegenre thesmodiigdmeprayan 85 9o
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125 A Hi A L Hi A
o dashgnRal K ossleader St GNP BEET o v A
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G Gy Leu Ala Pro Ala Gu Leu
AI a Angdified mqmnyqlrapmegpnoxmnﬁmassgenwpdes o pro@:yn with an

S5 SRl Shalfhod eI £ hE sea o
10Ser GNO:FPISEQID ReP10, SEQ iD NO:12, SEQ ID NO:14, SEQ ID NO:18,
SEQ ID:20 or SEQ ID NO:22.

15. Expression vector according to one of cllaims 12 to 14, characterised in
that it contains one or more enhancers functionally linked to the promoter

15 or promoters.

16. Expression vector according to claim 15 characterised in that the

enhancer is a CMV or SV40 enhancer.

20 17.Expression vector according to one of claims 11 to 16 characterised in

that it contains a hamster ubiguitin/S27a promotor.

18. Expression vector according to claim 17 characterised in that the
heterologous gene of interest is under the control of the ubiquitin/S27a

25 = promoter.

19. Expression vector according to one of claims 11 to 18 characterised in
that it additionally contains a gene for a fluorescent protein which is/wilt
optionally be functionally linked to the gene of interest and the

30 heterologous promoter.
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195 200 205 Cys Gy Arg Leu Ay Val Ala Asp Arg Tyr
AGn Asp Ile Ala Leu Ala 35 210 215 220 Thr Arg Asp lle
Ala Qu Qu Leu Gy Ay GQu Trp Ala Asp Arg Phe 225
230 235 240 40 Leu Val Leu Jygsdy Ile Ala Ala Pro
Asp Ser An Arg Ile Ala Phe 245 250 255 Tyr Arg Leu
Leu Asp G u Phe Phe 260 45 <210> 7 <211> 795 <212>

< > Artificial,.seguence,.<220> <223>. .
Do 0 T RSRIopVelos P RE R FREE o sRAciERSadn et t
mut ansddtlSRySdontdind an sdefial fivab okt AR CsIRAURESY dHich enables
gcac Qa_gg_i)n_t ct ccggceg cttgggt gga gaggctattc

60
ggct RIGREPNgRIPERSIRA e AN WRichfodes feit @ fluergsearigerotein,
cCggciy Sﬁhe%é%%ﬂﬁﬂ 3989 95r é’?gﬁ@@%ﬁéu s ﬁ%&g@és‘i’,gunder the

accgacctgt ccygtgccct gaaf gaac aagacga

cagcgsyt chadwgtergogugqramgtargg gcgttccttg cgcagetgtg
240 10 ctcgacgttg tcactgaagc gggaagggac tggctgctat
t gggcgaagt gccggggcag 300 gatctcctgt catctcacct

t ot Cek e 6siondaeB iarboti®y fAEIERS 1DGROC eR&Eicte?RBd in that the
cggcggctgc atacgcttga tccggctacc tgcccattcg accaccaagc

gaaaciReywhichgeaties far @ fugegsgnpietriacandgthganggéiagaeomycin-
ggt Ctﬂf%s%oﬂ%ﬁ%%&&eﬂ&él%gﬂgg%% in one or in two separate

transcription units.

22.Mammalian cell containing a modified neomycin phosphotransferase gene

according to one of claims 1 to 8.

23.Mammalian cell which has been transfected with an expression vector

according to one of Claims 10 to 18.

24 Mammalian cell which has been transfected with an expression vector

according to one of Claims 19 to 21.

25. Mammalian cell according to one of claims 22 to 24, characterised in that
it has additionally been transfected with a gene for an amplifiable

selectable marker.
26. Mammaiian cell according to claim 25, characterised in that the

amplifiable selectable marker gene is dihydrofolate-reductase (DHFR).

27.Mammalian cell according to one of claims 22 to 26, characterised in that
the mammalian cell is a rodent cell.



480 gagcat cagg ggctcgcgcc agccgaactg ttcgccaggce
t caaggcgag catgcccgac 540 20 ggcgaggatc tcgtcgtgac
ccatggcgat gcctgcttgc cgaatatcat gggggaaaat 600

ggccgectttt ctggattcat cgactgtgge cggctgggtg tggcggaccg
ctatcaggac 660 atagcgttgg ctacccgtga tattgctgaa

gagcttggcg gcgaat gggc tgaccgcttc 25 720 ctcgtgcettt

oC 9B DR BRI G ATATA LAGRELLEER bbb TLbon:co
PRT 35 xCHB>oBHI ¢all. al sequence <220> -,1 <223>

Description of the artificial sequence: Neonycin
nmut ant V198G 40 <400> 8 Met Ile Au G n Asp Ay Leu

H $oAlRt dyo rlcﬁf rﬁ'aﬁwn%l?an é?!sV nar teris er‘]r at45 Gu
i Refip st et

Arg Leu
5Cys S(e)r ZOazﬁaciBOf m@pmAllan eeldas Pdettari@f&st@d yith@gmfomlaamodiﬁed
‘Phe 35 40 45 50. Val

G@n ro.
nop 1iprayshEhSepiirarittofadh st ftone Rt fRtms. ! p & 6r with an
50 5F 8D %227‘@Q)rlD?ZBﬁﬁhea'rhgc;lh?hoébﬁot?éﬁsf&ﬁse%maﬁﬁ'
Pro CysAla Ala Val 55 65 70 80 8/ 34
1) the mammalian cells are cultivated under conditions which allow
expression of the modified neomycin-phosphotransferase gene; and
10 (iii) 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.

15  30.Method of obtaining and selecting mammalian cells which express at least
| one heterologous gene of interest, characterised in that

(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 one of claims 1 to 8 or with an E182D, D227G or D261N

20 neomycin phosphotransferase mutant;
(i) the mammalian cells are cultivated under conditions which allow
expression of the gene or genes of interest and of the modified heomycin-
‘phosphotransferase gene; and
(iii) the mammalian cells are cultivated in the presence of at least one

25 selecting agent which acts selectively on the growth of mammalian ceills,

- and gives preference to the growth of those cells which express the

modified neomycin-phosphotransferase gene.

31.Method according to claim 30, characterised in that the mammalian cells
30 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
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Leu Asp Val Val Thr AQu Ala Gy Arg Asp Trp Leu Leu
Leu Ay Gu 85 90 95 5 Val Pro Ay A@n Asp Leu Leu
Ser Ser His Leu Ala Pro Ala Qu Lys 100 105 110 Val
Ser Ile Met Ala Asp Ala Met ArggArg Leu His Thr Leu
Asp Pro 115 120 125 10 Ala Thr Cys Pro Phe Asp Hi s
Gn Ala Lys Hs Arg Ile u Arg Ala 130 135 140 Arg

Thr i I Val Asp .,.d n.As eu .
rop drdrefeblydeng iz btiHe gt gbigRiGT Brefihon being
Pro Atari€li vut by tibaddition Af endietréiege Al a 165 170 175
20 Ser Met Pro Asp Ay G u Asp Leu vVal VvVal Thr Hs Gy

Asp Ala Cys 1S0O 185 190 Leu Pro Asn lle Met Ay Qu

As'ﬁalqlllé Cﬁ!cgcnp &?‘Leu g(gé?]é( s%@%%ﬁ@ﬂﬁa&%ﬂ%ﬂ c?aoe@(gr%srs at least
AI a Lene ma@rolpgamg gﬁmé OZMereﬁh rchArag;t@med ihghat a A u
240 DatesAmSentpmeRyA falSadte Yehstams i Sois5drdstion

Arg ldee;td}d@co%@ng%@naiﬁ@éﬁm&ﬁgwmArg Leu Leu Asp
G u Phe Phe 260 <210> 9 40 <211> 795 <212> DNA

<213Xiipere cHiivatedsunflas soaditiapy adidpalkovp expmssion pithegene (or
20050y Skt T HE LR wrRE R oP U Rfaceh{ rotein, and
ct t ggrftiag m@ﬁ@g@hebmgcm phosphotransferase gene;
(iiiy 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 are sorted by flow-cytometric analysis.

33.Method according to claim 32, 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 ampilification step, the amplifiable selectable marker gene
preferably being DHFR and the gene amplification preferably being

carried out by the addition of methotrexate.

34. 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 one of claims 1 to 8 or with an E182D, D227G or D261N
neomycin phosphotransferase mutant;
(i) the cells are cuitivated under conditions which allow expression of the
gene (or genes) of interest and of the modified neomycin-
phosphotransferase;
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50 60 ggctatgact gggcacaaca gacaatcggc tgctctgatg
ccgeccgtgtt ccggectgtca 120 gcgcaggggc gcccggttct
ttttgtcaag accgacctgt ccggtgccct gaatgaactg 180 9/ 34
caagacgagg cagcgcggct atcgtggcgg gccacgacgg gcgttccttg
cgcagctgtg 240 ctcgacgttg tcactgaagc gggaagggac
tggctgctat tgggcgaagt gccggggcag 300 5 gatctcctgt

tct t t t t t t gat t
360 it edivaiadfiiTas CRMte TERTedde Hpeatiche
accammgg@wﬂamgﬂ:acté&mmoe@mﬁt@ Sraadth aﬁtermalaan cells,
gatgg cC ggtcttgtc at caggat ga t ct ggacgaa,

gagodTEhges fEste oaa%sg%f&ca th@%@%la@gelch&ﬁw@gtas
cat 9afigRed moMhHHE: gvfl{d%ra‘h%%rsgé g8ner gggcgat

gcctgettgc cgaat atc ggaaaat gccgetttt
ct ggdiv)dae pegtact(gi @‘gnteoeyg 3 gogtepphitgineddemn ghe remraglgn cells

660 at aggcaqt ctacccgtgc tattgctgaa gagcttggceg
gcgaa‘?régﬁguitg%‘c%ﬂ@rp@% gzo ctcgtgcttt acggtatcge
cgctcccgat tcgcagcgca tcgcecttcta tcgecttett .../ 20

780 gacgagttct tctga 795 25 <210> 10 <211> 264
<2 B2-MpRodofigedueinprat ésast osequieledeof ipterestipsecgmiinant

Descrhggg_g%éﬁ &€ cARGldrRbalin BRguence:  Neonycin

nmut ant
(i) recombinant mammalian cells are transformed with an expression

vector according to one of Claims 19 to 21;

(iare 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;

(iii) 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
medified neomycin-phosphotransferase gene; and

(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.

36. Method of producing at least one protein of interest, characterised in that

(i} mammalian cells according to one of Claims 25 or 26 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;

(i)  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;



<400> 10 35 Met Ile Qu G@n Asp Ay Leu Hs Ala Ay

Ser
ady
30

Pro
Al a

Ar ﬁll

Gly

Pro Ala Ala Trp Val 1 5 10 15 G u Arg Leu Phe
Tyr Asp Trp Ala G n @n Thr Ile Ay Cys Ser 20 25
40 Asp Ala Ala Val Phe Argggeu Ser Ala Gn Ay Arg
Val Leu Phe 35 40 45 Val Lys Thr Asp Leu Ser Gy
Leu Asn G u LeuGInAspGIuAIa4550556OAIa

el tekepbbasRam diah ial Ay et R 28! g one

Argaﬁqp;f.agﬁbr{_g@pLgm Len Ay Gu 85 90 95 VaI Pro
Len Leu Ser Ser His Leu Ala Pro A

LyZ'V) 106181953@@@) of mtengstis ongle sy&sequ%ntlvewbtmnsdﬁgqm the

Al a
Al a

Ty "E ARt bEls S Belgupe RuiPRaR 2 A7) 1T

5Glu Arg Al a 5130 135 140 Arg Thr Arg Mt u Ala Ay

Leu
Leu
Leu
Phe
Asp

o1 agareing Yo 0B AT SRS 3¢ 10 2 s PHES I PR the

Hﬁénﬁﬁélléﬁc%ll%@e %Eﬁsfe%?éd Wik a0 ?eﬁe@of‘lrﬁéﬂ%st which
Val Val Thr Hs Ay Asp Ala Cys 180 I85 190

Peaslenion ameéememafpm@wn@duca ghdhrg Phe Ser Ay

o s S50 B Bl e P e

10Arg /&fahélhete%bmefi:lpr(@emlpmﬂiua )arﬂ y Au Trp Ala Asp

15

20

25

30

Arg

Phe 225 230 235
{] i) the f% teromeric pro%elnlproduct is isolated from the culture or culture

medium.

38. Method according to one of Claims 34 to 37, characterised in that the

sorted mammalian cells exhibit an average specific productivity of more -

than 5pg of the desired gene product (or products) per day and per cell.

39. Method according to claim 36 or 37, characterised in that the sorted host

cells exhibit an average specific productivity of more than 20pg of the

desired gene product (or products) per day and per cell.

40. Method according to one of Claims 29 to 39, characterised in that the

mammalian cell is a rodent cell.

41.Method according to Claim 40, characterised in that the rodent cell is a

CHO or BHK cell.

42. Method according to one of Claims 29 to 41, characterised in that the

mammalian cells are cultivated in suspension culture.

43. Method according to one of Claims 29 to 42, characterised in that the

mammalian cells are cultivated serum-free.
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25 Len Val Len Tyr Gly Ile Ala Ala Pro Asp Ser G n Arg
Ile Ala Phe 245 250 255 Tyr Arg Leu Len Asp du Phe
Phe 260 30 <210> 11 <211> 795 <212> DNA 35 <213>
Artificial sequence <220> <223rqpescription of the
artificial sequence: Neonycin nmutant D227V 40 <400>
11 atgattgaac aagatggatt gcacgcaggt tctccggccg
cttgggtgga gaggctattc 60 ggctatgact gggcacaaca

gacaat cggc tgctctgatg ccgcecgtgtt ccggctgtca 45 120
gcgcaggggc gcccggttct ttttgtcaag accgacctgt ccggtgccct
gaagrasics: k@@ 1eRAgacgagg cagcgegget atcgtggetg
gccacgacgg gcgttccttg cgcagctgtg 240 50 ctcgacgttg

t cagl gaaurraaeaad e draachaghat chiigdceaad gccggggcag
300 gatctcctgt catctcacct tgctcctgcc gagaaagt at

Coadgtt ae MEREEAC kot e ROG R TS 685 By rom me
11/sSB4ECTHL @Y &FCRBCOMETgNE cIRIG Sq ARYYHIYC CH I CEVILE (PF A

at Gag9at9a:het g9aGHaa2 480 gagcat cagg ggctcgecgec
agccgaactg ttcgccaggc tcaaggcgag catgcccgac 540 5

ggcgaggat ¢ tcgtcgt gac ccatggcgat gectgettge cgaat at cat
ggﬁéég%lé"a?tse 600 il

<140>

<141>

<160> 55

<170> PatentIn Ver. 3.1

<210> 1

<211> 795

<212> DNA

<213>» Escherichia coli

;iggit;aac aagatggatt gcacgcagygt tcectocecggecg cttgggtgga gaggcectatte
Sgctatgact gggcacaaca gacaatcggc tgctctgatg ccgeccgtgtt cecggetgtea
;igcaggggc gccéggttct ttttgtcaag accgacctat ceggtgcect gaatgaactyg
izzgacgagg cagcegecgget atcgtggcecty gecacgacgg geghitcottg cgcagetgtg
iﬁggacgttg tcactgaage gggaagggac tggctgctat tgggcecgaagt geoggggcag
Sggctcctgt catctcacct tgctcocctgec gagaaagtat ccatcatggce tgatgecaatg
360

cggcggetge atacgettga tceceggctacce tgoccattcg accaccaadge gaaacatcge
jiggagcgag cacgtactcyg gatggaagec ggtettgteg atcaggatga tctggacgaa
sggcatcagg ggctcgegee agocgaacig ttogeoccaggce tecaaggcocgag catgcccgac
332gaggatc tcgtecgtgac ccatggegat gecctgcttge cgaatatcecat ggtggaaaat
gggcgctttt ctggattcat cgactgtggc cggetgggtyg tggeggaccyg ctatcaggac
giggcgttgg ctaceegtga tattgctgaa gagcttggeg gogaatggge tgaccgette
Ziggtgcttt acggtatcge cgctoccgat tegecagcecgca tcgcecttceta tegeoeottott
780
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ggccgctttt ctggattcat cgactgtggc cggcetgggtg tggcggaccg

ctatcaggac 660 atagcgttgg ctacccgtgt tattgctgaa
gagcttggcg gcgaat gggc tgaccgecttc 10 720 ctcgtgcettt
acggtatcgc cgctcccgat tcgcagcgem4 cgecttcta tcgecttcett
780 gacgagttct tctga 795 15 <210> 12 <211> 264
<212> PRT --J 20 <213> Artificial sequence <220>
<223> Description of the artificial sequence: Neonycin
nuggigjagﬁjﬁﬁ’? ©t%98 <400> 12 Met Ile Qu Gn Asp Gy Leu
Hi s a dy Ser Pro Ala Ala Trp Val 1 5 10 15 30 du
Arg Leu Phe Ay Tyr Asp Trp Ala Gn Gn Thr Ile Ay
Cys,9er -20 25 30 Asp Ala Ala Val Phe Arg Leu Ser Ala
Gnr,dyAug Pro Val Leu Phe 35 40 45 35 Val Lys Thr
AspzileurcBer Ay Ala Leu Asn u Leu Gn Asp Qu Al a
50<053:6@scAbai Arig ke Ser Trp Leu Ala Thr Thr dy Val
Pro Cys Ala Ala Val 40 65 70 75 80 Leu Asp Val Val
Theda@uAl a Gy Arg Asp Tip Leu Leu Leu Ay u 85 90
o5M45 Mal GPro-ld ps@ PlyASpu Lty Bbu Ber SSerPrdi 413 gdaAFee
Pro Ala Gu Lys 1B0 105 110 Val 3&r Ile Met Al a Asp®
Ala Met Arg Arg Leu His Thr_ Leu Ascﬁ Pr9 1155 1%0 1125
Glu Arg Leu PHe Gly Tyr Asp Trp Ala n GIn Thr Ile Gly Cys
20 25 30

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Proc Val Leu
35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu
50 55 60

2la Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala
65 70 75

ILeu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly
85 90 95

Val Pro Gly Gla 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 Gilu 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 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 :

Val

Ser

Fhe

Ala

Val

80

Glu

Lys

Pro

Ala

Glu

1690

Ala

Cys

Asp

Ala

Phe
240



Leu Val

Len Pr n
phgeT I‘galﬁsie

Ala Asp Arg Tyr
Th Arg Vakyl1& Akg

50 Ala Thr Cys Pro Phe Asp HHs Gn Ala Lys His Arg lle
GQu Arg Ala

130 135 140 Arg Thr Arg Met Qu Ala Ay

Val Thr

5 Asp Arg Phe 1560225 230 235 240 Lou Val

10 seqaesc N2 Neo

20

25

30

35

40

45

50

55

255 ° --

Ile Ala Ala Pro Asp Ser An Arg Ile Ala Phe
20 Tyr Arg Lou Len Asp du Phe Phe
<210204 3 25 <211> 795

Asp G n Asp Asp Leu Asp G u 55 145 150 155 160
12/34 Gn Hs @n Ay Len AlaaPro Ala Qu Leu Phe Ala
Arg Len Lys Ala 165 170 175 5 Ser
Asp Len Val

Met Pro Asp Ay Qu
Hs Ay Asp Ala Cys

180 185 190

260

<212> DNA <213> Artificial

gL cegact al %%elzo 9a9e

”t c3ad sLLoaGe Lor iGedgtgcee

<400> 3

atgattgaac aagatggatt gcacgcaggt

60

ggctatgact gggcacaaca gacaatcggce

120

gecgecagggdge gececcggttet tttigtcocaag

180

caagacgagg cagcdcgget atcgtggetg

240

ctogacgttg tcactgaagc gggaagggac

300

gatctecctgt catctcacct tgctcctgce

360

cggeggetge atacgettga tccggcectacce

420

atcgagecgag cacgtacteg gatggaagcce

480

gagcatcagg dggctegegcece agccgaactyg

540

ggcggggate tcocgtecgtgac ccatggegat

600

ggccgetttt ctggattcat cgactgtgge

660

atagegttgg ctacccgtga tattgcoctgaa

720

ctecgtgettt acggtatege cgcteceogat

780

gacgagttct tectga

795

<210> 4

<211> 264

<212> PRT

<213> Artificial sedquence

<220>

agagc,

dgaa gaactg

teteeggeceyg
tgctctgatg
accgacctgt
gccacgacgg
tggctgctat
gagaaagtat
tgcccattcg
ggtéttgtcg
ttecgeccagge
geetgettge
cggctgggtg
gagcttggcg

tecgcagcegca

180

cttgggtgga
ccgecgtgtt
cecggtgeceet
gcgttccttg
tgggcgaagt
ccatcatgge
accaccaagc
atcaggatga
tcaaggcgag
cgaatatcat
tggcggaccg
gcgaatggge

tcgeccttcta

<223> Description of the artificial seqguence:
Neomycin mutant EL182G

ulllf@‘%lgg 01\%0%93%6 Brog A%'?r P'Jlleu§%r Ig@a la Fhe

nAsp Ile Ala Lau Ala 210 215 22

SGupd weou Gy Ay Qu Trp Ala
Leu Tyr Ay

245 250

seq@éhce95<220> 30 <223> Description of the artificial
mycin nutant D261G <400> 13 at gattgaac
aagat fydrtigtakgcaggtercet ccggeeg cttgggt gga gaggetattce
35 60 ggct at gact gggcacaaca gacaat cggc tgctctgatg
gceeggttct

gagdgctattc
ccggectgtea
gaatgaactyg
cgcagctgtg
gccggggcag
tgatgcaatg
gaaacatcgc
tctggacgaa
catgcccgac
ggtggaaaat
ctatcaggac
tgaccgcttc

tegeccttett



N

40 caagacgagg cagcgcggct atcgtggctg gccacgacgg
gcgttccttg cgcagectgtg 240 ctcgacgttg tcactgaagc
gggaagggac tggctgctat tgggcgaagt gccggggcag 300
.gatctcctgt catctcacct tgctcctgan gagaaagt at
ccatcatggc tgatgcaatg 45 360 cggcggctgc atacgcttga
tccggctacc tgcccattcg accaccaagc gaaacatcgc 420
at cgagcgag cacgtactcg gat ggaagcc ggtcttgtcg atcaggatga
tctggacgaa 480 50 gagcatcagg ggctcgcgec agccgaactg
ttggecaggert Qﬁ@gg%@ycﬁéﬂmggﬂﬁa G&ﬂ’os&g%@gﬁfﬂ @la Trp val
tcgt ¢gt gac ccat ggcgat gcctgcttgce cgaat atcat ggt ggaaast

5 600 ggccgetttt ctggattcat cgactgtggc cggctgggtg
t ggrggaccgectimi-caggayr bip 660 AB{ 34n atragegttggGly Cys Ser
ctacccgtga tataogct gaa gagctt ggcgs gcgaat gggc tgacégcttc
720 ctcgtgcttt acggtatcgc cgctcccgat tcgcagcgca
t cgeetilct &le cgdcPhetAry 780 Brgftydgint €ty thepghre 798 Leu Phe

10 <210> 14 19 <211> 264 <2128 PRT <213> Artift%i al
uence <220> 15 <223> Description of the artificia
g’a%rkyes iRy B i Gl 26 2400514 4oRet 1 PecPEE s

Gn As GIy Leu Hi s Ala y Ser Pro Ala A%} a Trp Val

-G %é Zlfgrg_l_ﬁ.réu]ﬁo é{@ ﬁ% 0 gg%élg ¥a]-_r)i‘rro%§s Hl@ ﬂfl Val

80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu

85 90 95
20
Val Pro Gly Gln Zsp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 110
Val Ser Iie Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pxro
25 115 120 125

ala Thr Cys Pro Phe Asp Hig Gin Ala Lys His Arg Ile Glu Arg Ala
130 135 140

30 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 Rla

165 170 175
35
Ser Met Pro Asp Giy Gly Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 190
TLeu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
40 1985 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gin Asp Ile Ala Leu Ala
210 215 . 220

45 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
50
Tyr Arg Leu Leu Asp Glu Phe Phe
260

55 <Z10> 5



25 Asp Ala Ala Val Phe Arg Leu Ser Ala Gn Gy Arg Pro
Val Leu Phe 35 40 45 Val Lys Thr Asp Leu Ser Gy Ala
Leu Asn Gu Leu Gn Asp Gu Ala 50 55 60 30 Ala Arg
Leu Ser Trp Leu Ala Thr Thr A¥/3&al Pro Cys Ala Ala
Val 65 70 75 80 Leu Asp Val Val Thr Qu Ala Gy Arg
Asp Trp Leu Leu Leu Gy GQu 35 85 90 95 Val Pro Ay
G o,Asp Akeu Leu Ser Ser H's Leu Ala Pro Ala A u Lys
10Q,185 k10 40 Val Ser Ile Met Ala Asp Ala Met Arg Arg
Leuzth:s aFRk ricu1Aspaf¥es 115 120 125 Ala Thr Cys Pro
Phe Asp HHs G n Ala Lys Hs Arg lle Au Arg Ala 130
51352240 45 Arg Thr Arg Met u Ala Ay Lou Val Asp
G [22%p DasprimuicAspt Ghe alAFitsel Hs5uds: Gu His G n
dy Leu ¥bavPromarant@d®ilieu Phe Ala Arg Leu Lys Ala 50
165 170 175 Ser Met Pro Asp Ay GQu Asp Leu Val Val
Thi*f#s "Gy Asp Ala Cys 180 185 190 55 Leu Pro Asn
10 étﬂﬁﬁt99§F ?39?tﬂ§?F?3%?a%@ifqﬁﬁet%§ﬁ£9@f§g PH&IPy g dRs gaggctatte

14P84. 195 200 205
I\gﬁggﬁt&sp J955°5ra71 &a ggglkg%f?g A;C@CﬁrA}fccgggctgtca
Re quggdﬁgogiz%ggtucée&t%yc Ya QLJFCIE% cggég(pcd%r glaatgaactg

15thegg2 240 Leu val Leu Fe” Al a

Pr Qa g 1’! la%c Ct e é'(,Qi 5 %ééc E: caqgc
Argi%ﬁbg%% ﬁgéﬁgc o gﬁ%g 211%09 i 0%4 gg’-@Qg tthy bgcagetgtg

ctecgacgttg tcactgaagc gggaagggac gcgctgectat tgggcgaagt gocggggcag
300

20 gatctcctgt catctcacct tgcetectgec gagaaagtat ccatcatgge tgatgcaatg

360

cggegdetge atacgetiga teccggetace Tgcccattcg accaccaagce gaaacatege

426

atcgagecgag cacgtactcg gatggaagecc ggtcttgtcg atcaggatga tctggacgaa
25 480

gagcatcagg ggctegegec agcecgaactyg ttegecagge tcecaaggcgag catgcoccgac

540

ggegaggatce tcgtecgtgac ccatggocgat gectgettge cgaatatcat ggtggaaaat

600
30 ggcegetttt ctggattcat cgactgtggce cggetgggtyg tggceggacceyg ctatcaggac

660

atagcgttgg ctaccegtga tattgctgaa gagettggeg gogaatggge tgaccgcette

720

ctegtgettt acggtatcge cgoctccecgat tocgecagegea tcocgccttcta togocttett
35 780

gacgagttct tctga

785

40 <210> 6
<211> 264
<212> PRT
<213>» Artificial sedquence

45 <220>
<223> Description of the artificial sequence:
Neomycin mutant W91lA

<40C> &
50 Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 i0 15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr ITle Gly Cys Ser
20 25 30
55



<210> 15 <211> 795 <212> DNA <213> Artifici al

sequence 20 <220> <223> Description of the

artificial sequence: Neonycin nutant D261N 25 <400>

15 atgattgaac aagatggatt gcacgeaygt tctccggccg

cttgggtgga gaggctattc 60 ggctatgact gggcacaaca

gacaat cggc tgctctgatg ccgccgtgtt ccggctgtca 120 30

9CgCAG009%1 9GROIGLL Ci,  LLL HCand, RGGOBLLLIY, SLYGLECEL! phe

gaat gaact gszsj 180 caagacgagggcagcgcggct™ atcgtggcetg

gccacgacgg gcgttccttgcgcagctgtg 240 ctcgacgttg

t cael gaagCchgopaaggdatert guetct atu t:ggocoaagi: greaggdcag ala

535 300 gatctcctgt catctcagct tgctcctgcc gagaaagt at

ccatcatggc tgatgcaatg 360 cggcggctgc atacgcttga

t céggciracéet gouc dre cggradéaciwager gdaatat dgeo CAR2R14021a val

at c§agcgag cacgt act cg’%gat ggaagcc ggtctiytcg at caggatga 80

tctggacgaa 480 gagcatcagg ggctcgcgcc agccgaact
10tt&@e&asg>gga%c%aag3%sga<‘g%5?@ GAES 5207 [ dgdgia des Gly Glu

t cgt cgt gac ccatggé at gcctgcttgc cé@atatcat ggt ggaaa

45 _600 citttt ctggattc cgact gt ggc C t

C ou et oaee S e b e kG Nara ey pilso Py 2ARCE I ot 1y
1stattgctgaa gagcttggcg gcgaatgggc tgaccgettc 720 50

Ct @t g&dyt b1 2GAGT At £ OC: CACL GRGOaLy GYCAE AL ¢EIGEHE 81 pro
tcgccttctt 15780 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
20 130 i35 140

Arg Thr Arg Met Giu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 ' 160

25 Glu His Gin 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

180 145 190
30
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
35 210 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gily Gly Glu Trp Ala Asp Arg Phe
225 230 235 240

40 Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Fhe
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Fhe
: 260
45

<210> 7
<211> 795
<212> DNA
50 <213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Neomycin mutant V198G
55



aacgagttct tctga 795 55 15/34 <210> 16 <211> 264
<212> PRT <213> Artificial sequence 5 <220> <223>
Description of the artificial sequence: Neonycin
mut ant D261N 10 <400> 16 Met 17184 u A n Asp Ay Leu
Hs Ala Gy Ser Pro Ala Ala Trp Val 1 5 10 15 QGu
Arg Leu Phe Ay Tyr Asp Trp Ala @n d@n Thr Ile Ay
AIW§4§I 15 20 25 30 Asp Ala Ala Val Phe Arg Leu Ser
ac@ Gy M tBhVabaksdhfgRCLe 3240422 al¥Sggctattc
ThggAsp g(Léleu Seggr;i y Alaja %%élji n €] ugéeug/lGl nggé@dg Yrog
Al 3gcB0: B2t 6&ygALaaA GakbeiroRE d§ddrgutdl c&g-nghc_ﬁtgﬂ'ﬂ cagg/ctgtca
5 Vahz#ro Cys Ala Ala Val 65 70 75 80 25 Leu Asp Val
VabcdtwgdGiou Atarg@hyctAngtAstp-abypat@iackedt keygGoredd yaatgaactg
85180 95 Val Pro Gy G@n Asp Leu Leu Ser Ser Hi's Leu
Al gafyorgaldd @arIcyecBRti0edk0s ddMrcavaly Sewthfetivergcagetyty
Al diAsp Ala Met Arg Arg Leu His Thr Leu Asp Pro 115
10 129%@5539?59&%?‘%9&@5999?%9?%5 R%Eiftﬁc%a@tﬁgﬂfz%\ai% I EIgIcad
Ple du t?CAla 130 135 140 Aragp A g Me g
SFCE@G ARG G T T RSP RS p T BT RER- GG T iﬁ%’cl grracaaty

150g gg%cﬁ%g atacgcttga tccggctacc tgcccattcg accaccaage gaaacatege
15 420
atcgagecgag cacgtactecg gatggaagcc ggtettgteg atcaggatga tctggacgaa
480
gagcatcagyg ggctcgcgee agccgaactg ttocgccagge tcaaggcecgag catgcccgac
5490
20 ggcgaggatc tcgtocgtygac ccatggegat gecctgetige cgaatatcat gggggaaaat
600
ggccgeotttt ctggattcat cgactgtgge cggctgggtyg tggeggaceg ctatcaggac
660
atagcgttgyg ctaccecgtga tattgctgaa gagettggceyg gcgaatggge tgaccgette
25 720
ctogtgettt acggtatege cgetcccgat tegecagegea tegecticta tegeocttett
T80
gacgagttcet tetga
795
30

<210> 8
<211> 264
<212> PRT
35 <213> Artificial seguence

<220>
™ <223> Description of the artificial sequence:
Lo Neomycin mutant V198G
40
<400> 8
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 10 15

45 Glu &Arg Leu Phe Gly Tyr Asp Trp Ala Gln Glan 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

50

vVal 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
55 65 70 75 80




Gu Hs Adn @y Leu Ala Pro Ala Qu Leu Phe Ala Arg
Leu Lys Ala 165 170 175 Ser Met Pro Asp Ay du Asp
Leu Val Val Thr Hs Ay Asp Ala Cys 45 180 185 190
Leu Pro Asn Ile Met Val Gu AsaY3dy Arg Phe Ser Qy
Phe Ile Asp 195 200 205 50 Cys Gy Arg Leu Ay Val
Ala Asp Arg Tyr A n Asp Ile Ala Leu Ala 210 215 220
Thr Arg Asp Ile Ala Qu Qu Leu Ay Ay Gu Trp Ala .
Asp. AT Q. Phgr 2457R3Q12381240 y BBy 16H3Ap key Mal 1k@Uciy ciu
Tyr Ay Ile Ala AAm Pro Asp §er A nroArg Ile Ala Phe g5
245 250 255 Tyr Arg Lou Leu Asn G u Phe Phe 5 260
5<238» Brb <2} 13n785p TR 24 ZerDbly s@E3xeArtlEf Pod alla Glu Lys
sequence <220 <223> Descriptioh of the artifi ciial
sequence: 15 Neonycin nutant F2401 <400> 17
at Jal t traad ladtpdt ggatdspgéae dtsagyty thawckygydidg Bt dagt fga Fro
gaggctattéi®{ 60 20 ggct at gt gggcacaaca gaé%t%tcggc
10t gctct cc tgtt ccggctgtca 120 gc
gcé&@gﬁ?rcgyf‘tfg E%aﬁépaggga%é‘t gt2 &é’@gf“g% g geatGgléia%f% Ala
180 ca acgagg cagcgcgg at cgtggctg gcc acgg
0cqLLGAL! 4. 696A0Y 25,240, 61 £9ac0t1 0 X.6agL0a30Ca ., ciu
15 gg%@ gggac ggctgc‘?aﬂotgg cgaagt gc%ggggcag 3%8“%?# P 160
gatctcctgt catctcacct tgctcctgcc gagaaagtat ccatcatggc
tgatgcaatl gin Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
165 170 175

20 Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gily Asp Ala Cys
180 185 190

Lew Pro Asn Ile Met Gly Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp

195 200 205
25
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
30 225 230 235 240

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg ILle Ala FPhe
245 250 255

35 Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> 9
40 <211> 795
<212> DHNA
<213> Artificial seguence

<220> :
45 <223> Description of the artificial sequence:
Neomycin mutant D2272A

<400> 9

atgattgaac aagatggatt gcacgcaggt totcocggcocg cttgggtygga gaggcetatte
50 60

ggctatgact gggcacaaca gacaatcgge tgctctgatg ccgeegtgtt cecggetgtea

120

gocgecagggge geccggttct ttttgtcaag accgacctgt ccggtgccct gaatgaactyg

180 ’



360 30 cggcggctgc atacgcttga tccggctacc tgcccattcg
accaccaagc gaaacatcgc 420 atcgagcgag cacgtactcg
gat ggaagcc ggtcttgtcg atcaggatga tctggacgaa 480 [
gagcat cagg ggct cgcgec agccgaaci4P4tcgccagge tcaaggcgag
catgcccgac 35 540 ggcgaggatc tcgtcgtgac ccatggcgat
gcctgettge cgaatatcat ggtggaaaat 600 } ggccgetttt
Ct 9gadd Ak CaRLLOLYUC L9094 HeYt §odLYEOPAGLY et GaggaL ety
660:40 atagcgttgg ctacccgtga tattgctgaa gagcttggcg
gcgaajgageqt gacegeadc ggd2bypiegt goithttac gubat et goccggggoag
cgebeccgat tcgcagcgca tcgcecttcta tcgecttctt 780

5 gaggagtdctttt cttgdcadbt TQ6ted@r d8yaaalldt R@4cabo<RgPbgcaaty
PRF¥6%213> Artificial sequence <220> <223> Description

fCﬂh@ﬂ%ﬂﬁﬂPf??ﬁ%ﬂFt§@ﬁuﬁ§ﬁé%Pt3055t$&ﬁﬁ%ﬁé??1%@Eﬁéfﬂaqm24®¥acatcgc
17334 <400> 18 Met Ile Gu Gn Gy Leu His Ala
a ff‘t@éargofgf‘% M A AP RCIT95 a2 I°f %gtﬁftf‘scg ?t@aﬁg?ﬁg& Lébggacgaa
10Ph8%tojT)érAs Ala GndnThr lle Qy Oys

209 ﬁs%g%cgc a Var?Phe? tc‘-féf&g%cer %ﬁ‘ ‘"c?ar? éatgcccgac

Aw L,
60 fg%l% tceguc PIE%acJéQ:ﬁ%‘!Ege;éggaQSgcé@glctk: é Eggtétg%atlgggg%gaaaat

15 ggccgetttt ctggattecat cgactgtggc cagectgggtg tggcecggaccg ctatcaggac
660
atagcgttgg ctacccgtge tattgctgaa gagettggcecyg gcgaatggge tgaccgettco
720
ctcgtgettt acggtatcagc cgctcccgat tcgcagcgea tegecttota tegcocttett
20 780 '
gacgagttct tctga
795

25 <210> 10
<211> 264
<212> PRT
<213> Artificial sedquence

30 <220>
<223> Description of the artificial sequence:
Neomycin mutant D227A

<400> 10
35 Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Prxo 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
40 :
Asp Ala Ala Val Phe Arg Leu Ser Ala Gla Gly Arg Pro Val Leu Phe
35 40 45
¥al Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
45 50 55 60 :

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 75 80

50 Leu Asp Val Val Thr Glu Ala Gly Arg 2sp Trp Leu Leu Leu Gly Glu
85 20 85

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 110
55



15 Ala Arg Len Ser Trp Leu Ala Thr Thr Gy Val Pro Cys
Ala Ala vVal 65 70 75 80 Leu Asp Val Vval Thr u Al a
Gy Arg Asp Trp Leu Leu Leu Ay du 85 90 95 20 Vval
Pro Gy Gn Asp Leu Leu Ser SerocH4 Leu Ala Pro Ala
Gu Lys 100 105 110 Val Ser Ile Met Ala Asp Ala Met
Arg Arg Leu H's Thr Leu Asp Pro 25 115 120 125 Al a
Th Lo R Hi : u
%agieflg?e D?eg%%}goﬂ OA% giﬁhgr%ﬁ%g s, é;l% /&Atg LguyAsp Pro
Leu Val Asp G n Asp Asp Leu Asp Gu 145 150 155 160
G Wikl $:/Geps @3 lbay Al uPr N a1y sl aus Phey Ala Adarg ala
5Leu LysscAla 165 170 1751385 Ser Met Pro Asm Ay Qu
Asp Leu Val Vval Thr Hs Ay Asp Ala Cys 180 185 190
LedrPrihrAdmg | Met MBt Mal GG/ ULAsHaUTAsPAGHn Pleg Sep I@wy Asp Glu
Phédpl e Asp 40 195 20® 205 Cys Ay AigS5Leu Ay Val 160
Ala Asp Arg Tyr Gn Asp Ile Ala Leu Ala 210 215 220
1045 G¥RArEisr § As%lS{ ILéuA@%‘ &g FauCled-ed yhe 3lachyd Trgy Ava Ala
Asp Arg Ile 225580 235 240 Leu V&l Leu Tyr Ay |[1&°

%.?r l\?et Prﬁ%g %% é@%gﬁe% \%15'%562%35? %goﬁp Ala

15 <210> 19 <211> 95 <212> DNA < 3> Artificial

Cys

S€QUENES 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 Ilie Ala Leu Ala
20 216 215 220
Thr Arg Ala Ile Ala Gilu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 240
25 Leu Val Leu Tyr Giy Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255
Tyr Arg Leu Leu Asp Glu Phe Phe
260
20
<210> 11
<211> 785
<212> DNA
35 <213> Artificial seguence
<220>
<223> Description of the artificial sequence:
Neomycin mutant D227V
40
<400> 11
atgattgaac aagatggatt gcacgcaggt tetececggeey cttgggtgga gaggcetatte
&0
ggctatgact gggcacaaca gacaatcgge tgetotgatg ccgecgtgtt ceggetgtcea
45 120
gcgecagggge gcccggttoct ttttgtcaag accgacctgt ccggtgeccet gaatgaactyg
180
caagacgagg cagcgcgget atcgtggctyg goccacgacyyd gegtteccttyg cgcagetgtg
240
50 ctcgacgttyg tcactgaagce gggaagggac tggctgetat tgggcgaagt geccggggceag
300
gatcteoctgt catctcacct tgctcctgece gagaaagtat ccatcatgge tgatgcaatg
360 .
cggcggctge atacgettga tccggctacce tgcccattcg accaccaade gaaacatcge
55 420



5 <220> <223> Description of the artificial sequence:
Neonyci n nutant E182D 10 <400> 19 at gattgaac
aagatggatt gcacgcaggt tctccggccg cttgggtgga gaggctattc
60 ggctatgact gggcacaaca gacaattgy tgctctgatg
ccgcecgtgtt ccggctgtca 120 15 gcgcaggggc gcccggttct
ttttgtcaag accgacctgt ccggtgccct gaatgaactg 180
cagagagaagd Cé&%?%%QQEJ d%k?&géﬂﬁét OGG3€02CHG9CH L Cel i Syacgaa
cggagctgotg 240 ctcgacgttg tcactgaagC gggaagggac
t 9gahestialy ot 99O60RIGE GeEgR33Ga0rcadRP YRkEiERIOtatgcccgac
categtcacct tgctcctgcc gagaaagtat ccatcatggc tgatgcaatg

5 36@gcggngget geg@aisaggeidegasdaeggstasetigecoahtetat ggtggaaaat
aceagcaagc gaaacatcgc 420 25 atcgagcgag cacgtactcg
gabggaagddtggt eddtgrey carchgyacgasiIcioggae gamcsd8-g ctatcaggac
gagéat cagg ggctcgcgecc agccgaactg ttcgccaggc tcaaggcgag
ca? é%%ﬁﬁﬂgg SEFG§Egatgatrectegt et YdeIee A ggagatac toacegctie

et t tt aatatcat g g aaaat 30 600_% ctttt
ggg%?% 8%%&3%?5@% %9%5 GGt §eYGFE§Gac %%CE HtCaggagetrett
%¥§gtggtctacccgtga tattgctgaa gagcttggcg
gc @ g t gac %gcttc 720 35 ctcgtgettt acggtatcgc
1gcgctcccgat tcgcagcgea tcgecttcta tcgccttctt 780
gacgagttct tctga 795 40 <210> 20
<210> 12
<211> 264
<212> PRT
20 <213> Artificial sequehce

<220>
<223>» Description of the artificial seguence:
Neomycin mutant D227V

25
<4G0> 12
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 10 15

30 Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
20 25 30

Asp Bla Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu Phe

35 40 45
35
Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp &lu Ala
50 55 60
Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Prc Cys Ala Ala Val
40 65 70 75 80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 85

45 Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Zla Glu Lys
100 105 110

Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pro
115 120 125
50
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
55 145 150 . 155 160



10

<211> 264 <212> PRT <213> Artificial sequence 45

<220> <223> Description of the artificial sequence:
Neormyci n nutant E182D 50 <400> 20 Met Ile A u A n Asp
Ay Leu His Ala Ay Ser Pro All2/Al4a Trp Val 1 5 10 15
Gu Arg Leu Phe Ay Tyr Asp Trp Ala A n G@n Thr Ile

Ay Cys Ser 55 20 25 30 19/34 Asp Ala Ala Val Phe Arg
Leu Ser Ala G n Ay Arg Pro Val Leu Phe 35 40 45 5 :
Vaky.Lys sThin %“18 L&Y 298 o3 V1Al @ d-eduAst Gl ARUIGhMLys Ala
Asp Au Ala 50 & 60 Ala Arg Leui1Ser Trp Leu Al a Thrs
Thr Ay Val Pro Cys Ala Ala Val 65 70 75 80 10 Leu
AspeValetVato BT @ cAharsd LeArgalAsplTrx bés deurkpurla Cys

Gy Qu

Pro

85 a®o95 Val

i

Ala 130 135 140 Ar
sRshraTW T AGH

Pro Ayl n Asp Leu Leu 3&p Ser
Hs Leu Ala Pro Ala Ju Lys 15 100 105 110 \Val
| | B=MEircARan ASp ¥t Vgt Gl @sAr gl dagHis PRE Elen Easplle Asp
115 129 125 -'~ 20 Al &PRr Cys Pro Phe MY His A n
Ala Lys Hs Arg lle Gu Ar%

Ar GYMEHLYGPEI AleR &Y VRéuRVal

Ser

{kﬁJA%§g£gu Ala

Gu 149 150 155 160 25'@u H's Gn Ay“eén Ala Pro
A hGAurngglP % %%g Gg%lth\?LLe y?l@' Y. %ﬁ?ﬁ}éoggaspsgfg Phe
15 Met,Pro “Asp y p p Leu Va al “Thg: Hi y AsSp 240
Ala Cys 30 180 185 190
Leu Val Leu Tyr Gly Ile Ala Zla Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255
20 Tyr Arg Leu Leu Asp Glu Phe Phe
260
<210> 13
25 <211> 795
<212> DNA
<213> Artificial seguence
<220>
30 <223> Description of the artificial sequence:
Neomycin mutant D261G
<400> 13
atgattgaac aagatggatt gcacgecaggt tctccggeeg cttgggtgga gaggctattc
35 60
ggctatgact gggcacaaca gacaatcgge tgctetgatg ccgecgtgtt ccggctgtea
120
gogeagggge geceggttet tttigtcaag accgacctgt ccggtgecct gaatgaactg
180
40 caagacgagg cagcegcegget ategtggcectg gocacgacgg gogttecttg cgcagctgtyg
240
ctcgacgtityg tcactgaage gggaagggac tggetgetat tgggcgaagt dgecggggcag
300
"gatctoctgt catctecacct tgctectgee gagaaagtat ccatcatgge tgatgcaatg
45 360
cggeggotge atacgctiga toceggetacco tgcccalttcyg accaccaagc gaaacatcge
420
atcgagcgag cacgtactceg gatggaagcc ggtottgicyg atcaggatga tctggacgaa
480
50 gagcatcagg ggctcgogeo agccgaactg ttegecagge tcaaggcgag catgcccgac
540
ggcgaggatc tcgtcgtgac ccatggegat gectgeitge cgaatatcat ggtggaaaat
600
ggecgetttt ctggattcat cgactgtgge cggetgggtyg tggeggaccg ctatcaggac
55 660



RN

Leu Pro Asn Ile Met Val AQu Asn Gy Arg Phe Ser Ay
Phe Ile Asp 195 200 205 35 Cys Gy Arg Leu Gy Val
Ala Asp Arg Tyr A n Asp Ile Ala Len Ala 210 215 220
Thr Arg Asp Ile Ala u Qu Lers/@4 Ay Au Trp Ala
Asp Arg Phe 225 230 235 240 40 Leu Val Leu Tyr Gy
Ile Ala Ala Pro Asp Ser An Arg Ile Ala Phe 245 250
252t a gt o 5 L@ QG qEhe S92
<2§§§g 956\5 5otla<.g_!_{§&>hd3§|% %1 iQA?’%%? - g‘?% @ggaﬁencé facegettc
<220251223> dRgCht@)d ehctdicdshe afddabigdaltcgeauansetcgecttett
557eonyci n nutant D227G 20/ 34 <400> 21 atgattgaac

5 aagat@gattt geaggcaggt tctccggeccg cttgggtgga gaggctattc
60755 ggct at gact gggcacaaca gacaatcggc tgctctgatg
ccgcecgtgtt ccggctgtca 120 gcgcaggggc gcccggttct
ttttgtcaag accgacctgt ccggtgccct gaatgaactg 180
caadhtyddg cagcgcgget atcgtggetg geccacgacgg gegttccttg

10 cgeabkt 10 240 ctcgacgttg tcactgaagc gggaagggac
tgéé @c a i%&%%&igag t_.accggggeag 300 gatctcctgt
catctcacc gctcctgtc gagaaagt at ccat cat ggc tgat gcaatg
360,19 cggcggctgc atacgcttga tccggctacc tgcccattcg

15 aCCALHARYC - HAAACAT CHGH440: 18l £920CAaM. GALTt act Ccg
gat ggaageen@diC kit 84,60 pakt@ggat ga t ct ggacgaa

<400> 14
Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
20 1 5 10 15

Glu Arg Leu Phe Gly Tyr Asp Trp 2la Gln Gln Thr Ile Gly Cys Ser
290 25 30

25 Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Proc 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
30
Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Fro Cys Ala Ala Val
65 70 75 80
Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
35 85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Gilu Lys
100 105 110

40 Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pro
115 120 i25

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala

130 ‘ 135 140
45
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
50 165 170 175

Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 i85 180

55 Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp



10

15

20

25

30

35

40

45

50

55

480 gagcat cagg ggctcgcgcc agccgaactg ttcgccaggce
t caaggcgag catgcccgac 20 540 ggcgaggatc tcgtcgtgac

ccat ggcgat gcctgcttgc cgaat atcat ggtggaaaat 600
ggccgctttt ctggattcat cgactgtpgli€ggcet gggtg tggcggaccg
ctatcaggac 660 25 atagcgttgg ctacccgtgg tattgctgaa
gagcttggcg gcgaat gggc tgaccgecttc 720 ctcgtgettt

acggt atcgc cgctcccgat tcg%@cgca tcgecttcta,pggecttcett
780 gacg aPtct tctga 30 <210> 22 <211> 264 35
<212> <213> tifj cj;al TR 2 $223®1a Leu Ala
Decgér?fRiEg %’T‘u tdlig ggrlt %ﬁgc%%ﬁagggﬁ%nce: %}D Neomyci n

nmut an 227G <400> 22 Net Ile Qu G n Asp Ay Leu H's
Ag, Gy, Seh Pro MhacAl &ifrpewally d1b6l0 Lip 245 Grurhgghhe
LeysPhe" Gy Tyr Asp23sp Ala G@n An Bhb Ile Ay Cys 240
Ser 20 25 30 Asp Ala Ala Val Phe Arg Leu Ser Ala G n
GneuArgl Rrem Vat deuIPhe 1502385 240 A% 5S¢l 61y Sryhfladp
Len Ser Ay Alad4u Asn Au Leu W Asp Qu Ala 56755
60 55 Ala Arg Leu Ser Trp Len Ala Thr Thr Ay Val Pro -
Oy rARag A Var 2 84v B35 70° 75 80 Leu Asp Val Val Thr

Phe

Gu Ala Gy APH Asp Trp Leu Leu Leu Gy Gu 85 90 95
<210> 15
<211> 795
<212> DNA
<213> Artificial sequence
<220> o
<223> Description of the artificial sequence:

Neomycin mutant DZ61N

<400> 15
atgattgaac aagatggatt gcacgecagygt tcoctcoggecg cttgggtgga gaggetatte
60
ggctatgact gggcacaaca gacaatcgge tgctcoctgaty cecgecegtgtt ccggotgtea
120
gcgcadggge gecocggttct ttttgtcaag accgacctgt ceggtgccct gaatgaactg
180
caagacgagy cagcgegget atcgtggetyg gccacgacgg gogtteotty cgecagetygtyg
240
ctcgacgttg tcactgaage dgggaadgggac tggcotgctat tgggcgaagt gcoceggggcag
300
galtctectgt catctcacct tgctectgue gagaaagtat ccatcatgge tgatgcaatg
360
cggeggcetge atacgecttga tcoggetace tgcccatteg accaccaagc gaaacatcge
420 .
atcgagegayg cacgtactcg gatggaagec ggtcttgteg atcaggatga tctggacgaa
480
gagcatcagg ggctcgedeo agccgaactg ttegecagge tcaaggcgag catgcccgac
540
ggcgaggatc tcgtcgtygac ccatggecgat gectgettge cgaatatcat ggtggaaaat
600
ggccegetttt ctggattcat cgactgtgge cggetgggtg tggeggaccyg ctatcaggac
660
atagcgttgy ctacccgtga tattgctgaa gagctitggcg gcgaatggge tgaccgettce
720
ctcgtgettt acggtatcgce cgctccggat tcgcagegea tegocotteta tcgeettett
780
aacgagttct tctga
795



5 Val Pro Ay Gn Asp Leu Leu Ser Ser His Leu Ala Pro

Ala Gn Lys 100 105 110 Val Ser Ile Met Ala Asp Ala
Met Arg Arg Leu His Thr Leu Asp Pro 10 115 120 125
Ala Thr Cys Pro Phe Asp His G¥%/R4a Lys His Arg lle
Gu Arg Ala 130 135 140 15 Arg Thr Arg Met Gu Al a
Gy Leu Val Asp G n Asp Asp Leu Asp Gu 145 150 155
160,:4d ysHs Gn Gy Len Ala Pro Ala Gu Len Phe Al a
Argzigurkys Ala 165 170 175 20 Ser Met Pro Asp Gy
G azAsprkeu Val Val Thr Hs Ay Asp Ala Cys 180 185
190211euPipiAsn bdgueht Val G n Asn Ay Arg Phe Ser
53y Phe Ile Asp 25 195 200 205 Cys Gy Arg Leu dy
VakzZM>=a Asp Arg Tyr Gn Asp Ile Ala Len Ala 210 215
220239 TPaschrgriehyof [teeApbigigla wegsen@y Ay Qu Trp
Al a Asp NapgyPRemupay P3p1%35 240 Leu Val Leu Tyr Ay
105%%4@'@21’%‘61 Zo ﬁsp Ser Ssn grg Ilhe Al a Phe 245 250
r eu lLeu . Phe Phe 60, 40 ,<210>
2atecone Cragi 55 CENKEE BTSN e O ai ech oA ts T
<220> <223> Description of the artificial sequence:

Ne%EMCAJ& UL gl @19%15&9}9%1%31&59 Algatl G&dCrle ciy Cys
15 gggatggatt gcaggcaggt tctccggecgscttgggt gga gaggabattc

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu
35 40 45
20 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
25
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
30 100 105 110
val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp
115 120 125
a5 Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg
130 i35 140
2rg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp
145 150 155
40
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
45 180 185 190

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile
195 200 205

50 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
55

Val

Ser

Phe

Ala

val

80

Glu

Lys

Pro

Ala

Glu

160

Ala

Cys

Asp

Ala

Fhe

240



ggct at gact gggcacaaca gacaatcggc tgctctgatg ccgccgtgtt
ccggctgtca 120 gcgcaggggc gcccggttct ttttgtcaag
accgacctgt ccggtgccct gaatgaactg 55 180 22/ 34
caagacgagg cagcgcggct atcgtggctg/Hecacgacgg gegttccttg
cgcagctgtg 240 ctcgacgttg tcactgaagc gggaagggac
tggctgctat tgggcgaagt gccggggcag 300 5 gatctcctgt
catgh CRoCh £ 9GLCEE 9O Ja9R8A0t 8L, GGat ot 996 LERtgCaRt Y pre
360 cggcggctgc akaggcttga tccggctase tgcccattcg 255
accaccaagc gaaacatcgc 420 atcgagcgag cacgtactcg
gatrggamgrccgoishat hgh cglatreaggat ga tctggacgaa 10 480
5gagcat cagg ggodocgcgcc agccgaactg ttcgccaggc tcaaggcgag
catgcccgac 540 ggcgaggatc tcgtcgtgac ccat ggcggt
gcctgettge cgaatatcat ggtggaaaat 600 15 ggccgetttt
ct ggatt clat cgact gt ggc cggctgggtg tggcggaccg ctat caggac
660<atagdgtt gg ctacccgtga tattgectgaa gagcettggeg

10 gcggat
gcgaaty tgaccgcttc 720 ctcgtgettt acggtatcgce
cgctéte gt ttycagigea T Egccttcta tegecttctt 20 780
gacgagttct tctga 795 25 <210> 24 <211> 264 <212>
PRL;3¢137 AL BF SROUERER 130 52207:5223>
15Descr|pq&ggﬁghlgl@agggggbgla sequence: Neonycin
mut ant D190G <400> 24
<400> 17
atgattgaac aagatggatt gcacgcaggt tctceccggeccg cttgggtgga gaggctattc
&0
20 ggctatgact gggecacaaca gacaatcgge tgctctgatg ccgccgtgtt ccggctgtca
120
gcgcagggge gecocggttet ttttgtcaag accgacctgt ceggtgccecct gaatgaactyg
180
caagacgadyg cagcgcecggcet atcgtggctg goccacgacgg gogttccttg cgecagetgtg
25 240
ctcgacgtty tcactgaage gggaagggac tggetgetat tgggcogaagt gccggggcag
300
gatctceoctgt catctcacct tgectectgece gagaaagtat ccatcatgge tgatgcaatg
360
30 cggeggetge atacgettga toccggectace tgcccattcg accaccaagce gaaacatcgce
420
atcgagcgag cacgtactcg gatggaagcce ggtcecttgtecg atcaggatga tctggacgaa
480
gagcatcagy ggctecgcocgec agccgaactg ttecgccaggce tcaaggogag caltgccecgac
35 540
ggcgaggatec tcgtegtgac ccatggcgat gectgettge cgaatatcat ggtggaaaat
600
ggcecgcectttt ctggatteat cgactotggce cggetoggtyg tggcggaccyg ctatcaggac
660
40 atagcegttgy ctacccgtga tattgectgaa gagettggecg gegaatggge tgaccgcateo
720
ctecgtgettt acggtatcge cgcectcecccgat tecgecagecgea tegectteota tegectictt
780
gacgagttct tctga
45 795
<210> 18
<211> 264
50 <21i2> PRT

55

<213> Artificial sequence

<220>

£223> Description of the artificial seguence:
Neomycin mutant F240T



35 Met Ile Gu G@n Asp Ay Lou Hs Ala Gy Sex Pro Ala
Ala Trp Val 1 5 10 15 du Arg Lou Phe Ay Tyr Asp
Trp Ala A n d@n Thr Ile Ay Cys Ser 20 25 30 40 Asp
Ala Ala Val Phe Arg Lou Ser Al&/G#n Gy Arg Pro Val
Leu Phe 35 40 45 Val Lys Thr Asp Leu Ser Gy Ala Leu
Asn Qu Leu An Asp GQu Ala 45 50 55 60 Ala Arg Leu
Ser Trp Leu Ala Thr Thr Ay Val Pro Cys Ala Al a Val
65,4875 50 Leu Asp Val Val Thr Gu Ala Ay Arg Asp
Trpedau=Lel; ey Sy Byur8brI0 Mal cPyosdd pra xnaAapa Ledp
Leu Set Ser H's Lew Ala Pro Ala G uoLys 100 105 1105
555 23/34 Val Sex Ile Met Ala Asp Ala Met Arg Arg Lou
H s1Thrglews Asp Pro TVi5AIRC0re25la Ala Ghr TaysTkr §FLlPhers
Asp His @ n AIZQ Lys H's Arg ||e25c;|u Arg Ala 5 138 135
140 Arg Thr Mt Au Ala G Val A%p
AsPR 42l @ Pklﬂs‘*ffsbﬂi%f% Gire ‘éYuAHPs A{gﬁ eu
10 Lou Ala Pro° Ala G u Lou PheﬂlaArg Leu Lys Ala 165

170 Met Pr I l,.Th
i ey A ayu"sefsg-‘%é% Tt A8 ¢80 R
Met Val" Gu Asn Gy Arg 155 e Ser Ay Phe IIe Asp 195
15 20&12%% Vs Gy A Gkl GoneVah: A13 ASP pA6ICIY 231G Rla

le Ala Len Ala 2@ 210 215 220 ThryArg Asp Ile A a
Glu Glu Leu Ay Ay Au Trp Ala Asp Arg Phe 225 230

238e240:p 251 lou Yal dieuaTyrcl@ yrd IAepATa) Alea R IASpGly
Ser GAn Arg Il e Aka Phe 95
20
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
25 115 120 : 125
Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg
130 135 140
30 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
35 .
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

40 185 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Iie Ala Leu
210 215 220

45 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 Gin Arg Ile Ala
245 250 255
50
Tyr Arg Leu Leu Asp Glu Phe Phe
260

55

Val

Ser

Fhe

Ala

vVal

80

Glu

Lys

Fro

Ala

Glu

160

Ala

Cys

Asp

Ala

Ile

240

Phe



245 250 255 Tyr A«g Lou Leu Asp G u Phe Phe 260 30

<210> 25 <211> 795 <212> DNA 35 <213> Artifici al
sequence <220> <223> Description of the artificia
sequence: 2 Neomycin nutant D298 40 <400> 25

at gatt gaac aagatggatt gcacgcaggt tctccggccg cttgggtgga
gaggctattc 60 ggctatgact gggcacaaca gacaat cggc
tgctclgatg ccgcegtgtt ccggetgtca 45 120 gcgcaggggc
gcgg tﬁ% ttttgtcaag accgacctgt ccggtgccct gaatgaactg
18 nggggﬁﬁgagg cagcgcggct atcgtggctg gccacgacgg
gcabigctlig;egeagctol@nf40 50 ctcgacgttg tcactgaagc

5 gggaagggac tggctgctat tgggcgaagt gccggggcag 300
gaketeet gt catctcacct tgctcctgcc gagaaagtat ccatcatggc
t gatgeaateg cr 3t cagge gget getiatiadcgttiegmehceggct acc
t gcccat t\egmactaccaagec Bjdahcat cgc 55 420 24/ 34
at cgagcgag cacgtactcg gat ggaagcc ggtcttgtcg atcaggatga

10t ct<§facogda 480 gagcat cagg ggctcgcgcc agccgaactg
tt:@ geaEgFEct eaEfGeahal %ﬁﬁ?@%%ﬁﬁjaECtQEQECSQgﬁﬁﬁ?ﬁ@Eﬁﬁqc9aggCtatt°
ac ccaH%%p cct cttgc aat at cat 8 aaaat
g?: tt §¢9 g‘é‘i‘t af® ngggc?t 5?@‘%“&985@&%3 Pt cedggetgrtea

15t9§

180

caagacgagg cagcgcgget atcgtggctg goccacgacgg gegttcecttyg cgcagetglg

240

ctegacgtty tcactgaage gggaagggac tggetgcetat tgggcecgaagt geccggggcag
20 300

gatctccoctgt catctcacct tgctcctgece gagaaagtat ccatecatgge tgatgecaatg

360

cggoggcetge atacgecttga tccggcectace tgcccatteg accaccaage gaaacatcoge

420

gaC(é% C&é%éé@%ggg ttttgtcaag accgacctgt ccggtgeccct gaatgaactg

25 atcgagcgag

30

35

40

45

50

55

480
gagcatcagg
540
ggcgatgatce
600
ggeccgetttt
660
atagegttgg
720
ctegtgettt
780
gacgagttect
795

<210> 2C
<211> 264
<212> PRT

cacgtactcg
ggctcgogece
tcgtcgtgac
ctggattcat
ctacccgtga
acggtatcge

tetga

gatyggaagcc
agoecgaactyg
ccatggcgat
cgactgtgge
tattgctgaa

cgcteocccgat

<213> Artificial seguence

<2205

ggtettgteg
ttecgecagge
gocctgettge
cggetgggty
gagcttggcg

tcgecagogea

atcaggatga
tcaaggcgag
cgaatatcat
tggcggaccy
gcgaatgggce

tcgecttecta

<223> Description of the artificial sequence:
Neomycin mutant E182D

<400> 20

tctggacgaa
catgcccgac
ggtggaaaat
ctatcaggac
tgaccgette

tcgococttett

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



5

15

20

25

30

35

40

45

50

55

660 atagcgttgg ctacccgtga tattgctgaa gagcttggcg
gcgaat gggc tgaccgecttc | 10 720 ctcgtgettt acggtatcgc
cgctcccgat tcgcagcgca tcgcecttcta tcgecttctt 780
gacgagttct tctga 795 15 <210319B34 <211> 264 <212>
PRT 20 <213> Artificial sequence <220> <223>
Description of the artificial sequence: Neonycin

nmut ant D208G 25 <400> 26 Met Ile AQu A@n Asp Ay Leu

Hi ﬁsgﬁ'?ﬁa@ﬂ[a Sen Pro sAbar Al @eFrprdvalin 10 210 & v30 @l phe

Arg Leu Phes@y Tyr Asp Trp4Ala G n dn Thr l4e Gy
Cys Ser 20 25 30 Asp Ala Ala Val Phe Arg Leu Ser Al a
d malwsArpr Prep Vab 9egucPheéila3beud rsA56188.eVatln wsp TR
Asp LewtSer Ay Ala Leu Asn Qu Leu A n A$g Au A a
50 55 60 --- Ala Arg Leu Ser Trp Lou Ala Thr Thr GI]Y
Vaﬁlprpégc}gM&% Bra I\%\‘I 2hp B %r 73Yghal Feg Beh gl Ala
Val ®Thr du Ala Ay &Pg Asp Trp Leu LelP Leu GIy Au
85_90 95 45 I y Leu L er Hi s
Lot N R g AT b OB 0y TBer g SUa TS hunggy
Ala Asp Al a l\/bt Arg Arg Len H's Thr Leu Asp Pro 115
129ai4¥%o é@y Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala €lu
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 Tle 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 Asp Asp Leu Val Val Thr His Gly Asp Ala
180 185 150

Leu Prc Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile
185 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu
210 215 220

Thr Arg Asp Ile Zla Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg
225 230 235

Leun Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Axrg Ile RAla
245 250 255

Tyr Arg Leu Leu Asp Glu FPhe Phe
260

<210> 21

<211> 795

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Neomycin mutant D227G :

Ala

Val

80

Glu

Lys

Pro

Ala

Glu

160

Ala

Cys

Asp

Ala

Phe

240

Phe



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 55 145 150 155 160
25/34 du Hs An dy Lou Ala2®3* Ala Gn Len Phe Al a
Arg Len Lys Ala 165 170 175 5 Ser Met Pro Asp Ay Qu
Asp Len Val Vval Thr Hs Ay Asp Ala Cys 180 185 190
Leu Pro Asn Ile Met Val Gn Asn Gy Arg Phe Ser Ay
Phesbbedy 195 200 205 10 Cys Ay Arg Leu Gy Val
Al acdhsipdAel datGhatAsRateBAlatdeRghbey 21Qu@ddya?238ggctatte
TheoArg Asp Ile Ala Qu Qu Len Ay Gy GQu Trp Ala
5 Aspg&raroRhe dduc2262@3@2285t240 tdmutVats leegciyrgt@® yoggctgtca
I[lezW a Ala Pro Asp Ser An Arg Ile Ala Phe 245 250
258cgcadygg0 IHAcIBEgCl e tESrsASpatdaacPhet RFEItQBTFt gaatgaacty
<216% 27 25 <211> 21 <212> DNA <213> Artifici al
s e fARFRY29L22DIZ09 LD 2ESIBRETT| PETGTA06YY A8 AT cPgractaty
10seqfnce: . Qi gonucl eotide Neof or5 <400> 27 ttccagaagt
agEGRUYEGHICoH 2179° SIIpILFFOSIFEILh1 LGOI <BTHL999°a9
<

5 t
213> Aréificial equence

gatctectgt atctcaccts%gg%cctgcc ;&gggggtat ccatcatggc tgatgcaatg

360
15 cggeggetge atacgettga tceccggectace tgcccatteg accaccaage gaaacatege
420
atcgagcgag cacgtactecg gatggaagece ggtettgtecg atecaggatga tctggacgaa
480
gagcatcagyg ggctcgogee agccgaactg ttcgocagge teaaggoegag catgeccgac
20 540
ggcgaggatc tcgtcgtgac ccatggcgat gectgettge cgaatatcat ggtggaaaat
600
ggccgetttt ctggatteat cgactgtgge cggctgggtyg tggcggaccyg ctatcaggac
660
25 atagcgttgg ctacccgtgg tattgctgaa gagecttggcyg gcgaatgggce tgaccgette
720
ctogtgettt acggtatege cgetecegat tegeagcegeca tcgcctteta tegocttett
780
gacgagttect tctga
30 795
<210> 22
<211> 264
35 <212> PRT
<213> Artificial sequence
<220>
<223> Description of the artificial sequence:
40 Neomycin mutant D227G
<400> 22
Met Ile Glu Gln Asp Gly TLeu His Ala Gly Ser Pro 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 3¢
Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Prc Val Leu Phe
50 35 40 45
val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
50 55 60
55 Ala Arg Leu Sexr Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val



<223> Description of the artificial sequence: 45
A i gonucl eoti de Neorevb <400> 28 atggcaggtt gggcgtcgc
19 50 <210> 29 <211> 21 <212> DNA 55 <213>
Artificial sequence 26/34 <220%/3£223> Description of
the artificial sequence: digonucleotide Neofor2 5
<400> 29 gaactgttcg ccaggctcaa g 21 10 <210> 30
<21}z 22 <212> DNA <z13> Artificial seguence 15 80
<220> <223> Description of the artificial sequence:
d irganugd eatli der 649:120 25400, 30g cggeaagats echt@ataaad ciu
ca 22 25 <210> 3k5<211> 20 <212> dNA <213> 95
S5Artificial sequence 30 <220>
Val Pro Gly Gln Asp Leu Leu Ser Sexr 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
10 1i5 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
130 i35 140

15 Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 1590 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu T.eu Phe Ala Arg Leu Lys Ala

T 165 170 175
- 20 '
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 Sexr Gly Phe Ile Asp
25 195 200 205

g Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
5 210 215 220

30 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 Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255
35
Tyr Arg Leu Leu Asp Giu Phe Phe
260

40 <210> 23
<211> 795
<212> DNA
<213> Artificial sequence

45  <220>
<223»> Description of the artificial sequence:
Neomycin mutant D180G

<4C0> 23
50 atgattgaac aagatggatt gcacgcaggt totccoggeccyg cttgggtgga gaggetatte
60
ggctatgact gggcacaaca gacaatcggoe tgectectgatg cecgecgtgtt ccggetgtea
126
gcgcagggge gcccggttct ttttgtcaag accgacctgt ccggtgecect gaatgaactg
55 180
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<223> Description of the artificial
A i gonucl eoti de E182G or
atctcgtcgt 20

o0 sequence:
< > 31 35 gacggcgggag
<210> 32 <211> 20 40 <212> DNA <213>

2::!;!0!3: sequence <220> <22B3Description of the
<4Ob>lgaa sequence: 45 digonucl eotide E182G ev
acgacgagat ccccgccgtc 20 50 <210> 33 <211>
2% ;312> c 5% ég %ﬁmé%t&é g&a t%Zéé%h cgcagctgtg
<
G ?godﬁg?gz BEEEEPPT 01 2ot t e Jarti |C|a sequence:
I
9 = t % g%% é&#@@ éﬁglo% §é&§ﬂi§@a€ﬂﬂy&§aagt gecoggggcadg
gctat tgg 1 0> 34 <211> 23 <212> DNA
ct@gédé:Egtéﬂcé%@gtﬁﬂaiectééi §2302ngta223cetPesgyd plupbacaaty
(ﬁ3&ﬁe artificial sequence:
cggcggetge atacgeottga tcocggetace tgcccatteg accaccaagoe gaaacatcgc
420
atcgagcgag cacgtactceg gatggaagcec ggtcttgtceg atcaggatga tctggacgaa
480
gagcatcagg ggctcgeygcee agcecgaactg ttcgecaggco tcaaggegag catgcccgac
540
ggcgaggatc tcegtcgtgac ccatggeggt gcctgettge cgaatatcat ggtggaaaat
600
ggcecgernttt ctggattecat cgactgtgge cggetgggtyg tggeggacceg ctatcaggac
660
atagcgttgg ctacccgtiga tattgctgaa gagcttgged gcgaatggge tgacocgoitc
720
ctcgtgettt acggtatcge cgcteccgat tcgcagcgca tegectteta tegecttett
780
gacgagttct tctga
795
<210> 24
<211> 264
<212> PRT
<213> Artificial seqguence
<220>
<223> Description of the artificial sequence:
Neomycin mutant D150G
<400> 24
Met Ile Glu Gin Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp vVal
1 5 10 15
Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys S3Ser
20 25 36
Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu Fhe
35 40 45
val Lys Thr Asp Leu Ser Gly Ala Leu Asn Giu 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
Teu Asp Val Val Thr Glu ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 95
val Pro Gly Gin Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 110
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A i gonucl eoti de WO1Arev 20 <400> 34 ccaat agcag
cgcgtccctt ccc 23 25 <210> 35 <211> 24
sequence

<213> Artificial
of the artificial

sequence:

<212> DNA
30 <220> <223> Description

@3/gdnucl eoti de V19' 8G or

<400> 35 35 ccgaatatca tgggggaaaa tggc 24 } <210> 36
<212> DNA <213> Artifici al
<2¢0p> A5 f223rtDescnisption et Lhe raptidd aialriseguencss pro
A igonucl ed i de V198G ev <4Q0> 36 gccattttccizs

40 <211>

24

cccatgatat tcgg 50 24

sequence

<210> 37 <211> 21 55 <212>
284 B4 The2d 3> FAbt Pifd Gisal Esequent <R20BEis 42830 e Glu
5 Descriipti on of the artitixial
A i gonucl eoti de D227Af or <400> 37 ctacccgtgc

sequence:

180

tai\lf?cﬂ?[hgaér@ Met Giu Ala Gly Leu Val Asp Gln Asp Asp Leu
14 150 155
Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu
165 170
Ser Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Gly
180 185 120
Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe
185 200 205
Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala
210 215 220
Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp
225 230 235
Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile
245 250
Tyr Arg Leu Leu Asp Glu Phe Phe
260
<210> 25
<211> 795
<212> DNA
<213> Artificial ssquence
<220>
<223> Description o¢f the artificial sequence:
Necmycin mutant D208G
<400> 25
atgattgaac aagatggatt gcacgcaggt tctceggecg cttgggtgga
60
ggctatgact gggcacaaca gacaatcggc tgctotgatyg cegecgtgtt
120
gcocgcagggge geccggttet ttttgtcaag accgacctgt ccoggtygeect
18¢
caagacgagg cagcgceggcet atcgtggcetg gccacgacgg gogtteotty
240
ctcgacgttyg tcactgaagc gggaagggac tggotgetat tgggcgaagt
300
gatctocectgt cateteacct tgcitcctgec gagasagtat ccatcatggce
360
cggecggoltge atacgettga tccggectacce tgcccattcg accaccaage
420

DNA

Arg

Asp

Lys

175

Ala

ile

Leu

Arg

Ala
255

gaggctattc
cecggetgtea
gaatgaactyg
cgcagectgtg
gccggggeayg
tgatgcaaty

gaaacatcge

Ala

Glua

160

Ala

Cys

Asp

aAla

Phe

240

Phe
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21 10 <210> 38 <211> 21 <212> DNA 15 <213>
Artificial sequence <220> <223> Description of the
artificial sequence: digonucleotide D227Arev 20
<400> 38 cttcagcaat agcacgggta4 3£l 25 <210> 39
<211> 21 <212> DNA <213> Artificial sequence 30
<220> <223> Description of the artificial sequence:
a %%onucleotld %27Vf r

%,(8 g%chgé‘tg gacHftac 6g<gf1 8%8'%6: 4%% &%igé <212§5%|\%:1 tct%gacgaa
Q‘;gta'gf?: £l ? SEAUNGE. aﬁg%cﬁgg% £R23% 2088 Ctd plyh OFa Plcat heccgac

sequence: I gonucl eoti de D227Vrev <400>
4%9’@9&&&4@9@@@gt@§5&&%@§6§@: 3dctgcettge cgaatatcat ggtggaaaat
600
ggcecgetttt ctggatteat cggctgtgge cggetggatg tggeggacced ctatcaggac
660
atagegttgg ctacccgtyga tattgetgaa gagettggeg geygaatgggc tgaccgctte
720
ctegtgettt acggtatcge cgctccogat tcgcagcegca tcgecttcta tegecttett
780
gacgagttct tctga
795

<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 Eis Ala Gly Ser Pro Ala Ala Trp Val
1 5 10 15

@lu Arg Leu Phe Gly Tyx Asp TrIp 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 Sexr 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 20 85

Val Pro Gly Gln Asp Leu Leu Ser Ser Hiz Leu Ala Pro Ala Glu Lys
100 105 110

val Ser Tle Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pro
115 120 125

Ala Thr Cys Pro Phe Asp His Gin Ala Lys His Arg Ile Glu Arg Ala
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Vval Asp Gin Asp Asp Leu Asp Glu
145 150 155 160
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<210> 41 55 <211> 24 29/ 34 <212> DNA <213> Artifici al

sequence

sequence:

15 <212> DNA <213> Artificial
Description of the artificial

<220> 5 <223> Description of the artificial
A i gonucl eoti de D26l Gor <400> 41
gccttcttgg cgagttcttc tgag 10 28/34210> 42 <211> 24
<220> <223>

sequence
sequence:

20

A i gonucl eoti de D26l Grev <400> 42 ctcagaagaa
ct €0£083081AG0¢ 24u 243 r2l@2a481u 12412241 a<RdP 3 DN 5

30 <213> Artificiad sequence
of the artificial

Leu

Cys

Thr

225

Leu

Tyr

<210>
<211>
<212>
<213>

Pro

Gly

210

Arg

Val

Arg

<220>

<223>

<400> 27

27
21
DNA
Artificial sequence

Asn

195

Arg

Asp

Leu

Leu

180

Ile

Leau

Ile

Tyr

Leu
260

Met Val

Gly Vval

Ala Glu

230

Gly Ile
245

Asp Glu

sequence:

Glu

Ala

215

Glu

Ala

Fhe

<22Q0>0<223> Descri pti o1

A i gonucl eoti de D261Nf or
355406 480 goot iy tda sgadeticYale iagafhr His, 61 4As40rla
<210> 44

185

Asn Gly Arg Phe
200

Zsp Arg Tyr Gln
Leu Gly Gly Glu
235

Ala Pro Asp Ser
250

Phe

Oligonucleotide Neoford

tteccagaagt agtgaggadgg cC

<210>
<211>
<212>
<213>

<220>

<223>

<400> 28

28
19
DNA
Artificial sequence

21

Oligonucleotide Neorewvb

atggcaggtt gggcgtcge

<21G> 29
<211i> 21
<212> DNA
<213> Artificial segquence

19

Ser
Asp
220

Trp

Gln

Description of the artificial sequence:

Description of the artificial sequence:

Gly
205

Ile

Ala

Arg

190

Phe Ile

Ala Leu

Asp Arg

Tie Ala
255

Ala

Cys

Gly

Ala

Phe

240

Phe
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<211> 24 <212> DNA <213> Artificial sequence 45
<220> <223> Description of the artificial sequence:
A i gonucl eoti de D26l Nrev 50 <400> 44 ctcagaagaa
ctcgttaaga aggc 24 55 <210> 4689434 <211> 22 <212>
DNA <213> Artificial sequence 5 <220> <223>
Description of the artificial sequence:

A i gonucl eoti de F2401f or <400> 45 10 ggctgaccgc
atcebggtge tt 22 <210> 46 15 <211> 22 <212> DNA
<213z3Aridskh ch@lonsefluancert 220z1 20 w383 Descri ption
of the antigbhed@lorse@guenest2 O i gonucl eoti de F240lrev
<400> 46 aagcacgagg atgcggtcag cc 25 22 <210> 47

<2k¥s02®9 30 <212> DNA <213> Artificial sequence
gaactgttcg ccaggctcaa ¢
21

<210> 30

<211> 22

<212> DNA

<213>» Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide IC49

<400> 30
cggcaaaatc ccttataaat ca
22

<210> 31

<211> 20

<Z212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide E182Gfor

<400> 31
gacggcgggg atctcgtegt

<210> 32

<211> 20

<21z2> DNA

<213> Artificial segquence

<220>
«<223>» Description of the artificial segquence:
Oligonuclectide E182Grev

<400> 32
acgacgagat ccccgccgte
20

<210> 33

<211> 23

<212> DNA

<213> Artificial sequence

20
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<220> <223> Description of the artificial sequence:

35 digonucleotid E182Df or <400> 47 gacggcgatg
atctcgtcgt 20 40 <210> 48 <211> 20 <212> DNA 45
<213> Artificial sequence <226%32223> Description of
the artificial sequence: digonucleotide E182Drev 50
<400> 48 acgacgagat catcgccgtc 20 55 31/34 <210> 49
<211> 19 <212> DNA <213> Artificial sequence 5 <220>
<223> Description of the artificial sequence:

¢l eot.i de_ DI <400>_4 cgat
cc?%gft tﬁ ;ngt %Jegj Jﬁgffl{%‘q (?u %%gg B g<213>
Artificl an sequence

<400> 33

gggaagggac gocgctgctat tgg
23

<210> 34

<211> 23

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial segquence:
Oligonucleotide WOlArewv

<400> 34
ccaatagcag cgegtoccctt ccc
23

<210> 35

<211> 24

<212> DNA

<213> Artificial seduence

<220>
<223> Description of the artificial sequence:
Oligonucleotide V198Gfor

<400> 35
ccgaatatca tgggggaaaa tggc
24

<210> 36

<211> 24

<212> DNA

<213> Artificial sedquence

<220>
<223> Description of the artificial seguence:
Cligonucleotide V198Grev

<400> 36
goccattttece cccatgatat tegg
- 24

<210> 37
<z211> 21
<212> DHA
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20 <220> <223> Description of the artificial sequence:
A i gonucl eoti de D190G ev <400> 50 25 gcaagcaggc
accgccatg 19 <210> 51 30 <211> 19 <212> DNA <213>
Artificial sequence <220> 4i 2%/3®23> Description of
the artificial sequence: digonucleotide D208G or
<400> 51 gattcatcgg ctgtggccg 40 19 <210> 52 <211>
19545 <2127 DNA s@d3xArtificial sequence <220>
<223> Description of the artificial sequence: 50

A kgomucl eoti de D208G ev <400> 52 cggccacagc cgatgaatc
19<553:82/e34rip20>c 53 he?d i ALiakXE2meDNA 5 <213>
Artifi cicdligserientéds I2202£ac223> Description of the

artificial sequence: digonucleotide D227 or
<400> 37

ctacccgtge 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 ¢
21

<210> 39

<211> 21

<212> DNA

<213>» Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide D227Vfox

<400> 38
ctaccegtgt tattgctgaa g
21

<210> 40

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
Oligonucleotide D227Vrev

<400> 40
cttcagcaat aacacggdta g
21

<210> 41
<211> 24
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10 <400> 53 ctacccgtgg tattgctgaa g 21 15 <210> 54
<211> 21 <212> DNA <213> Artificial sequence 20
<220> <223> Description of the artificial sequence:

ol i gonucl eoti de D227Grev 25 <360%454 cttcagcaat
accacgggta g 21 30 <210> 55 <211> 2406 <212> DNA
<213> Cricetulus griseus 35 <300> <310>
Pglégg&§8é04631 <311> 1996-10-24 -~ <312> 1997-05-01
4 .gat ctcc acagccatgg ctattacaca
géﬁégﬁc%%?‘é?%?béﬁgggggbaaaaaatt 60 agt gt ccatg
tgtagatgtg tggagtatge ttgtcatgcc acatacagag gtagagggca
1%%223 S 14,8L9097 gt eagbi-ect: ALCEE @adnet at gggggac

ct ggggagt g-Aaei &aget co2ch88oat cagget t g gcagaaagt g
cattagctca cggagcctta tcattggcga aagctctctc 240
aagipagaaaa tcaatgtgtt tgctcatagt gcaatcatta tgtttcgaga

0oggaagetdy cgBgB80O-te tgag v

<210> 42

<2il> 24

<212> DNA

<213> Artificial sequence

<220> o
<223> Description of the artificial sequence:
Oligonucleotide D261CGrev

<400> 42
ctcagaagaa ctcgccaaga aggc
24

<210> 43

<211> 24

<212> DNA

<213> aArtificial sequence

<220> o
<223> Description of the artificial seguence:
0Oligonucleotide D261Nfor

<400> 43
gccttcttaa cgagttette tgag
24

<210> 44

<211i> 24

<212> DNA

<213> Artificial sequence

<220> o
<223> Description of the artificial sequence:
0Oligeonucleotide D261Nrev

<400> 44

ctcagaagaa ctegttaaga agge
24

<210G> 45



acaatcgttg gggcatgtgt ggtcacatct gaatagcagt agctccctag
gagaattcca 360 agttctttgg tggtgtatca atgcccttaa
aggggt caac aacttttttt ccctctgaca 420 33/34
aaactatctt cttatgtcct tgtccctcHi/Mttgaagta ttttattctt
tgcagtgttg 480 aatatcaatt ctagcacctc agacatgtta
ggt aagt acc ctacaactca ggttaactaa 540 5 tttaatttaa
ctaajitaac cccaacactt tttctttgtt tatccacatt tgtggagtgt
60Q, 94 9tghgt gt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt
gt gb9i:9tgk i g1 G-0t gEPEnc660 gcgcgecgege geget cggat
cattctacct tttgtttaaa aaatgttagt ccaggggtgg 10 720

5 ggkgea@act gt gaaagtctga gggtaacttg ctggggtcag ttctttccac
t akaggracegcr 80 caact cbagygttigticaattctietert gacaga
accat ccagagregdectadc FEaaifat agt 840 15 tttttattta
tttatttttt gtttttcgag acagggtttc tctgtggcett tggaggcetgt
9004E¢t dgaact a ctcttgtag accaggetgg tctcgaactc

10ag§§5?%%%€ccfﬁﬁgfgfﬂi 960 ctcgggagtg ctgggattaa
aggcat gcgc caccaacgct tggctctacc taattttaaa 20 1020
agagattgtg tgtcacaagg gtgtcatgtc gccctgcaac cacccccccc
ccagaaaaaa 1080 aaaaaaaaaa acttcactga agctgaagca

15 COabgat tid,g gttactctgg ctggccaatg 1140 25 agctctaggg
agtet ectigin caaacagaat ctcaacaggc gcagcagtct tttttaaagt
12001 ggggtrti acamicacsqaggi-bt t tgcatatcag gcattttatc
taagctattt cccagccaaa 1260 aatgtgtatt ttggaggcag

cagaget aat agattaaaat gagggaagag cccacacagg 30 1320
20 <223> Description of the artificial sequence:
Oligonucleotide F240Irev

<400> 46
aagcacgagg atgcggtcag cc
25 22

<210> 47
<211> 20
30 <212> DNA
<213> Artificial sequence

<220>
<223> Description of the artificial sequence:
35 Oligonucleotid E182Dfor

<400> 47
gacggcgatg atctegtcgt
20

40

<210> 48
<211> 20
<212> DNA
45 <213> Artificial seguence

<220>
<223> Description of the artificial sequence:
Oligonucleotide E182Drev
50
<400> 48
acgacgagat catcgccgtco
20

55



ttattaggaa gataagcatc ttctttatat aaaacaaaac caaaccaaac
t ggaggaggt 1380 ctacctttag ggat ggaaga aaagacattt
agagggt gca at agaaaggg cactgagttt 1440 35 gtgaggtgga
ggact gggag agggcgcaac cgctttaadt/3ffcetgtttt gectattttt
1500 tggggacagc acatgttcct atttttccca ggatgggcaa
tctccacgtc caaacttgcg 1560 gtcgaggact acagtcattt
tgcaggt ;e cttactgtat ggcttttaaa acgtgcaaag 40 1620
gt gaggcatba accgtttcac gctgggaggg cacgtgcggc tcagatgcett
ccteigagkg 1680 agggccagga gggggctaca cggaagaggc
caeacecgea: eidigggaaganetcgatttgg 1740 45 gcecttcagetg

5 gct gagacgc cccagcaggc tcctcggcta caccttcagc cccgaatgcc
18602t ccggccca taacccttcc cttctaggca tttccggcga
ggdezrtadesctiagdgecadhe 1860 fdat 1k ggaeenesdt cccccgg
t cct cacetguaatcdee b i PL8PEaet cca gagtttagag 50 1920
act at aacca gatagcccgg atgtgtggaa ctgcatcttg ggacgagtag

10tt ff%ytdda 1980 aagaaagcga cgaaaaacta caattcccag

acﬁ%ﬁﬁfﬁﬁ?ggFF§€EF% c ttctcatgct 2040 34/ 34

aadcaagccc cctttaaagg aaagcccctc ttagtcgcat cgactgtgta
agaaaggcgt 2100 ttgaaacatt ttaatgttgg gcacaccgtt

15t Ccgaggaceg aaatgagaaa gagcataggg 2160 5 aaacggagcg
cccgagetiag tctggcactg cgttagacag ccgcggtcgt tgcagcggge
22201 agamact t gc gt ggacgcct aaggggcggg tctttcggcec
goggaagceae i gidiggt eeqgonc2280 gcggcetcttc ctttccgatc
cgccatccgt ggtgagtgtg tgctgcggge tgccgetccg 10 2340

20 <220> .

<223> Description of the artificial sequence:
Oligonucleotide D1390Grev ’

<400> 50
25 gcaagcaggc accgccatyg
19

<210> 51
30 <211> 19
<212> DNA
<213> Artificial seguence

<220>
35 <223> Description of the artificial sequence:
Oligonucleotide D208Gfor

<400> 51
gattcatecgyg ctgtggccg
40 18

<210> 52
<21i1> 19
45 <212> DNA
<213> Artificial seguence

<220>
<223> Description of the artificial sequence:
50 Oligonucleotide D208Grev

<400> 52
cggecacagce cgatgaatc
15 ' '

55
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<210> 53
<211> 21
<212> DNA

2400 atgtag 2406 15 20 kfl

32/34

<213> Artificial sequence

<220>
<223>

Oligonucleotide D227Gfor

<400> 53

ctaccegtgyg tattgctgaa g

21

<210> 54
«21i> 21
<212> DNA
<213>

<220>
<223>

Artificial

seguence

Oligonucleotide D227Grev

<400> 54

ctteagcaat accacggdta g

21

<210> 55

<211> 2406
<212> DNA
<213>

<300>

<310> PCT/EP/96/04631

<311> 1996~
<312> 1997~

<400> 55

gatctccagyg

60
agtgtccatyg
120
gtttatggga
180
atcaggcttyg
240
aagtagaaaa
300
acaatcgttyg
360
agttctttgg
420

10-24

05-01

acagccatgg
tgtaaatgtyg
gtcagttcct
gecagaaagtyg
tcaatgtgtt
gggcatgtgt

tggtgtatca

Cricetulus griseus

ctattacaca

tggagtatge

attcttcett
cattagctca
tgctcatagt
ggtcacaict

atgcccttaa

gagaaaccct
ttgtcatgecc
tatgggggac
cggagcetta
gcaatcatta
gaatagcagt

aggggtcaac

Description of the artificial sequence:

Description of the artificial sequence:

gtctggaaaa
acatacagag
ctggggactyg
tcattggcga
tgtttcegaga
agctccectag

aacttttttt

gettggggct tecegegt cget et caceet ggt cgg N
ctetittcga gegt cg ct ggtcggegge tctaat cegt

acaaaaaatt
gtagagggca
aactcaggtc
aagctctete
ggggaagggt
gagaattcca

ccetectgaca
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aaactatctt
480
aatatcaatt
540
tttaatttaa
600
gtgtgtgtgt
660
gecgocgogcgce
720
ggtgcactgt
780
aactccaggt
84c
tttttattta
900
cctggaacta
260
ctecctgagty
1020
agagattgtg
108¢C
aaaaaaaaaa
1140
agctctaggg
1200
ggggttacaa
1260
aatgtgtatt
1320
ttattaggaa
1380
ctacctttag
1440
gtgaggtgga
1500
tggggacagc
1560
gtcgaggact
1620
gtgaccatta
1680
agggccagaga
1740
gettecagetg
1800
ttccggceea
1860
cattcggecc
1920
actataacca
128¢C
aagaaagcga
204¢

cttatgtecct
ctagecaccte
ctaatttaac
gtgtgtgtgt
gegetoggat
gaaagtctga
gtcaactctt
tttatttttt
getettgtag
ctgggattaa
tgtcacaagg
acttcactga
agtctcotgt
cacaggtttt
ttggaggcag
gataagcatc
ggatggaaga
ggactgggag
acatgttcct
acagtcattt
accgtttcac
gggggctaca
gctgagacge
taacccttcce
catecccococegyg
gatagcccgg

cgaaaaacta

33/34

tgtccctecat
agacatgtta
cccaacactt
gtgtgtgtgt
cattctacct
gggtaacttg
tactgacaga
gtttttegag
accaggctygy
aggcatgcgc
gtgtcatgte
agctgaagca
caaacagaat
tgcatatcag
cagagctaat
ttectttatat
aaagacattt
agggcgcaac
atttttccceca
tgcaggtttc
gctgggaggy
cggaagaggc
cccagcaggc
cttctaggceca
tcctcacctyg
atgtgtggaa

caattcccag

atttgaagta
gdtaagtacc
tttetttgtt
gtgtgtgtgt
tttgtttaaa
ctggggtcaqg
accatcﬁaaa
acagggtttce
tctegaacte
caccaacgct
gocctgeaac
cgatgatttg
cLfcaacaggc
geattttatc
agattaaaat
aaaacaaaac
agagggtgca
cgctttaact
ggatgggcaa
cttactgtat
cacgtgcgge
cacacccgca
tcetcggcta
tttccggega
aatctetaac
ctgecatettyg

gcagactigt

ttttattctt
ctacaactea
tatccacatt
gtgtgtgtgt
aaatgttagt
ttctttccac
tagcecetate
tctgtggett
agagatccac
tggctctacc
CagCCCCccce
gttactctgg
gcagcagtct
taagctattt
gagggaagag
caaaccaaac
atagaaaggg
gtcctgtttt
tetecacgte
ggcttttaaa
tcagatgett
cttgggaaga
caccttcage
ggacccaccc
tctgactecca
ggacgagtag

gttacctecte

tgcagtgttyg
ggttaactaa
tgtggagtgt
gtgtgtgtge
ccaggggtgy
tataggacag
taattttagt
tggaggetygt
ctgecctcectge
taattttaaa
ccaaaaaaaa
ctggccaatg
tttttaaagt
cccagccaaa
cccacacagg
tggagyaggt
cactgagttt
gectattttt
caaacttgcg
acgtgcaaaqg
cetetgacty
ctocgatttgg
cccgaatgece
tcgcgeccaaa
gagtttagag
ttttagcaaa

tteteatget



10

15

20

aaacaagccc
21G0
ttgaaacatt
2160
aaacyggagcy
2220
aggcacttgc
2280
geoggetette
2340
gecttgggget
2400
atgtag
2406

cetttaaagg
ttaatgttgg
ccecgagctag
gtggacgect
ctttccgate

tccecgegtoeg:

34/34

aaagceccte
gcacaccgtt
tctggcactg
aaggggcgag
cgccatcegt

ctetcaccct

ttagtcgeat
tcgaggaccyg
cgttagacag
tetttcggec
ggtgagtgty

ggtcggcgge

cgactgtgta
aaaltgagaaa
cegecggtegt
gggaagcceco
tgctgecggge

tetaatccgt

agaaaggcgt
gagcataggyg
Tgcagcggge
gttggtccge
tgocecgetecg

ctettttega



