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ABSTRACT The O- l i nked ol i gosacchar i des of muci n- t ype gl ycopr ot ei ns cont ai n N- acet yl - D-
gal act osami ne ( GaI NAc) t hat i s not f ound i n N- l i nked gl ycopr ot ei ns . Because Hel i x por nat i a
l ect i n i nt er act s wi t h t er mi nal GaI NAc, we used t hi s l ect i n, bound t o par t i cl es of col l oi dal gol d,
t o l ocal i ze such sugar r esi dues i n subcel l ul ar compar t ment s of i nt est i nal gobl et cel l s . When
t hi n sect i ons of l ow t emper at ur e Lowi cr yl K4Membedded duodenumor col on wer e i ncubat ed
wi t h Hel i x pomat i a l ect i n- gol d compl exes, no l abel i ng coul d be det ect ed over t he ci st er nal
space of t he nucl ear envel ope and t he r ough endopl asmi c r et i cul um. A uni f or m l abel i ng was
obser ved over t he f i r st and sever al subsequent ci s Gol gi ci st er nae and over t he l ast ( duodenal
gobl et cel l s) or t he t wo l ast ( col oni c gobl et cel l s) t r ans Gol gi ci st er nae as wel l as f or mi ng and
mat ur e muci n dr opl et s . However , essent i al l y no l abel i ng was det ect ed over sever al ci st er nae
i n t he cent r al ( medi al ) r egi on of t he Gol gi appar at us . The r esul t s st r ongl y suggest t hat cor e O-
gl ycosyl at i on t akes pl ace i n ci s Gol gi ci st er nae but not i n t he r ough endopl asmi c r et i cul um.
The het er ogenous l abel i ng f or GaI NAc r esi dues i n t he Gol gi appar at us i s t aken as evi dence
t hat t er mi nat i on of cer t ai n O- ol i gosacchar i de chai ns by GaI NAc occur s i n t r ans Gol gi ci st er nae .

Gl ycopr ot ei ns can be cl assi f i ed accor di ng t o t he nat ur e of t he
l i nkage bet ween t he ol i gosacchar i de chai ns and t he pol ypep-
t i de. The t wo mai n f ami l i es ar e t hose havi ng ol i gosacchar i de
chai ns l i nked N- gl ycosi di cal l y f r om N- acet yl - D- gl ucosami ne
t o t he ami de ni t r ogen of aspar agi ne and t hose possessi ng
ol i gosacchar i de chai ns O- gl ycosi di cal l y l i nked f r om N- acet yl -
D- gal act osami ne ( GaI NAc) ' t o t he hydr oxyl gr oups of ser i ne
and/ or t hr eoni ne ( 22, 28, 35, 36, 72) . The bi osynt hesi s of N-
l i nked gl ycopr ot ei ns i s cur r ent l y consi der ed t o be a si ngl e
pat hway i nvol vi ng t he assembl y of a l i pi d l i nked ol i gosaccha-
r i de ( 1, 41, 42) , t he en bl oc t r ansf er of t he ol i gosacchar i de
f r om t he l i pi d car r i er t o t he nascent pept i de chai n ( 31, 32,
55) , t he pr ocessi ng of t he ol i gosacchar i de chai ns by gl ycosi -
dases ( 12, 18, 24, 27, 38, 63- 66) and t he addi t i on of t er mi nal
sugar s by gl ycosyl t r ansf er ases ( 5, 44, 57) . The est abl i shment
of t he car bohydr at e t o pr ot ei n l i nkage i n N- gl ycosyl at i on
seems t o be a cot r ansl at i onal pr ocess l ocat ed i n t he r ough
endopl asmi c r et i cul um and l at er st eps of t he assembl y ar e
t hought t o occur mai nl y i n t he Gol gi appar at us ( 2, 22, 28) .
Much l ess i nf or mat i on i s avai l abl e about t he assembl y of t he
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ol i gosacchar i de chai ns of O- l i nked gl ycopr ot ei ns and i t s t o-
pol ogy . The i ni t i al gl ycosyl at i on r eact i on i n t he synt hesi s of
O- l i nked gl ycopr ot ei ns i nvol ves t he di r ect t r ansf er of GaI NAc
f r omur i di ne di phosphat e ( UDP) - GaI NAc t o t he pol ypept i de
by a UDP- GaI NAc : pol ypept i de t r ansf er ase and does not
r equi r e ol i gosacchar i de pr eassembl y nor l i pi d i nt er medi at es
( 22, 23, 25, 36, 37, 58, 67) . Opi ni ons var y among i nvest i ga-
t or s, however , r egar di ng t he subcel l ul ar l ocal i zat i on of t he si t e
of t hi s i ni t i al gl ycosyl at i on r eact i on. Most f ound evi dence t hat
smoot h mi cr osomes wer e t he mai n submi cr osomal l oci f or
t he enzyme r esponsi bl e f or t he t r ansf er of GaI NAc t o t he
pol ypept i de and t o addi t i onal , mor e di st al , si t es of t he ol i go-
sacchar i de chai ns ( 19, 23, 30, 33, 34, 56) . Ki net i c st udi es ar e
consi st ent wi t h such a vi ew ( 71) . I n cont r ast , St r ous ( 62) , by
usi ng an i n vi t r o appr oach, has r epor t ed t hat t he i ni t i al O-
gl ycosyl at i on event occur s at t he r i bosomal l evel on nascent

' Abbr evi at i ons used i n t hi s paper : GaI NAc, N- acet yl - o- gal act osa-
mi ne ; PBS, 0 . 15 MNaCI - 0 . 01 Mphosphat e buf f er ; HPL- gol d, Hel i x
pomat i a l ect i n- gol d ; UDP, ur i di ne di phosphat e .
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pept i de chai ns, whi ch i mpl i es t hat t he r ough endopl asmi c

r et i cul um i s t he subcel l ul ar si t e of t hi s pr ocess .

Despi t e t he i nher ent pr obl ems i n appl yi ng subcel l ul ar f r ac-

t i onat i on met hods t o t i ssues r i ch i n mut i ns, t he evi dence

pr esent l y avai l abl e i ndi cat es t hat O- gl ycosyl at i on pr obabl y

occur s post t r ansl at i onal l y i n membr ane f r act i ons t hat coul d

cor r espond i n i nt act cel l s t o smoot h endopl asmi c r et i cul um

and/ or Gol gi appar at us . To f ur t her subst ant i at e such a not i on,

we appl i ed a newl y devel oped Cyt ochemi cal appr oach f or t he

l ocal i zat i on of sugar r esi dues wi t h l ect i ns on t hi n sect i ons of
i nt act cel l s by el ect r on mi cr oscopy ( 46, 48) t o i nt est i nal gobl et

cel l s whi ch synt hesi ze l ar ge amount s of 0- l i nked gl ycopr ot ei ns

( 7, 8, 61) , For t hi s pur pose t he l ect i n f r om t he snai l Hel i x
poi nat i a, whi ch i nt er act s speci f i cal l y wi t h t er mi nal ( nonr e-

duci ng) a- N- acet yl - D- gal act osami ne r esi dues ( 20, 21, 68) , was

bound t o par t i cl es of col l oi dal gol d and t he compl ex used t o

det er mi ne t he i nt r acel l ul ar compar t ment s t o whi ch t hi s l ect i n

bi nds. The obser ved l abel i ng pat t er n st r ongl y suggest ed t hat

t he Gol gi appar at us i s t he i ni t i al si t e wher e at t achment of
GaI NAc t o pr ot ei ns occur s . Fur t her mor e, t he obser ved di f f er -

ent i al l abel i ng pat t er n f or Ga1NAc wi t hi n t he Gol gi appar at us

pr ovi des f ur t her evi dence f or subcompar t ment al i zat i on of t hi s

or ganel l e.

MATERI ALS AND METHODS

Reagent s:

	

Hel i x pomat i a l ect i n was obt ai ned f r om Phar maci a Fi ne

Chemi cal s ( Uppsal a, Sweden) . N- acet yl - D- gal act osami ne, N- acet yl - o- gl ucosa-

mi ne and N- acet yl neur ami ni c aci d wer e f r om Si gma Chemi cal Co. ( St . Loui s,

MO) . Chl or oaur i c aci d ( HAuCI , x 2 H20) , ß- D- gal act ose, t . - f ucose, t r i sodi um

ci t r at e and pol yet hyl ene gl ycol ( 20, 000 mol wt ) wer e f r om Mer ck ( Dar mst adt ,

Feder al Republ i c of Ger many) . The Lowi cr yl K4Mki t came f r om Bal zer s

( Bal zer s, FL) .

Pr epar at i on of t he Ti ssues :

	

Ti ssue was t aken f r om 1- wk- ol d Whi t e

Leghor n chi cks and adul t mal e Wi st ar r at s . Pi eces f r om t he upper par t of t he

duodenum and di st al col on wer e f i xed by i mmer si on i n 1% gl ut ar al dehyde i n

0 . 15 MNaCI - 0 . 01 Mphosphat e buf f er ( PBS, pH7. 4) f or 2 h at r oom t emper -

at ur e. Af t er war ds, t he t i ssue pi eces wer e r i nsed sever al t i mes i n PBS. Fr ee

al dehyde gr oups wer e bl ocked by i ncubat i on i n 0 . 5 MNH, CI i n PBSf or I h at

r oom t emper at ur e . Embeddi ng at l ow t emper at ur e i n t he hydr ophi l i c r esi n

Lowi cr yl K4Mwas per f or med by st epwi se l ower i ng of t he t emper at ur e down

t o - 35° Cdur i ng et hanol dehydr at i on. I nf i l t r at i on wi t h t he r esi n and UV- l i ght

pol ymer i zat i on ( f or 24 h) was done at - 35° Cas pr evi ousl y descr i bed i n det ai l

( 6, 52) . UV- l i ght pol ymer i zat i on was cont i nued f or 48 h at r oom t emper at ur e.

Thi n sect i ons f r om Lowi cr yl K4Membedded t i ssue wer e mount ed on ni ckel

gr i ds havi ng a Par l odi on- car bon f i l m and st or ed at r oom t emper at ur e.

Pr epar at i on of Col l oi dal Gol d and H. pomat i a Let t i n- Gol d

( HPL- Gol d) Compl exes :

	

Par t i cl es of col l oi dal gol d wi t h a mean di am-

et er of 14 nmwer e pr epar ed by r educi ng a boi l i ng sol ut i on of aqueous t et r a-

chl or oaur i c aci d ( 0 . 01%; 100 ml ) wi t h t r i sodi umci t r at e ( 1%; 4 ml ) ( 14) . The

pH of t he sol was adj ust ed t o 7. 4 wi t h 0 . 2 NK2C03 . Det ai l s f or t he pr epar at i on

of t he HPL- gol d compl ex have been r epor t ed pr evi ousl y ( 47, 48, 50) . Br i ef l y,

325 pg H. pomat i a l ect i n wer e di ssol ved i n a smal l vol ume of di st i l l ed wat er

and 50 ml col l oi dal gol d was added. Af t er 1- 2 mi n, 1 ml 1 %aqueous

pol yet hyl ene gl ycol ( 20, 000 mol wt ) was added. Pur i f i cat i on and concent r at i on

of t hi s cr ude HPLgol d compl ex was done by ul t r acent r i f ugat i on at 60, 000 g

f or 45 mi n, whi ch r esul t ed i n t he f or mat i on of a dar k r ed sedi ment i n t he

bot t om of t he cent r i f uge t ube. The wat er cl ear super nat ant was car ef ul l y aspi -

r at ed and di scar ded, wher eas t he sedi ment ed HPLgol d compl exes wer e r esus-

pended i n PBS ( cont ai ni ng 0. 01%NaN3) and st or ed at 4° C.

Cyt ochemi cal St ai ni ng Pr ocedur e :

	

The i ncubat i on of t hi n sec-

t i ons at t ached t o t he ni ckel gr i ds was done accor di ng t o publ i shed pr ot ocol s

( 46, 48) . None of t he so- cal l ed et chi ng pr ocedur es was per f or medbef or e l abel i ng.

Ni ckel gr i ds wi t h t he at t ached t hi n sect i ons wer e f l oat ed on a dr op of PBSf or

5 mi n at r oom t emper at ur e and t hen t r ansf er r ed t o a dr op ( 10- 15 ul ) of HPL-

gol d compl ex . The HPL- gol d compl ex was used at concent r at i ons bet ween 3

t o 7 . 5 pg/ ml and t he i ncubat i on i n a moi st chamber l ast ed f or 30 mi n at r oom

t emper at ur e . Af t er t wo r i nses f or 2 mi n each wi t h PBSand a shor t r i nse wi t h

di st i l l ed wat er , sect i ons wer e dr i ed and count er st ai ned wi t h 2%aqueous ur anyl

acet at e ( 7 mi n) and Mi l l oni gs l ead acet at e ( 45 s) and exami ned.

Cyt ochemi cal Cont r ol s :

	

The speci f i ci t y of t he st ai ni ng was con-
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t r ol l ed by addi t i on of GaI NAc var yi ng f r om 3 t o 100 mM( f i nal concent r at i on)

t o t he HPLgol d compl ex 30 mi n bef or e i ncubat i on of t he t hi n sect i ons . Si nce

i t was obser ved t hat i n cer t ai n cel l s, HPL i nt er act s weakl y wi t h pol ymer i c N-

acet yl - D- gl ucosami ne ( 20) , t he HPL- gol d compl ex was pr ei ncubat ed wi t h 3-

100 mMN- acet yl - D- gl ucosami ne, and f ur t her sugar s such as N- acet yl neur a-
mi ni c aci d, D- gl ucose, a- met hyl - o- mannopyr anosi de, t . - f ucose and ß- o- gal ac-

t ose . Anot her t ype of cont r ol consi st ed i n t he i ncubat i on of t he sect i ons f i r st

wi t h an excess of nat i ve HPL ( 50 kg/ ml ) and second wi t h t he HPL- gol d

compl ex each f or 30 mi n.

RESULTS

When t hi n sect i ons f r om gl ut ar al dehyde- f i xed and l ow t em-

per at ur e Lowi cr yl K4Membedded duodenumandcol on wer e

i ncubat ed wi t h HPL- gol d compl exes an i nt ense l abel i ng wi t h

gol d par t i cl es appear ed over sever al subcel l ul ar st r uct ur es of
gobl et cel l s ( Fi g . 1) . Qual i t at i vel y t hi s l abel i ng pat t er n was

si mi l ar i n duodenumand col on . The l ow t emper at ur e embed-

di ng condi t i ons wi t h t he use of t he hydr ophi l i c r esi n Lowi cr yl

K4Mpr eser ved t he f i ne st r uct ur al det ai l s so t hat t he cel l ul ar

si t es of gol d- par t i cl e l abel i ng coul d be cl ear l y def i ned . The

l abel i ng over t he ci st er nal space of t he r ot i gh endopl asmi c

r et i cul um and nucl ear envel ope ( Fi gs. 1- 2 and 4- 10) ac-

FI GURE 1

	

These l ow power mi cr ogr aphs f r om Lowi cr yl K4Mt hi n

sect i ons of chi ck duodenumshow a par t of a gobl et cel l . A dense

l abel i ng wi t h HPL- gol d compl exes i s seen over Gol gi appar at us and

t he mut i n ( ast er i sks) i n t he api cal cel l r egi on ( A) . Thi s l abel i ng i s

abol i shed when a HPL- gol d pr ei ncubat i on wi t h 3 mMGaI NAc was

used f or i ncubat i on of t hi n sect i ons ( B) . Bar , 0. 1 um. ( A) x 1, 200;

( B) x 1, 400.



FI GURE 2

	

Lowi cr yl K4Mt hi n sect i on . Chi ck duodenal gobl et cel l

l abel ed wi t h HPL- gol d . The l umi nal space of t he r ough endopl asmi c

r et i cul um ( RER) i s f r ee of gol d par t i cl e l abel whi ch i s i n cont r ast t o

i nt ensel y l abel ed cyt opl asmi c r egi ons cont ai ni ng el ement s of t he

Gol gi appar at us and muci n dr opl et s ( MD) . Bar , 0 . 2 l am. x 5, 500 .

count ed f or 0 . 37% of t he l abel i ng i nt ensi t y est i mat ed over t he
l abel ed ci s Gol gi ci st er nae . Label i ng over t he nucl eus and
mi t ochondr i a cor r esponded t o 3 . 2% and 2 . 6%, r espect i vel y,
of t he ci s Gol gi l abel i ng i nt ensi t y . Over t he cyt opl asmi c mat r i x
bet ween t he pr of i l es of t he r ough endopl asmi c r et i cul um we
consi st ent l y obser ved a weak l abel i ng . I t coul d be abol i shed
i n t he cyt ochemi cal cont r ol s ( see Mat er i al s and Met hods
sect i on) whi ch was i n cont r ast t o t he l abel i ng over t he nucl ear
i nt er i or t hat r emai ned under such condi t i ons . Tr ansi t i onal
el ement s of t he r ough endopl asmi c r et i cul um j uxt aposed t o
t he ci s si de of t he Gol gi appar at us wer e not l abel ed . The Gol gi
appar at us of t he duodenal and col oni c gobl et cel l s exhi bi t ed
t he t ypi cal or gani zat i on ( 13, 39) . I t f or med a st ack of cur ved,
super i mposed ci st er nae; usual l y seven t o t en i n duodenal and
t en t o f our t een i n col oni c gobl et cel l s . The f i r st ci st er na at t he
ci s si de of t en appear ed i nt er r upt ed . Thi s st r uct ur e was i n-
t ensel y l abel ed wi t h gol d par t i cl es and t hi s hi gh degr ee of
l abel i ng cont i nued over t he succeedi ng Gol gi ci st er nae ( Fi gs.

3- 10) . Ther ef or e, i n duodenal gobl et cel l s about t hr ee t o f i ve
ci s Gol gi ci st er nae wer e heavi l y l abel ed . However , t he f ol l ow-
i ng t hr ee t o f our ci st er nae t owar ds t he t r ans si de of t he Gol gi
appar at us wer e not st ai ned or showed a degr ee of l abel i ng at

l east 15 t i mes l ower t han t he posi t i ve ci s- ci st er nae . A f ur t her
abr upt change occur r ed over t he l ast ci st er na at t he t r ans si de
of t he Gol gi appar at us . Thi s di l at ed ci st er na was agai n l abel ed
wi t h gol d par t i cl es al ong t he i nner membr ane aspect and over
t he l umen as f or mi ng and mat ur e muci n dr opl et s . I n cr oss-
sect i ons t hr ough t he Gol gi appar at us t he sl i ght l y di l at ed ex-
t r emi t i es of t he ci st er nae somet i mes wer e l abel ed t hr oughout
t he st ack ( Fi gs . 3Band 4) . Smal l vesi cl es at t he t r ans si de and
t he ext r emi t i es of t he Gol gi st ack whi ch r esembl ed coat ed
vesi cl es wer e usual l y not l abel ed ( Fi gs. 4- 6) . Pr i nci pal l y t he
same obser vat i ons wer e made f or col oni c gobl et cel l s . The
l abel i ng wi t h HPL- gol d compl exes st ar t ed abr upt l y and i n-
t ensel y over t he f i r st ci s Gol gi ci st er na and ext ended over t he
f ol l owi ng f our t o si x ci st er nae ( Fi gs . 7- 10) . Over t he next
t hr ee t o f i ve ci st er nae t owar d t he t r ans si de t he l abel i ng
decr eased abr upt l y and was al most compl et el y absent . The
l abel occur r ed agai n over one or t wo of t he most t r ans Gol gi
ci st er nae. For mi ng and mat ur e muci n dr opl et s wer e al so
l abel ed.

The obser ved l abel i ng pat t er n was not seen when t hi n
sect i ons wer e f i r st l abel ed wi t h t he nat i ve HPL f ol l owed by
t he HPL- gol d compl ex ( not shown) . The speci f i c i nhi bi t or y
sugar , GaI NAc, when added t o t he HPL- gol d compl ex i n a
concent r at i on of 3 mM and hi gher pr event ed t he l abel i ng
al most compl et el y ( Fi g. 1) . Al l t he ot her sugar s t est ed di d not
i mpai r t he st ai ni ng wi t h HPL- gol d compl exes ( not shown) .
Thi s obser vat i on was especi al l y i mpor t ant wi t h N- acet yl - D-
gl ucosami ne si nce i t has been shown t hat HPL i nt er act s i n
vi t r o wi t h t ei choi c aci ds ( 20) . However , i n t hese st udi es c-

l i nked N- acet yl - D- gl ucosami ne was f ound t o be a consi der abl y
poor er i nhi bi t or t han a- l i nked Ga1NAc and, i n addi t i on, had
t o be pr esent i n mul t i val ent f or m on a macr omol ecul e t o
br i ng about pr eci pi t at i on ( 21) .

DI SCUSSI ON

Muci ns synt hesi zed i n l ar ge amount s by i nt est i nal gobl et cel l s
cont ai n ol i gosacchar i de chai ns l i nked by a ser ( t hr ) - GaI NAc
bound t o t he pol ypept i de ( 7, 8, 61) . The ol i gosacchar i de
chai ns ar e het er ogeneous wi t h r espect t o sugar composi t i on
and mol ecul ar si ze and many of t hem expr ess bl ood gr oup
act i vi t i es A or H ( 8, 26, 61) . Such O- gl ycosi di cal l y l i nked
gl ycopr ot ei ns di f f er f r om t he ot her t ypes of gl ycopr ot ei ns by
t hei r cont ent of Ga1NAc r esi dues ei t her const ant l y pr esent as
t he l i nkage sugar t o t he pol ypept i de or i n addi t i on f ound at
t he nonr educi ng t er mi nus of bl ood gr oup A act i ve ol i gosac-
char i des. I n t he pr esent st udy t he subcel l ul ar di st r i but i on of
t er mi nal Ga1NAc r esi dues i n i nt est i nal gobl et cel l s was i nves-
t i gat ed usi ng t he H. pomat i a l ect i n- gol d compl ex . The ut i l i t y
of t hi s l ect i n as a pr obe f or t er mi nal Ga1NAc moi et i es i n
bi opol ymer s and cel l s has been not ed al r eady i n bi ochemi cal
and r ecent cyt ochemi cal st udi es ( 20, 21, 48, 53, 69, 70) and
was conf i r med i n t he pr esent i nvest i gat i on . An i mpor t ant
f eat ur e of t he l ect i n i s t hat i t does not show het er ogenei t y of
i t s sugar combi ni ng si t e and t hat t he si ze of t hi s si t e may not
be l ar ger t han t hat of an a- l i nked Ga1NAc r esi due ( 20) . Thi s
i s except i onal , si nce most l ect i ns have a combi ni ng si t e t hat
f i t s mor e compl ex st r uct ur es ( 16, 45) . Equal l y i mpor t ant i n
expl ai ni ng t he pr esent cyt ochemi cal f i ndi ngs i s t he f act t hat
t he H. pomat i a l ect i n i nt er act s not onl y wi t h Ga1NAc r esi dues
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FI GURE 3

	

Lowi cr yl K4Mser i al t hi n sect i ons of chi ck duodenal gobl et cel l s . Label i ng wi t h HPL- gol d compl exes r esul t s i n i nt ense
st ai ni ng over sever al ci s Gol gi ci st er nae, wher eas subsequent cent r al ci st er nae ar e not l abel ed ( A) or show gr eat l y di mi ni shed
l abel i ng ( 8) . The ser i al t hi n sect i ons show t hat t he l abel ed st r uct ur e at t he t r ans si de of t he Gol gi st ack ( ar r owheads) i s an el ongat ed
saccul ar el ement wi t h r egi onal enl ar gement s of i t s l umen and whi ch i s t her ef or e assumed t o r epr esent t he l ast t r ans Gol gi ci st er na .
Bar , 1 um. x 18, 000 .

l ocat ed at t he nonr educi ng t er mi nus of O- gl ycosi di cal l y l i nked
ol i gosacchar i des but al so wi t h a si ngl e such sugar r esi due
l i nked t o pr ot ei n ( 69) , a st r uct ur e char act er i st i c of t he i ni t i al
O- gl ycosyl at i on st ep . Concer ni ng t he t opol ogy of O- gl ycosyl -
at i on, t he t wo mai n obser vat i ons made i n t he pr esent i nves-
t i gat i on ar e t he absence of cyt ochemi cal l y det ect abl e t er mi nal
GaI NAc r esi dues i n t he l umi nal space of t he r ough endopl as-
mi c r et i cul um and t hei r pr esence i n t wo di scr et e r egi ons of
t he Gol gi appar at us . These cyt ochemi cal obser vat i ons seem
t o i ndi cat e t hat O- gl ycosyl at i on does not occur i n t he r ough
endopl asmi c r et i cul um. Absence of HPL- gol d l abel i ng over
t he r ough endopl asmi c r et i cul um was al so obser ved f or r at
l i ver , ki dney, and pancr eas, bot h i n exocr i ne and endocr i ne
cel l s ( unpubl i shed obser vat i ons) . The spar se l abel i ng over t he
cyt opl asmi c mat r i x coul d account f or t he pr esence of i ncom-
pl et el y ext r act ed UDP- GaI NAC, si nce t he synt hesi s of most
sugar nucl eot i des t akes pl ace i n t hi s cel l ul ar compar t ment ( 9) .
Thi s conf i r ms and ext ends bi ochemi cal st udi es suggest i ng
di f f er ent subcel l ul ar si t es f or O- and N- gl ycosyl at i on . Mea-
sur ement of N- acet yl gal act osami nyl : pol ypept i de t r ansf er ase
act i vi t y i n subcel l ul ar f r act i ons of hen ovi duct ( 23) , r at i nt es-
t i nal mucosa ( 33) , and devel opi ng r at br ai n ( 34) showed
pr esence of t hi s enzyme i n a smoot h membr ane f r act i on .
Anot her l i ne of evi dence i ndi cat i ng t hat O- gl ycosyl at i on t akes
pl ace i n smoot h membr ane f r act i ons comes f r omr ecent wor k
on vi r al gl ycopr ot ei n mat ur at i on ( 29, 40, 60) . I n mammar y
gl and expl ant s, cycl ohexi mi de t r eat ment i nhi bi t ed i mmedi -
at el y N- gl ycosyl at i on, pr esumabl y due t o l ack of nascent
pol ypept i de accept or s, wher eas O- gl ycosyl at i on cont i nued f or
30 mi n, a t i me per i od necessar y f or t he movement of possi bl e
accept or pol ypept i des f r om t he r ough endopl asmi c r et i cul um
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t o t he Gol gi appar at us ( 71) . The pr esent dat a poi nt cl ear l y t o
t he Gol gi appar at us as t he subcel l ul ar compar t ment wher e O-
gl ycosyl at i on event s f i r st occur . I t coul d not be deci ded
whet her t hi s gl ycosyl at i on t akes pl ace on gl ycopr ot ei ns or
gl ycol i pi ds ei t her r epr esent i ng membr ane const i t uent s or se-
cr et or y component s . The si gni f i cance of t he r egi onal di st r i -
but i on of t he cyt ochemi cal l y det ect abl e t er mi nal GaI NAc
r esi dues i n t he Gol gi appar at us i s not cl ear at pr esent . Among
sever al possi bl e expl anat i ons one coul d assume t hat al l di f f er -
ent O- gl ycosyl at i on st eps occur i n t he ci s Gol gi ci st er nae but
t he cyt ochemi cal appr oach used was not sensi t i ve enough t o
r esol ve t hem spat i al l y . Mat ur e O- gl ycopr ot ei ns t hen coul d
move i nt o t he l ast t r ans Gol gi ci st er na( e) vi a t he ext r emi t i es
of t he Gol gi st ack or coul d be t r anspor t ed at a di f f er ent r at e
f r om ci s t o t r ans Gol gi ci st er nae . These possi bi l i t i es as wel l as
t he cont r ar y assumpt i on of a backf l ow f r omt r ans t o ci s Gol gi
ci st er nae seem t o be a r at her unl i kel y . An expl anat i on t hat
appear s mor e l i kel y i s t hat t he l abel ed ci s Gol gi ci st er nae
r epr esent a compar t ment i n whi ch t he cor e O- gl ycosyl at i on
t akes pl ace and t he H. pomat i a l ect i n can r ecogni se and bi nd
t o such Ga1NAc r esi dues si t uat ed t empor ar i l y i n t er mi nal
posi t i ons . As soon as f ur t her gl ycosyl at i on st eps wi t h t he
addi t i on of gal act ose, N- acet yl - D- gl ucosami ne, f ucose, and
si al i c aci d occur , t he i ni t i al l y t er mi nal Ga1NAc r esi due of t he
cor e l i nkage becomes i nt er nal and i s not l onger r eact i ve wi t h
t he H. pomat i a l ect i n . I n t he case of ol i gosacchar i de chai ns
exhi bi t i ng bl ood gr oup A act i vi t y, t he chai ns ar e t er mi nat ed
by a f ur t her Ga1NAc r esi due, whose addi t i on i s cont r ol l ed by
bl ood gr oup A gene t hat codes f or t he bl ood gr oup A UDP-
GaI NAc : f ucose a 1- - * 2 gal a 1- - * 3- N- acet yl - D- gal act osami -
nyl t r ansf er ase . Such ol i gosacchar i de chai ns have been de-
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Lowi cr yl K4Mt hi n sect i ons . Rat duodenal gobl et cel l s . HPL- gol d l abel i ng . I n al l cases an i nt ense gol d par t i cl e
l abel i ng i s pr esent over sever al ci st er nae at t he ci s si de of t he Gol gi appar at us and over t he l ast t r ans Gol gi ci st er na ( ar r owheads)
t hat i s di l at ed . A f ew ci st er nae i n t he cent r al r egi on of t he st ack ar e unl abel ed ( Fi gs . 4 and 5) or show a l ow degr ee of l abel i ng
( Fi g . 6) . I n Fi g . 4 an exampl e i s gi ven f or t he di f f use l abel i ng over t he ext r emi t i es of a Gol gi appar at us . Smal l vesi cl es ( ar r ows) at
t he ext r emi t i es or t he t r ans si de of t he Gol gi appar at us appear not l abel ed . MD- mut i n dr opl et s . ( Fi g . 4) Bar , 1 gym. x 16, 000.
( Fi gs . 5 and 6) x 17, 000 .

t est ed i n r at i nt est i nal mut i ns ( 7, 8, 61) and wer e r eact i ve
wi t h H. pomat i a l est i n ( 8) . I t i s t empt i ng t o specul at e t hat t hi s
t er mi nal gl ycosyl at i on st ep t akes pl ace i n t he l ast t r ans Gol gi
ci st ema( e) of gobl et cel l s, al t hough i t must be st r essed t hat
f ur t her i nvest i gat i ons especi al l y on t he i mmunol ocal i zat i on
of t he t wo di f f er ent N- acet yl - D- gal act osami nyl t r ansf er ases ar e
needed t o suppor t such an hypot hesi s . Al t oget her t hi s woul d
i mpl y t hat ol i gosacchar i de chai n el ongat i on occur s sequen-
t i al l y and i n di f f er ent Gol gi appar at us r egi ons as t he gl ycopr o-
t ei ns move f r omt he ci s si de t owar d t he t r ans si de . Ther e ar e
bi ochemi cal dat a t hat t he synt hesi s of 0- l i nked ol i gosaccha-
r i des occur s by sequent i al gl ycosyl at i on and t hat t he sequence
of gl ycosyl at i on st eps i s di ct at ed by t he subst r at e speci f i ci t y of
t he gl ycosyl t r ansf er ase . The i nvest i gat i ons by Schacht er et al .

( 59) and Beyer et al . ( 4) have demonst r at ed t hat t he pr ef er r ed
or der of gl ycosyl at i on st eps af t er t he f or mat i on of t he ser /
( t hr ) - Ga1NAc l i nkage i s gal act ose, si al i c aci d, f ucose, and
GaI NAc i n t he case of bl ood gr oup A t ype ol i gosacchar i des .
Recent cyt ochemi cal i nvest i gat i ons i n f act have shown t hat
gal act ose r esi dues i n gobl et cel l s ( 49) and i n vi r al gl ycopr ot ei ns
t r anspor t ed i n cul t ur ed baby hamst er ki dney cel l s ( 17) f i r st
occur i n a f ew t r ans Gol gi ci st er nae . Thi s di st r i but i on of
gal act ose r esi dues pr i nci pal l y cor r esponds wi t h i mmunocy-
t ochemi cal l y l ocal i zed gal act osyl t r ansf er ase i n HeLa cel l s ( 51)
and i nt est i nal gobl et cel l s ( 54) . Fur t her mor e, f ucose r esi dues
as det ect ed wi t h Lot us t et r agonol obus l est i n- gol d compl exes
wer e f ound i n t r ans Gol gi ci st er nae of gobl et cel l s ( 49) . Dat a
about t he l ocal i zat i on of f ucosyl t r ansf er ases as wel l as si al yl -
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t r ansf er ases and si al i c aci d r esi dues ar e st i l l l acki ng but i t

seems t hat at l east i n some cel l t ypes si al i c aci d i s i ncor por at ed

i nt o gl ycopr ot ei ns at t he t r ans si de of t he Gol gi appar at us as

shown by aut or adi ogr aphy ( 3) . Thus, t he cur r ent hypot hesi s

t hat t he var i ous enzymes i nvol ved i n gl ycopr ot ei n bi osyn-

t hesi s have a sequent i al spat i al ar r angement i n t he Gol gí

appar at us i s suppor t ed by exper i ment al dat a ( 10, 11, 15, 43,

51) .
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FI GURES 7 and 8

	

Lowi cr yl K4Mt hi n

sect i ons . Rat col oni c gobl et cel l s . La-

bel wi t h HPL- gol d compl exes i s ab-

sent over t he l umi nal space of t he

r ough endopl asmi c r et i cul um and

t r ansi t i onal el ement s of t he r ough en-

dopl asmi c r et i cul um ( ar r owheads) .

Gol d par t i cl e l abel i s di st r i but ed over

ci s Gol gi ci st er nae and al most absent

over cent r al Gol gi ci st er nae . Di l at ed

ci st er nae at t he t r ans si de of t he Gol gi

appar at us and muci n dr opl et s ( MD)

i n di f f er ent st ages of f or mat i on ar e

l abel ed . ( Fi g . 7) Bar , 1 Am. x 11, 000 .

( Fi g . 8) x 17, 000 .

The pr esent st udy, as a f i r st at t empt t o el uci dat e cyt ochem-

i cal l y t he t opol ogy of O- gl ycosyl at i on, has shown t he i mpor -

t ance of t he Gol gi appar at us . Fur t her st udi es ar e ai med at a

bet t er under st andi ng of t he compar t ment al i zat i on of O- gl y-

cosyl at i on st eps i n t he Gol gi appar at us .
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