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NUCLEI C ACI DS FOR REDUCI NG CARBCHYDRATE EPI TOPES The present invention

rel ates to nucleic acids which encode gl ycosyl transferase and are useful in
5 producing cells and organs from one species which may be used for
transpl ant at i o'WOIBY reci pi ent of anot her species. Specifi

i nvention concerns production of nucleic acigs_which, when present in cells
of a transplanted organ result in reduced eVels of antlbody 10

recognition of the transplanted organ. The transplantation of organs is now
possi bl e due to major advances in surgical and other techni ques. However,
availability of SIMPROVED INUQLEISY SADS{ BORt REDIGING (CARBORYDRAFESEDETORES Nt

prgbl tem tDerr?Ed outstLI Iost ll-ief PrBBbit Iﬂ#ﬁnﬂﬁfn easmd.s][ eaetaﬁeheié &:Eaats
I nvesti gate epOSI 111 (0] usi n on S or r.aps antatl on.
Xenot ranspl ant at | ?‘?‘Fe"yq % ﬁfmgﬁ‘%? axe, wegke 1 8&:. es to a

reci pi ent of & di bfedmtmmmcs anﬂepvmsn:mtm tapmcesamwhich mayibegases
isca 20 particul greg ‘iﬁ'l:ﬁ'tb.%n“i‘ﬁé@ 4 NFedi3iUntS BEC ARSLhexr MO €
distantly rel ated, suc onar, organs g &gs and sheep to hunmm

reci pi ents. Vascuﬁa?"b?ﬁar@ﬂﬁrl&iﬁ ALty thecinyention GAnCerRS REofugtion of
hyperacute rej ectnm‘i&\l%aidﬂﬁﬂehurth&epz&im&dmlm ofaacade in the
25 recipient is a if%&&%t Obg€ ggg&*
cells. Previous a%? np?f"s to pr event %iﬁa:\% ocused 1%‘1\'%058”9.%969' es :
modi fyi ng t hel® mingogRition Gf Hhe krapsplanted PXGMr of systenic

conpl enent formation (1, 2) Thed t2ansplanteation ayt dnms(iﬂj:oprbbsible due

strategi es have bgﬁ(r}ai},‘uogl rdvrlch t%h gﬁ_)lw SN0 vl i%ghval

However, these ne tical unattractive Ln that they
are clinically inBewevexalavaidahidisy, ﬁuﬂ* itable human, orgaRgpfPEssi ve

treatnents. Ther eéﬂaﬂspxmﬁioei faar asaeniiﬁcwuhraom DamanfosusSE 1y
ggﬂietei/galh! éh- eve E#es& onwe%%gglkgs r e%@c ed 'ﬁé %%%&EF‘?‘%?& te
poasibility of using non-human organs for transplantation.

Xenotransplantation is the transplantation of
oxrgans from one species to a recipient of a different
species. Rejection of the transplant in such cases is a

20 particular problem, especially where the donor species is
more distantly related, such as donor organs from pigs and
sheep to human recipients. Vascular organs present a
special difficulty because of hyperacute rejection (HAR).

HAR occurs when the complement cascade in the

25 recipient is initiated by binding of antibodies to donox
endothelial cells.

Previous attempts to prevent HAR have focused on
two strateglies : modifying the immune system of the host by
inhibition of systemic complement formation (1,2) and

30 antibody depletion (3,4). Both strategies have been shown
to temporarily prolong xenograft survival. However, these
methodologies are therapeutically unattractive in that they
are clinically impractical and would require chromic
immunosuppressive treatments. Therefore, recent efforts to

35 4inhibit HAR have focused on genetically modifying the donor
xenograft. One such strategy has been to achieve high-level
expression of specles-restricted human complement
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I nhibitory proteins in vancul arized pig organs via transgeni c engi neering
(5-7). This strategy has proven to be useful in that it has resulted in the
prol onged survival of porcine tissues follow ng anti body and serum
chal l enge 5 (WP8807IT t hough i ncreased survival of the transBEHAUINWOSQues
was observed, long-termgraft survival é not achieved (6). An observed in
t hese experinents and also with systeni ¢ €onpl ement depl eti on, or gan

Eil !5;” eI appggrfs*%gbbe reI at ed to ?lngggég anb-ig‘?ré’ d%g%é\éastcul [ E is 10
n addi activation on
the vascul ar eegshigénic aﬁﬂmn:l.hacdsw)th!hiwrmﬁm hascproséhctdi on
has focused o dﬁp{.% i lie! BRaPEERRItEANn WHIPHERI0nERA 8RSy
i es

retogni sed by uman nat ural _anti I'S now accepte that
the terminal ga aE? tHasues folilowing, apyikody:apd sexum: chaitleage
Xenogenoi ¢ pi Kspe)(&ﬂfﬁoumiWneahﬁﬁhs:er&f iuheﬂui-a%bladipri mat es and

humans because h%kmqﬁ a A S ase 20

or GI) in non- Func‘t"LonHé ese sg'&e%aeéa%ﬂiéﬂ equence COITp&I‘Ié%% of the
human gene to fehiﬂ'QdSSG) g chserved, ese ymaninents apd adece

(16, f17) 0>r<], ]glﬁithaﬂﬂsﬂnﬂlé kﬂindmeml vaabmdtmg,t Jxtparl BEilugenappeaiai ned
two franeshift at i Su gene
(20, 21). Oonse&guﬁflf/‘ ?\ﬁ"r%ﬁts eftr?drl%“?fg\/‘%?g% aveq‘%’&irggg i ng

hi gh-titrel&nt (be8»es directed at this Gal-[err](l 3) Gal npoiety as the
dom nant xenogenei c epi txpaaditcioRPed’ GtiRcegid fnd a8 BABSKLhganst er ases

Fucosyi 1 ans craepempa {RLAIREL B e d5fentl cutientes, satiar o

enzyme to decrsveséaiﬁheoémﬁemf-@an“nt attention has focused on
identification of the predominant xenogeneic epitope

15 recognised by high-titre human natural antibodies. It is
now accepted that the terminal galactosyl residue, Gal-
0(1,3)~-Gal, is the dominant xenogeneic epitope (8-15).

This epitope is absent in 0ld World primates and humans
because the 0(l1l,3)-galactosyltransferase (gal-transferase

20 or GT) is non-functional in these species. DNA seguence

" comparison of the human gene to «(1,3)~-
galactosyltransfexase genes from the mouse (16,17), ox
(18), and pig (12) has revealed that the human gene
contained two frameshift mutations, resulting in a non-

25 functional pseudogene (20,21). Comnsegquently, humans and Old
World primates have pre-existing high-titre antibodies
directed at this Gal-0(l,3)-Gal moiety as the dominant
xenogeneic epitope.

It appears that different glycosyltransferases

30 can compete for the same substrate. Hence 0(1,2)-
fucosyltransferase or H transferase (HT) (22) could be an
appropriate enzyme to decrease the expression of Gal-
a{1,3)-Gal, as both the 0(1,2)~fucosyltransferase and the
o({1,3)-galactosyltransferase use N~-acetyl lactosamine as an

35 acceptor substrate, transferring fucose or galactose to
generate fucosylated N-acetyl lactosamine (H substance) or -
Gal-o(l,3)~Gal, respectively. Furthermore, the o(1,3)-



[err](1,3)-Gal, an both the [err] (1, 2)-fucosyltransferase and the
[err] (1, 3)-gal actosyltransferase use N-acetyl |actosam ne as an 35
acceptor substrate, transferring fucose or gal actose to generate

fucosyl ated N-acetyl |actosam ne (H substance) or Gal-[err] (1
respectively. P&@H?Dre the [err](1,3)- WD 98/ 07837 ¥CHATS 0S40

PCT/ AU97/ 00540 -3- gal actosyltransferase of gnpst ani mal s cannot use the
fucosyl at ed N-acetyl | act osam ne as an acceptor to transfer the term nal

gal act ose, but wl %? L%%%ﬁpi&g%ﬁ;g O ;gl.&ﬂ&t Q;s%mg r&s d%fé (23). we

have previously ¥ e S|nu aneous expression o

gl ycosyl t r ansf er fucesylated N-acekyly L!%%??ﬂ%&%f%‘r ﬂb‘(’ﬁ‘?FﬁﬁsF%r'&%i‘}s%
[err] (1, 3) - gatRet!esMhidal) PYedaatosesdonst N1l @il Qz&ﬁuahrswtm&ﬂf

each rmnosaccharl de, but, the a t Vit err ucos er ase
in given prefer chRetORANING, Ko YiSI [vg?r ?é%’gsggs %‘?ans SR
so that the exprebei thoqﬂem?{-‘eseéﬂmf|WIG¥U§P8UAFFFEF§GEW-essed
(24). .The [err] (g 33))-ﬂ%&ﬁl&ﬁ&ifﬂﬂ&rﬁﬁ%xﬁﬁika&&i&ﬁfﬁi&&ﬁi 830

al act os Iatetvvot rsor C Ga
gnd Typey2 15 %&F?T’( . ﬁe’l’%%@’“%&%’@*“ih&@tﬁ%gcﬁr% rs
can be transfornadchrﬁmétmmzd-ﬁee butftmmmﬁt:{@rfrm%lom t wo

[err](1,2)-fucos 5:26 ! 88 are
£ LA T st ol a1

Wil e both eHkyn@Et-3droadachppylt Waan. P&ntial Iy
utilises Type 2 galsem(:sm)m s admdsEUsat brely raupizasisedut(RA) ses Type 1

(28). In work |eading up f;}q&dt@\é?ngggsgm {(gwentors not out

to create a nucleic acid h i I n reduc:g&g unwant ed
carbohydrate epi E5pBE %FP‘H\)e %’Erf’& BchEPaxinte twy Fymes of PRecYTRdE d be
used in chains: Type 1: Galf(1,3)GlcNAc and Type 2:

15 Galf(1,4)GlcNAc.

: Furthermore, both of these precursors can be
transformed into H substance or fucosylated B-D-Gal by two.
o(1,2)~fucosyltransferases (25,26). These two
fucosyltransferases are H-tranaferase or FUT1l (22) and

20 secretor (Se) transferase or FUT2 (27). While both enzymes.
can use both types of precursors, FUT1 HT preferentially - -
utilises Type 2 precursor chainsg, and FUT2 preferentially
utilises Type 1 (28). _

In work leading up to the present invention the

25 inventors set out to create a nucleic acid which would be
useful in reducing unwanted carbohydrate epitopes on the .
surface of cells. The nucleic acid could be used in
production of an organ which would cause reduced levels of
rejection when transplanted into another species. The

30 inventors surprisingly found that a glycosyltransferase
derived from porcine origin was useful in decreasing
unwanted carbohydrate epitopes in cells. The enzyme
encoded by the mucleic acid is able to compete effectively
with glycosyltransferases which produce unwanted

35 carbohydrate epitopes. 1In this particular work the
inventors cloned a secretor transferase (Se) gene from pig
origin, and demonstrated that this is expressed in cells



production of an organ which woul d cause reduced | evels of rejection when
transplanted i nto another species. The 30 inventors surprisingly found
that a glycosyltransferase derived fromporcine origin was useful in
decreasi ng unwant ed carbohydrate epitopes in cells. The enzyne encoded by
the nucl ei c 3NOBAMBTable to conpete effectively with gl ycoRAWAWHNE ases
whi ch produce unwanted 35 carbohydrate-epitopes. In this particular work
the inventors cloned a secretor transferase (Se) gene frompig origin, and

demonstrated tRal [figies M URRRR hovess! o Mﬁ%@pes on those
PCT/ AU97/ 00540 and results 1n reduced | evel s of unwante I topes on _t hose
cells. The secFPetdf-i TR AFCRAFITS tF&F@EFEE’?o"?:ﬁ %?ﬁ S‘eggif‘e?ﬁr ". 5
Sunmary of thevpigesécpaedxt'a first aspect the invention provides a nucleic
acid encoding a first glycosyltransferase which is able to conpete with a
second glycosyltransfergse for a substrate when said nucleic acid is

o

expressed i® a b9Bs sai d second gl ycosyl transferase, .-
resulting in reduced | eveh sa @ixstpaagect theninwventiver prdvides a

gl ycosyl transfer Thes “*ﬁlﬁiﬁ o0 e B%eP Wh ‘Eg& | deybl e
stranded, or c v%ﬁéﬁfl ygéﬁose m&cu ar. Ftsl %jétl fue}l ers?’gg’&htﬁ'gt t he
nucl ei ¢ aci d end3dgcsoacompete Jrhh Jcfeconf gayeosylteansteyane, foxa® es a

gl ycosyl t ransf grhdstratbhwhés Sid aiidlaiic aciavisyekpréssed ddiieedtell

Preferably,the nucleic acid is J Al iﬁol ! Lﬂgﬁ a he-
nucl ei ¢ acltd i 9’5#’1 gﬁgéugﬁ?tiayi&purl md#&%%s%?ﬁer nuc eﬁmca' }%MQ% or
protei ns. Pref dmaseduciad s of & prodwsti fzomt said peeend sequences for
expressi on, NDIPRIELIESRhEESLEsEXPr €SSion in a eukaryotic cell. The

nuelete acl 4,y be PrESgil . fit Wl 48l ox . WES o2
double stranded, or covalently closed circular. It will be
15 understood that the nucleic acid encodes a functional gene
(oxr part thereof) which enables a glycosyltransferase with
the appropriate activity to be produced. Preferably the
nucleic acid is in an isolated form; this means that the
nucleic acid is at least partly purified f£rom other nucleic
20 acids or proteins.
Preferably the nuclelic acid comprises the correct
sequences for expression, more preferably for expression in
a eukaryotic cell. The nucleic acid may be present on any
suitable vehicle, for example, a eukaryotic expression
25 wvector such as pcDNA (Invitrogen). The nucleic acid may
also be present on other vehicles, whether suitable for
eukaryotes or mot, such as plasmids, phages and the like.
Preferably the first glycosyltransferase is a an
enzyme with a higher affinity for the substrate than said
30 second glycosyltransferase. More preferably said first
glycosyltransferase preferentially utilises Type 1
gsubstrates. Still more preferably said first
glycosyltransferase is Se (also known as FUT2). Preferably
the Se originates or is derived from, or is based on, Se
35 £rom the same species as the cell in which it is intended
to be expressed. Thus, the first glycosyltransferase and
the cell in which the enzyme is expressed may each




25 vector such an pcDNA (I nvitrogen). The nucleic acid may al so be present
on- ot her vehicles, whether suitable for eukaryotes or not, such as

pl asm ds, phages and the |like. Preferably the first glycosyltransferase is
a an enzyme with a higher affinity for the substrate than said 30 second
gl ycosyl t r ansfWPS88M3\bre preferably said first glycosyltranEFBA
preferentially utilizes Type 1 substrates, tiII nore preferably said first
gl ycosyl transferase is Se (al so known as F Preferably t he Se

originates or is derived from_o on Se 35 rom eci es
as the cell in \ﬂ’r'g'gf’r“f‘ © é ﬁ?{f&}sﬁ 83“33?‘8 Bmsgﬁwiﬁﬁﬁs %‘WZ‘ f’gg%tigg

gl ycosyl t r ansf emebanﬂiyheﬂmlﬂorm MthQynetwmod may each
WO 98/ 07837 nuclelc acid encodi sE’CiFANs&? /Maril

ortginate from asﬁerral sp Suc ecies na

vorl d nmonkey, d&d %F‘&?hﬁ?rgm‘?ﬁ s'&?cr“&si"?h I Ehe ’ﬁb'%c?q@n ng Se
i's not necessar igeguencecEby Sermaycod made by RER) veonstxuctEd: dmacemcoum d
5. sequence for,;38 48y be nade by PCR, construct ed de novo or cloned. More

preferably Se is of porcine ori based . on ci ne ,e nme. . Thi
neans that the enzyne is ¥eERP: ‘ﬁ'éﬂﬁl 0 &8 é%l%*‘g';f’ﬁ hﬁf?ée
porcine Se. 10 on the porclhoeomam:lp Hunluchatcthc'ohwémcbasod

encoding Se is se r dgved from a
9 RasS ggﬂﬂ oﬁ&* ﬁ c?]zo %1&%%3%1&@%@#

pi g genomic liver. sequence encodes t he
am no aci d 38quence shovvn"‘P?P F‘?? the grelplasasid RBQUARAM,c| ei ¢ aci d
15 sequence i s enodiagoss im baspd ]on,l to:n simifarctd ahhi3 t» ONA gene i s

not expressed |@Whgedgk§§g&s£MC‘bﬁ dr}g‘ﬁgg{rt iﬁknt%ﬁﬂﬂze:ably

transpl antation IS not expr esse Lver ney and
pancreas, for exdppucleigsacid seFmaRGe, pocode 4 sequence
' shown in Fig. 1. Still more preferably the nucleic acid

15 seguence is that shown in Fig. 1.

' It is apparent that the Se gene is not expressed
in porcine tissues which are of primary interest for
transplantation. Thus Se is not expressed in heart, liver, .
kidney and pancreas, for example. Thus the invention

20 includes the provision of expression of a gene in a tissue
where it is not normally expressed, whereby expression
results in reduced levels of unwanted carbohydrate epitopes
in that tissue and reanders an organ composed of that tissue

_ more suitable for transplantation.

25 The second glycosyltransferase may be any enzyme
which produces an unwanted carbohydrate epitope on the cell
of interest. This will usually be Gal transferase.

Preaferably the cell which expresses the nmucleic
acid of the invention is a sukaryotic cell. MNore

30 preferably it is a mammalian cell, still more preferably a
New World monkey cell, even more preferably an ungulate
cell (pig, sheep, goat, cow, horse, deexr, camel, etc.) or a
cell from othexr speciles such as dogs. Still more
preferably the cell is a pig cell.

35 In a related aspect the invention provides a
nucleic acid encoding a first glycosyltransferase which is
able to compete with a second glycosyltransferase when said



20 includes the provision of expression of a gene in a tissue where it is
not normally expressed, whereby expression results in reduced |evels of
unwant ed car bohydrate epitopes in that tissue and renders an organ conposed
of that tissue nore suitable for transplantation. 25 The second
gl ycosyl t r anee807837nay be any enzyme which produces an unRGHALSTO0540
carbohydrate epitope on the cell of interest. This wll usually be Gal
transferase. Preferably the cell which e"xgr'e'sses the nucleic acid of the
invention is a eukaryotic cell. Mre 30, preferably it is_a lan cell,
still nore prepeeled ‘3/"Eiﬂe\i‘f’vﬁ‘?ﬂ‘ﬂﬁﬂﬂe‘}”c‘él?‘1%M%P§°BP€P&%&*‘§ an
ungul ate cell ‘ﬂ;&dmsmanstemshprmrahergaimﬁbstetc ) or a cell
from ot her speci [ ol e is a pi
cell. 35 gi;éoé*ﬂ%@e ate %péic’l %ﬁ %%ﬁ??r?&prgﬂeéka nucl EIg

aci d encodi ng substxatey Wﬁn%ﬂef-‘ﬁﬁcﬂljﬁ"?]&' &5 prpduch feem %’c% a
.second gl y@sygaé@mfﬁ%m&cbéase.m 98/ 07837

PET/ AU97/ 00540 -6- nucl a r E!Hﬁ?s sald
second gl ycosyl transfergﬂ?@ ,\%ﬁg};ggnség{.gﬁ@ s*‘{kﬁq'yf(ci%lg'y?’tran%rgse I n able
to utilise norglytesyiranafierass E’%sﬁhﬁnﬁh#ﬁ enzymecds| BeEPs of product
fromsaid 5 sggpieh ity Gt Honvartiagastibatiacd e ithe eaiked € specificity

2t conver | ng SHEEORRERYS L e ARRebFke Db orBeiy shelRbE by 64T

reduci ng tie abhéi secoid glyadnylixensfeynse ctq| pxoduse: ppantedpr oduce

unwant ed car bogxgsw Wfitopesef erably the first gI ycosyl transferase is
Se, still nore preferabl s_gdescribed a till npLe
preferably the ]E)I rst é]erag‘iy iha fgrst glycosy ra.ns erase 8 Se,

still more preferably the Se is as described above.
8till more prefexably the first
15 glycosyltransferase has a higher affinity for one or more
' of its substrates than the second glycosyltransferase.

The invention also extends to isolated proteins
produced by the nucleic acid of the invention. It furthex
extends to biologically or functionally active fragments of .

20 such proteins.

In another aspect the invention provides a method
of producing a nucleic acid encoding a first
glycosyltransferase which is able to compete with a second
glycosyltransferase for a substrate when said nucleic acid

25 is expressed in a cell which produces said second
glycosyltransferase, resulting in reduced levels of product :
from said second glycosyltgransferase, said method
comprising operably linking a nucleic acid sequence
encoding a first glycosyltransferase to an appropriate

30 wvector or other nucleic acid in order to obtain expression
of sald first glycosyltransferase.

Those skilled in the art will be aware of the
techniques for producing the mucleic acid. Standard
technigques such as those described in Sambrook et al may be

35 employed.

Preferably the nucleic acid sequences are the

preferred sequences described above.



15 glycosyltransferase has a higher affinity for one or nore of its
substrates than the second gl ycosyltransferase. The invention al so extends
to isolated proteins produced by the nucleic acid of the invention. It
further extends to biologically or functionally active fragnents of 20

such proteins. WR%%8her aspect the invention provides a net

producing a nucleic acid encoding a first _ghycosyltransferase which is able
to conpete with a second gl ycosyltransferase for a substrate when said

nucleic acid 25 is expressed_in.a_cell I Gh sai an

gl ycosyl transferase, resul ul Hﬁ'ﬁtﬁefeamﬁplé\ﬁ%%&%&%&r od%ﬁgv?'?é% sal d
second gl ycosyl t gf areducing thmileved: nEdacenphohrdrpts esdiibitetdnpnnghe
nuclei c acid seqygPeReNSON Nb1AL,1 idalll MhYEOE Vi itih the! 8tep of

appgropriate 30 vector or other, nuclei id in order o ohtain_ expyessjon
of ‘sard first gl JEBEPME & 8545, o B, widrerned s sda, et Bhass
of the technifuesaidrogelniicianid eacodescacfixst gldrconydtdangforagacwhichh
as.those describggd i ol Qipetie ForBubRErabe SHYIWYE becBndl €r ably the

I N A S AT O T P

anot her aspect thbecomiarlycosyltranséerasacwhich ois raxhatileg ofhprbdueingf a

car bohydrat e ethQ.{ae‘F' face of a cell, said nmethod conprising the

step of causing a nuclerc acid tq g;veégressed in_said cell wherein 5 said
t

nucl ei ¢ aci &®ncodes a fi ri&e §oddo e spikahle: peld, spreferablynet o
for substrate w thoseSstesexilsnd aboyel.r ansf orase and wherein said cell '

produces said second gl ycqmd %Eiaﬁsﬁlwiﬁﬁéﬁié%%a%ilgfp?m%Sai d
carbohydrate. the above method and organs comprising the cells.
The nucleic acid of the invention may be present
15 in the cell with another nucleic acid construct which also
down-regulates production of unwanted carbohydrates in the
surface of the cells, such as that disclosed in '
PCT/U895/07554, or that of an International application
based on Australian provisional application PO1402 filed 2.
20 August 1996 in the name of The Austin Research Institute.
In another aspect the invention provides a method
of producing a cell from one species, such as a donor,
which cell is immunologically acceptable to another specias
which iz a recipient, comprising the step of reducing
25 levels of carbohydrate on said cell which cause it to be
recognised as non-self by the recipient species, said
method comprising causing a nucleic acid to be expressed in
sald cell, wherein said nucleic acid encodes a first
glycosyltransferase which is able to compete for a
30 substrate with a second glycosyltransferase and wherein
sald cell produces said second glycosyltransferase which is
capable of producing said carbochydrate.
The cell may be from any of the species mentioned
abova. Preferably the cell is from a New World primate or a
35 pig. More preferably the cell is from a pig.
The invention also extends to non-human
transgenic animals comprising oxr harbouring the nucleic



10 The cell may be any suitable cell, preferably those descri bed
aboeve. The invention also extends to cells produced by the above nethod and
organs conprising the cells. The nucleic acid of the invention may be
present 15 in the cell with another nucleic acid construct which al so
down-regul at awops@¥&Ict i on of unwant ed carbohydrates in the BCR/AGIOSI® t he
cells, such as that disclosed in PCT/US95/ 07554, or that of an

I nternational application based on Aust raBi zn provi si onal application
P01402 filed 2 20 August 1996 in the nanme of The Austin Research Institute.
| n anot her aspecidtofe the, dmvedkipPeyi des a nethod of producing a cell from

one speci es, such as a ganghothBrCAspett tie IHGeHRi0H PBROVYYAES GRPt able to
anot her species which is a.tecipient, conprjsi he.s of duci ng 25

| evel s of car bm%ﬁr}émoﬁnégi %“gieﬂ BB Enp'éélvu%{leﬁi Epatc(l):ahggge 3%ﬁi%’7ed an
non-sel f by t heetxeviralpackaging, caaregthe; v ratoqyiralgopatzuel oF Rucl eic
acid to be ©Xpreessivrdl prioducsl! celewBich Salpkddidsithednhd1606 Okl 8
first glycosyl trargéeréase ich_is SEI e t con%)%ewé’gr a,30 substrate with
a second gl yco®% ¥ %ﬂ%ﬁgS“anE‘ﬁH APF 4% @ BHESRAEs said second

gl ycosyl t r ansf bamssoldgicially egpabtsbie po osm cinigpadaby bavioaydeduesd The
cell may be fr?&%@{ﬁ’éﬁ d SAtEEBh L08 Cniice, WhALR' akiNokprdt®d | 1S
froma New Wr dog‘rlnate%(%{ a 3 plg l\g{ﬁe IE:{iferably the cell 1s froma
pi g. The inveniBorecqaniang as popssplt by aaid apimaks ¢ animals conprising
or harbouritg the nucl eipreferwbl9StB&t8himal is a human, ape or 0ld4

PCT/ AU97/ 0054 Oyee. 814 daeddf. t he invention. In another aspect the invention
provi des an expression unit such gs g retrovjral packa igg cel| or
FRov

retoviral packagi ng cas&d® Fetxoy, packa tgatds troviral
producer cells may be cells of any animal origin in which

it is desired to reduce the level of carbohydrates on the
15 cell surface to make it more immunologically acceptable to
' a host. Such cells may ba derived from mammals such as
canine species, rodent or ruminant species and the like.
The invention alsc extends to a method of
producing a retroviral packaging cell or a retroviral .
20 producer cell having reduced levels of a carbohydrate on
" 1ts surface, wherein the carbohydrate is recognised as non-
self by an animal, comprising transforming/transfecting the
retroviral packaging cell or the retroviral producer cell
with the nucleic acid of the invention under conditions
25 such that the chimeric enzyme is produced. The “chimeric
enzyme” means the enzyme encoded by the nucleic acid of the
invention.
The term “nucleic acid” refers to any nucleic
acid comprising natural or synthetic purines and
30 pyrimidines. )
The terms “originates”, “based on”, or “derived
from” mean that enzyme is homologous to, or similar to,. the
enzyme £rom that species.
The term "“glycosyltransferase" refers to a
35 polypeptide with an ability to move carbohydrates from one
molecule to another.
The term “coperably linking™ means that the



5 retroviral producer cell which expresses the nucleic acid of the

I nvention, resulting in a cell which is imunol ogically acceptable to an
ani mal by having reduced levels of a carbohydrate on its surface, which
car bohydrate is recogni sed as non-self by said animal. 10

Preferably theW 5HPN@%’|S a human, ape or O d Wrld nonkey. TRETVAUPTHUHO, 5
packaging cells or retroviral producer cellg Jray be cells of any ani mal
originin whichit is desired to reduce the |evel of carbohydrates on the

15 cell surface tgag?r Oci& @509.'@%&3& &Eﬁw ro?é‘rﬁa“&r%%kl Such

cells may be de %5 m ma S such as “Cdni ne Speci es,
runi nant speci epreteinhis| akle tondbe txanscsibaisandexanslated: net hod of

producing a retroviral pagkeOidn Odddueing eabrmmloﬁ& Ralbohgtrathh
havi ng reduced | evel s of car ydrate .on its _sugface wherel n e

car boﬁydrate i s SFeF8 ng g ﬁ'@ﬁf %%‘l"‘iﬂg‘ng %ﬁ 5&3 ating

t ransf or m ngbt r dohef mung of ccaxhohwdnatie ﬂ&cb&mg ml#hﬁ)rﬂmf@qeetorfothﬁal
producer cel | W'd‘Jnt hmns&&fyaﬁm @M&eatigmxym alfidice @#StRa
such that the chj,neric enzgrrgt # cedf }%g‘g “chineric enz ﬁans t he
enzyne encoded BYFEkcIRYEPEYLEERILYrasq, oL khe ipgpmt J:I‘?fé' “@FW% eic
aci d" refers tosuiyulatisgcrecognition iof thenaelilaks otnon~adif™ dypthenes

and 30 pyrim di mu‘ﬁ'hﬁy{;ewsoé%mms" y bi‘ﬁ&dci%n ¥ gul aved fronf
mean t hat enzy ous to simlar ﬁe enzyrre Fom t hat _
speci es. Thé & & o"a L35 DIBHARER with an

ability to m)ve ammbsbgidoat ec:l.d rmih)emneemboptabmmd]mhe Hiwauner m
"operably |inkingevigABE hhoinidel in WO33n@L884t situation or gene
PCT/ AU97/ 00540
. therapy situation.
The term “causing a nucleic acid to be expressed"
15 means that the nucleic acid is introduced into the cell
(i.e. by transformation/transfection or other suitable
means) and contains appropriate signals to allow expression
in the cell.

The term "immunologically acceptable” refers to

20 producing a cell, or an organ made up of nmumbers of the
cell, which does not cause the same degree of immunological
reaction in the other species as a native cell from the one
species. Thus the cell may cause a lessened immunological
reaction, only requiring low levels of immunosuppression

25 therapy to maintain such a transplanted organ or no
immunosuppression therapy may be necessary.

It is contemplated that the nucleic acid of the
invention may be useful in producing the chimeric nucleic
acids disclosed in an application based on Australian

30 provisional application P01402 filed 2 August 1996 in the '
name of The Austin Research Institute.

The retroviral packaging cell and/or producex
cells may be used in applications such as gene therapy.
General methods involving use of such cells are described

35 in PCT/US95/07554 and the references discussed therein.



-9- nucleic acid sequences are ligated such that a functional protein is
able to be transcribed and translated. The term "reducing the | evel of a
carbohydrate” refers to lowering, mninsing, or in sone cases, ablating 5
the amount of carbohydrate displayed on the surface of the cell. Preferably
sai d carbohy w8783 in the absence of the first glycosyl t rRGFABI of the

i nvention, capable of stinmulating recognit i%h “of the ce-i—ae——nen—sel-f__.hy
t he i mune syst em of an ani nal . The reductlon of such a| THIS S,EiEEJoH&SirBE'EN

therefore renderBetailed Descrips Inpention saif cel IREPLACEDE
acceptable to the i mnma.:ﬁme.&hOﬁimn Bk e aemo&ibean&p ' '

'I'm'rum
T neans har hetdhes’ SINEE £B8 BLTE R o T REk Ry Ve P RO a0 O

t ransformati on/ t PE#®R@¥R4< i on or other suitable maans) and cont ai ns
appropriate s gnal S #yy A |Mwﬁxﬁh35ﬁhelleiél ddma %hhenzaeaﬁ&r&rmsponamg

innunologlcally cept refers roduci n C or gan
made up of nunbe %@@&q{uu’ﬁﬁl 8# BSE%“ﬁ%t’°€§& t'hegéﬁnﬁ 3‘:}5 ‘%?1
i mmunol ogi cal r encmbrrenrmtopncu byuan cand srabbist FUS2cahd piomhumerone
speci es. Thus thgngetdbBiRY ¥oadS erdm A8CEES ddMBoRbRYI cal reaction, only

{ranspl anted or gan JFhd (TR EABABLER I Lh A=RsoRky BE PLEeduer a9 | o
cont enpl at edL@ harabide rghvasisylicansferades i nvent ion rray be useful in
produci ng the chi merpgg @@m ﬁ%?ﬁiéhicﬁt%?%fdhia ae%ie%&&ﬂa&% on
Australian 30 pI’O]\./#éI applica n 52 filed gust 1996 i n the
name of The Austf® 5'%1 Tepp Ll "f%?'rmrﬁaﬁ BEBR%gi ng cell and/or
producer cells may Rigigkds a appl blati showing thes pgesenta@cofipy(1,@rer al

et hods |0l Vi Neolisg Al aideaRal 3n%kExCBERRAGY 32 WEcRTHENA 11t 30

t he references d| scusse t herein
15 transgenic construct.

The work presented below is surprising in that the
inventors had previously attempted to clone human secretor
but were unsuccessful. A non-functional human pseudogene
for secretor was cloned. This raised the guestion of

20 whether other species such as pi.gé have a functional gene
for secretor. The fact that the inventors were able to
successfully clone the pig secretor gene and use it to dowm
regu-late unwanted epitopes was surprising. Because of the
differences in blood group antigens between pigs and

25 humans, it was not known whether bigs have secretor

~ antigens. The cloning of a functional gene indicates that
pigs do have the epitcpe produced by the secretor glue.

Furthermore, although FUT1 had been cloned, it did not
permit the pig secretor geme to be isolated. FUT1 and FUT2

30 are sufficiently different in that probes based on the
sequence of FUT1l do not hybridise with that of FUT2.

Example 1 Cloning of Pig Secretor
Cloning. The gene encoding the sequence for the human
35 secretor gene (Sec2) (27) was cloned from human genomic DNA
using a PCR strategy according to the published sequence,
primers, and conditions. A pig genomic liver library in

-
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Det ail ed Description of the Invention The invention wll now be descri bed
by-way of reference only to the following non-limting figures and exanpl e.
Fig 1 shows the nucleic acid sequence and corresponding amno acid 5
sequence of porcine secretor. Fig 2 shows the am no acid sequences of pig,
human and rabbMOWeRNsy| t ransferases. The rows in each panelP Q%PM

pi g, human and rabbit FUT2 and pig, human ggd_rabbit FUT1 fromthe top to
bottom Fig 3 shows a typi caI FACS profi e Of pi g endot heI ial cells which

express 10 [err Sasy Fig ot ow_ng _t.he
presence of [er%é} { 3 #a{h]%%%:%hﬁ sF?lof?iB ng Jof rﬁsrcke’ﬁ'rﬂgggt
with a transgemuﬂM@M&ch‘mﬁhe‘!m plinsc clonescwere abtained Aftex that
the inventors h%ﬂﬁ\ihguskxoatﬁﬁwefad MCbQWWQUWGQ

unsuccessful . A non-functional n gene for_secretor, was
cloned. This rai%®% ft“ﬁ«?g‘ﬁﬁ' Em#ﬁ?i]%et ﬁgf"igfﬁef‘gﬁﬁg OB RAPRING, o5 have

a functional sgernshdvumd ddentical MinmtthGornbehhocbom.emat 0

successful |y cl ong Whepaks 2LAGRNE SR L&idﬂw W eifed
unwant ed epi topes was sur pLi s g caus of t ere ces bl ood group
anti gens bet weerPPags ($88 ﬁuﬁgrf )5 ﬁﬁ?nﬁ FR é&g’have 20

secretor anti gerfxraghieatc|/(@Sengéol T LA |Wﬂeushdﬂchhesnmauqmcdo
have t he epi t opeg, W@&Qd by the secretor glue. Furthernore, although FUT1
|

had been cl oned, not permt, the pig _secretor gepe to be isol ated.
FUT1 and FUR® are suffici Be¥| fungsionad,s Pﬁaf‘hﬂrﬁ‘g@%n‘%m Pfc the

sequence of FUTlgeloniet cliphei dascsubdlondititintd dldxpPéssifommpatdlr.Cl oning

of Pig Secretor gdQuigidy tHe §6 dihit G eaBHIBHC ERER], (i LHI big
secretor gene (Se @) %) was on rQm human genomc using a
strategy accor diff) Sesenee,as| ?Eﬁé‘g“%% REEPsgenn PEMAY |’ﬁ‘t’Fs A
pi g genom c |ivalezivei@uging priuér® Sy csi'saﬂ-imr homologous to the

o o] 00940 5 Aoirts 57 ¥ondobirh ARG ARG L6 wnEeh sl hadoled
sequence contains a unigque Hind IIX site; 3’ primer
homologous to the 3’UTR: 5’/-5/-GTCCTGCAGTGAGTGCTTAAGGAGTGG
where the undexrlined sequence contains a PstI site. This -
PCR product was purified as above, digested with Hind IIX

20 and PstI, ligated with i:inilarly digested pcDNAL(Invitrogen
Corporation, San Diego, CA), and then used to transform
MC1l061/P3. One clone, designated pPSeT, was selected for
transfections. Also used were pPAT, which encodes the cDNA
for the porcine 0(l,3)-~galactosyltransferase (19), and

25 pPHT, which encodes the cDNA for the porcine "H" (1,2)-
fucosyltransferase (33).

rrangsfection. COS cells were maintained in Dulbecco’s
modified Eagles Medium (DMEM) (Cytosystems Pty. Ltd.,

30 cCastle Hill, NSW, Australia). COS cells were transfected
using the DEAE-dextran method, using DMEM medium
supplemented with Foetal Clone II(Hy clone Utah), and 48 h
later cells were examined for cell surface expression.

35 Serology. Direct fluorescence stainey of cell surface
carbohydrate epitopes was performed with FITC or TRITC
conjugated lectins: IB4 lectin isolated from Griffonia



using this human clone. N ne clones were obtained after screening 5x10[err]
pl agues. Two of these were randomy chosen for further examnation. Limted
restriction mapping 5 showed identical banding pattern for both clones,

with a 3.3 kb Pstl fragnment specifically hybridising with the human (Sce 2

[err] (1, 2)-fWQMPPE37 ansferase) probe. This fragrrent (PSe 1@CE/AUSHEOS40
sequenced using the ABI autonmated sequengg For functi onal

studi es the coding segnent of the genomi crone was subcl oned into an
expression vector. Utili §||€n he pol ynerase chain_reaction ( and t he
d

Pig Se sequendimplicdfol Sty i 89 MO) p%ﬁﬁ%‘?’v%%l‘&d'\?éd'%i ng
priners : 5° pwmmohbbgnmﬁhﬁd& £ir'om WI@:&WMSW}CMAW

in which the eq ce [ |4 rimer
hohol ogous to'i't e ha@%‘é tﬁé‘ %GR%?’ Ane (—#da esr%e °' w
under | i ned secﬁ?&?&é‘ﬁ&nf’&!’nﬁlﬁ"@ﬁ?‘%‘ﬁ"e JvWﬁﬂﬁ‘l‘H‘ed as
~above, digsst erkivgt & ﬂbﬂdclbﬁaﬂ(hnmsbdast(m)l gpbeﬂﬁncttb:sl &<y digested

VE1061/ P5. | OnSFaRe (ABR-0SET aeBl B b aREy $AETHRTC, 0 ones

Al so used wer @opiopated; Gﬁ‘ﬁm M(Mhéﬁ-b%?ﬁ?@-ﬁﬁo San

a(1, 3) - gal act ganicises) cCaY cukdd®)to Adstetit nidiPithe Whtibody Gsliidgle CDNA
for the porcine "H' [err](1,2)- fucosyltranaferase (33). Transfection. COS
cells were maintained in Dul becco's nodified Eagl es Medi um ( DVEM

(Cytosyst dfs [Enzyme assayg.CLSells iyexe weshed\twiee| vith wlwwmphates were
transfected UNuikerda PRAEndcxhd Mysed Had ei&&&glﬂl\&w&dim@,&mﬂmnt ed

Cel | surt ace SRimo7l SsSi Prfeen B/ Ahoiw Aoftus racedflsta pil "Cc) | '
surface car bolfs@/SoteMnCipar WS forfdp mwmmmmtrmmmgat ed
lectins: | B4 |y ignpexahthitl é6DTestdd fadid dtored at -70°C. Protein
: 15 concentration was determined by the Bradford test, using
' bovine serum albumin as a standard; 5-20pg of cell extract .
was used per transferase assay. The assay for o-
1,2fucosyltransferase involved mixing cell extracts and
acceptor (75mM phenyl-f-Dgalactoside (Sigma)) in 50nl 50mM
20 MOPS (3~([N-Moxpholino)lpropanesulphonic acid) pH 6.5; 20mM
MnCl,; 5mM ATP; 3uM GDP[*‘Cl-Fuc (specific activity
287mCi/mmol, Amersham Internatiomal plc, Amersham, UK) and
incubation for 2h at 37°C. The reaction was terminated by
the addition of ethancl, and the incorporated ‘C-Fuc
25 determined by liquid scintillation counting after
separation in Sep-Pak C18 cartridges (Watexrs-Millipore,
Millford, MA). In all cases the parallel reactions were
performed in the absence of added acceptor molecules, to
allow for thes calculation of specific incorporation.

30
Results
Cloning of pig FUT2 (Se)
Two clones were ocbtained after screening 5x10°
plaques of a pig genomic liver library in EMBL-~3 (Clonetech
35 Laboratories, Palo Alto, Ca) with the cDNA fragment
encoding the full length human FUT2 (27). Limited
restriction mapping showed identical banding patterns for



WD 98/ 07837 PCT/ AU97/ 00540 - 12 -
isnplicifolia (Sigma, St. Louis, M) detects Gal-[err](1,3)-Gl and UEAI

| ectin isolated from U ex europaeus (Sigma, and Ey Laboratories, Inc., San
Mat eo, CA) detects H substance. H substance was al so detected by indirect

i mrunof | uor esc¥ Usi ng a monocl onal anti body (mAb) speci AXW“F‘We H-
epi tope (ASH 1952) devel oped at the AR, _aggd El TC conj ugated goat
anti-nouse 1gG (zyed Laboratories, San Francisco, CA) used to detect nurine

ant i body bindin 0 Enz I sh hosphat e
buffered sali ne%e?ﬁ '%??her f% i’ %&ﬁ%ﬁ&g@ﬁl@ or 1%
Triton X100/ 1oommg¢amm|%m ms BrRben Cl This [Exagmens: WRE f or
30 min, lysates s%anbhtaged Mﬁm uﬁemahanﬁssgklﬁ.ctMcmm ored at .

-70C. Protein 15 conce t he Br adf usi ng
bovi né serum al S§FR°E %S"'% g §¥ TETIORSR © rg:;h\ﬁa t:"Hsed per
t ransf erase assmzmasea';ﬂ 1[3(§9rPP 9@#99699%4&@@% il vad:

m.xi ng cel | extra%tspa §d geeriislatiedd WMhiregibn)| eu] el ersﬁbgna))

20mM MO [er 11 - CEmipSY oD panadigtd F*ﬁk"r ”Prkﬁo" orBa LA Pt lh Fhe) " *
287nCi / ol , Ardnditdationceoden dredingy ncléctidhad; wkgceadhd Mul&tsl bp 6fr

2h at 37C. The magglio :&ﬁénmtﬁ%tmnt heqadﬂealaﬁéﬁ.%ma%n and the
i ncor por at ed [err C- Fuc det m ned Qé’ 8E| d scintil]ation,count |an

after separ 2Pi oFUFFO8ER. Pa‘é“?ﬂ_ TaPe _RFPteiny, Syriepd
MA). In all case:&hbhechmwmm.V\/eI'hapermriﬂlremd:lm:iahsence of

added accept or rsy&geuh?a f&a&méfon-.wgrsah tbrP&: SRI9! o Gmope

I ncor por at i on. OI’IES vvere (0]

oni
after sereening é‘x ng| ﬁﬁg‘& 'iﬂl}g‘r? PP i(AigVaL- 3
(Cl onetech 35 Lgnwaztosi es;nihémbﬂxteo,reﬁa)onvmmehﬁoﬁ\lmf wobﬂcodi:ng
the full | e@gt h RHMRNaEMEE (Adiauds5-96), f£lanked on either side by

charged amino acid residues; (iii) a 314 amino acid
carboxyl~-terminal domain which contains three potantia.l N-
linked glycosylation sites.

Comparison of the amino acid sequences of p:l.g

20 PUT2 with the human (22,27) and xabbit (29) o(1,2)-
fucosyltransferases shows the highest identity with the Se
transferase rather than the H transferase (Fig. 2): the pig
FUT2 shows 83.2% identity with human FUT2, 74.1 % identity -
with rabbit FUT2, 58.5% identity with pig FOUT1, 57.1%

25 identity with human FUT1, and 58.8% identity with rabbit
FUT1. We note that the highest sequence identity is in the
carboxyl portion of the molecule, which contains the
catalytic domain (30).

. The pig FUT2 nucleotide sequence shows about 36%

30 humology with human FUTI1.

Expression of B substance after transfection with pig FUT2
The 1.3 kb Pst I fragment containing the coding
sequence was subcloned into the COS cell expression vector -
35 pCDNA-1 (Invitrogen Corporation San Diego, CA). COS cells
transfected with the cloned genomic DNA encoding the pig
FUT2 expressed H substance, as indicated by staining with



restriction mappi ng showed identical banding patterns for WO 98/ 07837
PECT/ AU97/ 00540 - 13 - both clones, with a 3.3 kb Pst | fragnent
specifically hybridising with the hunan FUT2 probe. This fragnment was
subcl oned to generate the clone pSel6.1, which was sequenced. The conplete
nucl eot i de Swoememay of the pig 5 FUT2 DNA contai ns 1269 bECHAUSIEESB i de
sequence (Fig. 1): a 8 bp 5 wuntransl at eq (UT) region, an open reading
frame of 1060 bp encoding a 340 am no ama protein vvith t he initiation

codon bei ng nucl eoti de 9, cceedegll f EE di cted

protein sequerfluerenceinat 53 %%’3@‘65?’ ggt Qﬁ’é‘f"l"s AR ®nbr ane
protein, typi ced1)of(~E5% pogliyive yas rehrsire ins Fabléhd) e akkterree distinct
structural %L(fo (Htimewm:ﬁdﬁﬁt%l | oor | kDAl &18né Nk I FEARIAG d)

anm no-term nal asmc

putatlvetrans rane reglion
conposed of mehﬁﬁmdc ‘a’&iﬂ’é’ (‘W‘és?&ﬁ@s"ﬁrg ’T%ﬁﬁ?gﬁ
ei ther side byco®adekxs amfeccdarmmlm cONA Yoz Ghe phg r(lad)

car boxyl -t er m na* J%loﬂ:fm&grﬁ %gm,s trirne%oa a8ti a&t&iniﬂ?‘ﬂ&q:h

gl ycosyl ati on «¢ 20 | FUT2

arison o € am_no_ac| uen
with the hunanf;qqrmemeﬂasaﬁtlfﬁnva@l?}* dPEresEg shows
the hi ghest idessj} Ywdd idetiette8cohrcos fesllse mhbibcthdmitle pig r ansferase

(Fig. 2): the FUTZS i it 7

identity with l?)t %ggg%%#cfeg\ﬁ;{‘yg h prg 1t"g$;hf/§§é d]éntl ty
wi t h hunmari0 FUot, FRFRI MA-8% i dentity with rabbit FUT1. W note that the

hi ghest sequence identity is in the carboxyl portion of the nolecule, which
contains the catalytic domain (30). The pig FUT2 nucl eoti de sequence shows

about 36% 30 hunol ogy with human FUTl Expression of H Substance after
transfection with pig FUT2

Table 1. Cell surface staining of transfected COS cells

Transfection with cONA encodingl . % Stmmng
EUT! FUT2 GT UEAL (B4
+ - . 75 0
- + - 68 0

- + 0 65
; - + 72 8
- + + 73 9
+ + + 76 <l

1. ¢cDNA encoding pig FUT1, FUT2 and GT used



The 1.3 kb Pat | fragnent containing the coding sequence was subcloned into
the COS cell expression vector 35 pCDNA-1 (Invitrogen Corporation San
Diego, CA). COS cells transfected with the cloned genonic DNA encodi ng the
pi g FUT2 expressed H substance, as indicated by staining with WO

98/ 07837 - WO9BNTET PCT/ AU97/ 00540FCT/AYS7/00540
fluoresceinated UEA | lectin, which detectggH substance (31) (-65% positive
as shown in Table 1). After transfection Wl?h the pig FUT1 cDNA cl one
simlar staining was observed while no staining was seen with the reagent
on 5 COS cells transfected with the cDNA for the pig [err] (1, 3) -

gal act osyl t r ansiEnzymetieoptuddesgont rast, staining with fluoresceinated |B4

lectin, which detects Gal¢gly iyhabtedlpredated Mok GoE a1 toalseabtsa
transfected with g Bﬁtﬂﬁ]%}%g) - Iactos?atranéfgras‘ﬁqc A but not with the
pig FUT1 10 or PHRA 1RO e SEFRYRE P '%%f transfected COS
cel I s TrsnsfBct ifmeonylhratdbferanm dativits.ai Heing Ack-tragufeeted COST

UEAI | B4 + oells to show baseline activity (2.1 nmol Hx%mg™?), -
68 0 + S5 + - + 2
8 + + significant .¢(1,2)-fugogyltransferase activity was obs 6

<I 1. cDNA encodingypages lfitom Fidith PRUTIT (A52d1 nmdlD KE'HTEE7and PFUTL
PCT/ AU97/ 00540 1(#%.@ BR&Y "BliagSh Udkgsfédded Yl STo1AEPBLEInbE R Giger

cells transfecte -
10 transfected COS cells (6.7 mmol hr''mg ™). The enzyme
activity measured in these lysates reflects the expression

of H substance on the cell surface as shown in Example 2.

Cotrangsfection of COS cells

15 €08 cells transfected with the pig o(1,3)-

' galactosyltransferase cDNA clone expressed Gal-o(l,3)~Gal
as indicated by reactivity with the IB4 lectin (65% of -
cells reactive) (Table 1). COS cells was also able to
express H substance, as after transfection with either the

20 pig FUT2 or FUT1 clones they stained with the UEAT lectin
({68 and 75% of cells respectively reactive, Table 1).
However, when the COS cells were simultaneously transfected
with the pig a(:l.,3)-galactosy1trans£arasé cDNA clone and
either pig FUT2 or pig FUT1, and examined for cell surface

25 staining of either carbohydrate, the cells predominantly
expressed H substance (72% of cells positive, Table 1),
compared with 8% of cells expressing Gala(l,3)-Gal (Table
1). When both pig FUT2 and pig FUT1 were cotransfected

_ together with the pig ofl,3)-galactosyltransferase cDNA,

30 only one H subgtance was detected (76%) and <1% Galo(l,3)-
Gal (Table 1). This reduction observed using FUT1 and FUT2
was specific and not due to amount of DNA used for
transfection, because using twice the amount of DNA for
either FUT1 or FUT2 alone had no effect on the expression

35 of Gala{l,3)-Gal. Thus expression of both FUT2 and FUT1
resulted in a major decrease in expression of Galu(l,3)~-
Gal.



w th pFUT2 and pFUT1 were assayed for [err](1,2)- 5 fucosyltransferase
activity. Using nock-transfected COS cells to show baseline activity (1.1.

nmol hr[err]ng[err]), significant [err](1,2)-fucosyltransferase activity
was observed in lysates fromboth pFUT2 (151.1 nnol hr[err]ng[err]) and

pFUT1 (140. Owomslo?#3? [ err|ng[err]) transfected COS cells, b®RCTAIOIN4HPGT 10
transfected COS cells (6.7 nnol hr[err] err]). The enzynme activity
nmeasured in these |ysates reflects the “exXpr éssi on of H substance on the
cell surface as shovvn in Exarrple 2. Cotransfection of COS cells 15

COS cel | s tr arBXampy » ReEL88 , 3)- gal actosyl transferase cDNA cl one
expressed Gal-a(1,3)- Gal as indicated by react|V|ty with the IB4 lectin

(65% of cells reactive) b 0, H
subst ance, as after traﬁgigc%‘f%#‘vﬁ%é&t f\téﬁﬁ géé p| g %Lﬁ%
cl ones they stix e mannerhdegeribed in rpmlmd vithopFEER | toi@ Aot i vel y
react:cve g,ablﬁdﬁh 1 (g e branliféra®e) Cdx Alith veetarsalths diare's| ¥ |
el thor pi o FUISARYSR) det ol 4f publoatdsaah kbR R0EHPR, "8 T, P01
either car bohy!:mtd,c vadues| mprmmély Sher wstélPP!ubS?MM% of
%:: |[S pﬁllt I;:,;/ h{ £ 1&%133@&:1%’&@) %ﬂu&ﬂ IEdSre PPUSLS | &84 pFUT2

err a bo and pl
cot r ansf ect ed %M\%‘t#‘?’}‘r\g rg %%?'FT( 1jes, mexe; 8§Wf?%]ﬁ¥\eevja'§b CDNA,
.30 only ame I-tm&std\dmmmauétacbbﬂt(mlwxr%s@ahfmerﬁﬂ;:@ Gal
: (Table 1). Thiﬁ?w.i on observed usi ng FUTl and FUT2 was specific and not
. due to anount o use f%rngé% ‘féee beca géﬁgé go %hwunt
~of DNA for either FUT1 F h 5 of
Gal[err] (1, 3|) -T2 With sariousi snbetrbmmm and FUT1 resulted in a
maj or decreasegi expreggllmlog)@é{.ﬁr]w)n {G3l, omm £UE SPrPY G@ 1.3

+ PCT/ AU97/ 00540
= mM for PFUT2.

The Xm values reported for rabbit FUT1 and rabbit
FUT2 were 3.1mM and 1.5mM respectively (34) and 2mM and 1mM -
for human FUT1 and human FUT2 respectively (35).

(b) Galf(1,4)GlcNAc (Type II): 3.7mM for PFUT1 and
20 4.4mM for pFUT2. :

The Km values reported for rabbit FUT1, and
rabbit FUT2 were 4.2mM and 6.7mM respectively (34) and
1.9mM and 5.7mM for human FUT1l and human FUT2 respectively
(37).

25 (¢) GalB(1,3)GalNAc (Type III): 14mM for pPFUTL and
for pFUT2 0.2mM.

The Km values reported for rabbit FUT1l, and
rabbit FUT2 were 5.8mM and 1mM respactively (34).

(d) GalB(1,4)Gal: 4.2mM and 1.5mM for pFUT1l and PFUT2
30 respectively.

(e) Galf(1,4)Glc, 1.9mM and 7.4mM for PFUTL and PFUT2

respectively.

Thus, PFUT1 can be distinguished from pFUT2 on

35 the basis of substrate preference; pFUT1 is relatively
specific for type II and type IV substrates, while pFUT2
(and other Secretor homologues), although having gresater



- 16 - Exanple 2 Enzyne Kinetics Cell |ysates prepared from COS cells
transfected in the manner described in Exanple 1 wth pFUT2 (pig Se), 5
pFUT1 (pig Htrausferase), or with vector alone were assayed for
[err](1,2)-fuconyltransferase activity, and the kinetic val

cal cul at ed. TH@OW ues (reflecting the affinity for substﬁ?&@" ai ned
for pFUT1l, and pFUT2 are shown in Tabl e 2.q7These val ues were conpatibl e
with 10 those of human and rabbit hom)l ogues that have been reported. The

\rNgfg:ecE ;;/e o V#a#ferﬁf(%%%&fg@c Type ?‘ggt’% for pFUTiogﬁ%i&Ilbgt rlgt e?ﬂ\/l

for pFUT2. The swhstxakesy cported for rabbit FUT1 and rabbit FUT2 were 3
1mM and 105nM respectively (34) and 2nM and | mM for human FUT1 and hurman

FUT2 respectiv 3 iE% K?Hgg r (xlﬂﬁ A ype [1): 3.7nM for
pFUT1 and 20 44"*?1*ﬁfor %ngv%%ues r:gporte or rabbit FUT1, and
rabbit FUT2 Swere 4.2nM and 6. 7n1\/| respectively (34) and 1.9mM and 5. 7nmM f or
human, FUT1 and human FUTWetkﬁebﬂ ;ﬁi’i)a(.tZS)-fﬁéosyltxansfexases,

O T O b W ¥Ry ™

respectively (3daridus Substme[ﬂerr] (1, 4)@&l: 4.2nmM and 1.5nM for pFUT1 and

pFUT2 30 respectively. (e) Gal[err](1,4)dc, 1.9nMand 7.4nM for
pFUT1 and UT2 respectively. Thus, pFUT1l can be di st ihgui shed from pFUT2
on 35 the %is of substrate preference pFUT1 is rel ativel ecific for
type Il and typSubktxa®strates, while pFUT2 BEUPRL ot her SecP
honol ogues), al though havi ng greater (Km in mM)

T™vpe I Galfi(1,3)GlcNAc 6.0 1.3

Tvype II Galfi(1,4)GlcNAc 3.7 4.4

15 Type III Galfi(1,3)GalNAc 14 0.2
Lactose aalP(l,4)Glc 1.9 7.4

Example 3 Generation of pig endothelial cells expressing :

20 chimeric 0a(l,2)-fucosyltransferase
The pig endothelial cell line PIEC expressing the

Secretor type 0(1,2)-fucosyltransferase were produced by -
lipofectamine transfection of pFUT2 plasmid DNA (20 Ug) and
PSV2NEO (2 jig). Cells with stable integration were -

25 selected by growing the transfected PIEC in media
containing G418 (500 ug/ml; Gibco-BRL, Gaithexrsburg, MD).

Fourteen independant clones were examined for

cell surface expression of H substance by staining with
UBA~-1 lectin. >95% of cells of each of these clones were

30 £ound to be positive: Fig. 3 shows a typical FPACS profile
obtained for these clcnes.

Example 4 Production of the transgenic conmstruct,
purification, and microinjection.

35 A 1023 bp NruI/NotXI DNA fragment, encoding the
full length PFUT2 was generated utilising the Polymerase
Chain Reaction and the phHET plasmid (36) using the primers:
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affinity for type | and |11l acceptors, will use other substrates. Table 2.
Enzyne Kinetics of pFUTI and pFUT2 5 Apparent Km of pig

[err] (1, 2)-fucosyltransferases, pFUT1 (H type) and pFUT2 (Secretor type),

obt ai ned wi t WOA808¥is substrates. 10 PCT/AU97/00540

Km Substrate pFUTL _ pFUT2 (Kmin nmV) Type |
Gal[err] (1, 3)d cNAC el TypeII Gal[err] (,4)d cNAc
3.7 4.4 15 eIII err]( Gal NAS 14 0.2
Type |1V Gal [ €7 T R*E Lé tad Srore 1. 5 Lact ose

Gal[err] (1, 4)GD-CATGCGGCCGCQCAGTGCM 36.3 Ceneration of pig

endothelial c g3 5ledd gg,,em
[err] (1, 2)- fugi(‘)lgl transtera g ?gc‘:e?lcfot#el 1 al cel |"F“ne %’I E'C expressi ng
the Secretor t3pPqimmen ”Bﬁﬁsg?t?% sH'%se were produced by

| i pof ect amsne STW =30 [err]g) and pSV2NEO (2

[err]g). Cell tﬁﬂﬁzaghﬁ o&zfy@{ e by grow ng the.
transfected PI E% in nmedla cont a| ni ng 0) 18 5§0§ "%%m E?hegco BRL,

Gai t hersburg, MD). Four F8@ Pe%iaﬁ?rkﬂ‘-%r cel |
surface expreSﬁd&tﬁeﬂd&rlbahdnaabb;(oﬁidilinm a\VNrIVNOt: &6E!génomitb H-of

cells of each S v ows a
typi cal FACS pr of ‘Pﬁﬁ: %ﬁe?‘ tﬁge) %ﬁielgu Rgf: 489%t%o°§l’llof t he
transgeni d-oconﬁswﬁ DY) | e&FPQii\nUa?kP REUTRZ geme iﬂéneegsonally clonedp
1023 bp Nrul / Nitio [Qidxf 1AGEEEhe RALDES H-21%E detld. | TAEBpREAHded s

generat od ut i1y 2100 LG RALYTELASERENR' kb TAAF - Yk U ablSe BRETRLAST O (30)

using the prine
start site, continuing through the pFUT2 ¢DNA insert. The

construct was engineered such that translation would begin
15 at the initiation codon (ATG) of the PFUT2 cDNA and
terminate at the stop codon (TGA) 1023bp downstream.
DNA was prepared for microinjection by digesting
DH-2KP-pFUT2 with XhoI and purification of the H-2KP-prFUT2
DNA from the vector by electrophoretic separation in
20 agarose gels, Eollowed by extraction with chloroform, and
' precipitation in ethanol to decontaminate the DNA.
Injections were performed on the pronuclear membrane of
{C57BL/6xSJL)F4 zygotes at concentrations between 2-5ng/ul,
and the zygotes were then transferred to pseudopregnant
25 (C57BL/6xSJL)PFy females.

Screening for the transgene
The presence of the transgene in live offspring

was detected by dot blotting. 5jig of genomic DNA was

30 transferred to nylon filters and hybridized with the insert
from pFOT2, using a final wash comprising 0.1x8SC/1% SDS at
68°C. ¥ig 4 shows the results of testing 16 live
offupring, of which six were found to have the transgenic
construct integrated into the genome. Expression of

35 transgenic protein is examined by haemagglutination and
fucosyltransferase activity.
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ptrimer honol ogous to the 5 UTR 5" - CATGCGGCCGCTCAGICTTAAGGAGTGGGGAC- 3' .
The underlined sequence contains a unique Nrul site, 3" prinmer honol ogous
to the 3' UTR 5 5' - GAGTCGCGAATGCTCAGCATGCAGGCATCTTTC- 3" The @gﬁgmh%?d
sequence cont aVA¥8MRL(i site. The DNA was purified on gels B ng

el ectroel uted and subcloned into a Nrul/Noig -out genomic H 2Kb containing
vector (38), resulting in the plasmd clone 10 (pH 2K[err]-pFUT2) encodi ng
the pFUT2 gene directionally cloned into exon 1 of the murine H -2K[err]
gene. This produced a transcr,ipt_that commences . at the H 2 .
transcriptional start sit®® 'E‘Jﬁ't PRUPRBRTERE i thn nexEes E%l?ﬂs’b?‘tf?hq'he
construct was eagtnthaedwisild tihentinveatibat has bearn ddseyibedsin/isonée
initiation codo ) 205% N kadlr codon
(TGA)  1023bp doaﬁéﬁgafnﬁ&&mﬁ pr g%%da?g#@rgcr ol nj ect istc?%ﬂgiaglp esting
pH 2Kb- pFUT25 wi ¥pxiees modifinptions,and,ajterations &Perzﬂbé %8t he
vector by el ect aaghféthods Stenrxikiedn hereZfi maw s aneglel seithoukodepaiying
extraction W theghhOLRl Obdipd Kk RIRC1BVRAELAD Sdhdidi? Mllac10daCPR" ERIH3! ©
the DNA. |njections were rtormed on the pronuclear menbrane o

( C57BL/ 6xSJL) F[ epepificnt at concentrations between 2-5ng/[err]l, and the

~zygotes were then transf aidfutdntesseitedr Rerely ate 1isteBl 6AxEHe) F[ err]
femal es. Screening.fof_the n h f tgan einlive
~of fspring \Ag dgf’g&%%“%y"d%{@'b%]?ﬁé. gﬁ?é?ﬁ%&g?&&@%%nc ﬂ\%gs 30

‘transferred to mpEeneneeiers and hybridized with the insert from pFUT2,
using a final wash conprising O 1xSSC/ 1% SDS at 68C. Fig 4 shows the

-results of testing 16 live offspring, of which six were found to have the
transgenic
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affinity for the substrate than said second
glycosyltransferase.

3. A nucleic acid according to claim 1 or claim 2,
wherein the first glycosyltransferase preferentially
utilises a Type 1l substrate.

4. A nucleic acid according to claim 3, wherein the
£irst glycosyltransferase is Se (FUT2).
5. A nucleic acid according to claim 4, wherein the

nucleic acid sequence encoding Se is based on, or similar -
to a 1.3 kb DNA fragment derived from a pig genomic liver.
6. A nucleic acid according to claim 5, encoding the
amino acid segquence shown in Fig 1. :
7. A nucleic acid according to claim 6, having the
segquence shown in Fig 1.

8. A nucleic acld according to any one of claims 1
to 7, wherein the second glycosyltransferase is an enzyme
which produces an unwanted carbohydrate epitope on the
cell.

9. A nucleic acid according to claim 8, wherein the
second glycosyltransferase is Gal transferase.

10. A nucleic acid according to any one of claims 1
to 9, wherein the first glycosyltransferase and/or the cell
originate from a mammal selected f£rom the group consisting
of primates, ungulates and dogs.

11. A nucleic acid according to any one of claims 1
to 10, wherein the mammal is a pig.
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4. A nucleic acid according to clTaim3, encoding the am no acid
sequence shown in Fig 1. ic acid according to claim 4,
having the 20 sequence 'M““’"ll"lwm"l ]'IE A nucl eic acid according
to any one of clainms 1 to 5°¢ where®i nSthe second gl ycosyltransferase is an
enzyne whi chWOr¥882s an unwanted carbohydrate epitope on PGEALRYN0S4R5 7,

A nucleic acid according to claim®, Wnergl n the second gl ycosyltransferase
is Gal transferase. 8. A nucl ei c aCid according to any one of clains

1to 7, wherein the firgt syIt nsf er sead/or the c Qr,l ate
froma mamal ected 6%‘#?@ &ﬁ‘&?ﬁ? g 35"”07 %‘rﬁﬁ]&i’g gul at es
and dogs. 9. teo 11.Awhacbéncsat¢dEMrﬂ}mmtmﬂ§ﬁel!ﬁ s Abke ta o 8,
wherein the ”Wﬁ;desnﬁr%' 8has Oone m&kﬂt@ el:%sﬁitdnecmréums@ any one
of clains 1 to 9 where a|d Irs;‘iﬂ‘*l ‘%/%q[ gsferael %fableto 35
utilise nore theNekshOLs ﬁPe TR FHYEREYIEXARRERKARR o duct
fromsaid secasl gl ycosl tuabete raxsd iﬁhod:l.ng aAfawstei c acid encoding a
fhrst o028 dycdiiil-hiREbends Gyillin Mid Sl Gof Gonpdbs itk (4l fackapOnd

gl ycosyl transfeerase “wien said nucleic acid is e res d,in cell |ch
produces sai d SARYIEpRgEorase den fald \M\'é’\lé s r?:"E"""""‘a
gl ycosyl transfgrasia nmmhl produces | ssid muaoxtd]clycbsytumsﬂmse,esul ting

in reduced | e o) | ygo r 12.

A nucl ei c aci ﬂ%%hj%%@:g&#& mﬁ&&m‘t@#ﬁ ixrss?‘ égs& ransf erase

‘has a hi ghiér amaseithary opeoABDEETAESe TASYLting 5 reduce hi!"? %fecond

9Ly0?5y| t FTBSfﬁ&iﬁ:e l]ﬁi:on sAiduséeond aglybamriinagerasel ai m 12, wherein

the first ycosyl tga 0

nucleic acid aﬁg&;ﬁdl ng ?‘o%@iﬁégg:%fd %‘al ns ifg éorgit?iié? W .%‘

group consi sti slycosyltTapgferase ras 2 highe: Y for one or -
more of its substrates than the second glvcosyltransferase.

15 15. A nucleic acid according to claim 14, wherein the
' first glycosyltransferase is Se.
16. A vebicle comprising a nucleic acid according to

any one of claims 1 to 15, selected £rom the group
consisting of an expression vector, a pcDNA, a plasmid and -
20 phage. :
17. A vehicle according to claim 16, which enables
said nucleic acid to be expressed in prokaryotes or in
eukaryotes.
i8. An isolated protein or functionally active
25 fragment thereof, produced by expression of the nucleic
acid according to any one of claims 1 to 15.
19. A method of expressing a gene encoding a
glycosyltransferase in a tissue where said gene is not
normally expressed, comprising the step of introducing said
30 gene into cells of said tissue, whereby expression results
in reduced levels of unwanted carbohydrate epitopes in the .
tissue and renders an organ composed of that tissue more
suitable for transplantation.
20. A method according to claim 19, wherein the gene
35 is the Se gene and the tissue is selected from the group
consisting of pig heart, liver, kidney and pancreas.
21. A method of producing a nucleic acid encoding a

o
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pl asm d and phage. A vehicle according to claim 14, which enables

sai d nucleic acid to 15 I!mﬁmmzmnemm Imrokaryot es or in eukaryotes. 16.
An isolated protein or fu fragnent thereof, produced by
expression of .the pucleic acid accor di° ng“to any one of cl a|

A net hod. expre”gg gene encoding a glycosyltransferase in %’J'f'ﬁgg'g#gov\here
said gene is not normally expressed, conprapsi-ng the step of 20 introducing
a nucleic acid conprising said gene into cells of said tissue, wherein said

gene encodes a fifsl JlMGaPeibdBEoeaas Stlui el lanles e aeﬂyaee LeftidSd rat e
at higher affinity than a Seﬁ&‘a{lﬂ xcos r1%‘_[ansferas ressed_in said
cells thereby ¢ r 8344, ARGiesie

expressi on resuhe:kd is rexhuueﬂeinl 3 eﬁlhnvﬁrmwmdnbebydai\desmnd)pes in

the tissue. yitranste¥abl lre i MU drl Tedudbd 1évellCofi gddifurgene
is the Se gene an PTRE T ssue i's_sel ecied from the groap cogﬂ%stlng of pig

‘heart, live® kExemsaid segond.glycosyltrangianase,,pa a nucleic
acid encodi Ng acomprisiig cpexablgniinkisg amuleic Ia.lciasseqimeal substrate

at hi gher affin S fﬁﬁﬁ@ﬁﬁa@s ras ch

gl ycosyl t ransfe?é\% @]ﬁégf’& giﬂpg?g:w seco% aI ?gggi’dt rian‘;‘?éelfeals?e
for substrate st Prden ErcoRtrim vmmaasion of #addcELrstni ch produces
sai d second gl ygm&éymsenesul ting in reduced | evel s of product

fromsaid gl ycosyl t Credittids :Ppttl: Qgﬁgpgl 27
i nking a eogl eQ% acid seq%nce enco Ing a rtirst gl cosyl+rans e ase*to a

vector or nucl epshibited o the surfage 0% 2 ,98ldas |‘(9|5rdo?‘°§h$’€ ¢ompxising
gl ycosyl transf egasging G nucadiet hedaoeo el Usipibdded inavshiaf cell awlsruad at e

“exhibited on the rfa e d d I n

nucl eic acid to® ﬁ‘g‘!’l ngsig %é& I'n gg.lg :IF;l]ﬂ: ﬁc'l% B%ﬁ'%?gnéegg 'encﬁdi ng a
first glycosyl tiarsbhmmﬁeuf-% %MW I’ié’bbst pacendt a hi gher
affinity than %Wﬁmﬁb&aaﬁaeﬁmmmm eelllepeolbces osa®s sai d

second gl ycosyl trans YLE ﬁg$§e ﬁge.is
able to corrpete ?S?Dé 13@;%%@5%9?%*@%? ecori"g5£ I%cog;gll %’ra S eré
resul ting in retdatddcaxhehydrates product fromthe second 10

gl ycosyl transf eggge. 21 A cedl1Cok! ofja Htluded Weedrdiig’ €b Nthé Grdtldd
met hod of cl ai mgo 22A nucl eic acid according to any one of claims 1

to 13, further
20 24. A nucleic ac:ld according t:o any one of claims 1

to 15, further comprising a nucleic acid comstruct which
also down-regulates production of unwanted carbohydrates on
the surface of said cell.
25. A method of producing a cell from a donor

25 species, which cell is immunclogically acceptable to a
recipient species, comprising the step of reducing levels
of carbohydrate on said cell which cause it to be
recognised as non-self by the reciplient species, said
method comprising causing a nucleic acid to be expressed in

30 said cell wherein said nucleic acid encodes a first
glycosyltransferase which is able to compete for a
substrate with a second glycosyltransferase and wherein
said cell produces said second glycosyltransferase which is
capable of producing said carbohydrate.

35 26. A non-human transgenic animal, comprising a
nucleic acid according to any ome of claims 1 to 15.
27. An expression unit which expresses the nucleic
i



corrpru sing a nucleic ac f'm,mm ' aI so down-regul ates production of
unwant ed car bohydr at es "m said cell. 15 23. A net hod
of producing a cell froma aonbr'SpeC| whi ch cell is inmunologically
acceptable to a recipient species, conpr|3|ng the step of reducing |evels
of carbohydr¥O0M88MZai d cell which cause it to be recogni s&GTAIIHBMOse| f by
the recipient species, said nethod connrhglng causing a nucleic acid to be
expressed in said cell wherein sald nuclerc acid encodes a first

glycosyltransfer se 20 C S 1 substrate at

affinity than § Sﬁa”“%ogm er‘%s-(la‘;)“' e;fng?h%?ce’ﬂ’“&%&ﬁgggg Rai d

second gl ycosyﬂetlﬂ-awbiehaée quﬂﬂm agroptable rto e animals aghe t o

c;mpet eI I or af:satmr akwmtm\wmwlcleiyatém a/wg%nﬁhle fi lrst

gl ycosyl trans se is es id,.ce res ng in redyced | evels

of car bohydrat’é“%?ﬁﬂfsﬁ %ﬂrﬁgyl’ﬁ 555?%? g% ..“'1%4%

non- human br amaddnavimalenl , conprising a nucleic aC|d according to any one

of claims 1 t@gl3. 25. an &pﬁawimtuahhom %néfé‘ﬁ@fmt he nucleic

acid accordin 0 _an ne of. cl ai ns to 1 res n ell whichis

|nnunolog|calﬂvh§ Qétg ?EFE#F?HHIﬁﬂ“@&? nFeE fﬁk$ﬂﬂﬁ;ﬁ} “r educed

| evel s of a caduhydnﬂt oebh, m.srm:l ﬁ&cknblnh casiatibal a e i S :

recogni sed as gﬁﬁ:ﬂr a retra%&ralzﬁroducer /4p13%Pr essi on
o c a|n1 se ect

uni t accor d| n fro group consi sting of a
Iﬁﬂc

retroviraft? agi ng ch pe Ra5PH (Raskaging: c@IL, g
const ruct andar laetucrmraprmoxddu acco¥ding to dlai [38] dhving

producing-a r a ﬂ(rﬁd,ﬁ b 0¥y cet€! |
according to ¢ & GEﬁgg#ﬁ&ﬁg uce evetE ghégé%% rate on t he cell
surface wher ei%pexed nc§ 968%?%‘95 gniged ag_ %%‘F'I" ¥ 3R mal ,
conpri sing thmﬂnﬂ,oéohpaﬂal.mntmg slre;t mtmhfam:lﬂg aﬂlﬁi-diﬁiflecwilhb t he
nucl ei ¢ agid ons such
that a chfiﬁer?{ﬁ?n%?%% ‘e’%’éﬁd‘”“am%ﬂn?aﬁ hobfrding 08 oy U b
claima 1 to 15, undeé onditions such that a chimeric :
enzyme encoded by the nucleic acid is produced.
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