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ZMPROVED RUCLEXC ACZDS ENCODING A CHXMERXC 

GLYCOSYLTRANSFERASE 

Field of the Xnvention 

The present invention relates to nucleic acids 

which encode glycosyltransf erase and are ·useful in 
producing cells and organs from one species which may be 

used for transplantation into a recipient of anotlu;lr 

species. Specifically the invention concerns producti9n of 
10 nucleic acids which, when present in cells of a 

transplanted organ, result in reduced levels of antibody 

l!:> 

recognition of the transplanted organ. 

Background of the ~nvention 

The transplantation of organs is now practicable, 

due to major advances in surgical and other techniques. 

However, availability of suitable human organs for 
transplantation is a significant problem.. Demand outstrips 
supply. This has caused researc~ers to investigate the 

20 possibility of using non-human organs for transplantation. 

Xenotransplantation is the transplantation of 

organs from one species to a re~ipient of a different 

species. Rejection of the transplant in such cases is a 

particular probl.em, especially where the donor sp•cies is 
2 5 more distantl.y rel.ated, such as donor organs from pigs and 

sheep to human recipients. Vascul.ar organs present a 

special difficulty because of hyperacute rejection (HAR). 

BAR occurs when the compl.ement ccr,scade in the 

recipient is initiated by binding of antibodies to donor 

3 O endothelial cells. 

Previous attempts to prevent BAR have focused on 

two strategies : modifying the immune system of the host by 

inhibition of systemic complement fo:r:mation (1,2), and. 
antibody depletion (3,4). Both strategies have been shown 

35 to prolong xenograft survival teJQPorarily. However, these 

methodologies are therapeutically unattractive.in that they 
are clinically impractical, and woul.d require chronic 
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immunosuppressive treatments. Therefore, recent efforts to 

inhibit HAR have focused on genetica1ly modifying the donor 

xenograft. One such strategy bas been to achieve high-level 
expression of species-restricted. himaAn··rcomplement 

5 inhibitory proteins in vascul.arized pig ~rgans via 
transgenic engineering ( .5;...7) • This strat~gy bas proven·. to 

be useful in that it·bas resulted in the prolonged survival 

of porcine tissues· foll.owing antibody and serum challenge 

(5,6). Alth~gh increased survival of the transgenic . . ·. 

10 tissues was observed, l.ong-term graft survival was not 

achieved (6). AS observed in these experiments and aiso 

with systemic compl.ement depletion, orgaii failure appears 

to be related to an acute antibody-dependent vasculitis 
(1,5). 

15 :In addition to strategies aimed at blocking 
compiement activation on the vascular e:ndotheiial. cell 
surface of the xenograft, recent attention has foc:Used on 

. identification of the predominantxenogeneic epit0pe 

recognised by high-titre human natural antibodies. It is 

20 now accepted that the terminal galactosl"l residue, Gal-a 
(1,3)-Gal, is tb.e dominant xenogeneic epitope (8-15). This 
epitope is absent i~ Old World primates and humans because 

the a(1,3)-galactosyltransferase (gal-tra:risferaseor GT) is 

non-functional in these species. DHA s8ciu.e:riee comparison of 
25 the hunian gene to a(1,3)-galaci:tosyltransferase genes from 

the mouse (16,17), ox (18), and pig (12) revealed that the 

human gene con.t.ined two frameshift :mutations, reaulting in 
a non-functional pseudogene (20~21). consequently, humans 
and Old world primates have pre;...existing high-titre 

'·' 

30 antibodies directed at this Gal-a(1,3)-Gal moiety as the 

dominant xenogeneic epitope. 

One strategy developed was effective to stably 
reduce the axpression cif the predominant-• Gal-a ( 1, 3 )-Gal 

. . 

epitope. This strategy te>Ok advantll.ge of ·an ·intracellular 

35 competition between the gal-transferase and a(l,2)­

fucosyltransferaile (H-transferase) for'a colilmon acceptor 

substrate. 'l'he gal-transferase catalyses the transfer of a 

Ii IJI 
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terminal galactose moiety to an N-acety1 lactosamine 

acceptor substrate, resulting in the formation of the 

terminal Gal-a(1,3)-Gal epitope. Conversely, H-transferase 

catalyses the transfer of a fucosyl residue to the ~-acetyl 

5 lactosamine acceptor substrate, and generates a fucosylated 

N-acetyl lactosamine (H-an~igen, i.e., the O·blood group 

antigen), a gly(:osidic structure that is universally 

tolerated. Although it was reported that e.v;pression of 

human H-trans£erase t:.;-ansfe~ted eel.ls resu1ted in hig~ 

10 level expression of the non-antigenic H-epitope and 

significantly reduced the expression of the Gal-a(1,3)-Gal 

xenoepitope,. there are still.. significant l.~:vels of .Gal.­

a(1, 3)-Gal epitope present pn s~ch cells. 

15 Swmnary of the :Invention 

:In view of the foregoing, it is an object of the 

present invention to further reduce levels of undesirable 

epitopes in cells, tissues and organs which may be used in 

transplantation. 

20 :en work leading up to the invention the inventors 

surprisingly discovered ~at the activity of B transferase 

may be further increased by making a nucleic acid-which 

encodes a H transf erase catalytic domain but is anchored in 

the cell at a location where it is better able to compete 

2 5 £or substrate with gal. transferase. Al.though work by the 

inventors focused on a chi.m.eric H trans£erase, other 

glycosyltransferase enzymes may al.so be produced in 

accordance with the inventi~n. 

Accordingly, in a first aspect the invention 

30 provides a nucleic acid encoding a chimeric enzyme, wherein 

said chimeric enzyme comprises a cata1ytic domain of a 

first glycosyltransferase and a localisation signal of a 

second glycosyltransferase, whereby when said nucleic acid 

is expressed in a cell said chimeric enzyme is located in 

35 an area of the cell. where it is able to compete for 

substrate with a second g1ycosyitrans£erase, resul.ting in 

reduced levels of a product from said second 
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glycosyltransferase. 

Preferably the nucleic acid is in an isolated 

foxm1 that is the nucleic acid is at least partly purified 
from other nucleic acids or pr0teins .• 

5 Prefercibly the nucleic acid comprises the correct 
. ' 

sequences for expression, more p:t-ef erably for expression in 

a eukaryotic cell. The nucleic acid may he present on any 

suitable eukar}rOtic expression vector such as pcDBA 

(Invitrogen). 'The nucieic acid may also be present on other 
10 vehicles whether suitable for eukaryotes or not, such as 

plasmids, phages and the like. 

Preferabl.y the catalytic domain of the first 
glycosyltransferase is derived from H transferase, se.cretor 

sialyltransferase, a galactosyl sulphating enzyme or a 

l!:> phosphorylating enzy:me. 

The nucleic acid sequence encoding the catalytic 
dOma.i:n may·be derived from. or similar to a 

glycosyltransferase from any species. Preferably said 
species is a mammalian species such as human or other 

20 primate species, including Old World moiikeys, or other 
m•mmais such as U:ngulates (for example pigs, sheep, goats, 
cows, horses, deer, camels) or dogs, mice, rats and 

rabbits. The texm "similar to" means that the nucleic acid 
is at least partly homolegous to the glycocyltransferase 

·: . 

2 5 genes described above.· The texm also extends to fragments 
of and nmtazits, var.iants and. derivatiV.s of the cata1ytic 

domain whether naturally occurring or man :made. 
Prefarabl.y the loca:lisation signal is derived 

from a gl.yoosyl.transf erase which produces glycosylation 

3 o patterns which are recognised as foreign by a transplant 

recipient. More preferably the localisation signal is 

derived from a(l,3) galactosyltransferase. The effect of 

this is to clow:nregulate the level of Gal-a(1,.3)-Gal 
produced in a cell when the nucleic acid is expressed by 

35 the cell. 
·· 'l'he nucleic acid sequence encoding the 

localisation signal ~ay be derived from any species such as 

lilUI 
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those described above. Preferably it is derived from the 

same species as the cell which the nucleic acid is intended 

to transform. i.e., if pig ce11s are to be transformed, 

preferably tbe localization signal is derived from, pig. 

More preferably the nucleic acid com.pris~s a 
nucleic acid sequence enc9ding the catalytic domain of H · 

transf erase and a nucleic acid sequence encoding ~ 

localisation signal from Gal tr~ferase. Still moJ;"e 

preferabl.y both nucleic acid sequences are derived from 

10 pigs. Even more preferably the nucleic acid encodes gtHT 

described herein. 

The term 11 nucl.eic acid,11 refers tQ any nucleic 

acid comprising natural or synthetic purin~s and 

pyrimidines. ·The nucl.eic ~cid may be DNA or RNA, single or 

15 double stranded or covalently cl.os.~d circular. 

The term "catalytic dom~in" of -the chimeric 

enzyme refers to the amino:acid sequences necessary for the 

enzyme to function catal.ytically. This comprises one or 

more contiguous or non-cont;igupµ$ amino acid sequences. 

20 Other non-catalytical1y active portions also •ay be 

included in the chimeric en~yme. 

25 

The term 11 glycosy1transfe~ase11 reff!trS to a 

polypeptide with an abi1i~y to lllQVe carbohydrates from one 

molecule to another. 

The te:cn ~derived from" means that the catalytic 

domain is based on, or is simiiar, to that of a native 

enzyme. The nucleic acid sequence encoding the catalytic 

domain is net necessarily directly de.rived from th~ native 

gene. 'l'he nucleic acid sequence may be made by polymerase 

30 chain reaction (PCR). constructed de novo or cloned. 

The tern "localisation signal 0 refers to the 

amino acid sequence of a glyc:osyltran.sferase which is 

responsible for anchoring it in location.within the c,11. 

Generally localisation signals comprise amino terminal 

35 "tails" of the enzyme. 'l'he loca1isation signals are 

derived from a second glycosyltransferase, the activity of 

which it is desired to minimise. The localisation of ,a 
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catalytic domain of a first enzyme in the same area as the 
. . 

second glycosyltransferase means that the substrate 

reaching that area is likely to be acted on by the 

catalytic domain.of the first enzyme, eDahling the amount 

5 of sUbstrate catalysed by the second enzyme to be reduced. 

10 

The term 0 area of the c:eJ.lil ·refers to a region, 

compartment or organelle of the cell. Preferably the area 

of the cell is a secretory organelle sucb a~ the Golgi 

apparatus. 

In an.Other aspect the i~ention provides.an 

isolated nucleic acid molecule encoding a localisation 

signal. 'of a glycosyltransferase. Preferably the signal 

encoded c0mprises an amino terminus.of said molecule; more 

preferabiy it is the amino terminus of gal transferase. The 

15 gal transferase·may be derived from or based on a gal 

transferase from any llUlllllil.alian species, such as those 

described · above. ·Particularly pref erred sequences are those 

derived from pig, mouse or cattle. 

I:n another aspect the invention relates to a 

20 methOd of produc~ng a nucleic acid encoding a chimeric 

enzyme, said enzyme c~rising a catalytic domain of a 

first glycosyltriinsferase.and a localisation signal of a 

second glycosyltransferase whereby when said nucleic acid 
is expressed in a ce1l said chimeric enzyme is located in 

25 an area of the ce1'J. where it is able to c~ete for 
substrate with a second glycosyltransferase said :method 

comprising operably liziking a :nucleic ·a.cid sequence 

encoding a datalytic dOmain from a first 
glycosyltransferase to-· a nucleic acid seq\ience encoding a 

30 localisation signal of a second g1ycosyltransferase. 

The.ta~ "operably linking" means that the 

nucleic acid sequences are ligated such that a functional 

protein is able to be transcribed and translated. 

'!'hose skilled in· the a.rt will be aware of various 

3 5 techniques for producing the nucleic ·acid. Standard 

techniques such as those described i~ Sambrook et al may be 

employed. 

Ii l'Rli 
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Preferably the nucleic acid sequences are the 

preferred sequences described above. 

xn another aspect the invention,provides a method 

of reduclng the level of .a carbohydrate exhibited on the 

5 surface of a cell, said method comprising .-causing a nucleic 

acid to be expressed in said cell wherein said nucleic acid 

encodes a chimeric enzyme which·comprises a catalytic 

domain of a first glycosyltransferase and a local~s~tion 

signal of a second glycosyltran~ferase, wher~by said 

10 chimeric enzyme is located in an area of the cell where it 

is able to compete for substrate with said second 

glycosyltransferase, and wherein said second 

glycosyltransferase is capab1e of producing said 

carbohydrate. 

15 'The term "reducing th~ level of a .qarbohydra,.te• 

refers to lowering, minimising, or in some :cases, .ablating 

the amount of carbohydrate displayed on the surf ace of the 

cell. Preferably said carbohydrate ·is capabl.e of 

stimulating recognition of the ·9ell. as Hnon-sel.f" by the 

2 0 immune system of an animal. 'l'hE! reduction of such a 

carbohydrate therefore renders _the cell, or an organ 

composed· of said cell.s, morE! acceptable to the immune 

system of a recipient animal in a transplant ~ituatio11 or 

gene therapy situation. 

25 The teen "causing a micleic acid to be expressed" 

means that the nucleic acid is introduced into the cel.1 

(i.e. by transfoJ:111B.tion/transfection or other suitab1~ 

means) and cQntains appropriate signals to all.ow expression 

in the ce1ls. 

30 The cel1 may be any suitable cell., preferably 

mammal.ian, such as that of a mew World monkey, ungulate 

(pig, sheep, goat, cow, horse, deer, camel, etc.) or other 

species such as dogs. 

Xn another aspect the invention provides a method 

35 of producing a cell. from one species (the donor) which is 

immunologica1ly acceptable to another species (the 

recipient) by reducing levels of carbohydrate on said cell 
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·which cause it·· to be recognised as non-self by the other 

species, said method comprising causiilg a nucleic acid to 

be expressed in said cell wherein said nucleic acid encodes 
a chimeric enzyme which comprises a catalytic domain of a 

5 first ~lyeosyltransferaae and a localisation sign.al of a 

second glycoayltransferaae, whereby said chimeric enzyme is 

located in an area of the cell where it is able to compete 

for substrate with said second glyc:osylt:i:ansferase, and 

wherein said second glycosyltransferase is capable of,' 

1 O producing said carbohydrate. 

'!'be term "immunologically acceptable" refers to 
producing a cell, or an organ made up of numbers of the 

cell, which does not cause the same degree of illllllUDological 

reaction in the recipient species as a native celi from the 
15 donor species. Thus the cell may ·cause a lessened 

inamnological reaction, ollly reciUiri.ng low levels of 
immunosuppressive therapy to maintain such a transplanted 
organ or no immunosuppression therapy. 

'!'be cell may be from any of the species mentioned 

20 abe>Ve. PreferAbly the ceil is from a New Wor1d primate or a 
pig. More preferably the cell is frm a pig. 

'!'be inv'ention extends to cell's produced ~ the 

above method and a1ao to organscmil.prisin.gthe ce11s. 
'!'be invention further extends to non-huinan 

2 5 transgenic animals harbouring tb nucleic acid of the 
invention. Preferably the species is a human, ape or Old 

World monkey. 
'l'he invention also exteiias to the proteins 

produced by the nucleic acid. Preferably the proteins are 

30 in an isolated form. 
Xn another aspect the invention provides an 

expression unit which expresses the nucleic acid of the 
invention, resulting in a cell which is immunOlogically 

acceptable to an animal having reduced levels of a 

35 carbohydrate on its surface, which carbohydrate is 

recognised as non-self by said species. Xn a preferred 
embodiment, the expression unit is a retroviral packaging 

I 
I' 

I 

I 
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cell, cassette, a retroviral construct or retroviral 

producer cell. 

Preferably the species is a human, ape or Old 
Wor1d monkey. 

The retroviral. packaging cells or retroviral 

producer cells may be ce1ls of anl' animal origin where it 

is desired to reduce the level of c,arbohydrates on its 

surface to make it more immunologically acceptable to a 

host. Such cells may be derived · .. frpm mammals such as 

10 canine, rodent or ruminant species and the like. 

1!.> 

The retroviral packaging and/or producer cells 

may be used in applications sue~ as. gene therapy. General 
·' 

methods involving use of such cell~ are de,scribed in 

PCT/US95/07554 and the references discussed therein. 

The invention also extend'- to a method of 
producing a retroviral packaging 'cell or a re~roviral 

producer cell having reduced levels of a carbohydrate on 

its surface wherein the carbohydrate is recognised as non­

se1f by a species, comprising tran~~orming/transfecting a 

20 retroviral packaging cell or a retroviral producer cell 

25 

with the nucleic acid of the invention uncier conditioJ1'5 

such that the chimeric enzyme is produced. 

Brief Description of the Drawings 

Figure 1 Schematic diagram 0£ normal and chimeric 

glyc:osyltransferases 

The diagram shows normal glycosyltransferas~s 

porcine a(1,l)ga1actosy1transferase (GT) and human 

30 a(1,2)fucosyltransferase (H'l'), and chimeric transferases 

ht-GT in which the cytoplasmic domain of G'l' has been 
cmapletely replaced by the cytoplasmic domain of B'l', and 

gt-HT in which the cytoplasmic domain of BT has been 

entirely replaced by the cytopl.asmic domain of GT. The 

35 protein domains depicted a~e cytoplasmic domain CY'l'O, 

transmembrane domain TM, stem region STEM, catalytic domain 

CATALYTIC. The numbers refer to the amino acid sequence of 
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the corresponding normal transferase. 

Pigure 2 Cel1 surf ace staining of cos cells transf ected 
with normal and chimeric transf erases 

5 Cells ~fa transf ected with normal GT or BT or 
with chimeric transferases gt-H'l' or ht-G'l' and 48h later 
were stained with FI:'l'C-lahe11ed lectin .I:B4 or UEAJ:. 
Positive-staining cells ware visualised and counted by 
fluorescence microscopy. Results are fr0m at least three 

10 replicates and values are +/- SEM. 

Figure 3. RNA analysis of transfected cos cells 
Northern blots were performed'on tota1 RNA 

prepared from COS cells trahsfected: Mock, mock-
15 transfected; GT, transfected with· wild-type GT; G'l'1-6/H'l', 

trans£ectedwith chimeric transferase gt-HT; G'l'1-6/HT + 
HT1-8/G'l', cb-transfected with both chimeric transferases 
gt~HT and ht-G'l'; H'l'1-8/GT,.transfected with chiineric 
transferaseht-GT; HT, trans£ecteci with normal H'l'; GT+ H'l', 

20 co-transfected with both normal transferases GT and HT. 

25 

Blots were probed with a c~ encoding GT (Top panel), H'l' 
(Middle panel) or g-actin (Bottom panel). 

Figure 4. Enzyme kinetics of normal and chimeric 
glycosyltransferases 
Lineweaver-Burk pl.ots·for a;(l,3) 

galactosyl.transferase (D) and a(1,2)fucosyltransferase <•> 
to determine the apparent Km·val.ues for H-acety1 
lactosami.ne. Experiments ~re performed in tripl.icate, 

30 plots shown are of mean values of enzyme activity of wild­
type transferases, G'l' ·. and HT, and chimeric proteins ht-GT 
and gt-H'l' in transf ected cos cell extracts using phenyl.-B-D 
Gal and N-acetyl lactosamine as·acc::eptor substrates. 

3 5 Figure 5. staining of cell.s co-transfected with chimeric 
transf erases 
Cells were co-transfected With cDllA.s encoding 
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normal transferases GT+ HT (pan.els A, B), with chimeric 

transferases .gt-HT + ht-GT (panels Cr D), with HT + ht-GT 

(pane~s Er F) or with GT + gt-HT (pan.els G, H) and -48h 
later were stained with FZTC-label1ed lectin ZB4 (panels A, 

5 c, E, G) or~ (pane1s B, D, F, H). 

Figure 6 is a representation of the nucleic -acid sequ~nce 

ancl corresponding amino acid sequence of pig secretor. 

10 Figure 7 is a representation of the nucleic acid sequence 

and corresponding amino acid sequence of pig H. 

Figure 8 Cell surface staining of .-.pig endotqelial cell 

line (PIE~) transfected with chime~ic a(l,2)-

1~ fucosyltransferase. Cells were transfected and clone~ 
exhibiting stal:)le integration were stained with OEAX lectin 

and visual.ised by fluorescence microscopy •. 

Figure 9 Screening of chimeric a ( 1r2) -f-µcosyltransferase 

20 transferase in mice. Mice were injected with chimeric 
a(1,2)-fucosyltransferase and the presenc~ of the 

transferase was analysed by dot blots. 

25 

Description of the Preferred Embodiment 

The nucleic acid sequences encoding the catalytic 
domain of a glycosyl.transferase may be any nucleic acid 
sequence such as those described in PCT/US95/07554, which 

is herein incorporated by reference, provided that it 
encodes a functional. cata1ytic domain with the desired 

30 glycosy1transferase activity. 

Pref erred catalytic domains from 
glycosyltransferase include H transferase and secreter. 

Preferab1y these are based on human or porcine sequences. 

The nucleic acid sequences encoding the 

35 localisation signa1 of a second transglycosylase may be any 

nuc1eic acid sequence encoding a signal sequence such as 

signal sequences discl.osed in P A Gl.eesonr R D Teasdale & 
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J Bourke,.Targetilig of proteins to the Golgi apparatus. 

Glycoc0njugate J. (1994) 11: 381-394. Preferably the 
localisation·signal is specific for.theGolgi apparatus, 

more preferably for ·that of the trans Golgi·. still more 

5 preferably the localisation signal is based on that of Gal 
transferase. Even more preferably the localisation signal 

is based on porcine, murine or bovine· sequences.·Even more 

preferably the nucleic acid encOdes a signal sequence with 

following amino acid sequence (in single letter code): 

10 MNVXGR (porcine), MNVKGK (m6use) or MVVKGK (bovine). 
Vectors for.expression of the chimeric enzyme may 

be any suitable vector, including those disclosed in 

PCT/US95/07554. 

The nucleic acid of the invention ca~ be used to 

15 produce cells and organs with the desired glycosyiation 
pattern by standard techniques, such as those disclosed in 
PCT/US95/07554.For examp1e, embryos may be transfected by 

standard techniques such as microinjection of the nucleic 

acid in a linear fo:r:m into the embryo (22). The embryos are 

20 then used t:o produce live animals, the organs of which may 

be subsequently used as donor organs for implantation. 

Cells, tissues and organs suitable for use in the 
invention will generally be mammalian cells. Examples of 

suitable cells and tissues such as endothelial cells1 

25 · hepatic· cell.s, pancreatic cells and the like are provided 

in PCT/US95/07554. 

The invention will ne>W be· described with 
reference to the 'following.non-limiting Examples. 
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ABBREV:IAT:IONS 
The abbreviations used are bp, b;ase pair(s); 

F:ITC, fluorescein isothiocyanate; GT, 
~ ga1actosy1transferase; B substance, a(1,2)fucosyl 

lactosa:mine; BT, a(l,2)fucosyltransferase; PCR, polymerase 
chain reaction; 

10 

EXa.mple 1 Cytoplasmic domains ~f glycosyltransferas~s play 
a central ·role in the temporal action of en~es 

EXPERXMEN'l'AL PROCEDURES 

Plasmids - The plasmids used were pr~ared -using 

standard techniques (7); pGT enco4es the cI)NA. ~or the 
porcine a(l,3)galactosyl~~ansferase (23), pHT encodes -the 

l~ cDNA for the a(1,2)£ucosyltransferase (human) (25). 

Chimerj,c glycosyltranst;erase cDHAs were gen.er~ted by 

polymerase chain reaction .as fol.J.ows: an 1105 bp prod,uct 
ht-GT was generated using primers correspondi~g to the 5' 

end of ht-G'l' (5'-GCGGATCCATGTGGCTCCGGAGCC 
20 ATCGTCAGGTGGTTCTGTCAATGC TGC'rTG-3') coding for nucleotides 

1-24 of HT (25) followed immediately by nucl.eotides 68.-89 

of GT (8) and containing a BamH1 site (underlined) and a 

prim.er corresponding to the 3' end of ht-GT (5'­

GCTCTAGAGCGTCAGATGT'rA'l'T TCTAA.CCAAAT'l'ATAC-3') cContaining 

25 complementarity to nucleotides 1102-1127 of GT with an Xbal 
site downstream. of the trans.1ationa.1 stop site 
(underlined); an 1110 bp product gt-HT was generated using 

primers corresponding to the 5' end of ;gt-HT (5'­

GCGGA'l'CCA'l'GAA'l'GTCAAAGGAAGACTC'l'GCC'l'GGCC'l' '.l!CC'l'QC-3' ) coding 
30 for nucleotides 49-67 of GT followed immediately by 

nucleotides 25-43 of H'r and containing a BamHl site 

(underlined) and a primer corresponding to the 3' end of 

gt-HT (5'-GC'l'CT.AGAGCC'l'CAAGGC'l''l'AG CCAATGTCc::AGAG-3') 

containing complementarity to nuc1eotides 1075-1099 of HT 

35 with a Xba1 site downstream of the translational stop site 

(underlined). PCR products were restricted Bam.Hl/Xba.1, 
gel-purified and ligated into a BamHl/Xbal digested pcDNAl 
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expression vector (Xnvitrogen) and resulted in two plasmids 

pht-G'l" (encoding the chimeric glycosyltransferase ht-GT) 

and pgt;_H'l' (encoding the chimeric glycosyltransferase gt­

H'l') which were characterised by restriction mapping, 

5 Southern blotting and DNA sequencing . 

Transfection and Serology - COS cells were 

maintained in Dulbecco's modified Eagles Medium (DMEM) 

(Trace Biosciences Pty. Ltd.·, Castle Hill, NSW, 

Australia) and were transfected (1-10 µg DNA/5 x 105 cells) 

10 using DEAE-Dextran (26); 4Bh later cells were examined for 

cell surface expression of H substance or Gal-a(1,3)-Gal 
. . 

using FXTC-conjugated lectins: IB4 lectin isolated from 

Griffonia simplicifolia (Sigma, st. Louis, MO) detects 

Gal-n(1,3)-Gal (27); tJEAI lectin isolated from Olex 

15 europaeus (Sigma, St. Louis, MO) detects H substance {28). 

H substance was al.so detected by indirect 

iJilm.unof1uorescence using a monoclonal antibody (mAb) 

specific for the B substance (ASH-1952) developed at the 

Austin Research :tnstitute, using F:ITC-conjugated goat anti-

20 mouse IgG (Zymed Laboratories, San Francisco. CA) to detect . . 

mAb binding. Fluorescence_ was detected by microscopy. 

RITA Analyses - Cytop1asmic RNA was prepared from 

transfected cos ce1ls using RNAzol (Bioteex Laboratt:>ries, 

Ho11ston, TX), and total RNA was electropboresed in a 1% 

2S agarose gel containing formaldehyde, the gel b1otted on.to a 

nylon membrane and probed with raJidom primed GT or HT cDNA. 

Glycosyltransf erase assays - Forty-eight hours 

after transf ection, cells were washed t:Wice with phosphate 
. ' . 

buffered saiine and lysed in 1% Triton X-100/ 100 DIM 

30 cacodylate pH 6. S/ 25 mM MnC12, at 4oc for 30 min; lysates 

were centrifuged and the supernatant collected and stored 

at -70°C. Protein concentration. was determined by the 

Bradford method using bovine serum albumin as standard 

(29). Assays for H'l' activity (30) were perfocned in 25 µl 

3 5 containing 3mM [GDP-14C]fucose (specific activity 287 

mCi/mmol, Amersh.am International), SmM ATP, SOmM MOPS pH 6. 

5, 20 mM MnC12, using 2-10 µi of cell extract 

lil:il i 



W098/0S7'8 PCT/AU97/00492 

- 15 -

(approximately is-·20µ.g of protein) and a range of 

concentrations (7. 5 -75 mM) of the acceptor phenyl-~-D­

galactoside (Sigma). Samples were incubateq for 2h at 37°c 

and reactions terminated by the ad4ition of ethanol and 

5 water. 'l'he amount of 16C-fucose incc;>rporate,d was c~ted 

after separation from unincorporat~d label ,using Sep-Pak 

C18 cartridges (Waters-Mi1lipo~e, :'illford, MA). G'l' assays 

( 31) were performed in a vol.ume of \2"5 µl usin~ amM UDP ( 3HJ -

Ga1 ·(specific activi~~ 189mCi/mmol., Amersh~ 

10 International). SmM A'l'P, lOOmM cacodylate pH 6. S, 20:mM 

Mn.C12 and various concentrations (1 -10 mM) of the ac~eptor 

N-acety1 lactosamine (Sigma). Samp1,es. were incubated for 

2h at 37°C and the· r_eactions terminated: by the additi~ of 

ethanol and, water. 3H..;Gal incorporation .was 'L(:ounted after 

15 separation from non-incorporated UDP[3l.IJ-qa.1 µsing Dowex X 

anion «;mchange· columns (BDH Ltd. , Poole, tJK) or Sep-Pak 

Accell plus QMA anion exchange cart:rid.ges (Waters­

Millipore, Millford, MA). All assa~s were perfoxmed in 

duplicate and additional reactio~s.:were performed in the 

20 absence •qf added acceptor :molecule .. , to allow for the 

calculation of specific incorporation of radioactivity. 

RESULTS 

Expression of chimeric a(l,3)galactosy1ransferase and· 

25 a(l,2) fucosylransferase cDNAs 

We had previous1y shown that when cDHAs encoding 

a(1,3)gala~tosylran.sferase (GT) and 

a(1,2)fucosyltranaferase (HT) were transfect•d separately 

they could both function ef f icientl.y leading to expression. 

30 of the appropriate carbohydrates: Gal-a(l,3)-Gal for GT and 

H substance for BT (32). However when the oeDHAs for ·GT and 

HT were transfected together, the B'l' appeared to ·"dominate" 

over the G'l' in that H su.bstance expression was normal, but 

Gal-a(1,3)-Gal was reduced.. We excluded trivial reasons for 

35 this effect and considered that the 1.ocalisation of the 

enzymes may be the reason. ~hus, if the HT localisation 

signal placed the enzyme in an earlier temporal compartment 
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than G'l', it wouldbave "first use" of the N-acetyl 

lactosamine substrate. However, such a "first use" if it 

occurred, was not sufficient to adequateiy reduce m. Two 

chimeric glycosyltransferases were constructed uslng PCR 

5 wherein the cytoplasmic tails of G'l' Bnd B'l' were switched. 
'l'he two chimeras constructed are shown iii Fig.1:.ht-GT 

which coruiisted.of the NB2 terminal cytoplasmic tail of H'1' 

attached to the transmembrane, stem and·catalYt:ic dmqins 

of G'l'; and gt-HT which· consisted of the ma2 terminal 

1 O cytoplasmic tail of GT attached to th8 transmembrane, stem 

and catalytic domains of HT.· 'l'he chimeric cDNAs were 
sul>cloned into the eukaryotic expression.vector pcDNAJ: and 
used in transfect:.ion experiments. 

'!'he chimeric cDNAs encoding ht-GT and gt-HT were 
15 initially evaluated for their ability to induce 

glycosyltransferase expression in COS cells, as measured by 

the surface expression of the appropriate sugar using 
lectins. Forty-eight hours after trmisfection cos ceiis 
were teated by imimiilof luorescenc:e for their ex;pression of 

20 Gal-a(l,3)-Gal or H substance (Table 1 & Fig. 2). 'l'he 

stainingwith:IB4 (lec::tin specific for Gal-a(l,3)-Gal) in 
cells expressing the chimera ht-GT (30% of cells stained 
positive) was indistinguishable from that of the normal GT 

staining (30%) (Tahl.e 1 &: Fig. 2). Similarly the intense 

25 cel1 surface fluorescence seen with UEAx staining (the 
lectin specific for H substance) in cells expressing gt-11'1' 

(50%) was similar to that seen in cells eXi>ressing wild­

type pHT (50%) ('l'ahle 1 &: Pig. 2). Jrurthezm.ore. similar 
levels of mBBA expression of the glycosyltransferaaes GT 

30 and HT and chimeric glycosyltra.nsferaaes ht~GT and gt-H~ 

were seen in Northern blots of total R1ltA isolated from 
transfected cells (Pig. 3). Thus both chimeric 

glycosyltransferases are efficiently expressed in cos cells 

and are functional indeed there was no detectiable 
35 difference betweali the chimeric and no:ciaal 

glycosyltra.nSferases. 

lirRf I 
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Glycosyltransferase activity in cells transfected with 

chimeric c.DNAs encoding ht-GT and gt-HT 

To determine whether switching the cytoplasmic 

·tails of GT and B'l' altered the kinetics of '.enzyme function,. 

5 we compared the enzYJ,Datie activity of the chimeric 

glycosyltransf erases with those of the normal enzymes in 

cos cells after transfection of the relevant cDHAs. ~Y 

making extracts from transfected cos cells and performing 

G'1' or B'l' enzyni.e assays we found. that N-acetyl 1actosa111ine 

10 was galactosylated by both GT and the chimeric enzyme ht-GT 

(Fig 4. panel A) over a the 1-SmM range of substrate 

concentrations. Lineweaver-Burk plo~s showed that both GT 

and ht-GT have a similar apparent Michealis-Menten constant 

of :Km 2. 6mM for N-acetyl lactosamine (Fig. 4. panel B). 

15 Further HT, and the chimeric enzyme gt-HT were bot~ able to 

fucosylate~phenyl-B-D-ga1aetoside :over a range of 

concentrations (7. 5 - 25 mM) O?ig. 4 panel C) with a 

similar Km of· 2. 3mM (Fig. 4 panel D), _in agreement 1'ith 

the reported IQa of 2. 4mM for HT (25). 'l'herefore the 

20 chimeric glycosyl.transferases ht-GT and gt-HT are abl• to 

utilise N-acetyl lactosamine (ht-GT) and phenyl-~-D­

galactoside (gt-B'l') in the same way as the ~~l 

glycosyltransferases,. thus switching the cytoplasmic 

domains of GT and HT does not al.ter~he function of these ' . 

25 gl.ycosyl.transferases and if indeed the cytopl.asmic tail. is . 

the 1ocal.iaation signal then both enzymes £unction as we11 

with the GT signal as with the BT signal.. 

switching cytoplasmic domains of GT and HT results in a 

3 0 reversal of the "dominance" of the~ glycosyl transf erases· 

The cDHAs encoding the chimeric transferases or 

normal transferases were simultaneously co-transfected into 

COS cells an.Cl after 48h the cells were stained with either 

XB4 or UBAl lectin to detect Gal-a(l,.3)-Gal and H substance 

35 respectively on the cell surface (Table 1 & Pig. 5). COS 

cells co-transfected with cDNAs for ht-GT + gt-HT (Fig s 
panel C) showed 30 % cells staining positive with :cB4 



W0'8/05768 PCTIAU97/00492 

- 18 -

(Table 1) but no staining on cells co-transfected with 
cDHAs for GT+ BT (3%) (Pig. 5 panel,,A). Furthermore 

. .· :: . . 

·staining for B substance on the surface of ht-GT + gt-H'l' 

co-trallsfec:tan.ts gave very few cells staining positive (5%) 

5 (Pig 5 panel D) ccmipared to the staining seen in cells co­

transfected with c:DHAs for the normal transfe~ases GT + BT 

(50%) .(Fig. 5 panel B), ie. the expression o:f Gal-a(l,.3)-
·'. 

Gal naw dominates over that of H. Clearly, switching the 

cytoplasmic tails of GT and H'l' led to~ c~lete reversal. 

10 in the glycosylation pattern seen with the normal 

transferases i.e. the cytoplasmic tail seciUences dictate 

the pattern of carbohydrate expression obserired. 
That exchanging the cytoplasmic tails of G'l'_and 
. . ... 

HT reverses the dominance of the carbohydrate epitopes 

15 points to the glycosyl.transferases being relocali~ed within 

the Golgi. To address this question, experiments were 
. . 

performed with cDNAs encoding glycosyltr~sferases with the 

Sule cytoplasmic tail: cos cells transfected with cDHAs 

encoding BT + ht-G'l' stained strongly with both uEAI (50%) 

20 and l:B4 (30%) (Tab.le 1 & Fig. 5 p~n.::.is E, F), the 

difference in staining reflecting d:if fere~ces in 
transfection efficiency of the cI>NAs. Simiiar1y ce1ls 

. . . 

transfected with cDHAs encociing GT + gt-HT also stained 

· positive with t1Ell (50%) and :CB4 .· (30%) (Table 1 & J!'ig. 5 

25 panel G, H). 'l'lius, gl~osy1transferases with the same 
cytopl.asmic tail leads to eqUa.l cel.1 surf ace expression of 

the carbohydrate epitopes. with no "domiium.cen of one 

glycosy1trans£erase over the other observed, and preswaabl.y 

the glycosyitransf erases localised at the same site appear 

3 O to compete equally for the substrate. 

:en.cos cells the levels.of transcription of the 

cDHAs of chimeric and normal . glycosyltransferases were . 

essentially the s8.me (l'ig.3) and the immunofluores~ence 
pattern of cos cells expressing the chiJDeric 

35 glycosyltransferases ht-GT and gt-HT showed.the typical 

staining pattern of the cell surface Gal-a.(1,3)-Gal and H 

substance respectively (Table 1 & Fig. 2), the pattern 

Iii n 
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being indistinguishab1e from that of cos cel1s expressing 
normal GT and H'l'. Our studies showed that the Km of ht-G'l' 

for N-acetyl lactosamine was identical to the Km of GT for 
this substrate, simi1ar1y the Km of gt-BT for 

5 phenylBDgalactoside ,was approximately the s•e as the Km of 

HT for phenylbDgalactoside {FiQ". 3). The•e· find~s 
indicate that the chimeric enzymes are functioning in a 

cytoplasmic tail-independent manner., such that the 

catalytic domains are enti~ely functional, and are in 

10 agreement with those of Henion et al (23), who showed that 
an NH2 te%l'llinal truncated ma.%11\0set GT (including truncation 

of the cytoplasmic and transmembrane domains) maintained . . ~. . . ' . 

catalytic activity and confi~e~ that GT activity is indeed 

independent of the cytopla'smic domain sequence. 
15 If the Golgi localisation signal ,for GT and BT is 

contained entirely within the cytoplasmic domains of the 

enzymes. then switching the cytoplasmic tails. between the 

two transferases shou1d al1ow a reversal of .t:Jie order of 
glycosylation. co-transfection of cos cells with cI>NA. 

20 encoding the chimeri~ glycosyltransferases ht-G'l' and gt-H'l' 

caused a reversal of staining observed with ~e wild,type 

glycosyltransferases (Fig. 5), demonst~ating· tha~ the 

order of Qlycosylation has. been altered by exchanging.the 

cytoplasmic tails. Furthermore, co-transfection with cDRA 
25 encoding g1ycosyltransferases with the same cytoplasmic 

tails (i. e. HT + ht-GT and GT + gt-H'l') gave rise to equal 
expression of both Ga1-a(1,3)-Gal and H substance (Fig.5). 

The results imply that the cytoplasmic tail.s of G'l' and H'l' 

are sufficient for the localisation and retention of these 
30 two enzymes within the Golgi. 

'l'o date only twenty or so of at least one hundred 

predicted gl.ycosyltransfe~ases have oean cloned and few of 

these have been studied with respect to their Golgi 

localisation and retention signals (34). Studies using the 

35 elongation transferase N-acetylglucosaminyltransferase r 
(33-37), the terminal transferases a(2,6)sialyltransferase 
(24-26) and (}(1,4)galactosyltransferase (38-·40) point to 
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residues contained within the cytoplasmic tai1, 

transmembrane and flanking stem regions as being critical 

for Go1gi localisation and retention. There are several 

examples of localisation si~ls existing within 

5 cytoplasmic tail domains of proteins including the KDEL and 
. ,. . . . 

:taOCC motifs in proteins resident within the.endoplasmic 

reticulum (41,42) the latter motif also having been 

identified i:n the cis Golgi resident protein ERGJ:C-53 (43) 

and a di-leucine containing peptide motif in the ma.nnose-6-

1 O phosphate receptor whi'ch directs. the receptor from the 

trans-GOlgi network to eDdosomes (44). These motifs are not 

present within the cytoplasmi'c tail sequences of. H'l' or GT 

or in any other reported glycosyltransferase. To date a 
' ' 

localisation signal in Golgi resident g1ycosy1transferasas 

15 has not been identified and while there is consensus that 

transmembrane doJilains are i~rtant in Golgi local.isation, 

it is apparent that this domain is not essential for.the 

locaiisation of ail glycosyltransferases, as shown by the 

study of Munro (45) where replacement of the transm.emhrane 

2 0 domain o'f a ( 2, 6) sialyltransferase in a hybr~a protein with 

·a poly-J.:eucine tract resulted
0

in D.oxma.1 Golgi retention. 

Dahdal and Colley (46) also showed that sequences in the 

trans:membrana domain·. were not essential to Golgi 

retention~ This study is the first to identify sequence 

2 5 requirements ' for the localisation of ', 
a(1,2):fucosyltrim.sfarase and cx(1,3)gal.actosy1transferase 

within the Golgi. Xt is anticip~ted that other 

glycosyltransferases will have similar localisation 

mechanisms. 

30 

Example 2 · Use of secreter in construction of a 

chimeric anzyae 

A construct is made using PCR and subcloning as 

described in ExmDple 1, such that l!lmino acids #1 to 16 of 

35 the pig a(l,3)-galactosyltransferase (MmvltGR) replace amino 

acids ii .· to· 5 of the pig secreter (Fig 6) • Constructs are 

tested as described.' in EX&nlp1e 1. 
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Use of pig H transf erase in construction of 

a chimeric enzyme 

A construct is ·made using PCR and sµbclon,ing as 
5 described in Example 1, such that amino acids #1 to #6 of 

the pig a(l,3)-galactosyltransfer~se (MNVICG~) replace amino 
acids #1 to 8 of the pig H transferase (Fig 7). Constructs 
are tested as described in Example 1. 

10 Example 4. Generation of pig endothelial cells 

expressing chimeric a(l,2)fucosyltransferase 
The pig endotheliai cell line PIEC expressing the . . . . ' . . ' ' ·~ . 

chimeric a1,2fucosyl.transferase was p:i;-odu!!:ed by 

lipofectam.ine tran$fection of pgtHT.plasmid DNA (20 µg) and 
15 pSV2NEO (2 µg) and selecting for stable integratiqn'.:by 

growing the transfected PIEC in media containing G•lB (500 

µg/ml; Gibco-BRL, Gaithersburg, MD). Fourteen independant 
clones were examined for cell surface expression of H 
substance by staining with UEA-1 lectin. >95% of ce~ls of 

20 each of these clones were found :to be positive. Fig. 8 

shows a typical FACS profi~e obtained for these clones. 

Example 5 Production of transgenic mice expressing 

chimeric a{l,2)fucosyltransferase 
25 A NruI/RotI DNA fragment, encoding the full 

1ength chimeric a1,2fucosy1trans£erase, was generated 
utilising the Polymerase Chain Reaction and the phHT 
plasmid using the primers: 

5' primer homologous to the S'U'l'R: 

3 0 5' -TTCGCGAATGAA'l'GTCAAAGGAACD..C'l'CTG, in which the underl.ined 
sequence contains a unique HruI site; 
3' primer homolo9ous to the 3'U'l'R: 

5' -GGCGGCCGCTCAGATGT'l'A'l'T'l'C'l'AACCAAAT 

the under11aed sequence contains a NotI site 
35 'l'he DNA was purified on gels, electroeluted and 

subc1oned into a RruI/RotI cut genomic H-2Kb containing 
vector resulting in the plasmid clone (pH-2Kb-gtBT) 
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encoding the chimeric a(l,2)-fueosyltransferase gene 
·directionally ~1onad into exon 1 of the :murine H-210:> gene, 
resulting in a transcript that commences at the H-2Kb 
transcriptional start si,.te, continuing ~hrough the gtH'l' 

5 cDNA insert. The construct was engineered such that 
translation WoU1d begin at .. the initiation codon (A'l'G) of 
the hHT cDD and tez:minate at the in-phase stop codon 
(TGA) • 

DNA was prepare~ for microinjection by digesting 
10 pH-2Rb-hBT with XhoI and purification of the H-2Kb-hHT DNA 

from vector by el.ectroph.oreti~ separation in agarose gels, 
followed by extraction with chlo~ofo:rm, and precipitation 
in ethanol to decontaminat~ the DNA. Injections were 
perfo:rmed into the pronU.clear :membrane of (C57BL/6xSJL)F1 

15 zygotes at concentrations between 2-Sng/ml., and the zygotes 
transferred to pseudoprt19'nant (C57BLf6XsJL)F1 females. 

"l'he presence of the transgene in the 1ive 
offspring was detected by dot blotting. Smg of genomic DllA 
was transferred to nylon filters and hybridized with the 

20 inse~t from gtHT, using a final wash at 68°C in O.lxSSC/1% 
SDS. Fig. 9 shows the results.of testing 12 live 
offspring, with two mice having the transgenic construct 

' ' ' 

integrated into the genome. Expression of transgenic 
· protein ·is examined by estimating the amount of UEAJ: l.ectin 

25 (specific for B aubstanee) or ailti-H JDAb. required to 
b&emagglutiria.te red.blood cells from transgenic mice. 
Hemagglutination in this assay derAC:mstrates t:ransgene 
expression. 

It wi11 be apparent to the person skilled in the 
30 art that while the invention has been described in same 

detail for the purposes of clar:Lty and underst&nding, 
various modifications and alterations to the embodiments 
and methods described herein may be made·· without departing 
from the scope of the inventive concept disclosed in this 

35 specification. 

References cited herein are listed on the 
foll.owing pages, and are incorporated herein by this 
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TABLE 1 

EXPRESSION OF CAL-a(1,3)GAL AND H SUBSTAHCE BY COS CELLS 

'l'RANSFEC'l'ED WZ'l'H cDl\lAs ENCODZHG NORMAL .ARD CHIMERIC 

5 GLYCOSYLTRAHSFERASES 

COS cells transf ected %:IB4 positive %UEAI: positive 

with cDNA encoding: cells cells 

GT 30 0 

HT 0 50 

ht-GT 30 0 

gt-RT 3 50 

GT+HT 3 50 

ht-GT+gt-HT 33 5 

GT+gt-HT 30 30 

GT+ ht-GT 30 0 

HT+ ht-GT 30 30 

HT+gt-HT 0 so 
Mock 0 0 

Transfected COS cells were stained with Pl:TC-labelled :IB4 

(lectin specific for Gal-a(1,3)Gal or UEA:r Clectin specific 

10 for H substance) and positive staining cells were 

visualized and counted by fluorescence microscopy. Results 

are from at least three replicates. 
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1. A nucleic acid encoding a chimeric enzyme, 

wherein said chimeric enzyme comprises a catalytici.domain 
5 of a first glycosyltrans£erase and a localisation signal of 

a second glycosyltransferase, whereby when said nucleic 

acid is expressed in a cell said chimeric enzyme is 'located 

in an area of the cell where it is able to compete 'for 

substrate with a second glycosyltransferase, resulting in 

10 reduced levels of a product from said second 

glycosyltransferase. 

2. A nucleic acid according ~o claim 1, wherein said 

localisation signal localises said catalytic ·domain thereby 

to enable the catalytic dona.in to compe.te with said ·second 

15 glycosyltransferase for a substrate. 

3. A nucleic acid according to claim 1 or claim 2, 

wherein the localisation signal i.s derived from. a 

g1ycosyltransferase which produces glycosyla~ion patterns 

which are recognised.as foreign by a transplant recipient. 

20 4. A nucleic acid according to any one of claims 1 

to 3, wherein the localisat.ion signal comprises the camino 

te:aninus of the second glycosyltrans~erase. 

S. A nuc1eic acid according tq any one of c1aims 1 

to 4, wherein the l.ocal.isation siqnal is derived· frem 

25 a(1,3)-galactosyltransferase. 

6. A nucl.eic acid according to any one of c1aims 1 

to 5, wherein. the first glycosyltransferase is selected 

from the group consisting of H-transferase. secreter 

sialyltransferase, a galactosyl sulphating enzyme or a 

3 0 phosphorylating enzyme. 

7. A nucleic acid according to any one of claims 1 

to 6, wherein the catalytic domain and the localisation 

signal each originates f~ a mammal selected from the 

group consisting of human, primates, ungulates, dogs, mice, 
3 5 rats and rabbits. 

8. A nucleic acid according to any one of cl.aims 1 

to 7, wherein the localisation signal is derived from the 

.~ 
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same species as the cell which the nucleic acid is intended 

to transform. 

9. A nucleic acid according to any one of claims 1 

to 8, comprising a sequence encoding the catalytic domain 

5 of B transf erase and a nucleic acid sequence encoding a 

localisation sig11al from Gal transferase. 

10. A nucleic acid according to claim 9, wherein the 

catal.ytic domain.and the localisation sisinal a.re derived 

from pigs. 

10 11. A nucleic acid according to any one of cl.aims l 

15 

20 

to 10, which encodes gtBT as defined herehi~ 

12. A vehicle comprising a nucleic acid according to 

any one of claim8 1 to 11. 

13. vehicle according to claim 12. selected from 

group consisting of an expression vector, plasmid and 

phage. 

14. A vehicle according to claim 12 or claim 13, 

which enables said nucl.eic acid to be expressed in 

prokaeyotes or in eukaryotes. 

15. AD isolated nucleic acid molecule encoding a 

localisation signal of a gl.ycosyltransferase. 

the 

16. An isolated nucl.eic acid molecule according to 

claim 15, wherein the signal encoded comprises an amino 

terminus of gal-transferase. 

2 5 17 • A method of producing a nucl.eic acid according to 

any one of claims 1 to 11, cC>mprising the step of operabl.y 

i·ink.ing a nucl.eic acid sequence encoding a c·atal.Ytic domain 

f roa a first glycosyltransf erase to a nucleic acid sequence 

encoding a localisation signal of a second 

30 glycosyltransferase. 

18. A method of reduC:ing the level of a carbohydrate 

exhibited on the surface of a cell, said method comprising 

causing a nucleic acid to be expressed in said cell wherein 

said nucleic acid encodes a chimeric enzyme which comprises 

35 a catalytic domain of a first glycosyltransferase and a 

localisation signal. of a second gl.ycosyltransferase, 

whereby said chimeric enzyme is located in an area of the 

Thi s Sheet Has Been Replac d 

, flll~Bmlftll( 
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cell where it is able to compete for substrate with said 

second glycosyltransferase, and wherein said second 

glycosyltransf erase is capable of producing said 

carbohydrate. 

5 19. A method of producing a cell from a donor species 

which is immunologically acceptable to a recipient species 

by reducing levels of carbohydrate on said cell which cause 

it to be recognised as non-self by the recipient, said 

method comprising causing a nucl:iejic ·acid to .be expressed in 

10 said cell wherein said nucleic acid encodes a chimeric 

enzyme which comprises a catalytic domain of a first 

glycosyltransferase and a localisation signal of a second 

glycosyltransferaser whereby said chimeric enzyme is 

located in an area of the cell where it is able to compete 

l~ for substrate with said second glycosyltransferase, and 

wherein said second ·glycosyltransferase is capable of 

producing said carbohydrate. 

20 

20. A cell produced by a method according to 

claim 19. 

21. 

22. 

An organ comprising a cell according to claim 20. 

A non-human transgenic animal, organ or cell 

comprising the nucleic acid according to any one of claims 

l to 11. 

23. An expression unit which expresses a nucleic .-acid 

25 according to any one of c1aims 1 to 11, resulting in a cell 

which is immunologically acceptable to an animal having 

reduced levels of a carbohydrate on its surface, which 

carbohydrate is recognised as non-se1f by said spec·ies. 

24. An expression unit according to claim 23. 

30 se1ected from the group consisting of a retroviral­

packaging cassette, retroviral construct or retrovi~al 

35 

producer cell. 

25. A method of producing an expression unit 
according to claim 23 or claim 24, said unit having reduced 
levels of a carbohydrate on its surface wherein the 

carbohydrate is recognised as non-self by a species, 

comprising transformi.ng/trans~ecting a retrovira1 packaging 
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cel.l or a retroviral. producer cell. with the nucl.eic acid of 

the invention UD.der conditions such.that the chimeric 

enzyme is produced. 

linll 


