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ABSTRACT To st udy t he si t e of i ncor por at i on of si al i c aci d r esi dues i nt o gl ycopr ot ei ns i n

hepat ocyt es, we gave 40- g r at s and 15- g Swi ss al bi no mi ce a si ngl e i nt r avenous i nj ect i on of

[
3

H] N- acet yl mannosami ne ( 8 mCi ) and t hen sacr i f i ced t hem af t er 2 and 10 mi n . To t r ace t he

subsequent mi gr at i on of t he l abel ed gl ycopr ot ei ns, we i nj ect ed 40- g r at s wi t h 4 mCi of [ 3 H] N-

acet yl mannosami ne and sacr i f i ced t hem af t er 20 and 30 mi n, 1, 4, and 24 h, and 3 and 9 d .

Concur r ent bi ochemi cal exper i ment s wer e car r i ed out t o t est t he speci f i ci t y of i nj ect ed [ 3 H] N-

acet yl mannosami ne as a pr ecur sor f or si al i c aci d r esi dues of gl ycopr ot ei ns . I n r adi oaut ogr aphs

f r om r at s and mi ce sacr i f i ced 10 mi n af t er i nj ect i on, gr ai n count s showed t hat over 69%of t he

si l ver gr ai ns occur r ed over t he Gol gi r egi on . The maj or i t y of t hese gr ai ns wer e l ocal i zed over

t he t r ans f ace of t he Gol gi st ack, as wel l as over associ at ed secr et or y vesi cl es and possi bl y

GERL . I n r at s, t he pr opor t i on of gr ai ns over t he Gol gi r egi on decr eased wi t h t i me t o 37% at 1 h,

11% at 4 h, and 6% at 24 h . Meanwhi l e, t he pr opor t i on of gr ai ns over t he pl asma membr ane

i ncr eased f r om 4%at 10 mi n t o 29% at 1 h and over 55% at 4 and 24 h ; t wo- t hi r ds of t hese gr ai ns

l ay over t he si nusoi dal membr ane, and t he r emai nder wer e equal l y di vi ded over t he l at er al and

bi l e canal i cul ar membr anes . Many si l ver gr ai ns al so appear ed over l ysosomes at t he 4- and 24-

h t i me i nt er val s, account i ng f or 15- 17%of t he t ot al . At 3 and 9 d af t er i nj ect i on, l i ght mi cr oscope

r adi oaut ogr aphs r eveal ed a gr ai n di st r i but i on si mi l ar t o t hat seen at 24 h, wi t h a pr ogr essi ve

decr ease i n t he i nt ensi t y of l abel i ng such t hat by 9 d onl y a ver y l i ght r eact i on r emai ned .

Because our bi ochemi cal f i ndi ngs i ndi cat ed t hat [ 3 H] N- acet yl mannosami ne i s a f ai r l y speci f i c

pr ecur sor f or t he si al i c aci d r esi dues of gl ycopr ot ei ns ( and per haps gl ycol i pi ds) , t he i nt er pr e-

t at i on of t hese r esul t s i s t hat si al i c aci d i s i ncor por at ed i nt o t hese mol ecul es i n t he Gol gi

appar at us and t hat t he l at t er t hen mi gr at e t o secr et i on pr oduct s, t o t he pl asma membr ane, and

t o l ysosomes i n a pr ocess of cont i nuous r enewal . I t i s possi bl e t hat some of t he l abel seen i n

l ysosomes at l at er t i me i nt er val s may have been der i ved f r om t he pl asma membr ane or f r om

mat er i al ar i si ng out si de t he cel l s .

Dur i ng t he past sever al year s, r adi oaut ogr aphi c st udi es have

been car r i ed out i n our l abor at or y t o det er mi ne t he i nt r acel l ul ar

si t es at whi ch sugar r esi dues ar e added t o t he car bohydr at e si de
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chai ns of gl ycopr ot ei ns . These mol ecul es, al t hough di ver se i n

st r uct ur e, al ways consi st of a pol ypept i de chai n and one or

mor e car bohydr at e si de chai ns . I n t he case of si de chai ns l i nked



t o aspar agi ne r esi dues, t he cor e sugar s l ocat ed cl ose t o t he

pol ypept i de chai n, such as mannose, ar e seen t o be added i n

t he r ough endopl asmi c r et i cul um, wher eas mor e per i pher al

sugar s, such as gal act ose and f ucose, ar e added onl y af t er t he

newl y synt hesi zed gl ycopr ot ei n has mi gr at ed t o t he Gol gi

appar at us ( 7) .

Si al i c aci d r esi dues ar e common i n t he car bohydr at e si de

chai ns of secr et or y and membr ane gl ycopr ot ei ns ( 54, 94, 99) ,

as wel l as gl ycol i pi ds ( 53, 63, 92) . These si al i c aci d r esi dues

have been i mpl i cat ed i n a number of di ver se bi ol ogi cal f unc-

t i ons ( 53, 54, 88, 94) . I n l i ver , t he r ol e of si al i c aci d r esi dues i n

det er mi ni ng t he l i f e span of ci r cul at i ng bl ood cel l s and gl yco-

pr ot ei ns has been wel l document ed ( 1, 16) . Fur t her mor e, t he

hepat ocyt e pl asma membr ane r ecept or f or asi al ogl ycopr ot ems

i s i t sel f a si al ogl ycopr ot ei n whose own own si al i c aci d r esi dues

ar e essent i al f or i t s f unct i oni ng ( 97) .

Radi oaut ogr aphi c st udi es on t he si t e of i ncor por at i on of

si al i c aci d r esi dues i nt o gl ycopr ot ei ns have been hi nder ed by

t he f act t hat exogenousl y admi ni st er ed si al i c aci d does not

easi l y ent er i nt act cel l s ( 22, 27, 29, 43, 49) . Var i ous bi ochemi cal

st udi es, however , have shown t hat N- acet yl mannosami ne can

ser ve as a f ai r l y speci f i c pr ecur sor f or si al i c aci d r esi dues of

gl ycopr ot ei ns and gl ycol i pi ds ( 39, 43, 65, 81, 86, 87, 114) .

We have t her ef or e i nj ect ed [ 3H] N- acet yl mannosami ne i nt o

young r at s and mi ce, and exami ned r adi oaut ogr aphs of var i ous

t i ssues f r om ani mal s ki l l ed 2 or 10 mi n l at er . The subsequent

f at e of t he newl y l abel ed gl ycopr ot ei ns was i nvest i gat ed i n

r adi oaut ogr aphs of r at s ki l l ed 20 mi n t o 9 d af t er i nj ect i on . We

car r i ed out concur r ent bi ochemi cal st udi es t o det er mi ne t he

speci f i ci t y of i nj ect ed N- acet yl mannosami ne as a pr ecur sor f or

t he si al i c aci d r esi dues of gl ycopr ot ei n mol ecul es i n our exper -

i ment al ani mal s . The pr esent paper descr i bes our f i ndi ngs i n

t he hepat ocyt e . Some of t he r esul t s of t he pr esent st udy have

been publ i shed i n pr el i mi nar y f or m ( 7, 9, 60) .

MATERI ALS AND METHODS

Radi oaut ogr aphi c St udi es

Young ( 40 g) mal e Sher man r at s and Swi ss al bi no mi ce ( 15 g) , f ed ad l i b wer e

anest het i zed wi t h Nembut al and gi ven a si ngl e i nj ect i on, vi a t he ext er nal j ugul ar

vei n, of 8 mCi of [ ' H] N- acet yhnannosami ne ( New Engl and Nucl ear , Bost on,

Mass. ; spec act 2 . 2 Ci / mM) i n 0 . 2 ml sal i ne sol ut i on. Af t er 2 or 10 mi n, t he

ani mal s wer e ki l l ed by i nt r acar di ac per f usi on f or 15 mi n at r oom t emper at ur e

wi t h a sol ut i on of 2 . 5%gl ut ar al dehyde i n 0 . 05 MSor ensen' s buf f er , f ol l owi ng a

30- s pr ewash wi t h l act at ed Ri nger ' s sol ut i on . Ot her young mal e r at s ( 40 g) wer e

i nj ect ed as above wi t h 4 mCi of [ sH] N- acet yhnannosami ne and ki l l ed af t er 20

and 30 mi n, 1, 4, and 24 h, and 3 and 9 d .

Sampl es of l i ver wer e r emoved and i mmer sed i n t he above per f usi on f i xat i ve

sol ut i on f or 2 h at 4° C. The sampl es wer e t hen washed i n 0. 15 MSor ensen' s

buf f er , post f i xed i n 1%OsO4 i n 0 . 1 MSor ensen' s buf f er f or I hat 4° C, dehydr at ed

i n gr aded et hanol sol ut i ons, passed t hr ough pr opyl ene oxi de, and t hen embedded

i n Epon.

For l i ght mi cr oscope r adi oaut ogr aphy, 1- pi n sect i ons wer e st ai ned wi t h i r on-

hemat oxyl i n bef or e coat i ng wi t h Kodak NTB2 emul si on . Radi caut ogr aphs wer e

devel oped i n Kodak D- 170.

For el ect r on mi cr oscope r adi oaut ogr aphy, t hi n sect i ons wer e pl aced on cel -

l oi di n- coat ed gl ass sl i des and st ai ned wi t h ur anyl acet at e bef or e car bon coat i ng

and coat i ng wi t h 11f or d L- 4 emul si on. Radi oaut ogr aphs wer e devel oped i n Kodak

D- 19b ( 1 : 10) , and t he sect i ons pl aced on 300- mesh copper gr i ds and post st ai ned

wi t h l ead ci t r at e .

Anal ysi s of El ect r on

Mi cr oscope Radi oaut ogr aphs

Amodi f i cat i on of t he di r ect scor i ng met hod of eval uat i on was used as f ol l ows:

gr ai ns over hepat ocyt es wer e r ecor ded as bei ng over one of a sel ect ed l i st of

hepat ocyt e or ganel l es, i . e . Gol gi saccul es, secr et or y vesi cl es, l ysosomes, mi t ochon-

dr i a, bi l e canal i cul ar pl asma membr ane, l at er al pl asma membr ane, and si nusoi dal

pl asma membr ane . Any gr ai n whi ch was not l ocat ed over any of t he sel ect ed
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or ganel l es ( i . e . whose cent er was f ur t her away t han t he di amet er of t he gr ai n)

was l i st ed as bei ng over t he r emai nder of t he cel l . Gr ai ns l ocat ed over t he

si nusoi dal l umen or over si nusoi dal l i ni ng cel l s at a di st ance gr eat er t han t hei r

own di amet er f r oma hepat ocyt e sur f ace wer e not i ncl uded i n t he eval uat i on.

I ncubat i on of Li ver Ti ssue t o I dent i f y Lysosomes

and GERL El ement s

I n pr evi ous st udi es by Novi kof f and Novi kof f ( 7 l ) and by Hand and Ol i ver

( 42) , when t i ssues wer e i ncubat ed f or aci d phosphat ase act i vi t y usi ng cyt i di ne

monophosphat e ( CMP) as a subst r at e, bot h l ysosomes and GERL wer e f ound t o

r eact posi t i vel y . To r eveal t hese el ement s i n t he pr esent st udy, our l i ver t i ssue was

i ncubat ed i n t hesame f ashi on . Young ( 40g) r at s wer e anest het i zed wi t h Nembut al

and t hen r ecei ved an i nt r acar di ac per f usi on wi t h l act at ed Ri nger ' s sol ut i on f or 30

s, f ol l owed by f i xat i ve sol ut i on cont ai ni ng 2. 5%gl ut ar al dehyde i n 0 . 1 Msodi um

cacodyl at e buf f er ( pH 7. 3) and 0. 05% cal ci um chl or i de f or 15 mi n at r oom

t emper at ur e. Pi eces of l i ver wer e r emoved and i mmer sed i n t he same f i xat i ve f or

an addi t i onal 2 h at 4° C. For i ncubat i on, a modi f i cat i on of t he pr ocedur e of

Novi kof f ( 70) was car r i ed out as f ol l ows : The pi eces wer e washed f or sever al

hour s at 4° Ci n 0. 1 Msodi umcacodyl at e buf f er ( pH7. 4) cont ai ni ng 4%sucr ose

( CS buf f er ) , and t hen embedded i n agar ( 7%sol ut i on) . Thi ck 60- 75- pi n sect i ons

wer e pr epar ed usi ng a Sor val l TC- 2 t i ssue chopper ( DuPont I nst r ument s- Sor val l ,

DuPont Co. , Newt own, Conn. ) ; t hese wer e washed sever al t i mes i n col d CS

buf f er , r i nsed t wi ce i n 40 mM sodi um acet at e buf f er ( pH 5. 0) cont ai ni ng 5%

sucr ose, and t hen i ncubat ed wi t h agi t at i on f or 1 h at 37° C i n an i ncubat i on

medi umconsi st i ng of 4 mMCMP, sodi umsal t ( Si gma Chemi cal Co . , St . Loui s,

Mo. ) ; 40 mMsodi umacet at e buf f er ( pH5. 0) ; 4 mMl ead ci t r at e ( Supr apur , BDH

Chemi cal s Lt d. , Pool e, Engl and) ; 10 mMmanganese chl or i de; and 5% sucr ose .

Cont r ol sect i ons wer e i ncubat ed f or 1 h at 37° C i n a dupl i cat e medi umcont ai ni ng

no subst r at e. Af t er i ncubat i on t he sect i ons wer e washed sever al t i mes i n 40 mM

sodi umacet at e buf f er ( pH5. 0) cont ai ni ng 5%sucr ose, r i nsed sever al t i mes i n CS

buf f er , and post f i xed i n an aqueous sol ut i on of 1% OS04 and 1 . 5% pot assi um

f er r ocyani de f or 1 h at 4° C. Af t er Epon embeddi ng, sect i ons wer e cut and st ai ned

wi t h ur anyl acet at e and l ead ci t r at e.

Bi ochemi cal Anal ysi s of Radi oact i vi t y

Di st r i but i on i n Rat Li ver and Duodenumaf t er

I nj ect i on of [ 3H] N- Acet yl mannosami ne

Young r at s ( 40 g) wer e i nj ect ed, vi a t he ext er nal j ugul ar vei n, wi t h [ ' H] N-

acet yl mannosami ne. Af t er 10 mi n or 4 h t he r at s wer e per f used t hr ough t he l ef t

vent r i cl e f or 30 s wi t h l act at ed Ri nger ' s sol ut i on. Sampl es of l i ver and duodenum

wer e t hen r emoved and f r act i onat ed i nt o " smal l mol ecul ar , " l i pi d, and pr ot ei n

f r act i ons. Two di f f er ent met hods of f r act i onat i on wer e used . I n t wo ani mal s

( i nj ect ed wi t h 1 mCi of
[ a

H] N- acet yl mannosami ne, and ki l l ed at 10 mi n and 4 h) ,

each sampl e was homogeni zed i n 19 ml / g of 2 : 1 chl or of or m: met hanol ( C- M)

( 34) and cent r i f uged f or 20 mi n at 10, 000 r pmt o separ at e pr ot ei ns f r oml i pi ds

and smal l mol ecul es . The pel l et , cont ai ni ng t he pr ot ei ns, was washed i n 2 ml of

2: 1 C- Mand t he washi ng was added t o t he or i gi nal super nat e. The super nat e

was t hen par t i t i oned by t he met hod of Fol ch et al . ( 34) usi ng 0. 05%CaCI , . Thi s

r esul t ed i n an upper phase cont ai ni ng smal l mol ecul es ( and per haps gangl i osi des

[ 82] ) and a l ower phase cont ai ni ng l i pi ds . Al i quot s of t he upper and l ower phases

and of t he pel l et ( af t er di gest i on wi t h NCSt i ssue sol ubi l i zer ) wer e t hen count ed

f or r adi oact i vi t y usi ngaPackar d Tr i - Car b l i qui d sci nt i l l at i on spect r omet er ( Pack-

ar d I nst r ument Co . , I nc. , Downer s Gr ove, I l l . ) . The second met hod of f r act i on-

at i on was used on t i ssues of an ani mal i nj ect ed wi t h 2 mCi of [ ' H] N- acet yhnan-

nosami ne and ki l l ed 4 h l at er . Each sampl e was homogeni zed i n 5 ml / g of 0 . 25

Msucr ose at 4° C, and t hen an equal vol ume of 10% t r i chl or oacet i c aci d : 2%

phosphot ungst i c aci d ( TCA- PTA) was added ( 103) . Af t er 20 mi n, t he homogenat e

was cent r i f uged at 1, 000 g f or 10 mi n t o separ at e macr omol ecul es f r om smal l

mol ecul es. The pel l et , cont ai ni ng t he macr omol ecul es, was washed t wi ce i n 0. 5

ni l 5%: 1% TCA- PTA, and t hese washi ngs wer e added t o t he or i gi nal super nat e .

The pel l et was ext r act ed wi t h 2: 1 C- M t o separ at e l i pi ds f r om pr ot ei ns . To

separ at e any r emai ni ng smal l mol ecul es f r om t he l i pi ds, t he ext r act was par t i -

t i oned by t he met hod of Rol ch et al . ( 34) .

Al i quot s of t he TCA- PTAsuper nat e, Fol ch upper and l ower phases, and t he

pel l et ( af t er di gest i on) wer e count ed f or r adi oact i vi t y.

To det er mi ne t he pr opor t i on of l abel i n t he pr ot ei n f r act i ons associ at ed wi t h

Mac aci d r esi dues, we hydr ol yzed al i quot s of t he f i nal pel l et s f r omeach of t he

above exper i ment s, usi ng 0 . 1 NH2SO4 at 80' C f or 1 ht o sel ect i vel y r emove si al i c

aci d r esi dues f r omt he gl ycopr ot ei n mol ecul es ( 3, 58, 95, 106) . The suspensi on

was al l owed t o cool t o 4° Cand was cent r i f uged at 1, 000g. The pel l et was washed

t wi ce i n 0. 1 NHzSO, , and t he washi ngs wer e added t o t he or i gi nal super nat e.

Al i quot s of t he super nat e and t he pel l et ( af t er di gest i on) wer e t hen count ed f or

r adi oact i vi t y .



RESULTS

Li ght Mi cr oscope Radi oaut ogr aphi c St udi es

I n l i ver t i ssue f r om r at s and mi ce ki l l ed 2 and 10 mi n af t er

[ 3 H] N- acet yl mannosami ne i nj ect i on, t he hepat ocyt es exhi bi t ed

r eact i ons i n whi ch t he si l ver gr ai ns wer e l ocal i zed over t he bi l e

canal i cul ar r egi on ( cont ai ni ng t he Gol gi appar at us) ( Fi g. 1) .

No si gni f i cant r eact i on appear ed over t he si nusoi dal cel l sur -

f aces or over cel l s l i ni ng t he si nusoi ds ( i . e. , endot hel i al and

Kupf l ' er cel l s) . I n r at s ki l l ed 20 mi n af t er i nj ect i on t he r eact i ons

wer e si mi l ar l y l ocal i zed, but by 30 mi n af t er i nj ect i on some

r eact i on began t o appear over t he si nusoi dal cel l sur f aces ( Fi g .

2) . By 4 h, t he si nusoi dal sur f aces exhi bi t ed a subst ant i al

r eact i on ( Fi g . 3) , and at 24 h, l i nes of gr ai ns coul d al so be

di st i ngui shed over l at er al cel l sur f aces ( Fi g. 4) . By t hi s l at t er

t i me i nt er val , onl y l i ght r eact i ons r emai ned over t he bi l e can-

al i cul ar r egi ons . I n addi t i on, Kupf er cel l s l i ni ng some si nusoi ds

exhi bi t ed heavy r eact i ons over t hei r cyt opl asm. At 3 and 9 d

af t er i nj ect i on, l i ght mi cr oscope r adi oaut ogr aphs r eveal ed a

gr ai n di st r i but i on si mi l ar t o t hat seen at 24 h but wi t h a

pr ogr essi ve decr ease i n t he i nt ensi t y of l abel i ng such t hat by 9

d onl y a ver y l i ght r eact i on r emai ned.

El ect r on Mi cr oscope Mor phol ogi c and

Hi st ochemi cal St udi es

I n el ect r on mi cr ogr aphs of hepat ocyt es, Gol gi st acks wer e

most f r equent l y f ound i n t he cyt opl asm near t o bi l e canal i cul i

( Fi gs . 5 and 6) . When seen i n cr oss- sect i on, t hey exhi bi t ed a

def i ni t e pol ar i t y . At t he ci s f ace, whi ch usual l y f aced t he bi l e

canat l i cul as, t he saccul es wer e somewhat di l at ed and cont ai ned

l i popr ot ei n par t i cl es i n a l i ght l y st ai ned mat r i x ( Fi gs . 6- S) .

FI GURES 1- 4

	

Li ght mi cr oscope r adi oaut ogr aphs of Epon sect i ons of l i ver t i ssue f r om r at s i nj ect ed wi t h [ 3 H] N- acet yl mannosami ne.

St ai ned wi t h i r on hemat oxyl i n . x 1, 200 . Bar , 5 pi n .

FI GURE 1

	

10 mi n af t er i nj ect i on . Exposed 5 mo. The si l ver gr ai ns ar e seen t o be l ocal i zed over t he bi l e canal i cul ar ( Gol gi ) r egi on

of hepat ocyt es ( hor i zont al ar r ows) . No si gni f i cant r eact i on i s obser ved over t he r emai nder of t he cyt opl asm of t he hepat ocyt es,

over t hei r si nusoi dal sur f ace ( ver t i cal ar r ow) , over Kupf f er cel l s ( K) , or over endot hel i al cel l s . ( S, si nusoi d) .

FI GURE 2

	

30 mi n af t er i nj ect i on . Exposed 2 mo . Many gr ai ns r emai n over t he bi l e canal i cul ar r egi on of hepat ocyt es ( hor i zont al

ar r ow) , but by t hi s t i me, some gr ai ns al so appear over t he si nusoi dal sur f ace ( ver t i cal ar r ow) . ( S, si nusoi d) .

FI GURE 3 4 h af t er i nj ect i on . Exposed 2 mo . By t hi s t i me i nt er val many gr ai ns ar e seen over t he si nusoi dal sur f ace of t he

hepat ocyt es ( ver t i cal ar r ow) . Cl ust er s of si l ver gr ai ns al so r emai n over t he bi l e canal i cul ar r egi on of t he hepat ocyt es ( hor i zont al

ar r ow) . ( S, si nusoi d) .

FI GURE 4

	

24 h af t er i nj ect i on . Exposed 5 wk . Many si l ver gr ai ns ar e seen over si nusoi dal sur f aces of hepat ocyt es ( ver t i cal ar r ow) ,

and l i nes of r eact i on can al so be di st i ngui shed over t he l at er al sur f aces ( obl i que ar r ow) . Some gr ai ns r emai n l ocal i zed over t he bi l e

canal i cul ar r egi on ( hor i zont al ar r ow) . ( S, si nusoi d) .
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FI GURE 5

	

El ect r on mi cr oscope r adi oaut ogr aph of l i ver t i ssue f r om a r at sacr i f i ced 10 mi n af t er i nj ect i on of [ 3 H] N- acet yl manno-

sami ne . St ai ned wi t h ur anyl acet at e and l ead ci t r at e . Exposed 8 mo . Al l of t he si l ver gr ai ns i n t hi s phot ogr aph ar e l ocal i zed over t he

r egi on of a hepat ocyt e Gol gi appar at us ( G) . The l at t er exhi bi t s a ci s f ace ( c) and a t r ans f ace ( t ) . Some of t he gr ai ns l i e di r ect l y over

Gol gi saccul es, but ot her s ar e associ at ed wi t h secr et or y vesi cl es ( ar r ows) whi ch ar e f ound adj acent t o t he t r ans f ace of t he Gol gi

st ack . No r eact i on occur s over t he r emai nder of t he cyt opl asm, t he pl asma membr ane of t he bi l e canal i cul us ( BC) , t he l at er al

pl asma membr ane ( I m) , t he si nusoi dal pl asma membr ane ( sm) , or t he adj acent endot hel i al cel l s ( EC) . x 13, 000 . Bar , 1 pm.

Towar ds t he t r ans f ace of t he st ack t he saccul es became nar -

r ower and had a somewhat denser mat r i x . The ends of t hese

saccul es wer e expanded, cont ai ned many l i popr ot ei n gr anul es,

and appear ed t o be f or mi ng secr et or y vesi cl es ( Fi g. 8) . Secr e-

t or y vesi cl es wer e r out i nel y l ocat ed adj acent t o t he t r ans f ace

of t he Gol gi st ack.

I n sect i ons of l i ver t i ssue t hat had been i ncubat ed wi t h CMP

at pH5 t o det ect aci d phosphat ase act i vi t y, an i r r egul ar ci st er na

was of t en seen al ong t he t r ans f ace of t he Gol gi st ack ( Fi gs . 7

and 8) . Thi s ci st ema exhi bi t ed a heavy r eact i on and i s pr e-
sumed t o be par t of GERL as descr i bed i n t hi s si t e i n nor mal
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r at l i ver cel l s by Novi kof f and Yam( 72) . The di l at ed por t i ons

of t hi s ci st er na had t he same di mensi ons as secr et or y vesi cl es

and cont ai ned sever al l i ght ar eas t he si ze of l i popr ot ei n par t i -
cl es. Secr et or y vesi cl es i n t he Gol gi ar ea and t he Gol gi saccul es
t hemsel ves exhi bi t ed occasi onal l i ght deposi t s of r eact i on pr od-
uct ( Fi gs . 7 and 8) .

El ect r on Mi cr oscope Radi oaut ogr aphi c St udi es

El ect r on mi cr oscope r adi oaut ogr aphs of hepat ocyt es f r om
r at s and mi ce ki l l ed 10 mi n af t er [ 3HI N- acet yl mannosami ne



i nj ect i on r eveal ed t hat most si l ver gr ai ns wer e l ocal i zed over

t he Gol gi st acks and adj acent secr et or y vesi cl es ( Fi gs . 5 and 6) .

Gr ai n count s showed t hat ^ - 70% of t he t ot al gr ai ns occur r ed

over t hese st r uct ur es ( Tabl e I ) .

The di st r i but i on of si l ver gr ai ns over t he Gol gi st acks was

not uni f or m. Cl ose exami nat i on of gr ai ns occur r i ng over t r ans-

ver sel y sect i oned Gol gi st acks showed t hat a maj or i t y of t he

gr ai ns wer e associ at ed wi t h t he t r ans f ace of t he Gol gi st ack

and t he adj acent secr et or y vesi cl es ( Fi gs . 5 and 6) . Count s of

t hese gr ai ns i n t wo di f f er ent ani mal s showed t hat 63- 70%

occur r ed over t he t r ans f ace and adj acent secr et or y vesi cl es ; 9-

15%occur r ed over t he expansi ons of saccul es at t he ends of t he

Gol gi st acks ; 15%occur r ed over t he cent r al por t i ons of saccul es ;

and onl y 7%occur r ed over t he ci s f ace ( Tabl e I I ) .

I n r at s ki l l ed 1 h af t er [ 3 H] N- acet yhnannosami ne i nj ect i on,

some si l ver gr ai ns r emai ned over t he Gol gi st acks and adj acent

secr et or y vesi cl es, but now many gr ai ns appear ed over t he

pl asma membr ane ( Fi g. 9) . I n addi t i on, a si gni f i cant number

of gr ai ns wer e associ at ed wi t h secr et or y vesi cl es i n t he cyt o-

pl asm out si de of t he Gol gi r egi on, of t en j ust beneat h t he

si nusoi dal pl asma membr ane ( Fi g. 9, i nset ) . Count s showed

t hat ^ - 37% of t he t ot al gr ai ns r emai ned over t he Gol gi r egi on

at t he 1- h t i me i nt er val ; 19% wer e associ at ed wi t h secr et or y

vesi cl es el sewher e i n t he cyt opl asm, and - 29%wer e over t he

pl asma membr ane ( Tabl e I ) . I n t he l at t er gr oup, t he maj or i t y

of t he gr ai ns wer e over t he si nusoi dal por t i on of t he pl asma

membr ane, wher eas smal l er number s occur r ed over t he bi l e

canal i cul ar and l at er al por t i ons .

Radi oaut ogr aphs f r om r at s ki l l ed 4 h af t er i nj ect i on showed

t hat most of t he gr ai ns now occur r ed over t he pl asma mem-

br ane ( Fi gs . 10 and 11) . Gr ai n count s r eveal ed t hat over 15%

of t he l abel was now associ at ed wi t h l ysosomes ( Tabl e 1) .

I n r at s ki l l ed 24 h af t er i nj ect i on, t he gr ai n di st r i but i on was

si mi l ar t o t hat seen at 4 h, wi t h t he maj or i t y of gr ai ns occur r i ng

over t he pl asma membr ane ( Fi gs . 12 and 13, Tabl e I ) . At bot h

t he 4- and 24- h t i me i nt er val s an i ncr easi ng amount of r eact i on

was seen over t he l ysosomes of Kupf f er and endot hel i al cel l s

l i ni ng t he si nusoi ds ( Fi gs . 10, 12, and 13) .

Bi ochemi cal St udi es

When sampl es of l i ver and duodenal t i ssue f r om a r at ki l l ed

10 mi n af t er [ 3I I ] N- acet yl mannosami ne i nj ect i on wer e f r act i on-

at ed i nt o smal l mol ecul ar , l i pi d, and pr ot ei n f r act i ons, 72 . 0%

of t he l abel i n l i ver and 70 . 0% of t hat i n duodenum was

r ecover ed as smal l mol ecul es ( Fol ch upper phase) ( Tabl e I I I ) .

Label i n t he l i pi d f r act i on ( Fol ch l ower phase) amount ed t o

onl y 0 . 3% i n l i ver and 0 . 4%i n duodenum. Pr ot ei n mol ecul es

cont ai ned 27 . 7%of t he l abel i n l i ver and 29. 6%i n duodenum.

When r at s wer e ki l l ed 4 h af t er [ 3H] N- acet yl mannosami ne

i nj ect i on, and sampl es of l i ver and duodenal t i ssue wer e f r ac-

t i onat ed by t wo di f f er ent met hods i nt o smal l mol ecul ar , l i pi d,

and pr ot ei n f r act i ons ( see Mat er i al s and Met hods) , 98 . 0- 99 . 0%

of t he l abel i n l i ver and 90. 0- 99 . 8% i n t he duodenum was

r ecover ed i n t he pr ot ei n f r act i on ( Tabl e I I I ) . The l i pi d f r act i on

cont ai ned f r om 0 . 0 t o 0. 3%of t he l abel i n l i ver , and f r om 0. 2

t o 1 . 2%i n duodenum. The smal l mol ecul ar f r act i on cont ai ned

FI GURE 6

	

El ect r on mi cr oscope r adi oaut ogr aph of t he bi l e canal i cul ar r egi on of t wo hepat ocyt es f r om a r at sacr i f i ced 10 mi n af t er

i nj ect i on of [ 3 H] N- acet yl mannosami ne . St ai ned wi t h ur anyl acet at e and l ead ci t r at e. Exposed 8 mo . Two Gol gi st acks ( G) ar e

pr esent , each exhi bi t i ng a ci s f ace ( c) and a t r ans f ace ( t ) . I n each of t he Gol gi st acks, t he ci s f ace i s di r ect ed t owar d t he bi l e

canal i cul us ( BC) , whi l e t he t r ans f ace i s di r ect ed away f r om i t . Thi s was f ound t o be t he usual pat t er n i n t hese cel l s . Al l of t he si l ver

gr ai ns i n t hi s phot ogr aph ar e associ at ed wi t h t he Gol gi st acks . Some gr ai ns occur di r ect l y over Gol gi saccul es ( ver t i cal ar r ow) , but

most of t he gr ai ns ar e f ound over t he t r ans f ace wher e t hey ar e of t en associ at ed wi t h secr et or y vesi cl es ( obl i que ar r ows) . No

r eact i on occur s over t he pl asma membr ane of t he bi l e canal i cul us or t he l at er al pl asma membr ane ( I m) . ( p, per oxi some) . x 18, 400 .

Bar , 1 l am.
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Si al i c Aci d Resi dues i nt o Gl ycopr ot ei ns . 1



FI GURES 7 and 8

	

El ect r on macr ogr aphs of r at l i ver t i ssue i ncubat ed wi t h CMP at pH 5 f or 1 h t o det ect aci d phosphat ase act i vi t y .

Each f i gur e shows a Gol gi st ack ( G) whi ch exhi bi t s a ci s f ace ( wher e t he G i s l ocat ed) and an opposi ng t r ans f ace . Expanded

r egi ons of saccul es on t he ci s f ace cont ai n l i popr ot ei n par t i cl es ( I p) . At t he t r ans f ace of each Gol gi st ack, an el ongat ed i r r egul ar

ci st er na exhi bi t s a heavy r eact i on, and i s pr esumed t o be par t of GERL ( GE) . Smal l di l at i ons of t hi s ci st er na have a f uzzy coat i ng

and pr obabl y r epr esent coat ed vesi cl es ei t her l eavi ng or j oi ni ng t he GERL ( Fi g . 7 hor i zont al ar r ows) . Near t he t r ans f ace of t he

Gol gi st ack ar e secr et or y vesi cl es ( sg) whi ch cont ai n numer ous l i popr ot ei n par t i cl es . The secr et or y vesi cl e i n Fi g. 7 exhi bi t s no

r eact i on pr oduct , but some i s pr esent i n t he secr et or y vesi cl e i n Fi g . 8. Di l at i ons of Gol gi saccul es near t he t r ans f ace i n Fi g . 8

( obl , i cl ue ar r ows) pr esumabl y r epr esent f or mi ng secr et or y vesi cl es and al so exhi bi t some r eact i on pr oduct . The l ar ge di l at i ons of

GERL ( ver t i cal ar r ows) exhi bi t ci r cul ar l i ght ar eas t he si ze of l i popr ot ei n par t i cl es . Heavy r eact i on pr oduct occur s i n a l ysosome ( L)

i n Fi g . 7, and occasi onal l i ght deposi t s of r eact i on pr oduct occur i n t he Gol gi saccul es i n bot h f i gur es ( ar r owheads) . ( gl y, gl ycogen ;

I m, l at er al pl asma membr ane) . x 30, 000 ( Fi g . 7) , x 40, 000 ( Fi g. 8) . Bar , 0. 3 P. m.

onl y 1 . 0- 1 . 7%of t he l abel i n l i ver and 0. 0- 0 . 8%i n duodenum.

When al i quot s of t he f i nal pel l et s of t he above exper i ment s

wer e hydr ol yzed i n 0 . 1 N H2SO4 at 80° C f or 1 h t o sel ect i vel y

r emove si al i c aci d r esi dues f r om gl ycopr ot ei n mol ecul es, t he

hydr ol ysi s r el eased 95 . 3- 96 . 0%of t he l abel i n l i ver , and 91 . 3-

98 . 0%i n duodenum( Tabl e I V) .

DI SCUSSI ON

Sui t abi l i t y of [ 3 H] N- Acet yi mannosami ne as a

Pr ecur sor of Si al i c Aci d Resi dues of

Gl ycopr ot ei ns i n Radi oaut ogr aphs

I n t he bi ochemi cal i nvest i gat i ons of t he pr esent st udy, sam-

pl es of f r esh l i ver and duodenumf r om young r at s ki l l ed at 10

mi n and 4 h af t er [ 3H] N- acet yl mannosami ne i nj ect i on wer e

f r act i onat ed i nt o a smal l mol ecul ar f r act i on, a macr omol ecul ar

l i pi d f r act i on, and a macr omol ecul ar pr ot ei n f r act i on. I n al l

cases, t he macr omol ecul ar l abel was f ound t o occur ver y l ar gel y

i n t he pr ot ei n f r act i on and i nt er pr et ed t o be gl ycopr ot ei n i n

nat ur e ( Tabl e I I I ) .

The l i pi d f r act i on account ed f or onl y 0- 1 . 2%of t he l abel , a

f i ndi ng i n accor d wi t h t hat of Har ms and Reut t er ( 43) who

r epor t ed t hat af t er i nj ect i on of [ ` 4 C] N- acet yl mannosami ne i nt o

r at s, <5%of t he i ncor por at ed l abel i n l i ver was i n t he f or m of

gl ycohpi d . I t shoul d be not ed, however , t hat ext r act i on of

pr ot ei n pel l et s wi t h 2 : 1 CM, as car r i ed out i n t he pr esent st udy,

does not quant i t i vel y r emove al l ver y pol ar gangl i osi des f r om

t he pel l et ( 100) . Thus, some of t he l abel obser ved i n t he

6
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macr omol ecul ar pr ot ei n f r act i on may be caused by gangl i o-

si des . Si mi l ar l y, i n t he par t i t i oni ng met hod of Fol ch et al ( 34) ,

a por t i on of t he gangl i osi des pr esent may r emai n i n t he smal l

mol ecul ar Fol ch upper phase even when 0 . 05% ( 0 . 005 M)

CaC12 i s used ( 82) . Thus, some of t he l abel obser ved i n t he

smal l mol ecul ar f r act i on may al so be t he r esul t of gangl i osi des .

I n l i ver , t he r el at i ve amount of gangl i osi de pr esent i s l ow, as

i ndi cat ed by t he f or di ng of Benedet t i and Emmel ot ( 5) t hat at

l east 95% of t he si al i c aci d i n r at l i ver pl asma membr ane i s

pr ot ei n bound. Thi s i s not t he case i n al l t i ssues, however , and

i n such i nst ances a subst ant i al por t i on of t he i nj ect ed [ 3H] N-

acet y1mannosami ne l abel may be i ncor por at ed i nt o gl ycol i pi ds .

I n t he Epon- embedded t i ssue used f or r adi oaut ogr aphy, onl y

macr omol ecul ar l abel woul d be r et ai ned ; t hus many l abel ed

gangl i osi des i n t he smal l mol ecul ar f r act i on may be l ost . I n

addi t i on, some l i pi ds may be l ost i n t he or gani c sol vent s used

f or embeddi ng. Thus, i n r adi oaut ogr aphi c sect i ons of l i ver and

duodenum, most of t he l abel coul d be expect ed t o r esi de i n

gl ycopr ot ei ns .

When t he pr ot ei n f r act i ons f r om f r esh t i ssues i n t he pr esent

exper i ment s wer e hydr ol yzed i n 0. 1 N H2SO4 at 80° C f or 1 h,

over 95% of t he l abel was r el eased i n l i ver , wher eas 91- 98%

was r el eased i n duodenum. Thi s mi l d aci d hydr ol ysi s pr ocedur e

i s consi der ed t o cl eave speci f i cal l y si al i c aci d r esi dues f r om

gl ycopr ot ei ns ( 3, 58, 95, 106) . When r adi oact i vi t y was r el eased

f r om pr ot ei n f r act i ons under i dent i cal ci r cumst ances by var i ous

wor ker s and subsequent l y anal yzed by chr omat ogr aphy, at

l east 90% of t he r adi oact i vi t y was char act er i zed as si al i c aci d

( 24, 27, 48, 114) .



Fr omt he above r esul t s, i t may be concl uded t hat i n Epon-

embedded sect i ons i n l i ver and duodenal t i ssues used f or

r adi oaut ogr aphy, t he [
3
HI N- acet yl mannosami ne l abel i s at -

t ached t o si al i c aci d r esi dues, and, al t hough t hese may not

r esi de excl usi vel y i n gl ycopr ot ei ns, t he l at t er mol ecul es pr oba-

bl y account f or most of t he l abel . I n ot her t i ssues, especi al l y

t hose r i ch i n gangl i osi des, i t i s possi bl e t hat even i n r adi oau-

t ogr aphi c sect i ons a si gni f i cant por t i on of t he l abel may r esi de

i n gl ycol i pi ds .

Anal ysi s of El ect r on

Mi cr oscope Radi oaut ogr aphs

I n t he past , t he si mpl est met hod used f or eval uat i ng t he

r el at i ve cont ent of r adi oact i ve l abel amongst t he st r uct ur es seen

Gol gi

st acks Secr et or y

and adj a-

	

vesi cl es

TABLE I I

Di st r i but i on of Si l ver Gr ai ns Associ at ed wi t h Tr ansver sel y Sec-

t i oned Gol gi St acks i n Hepat ocyt es of Rat s Sacr i f i ced 10 mi n

af t er [ 3 H] N- Acet yl mannosami ne I nj ect i on

Ani mal

1 230 7 15 15 63

2 304 7 15 9 70

TABLE I

Di st r i but i on of Si l ver Gr ai ns over St r uct ur es i n Hepat ocyt es at Var i ous Ti me I nt er val s af t er ( 3 H] N- Acet yl mannosami ne I nj ect i on

Di st r i but i on of gr ai ns over or ganel l es, %

Pl asma membr ane

FI GURE 9

	

El ect r on mi cr oscope r adi oaut ogr aph of hepat ocyt es f r oma r at sacr i f i ced 1 h af t er i nj ect i on of [ 3 H] N- acet yl mannosami ne.

St ai ned wi t h ur anyl acet at e and l ead ci t r at e . Exposed 8 mo . One si l ver gr ai n l i es over t he edge of a secr et or y vesi cl e ( obl i que

ar r ow) adj acent t o t he t r ans f ace of a Gol gi st ack ( G) . Al l but one of t he r emai ni ng gr ai ns ar e f ound over ei t her t he pl asma

membr ane of t he bi l e canal i cul us ( BC) or t he si nusoi dal pl asma membr ane ( sm, hor i zont al ar r ows) . Some gr ai ns ar e associ at ed

wi t h secr et or y vesi cl es l ocat ed i n t he cyt opl asmj ust beneat h t he si nusoi dal membr ane ( i nset ) . ( I m, l at er al pl asma membr ane. ) x

9, 300. Bar , 1 pm. x 23, 000 ( i nset ) . Bar , 0. 3 t am.
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Si al i c Aci d Resi dues i nt o Gl ycopr ot ei ns . I

Ti me af t er i nj ect i on

Tot al gr ai ns

count ed

cent se-

cr et or y

vesi cl es

el sewher e

i n cyt o-

pl asm

Lyso-

somes

Bi l e can-

al i cul us Lat er al

Si nusoi -

dal

Mi t ochon-

dr i a

Remai n-

der of

cel l

10 mi n ( r at ) 1, 257 69 . 0 5 . 0 1 . 5 0. 7 1 . 2 2 . 0 10 . 0 10 . 6

10 mi n ( mouse) 512 72 . 0 3 . 1 0. 9 1 . 4 2 . 1 1 . 1 8 . 7 10 . 7

1 h ( r at ) 300 37 . 2 19 . 1 5. 6 7 . 2 3 . 9 17 . 7 4 . 1 5 . 2

4 h ( r at ) 1, 092 11 . 3 6 . 3 15. 4 6. 9 8. 2 40. 2 6 . 8 4 . 9

24 h ( r at ) 635 6 . 6 0 . 6 17 . 3 15 . 4 7. 2 41 . 4 6 . 3 5 . 0

Di st r i but i on of gr ai ns, %

Tr ans

Expan- f ace of

si ons of Gol gi

Cent r al saccul es st ack and

Tot al Ci s f ace por t i on of at ends of adj acent

gr ai ns of Gol gi Gol gi sac- Gol gi secr et or y

count ed st ack cul es st ack vesi cl es



FI GURES 10 and 11

	

El ect r on mi cr oscope r adi oaut ogr aphs of l i ver t i ssue f r om a r at sacr i f i ced 4 h af t er i nj ect i on of [ 3 H] N-
acet yl mannosami ne . St ai ned wi t h ur anyl acet at e and l ead ci t r at e . Exposed 8 mo .

FI GURE 10

	

Por t i ons of t wo hepat ocyt es ar e seen . These bor der on a si nusoi dal l umen ( l um) whi ch i s l i ned by endot hel i al cel l s
( EC) . I n t he hepat ocyt es, most of t he si l ver gr ai ns ar e associ at ed wi t h t he si nusoi dal pl asma membr ane ( sm) or l at er al pl asma
membr ane ( I m) . Some gr ai ns occur over l ysosomes ( L) . Si mi l ar l y, i n endot hel i al cel l s, some of t he si l ver gr ai ns ar e associ at ed wi t h
l ysosomes ( ar r ow) . x 19, 200 . Bar , 0 . 5 dam.

FI GURE 11

	

Por t i ons of t hr ee hepat ocyt es ar e seen, separ at ed by l at er al pl asma membr anes ( I m) and bi l e canal i cul i ( BC) . Most of

t he si l ver gr ai ns i n t he phot ogr aph ar e associ at ed wi t h t he pl asma membr ane of t he bi l e canal i cul i or wi t h t he l at er al pl asma
membr anes . Two gr ai ns occur over l ysosomes ( L) . A Gol gi st ack ( G) i s unl abel ed, x 17, 500 . Bar , 0 . 5 Ji m.
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FI GURES 12 and 13

	

El ect r on mi cr oscope r adi oaut ogr aphs of l i ver t i ssue f r om a r at sacr i f i ced 24 h af t er i nj ect i on of [ 3 H] N-

acet yl mannosami ne . St ai ned wi t h ur anyl acet at e and l ead ci t r at e . Exposed S mo .

FI GURE 12

	

A por t i on of a hepat ocyt e i s seen bor der i ng on a si nusoi dal l umen ( l um) whi ch i s l i ned by endot hel i al cel l s ( EC) . I n

t he hepat ocyt e, al l of t he si l ver gr ai ns ar e l ocal i zed over t he si nusoi dal pl asma membr ane ( sm) . I n t he endot hel i al cel l s t he gr ai ns

l i e over t he pl asma membr ane and l ysosomes . x 20, 000 . Bar , 0 . 5 pm.

FI GURE 13

	

A por t i on of a hepat ocyt e i s seen bor der i ng on a si nusoi dal l umen ( l um) whi ch i s l i ned by a Kupf f er cel l ( KC) . Most

of t he si l ver gr ai ns ar e l ocal i zed over t he numer ous l ysosomes ( L) of t he Kupf f er cel l . One gr ai n over l i es t he pl asma membr ane of

t he hepat ocyt e ( ar r ow) . x 14, 300. Bar , 0 . 5 gm.
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Si al i c Aci d Resi dues i nt o Gl ycopr ot ei ns . I



TABLE I I I

Di st r i but i on of Label i n Smal l Mol ecul ar , Li pi d, and Pr ot ei n Fr act i ons of Ti ssues f r om Rat s I nj ect ed wi t h ( 3H] N- Acet yl mannosami ne

Ti ssue

Li ver

Duodenum

Fr act i ons obt ai ned as descr i bed i n Mat er i al s and Met hods . Radi oact i vi t y i s expr essed as di si nt egr at i ons per mi nut e per gr am
homogeni zat i on . Ef f i ci ency was det er mi ned by channel s r at i o met hod .

* May cont ai n some gangl i osi des ( 82) .
$ May al so cont ai n some gangl i osi des ( 100) .

TABLE I V

Rel ease of Label f r om Pr ot ei n Fr act i ons* by Aci d Hydr ol ysi s

* Fr omani mal s sacr i f i ced 4 h af t er [ 3 H] N- acet yl mannosami ne i nj ect i on .

i n el ect r on mi cr oscope r adi oaut ogr aphs, has been t hat of di r ect
scor i ng, i . e. , t he st r uct ur e under l yi ng t he cent er of a si l ver gr ai n

i s consi der ed t o be t he r adi oact i ve sour ce of t hat gr ai n . An

obj ect i on t o t hi s met hod i s t hat a si l ver gr ai n obser ved i n t he

el ect r on mi cr oscope does not necessar i l y l i e di r ect l y over i t s

r adi oact i ve sour ce . I t has been shown exper i ment al l y t hat si l ver
gr ai ns can be devel oped at di st ances >2 Ji m f r om a known
t r i t i um sour ce ( 23) . I n at t empt s t o t ake i nt o consi der at i on t hi s
r el at i vel y poor r adi oaut ogr aphi c r esol ut i on i n t he eval uat i on
of el ect r on mi cr oscope r adi oaut ogr aphs, Nadl er ( 40) desi gned
an anal yt i cal met hod r equi r i ng t he dr awi ng of a r esol ut i on
boundar y ci r cl e ar ound ever y si l ver gr ai n i n phot ogr aphs of
r adi oaut ogr aphs t o encl ose wi t h some degr ee of pr obabi l i t y t he
expect ed sour ce of r adi oact i vi t y i n t he t i ssue t hat was r espon-
si bl e f or t hat gr ai n . When t wo or mor e st r uct ur es occur r ed
wi t hi n t he r esol ut i on boundar y ci r cl e of one si l ver gr ai n, t hat
gr ai n was consi der ed t o be shar ed, and t he met hod r equi r ed a
speci al anal ysi s t o det er mi ne what pr opor t i on of shar ed gr ai ns
shoul d be assi gned t o each of t he st r uct ur es i nvol ved . Fur t her ,
Bl acket t and Par r y ( 14, 15) desi gned an anal yt i cal met hod
usi ng t he known di st r i but i on of gr ai ns about a poi nt sour ce t o
const r uct a hypot het i cal di st r i but i on of si l ver gr ai ns over t he
r adi oaut ogr aphs bei ng anal yzed, assumi ng a cer t ai n amount of
act i vi t y i n t he var i ous st r uct ur es of t he r adi oaut ogr aphs . The
hypot het i cal gr ai n di st r i but i on was t hen compar ed wi t h t he
r eal di st r i but i on of gr ai ns, and t he act i vi t i es i n t he var i ous
st r uct ur es changed unt i l a st at i st i cal l y good f i t was obt ai ned .

A r ecent st udy by Nadl er ( 69) , however , has compar ed t he
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Addi t i on of Si al i c Aci d Resi dues t o

Gl ycopr ot ei ns i n t he Gol gi Regi on

wet wei ght of t i ssue bef or e

r esul t s obt ai ned by di r ect scor i ng wi t h t hose obt ai ned by t he
met hods of Nadl er and of Bl acket t and Par r y, bot h on hypo-
t het i cal composi t es and on a number of set s of exper i ment al
r adi oaut ogr aphs . I n al l cases, t he di r ect scor i ng met hod pr o-
vi ded r esul t s whi ch wer e not st at i st i cal l y di f f er ent f r om t hose
of t he l at t er t wo met hods . Nadl er concl udes f r omt hi s st udy
t hat t he di r ect scor i ng met hod i s t her ef or e accept abl e, especi al l y

i f i t can be shown t hat i n t he syst em under eval uat i on, f ewer
t han 50%of al l gr ai ns woul d be shar ed usi ng a 230- nor r adi us
r esol ut i on boundar y ci r cl e . I n t he pr esent i nvest i gat i on, pr el i m-
i nar y st udi es showed t hat t he per cent age of shar ed gr ai ns usi ng

a 230- nor r adi us r esol ut i on boundar y ci r cl e var i ed f r om 15 t o
25%dependi ng on t he t i me i nt er val st udi ed .

I n t he pr esent st udi es, t her ef or e, we have appl i ed a modi f i -

cat i on of t he di r ect scor i ng met hod as out l i ned i n Mat er i al s

and Met hods .

Bi ochemi cal st udi es have shown t hat t he N- acet yl gl ucosa-

mi ne and mannose cont ai ni ng cor e por t i on of aspar agi ne-
l i nked ol i gosacchar i de si de chai ns i s added t o gl ycopr ot ei ns by
way of a l i pi d i nt er medi at e dur i ng or soon af t er compl et i on of
synt hesi s of t he pol ypept i de on bound r i bosomes ( 75) . Thus,

r adi oaut ogr aphi c st udi es i n t hyr oi d f ol l i cul ar cel l s have i ndi -
cat ed t hat mannose i s i ncor por at ed i nt o gl ycopr ot ei ns i n t he

r ough endopl asmi c r et i cul um ( 112) . The per i pher al sugar s,

gal act ose and f ucose, on t he ot her hand, ar e added onl y af t er

t he gl ycopr ot ei n has mi gr at ed t o t he Gol gi appar at us ( 40, 112) .

Radi oaut ogr aphi c st udi es on a var i et y of ot her cel l t ypes have

al so shown t hat i ncor por at i on of gal act ose and f ucose occur s
i n t he Gol gi appar at us ( 7) . Compl i ment ar y evi dence has been
pr ovi ded by t he f i ndi ng of hi gh l evel s of gal act osyl t r ansf er ase
( 11, 33, 67, 89) and f ucosyl t r ansf er ase act i vi t y ( 68) i n t he Gol gi

f r act i ons of var i ous cel l t ypes.

I n t he case of si al i c aci d, no r adi oaut ogr aphi c evi dence

l ocal i zi ng t he i nt r acel l ul ar si t e of i ncor por at i on has been avai l -

abl e bef or e t he pr esent wor k . Bi ochemi cal evi dence suggest i ng
t hat t hi s sugar al so i s i ncor por at ed i n t he Gol gi appar at us has

been pr ovi ded by t he f or di ng of hi gh l evel s of si al yl t r ansf er ase

enzymes cat al yzi ng t he addi t i on of si al i c aci d r esi dues t o

gl ycopr ot ei ns ( 32, 38, 68, 89 [ and gl ycol i pi ds ( 31, 32, 85] ) i n
Gol gi f r act i ons of r at l i ver and ki dney cel l s . Suppor t i ng i m-

munochemi cal evi dence of Jami eson ( 56) has i ndi cat ed t hat

Ti me of sacr i f i ce Tr eat ment Tot al r adi oact i vi t y

Per cent age

Smal l * mol ec-

ul ar

of t ot al

Li pi d

r adi oact i vi t y

Pr ot ei n$

dpm/ g

10 mi n C- M 59, 350, 700 72 . 0 0. 3 27 . 7
4 h C- M 69, 777, 000 1 . 7 0. 3 98 . 0
4 h TCA- PTA 231, 313, 900 0 . 8 0. 0 99 . 2

10 mi n C- M 10, 525, 400 70. 0 0. 4 29 . 6
4 h C- M 19, 628, 000 8. 8 1 . 2 90 . 0
4 h TCA- PTA 221, 511, 200 0. 0 0 . 2 99 . 8

Per cent -

age of

r adi oac- Per cent -

t i vi t y r e- age of r a-

mai ni ng di oact i v-

i n pr o- i t y r e-

Tot al r adi o- t ei n l eased by

Ti ssue Tr eat me n t act i v i t y f r act i o n hy dr ol ysi s

dpm/ al i quot

Li ver C- M 698, 800 4. 0 96 . 0

TCA- PTA 345, 270 4. 7 95 . 3

Duodenum C- M 258, 370 2 . 0 98 . 0

TCA- PTA 328, 810 8. 7 91 . 3



t he Gol gi appar at us i s t he mai n si t e of addi t i on of si al i c aci d

r esi dues t o a l - aci d gl ycopr ot ei n . Si mi l ar l y, bi ochemi cal st udi es

by Baner j ee et al . ( 4) have shown t hat when [ 3H] gl ucosami ne

i s i nj ect ed i nt o r at s, t he i ncor por at i on of l abel i nt o t he si al i c

aci d r esi dues of ser um gl ycopr ot ei ns occur s onl y i n t he Gol gi

f r act i on of hepat ocyt es .

I n t he pr esent st udy, l i ght mi cr oscope r adi oaut ogr aphs of

hepat ocyt es of ani mal s ki l l ed 2 and 10 mi n af t er [ 3H] N- acet yl -

mannosami ne showed t hat t he l abel was l ocal i zed t o t he Gol gi

r egi on. The r eact i on obser ved at 2 mi n af t er i nj ect i on was t oo

l i ght t o per mi t el ect r on mi cr oscope anal ysi s, but i n ani mal s

ki l l ed 10 mi n af t er i nj ect i on, el ect r on mi cr oscope r adi oaut o-

gr aphs showed t hat near l y 70%of t he t ot al gr ai ns wer e l ocal i zed

over Gol gi st acks and adj acent secr et or y vesi cl es ( Fi g . 5 ; Tabl e

I ) , t hus est abl i shi ng t hat t he mai n si t e of addi t i on of si al i c aci d

r esi dues t o gl ycopr ot ei ns i n t hese cel l s i s t he Gol gi r egi on .

The pr esent r esul t s suggest , however , t hat t hi s addi t i on may

not occur homogeneousl y t hr oughout t he Gol gi st ack and may

not be l i mi t ed t o Gol gi saccul es ; i . e . count s of si l ver gr ai ns

occur r i ng over t r ansver sel y sect i oned Gol gi st acks showed t hat

63- 70%of t he t ot al gr ai ns wer e f ound over t he t r ans f ace and

adj acent secr et or y vesi cl es, wher eas t he expansi ons of saccul es

at t he ends of t he Gol gi st acks account ed f or 9- 15%, t he cent r al

por t i ons of saccul es f or 15%, and t he ci s f ace f or onl y 7%( Tabl e

I I ) . I n pr evi ous r adi oaut ogr aphi c st udi es wi t h [ 3 H] f ucose and

[ 3H] gal act ose, t he si l ver gr ai ns i n hepat ocyt es of r at s ki l l ed 2

and 10 mi n af t er i nj ect i on had been f ai r l y uni f or ml y di st r i but ed

over t he Gol gi st ack ( 6, 98) , a si t uat i on si mi l ar t o t hat seen i n

t hyr oi d f ol l i cul ar cel l s ( 40, 112) and i n var i ous ot her cel l t ypes

( 7, 60) .
I t i s possi bl e t hat t he pr ef er ent i al l ocal i zat i on of t he [

3H] N-

acet y1mannosami ne l abel over t he t r ans f ace of t he Gol gi st acks

and adj acent secr et or y vesi cl es i n t he pr esent st udy was caused

by a smal l amount of mi gr at i on of t he l abel ed gl ycopr ot ei ns

bet ween t he t i me of t hei r i ncor por at i on of t he l abel and t he

t i me of sacr i f i ce ; i . e . i n r adi oaut ogr aphs of l i ver Gol gi f r act i ons,

r eact i on was maxi mal over Gol gi ci st er nae at 2 mi n af t er

[ 3H] f ucose i nj ect i on, but maxi mal over t he net wor k of t ubul es

sur r oundi ng t he ci st er nae at 10 mi n af t er i nj ect i on ( 98) . Ex-

ami nat i on of l i ght mi cr oscope r adi oaut ogr aphs i n t he pr esent

st udy showed, however , t hat t he t ot al amount of macr omol ec-

ul ar l abel i n l i ver t i ssue i ncr eased unt i l 30 mi n af t er i nj ect i on,

i ndi cat i ng t hat new addi t i on of l abel ed si al i c aci d r esi dues t o

gl ycopr ot ei ns cont i nued at l east unt i l t hat t i me. Thi s f act ar gues

agai nst mi gr at i on as a cause f or t he pr ef er ent i al l ocal i zat i on of
[ 3H] N- acet yl mannosami ne l abel t o t he t r ans f ace of t he Gol gi
st ack at 10 mi n af t er i nj ect i on, si nce a mor e homogeneous
di st r i but i on woul d be expect ed because of new l abel ed r esi dues
st i l l bei ng added at t hat t i me . Thus, i t appear s l i kel y t hat t he
l ocal i zat i on seen i n t he pr esent st udi es r epr esent s t he si t e of
addi t i on of si al i c r esi dues t o gl ycopr ot ei n si de chai ns, and may

i ndi cat e t hat si al i c aci d r esi dues ar e added l at er t han f ucose

r esi dues i n hepat ocyt es .

Br et z et al . ( 20) have exami ned t he di st r i but i on of gal act o-

syl t r ansf er ase, si al yl t r ansf er ase and N- acet yl gl ucosami nyl -

t r ansf er ase act i vi t i es i n l i ght , medi um, and heavy Gol gi f r ac-

t i ons i sol at ed f r om l i ver s of et hanol - t r eat ed r at s, and no si g-
ni f i cant di st r i but i on di f f er ences bet ween t he enzymes coul d be
det ect ed . Al l t hr ee enzymes, however , exhi bi t ed gr eat er act i vi t y
i n t he l i ght and medi um f r act i ons ( enr i ched i n t r ans Gol gi

el ement s) . Si mi l ar l y, Hi no et al . ( 47) exami ned gal act osyl t r ans-
f er ase act i vi t y i n l i ver Gol gi subf r act i ons and r epor t ed t he
hi ghest act i vi t y i n a f r act i on bel i eved t o be enr i ched i n t r ans

Gol gi el ement s . Such st udi es used exogenous subst r at es, and

t her ef or e showed t he pot ent i al t r ansf er ase act i vi t y of t hese

enzymes at di f f er ent si t es . Thi s may not necessar i l y r epr esent

t he act ual act i vi t y i n vi vo, because t he l at t er may al so depend

on t he l evel s of endogenous accept or mol ecul es pr esent . Ot her

evi dence has al so i ndi cat ed t hat some sugar s may be added t o

gl ycopr ot ei ns at t he t r ans f ace, however , i . e . gal act ose, f ucose

and si al i c aci d r esi dues ar e appar ent l y added t o t he car bohy-

dr at e si de chai ns of i mmunogl obul i n Mmol ecul es i n a ver y

di st al compar t ment of t he Gol gi appar at us i n pl asma cel l s

( 102) , and f ucose may be added t o gl ycopr ot ei ns i n f r og bl adder

epi t hel i al cel l s i n t r ans Gol gi el ement s or GERL ( 78) . Fi nal l y,

Mer r i t t and Mor r e have r epor t ed a hi gh l evel of gal act osyl -

t r ansf er ase act i vi t y i n secr et or y vesi cl es f r om r at l i ver Gol gi

f r act i ons ( 64) .

The addi t i on of si al i c aci d r esi dues t o gl ycopr ot ei n si de

chai ns at t he t r ans f ace of t he Gol gi st ack i n hepat ocyt es al l ows

t he possi bi l i t y t hat some i ncor por at i on may t ake pl ace i n t he

GERL el ement whose pr esence at t hi s si t e i n nor mal adul t r at

hepat ocyt es has been demonst r at ed hi st ochemi cal l y by Novi -

kof f and Yam( 72) . I n t he pr esent st udy, sect i ons of l i ver t i ssue

wer e i ncubat ed t o det ect aci d phosphat ase act i vi t y t o det er mi ne

whet her a GERL el ement exi st ed i n t he hepat ocyt es of our

young ani mal s . Such an i ncubat i on r eveal ed, al ong t he t r ans

f ace of many hepat ocyt e Gol gi st acks, an i r r egul ar ci st er na

whi ch exhi bi t ed a heavy r eact i on f or aci d phosphat ase and

t her ef or e coul d be consi der ed t o be a GERL el ement ( Fi gs . 7

and 8) , t hus conf i r mi ng t he f i ndi ngs of Novi kof f and Yam. I n

our ani mal s, occasi onal deposi t s of r eact i on pr oduct wer e

obser ved over Gol gi saccul es and some secr et or y vesi cl es ( ar -

r owheads i n Fi gs . 7 and 8) . The pr esence of such deposi t s over

t he i nner most Gol gi saccul e and t he f or mi ng secr et or y vesi cl e

i n Fi g . 8 make i t di f f i cul t t o det er mi ne whet her t hese el ement s

ar e i ndeed par t of t he Gol gi st ack or whet her t hey r epr esent

GERL el ement s . The st udi es of Hand and Ol i ver i n r at l acr i mal

gl and aci nar cel l s ( 41, 42) have shown t hat t he i nner most

saccul e of t he Gol gi st ack f r equent l y exhi bi t s some aci d phos-

phat ase r eact i vi t y, and suggest t hat t hi s saccul e may be i n t he

pr ocess of conver si on t o a GERL el ement . I t i s possi bl e t hat

t he i nner most saccul e seen i n Fi g . 8 r epr esent s a si mi l ar si t ua-

t i on.

I n many secr et or y cel l t ypes, t he secr et i on gr anul es appear

t o be f or med f r omGERL el ement s r at her t han Gol gi saccul es
( 41, 42, 71) . I n hepat ocyt es, however , t her e i s consi der abl e

evi dence t hat secr et or y mat er i al s pass f r om t he r ough endo-

pl asmi c r et i cul um t hr ough saccul es of t he Gol gi appar at us t o

secr et or y vesi cl es whi ch t hen mi gr at e t o t he si nusoi dal cel l

sur f ace ( 10, 25, 35, 36, 84) , wher eas t her e i s no evi dence f or

secr et i on of mat er i al s f r om GERL ( 72) . As ment i oned above,

t he wor k of Hand and Ol i ver i n r at l acr i mal gl and ( 41) suggest s

t hat secr et or y mat er i al passes t hr ough t he Gol gi appar at us and

r eaches t he GERL by way of conver si on of t he i nner most

Gol gi saccul es i nt o GERL . I f such ci r cumst ances per t ai ned i n

t he pr esent st udy, t he secr et or y vesi cl e- l i ke el ement s of GERL

coul d al so be par t of t he secr et or y pat hway .

Ear l y Label i ng of St r uct ur es Out si de of t he

Gol gi Regi on

A f ew si l ver gr ai ns ( 4% of t ot al ) appear ed over var i ous
r egi ons of t he pl asma membr ane at 10 mi n af t er [ 3 H] N- acet yl -
mannosami ne i nj ect i on, r ai si ng t he possi bi l i t y t hat some si al i c

aci d r esi dues may have been added t o gl ycopr ot ei ns at t hi s si t e .
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Ther e i s evi dence f or t he pr esence of si al yt r ansf er ases, as wel l

as ot her gl ycosyl t r ansf er ases, at var i ous ani mal cel l sur f aces

( 18, 24, 26, 50, 73, 76, 77, 80, 93, 105, 109, 110) , al t hough some

of t hi s evi dence has been chal l enged ( 28, 48, 59, 76) . The st udy

of Munr o et al . ( 68) showed no si gni f i cant gl ycopr ot ei n or

gl ycol i pi d si al yl t r ansf er ase act i vi t i es i n t hei r l i ver pl asma mem-

br ane f r act i on . The r esul t s of t he pr esent st udy i ndi cat e t hat i n

hepat ocyt es, under physi ol ogi cal condi t i ons, no si gni f i cant

amount of si al i c aci d i s added at t he pl asma membr ane. A

smal l amount of addi t i on cannot be r ul ed out , but i t i s possi bl e

t hat much of t he l abel obser ved at t hi s si t e, even at t he 10- mi n

t i me i nt er val , may r epr esent gl ycopr ot ei ns whi ch have qui ckl y

mi gr at ed f r om t he Gol gi r egi on t o t he pl asma membr ane.

Fi nal l y, some gr ai ns ( 9%of t ot al ) appear ed over mi t ochon-

dr i a at 10 mi n af t er [ 3 H] N- acet yl mannosami ne i nj ect i on ( Tabl e

I ) . Thi s pr opor t i on di d not change si gni f i cant l y at l at er t i me

i nt er val s, suggest i ng an i ndependent handl i ng of t he l abel .

Bosmann and Hemswor t h ( 19) have r epor t ed i ncor por at i on of

monosacchar i des i nt o gl ycopr ot ei ns of i sol at ed mi t ochondr i a

and concl uded t hat t hese or ganel l es ar e capabl e of per f or mi ng

t hei r own gl ycopr ot ei n synt hesi s .

Mi gr at i on of Label ed Gl ycopr ot ei ns

MI GRATI ON TO SECRETI ON PRODUCTS:

	

As ment i oned

pr evi ousl y, t her e i s consi der abl e evi dence t hat secr et or y mat e-

r i al s pass f r om t he r ough endopl asmi c r et i cul um t hr ough sac-

cul es of t he Gol gi appar at us t o secr et or y vesi cl es whi ch t hen

mi gr at e t o t he si nusoi dal cel l sur f ace. Wi t h t he except i on of

al bumi n, al l of t he numer ous pl asma pr ot ei ns ar e gl ycopr ot ei ns,

and near l y al l cont ai n si al i c aci d ( 113) . Apar t f r om i mmuno-

gl obul i n, most of t hese pl asma pr ot ei ns ar e synt hesi zed i n

hepat ocyt es ( 94, 113) . I t i s l i kel y, t her ef or e, t hat a subst ant i al

por t i on of t he l abel obser ved i n t he Gol gi r egi on of hepat ocyt es

at 10 mi n af t er [ 3H] N- acet yl mannosami ne i nj ect i on i n t he

pr esent st udy had been i ncor por at ed i nt o secr et or y gl ycopr o-

t ei ns . Thi s possi bi l i t y i s suppor t ed by t he obser vat i on t hat

many of t he gr ai ns wer e l ocat ed over secr et or y vesi cl es . At 1 h

af t er i nj ect i on, a si gni f i cant number of gr ai ns appear ed over

secr et or y vesi cl es l ocat ed i n t he cyt opl asmout si de of t he Gol gi

r egi on, especi al l y i n t hat r egi on j ust beneat h t he si nusoi dal

pl asma membr ane ( Fi g . 9 ; i nset ) . Wi t h t he r el ease of l abel ed

secr et or y gl ycopr ot ei ns i nt o t he bl ood, t he l abel woul d be l ost

f r om our syst em i n t er ms of r adi oaut ogr aphi c anal ysi s, par t i c-

ul ar l y si nce t he 30- s pr ewash wi t h l act at ed Ri nger ' s sol ut i on

bef or e per f usi on f i xat i on woul d have r emoved vi r t ual l y al l of

t he bl ood f r om t he ci r cul at or y syst em. However , i n cer t ai n

si t es, such as smal l vei ns i n t he l ungs, pocket s of i nt ense

l abel i ng coul d be obser ved over t he l umen, per haps r epr esent -

i ng t r apped l abel ed bl ood pl asma pr ot ei ns ( see f ol l owi ng pa-

per ) . The t ur nover of var i ous pl asma pr ot ei ns has been st udi ed,

and hal f l i ves wer e f ound t o r ange f r om2 t o 12 d ( 113) .

MI GRATI ON TO THE PLASMA MEMBRANE:

	

Wi t h t i me, a

l ar ge pr opor t i on of t he l abel appear ed over var i ous r egi ons of

t he hepat ocyt e pl asma membr ane ( Tabl e I ) . Thi s mi gr at i on

was si mi l ar t o t hat obser ved af t er [ 3 H] f ucose i nj ect i on i n r at

hepat ocyt es ( 8, 98) , as wel l as i n a var i et y of ot her cel l t ypes

( 8) .

Because t he hepat ocyt e pl asma membr ane has been shown

t o cont ai n gl ycopr ot ei ns, bot h by hi st ochemi cal ( 83) and by

bi ochemi cal met hods ( 54, 97) , i t i s l i kel y t hat t he l abel seen at

t hi s si t e r epr esent s membr ane gl ycopr ot ei ns . I n r ecent year s,

many st udi es have pr ovi ded evi dence t hat membr ane gl yco-

pr ot ei ns dest i ned f or t he pl asma membr ane ar e synt hesi zed on
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r i bosomes whi ch become bound t o t he endopl asmi c r et i cul um,

af t er whi ch t he gl ycopr ot ei ns t r avel wi t hi n t he membr anous

wal l s of t he r ough endopl asmi c r et i cul um ci st er nae, Gol gi

el ement s, and vesi cl es or secr et i on gr anul es t o r each t he pl asma

membr ane ( 2, 17, 30, 55, 61, 62, 66, 74, 111) . I t i s al so possi bl e

t hat some of t he pl asma membr ane l abel may r epr esent mem-

br ane gl ycol i pi ds, whi ch ar e known t o be pr esent i n l i ver

pl asma membr anes ( 101) .

The i nt ensi t y of r eact i on over t he pl asma membr ane of

hepat ocyt es r eached i t s peak at 4 h af t er [ 3H] N- acet yl manno-

sami ne i nj ect i on ( Fi g . 3) , mai nt ai ned t hi s l evel of i nt ensi t y

unt i l 24 h af t er i nj ect i on ( Fi g . 4) , and t hen decr eased gr adual l y

such t hat by 9 d af t er i nj ect i on onl y a ver y l i ght r eact i on

r emai ned . These r esul t s ar e i n accor d wi t h f i ndi ngs by Har ms

and Reut t er ( 43) t hat when [ 1 " C] N- acet yl mannosami ne was

i nj ect ed i nt o 150- 200- g r at s, l abel i n l i ver pl asma membr ane-

bound si al i c aci d had a hal f - l i f e of - 24 h .

At t he 4- h t i me i nt er val , when t he pr opor t i on of t ot al pl asma

membr ane r eact i on associ at ed wi t h each r egi on i s consi der ed,

t he si nusoi dal membr ane account ed f or 72. 5% of t he gr ai ns,

t he l at er al membr ane f or 15%, and t he bi l e canal i cul ar mem-

br ane f or 12 . 5%. Thi s may be compar ed wi t h t he r el at i ve

sur f ace ar ea of t hese r egi ons as cal cul at ed i n hepat ocyt es f r om

8- t o 9- wk- ol d r at s by Wei bel et al . ( 108) ; t hus t he si nusoi dal

membr ane was f ound t o account f or 37% of t he t ot al sur f ace

ar ea, t he l at er al membr ane f or 50° 10, and t he bi l e canal i cul ar

membr ane f or 13%. I f t he same r el at i ve ar eas occur i n our

young r at s, t hen i t woul d appear t hat t he si nusoi dal membr ane,

and t o a l esser ext ent t he bi l e canal i cul ar membr ane, have

mor e l abel per uni t ar ea t han t he l at er al membr ane . I t shoul d

be not ed, however , t hat t he met hod of measur ement empl oyed

i n t he above st udy di d not account f or sur f ace enl ar gement by

f or mat i on of mi cr ovi l l i i n t he case of bi l e canal i cul ar and

si nusoi dal membr anes .

The pr eci se mechani smby whi ch membr ane gl ycopr ot ei ns

t r avel f r om t he Gol gi appar at us t o t he pl asma membr ane

r emai ns unset t l ed . I n t he case of gl ycopr ot ei ns mi gr at i ng t o t he

si nusoi dal pl asma membr ane, i t i s l i kel y t hat t hey t r avel i n t he

membr anous wal l of secr et or y vesi cl es . When, i n t he pr ocess of

exocyt osi s, t he wal l s of t he vesi cl es f use wi t h t he pl asma

membr ane t o r el ease t hei r secr et or y cont ent s, t he l abel ed gl y-

copr ot ei ns woul d r each t he si nusoi dal pl asma membr ane ei t her

by conver si on of secr et or y vesi cl e membr ane t o pl asma mem-

br ane, or by l at er al di f f usi on of t he membr ane gl ycopr ot ei ns

out of t he vesi cl e membr ane i nt o t he pl asma membr ane dur i ng

t he per i od of t hei r cont i nui t y ( 7, 12) . Label i n t he l at er al pl asma

membr ane may r epr esent l abel ed membr ane gl ycopr ot ei ns t hat

have mi gr at ed, by means of l at er al di f f usi on, f r om t he si nus-

oi dal pl asma membr ane . Label i n t he pl asma membr ane of t he

bi l e canal i cul us i s l ess l i kel y t o be account ed f or by t hi s

mechani sm, however , because a t i ght j unct i on al ways exi st s

bet ween t he l at er al pl asma membr ane and t he pl asma mem-

br ane of t he bi l e canal i cul us, and t he wor k of Pi sam and

Ri poche ( 79) has suggest ed t hat membr ane gl ycopr ot ei ns wi l l

not di f f use t hr ough a t i ght j unct i onal ar ea. The var i ous con-

st i t uent s of bi l e pass f r om t he hepat ocyt e i nt o t he bi l e canal i -

cul us, but t he mechani smby whi ch t hi s pr ocess i s accompl i shed

i s not known. A r ecent st udy by Jones et al . ( 57) has pr ovi ded

some evi dence t hat t he Gol gi appar at us may be i nvol ved . I n

addi t i on, t he bi l e cont ai ns smal l amount s of gl ycopr ot ei n mol -

ecul es ( i . e . al kal i ne phosphat ase, phosphodi est er ase and 5' -

nucl eot i dase) , and i t has been suggest ed t hat t hese ar i se by

sheddi ng of f ' of t he bi l e canal i cul ar membr ane under t he



i nf l uence of bi l e sal t s ( 13) . The means by whi ch membr ane

gl ycopr ot ei ns woul d r each t he bi l e canal i cul ar pl asma mem-

br ane r emai ns uncl ar i f i ed, however .

MI GRATI ON TOLYSOSOMES:

	

At l at er t i me i nt er val s, af t er

[ 3 H] N- acet yl mannosami ne i nj ect i on, a consi der abl e amount of

r eact i on appear ed over l ysosomes ( i . e. , over 17%of t he t ot al

gr ai n count at 24 h, Tabl e I ) . These r esul t s wer e si mi l ar t o

t hose obser ved af t er [ 3H] f ucose i nj ect i on, i n whi ch hepat ocyt e

l ysosomes wer e f ound t o i ncor por at e consi der abl e l abel ( 6) .

The l abel i n l ysosomes i n t he pr esent st udy coul d r epr esent

l abel ed hydr ol yt i c enzymes, many of whi ch have been shown

t o be gl ycopr ot ei ns ( 37) or coul d r epr esent const i t uent s of t he

l ysosomal l i mi t i ng membr anes whi ch have been shown t o

cont ai n membr ane gl ycopr ot ei ns ( 44, 91) and gl ycol i pi ds ( 45) .

Wor k of Tsuj i et al . ( 104) has i mpl i cat ed t he r at l i ver Gol gi

appar at us i n t he f or mat i on of l ysosomal iP- gl ucur oni dase, al -

t hough ot her evi dence f r om t he same gr oup suggest s t hat no

si gni f i cant amount of si al i c aci d i s added t o t he enzyme at t hi s

si t e ( 46) .

Novi kof f and col l eagues have cl ai med t hat , i n many cel l

t ypes, l ysosomes der i ve f r omGERL ( 71) . As ment i oned above,

i t i s possi bl e t hat some l abel obser ved i n t he Gol gi r egi on at

ear l y t i me i nt er val s may have been associ at ed wi t h GERL.

I t shoul d be not ed t hat some l ysosomes i n t he pr esent st udy

wer e l abel ed at ear l y t i me i nt er val s af t er [ 3H] N- acet yl manno-

sami ne i nj ect i on ( Tabl e I ) , but t he most i nt ense r eact i on was

obser ved at 4 and 24 h af t er i nj ect i on ( Fi gs . 10 and 11) . Thus,

wher eas some or al l of t he l abel obser ved i n l ysosomes may

have mi gr at ed t o t hi s si t e f r omt he Gol gi appar at us, i t i s equal l y

possi bl e t hat some of t he l abel , especi al l y t hat obser ved at l at er

t i me i nt er val s, may have been der i ved f r om t he pl asma mem-

br ane or even f r om mat er i al ar i si ng out si de of t he cel l s . Hub-

bar d and co- wor ker s have shown, f or exampl e, t hat
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al ogl ycopr ot ei ns i n t he bl ood, havi ng been boundt o hepat ocyt e

pl asma membr ane r ecept or s, ar e i nt er nal i zed and mi gr at e t o

l ysosomes wher e t hey ar e degr aded ( 51, 52) . Al t hough such

mol ecul es woul d have t o have some exposed gal act ose r esi dues

i n or der t o be bound t o t he hepat ocyt e r ecept or , t hey coul d

r et ai n si al i c aci d r esi dues at ot her l ocat i ons i n t hei r car bohy-

dr at e moi et i es and t hus coul d account f or l ysosomal l abel i ng

i n t he pr esent st udy . I n addi t i on, ot her mechani sms may exi st

wher eby [ 3H] si al i c aci d- l abel ed gl ycopr ot ei ns f r om t he bl ood

coul d gai n access t o t he hepat i c l ysosomal compar t ment .

Appear ance of Label i n Si nusoi dal Li ni ng Cel l s

At t he 4- and 24- h t i me i nt er val s af t er [ 3H] N- acet yhnanno-

sami ne i nj ect i on, subst ant i al r eact i on appear ed over cel l s l i ni ng

t he hepat i c si nusoi ds ( i . e. endot hel i al cel l s and Kupf f er cel l s)

wher e i t was most l y associ at ed wi t h l ysosomes ( Fi gs . 10, 12,

and 13) . These cel l s di d not i ncor por at e l abel at ear l y t i me

i nt er val s and t her ef or e pr esumabl y di d not t hemsel ves synt he-

si ze t he l abel ed gl ycopr ot ei ns r esponsi bl e f or t he r eact i on ob-

ser ved at l at er t i me i nt er val s . I t i s l i kel y t hat t hi s r eact i on was

t he r esul t of l abel ed gl ycopr ot ei ns t hat had been t aken up f r om

t he bl ood, and wer e i n t he pr ocess of bei ng degr aded i n t he

l ysosomes of t he l i ni ng cel l s ( 90, 107) . The st udi es of Hubbar d

et al . ( 51, 52) , as wel l as t hose of ot her s ( 21, 96) , have shown

t hat gl ycopr ot ei ns i n t he bl ood wi t h si de chai ns t er mi nat i ng i n

mannose r esi dues ar e bound and i nt er nal i zed by si nusoi dal

cel l s of t he l i ver , and subsequent l y degr aded i n l ysosomes. I n

t he st udy of Har ms and Reut t er ( 43) , t he aut hor s f ound t hat

t he hal f - l i f e of t ot al pr ot ei n- bound si al i c aci d l abel ( 34 h) was

consi der abl y l onger t han t hat of t he pl asma membr ane- asso-

ci at ed l abel ( 24 h) , and t hey concl uded t hat si al opr ot ei ns wi t h

consi der abl y l onger hal f l i ves of si al i c aci d must exi st i n

subcel l ul ar st r uct ur es ot her t han pl asma membr anes. Our pr es-

ent r adi oaut ogr aphi c r esul t s i ndi cat e t hat t hese st r uct ur es ar e

pr obabl y t he l ysosomes of t he hepat ocyt es t hemsel ves and of

si nusoi dal l i ni ng cel l s.

The aut hor s gr at ef ul l y acknowl edge t he assi st ance of Dr . Char l es

Smi t h f or hi s advi ce on t he hi st ochemi cal pr ocedur es used, and t he
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addi t i on, we woul d l i ke t o t hank Dr . John Ber ger on f or hi s advi ce on

t he bi ochemi cal pr ocedur es, and Dr . Beat r i x Kopr i wa f or her assi st ance

i n t he r adi oaut ogr aphi c t echni ques .

Thi s r esear ch was car r i ed out wi t h t he assi st ance of a gr ant f r omt he

Medi cal Resear ch Counci l of Canada.
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