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ffieeause niany recombinantly produced proteins
r,eqi-rir* p*st-translatlona! nrodiflcation to be prog-"*rfy
fol,el*d and active, tllere is a new ernphasis on eulrary-
oÉÍc expressiost systerns. Dictyostellunr discoideunr is a
weil studied eukalryotic rnodel organism feir the
investigation of key questions !m mstecular arliel cel!
bi*logy" Fleire recently D. discoide{rft? was suecessfully
ursesf as a systern for recornbinant glycn.proteiir g:,ra-
aìuction" T[re vegetative anroehcae ae^e ea:i:i, and
iu-rex6.l*nnilre tn grow elthen in a:renic cl.,ltqr;.s: i],î' on
(ìr"r:vr :"exgative baeteria. Fìe$ialrle anc{ una:*rng:fiaaltr*d
t.r';lris:*rrnation systems are also vre!! estahlishcd. ThEs
on"g3anisrn harboul"s the n"lachinery to penfonrn post-
tr"a.nslational modifications such as BFnosphorylatlon,
acylation, fornìation of glycosylphc,sphatictylioros!tel
anelrors and rnore importantly Fd- anc! S-linkeel glyco-
:;yi:tion. 

'i^his 
review grrovir{cs ar.'È c,veyvle ".,r +f

gly*eisylati*Er in '{iSfny"r.*1: +:xp;'essigl"l syste rns ancl
fs),::il$eg *n glyu:osyÍafir:*t !n d}. dí.c:+ider.{.$"n,

$'nrssE* u.acff $um of gflycerg*r,*ate$ r'as Sr*r
h ic techno log ica l  use

Sustained scienti f ic and r le cl ical cffor.t  cùrrt inuc's to be
ex;reirded on t l te dev*lopinrent, prorluct iorr ; : .r id cl inir.al
; lppl icat ion of recombirrant glycopr"*reins for" t [re t lrera-
peutlq r;r; lnipr.r lat ion of ai l inr;* is anri  i r , ,rnaris. l is a r*:: tJi t  t l te
lrinî E.chnolo,qy irrdustry lras Lrecc,rr-,e irrcrcasin6l,ly intci.est*cl
irr  ; i r , :  bi i : lcgical ancl therapeutic irnpl ic.:at icin; of post-tr;r ir*
latioiiai iltuc:!iÍìcaiic.:ns oí prott-:'ìits, ;:nr.l iir a.i:ir-ticul*i-
glyccsyhii:il l !:ec;li:.se it is tlti: t1ìosf (:rrnlrÌ^Ìr..}rì fr,,l 'rrr of

f:'rotilitl i ' i iui.iifÌcation. (ìlycc;iriology l'r:rs be*n rjeiscribcd
r srr:r:ntiy a:i 

'the 
slee ping giant cf biotecirnolCIgy' f" | ] ;rncl the

irrrIEr;-1;1s169 of cartrohydrate resicÍtres on rt:c,lrnbiir;lnr

f l iy,:opr * i ;* irr l  ciest ined fcr frurna;r thet-apy is ns\ /  lvel l
: . : i r  r ' t  , ' i : , 1 ' , ' - J

glycoproteins do not requirc glycosylation for aciivity in
vivo (e.g. erythropoetin, interleukin ?, t issu,: plasnrinogcn
activator, 7-interferon, granulocy"Le colon;r-stirnul;rting
factor and granulocyte/macrophage colony-stinrulatirrg
factor), in general glycosylat ion o[ t l rese proteir is is resporr-
sible for a decrease in antigenicity $r an incrcase in
sclubility, biological half-life, stability or prcrtease rcsiitanc€.
Therefore glycosylaticn is necessary for these t{:' b* efíecr--
ive prcdurcts i4l.

The preferrerl approach for recombina,ilt glycc'pr-ote;n

;rroductietrr will be the characterizatión cf tlrer autl'rentic
post-translational modificatíons tcl the protein of iirterest,
and the deternrination of whether p$st-tra.nrilatiorral modiiì-
cations are implicated in the furrctiorls n-ì*rrti,lired r,..iov*.
For the production of the potenti ;r l  therapeutic l t tycr-
protein, the most appropriate expression ho:;t for
large-scal* glycoprotein prociucii";;r '.sii! invt;li,c .. .r:ir irig;
l".r;rii ,.'l r:,roduclion, cost, rep;^odircrbili ' i.,. oí glyr-orrrl:ir'.ir:n
arid statriliry ilr vivu. É.. recent ;'É:vi*0.", +n giyccx;yi;,:lior irr
dif ferent expression hosts deals with this proL,l*ni,  but
stresses nrainly N-glycosylat ioir with I 'ei . , :r 'ence only i- .-) ol ie
ciass of O-glycofcrnrs [5]. Our review complements th.rt r:f

Jerrlcins et al. [5] by focr:sing nn O-glyc.qsylation in clffcrent
expression systems, ernphasizing glycr:rsylation in thi.r <.elir:-
lar slinre nrcruld Diceyosie/iurn discaideurn.

YÍte texffsoee$e vileur ffif g!ycetsy[aai;a<>r"*

.)lig*saceharicles ;rttac['reci to Asn resiclucrs of s*i:rp:lrd or
rnelrnh;rane-l:ourrd proteins are dcscri lred as N.! ink*d
(Figure lÀ), wi 'rh f" l- l inl icd glycoforrr is fal l ing into t lrree
ffiain categoriers: i"riglr-rrrannose, lrybricJ anrJ c,:nrplex. A,li c{
these aie cjErrivecJ fronr ii [)r'ecLu"sor oligc,l.:r::charide (,-'rìcicl'*

ing of GlcNAc2ManeGlca. These t lrree ryires s!-, i , ìr i t  the
safi ìe core structrrre (GlcNAc2Man:) with l- : lgh-nl:rrrn*: le
foriris hiaving anly giucose and/or additional nt:inrì{.,.:ii}
t : i - l ; ; i . I ' -1 .  : r '  ' , :1 ,y  i r ;  t l ' te  : i . i t ; t , " :  .  i .  , : i  . ,  '  ' "  i l :e  i ;

rir sev*,:ral eiiscases l3l and krr,i..rrìr:riger abouc the changes
rright lead to a better understandtrrg of the nreel ir :al prob-
ierirs. Although a number of imporrant t l rr lrapeutic

'  To whoirr crtrrCsp,)ndence. shoti lcl  ht '  aclcJt 'qs:;Ccl,
'Ahbreviat ions 

userj:  CFI(.),  Chirrr: :c lr ,rnrrt ' : r  (1;. '7; { , iS l ,  I lh.rtai lrr , ;r i r :
5-1r'ar':lft:r1sc; t)sA, ;lrclppre-sp1r{ili( ,rrrrirlgn; 1 [j. i,1, p 1*q-1.-,1 , .i-:iflúirt l]:,,1r
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i:rr- thr:ì ;rr-i':iti*n o{ n:**rlr,rsi} t.; t;le trirnineei :*rf-u{riil.e. i.,ii,;i- r'b:-i'J an{i e*r*prex f*urms a.e trlmr-**d a;.re! ri.!*n i ::.:î,'i_,*:;tr-"jcted y{i!h,rhe additie;* *f .Jrei{Ac, 
Ga!, siaríe aci,J a.rrijsCI*ì*times'fúcase in animaf systems. wher*as hi*gi;rct.syra-

{ii:* in higher eukaryar*s is rveif charaereriz*U ti:, i*ru ;,,l<ri$wn about this post-transfational protein modifiilatísin íirvarious simple expression h*sts [S].
0-glvcosyfarion (Figune lBi jn 

different eukaryaítc$)rsrems is rnore challenging because O_gfycosylatlon(glycans artached to serine and threonine resicrues, anci tr:a snraffer extent. hydroxyprofine and hydroxylysine resi_dues) is less welf úndenstood and much more complex,vrith at reast seven diffenent reducing terininar lin!<ageskn*wn [7,8], O-etrca1l are buitt ..,p i,i rG; ;;".**u*arJded CIne at a time. The most coirsvlarion in mamrnars is the ;;il"T"JilTo:t,i;:'J':;
serine or threonine resic.rues, and the furthe, 

"aaition 
or

A) i/-linkecl glycan

i;,ì-i resLiiting iii A {..;.ii}..!:?i{.}i} fr}9.e Sfr{!(ii rIr,i f ,,::,rl$ i-r ,....;jíiAiil i -5*r; i i:-,"i. I i;;:: ie i,,i,:,:.: , , ilrther i,i:... :.ìa'iri_;.,i-j !v:th
.the additipn of up t* r;i":r*,* siaiÍc aeid residu*s [4J.changes in o-gfyrr::;ylaticin are ahserv*d iír ,i,.:,.r;:i?i
cJis*ases and miieh v',',ur-k f-:as hee;r pLrt into i-rniei-sr:::.reiins
rnur"ists that *:* hea-r,,iiy *-gfyeosylated (Gaif,{Ac ior-m)secreted or ce* s*rf'aee pr-*teins. Altered mucln gri,t_c:.ria-
tian is cernrnon in canc*r_ [g, lOJ.

CI-glyceisylated proteins arà afso fourrd in the ci/{o-plasm of the ceir witir a singie GtcÍ\Ac rinked to i.:i:;rare,J orcfr.rstered serine or threi:nine residues If  l , lZJ.

#e$$ cs"sgeeeo.e ex$Fr"essiCIsî sysees_È?;a
-[he 

benchrnark :i]isteffì for the expressiorr of .a*therrire,
recombinant glycoproteirrs is mammatirn, àhln*_** l"n:rrur-ovary (cHo), cefr rines (r'abre r). cHo .*tu-*,]* **rtchara*erized and have conrrrbuted *u.h ; ;l-'under-
:li:O'rg 

of N-gfycosyfatiorr It3_tSl. fnu* rr*",. hr:eninan./ giycosyfation rnut*nrs is'brated fbr stucries $lr c:i,.í")lr-

ijl_1:Í:, ,_t::.r':: a*ct rii :y r,uu" "l"!;;#r*i.i:ecl
lrl*cnenricaily. 

The disadvar-,tages of using cFid) .lri, f. ,.

:::":.:]-':::t. 
giycoprorcin production in-cruJe *ìfunr;u,,

::,r:'- 
conditions and .,.ar.icbiitry,of gfycosylation. Thrs crnanse as a result af: spontaneous' mutations during ti-itns_ícrinarion and' seriar .;il;;; 

- 
il;' ;' 

"'Ínnrn.u
pi'odu*ron levets'[ | 3, t6:i, ;; ;t1;;,rrn_'!"",r.n,r,llr, o.r.levels of gfucose, arnmonid i.ns and h,rrmona! c,:.,ntent l"l7i;
; ind the presence'of s*cre; ,J,sial i , : i i :*; , : , t ,  wfui* i ;  caiì  r l iLj : . i . iy
the product aftei" sàcr.elion [t.gJ., 

' eL!" '!

"r'o gíve a frav*úr èr now'*1,* 'ct*lo 
systern perrr:-ri::;censider the expression of {ìfyccphcrln A.'Cir..Oi".u, ̂

is.the nrajor siarogrycopr':te,iri'f irulnan eiythrocytes, (:(]iì-
taí*irrg ons N-glyean and .16 ùglycans tf p,Zgi. ' .f f",,,*-glycans of this prfltein'c'nsist rnainry of uiort oiig*n*.-r"iiai'ides witfr one, two or trrree siafic acicr resisJues ri'kiiri
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FigureI 

' I 
NcuNAca2-3Gstpt*3csfrAc*scrmrr

-_%-*

L)i^r(: ex.ìr-rìDle of a cornplex f.j,linked oligosar,:.hrri..lr. 1Aì -,,...i _.
, , r ,v  . , , ,  a  r -Lrr rprcx 

. t \ , j rnked 
o l igosacchar icJe ( ,a , ;  ar id  ; l  cctpf l r , i . ) i ìC)  l i r r l ' rec l -g i ; ,can (B)  in  r r rammals 

t4 ] ,  (A)  T l re N_sryEan is  t inkr . . t  r ,a  r r , -  - -^ :_, -
E,/!d, ,rcl /  rrr rrrammals l4],(A) The N_giycan is lrnke,J to t tre arnidegroup cf an fun resicjue and consists of a Glrh.tar_ w_^of 

_a GlcNAc2Man; core structr_rre( inc l i ta t r :d  in  hnl , l \  f  , " rk^-  . -  -  - , , i -  , "  
" ' :  

,  " '^G.  vrLr  r^c2l - lè f l ;  core s t ruct r - r re

;;il: ,';i 'î.:"'.,::i:::: ,l:9|Í ,with Gar, (ìrcNAc, F* .nJ NeuNAc
Hiff:: +n l:,.o;:'t.'l i: î'l::h"'j ," 'r,-lva-.r?l;#l'TiJ::ìî;
:ìi:,?:. li: l:jXlf -"::l r,rage iu ilffi;,:i,"f ilffT::,,11J.
: ll. {:.1 :I lly_u residues. rr,_" ."."',ol,,o il* "n ;1,:":l,lJ",r:]l;, l i iuuú) .  r ìe  core s t t . r id . r l l "e  ls  ind icated in  bol t j ,

t ligfr l.hrr

_l .a9te 
t  Gl ; rco5r1rr lo^ i r r  e j i f fer , rnr  Avhr . \Fc i^n Lr- . -,__-r : : " ,* , , i , r  d i lh, .g ion hosrs

frr-grrcorvrario. in dirhrent expression hosrs is ;'-il;;il;;; ,,"* .;;u,::1.,:::;ri-. *E;ì.il,,;;il;;- ..;|iril [,: :f i #di:{, {:i:[if ,lii i# iiri
:irqi.tiLfjfi:;;iti'!!*.:.r!ur:r,:r,.:' l-Lx!&.{*i:;::tl;,ti#iffifj;6il;;6ltii;ilidfiH:ffî;"nlli"i

frl-glyca1sylal ior.r *.*-*. *;"-**-*.
i_ ì  I , i . r . ,)s '  l i r t iqrrr

C,l  l i . . '  (c. l l5

-5 frr414:er,-rlii
). .,. (:/'t..!//5/Cc

D ,Ji: .cq: ' i ls i1111

-f"

-t-

+ '
i

.,r ,.1_]l r;1.;itl j l ct:ll l can (ri i.ìt ,.t),tìfir,i N.gly,1.1n.; l:, (ltst,t;l(t!l 
f?(ìj.'"|ì*Jji ' l l . j t:: ' ::: l l ]"t*er lso"rsrimrn{rose re!siqr11g5) cirì grr cq.r,r5r1,,,.1r,:.



Frqeilrcticv"a +f glyctrpt'c:l:eirts rr+ith Diceyoseeii*rn discoide>'rflir

ti

ir'

t13 a cl-..'itrrlgi.; {*re sugar {iiai;,1i-3Galf-rlAce l-S*rfl-hr, v*ith

lh* rlisi::i;;iateci stru{tur'€ being the rnost abr.rndant. J'he

*>ll,iressi,:::-ì af reeernbinant glycephorin A in CHO cells was

z:.utl"lenl;!c w'ith respect ts Sei-ífhr glycosylatian sites occu-

pied. Holvever, no trisialylate:d deri'satrves and rnainl;i

nrolrosialylated oligosaccl-raricies were found. Furlhermore

recornbinant glycophorin A was shown to express a smali

amount of tne Tn antigen (GalNAca | -Ser/Thr), owing tc

the failure of the GalÉ l-3 transferase to nrodify all O-gly-

cans f i91.
Tissue culture systbms such as CHO cells can never

represent a. 'complete' nlammalian organism,, where the

same molecule in different tissues is glycosylated in dif-

ferent ways [21]. Therefore fr-rrther strategies in terms of

glycosylat ion engineering wil l  need to be adopted [15,22].
This involves the use of glycosylxion mutants, transfor-

mants with new glycosyltransferases, or modifìcatlons of

the purilìed glycoprotein in vitro with defined glyco-

syitransferases.

A less expensive, but not as well studied, cell culture

expression system capable of high-level expression involves

insect Spodopterc frugiperda (SF9 or SFzl) cells infected

r.yith bac.ulovirus (Table l). lnvestigations on N-glycosyla-

tiisn in this s';rstenr so far have led to the general belief that

SF9 ceits can trim high.mannose side chains to three to

nine manrrose residues and that there is, a fucosyltransfen-

ase that adds fucose to the asparagine-linked GlcNAc

resldue [23-25]. However, whether or not this system can

process the trimmed side chains to complex structures

containing ga.lzictose and/or sialic acid is disputed [?61.
The w*li-know'n mammalian O-glycoform Galf l-

SGalNAca i-Snr/Thr has been repcrtecl on secreted

reeornbin;rnl monocyte chemoattractant protein I in SF9

ceils [27]. Stuciies on the expression of the hurnan cytome-

galovirr-rs tegunìent basic phosphoprotein showed the

pot€ntia.l of tlre insect system to express cytCIplasmic glyco-

proteins nrodifìed witlr a single O-linked GlcNAc [28].

f f ixpressFapm Èra sirmple *u*<aryff i tes

l-he expressi,::ir of recomLrinant proteins in sirnple er.il<ary-

$t{,:s hrs setreral adv"a.ntag€s, as the costs for cultivation are

rj,;crea,;etJ ;.lnd these sy$tems represent stable organisrns

that ar€: easily maintained ;rnd ar{: often genelicaily

r lanipir lable.

The expressinn of glycoproteins in the yeast Sar.churo-

rnl"ces cer"cvisice l*aCs to I'reavily mannosylated _ oligo-

sacch;rr icJes ( ' IaL:le I).  l ' lost N-l inked ol igosaccharide àlrains

in 5. c*r*visicle ar€ an extrerne high-manrrose type witlr

typical ly 5rJ-- 150 mannose residues forming the outer

e hains t't9j. lrl-linked oligosaccfraricle st'"tr{tures oíì

secrete{l prùtcins from S, cerevisioe have been shown t<i be

exceedingiy anf;iger-:ic'"vl-:r:n inti'cduced inta ntarr";:ri;' ' is'

which rnakss the' prcduction e;f glycopr:oteins {r*n: 5. eere-

l.isioe for use as hr-,tnan tlrerapeutics unattractìve. Tn ;i'"r'id

hypermanncsyial-ion, giyccsylatlor"r mLitants, e.g. innn-9,

have been created i30].
O-glycosylaticn oí secreted proteins in S. cerevisioe

also differs exce*Cingl;- to nrarnmals as it is catalysed in the

endoplasmic reticrt lu lrr [:y ;t ctol ichyl-phosphate-o-fflarlho"s€*

protein O-p-manriosyltranslerase that requires a doiichyl

phosphate mannose as an intermediate [3l] .  The redr-rcing

terminal rnonosaccharide becomes extended with up to

four additional manrrose residues [32], a tlpe of O-glycosy-

lation found irr fgngi but 1ot in other eukaryotes. There is

also evidence that s. cerevisioe Ltses different peptide

recognition sites for O-glycosylation from those used for

mammalian O-glyct":syla.ticn [33].
Glycosylation in the methylotrophic yeast Pichia pas-

toris differs frorn S. cerevisioe with respect to the

processing of N-linkecJ oligosaccharides. Although high-

mannose N-glycans are forrned, these ai-e limited to less

than 30 mannose resiej i-res [34,35]. Whether or not this

leads to decreaseel immr*rnogenicity in mammals needs to

be determined.

Littie is l<nx11v,,1 ;tbout glycosylation in filarnentous

fungal expressioir sysierì]s (e.g. Aspergil/us, l'Jeurosporc and

Trichodermo species) for secreted reconrbinant proteins.

Although (as in ye:xt) O-linked glycans on secreted pro-

teins are cornposed of mannose residues, N-linked

oligosaccharides are clescrit:red to be more diverse than in

yeasr [36].

m" díscCIídes.$fl?

Apar-t from ycaist and furrgi, D. discoideurn is another inex-

pensive eukaryotic expression system whose genetics, ceil

biology and development have been extensivèly studied'

Recer.rtly D. rjisrpideum lra:; treen irscd to express several

recombinant (glycer)proteins (Table 2) [37'38]. The levels

of proteins expres${:d so far are in the range of mg/l for

secreted proteins, altholrgfr very little attentipn l"ras b*en

paid to optirnir- ing expr*ssiott .  ln our stucl ies on glutathione

$-transferase (G51-) fusiorr proteins we purifierl Cl.S r1;'"Ji

s€cretecl glyccprr:tein iir a or'e-step prrriiication ([' jirng,

Ér.A. Gooley, f{ . f i .  Packer, M.B. $lacle, K,[ '" .  Wil l ianrs anrl

W. Dittr ich, unpr:bl ishecl work)"

Considerable pir.ogrcss has beerr made in undet'stand-

ing glycosyl; : t ion irr D. discoideum, which is quite di l fererrt

frorn tfrat irr  ycast and frrni l i  (Table l) .Às in ait inrals, there

are changes irr glycosylarion clepending on t l ìe developtrren-

tal stage of ther l i fe cycle atrcl in dif ferent cel l  types 139- 4l l '

Various glycosylation mutanrs have been isolated, detìping

at least five genes. These inch-rde defects in tlre modA l,:rcrrs



-!-.rl.rle 
2 #el*:ici+.:r;l i i t.è,_,rlt r!:rIita,.i-rt

i,ri;J0iisr-iiil

/  1 r  i ,  '  
r r i la , "  . )

Dri..lnci.
l l t c  , r l i : i , t  ; r r r

gi7'Ca:.:s havl: fug.--.n
Pr,r-iein studi*s ilit i{-glycans

needeci.
llode of e>lprr:.ssjc_,1 Reíerence:

5. fcporrlcum C:S-Ì-
I?.otavilus VP7
l-lriman lg[: receptor

s/r^
s,tt/rnt'
S

n l

m d

s

l6frl
L .O ' , l

Ibel
170l
17 t l

Hurnan muscarinic receptor
Malar ia circu'i',tpu1-o-,circ ;11.r1;gs11
l- iumari anti thrombin l i l

i.Location 
of VP7 is d.:1;circìcrrt or ']a., | (opccntratioi' r ,  V. / i lson,  M.B.  sracJe . , . . ,  o ,  \ \ , r r iar . r . is ,  unpL;b i ishecl ; :1"  

.  secret ior r  s ìgnal  is  used
' j 

Lìlvcosylphcs;thatil.ryltnosltol. 
anti r, rr si.q6al r-t:;ecj.

&$ - fi $ m $.;ecf g$;i'*ersyfl a*!*n

ffi * $i n $qe:ed g$3r{q}sy$éBt i <pra

|., LJS

Í::::,]t'T,0., 
but the GtcrrlAc is rhe recJucing rerminal

li?i"f^::: jl'o,lir-s rha.r ihe,.',i:.riar;;;;;' ;',,- 
-;.lil,l

-,} f f f  
/Thr monr:saccha'ides is irei.r*:nd*ni on the cJeveropnrerrtal

{}-lin $<*,":, G f ei..dl4c
studies ùn the rr::r oinbin;lnt prespore_specific antigen(i-PsA), *:<prerseii cluri'g vegetative grCIwth, showed theaddician of sirigle Cilc*i,r\c ,*ri.l,r*. within a threonine-rich
domain (PT' ') j*s i5i"J. Ti ie same c,onrain, in authentic psA
isolateci frorn p'espcre cer!s (rerte creveropment) is furrhermodífied wirfr fr_rcosc rcsicJues ancl phosphate [52]. Theexact linkage irertrveen GrcN.rAc a'cr fucose remains to lre
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M.B. Slac je,  K.L.  V/r l l iarns ar  
\Lvvr !  u"u t -  JLr i  r t '  AA ( rooie/ ,  N.H.  Packei - ;

ce i ru lar ty  ( [ .  lLrnc , , " " ,  , r r , . * ] j . ) ' l ^  ,? ' tu ' tn '  
Lr r rpul ; i lshed wor k)  and GST expresseo r r i r r .a-

f wo difíerent constru.ls: se
.8. Stacje. K l v./rrir... .^.i,ìÎ1jt't 

(ió61 and E Jcrng, ',a'4 Gooiev, N.H. packei- fllî::t 
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rhrî a nunri:er of reducing termlnal
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.ce l lu lar l /  
( [ .  Jung,  unpr :b l rshe<l  , , , r r rk)
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epicrer*ral grcwth r*,., licrij:::::: wii*ln the !::rr;od .o"gul",rio,, il;;;ffi; [_;

:1i::?'_l,,1ot,loqi15 (rype 2: o-sry.oryr;;,il1#.;
leading to the aL, : , ,en, :e of  GlcNAc 

Ò' /LvJ/ 'qrrvrr '  us lecl
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sgcreted proteins)
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í \ i ' 'giyi '*sf i ; i i iq: ir  ís rìru.ì : . i7 high-'ra*nose in early develop-ment, changing to trimmecj glycoforms in laterdevelopment [40r' l-tre assembry of proteogrycans ís arsodiff'erent in lare clevelop-",rnsnt 1+í1.
In earfy developnrenr, pro.*rsing invalves removal ofgfucose residues iea*ing to severai crasses of high-nra"nnose'str-uctr ies i401. Ai:oi; t  r ,arf of these $tr lrctures are neutrarand e':'*"r'ogrycosida.se i'i-serisitive [a3.J. rn rut* g,^o*ci ,n*iearfy r"fevelopn"rent there ;s an incre.r* in *;fi; enclo_glycosidase H.res.

arso s u I p h **u,r *., 5 ;ffi::fi ,:Í dl rìT: "il ::rJ::rJoes nct conîain fucose',-r,rijuu, but is mocrifìect with sur-
f:.Ì** 

and phospliare groups [40,45,46]. Some of thesefrigh-rnannCIse strlrciur*s a-fso contain a peripher-ar Grcf{Acresiclue f$,471,

stege.
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Froducti*n ef glyc*grra'teins vrrith *'!{tyccte:lit.Jo!? d!'.te€ideurn

silbstltute for Gall.JAs in s*cneted and n-xÈllrr'i-aire-anchored

prcteins. Single Giei"iAc residues ar* aiss f*lrnr! sn the

maisr cell-surface giycoprotein of Tryprnascrna drazi

Y-strain, afthor-rgh 8{}úó aí the GlcNAc r*sidues arc' further

rnodified by galactose [53].

$-linked fueerse aa'td p*:osphenglyceisy8arèion

A well characterized protein expressecî in la.ts clevelop-

rnent is the spore coat Protein SP96, rrolrich is modifìed

with fucose and GlcNAc residues [41]. Recerrtly we have

determined trvo reducing terminal linl<ages on SP96. These

are O-Fuc and O-P-GlcNAc respectiveV (fE. l'lreyen, N.H.

Packer, A. Champion, A.A. Gooley, and l(.L. Wil l iams,

unpublished work). Eirect O-linkage of fucose to Serffhr

is known to occur in the epidermal gro"rrth fa.ctol'd'rrnalns

of several hunran blood proteins [54,55] and has been

described in CHO cel ls [56].
The other type of modification, called phcsphoglyco-

sylation, was fìrst identifìed in proteinases af l). discaideum,

present in vegetative cells [57*60], and tlre enzyme

responsible was recentiy identifìed [61]. FhosphoSlycosyla-

tion has yet to be described in higher er-rl<aryotes, although

phosphoserine-linked glycans (decoratecJ Man-P-Ser) are

found on a secreted protein from Leisfinronio mexicana

[62,ó3], and phosphothreonine-linked glycans (dr:corated

Xyl-P-Thr) are found on cell-sr.rrface glycoproteir"rs of f.

cruzi (P.A. Haynes, M.A.J. Fer.guscn and G.A.M. Cross,

unpublished work).

#ytoplasnr ie glye*sytx.ticln

The linkage of slngltr {ilcftlAc resiqfu*s tli} tìr'reiJilin* ana

serine is found on cytctplaqmic glycopr'r"rteins in nranrmals

l l l , l2].  We are currently investigating whether D. discoi-

deum has a cytc'pl;trmlc UDF-Glcf'-lAc:pr:lypeptide

giucosaminyltransferase in additicn lo tl-r* c:nc(s) for

secreted and cbll-sr"rrface proteins" 5r; far *rlly orre cytosolic

glycoprotein fronr D. discoideum has been identiíì*d (FPZ l)

and it is modified with fr"rcsse, galactose and xylose [6'd,65].
Although the reducing terrninal linkages have not yet been

cletermined, this exanrple inclicates the presence of various

glycosyltransferases rvithin the cytalol r:f D. rJi.lr:oidetrm.

#eep"aa:í à.$si$$?s

Orrly novr are we Lregirrrririg to tlnderst::lncj th* capabiIities

of different expression hosts with rcs;:*ct to N-glycosylx-

tioÍì, whereas O-glycosylation ren"lains a r'fiysteÌ-y. We

predict that in the n*xt 5 years rssearch in th* fi*lds of

S4lycobiology ancl recombinant prCItein expression will

provid* a library af expression syslerr]ri, whore orìe can

choose a system for the desired irrodificatians. With

re$pect to O-glycersyliition, D. discr:idÈuryl is an organisnr

where th* p':ssitiiliti*s of engineering

are exeeilent.
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