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ABSTRACT

El ect r on mi cr oscope aut or adi ogr aphy was used t o st udy t he cel l ul ar l ocal i zat i on

of seven gl ycopr ot ei ns r api dl y cl ear ed f r om t he ci r cul at i ng pl asma of r at s and

t aken up by t he l i ver . I and 15 mi n af t er i nt r avenous admi ni st r at i on of t he 125I -

gl ycopr ot ei ns, l i ver s wer e f i xed i n si t u by per f usi on and pr ocessed f or aut or adi og-

r aphy . Aut or adi ogr aphi c gr ai ns i n t he devel oped sect i ons wer e f ound t o r epr esent

t he i nt act 125I - l i gand. Aquant i t at i ve anal ysi s of t he di st r i but i on and concent r at i on

( densi t y) of aut or adi ogr aphi c gr ai ns over t he t hr ee maj or cel l t ypes of t he l i ver

was t hen per f or med . Thr ee mol ecul es, asi al o- f et ui n, asi al o- or osomucoi d, and

l act osami nat ed RNase Adi mer , t he ol i gosacchar i de chai ns of whi ch t er mi nat e i n

gal act ose r esi dues, wer e bound and i nt er nal i zed al most excl usi vel y ( >900/ 0) by

hepat ocyt es . Conver sel y, f our mol ecul es, t he ol i gosacchar i de chai ns of whi ch

t er mi nat e i n ei t her N- acet yl - gl ucosami ne ( agal act o- or osomucoi d) or mannose

( ahexosami no- or osomucoi d, pr eput i al , 8- gl ucur oni dase, and mannobi osami nat ed

RNase Adi mer ) , wer e speci f i cal l y bound and i nt er nal i zed by cel l s l i ni ng t he bl ood

si nusoi ds- t hat i s, by Kupf f er cel l s and endot hel i al cel l s . Endot hel i al cel l s wer e

t wo t o si x t i mes mor e act i ve ( on a cel l vol ume basi s) t han wer e Kupf f er cel l s i n t he

i nt er nal i zat i on of t hese f our 125I - l i gands . Mannose and N- acet yl gl ucosami ne- t er -

mi nat ed gl ycopr ot ei ns compet ed wi t h each ot her f or upt ake i nt o ei t her endot hel i al

cel l s or Kupf f er cel l s, i ndi cat i ng t hat a si ngl e syst em r ecogni zed mannose or N-

acet yl - gl ucosami ne r esi dues . Fi nal l y, agal act o- or osomucoi d and ahexosami no-

or osomucoi d wer e al so associ at ed wi t h hepat ocyt es, but compet i t i on exper i ment s

ut i l i zi ng excess asi al o- or osomucoi d demonst r at ed t hat r esi dual gal act osyl r esi dues

wer e r esponsi bl e f or t hi s associ at i on .
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The r api d r emoval of numer ous gl ycopr ot ei ns

f r omci r cul at i ng bl ood pl asma i s wel l - document ed,

i nvol ves car bohydr at e r ecogni t i on, and occur s pr i -

mar i l y i n t he l i ver . ' Ashwel l and col l eagues have

i sol at ed and char act er i zed pr ot ei n compl exes f r om

r abbi t and r at l i ver membr anes t hat r ecogni ze

exposed gal act osyl r esi dues on desi al yl at ed gl yco-

pr ot ei ns ( 24, 26, 27, 52 ; r evi ewed i n r ef er ence 4) .

I n addi t i on, t he pr esence of membr ane r ecept or s

f or exposed mannosyl / N- acet yl gl ucosami nyl ( 2, 3,

5, 7, 29, 47, 48, 51) and f ucosyl ( 39) r esi dues has

been post ul at ed t o expl ai n t he speci f i c and r api d

cl ear ance of ot her gl ycopr ot ei ns by t he l i ver .

Because t he cel l popul at i on of t he l i ver i s het -

er ogeneous, consi st i ng of - 70% hepat ocyt es and

15%each Kupf f er and endot hel i al cel l s ( 11, 16) ,

i t has been of i nt er est t o i dent i f y t he cel l t ype( s)

r esponsi bl e f or t he bi ndi ng and r emoval of t he

var i ous gl ycopr ot ei ns . Sever al di f f er ent ap-

pr oaches have been used : ( a) i . v . i nj ect i on of t he

gl ycopr ot ei n i n vi vo, f ol l owed by enzymat i c di ges-

t i on of t he l i ver , separ at i on of hepat ocyt es f r om

bot h Kupf f er , and endot hel i al cel l s, and subse-

quent assessment of t he gl ycopr ot ei n' s di st r i but i on

among t he i sol at ed cel l ul ar subpopul at i ons ( 15, 39,

43, 54) ; ( b) admi ni st r at i on of t he gl ycopr ot ei n t o

pr evi ousl y separ at ed cel l s ( 50, 54) ; and ( c) i nj ect i on

of t he gl ycopr ot ei n t oget her wi t h a mol ecul e ( e . g. ,

aggr egat ed al bumi n) known t o bl ock t he r et i cul o-

endot hel i al syst em ( Kupf f er cel l s pr i mar i l y) , f ol -

l owed by det er mi nat i on of t he gl ycopr ot ei n' s cl ear -

ance ( 17) . Each appr oach has i t s l i mi t at i ons. The

f i r st suf f er s f r omi ncompl et e r ecover i es of cel l s and

i nj ect ed l i gand and may al l ow r el ocat i on of t he

l i gand dur i ng t he t i me r equi r ed t o separ at e t he

cel l s . I n t he second, damage t o r ecept or s f r om

enzymat i c di gest i on coul d i nf l uence subsequent

bi ndi ng measur ement s. Fi nal l y, t he t hi r d assumes

t hat , i n a gi ven cel l t ype, t he same r ecept or r ec-

ogni zes aggr egat ed or par t i cul at e mat er i al and

sol ubl e l i gands . Thi s assumpt i on appear s t o be

i nval i d i n t hat ( a) most event s i n phagocyt osi s

di f f er f r om t hose i nvol ved i n adsor pt i ve pi nocy-

t osi s, and ( b) t he t wo pr ocesses can occur si mul -

t aneousl y i n one cel l ( see r ef er ence 44 f or r evi ew) .

' Neuf el d, E. , and G. Ashwel l . 1979. Car bohydr at e r ec-

ogni t i on syst ems f or r ecept or - medi at ed pi nocyt osi s . / n

Bi ochemi st r y of Gl ycopr ot ei ns and Pr ot eogl ycans . W.

Lennar z, edi t or . Pl enum Pr ess, New Yor k . I n pr ess .
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The uncer t ai nt i es of t hese exper i ment al desi gns

di r ect ed us t o a mor phol ogi cal appr oach- aut o-

r adi ogr aphy- t o assess t he di st r i but i on i n l i ver of

seven di f f er ent i odi nat ed gl ycopr ot ei ns . Mor el l et

al . ( 33) used l i ght mi cr oscope aut or adi ogr aphy

( LM- ARG) 2 t o l ocal i ze [ 3 H] asi al o- cer ul opl asmi n

t o hepat ocyt es but di d not pr esent quant i t at i ve

dat a. I n addi t i on, t he r esol ut i on at t ai ned di d not

al l ow l ocal i zat i on of t he l i gand t o i nt r acel l ul ar

or ganel l es . Achor d et al . ( 1) used LMi mmunocy-

t ochemi st r y t o l ocal i ze / 3- gl ucur oni dase t o cel l s

l i ni ng t he si nusoi d but coul d not di st i ngui sh be-

t ween Kupf f er and endot hel i al cel l s . To over come

t hese pr obl ems, we chose el ect r on mi cr oscope au-

t or adi ogr aphy ( EM- ARG) . By f i xi ng t he l i ver i n

si t u ( by per f usi on) and syst emat i cal l y sampl i ng t he

t i ssue, we have been abl e t o l ocal i ze al l of t he

l i ver - associ at ed mol ecul es det ect abl e by ARGat

pr eci se t i mes af t er i nj ect i on . We have f ound t hat

al l t hr ee maj or cel l t ypes i n t he l i ver ar e i nvol ved

i n t he cl ear ance of ci r cul at i ng gl ycopr ot ei ns and

t hat hepat ocyt es r ecogni ze a di f f er ent set of gl y-

copr ot ei ns t han do t he Kupf f er or endot hel i al cel l s .

Fur t her , we have f ound t hat endot hel i al cel l s ar e

mor e act i ve t han ar e Kupf f er cel l s i n t he speci f i c

i nt er nal i zat i on of f our gl ycopr ot ei ns used i n t hi s

st udy . I n an accompanyi ng paper ( 23) , we have

f ol l owed t he changes i n t he i nt r acel l ul ar di st r i bu-

t i on of t he l i gands t hat occur as a f unct i on of t i me

af t er t hei r i nt er nal i zat i on . A br i ef r epor t on par t

of t hi s wor k has been pr esent ed el sewher e ( 22) .

MATERI ALS AND METHODS

Reagent s wer e obt ai ned f r om t he f ol l owi ng sour ces:

f et ui n, Gr and I sl and Bi ol ogi cal Co. , Gr and I sl and, N.

Y. ; acr yl ami de, Bi o- Rad Labor at or i es, Ri chmond, Cal i f . ;

l act oper oxi dase, Cal bi ochem- Behr i ng Cor p . , Amer i can

Hoechst Cor p . , San Di ego, Cal i f . ; neur ami ni dase ( Cl os-

t r i di um per f r i ngens) , Wor t hi ngt on Bi ochemi cal Cor p . ,

Fr eehol d, N. J . ; mono- i odot yr osi ne ( MI T) , gl ucose oxi -

dase ( Type V) and yeast mannan, Si gma Chemi cal Co . ,

St . Loui s, Mo. ; Sephar ose 4B, Sephadexes G- 25 Fi ne,

and G- 150, Phar maci a Fi ne Chemi cal s, Di v . of Phar -

z
Abbr evi at i ons used i n t hi s paper : AGOR, agal act o- or o-

somucoi d ; AHOR, ahexosami no- or osomucoi d; ASF,

asi al o- f et ui n ; ASGP, asi al o- gl ycopr ot ei ns ; ASOR, asi al o-
or osomucoi d; BSA, bovi ne ser um al bumi n ; EM- ARG,
el ect r on mi cr oscope aut or adi ogr aphy; ER, endopl asmi c

r et i cul um; K phos, K- phosphat e buf f er ; LM- ARG, l i ght

mi cr oscope aut or adi ogr aphy; L- RNase, l act osami nat ed

RNase A di mer ; MI T, mono- i odot yr osi ne ; M- RNase,
mannobi osami nat ed RNase A di mer ; SDS- PAGE, SDS-

pol yacr yl ami de gel el ect r ophor esi s .



maci a I nc . , Pi scat away, N. J . ; Na
12. 51 i n 0 . 1 N NaOH,

New Engl and Nucl ear , Bost on, Mass . ; Mi cr odol - X, RP-

X- Omat x- r ay f i l m, NN' - met hyl enebi sacr yl ami de, East -

man Kodak Co. ; Hi - Speed FE x- r ay i nt ensi f yi ng scr eens,

E. I . DuPont de Nemour s &Co . , I nc . , Wi l mi ngt on, Del . ;

Tr i t on- WR- 1339, Ruger Chemi cal Co . , I r vi ngt on on

Hudson, N. Y. ; gl ut ar al dehyde, El ect r on Mi cr oscopy

Sci ences, For t Washi ngt on, Pa . ; par af or mal dehyde,

Mat heson Gas Pr oduct s, East Rut her f or d, N. J . ; I l f or d

L- 4 phot ogr aphi c gel emul si on, Pol ysci ences, I nc . , War -

r i ngt on, Pa. Al l ot her chemi cal s wer e r eagent gr ade.

Pr epar at i on of Gl ycopr ot ei ns

ASI ALO- FETUI N ( ASF) : Fet ui n at a concent r at i on of

30 mg/ ml was i ncubat ed i n 0. 1- 0. 15 M HCf ' f or 30 mi n

at 80° C ( or 0. 5 MHCI f or 10 mi n) t o hydr ol yze t he

t er mi nal si al yl r esi dues . The ef f i ci ency of r emoval was

- 90%as measur ed by t he t hi obar bi t ur i c aci d assay ( 58) .

The pr epar at i on was t hen di al yzed agai nst 0. 15 MNaCl -

0 . 02 MK- phosphat e buf f er ( K phos) , pH 7 . 2, f or 48 h

wi t h sever al changes and appl i ed t o a Sephadex G- 150

col umn, 1 . 5 x 55 cm, equi l i br at ed i n t he same buf f er

( f l ow r at e, 12- 13 ml / h, f r act i on vol 3 ml ) . Two pr ot ei n

peaks emer ged: t he f i r st ( - 30- 40%o of t he pr ot ei n) el ut ed

at t he voi d vol ume, consi st ed of aggr egat ed mat er i al and

was di scar ded; t he second el ut ed at a posi t i on cor r e-

spondi ng t o mol wt 48, 000 ( ASF monomer ) , was col -

l ect ed, concent r at ed by pr essur e di al ysi s ( PM- 10, Ami -

con Cor p . , Sci ent i f i c Sys . Di v . , Lexi ngt on, Mass. ) , and

r echr omat ogr aphed under t he same condi t i ons. The f r ac-

t i ons cont ai ni ng ASF monomer s ( t he second peak) wer e

agai n pool ed, di al yzed agai nst 0. 5 M( NH4) 2CO3, l yoph-

i l i zed, and st or ed at - 20° C f or subsequent use .

ADDI TI ONAL GALACTOSE- TERMI NATI NG GLY-

COPROTEI NS ( ASGP) : Or osomucol d ( mol wt 44, 000)

was i sol at ed f r om human pl asma ( 56) and desi al yl at ed

by exposur e t o neur ami ni dase ( 34) t o yi el d asi al o- or o-

somucoi d ( ASOR) . The l act osami nat ed der i vat i ve of t he

cr oss- l i nked di mer of bovi ne pancr eat i c r i bonucl ease A

( L- RNase) was pr epar ed by r educt i ve ami nat i on wi t h

cyanobor ohydr i de ( 60) . The pr epar at i on used i n t hi s

st udy cont ai ned 8 N' - l - ( I - deoxyl act i t ol yl ) - l ysi ne r esi -

dues/ mol ecul e of di mer ( mol wt 30, 000) . 4

OTHER GLYCOPROTEI NS: Agal act o- or osomucoi d

( AGOR) was pr epar ed by enzymat i c hydr ol ysi s of t he

gal act osyl ßl - - > 4 N- acet yl gl ucosami nyl sequences i n

ASOR usi ng pur i f i ed / 3- gal act osi dase f r om Di pl ococcus

pneumoni ae ( 28) . Onl y 18 of t he 20 gal act ose r esi dues

wer e r emoved, because t he t wo sequences i n whi ch f u-

cose i s l i nked a l ~ 3 t o t he N- acet yl gl ucosami ne ar e not

hydr ol yzed by / 3- gal act osi dase ( 14, 38) . Fur t her hydr ol -

ysi s of t he ol i gosacchar i de si de chai ns of AGOR usi ng

' I t was f ound t hat i ncubat i on of f et ui n i n 0 . 025 MH2SO4

caused ext ensi ve aggr egat i on .

4 Al t hough L- RNase i s mor e pr oper l y a gl ycoconj ugat e,

f or si mpl i ci t y i t wi l l be cal l ed a gl ycopr ot ei n .

ß- N- acet yl gl ucosami ni dase, al so f r om D. pneumoni ae,

exposed mannosyl r esi dues and yi el ded ahexosami no-

or osomucoi d ( AHOR) . ß- gl ucur oni dase, f r om Dr . Phi l -

l i p St ahl , Washi ngt on Uni ver si t y, was i sol at ed f r om t he

r at pr eput i al gl and as a t et r amer of mol wt 280, 000 ( 49,

55) . Fi nal l y, t he mannobi osami nat ed der i vat i ve of t he

cr oss- l i nked di mer of RNase ( M- RNase) was pr epar ed

by coupl i ng mannobi ose t o l ysi ne r esi dues usi ng sodi um

cyanobor ohydr i de . 5 The pr epar at i on cont ai ned ei ght di -

sacchar i de r esi dues per di mer . Tabl e I l i st s t he nat ur al ,

pr ocessed, or synt het i c gl ycopr ot ei ns used i n t hi s st udy

and t he pr edomi nant t er mi nal r esi dues of t hei r ol i gosac-

char i de chai ns .

I odi nat i on of t he Gl ycopr ot ei ns

Al l pr epar at i ons wer e i odi nat ed usi ng t he l act oper -

oxi dase- gl ucose oxi dase met hod ( 20) . Lact oper oxi dase

( 50- 75 mU) and gl ucose oxi dase ( 25- 50 mU) , each cou-

pl ed t o Sephar ose 4 B ( 10) , wer e added t o a 0 . 5- 1 . 0 ml

mi xt ur e cont ai ni ng 0. 1 MK phos, pH 7 . 0- 7 . 2, 10 t , mol

gl ucose, 0. 25- 2 . 0 mg gl ycopr ot ei n, 5- 15 mCi Na ' 251 i n

0. 1 N NaOH ( neut r al i zed wi t h 2 vol of 0 . 5 MK phos,

pH 7 . 0) and suf f i ci ent K 121 t o achi eve a mol ar r at i o of

i odi de ( 1251 +1271) t o pr ot ei n of 0 . 5- 2 . 0/ 1 . Two pr oce-

dur es wer e f ol l owed f or i odi nat i on ; t hey di f f er ed pr i nci -

pal l y i n t he t i me and t emper at ur e of i ncubat i on . I n t he

f i r st ( a) , t he r eact i on mi xt ur e was agi t at ed f or 1 h at

r oom t emper at ur e and t hen t he i mmobi l i zed enzymes

wer e sedi ment ed away f r om t he sol ubl e pr ot ei ns ( 3, 000

r pm f or 2 mi n) . The super nat e was r emoved, t he beads

r esuspended i n 0 . 5- 1 ml 0. 1 M K phos, pH 7 . 2, and

cent r i f uged as above . The combi ned super nat es wer e

di al yzed, f i r st agai nst 1 l i t er of 10 mM KI , 0 . 02% NaN3

i n 0. 1 MK phos, pH 7 . 2, f or 1- 3 h at r oomt emper at ur e,

and t hen agai nst I l i t er of 0. 15 MNaCI , 0. 02 MK phos,

pH 7 . 2, over ni ght . The second ( and mor e r ecent ) l abel i ng

pr ocedur e ( b) i nvol ved a shor t er i ncubat i on ( 10 mi n) , a

l ower t emper at ur e ( 4- 10° C) and a shor t er di al ysi s ( 2- 3

h t ot al at 4° C) usi ng 2- 3 l i t er s of 0 . 15 MNaCl , 0 . 02 M

K phos, pH 7 . 2 . Equi val ent l evel s of i ncor por at i on wer e

achi eved wi t h bot h pr ocedur es ( 30- 50% of t he added

i sot ope) and >90%of t he r adi oact i vi t y i n each pr epar a-

t i on was aci d- pr eci pi t abl e . The speci f i c r adi oact i vi t i es

r anged f r om 40 t o 480 mCi / pmol ( 1- 12 mCi / mg) . Ra-

di oact i vi t y was quant i t at ed i n a gamma sci nt i l l at i on

spect r omet er havi ng a 70% count i ng ef f i ci ency ( Bi o-

gamma, Beckman I nst r ument s, I nc . , Ful l er t on, Cal i f . ) .

I t was necessar y t o chr omat ogr aph ' 25 1- ASF, pr epar ed

by ei t her pr ocedur e a or b, on Sephadex G- 150 as

descr i bed above, t o r emove aggr egat ed mat er i al . The

monomer peak was col l ect ed, concent r at ed, and used f or

al l i nj ect i ons . Less t han 10%of t he r adi oact i vi t y of " I -

ASF pr epar ed i n t hi s manner was i n aggr egat es ( mat er i al

at t he voi d vol ume i n G- 150) . Thi s f i l t r at i on st ep was

unnecessar y f or t he ot her i odi nat ed pr epar at i ons, sug-

5
G. Wi l son, manuscr i pt i n pr epar at i on .

HUBBARD ET AL . Di st r i but i on of
125 1- Li gands Among Rat Li ver Cel l Types 49



TABLE I

Ter mi nal Resi dues of t he Ol i gosacchar i de Chai ns of t he Gl ycopr ot ei ns St udi ed

gest i ng t hat i odi nat i on, per se, di d not i nduce pr ot ei n

aggr egat i on .

Assessment of t he t 25í - Pr epar at i on i n vi vo

The ki net i cs of cl ear ance f r om t he bl ood and upt ake

i nt o t he l i ver , as wel l as t he speci f i ci t y of t he cl ear ance

mechani sms, have been pr evi ousl y est abl i shed by ot her s

f or al l mol ecul es used i n t hi s st udy. However , because

t he met hods of l abel i ng and t he amount s of pr ot ei n

admi ni st er ed i n t hi s st udy di f f er ed f r om t hose r epor t ed,

t he f ol l owi ng set of exper i ment s was per f or med f or each

" ' I - pr ot ei n, and r epr esent at i ve exampl es wer e sel ect ed

f or i l l ust r at i on .

CLEARANCE FROM THE BLOOD: Var yi ng amount s

of t he " ' I - pr ot ei n ( up t o t he dose used f or EM- ARG) i n

0 . 15 M NaCl wer e i nj ect ed i nt o t he saphenous vei n of

140- t o 250- g mal e Spr ague- Dawl ey r at s under et her

anest hesi a ; 25- t t l al i quot s of bl ood wer e wi t hdr awn f r om

t he t ai l i nt o hepar i ni zed capi l l ar y t ubes at t i med i nt er -

val s, and t he t ot al r adi oact i vi t y of each al i quot was

measur ed . The maxi mum r adi oact i vi t y i n t he bl ood sam-

pl es usual l y occur r ed 0. 5- 1 mi n af t er i nj ect i on and was

set t o 100%. The 50% cl ear ance t i me f or a gi ven 1251

pr ot ei n was def i ned as t hat t i me af t er i nj ect i on at whi ch

50%of t he maxi mumwas st i l l f ound i n t he bl ood .

The bl ood cl ear ance cur ves of t hr ee 12sí - gl ycopr ot ei ns

gi ven i n Fi g . l i l l ust r at e t he r api di t y wi t h whi ch each

was r emoved f r om t he ci r cul at i on . For exampl e,
1251-

ASF exhi bi t ed a 50%cl ear ance t i me of 2- 3 mi n ( i ndi vi d-

ual ani mal s var i ed somewhat ) . I n addi t i on, 800 hg
12a1-

ASF was cl ear ed al most as r api dl y ( 50%o by 3 mi n) as

was 18 j i g ( 50% by 2 . 5 mi n) . 125 I - AGOR and 125 1- , ß-

gl ucur oni dase al so wer e r emoved ver y r api dl y f r om t he

ci r cul at i ng bl ood ( 50%cl ear ed by - y4 mi n, Fi g . I B and

C) . However , t hi s r api d cl ear ance was not obser ved f or
' 2' ' I - or osomucoi d, >50%of whi ch was st i l l i n t he ci r cu-
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' St udy i n whi ch pr edomi nat e t er mi nal car bohydr at e r esi due was det er mi ned .

l at i on 180 mi n af t er i nj ect i on ( dat a not shown) . These

ki net i c r esul t s wer e i n agr eement wi t h t hose pr evi ousl y

r epor t ed ( 34, 39, 46, 51) . 6

APPEARANCE I N THE LI VER : Sever al r at s wer e i n-

j ect ed wi t h t he same amount of a gi ven ' 25 1- pr ot ei n, bl ed

as descr i bed above, and decapi t at ed at t i med i nt er val s .

Bl ood ( I ml ) was col l ect ed f r om t he car ot i d and t he l i ver

was exci sed and wei ghed . I n some cases, ot her or gans

wer e al so r emoved . The t ot al r adi oact i vi t y of t he col -

l ect ed sampl es was measur ed, as wel l as t he r adi oact i vi t y

i n t hei r aci d- sol ubl e and - i nsol ubl e f r act i ons af t er ho-

mogeni zat i on i n 5 Vol ( wt / vol ) 0. 25 Msucr ose, f ol l owed

by pr eci pi t at i on wi t h 10% TCA and cent r i f ugat i on

( >1, 700 g f or 15 mi n, I EC PR- 6, 000; Damon/ I EC Di v . ,

Damon Cor p . , Needham Hei ght s, Mass . ) . A bl ood vol of

8 ml / 100 g body wei ght was used t o cal cul at e t ot al

r adi oact i vi t y i n t he bl ood. The aci d- i nsol ubl e r adi oact i v-

i t y f r omt he l i ver f r act i ons was char act er i zed by sol ubi l -

i zat i on i n SDS and el ect r ophor esi s i n a 7- 15% l i near

gr adi ent of SDS- pol yacr yl ami de ( SDS- PAGE) as de-

scr i bed pr evi ousl y ( 2l , 32) . Mol ecul ar wei ght mar ker s

and t he i nt act
í 25

I - l i gands wer e r un i n par al l el wi t h t he

sampl es f r om t he l i ver . Af t er el ect r ophor esi s, t he gel s

wer e dr i ed and aut or adi ogr aphed .

Resul t s of a t ypi cal exper i ment ar e i l l ust r at ed i n Fi g .

2 . The l oss of 12S í - ASOR f r om t he bl ood was accompa-

ni ed by a concomi t ant i ncr ease of r adi oact i vi t y i n t he

l i ver . As ear l y as 5 mi n, and up t o at l east 15 mi n, >90%

of t he r ecover ed r adi oact i vi t y was pr esent i n t he l i ver .

The bul k of t he r adi oact i vi t y was aci d- i nsol ubl e ( Fi g . 2)

and pr esent as t he i nt act 125 [ - pr ot ei n as det ect ed by SDS-

PAGE ARG ( dat a not shown) . Because t he bl ood and

l i ver cont ai ned - - 85% of t he i nj ect ed r adi oact i vi t y up t o

6 L- RNase was cl ear ed mor e sl owl y t han t he 12Sí - gl yco-

pr ot ei ns ( 50% cl ear ance i n 10 mi n) .

Mol ecul e Pr edomi nant t er mi nal r esi due Ref er ence-

Or osomucoi d Si al i c aci d ( 34)

( mol wt = 44, 000)

Fet ui n Si al i c aci d ( 34)

( mol wt = 48, 000)

ASOR Gal act ose ( 14)

ASF Gal act ose ( 34)

L- RNase Gal act ose ( 60)

( mol wt = 30, 000)

AGOR N- acet yl - gl ucosami ne ( 38)

AHOR Mannose ( G. Ashwel l , unpubl i shed mat er i al )

, ß- Gl ucur oni dase Mannose ( 18, 55)

( mol wt = 280, 000)

M- RNase Mannose ( G. Wi l son, manuscr i pt i n pr epar at i on)

( mol wt = 30, 300)



15 mi n, i t was cl ear t hat t he l i ver was t he pr i mar y si t e

f or r emoval of ci r cul at i ng ' 25 1- ASOR. Each of t he ot her

or gans assayed ( i nt est i ne, st omach, bl adder , t hyr oi d, ki d-

ney, and spl een) cont ai ned <2%of t he i nj ect ed r adi oac-

t i vi t y at t hese ear l y t i mes . Si mi l ar r esul t s wi t h sl i ght l y

FI GURE 1

	

Ki net i cs of cl ear ance f r omt he ci r cul at i on of

t hr ee ' 25 1- gl ycopr ot ei ns . Bl ood sampl es ( 25 ul ) wer e col -

l ect ed f r om anest het i zed r at s at t he i ndi cat ed t i mes, af t er

i nj ect i on of a const ant amount of ' 25 1- l i gand and var yi ng

amount s of unl abel ed l i gand . The t ot al r adi oact i vi t y was

measur ed as descr i bed i n Mat er i al s and Met hods . The

sampl e cont ai ni ng t he maxi mum r adi oact i vi t y ( whi ch

was usual l y at t he 0 . 5- t o 1 . 0- mi n t i me poi nt ) was nor -

mal i zed t o 100%and al l ot her s expr essed as a per cent age

of t hat sampl e . The maxi mum r epr esent ed - 0. 3- 0. 5%of

t he i nj ect ed r adi oact i vi t y . 50%cl ear ance t i mes ar e i ndi -

cat ed by ar r ows . ( A) ' 25 I - ASF ( 7 uCi ) ; ( B) ' 25 I - AGOR

( l 7 uCi ) ; ( C) ' 251- p- gl ucur oni dase ( 7 j ACi ) .

' 25 1- ASOR

( 150ug)

1, 11

' , 1, a

0 60

	

Li ver ( t ot al l

	

\ \ \
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Mi nut es ot t er i nj ect i on

FI GURE 2

	

Ki net i cs of cl ear ance of ' 25 1- ASOR f r om t he

ci r cul at i on and i t s appear ance i n t he l i ver . Rat s wer e

sacr i f i ced at t he i ndi cat ed t i mes af t er i nj ect i on of 150 ug
' 25I - ASOR ( l uCi ) , and bl ood and l i ver sampl es wer e

anal ysed f or t ot al as wel l as aci d- sol ubl e r adi oact i vi t y

( descr i bed i n Mat er i al s and Met hods) . ( O) Per cent of

i nj ect ed r adi oact i vi t y r ecover ed i n t he bl ood pl us l i ver ;

( O) per cent of i nj ect ed r adi oact i vi t y f ound i n bl ood;

( A) per cent of i nj ect ed r adi oact i vi t y f ound i n l i ver ; sol i d

ver t i cal bar s, per cent of i nj ect ed r adi oact i vi t y f ound t o

be aci d- sol ubl e i n t he l i ver .

di f f er ent ki net i cs wer e obt ai ned wi t h t he ot her ' 25 I - or o-

somucoi ds ( AGOR and AHOR7) , 125
1- ASF, and

. . . I - p-

gl ucur oni dase. Mor e t han 50%of bot h modi f i ed RNase

A di mer s ( ' 25 1- L- RNase and ' 251- M- RNase) wer e f ound

i n t he l i ver by 15 mi n, but si gni f i cant amount s ( - 15%)

wer e al so f ound i n t he ki dney ( f oot not e 5 and r ef er ence

60) .

At l at er t i mes ( 30 mi n, Fi g . 2) , t he t ot al amount of

r adi oact i vi t y i n t he l i ver decl i ned, as di d t he r adi oact i vi t y

i n t he aci d- i nsol ubl e f r act i on f or al l
' 25

I - pr ot ei ns except

p- gl ucur oni dase . Ther e was a smal l i ncr ease i n r adi oac-

t i vi t y f ound i n t he bl ood but i t was i nsuf f i ci ent t o account

f or t he l oss f r om l i ver . These dat a suggest ed t hat hy-

dr ol ysi s was occur r i ng i n t he l i ver f ol l owed by l oss of

sol ubl e component s f r omt he l i ver and bl ood. Our i nves-

t i gat i on of t he met abol i sm of l i gands cl ear ed by t he l i ver

conf i r med r esul t s pr evi ousl y r epor t ed f or
' 25

1- ASF ( 30)

and ' 25I - RNase B ( 7) and wi l l be pr esent ed i n mor e det ai l

i n t he accompanyi ng paper ( 23) . A f i ndi ng of i mpor t ance

f or t he l at er ARGl ocal i zat i on st udi es was t hat t he aci d-

sol ubl e pool i n t he l i ver was r el at i vel y smal l at al l t i mes

( 5520% of t he t ot al l i ver r adi oact i vi t y) and consi st ed

pr edomi nant l y of [ ' 25 1] i odi de ( ?70° l o of t he aci d- sol ubl e

r adi oact i vi t y ; see Mat er i al and Met hods, and Resul t s

sect i ons i n t he accompanyi ng paper [ 23] ) .

SPECI FI CI TI ES : To est abl i sh t hat each of t he 1251_

' When i nj ect ed i n l ug amount s, 7- 10%of t he ' 25 I - AHOR

was f ound i n t he ki dney f r om t he ear l i est t i me poi nt ( 2

mi n) and di d not change.

HUBBARD ET AL . Di st r i but i on of
125

1- Li gands Among Rat Li ver Cel l Types si



pr ot ei ns used i n t hi s st udy was r emoved by a speci f i c

r at her t han a nonspeci f i c mechani sm, compet i t i on ex-

per i ment s wer e per f or med . The ' 2 ' I - pr ot ei n ( at a dose

used f or EM- ARG) was admi ni st er ed si mul t aneousl y

wi t h a 20- t o 200- f ol d excess of a known compet i t or or

noncompet i t or . Bl ood sampl es wer e col l ect ed as de-

scr i bed above, and t he 50% cl ear ance t i mes wer e r e-

cor ded. The r esul t s ar e summar i zed i n Tabl e 11 .

We f ound t hat t he concomi t ant admi ni st r at i on of

st r uct ur al l y unr el at ed pr ot ei ns such as bovi ne ser um

al bumi n ( BSA) had no i nf l uence on t he cl ear ance r at es

of any of t he ' 2' ' I - pr ot ei ns. Fur t her , nat i ve or osomucoi d,

whi ch i s i dent i cal t o ASOR, AGOR, and AHOR i n al l

but t he t er mi nal r esi dues of i t s ol i gosacchar i de chai ns,

di d not compet e wi t h any of t hese gl ycopr ot ei ns . These

r esul t s i ndi cat ed t hat t he cl ear ance mechani sm was se-

l ect i ve f or t er mi nal hexose r esi dues, a concl usi on con-

f i r med by t he compet i t i on we obser ved bet ween gl yco-

pr ot ei ns havi ng t he same t er mi nal r esi dues on t hei r

ol i gosacchar i de chai ns . For exampl e, ASF pr ol onged t he

cl ear ance of ' 25I - ASOR ( t he ol i gosacchar i de chai ns of

bot h gl ycopr ot ei ns t er mi nat e i n gal act ose) . Si mi l ar l y, a

33- f ol d excess of AGOR compet ed wi t h ' 25 1- AGOR.

AGOR and AHOR, al t hough havi ng di f f er ent t er mi nal

hexose r esi dues, di d compet e wi t h each ot her f or cl ear -

ance ( Tabl e I I ) . Thi s f i ndi ng i s compat i bl e wi t h t he

r epor t by Achor d et al . ( 1) t hat a- met hyl - n- mannosi de

i nhi bi t ed t he r emoval of
' 2

' ' I - AGOR. We f ound t hat

ASOR al so compet ed t o a l i mi t ed ext ent wi t h bot h

AGOR and AHOR, per haps i ndi cat i ng i ncompl et e r e-

TABLE 11

Speci f i ci t y of Gl ycopr ot ei n Cl ear ance Mechani sms*
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moval of t er mi nal gal act ose r esi dues f r omt he l at t er ( see

Resul t s) . Fi nal l y, yeast mannans have been r epor t ed t o

r et ar d t he r emoval of ci r cul at i ng ß- gl ucur oni dase ( l ) and

AGOR ( 3) but not of asi al ogl ycopr ot ei ns ( 3) . We have

conf i r med t hose obser vat i ons ( Tabl e I I ) .

The di f f er ences i n 50%cl ear ance t i mes wi t h and wi t h-

out compet i t or wer e of t he same magni t ude as t hose

r epor t ed by ot her s ( e. g. , 47, 5l ) . The ki dney cl ear ed a

l ar ge f r act i on of t he i nj ect ed " ' I - gl ycopr ot ei n ( e . g . , 30%

of ' 25 I - AHOR) i n t he pr esence of excess compet i t or ( e . g. ,

AHOR) , t hus expl ai ni ng t he cont i nued di sappear ance of

t he par t i cul ar ' 2's l - l i gand f r om t he bl ood yet i t s f ai l ur e t o

appear i n t he l i ver under t hese ci r cumst ances . Thi s phe-

nomenon was not a nonspeci f i c ef f ect of excess pr ot ei n,

because cl ear ance of ' 25 1- AHOR by ki dney di d not occur

when l ar ge amount s of a noncompet i t or ( e . g . , or osomu-

coi d) wer e admi ni st er ed si mul t aneousl y wi t h t he " ' ' I -

gl ycopr ot ei n.

Local i zat i on of
125

I - Gl ycopr ot ei ns i n si t u

TREATMENT OF ANI MALS : The ' 2. ' ' I - gl ycopr ot ei n,

0 . 5- 1 . 7 mCi i n 0. 15 MNaCI - 0 . 02 MK phos, pH 7 . 2,

was admi ni st er ed t o f ast ed r at s as descr i bed above . ( Spe-

ci f i c det ai l s f or each exper i ment ar e l i st ed i n t he appr o-

pr i at e t abl es and f i gur e l egends. ) At var i ous t i mes af t er

i nj ect i on, t he l i ver s wer e per f used i n si t u under a const ant

pr essur e of 80 mmHg t hr ough t he por t al vei n, f i r st wi t h

nor mal sal i ne unt i l t he l i ver bl anched ( - l mi n) and t hen

wi t h 2 . 5% f or mal dehyde ( f r eshl y pr epar ed f r om par a-

* ' z' ' I - l i gand was admi ni st er ed t oget her wi t h t he unl abel ed mol ecul e and r at s wer e bl ed at t i med i nt er val s, over a

per i od of 15 mi n i n absence and 30- 45 mi n i n pr esence of compet i t or , as descr i bed i n Mat er i al s and Met hods . The

50%cl ear ance t i mes wer e obt ai ned f r om t he pl ot t ed dat a .

' =" l - l i gand ( amount )
Pr edomi nant t er mi nal

car bohydr at e Addi t i ons ( amount )
Pr edomi nant t er mi nal

car bohydr at e
50%, cl ear -
ance t i me

mi n

ASOR ( 100 t t g) Gal act ose None 2
11 11

Or osomucoi d ( 2 . 5 mg) Si al i c aci d 2

Mannan ( 1 mg) Mannose 2

ASF ( 2 . 5 mg) Gal act ose 8

ASF ( 10 mg) 11 16

AGOR ( 140 I t g) N- acet yl - gl ucosami ne None 3

BSA ( 2 mg) 3

Or osomucoi d ( 5 mg) Si al i c aci d 3

ASOR ( 5 mg) Gal act ose 5

AHOR ( 2 . 5 mg) Mannose 12

AGOR ( 2. 5 mg) N- acet yl - gl ucosami ne 12

AHOR ( 50 t g) Mannose None 1 . 75
11 11

Or osomucoi d ( 5 mg) Si al i c aci d 1 . 75

ASOR ( 5 mg) Gal act ose 3 . 5

AHOR ( 2 . 5 mg) Mannose 8

AGOR ( 2 . 8 mg) N- acet yl - gl ucosami ne 8

, ß- gl ucur oni dase ( 20 pg) Mannose None 3

Mannan ( l mg) Mannose 17



f or mal dehyde) - 1 . 5% gl ut ar al dehyde- 2. 5 mM CaC12 i n

0 . 1 MNa cacodyl at e, pH7 . 2 ( 25) , unt i l t he l i ver har dened

( 2- 3 mi n) .

SPECI FI CI TY TESTS : To assess t he ext ent of speci f i c

bi ndi ng and i nt er nal i zat i on of t he 125 1- l i gands by di f f er -

ent cel l t ypes i n t he l i ver , compet i t i on exper i ment s si m-

i l ar t o t hose descr i bed above wer e per f or med and f ol -

l owed by EM- ARG. The gener al pr ot ocol was t o i nj ect

100- f ol d excess unl abel ed l i gand 0 . 5- 1 mi n bef or e ad-

mi ni st r at i on of t he
125

I - l i gand and t o per f use t he l i ver i n

si t u 4- 5 mi n l at er as descr i bed above . Cont r ol s consi st ed

of i nj ect i ng sal i ne i nst ead of t he put at i ve compet i t or .

Speci f i c pai r ed compet i t i ons wer e : ( a) 160 f i g
12, 5

I - ASF

± 20 mg ASF ; ( b) 50 pg 125 1- AGOR t 5 mg ASOR; ( c)

50 pg ' 25 1- AHOR+ 5 mg ASOR or + 5 mg AGOR; and

( d) 80 ug ' 251- , ß- gl ucur oni dase t l mg yeast mannan ( i n

hepar i ni zed sal i ne) .

ELECTRON MI CROSCOPY : Sl i ces ( I mm) wer e cut

f r om t he mi ddl e and per i pher al r egi ons of t he r i ght l obe

of t he f i xed l i ver , f ur t her cut i nt o 1- mm cubes, and f i xed

f or an addi t i onal 0. 5- 1 h on i ce i n f r esh al dehydes . The

t i ssue bl ocks wer e r i nsed t wi ce i n 0. 1 MNa cacodyl at e,

post f i xed f or l - 2 h m 1% OsO, i n Ver onal - acet at e,

r i nsed, and st ai ned en bl oc wi t h ur anyl acet at e ( 12) f or

1- 2 h at r oom t emper at ur e. The bl ocks wer e t hen dehy-

dr at ed i n gr aded et hanol s and pr opyl ene oxi de and

embedded i n Epon ( 31) .

EM- ARG: The f l at subst r at e t echni que of Sal pet er and

Bachman was f ol l owed f or EM- ARG usi ng I l f or d L- 4

emul si on ( 40, 41) . Sect i ons wer e 750- 1, 000 A t hi ck and

t he emul si on l ayer was - 1, 000 A. Af t er an exposur e t i me

of 7- 31 d, t he pr epar at i ons wer e devel oped wi t h Mi cr o-

dol - X f or 3 mi n at 20° C. Af t er r emoval of t he over l yi ng

col l odi on, t he sect i ons wer e st ai ned wi t h ur anyl acet at e

and l ead ci t r at e ( 57) and f i nal l y exami ned i n a Phi l i ps

301 el ect r on mi cr oscope oper at ed at 80 kV.

Anal ysi s of Aut or adi ogr ams

CONTROLS: Bef or e t he anal ysi s of t he ARGr esul t s,

i t was necessar y t o exami ne t he nat ur e of t he i odi nat ed

speci es bei ng det ect ed by ARG. Dupl i cat e t i ssue sampl es

( smal l cubes or homogenat es) of sal i ne- per f used l i ver s

f r om r at s i nj ect ed 15 mi n pr evi ousl y wi t h an ' 2
" - l i gand

( ß- gl ucur oni dase) wer e ei t her f i xed wi t h al dehydes or

pr eci pi t at ed wi t h TCA. The same per cent age of t ot al

r adi oact i vi t y was r ecover ed i n t he t i ssue or pr eci pi t at e .
I n addi t i on, as ment i oned ear l i er , t he aci d- i nsol ubl e

r adi oact i vi t y pr esent i n t he l i ver f r om 4 t o 30 mi n was

i ndi st i ngui shabl e f r om t he nat i ve ` 251- pr ot ei n when ana-

l yzed by SDS- PAGE. Fi nal l y, <5% of t he al dehyde-

f i xed r adi oact i vi t y was ext r act ed dur i ng t he post f l xat i on

and dehydr at i on st eps . I t was concl uded t hat >95% of
t he devel oped gr ai ns seen by ARGr epr esent ed t he i nt act

' 251- l i gand.

CELLULAR DI STRI BUTI ON OF THE 125 , - GLY-

COP RGTEI Ns : Mi cr ogr aphs of l i ver cel l s pr esent i n ARG

pr epar at i ons wer e t aken at r andom at a st andar d mag-

ni f i cat i on of 3, 400 . Quant i t at i ve anal ysi s was per f or med

on pr i nt s at a f i nal magni f i cat i on of 9, 200. Gr ai ns over

hepat ocyt es, over cel l s l i ni ng t he si nusoi d ( Kupf f er , en-

dot hel i al , and f at - st or i ng) , and over t he l umen of t he

si nusoi ds wer e count ed and t he per cent di st r i but i on was

cal cul at ed. The ar ea of each cel l cl ass was det er mi ned

by usi ng a cal i br at ed gr i d ( d = 2 . 4 cm, 80 poi nt s, 1

i nt er sect i on poi nt = 6 . 9 i t m2 at a magni f i cat i on of 9, 200)

and r ecor di ng t he t ype of cel l l ocat ed at each i nt er sect i on

poi nt . Si mpl e gr ai n densi t y ( gr ai ns/ 100 i t m) was t hen

cal cul at ed accor di ng t o t he Sal pet er and McHenr y ( 42) .

The per cent age of t ot al poi nt s l ocat ed over a gi ven cel l

cl ass i ndi cat es t he r el at i ve ar ea occupi ed by t hat cl ass .

Si gni f i cant number s of ARG gr ai ns wer e associ at ed

wi t h cel l s l i ni ng t he si nusoi ds af t er i nj ect i on of ' 251-

AGOR, ' 25 1- AHOR, 1251- , ß- gl ucur oni dase, and ' 25 1- M-

RNase ( see Resul t s) . However , no gr ai ns wer e f ound

associ at ed wi t h f at - st or i ng cel l s . Ther ef or e, t he r emai ni ng

si nusoi dal cel l s wer e cat egor i zed as endot hel i al or Kupf -

f er cel l s, t he gr ai ns over l yi ng each cel l t ype wer e count ed,

and t he gr ai n di st r i but i on and densi t i es wer e cal cul at ed

as above. Bot h mor phol ogi cal and cyt ochemi cal cr i t er i a

wer e used t o di st i ngui sh bet ween Kupf f er and endot he-

l i al cel l s . These cr i t er i a agr ee wi t h t hose descr i bed i n

det ai l by ot her s ( 11, 59, 61- 64) . Br i ef l y, Kupf f er cel l s

wer e i dent i f i ed by t he f ol l owi ng f eat ur es : a pl asma mem-

br ane exhi bi t i ng l ar ge i r r egul ar f ol ds ( see Fi g . 5 a i n

accompanyi ng paper [ 231) ; ver i f or m t ubul ar i nvagi na-

t i ons i n t he per i pher al cyt opl asm ( 63, and Fi g . 5 a i n

[ 231) ; a per i kar yon t hat pr ot r uded i nt o t he si nusoi dal

l umen ( Fi g . 56) ; a l ow f r equency of cyt opl asmi c ext en-

si ons emanat i ng f r om t he per i kar yon; and t he pr esence

of par t i al l y di gest ed mat er i al wi t hi n secondar y l ysosomes

( Fi g. 5 b, t hi s st udy, and Fi gs . 5 a and b i n [ 231) . Cel l s

havi ng one or mor e of t hese f eat ur es wer e conf i r med as

Kupf f er cel l s when a cyt ochemi cal t est f or endogenous

per oxi dase act i vi t y, pr esent onl y i n Kupf f er cel l s, was

per f or med ( see bel ow and r ef er ences l l and 63) . Endo-

t hel i al cel l s wer e i dent i f i ed by t he f ol l owi ng f eat ur es : a

f l at per i kar yon ( Fi gs . 4 and 5 b) ; numer ous f enest r at i ons,

cal l ed " si eve pl at es" ( 61, and Fi g . 6 a i n [ 231) ; at t enuat ed

cyt opl asmi c ext ensi ons t hat l i ne t he si nusoi dal l umen

and cont ai n coat ed vesi cl es, macr opi nocyt i c vesi cl es, and

dense bodi es ( Fi gs . 5 b and 6 a i n [ 231) . On t he basi s of

t hese cr i t er i a, when onl y t he at t enuat ed ext ensi ons of a

cel l l i ni ng t he si nusoi d wer e pr esent i n a gi ven sect i on,

t he cel l was r out i nel y i dent i f i ed as endot hel i al i n nat ur e

( e . g. , bot t om of Fi g . 4) . However , i f r ough endopl asmi c

r et i cul um( ER) was pr esent i n t he cyt opl asmi c ext ensi on,

i t was i dent i f i ed as or i gi nat i ng f r oma Kupf f er cel l ( f r om

cor r el at i ons wi t h per oxi dase) . Fi nal l y, t he gr ai n di st r i -

but i on was not si gni f i cant l y af f ect ed ( < 10%) by excl usi on

of t hese at t enuat ed cyt opl asmi c ext ensi ons f r omt he anal -

ysi s .

An accur at e di st r i but i onal anal ysi s wi t hi n a mi xed cel l

popul at i on assumes t hat sampl i ng i s r andom and t hat

cel l s bel ongi ng t o t he di f f er ent cel l t ypes ar e uni f or ml y

di st r i but ed t hr oughout a t i ssue. I n t he l i ver , Kupf f er cel l s

ar e pr esent at a hi gher f r equency i n t he per i por t al r egi ons
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( 37) . Ther ef or e, i n one ARG exper i ment , t wo di st i nct
r egi ons wer e sel ect ed f or anal ysi s : a cent r ol obul ar r egi on ;
and a per i por t al r egi on, i dent i f i ed by t he pr esence of a
por t al t r i ad . Gr ai ns over l yi ng t he t wo cel l t ypes i n each

r egi on wer e count ed, t he cel l ul ar ar eas wer e cal cul at ed
as descr i bed above, and t he ARGgr ai n densi t i es wer e
compar ed.

Cyt ochemi st r y

PEROXI DASE: Endogenous per oxi dase act i vi t y has

been r epor t ed . t o be pr esent onl y i n Kupf f er cel l s of t he
l i ver ( 11, 59, 63) . I n an ef f or t t o di st i ngui sh bet ween
Kupf f er and endot hel i al cel l s, we exami ned l i ver s pr oc-
essed f or det ect i on of endogenous per oxi dase . Rat s wer e
per f used f i r st wi t h sal i ne i n t he manner descr i bed above ;
t he l i ver was f i xed by per f usi on i n si t u f or 2- 3 mi n wi t h
2%gl ut ar al dehyde i n 0. 1 MNa cacodyl at e, pH 7. 2, and
subsequent l y washed ( by per f usi on) f or 3- 5 mi n wi t h
0. 15 MNa cacodyl at e buf f er , al l at r oom t emper at ur e .
The l i ver was exci sed, cut i nt o l x 2 x 10- mmbl ocks,
embedded i n 7%agar , and cut i nt o 75- l i msect i ons usi ng
t he Smi t h- Far quhar t i ssue chopper ( 45) . The sect i ons
wer e i ncubat ed f or 30- 45 mi n at r oom t emper at ur e i n
f r esh i ncubat i on medi um pr epar ed as descr i bed by Fa-

hi mi ( 11) . A cont r ol was per f or med i n whi ch H202 was
omi t t ed. The t i ssue was post f i xed i n 0504 and f ur t her
pr ocessed f or EMas descr i bed ( 11) .

COMBI NED ARG- CYTOCHEMI CAL LOCALI ZATI ON

EXPERI MENTS : I n or der t o conf i r m t he EM- ARG l o-

cal i zat i on of sever al of t he ' 25 1- l i gands t o a speci f i c t ype

of si nusoi dal cel l , as i dent i f i ed by per oxi dase cyt ochem-

i st r y, we per f or med bot h exper i ment s on t he same l i ver .

That i s, f i r st an i odi nat ed l i gand was i nj ect ed, t hen t he

l i ver was f i xed and pr ocessed f or cyt ochemi st r y . The

sect i ons wer e subsequent l y pr ocessed f or EM- ARG. Fi -

nal l y, t he di st r i but i on of ARGgr ai ns i n t he devel oped

sect i ons was anal yzed and compar ed t o t he di st r i but i on

of per oxi dase.

RESULTS

Cel l ul ar Di st r i but i on of t he I nj ect ed

Gl ycopr ot ei ns

We have f ound t hat each maj or cel l t ype i n t he

l i ver speci f i cal l y bi nds and i nt er nal i zes at l east one

of t he gl ycopr ot ei ns used i n t hi s st udy . Fi gs . 3- 5

i l l ust r at e qual i t at i vel y t he di f f er ent di st r i but i ons

of f our gl ycopr ot ei ns 15 mi n af t er t hei r i . v . i nj ec-

t i on . By t hi s t i me, ?90%of t he i nj ect ed dose of

each gl ycopr ot ei n had been cl ear ed f r om t he ci r -

cul at i on and was pr esent i n t he l i ver ( see Mat er i al s

and Met hods f or dat a) . I n addi t i on, - - 90% of t he

r adi oact i vi t y associ at ed wi t h t he l i ver was aci d-

pr eci pi t abl e and t hus macr omol ecul ar . Thr ee of

t he mol ecul es exami ned i n t hi s st udy, 1251- ASF,
125

1- ASOR, and
125

1- L- RNase, whi ch al l bear t er -
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mi nal gal act osyl r esi dues, wer e associ at ed al most

excl usi vel y wi t h hepat ocyt es, as demonst r at ed by

t he pr esence of ARG gr ai ns r epr esent i ng 1251-

ASORs over l yi ng pr i mar i l y hepat ocyt es ( Fi g . 3) .

The cel l ul ar di st r i but i on of
125

1- AGOR was di f f er -

ent f r om t hat of t he asi al o- gl ycopr ot ei ns . Thi s

mol ecul e was associ at ed wi t h si nusoi dal cel l s and

hepat ocyt es 15 mi n af t er i nj ect i on ( Fi g. 4) . 1251-

AHOR exhi bi t ed a cel l ul ar di st r i but i on qual i t a-

t i vel y si mi l ar t o t hat of 1Z5 í - AGOR ( not shown) .

Fi nal l y, ' 251- ß- gl ucur oni dase and 1251- M- RNase

demonst r at ed yet a di f f er ent di st r i but i on; t hey

wer e pr esent al most excl usi vel y i n cel l s l i ni ng t he

si nusoi ds ( 1251- , ß- gl ucur oni dase, Fi g . 5a) . These

l ast f our mol ecul es, 1251- AGOR, 1251- AHOR,
1251-

, ß- gl ucur oni dase, and
125

1- M- RNase, wer e f ound

i n bot h endot hel i al cel l s and Kupf f er cel l s, of t en

wi t hi n t he same si nusoi d, as i l l ust r at ed f or
1251- R-

gl ucur oni dase i n Fi g. 5 b . Thi s vi ewwas r ei nf or ced

by a dual l ocal i zat i on exper i ment i n whi ch 125 I -

AGOR was f ound over l yi ng cel l s posi t i ve ( Kupf -

f er ) and negat i ve ( endot hel i al ) f or endogenous

per oxi dase act i vi t y ( Fi g . 6) .

Our qual i t at i ve obser vat i ons wer e conf i r med by

a quant i t at i ve anal ysi s of ARGgr ai n di st r i but i on

of speci mens f i xed 1 and 15 mi n af t er i . v . i nj ect i on

of t he seven 125 1- gl ycopr ot ei ns. Li ver s wer e exam-

i ned at 1 mi n t o i dent i f y t he cel l s i ni t i al l y i nvol ved

i n t he r emoval of t he 1251- l i gand f r om t he ci r cul at -

i ng pl asma, and at 15 mi n f or t he r easons al r eady

gi ven . The f i r st t hr ee mol ecul es i n Tabl e I I I ( ASF,

ASOR, and L- RNase) exhi bi t ed t he same cel l ul ar

di st r i but i on . Over 90 01o of t he t ot al ARG gr ai ns

wer e f ound i n hepat ocyt es at 1 and 15 mi n af t er

i nj ect i on, a di st r i but i on t hat r emai ned unchanged

up t o 60 mi n, t he l at est t i me poi nt exami ned . L-

RNase exhi bi t ed t he most st r i ki ng l ocal i zat i on i n

t hi s cl ass, wi t h 99%of t he ARGgr ai ns pr esent i n

hepat ocyt es af t er 15 mi n ( Tabl e I I I , C) . Gener al l y,

smal l ( <_ 10%) and var i abl e amount s of ARG

gr ai ns wer e associ at ed wi t h cel l s l i ni ng t he si nus-

oi ds af t er i nj ect i on of 1251- ASGP ( Tabl e I I I , A- C) .
125

1- ASF consi st ent l y ( i n seven exper i ment s) ex-

hi bi t ed r el at i vel y mor e gr ai ns over t hese cel l s t han

di d t he ot her t wo ASGPs. Al t hough bot h Kupf f er

and endot hel i al cel l s cont ai ned gr ai ns, r el i abl e

dat a on t he di st r i but i on of ASGP i n each cel l t ype

wer e not obt ai ned due t o t he smal l number of

gr ai ns count ed .

s
The t er ms " 125 1- ASOR" , " ARG gr ai ns" and " 12 '5 1- gl y-

copr ot ei n" wi l l be used i nt er changeabl y and ar e under -
st ood t o mean " ARG gr ai ns r epr esent i ng 1Z5 í - ASOR ( or

AGOR, et c. ) . "



FI GURE 3

	

EM- aut or adi ogr aph of l i ver per f used 15 mi n af t er i nj ect i on of " 5I - ASOR ( 400 pg, 1 . 7 mCi ) .

ARGgr ai ns ar e f ound pr edomi nat el y over l yi ng hepat ocyt es ( Hep) near bi l e canal i cul i ( BC) . Endot hel i al

cel l s ( E) l i ni ng t he si nusoi dal l umen ( SL) ar e not l abel ed. Thi s r at was not st ar ved bef or e t he exper i ment ;

t hus pool s of gl ycogen ( Gl y) ar e pr esent . 8 d exposur e; bar , 2 , um; x 3, 800 .
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FI GURE 4

	

EM- aut or adi ogr aph of a l i ver per f used 15 mi n af t er i nj ect i on of ' 25 I - ASOR ( 400 t Lg, 2. 9 mCi ) .
ARGgr ai ns ar e f ound over l yi ng hepat ocyt es ( Hep) i n l ysosome- Gol gi ( Ly- Go) r egi ons near bi l e canal i cul i
( BC) . I n addi t i on, ARG gr ai ns ar e associ at ed wi t h endot hel i al cel l s ( E) l i ni ng t he si nusoi dal l umen ( SL) .

8 d exposur e; bar , 2 Wm; x 6, 300.



FI GURE 5

	

BM- aut or adi ogr aphs of a l i ver per f used 15 mi n af t er i nj ect i on of " ' I - , 8- gl ucur oni dase ( 160

hg,
1 mCi ) . ( a) ARGgr ai ns ar e f ound over l yi ng endot hel i al ( E) and Kupf f er ( K) cel l s l i ni ng t he si nusoi dal

l umen ( SL) , but not hepat ocyt es ( Hep) . 18 d exposur e ; bar , 2 um; x 4, 000 . ( b) An endot hel i al cel l ( E) and

a Kupf f er cel l ( K) l i ni ng a si nusoi dal l umen ( SL) have i nt er nal i zed t he 1z5 í - l i gand . The pr esence of

st r uct ur es r esembl i ng secondar y l ysosomes ( Ly) wi t h het er ogenous cont ent s i dent i f y Kupf f er cel l s . See

Mat er i al s and Met hods f or ot her cr i t er i a used t o i dent i f y each cel l t ype . 18 d exposur e; bar , 2 pm; x 5, 400 .



125
I - AGOR and 125 1- AHOR, at 1 and 15 mi n

af t er i nj ect i on, wer e f ound i n al l t hr ee maj or cel l

t ypes of t he l i ver ( Tabl e I I I , Dand E) . 40- 50% of

t he 125 I - AGOR- gener at ed gr ai ns wer e pr esent i n

hepat ocyt es at bot h t i mes exami ned . The f r act i on

of
125

1- AHORi n hepat ocyt es was smal l er t han t hat

of 12Sí - AGOR at 1 or 15 mi n.

40- 50% of t he ARG gr ai ns r epr esent i ng
125I -

AGOR wer e f ound over bot h Kupf f er and endo-

t hel i al cel l s at t he t wo t i mes exami ned . Acknowl -

edgi ng t he di f f i cul t i es i nher ent i n i dent i f yi ng and

accur at el y sampl i ng t hese cel l popul at i ons ( see

Mat er i al s and Met hods) , we f ound mor e
125I -

AGOR i n endot hel i al cel l s t han i n Kupf f er cel l s

at bot h t i mes exami ned ( Tabl e I I I , D) . 4001o of t he

t ot al 125 I - AGOR was associ at ed wi t h endot hel i al

cel l s and t he r emai nder ( 8%) wi t h Kupf f er cel l s.
125

I - AHOR exhi bi t ed a si mi l ar di st r i but i on ( Tabl e

I I I , E) .

Fi nal l y, bot h
12s

í - , ß- gl ucur oni dase and
I 2

' í - M-

RNase demonst r at ed di st r i but i ons compl ement ar y

t o t hat of ASGP ( Tabl e I I I , F and G) . That i s, 93%
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FI GURE 6

	

EMs f r oma combi ned ARG- cyt ochemi cal l ocal i zat i on exper i ment . The l i ver was per f used 10
mi n af t er i . v . i nj ect i on of 30 Ag " I - 13- gl ucur oni dase ( 0 . 3 mCi ) , exci sed and 75- Amsect i ons i ncubat ed 45

mi n at 23° C f or det ect i on of endogenous per oxi dase act i vi t y . The sect i ons wer e t hen pr ocessed f or ARG.

( a) Endot hel i al cel l ( E) cont ai ns ARGgr ai ns ( doubl e ar r owheads) but no per oxi dase r eact i on pr oduct i n

ei t her t he ER or t he per i nucl ear ci st emae ( ar r ow) . 19 d exposur e; bar , I gym; x 8, 750 . ( b) A Kupf f er cel l

( K) cont ai ns bot h ARGgr ai ns ( doubl e ar r owheads) and per oxi dase r eact i on pr oduct i n bot h ERnear t he

si nusoi dal l umen ( SL) and i n t he per i nucl ear ci st emae ( ar r ows) . 19 d exposur e ; bar , 1 I m; x 9, 000.
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of t he ARGgr ai ns r epr esent i ng
12s

í - ß- gl ucur oni -

dase wer e associ at ed wi t h bot h t ypes of cel l s l i ni ng

t he si nusoi ds and onl y 6%wi t h hepat ocyt es . Agai n,

endot hel i al cel l s cont ai ned mor e of t hese t wo mol -

ecul es t han di d Kupf f er cel l s .

Cel l ul ar Densi t y or Concent r at i on of t he

I nj ect ed Gl ycopr ot ei ns

Tabl e I V pr esent s t he ARGgr ai n densi t i es of

f our
1s5

í - gl ycopr ot ei ns char act er i zed by di f f er ent

cel l ul ar di st r i but i ons 15 mi n af t er i nj ect i on. Gr ai n

densi t y i s a measur e of t he concent r at i on of a

mol ecul e i n a gi ven cel l and t akes i nt o account

di f f er ences i n f r act i onal vol umes among di f f er ent

cel l popul at i ons i n t he l i ver . Thus, al t hough 98%

of t he l i ver - associ at ed I 25í - ASOR was pr esent i n

hepat ocyt es, t he r el at i ve gr ai n densi t y of t hi s mol -

ecul e i n hepat ocyt es was appr oxi mat el y t he same

as t hat over t he t ot al l i ver , because hepat ocyt es

account ed f or 89% of t he t ot al ar ea ( vol ume) of

cel l s i n t he sect i ons exami ned . Fur t her , t he r el at i ve



TABLE I I I

Di st r i but i on of Aut or adi ogr aphi e Gr ai ns among Li ver Cel l Types af t er i . v . Admi ni st r at i on

of Seven Di f f er ent ' MI - Gl ycopr ot ei ns

TABLE I V

Di st r i but i on Over

ND, not det er mi ned .

$ The di f f er ences i n ARGgr ai n di st r i but i on over Kupf f er cel l s i n t he t wo exper i ment s pr esent ed r ef l ect t he pr obl em

of accur at el y sampl i ng t he cel l s l i ni ng t he si nusoi d . Few Kupf f er cel l s wer e pr esent i n t he ARGsect i ons exami ned

i n t he f i r st exper i ment . When ARGgr ai n densi t i es wer e cal cul at ed, t he appar ent di scr epancy was el i mi nat ed ( see

Tabl e I V: AGOR, l and 2) .

Densi t y Di st r i but i on of ARG- Gr ai ns i n Li ver 15 mi n f ol l owi ng I nj ect i on of
125

1- Gl ycopr ot ei ns

The gener al pr ot ocol f or t he above exper i ment s and gr ai n densi t y cal cul at i ons i s gi ven i n Mat er i al s and Met hods,

and speci f i c det ai l s f or each mol ecul e ( speci f i c r adi oact i vi t i es, amount s i nj ect ed, et c. ) ar e gi ven i n Tabl e 1 ( 15 mi n

dat a) .zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" Val ues i n par ent heses ar e r el at i ve gr ai n densi t i es, wi t h t hose over t he t ot al l i ver nor mal i zed t o 1 .

$ ND, not det er mi ned ( due t o t he l ownumber of ARGgr ai ns) .

densi t y of 1251- ASOR i n cel l s l i ni ng t he si nusoi ds

was r at her hi gh, 0. 3, because t he f r act i onal vol ume

of t hese cel l s was ver y smal l ( 4 . 4%) . However ,

when hal f of t he gr ai ns wer e over cel l s l i ni ng t he

si nusoi ds, as wi t h ' 25 1- AGOR, t he gr ai n densi t y

over t hese cel l s was >18 t i mes hi gher t han t hat

over hepat ocyt es ( Tabl e I V, B) . That i s, cel l s l i ni ng

t he si nusoi ds accumul at ed 18 . 8 t i mes mor e 125I -

AGOR t han di d hepat ocyt es per uni t cel l vol ume .

I n a second exper i ment wi t h 1251- AGOR, t he cor -
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Mol ecul e

Speci f i c r a-

di oact i vi t y

mci l mg

Amount

i nj ect ed

pg pr ot ei n

Ti me of

sacr i f i ce

mi n

Tot al

gr ai ns

count ed

Hepat o-

cyt es

Si nus-

oi dal cel l s

( Kupf f er

and en-

dot hel i al ) Kupl f er

Endot he-

l i ai

Si nus-

oi dal l u-

men

A. ASF 1 . 2 600 2 220 91 9 ND* ND 0. 5

3 . 0 800 15 155 94 6 ND ND 0

B. ASOR 6. 8 94 1 382 96 4 ND ND 1

4. 2 400 15 386 98 2 ND ND 0

C. L- RNase 11 . 7 60 l 5 279 99 1 ND ND 0

D. AGOR 11 . 8 80 1 242 53 45 10 35 2

7 . 2 400 l 5 285 50 49 3$ 46 l

6. 25 160 l 5 380 4l 58 l i t 47 1

E. AHOR 6 . 8 90 1 94 39 62 l 7 45 0

6. 8 90 15 443 17 80 12 68 3

F. 8- Gl ucur oni dase 9. 1 30 l 0 421 7 92 16 76 2

5 . 8 160 15 162 6 93 27 66 1

G. M- RNase 5 70 15 175 5 93 3 90 3

Mol ecul e Tot al l i ver Hepat ocyt es

Gr ai n densi t y over

Si nusoi dal

cel l s ( Kupf f er

and endot he-

hal l

gr ai ns/ ! 00, M2

Kupf f er Endot hel i al

A. ASOR 3 . 0 ( 1) " 3 . 5 ( 1 . 2) 1 . 1 ( 0. 4) ND$ ND

B. 1 . AGOR 2. 0( 1) 1 ( 0 . 5) 18. 8 ( 9. 4) 3 . 6 ( 1 . 8) 27 . 5 ( l 3 . 8)

2 . Repeat AGOR 4. 2( l ) 2 . 5 ( 0 . 6) 20 ( 4. 8) 6. 7( l . 6) 39 . 1 ( 9. 3)

C. AHOR 5. 4( l ) 1 . 2( 0 . 2) 40 ( 7 . 4) 18 . 5 ( 3 . 4) 5l . 2 ( 9 . 5)

D. 8- Gl ucur oni dase 2 . 0( 1) 0 . 2 ( 0 . 1) 16. 9 ( 8. 5) 6. 9 ( 3 . 4) 32 . 8 ( l 6 . 4)



r espondi ng r at i o was 7. 5/ 1 ( Tabl e I V, B, 2) . I n

bot h " ' I - AGOR exper i ment s, endot hel i al cel l s ac-

cumul at ed mor e mol ecul es per cel l vol ume t han

di d ei t her hepat ocyt es or Kupf f er cel l s ( Tabl e I V,

B) .

For
125

1- / 3- gl ucur oni dase, t he gr ai n densi t y over

t he cel l s l i ni ng t he si nusoi ds was dr amat i cal l y

hi gher ( 85 t i mes) t han t hat over hepat ocyt es, and,

agai n, t he hi ghest val ues wer e f ound over endo-

t hel i al cel l s ( 165 and 5 t i mes hi gher t han over

hepat ocyt es and Kupf f er cel l s, r espect i vel y) . When

per i por t al r egi ons, whi ch ar e r i ch i n Kupf f er cel l s,

wer e sel ect ed f or quant i t at i ve EM- ARG anal ysi s,

a pat t er n of gr ai n densi t i es si mi l ar t o t hat i l l us-

t r at ed i n Tabl e I V was obt ai ned . That i s, t he

r el at i ve gr ai n densi t y over endot hel i al cel l s was

appr oxi mat el y f i vef ol d hi gher t han t hat over

Kupf f er cel l s .

Speci f i ci t y of t he Cel l ul ar

Associ at i ons Obser ved

The r esul t s of bl ood cl ear ance exper i ment s usi ng

compet i t or s and noncompet i t or s of t he 125 1- gl yco-

pr ot ei ns conf i r med t hat t he cl ear ance mechani sms

depended speci f i cal l y on t he nat ur e of t he t er mi nal

or subt er mi nal hexose r esi dues of t he ol i gosaccha-

r i des i n t he gl ycopr ot ei ns i nj ect ed ( see Mat er i al s

and Met hods) . An addi t i onal t ype of compet i t i on

exper i ment was per f or med t o exami ne by mor -

Ef f ect of Compet i t or s on ARGGr ai n Di st r i but i on of
125

1- Pr ot ei ns i n t he Li ver *

TABLE V

60

	

THE JOURNAL OF CELL BI OLOGY - VOLUME 83, 1979

phol ogy t he speci f i ci t i es of t he cel l ul ar associ at i ons

obser ved . I dent i cal amount s of t he
125

1- gl ycopr o-

t ei n wer e i nj ect ed i nt o ani mal s of equal wei ght ,

wi t h or wi t hout excess amount s of a known com-

pet i t or . The l i ver s wer e pr ocessed i n par al l el f or

EM- ARG and t he r esul t i ng gr ai n di st r i but i ons

compar ed . The dat a ar e summar i zed i n Tabl e V.

I n t he f i r st exper i ment ( Tabl e V, 1) t he r et ent i on

of ' z' I - ASF i n l i ver was r educed 92%by t he pr i or

i nj ect i on of a 100- f ol d excess of unl abel ed ASF

and t he number of ARGgr ai ns associ at ed wi t h

hepat ocyt es was r educed by 99%, r ef l ect i ng t he

speci f i ci t y of ASGP r ecogni t i on and i nt er nal i za-

t i on by t hese cel l s. Under t he same condi t i ons,
125

I - ASF- gener at ed gr ai ns wer e r educed by onl y

24%over t he cel l s l i ni ng t he si nusoi ds, suggest i ng

a l ack of speci f i ci t y i n t he upt ake of ASGP by

si nusoi dal cel l s .

Our f i ndi ng t hat si mul t aneous admi ni st r at i on of
125

1- AGOR wi t h excess ASOR r et ar ded somewhat

t he bl ood cl ear ance of t he 126 1- l i gand ( Tabl e I I )

pr ompt ed a st udy of ' 26 1- AGOR l ocal i zat i on by

EM- ARG 5 mi n af t er i t s i nj ect i on wi t h or wi t hout

excess ASOR. As can be seen i n Tabl e V, 2, t her e

was a si gni f i cant r educt i on of ARG gr ai ns over -

l yi ng hepat ocyt es i n t he pr esence of ASOR ( 90%)

but no change over ei t her cel l t ype l i ni ng t he

si nusoi d . These r esul t s suggest ver y st r ongl y t hat

t he t wo r esi dual , t er mi nal gal act osyl r esi dues on
125

1- AGOR, not t he exposed N- acet yl gl ucosami nyl

* Compet i t or was i nj ect ed 0. 5- 1 mi n bef or e admi ni st r at i on of t he " ' I - l i gand . Rat l i ver s wer e per f used i n si t u 4 mi n

l at er f or l mi n wi t h nor mal sal i ne, t hen l - 2 mi n wi t h al dehydes, or unt i l t he l i ver har dened . Ti ssue was pr ocessed

f or EM- ARG as descr i bed i n Mat er i al s and Met hods .

$ Equal ar eas of each cel l t ype wi t hi n each exper i ment wer e exami ned f or gr ai ns .

§ Per cent change was cal cul at ed as f ol l ows : ( [ gr ai ns wi t hout compet i t or - gr ai ns wi t h compet i t or ] - = gr ai ns wi t hout

compet i t or ) x 100.

Exper i -

ment " ' I - pr ot ei n Compet i t or

Tot al

gr ai ns

count ed

Hepat o-

cyt es

Gr ai ns$

Kupf er

over

cel l s Endot hel i al cel l s

l a .
125

1- ASF ( 160 l i g) None 564 521 42

b .
125

1- ASF ( 160 gg) ASF ( 20 mg) 41 9 32

Change§ 192% 199% 124%

2 a . " ' I - AGOR ( 50 gg) None 467 196 33 238

b.
' 2s

1- AGOR ( 50 hg) ASOR ( 5 mg) 303 20 36 246

Change 135% 190% 0 0

3 a . " ' I - AHOR( 50 gg) ASOR ( 5 mg) 307 22 25 260

b .
125

I - AHOR ( 50 gg) AGOR ( 5 mg) 81 10 3 69

Change 174% 155% 188% 174%

4 a . " ' l - p- gl ucur oni dase ( 80 gg) None 324 11 53 260

b . 125 1- ß- gl ucur oni dase ( 80 t t g) Mannans ( l mg) 91 14 12 65

Change 172% 0 178% 175%



TABLE VI

Summar y of Cel l ul ar Associ at i ons Obser ved by

EM- ARGof
125

I - Gl ycopr ot ei ns

* The smal l and var i abl e amount s of
125

1- ASF l ocal i zed

t o cel l s l i ni ng t he si nusoi ds wer e f ound t o be nonspe-

ci f i c by compet i t or exper i ment s ( see Resul t s) .

$ The t 25í - l i gand associ at ed wi t h hepat ocyt es was 90%

di mi ni shed by concomi t ant admi ni st r at i on of a 100-

f ol d excess of ASOR and i s i nt er pr et ed as r epr esent i ng

gal act ose- speci f i c bi ndi ng and upt ake .

gr oups, wer e r ecogni zed by hepat ocyt es .

I n anot her exper i ment , t he cr oss compet i t i on

obser ved by AGOR and AHOR i n t he bl ood

cl ear ance st udi es ( see Tabl e I I ) was exami ned by

EM- ARG( Tabl e V, 3) . Admi ni st r at i on of a 100-

f ol d excess of AGOR t oget her wi t h " 5 I - AHOR

r esul t ed i n a compar abl e r educt i on of gr ai ns over

bot h Kupf f er and endot hel i al cel l s ( 88%and 74%)

and suggest ed t hat bi ol ogi cal l y si mi l ar car bohy-

dr at e r ecogni t i on syst ems wer e pr esent i n bot h cel l

t ypes .

Fi nal l y, t he over al l r educt i on i n
125

1- ß- gl ucur on-

i dase- gener at ed ARG gr ai ns af t er admi ni st r at i on

of yeast mannans was onl y 70%, possi bl y because

of t he smal l dose of compet i t or used ( Tabl e V, 4) .

However , t he speci f i ci t y of t hi s mol ecul e' s associ -

at i on wi t h bot h endot hel i al and Kupf f er cel l s was

st r ongl y suggest ed by a par al l el r educt i on i n gr ai ns

over t hese t wo cel l t ypes . Hepat ocyt es exhi bi t ed

no such r educt i on suggest i ng a l ack of speci f i ci t y

i n t hei r bi ndi ng and upt ake of , B- gl ucur oni dase .

DI SCUSSI ON

Val i di t y of t he EM- ARGAppr oach

We have used EM- ARG t o el uci dat e t he r ol e

pl ayed by each cel l t ype of t he l i ver i n t he cl ear -

ance of ci r cul at i ng gl ycopr ot ei ns . The appr oach

i nvol ved admi ni st r at i on of an " ' I - l i gand i n vi vo,

f ol l owed by i n si t u f i xat i on of t he l i ver , pr ocessi ng

of t i ssue f or EM- ARG, and f i nal l y anal ysi s of t he

gr ai n di st r i but i on t hr oughout t he ent i r e l i ver . Such

an appr oach al l owed us t o vi sual i ze t he
12S

í - l i gand

( as r epr esent ed by devel oped ARG gr ai ns) i n al l

cel l t ypes at pr eci se t i mes wi t hout t he necessi t y of

i sol at i ng cel l subpopul at i ons . The cont r ol s per -

f or med r ul ed out cr oss l i nkage of di f f usi bl e mol e-

cul es ( MI T or I - ) or ext r act i on of 12s
í - macr omol -

ecul es dur i ng f i xat i on, and est abl i shed t hat ^ - 95%

of t he r adi oact i vi t y i n t he l i ver was t he i nt act " 5I -

pr ot ei n at each t i me anal yzed . Thus, t he ARG

gr ai ns vi sual i zed r epr esent t he " 5I - gl ycopr ot ei n

admi ni st er ed and not degr adat i on pr oduct s . The

sensi t i vi t y of
1251

under t he condi t i ons of t hi s st udy

aver aged 0 . 40 ( 13) , whi ch means t hat - 40%of t he

i sot opi c decays wer e det ect ed. However , i t i s r ea-

sonabl e t o expect t hat t he ARGgr ai ns vi sual i zed

wer e r epr esent at i ve of t he di st r i but i on of al l t he

" I - l i gands pr esent i n t he l i ver . Thus, i n si t u l ocal -

i zat i on by EM- ARGi s not af f ect ed by t he var i et y

of ar t i f act s l i kel y t o occur i n l ocal i zat i on st udi es

i nvol vi ng cel l separ at i on . I n such st udi es, t he l ow

r ecover y of 1251- l i gand usual l y obt ai ned and t he

possi bi l i t i es of sel ect i ve cel l l oss or damage t o cel l

sur f ace r ecept or s r ai se quest i ons about t he r epr e-

sent at i ve char act er of t he di st r i but i ons r epor t ed .

Cel l ul ar Local i zat i on of í 25 I - Li gands

Hepat ocyt es, Kupf f er cel l s, and endot hel i al cel l s

al l par t i ci pat ed i n t he speci f i c r emoval of at l east

t hr ee of t he seven l i gands st udi ed . I n each case,

t he cl ear ance was r api d and appear ed t o depend

on t he pr esence of a par t i cul ar t er mi nal or subt er -

mi nal hexose r esi due i n t he ol i gosacchar i de chai ns

of t he pr ot ei n. A summar y of our f i ndi ngs i s

pr esent ed i n Tabl e VI .
125

1- ASI ALO- GLYCOPROTEI NS LOCALI ZED TO HEP-

ATOCYTES: We have obt ai ned di r ect evi dence t hat

hepat ocyt es pr ef er ent i al l y and speci f i cal l y bi nd

and i nt er nal i ze t hr ee pr ot ei ns whose ol i gosaccha-

r i de chai ns t er mi nat e wi t h gal act ose ( ASGP) . The

par t i ci pat i on of endot hel i al and Kupf f er cel l s i n

t he cl ear ance of 1251- ASGP i s smal l and pr obabl y

nonspeci f i c, not wi t hst andi ng t he mor e f avor abl e

exposur e of t hese cel l s t o t he ci r cul at i ng
125I -

ASGP. Thus, t he or i gi nal hypot hesi s of Mor el l et

al . ( 33) t hat onl y hepat ocyt es i n t he l i ver cl ear

gal act ose- t er mi nat i ng gl ycopr ot ei ns has been con-

f i r med by quant i t at i ve EM- ARG.

Tr anspor t of ASGP acr oss endot hel i al cel l s i s

evi dent l y not a pr er equi si t e t o hepat ocyt e bi ndi ng

HUBBARD ET AL. Di st r i but i on of " 5
I - Li gands Among Rat Li ver Cel l Types 6 1

Cel l ul ar associ at i on of

Mol ecul e

Pr edomi nant t er mi -

nal r esi dues

Hepat o-

cyt e

mol ecul e

Kupf -

f er cel l

Endo-

t hel i al

cel l

ASOR Gal act ose + - -

ASF Gal act ose + - * -

L- RNase Gal act ose + - -

AGOR N- acet yl - +$ + +

gl ucosami ne

AHOR Mannose +$ + +

, 8- Gl ucur oni - Mannose - + +

dase

M- RNase Mannose - + +



and ent r y, because we f i nd f r om t he ear l i est t i mes

st udi es ( 0 . 75- 1 mi n, ' 251- ASOR, Tabl e I I I ) t hat

>90° l 0 of
' 25

1- ASGP i n t he l i ver i s associ at ed wi t h

hepat ocyt es . I n addi t i on, t he endot hel i um i s hi ghl y

f enest r at ed, al l owi ng di r ect passage of l ar ge par -

t i cl es ( e . g . , chyl omi cr a) f r om t he ci r cul at i ng

pl asma t o t he hepat ocyt e ( 35) .

I t i s cl ear f r om our EM- ARGr esul t s t hat r ecep-

t or s f or ASGP ar e pr esent on t he hepat ocyt e pl as-

mal emma at t he si nusoi dal f r ont . However , t hei r

exact l ocal i zat i on wi t hi n t hi s domai n and t hei r

pr esence i n ot her pl asmal emmal domai ns ( e . g . , at

t he bi l e f r ont or al ong t he l at er al sur f ace) ar e not

yet known ( see Di scussi on i n accompanyi ng paper

[ 23] ) . Ber ger on et al . ( 6) , usi ng EM- ARG, have

r epor t ed t hat r ecept or s f or 1 1251] i nsul i n ar e l ocat ed

i n bot h t he si nusoi dal and l at er al domai ns of t he

hepat ocyt e pl asmal emma.

Recent l y, col l oi dal gol d t o whi ch desi al yl at ed

cer ul opl asmi n was absor bed was used as a mar ker

t o l ocal i ze ASGP r ecept or s on i sol at ed hepat ocyt es

( 19) . Those r ecept or s vi sual i zed wer e uni f or ml y

di st r i but ed al ong t he mi cr ovi l l i ( wi t h or wi t hout

pr i or f i xat i on of cel l s) , but no quant i t at i on was

gi ven as t o t he f r act i on bei ng det ect ed . Recept or

l ocal i zat i on i n si t u st i l l r emai ns t o be det er mi ned,

because i t i s not known whet her t i ssue di ssoci at i on

per t ur bs t hi s di st r i but i on.

N- ACETYLGLUCOSAMI NE- AND MANNOSE- TERMI -

NATI NG GLYCOPROTEI NS LOCALI ZEDTO CELLS LI N-

I NG THE SI NUSOI DS: I n t hi s st udy, we f ound t hat
125

1- AGOR and 1251- AHOR wer e i nt er nal i zed by

t he t hr ee maj or cel l t ypes of t he l i ver - hepat o-

cyt es, Kupf f er cel l s and endot hel i al cel l s- wher eas
' 25

1- ß- gl ucur oni dase and
1z5

í - M- RNase wer e t aken

up by onl y Kupf f er and endot hel i al cel l s ( Tabl e

VI ) . Our ARGcompet i t i on exper i ment s i ndi cat ed

t hat t he associ at i on of t he f i r st t wo l i gands ( AGOR

and AHOR) wi t h hepat ocyt es was gal act ose- spe-

ci f i c, because ASOR compet ed f or t hei r upt ake .

Thus, our r esul t s ar e cl ear : wi t hi n t he l i mi t s of t he

par amet er s so f ar t est ed, cel l s l i ni ng t he si nusoi ds

speci f i cal l y bound and i nt er nal i zed l i gands whose

ol i gosacchar i de chai ns t er mi nat ed i n ei t her N- ac-

et yl gl ucosami ne ( AGOR) or mannose ( AHOR,

M- RNase, and ß- gl ucur oni dase) . Fur t her mor e,

f r om t he r esul t s of our compet i t i on exper i ment s

and t hose of ot her s ( 1, 3) , i t i s appar ent t hat t he

same r ecept or r ecogni zed al l of t he l i gands.

Our f i ndi ng t hat bot h endot hel i al cel l s and

Kupf f er cel l s t ake up mannose- and/ or N- acet yl -

gl ucosami ne- t er mi nat i ng gl ycopr ot ei ns i s based on
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a cor r ect i dent i f i cat i on of t he t wo cel l t ypes. We

have l i st ed our mor phol ogi cal and cyt ochemi cal

cr i t er i a, whi ch ar e i n agr eement wi t h t hose used i n

ot her st udi es, and have pr ovi ded exampl es ( see

Mat er i al s and Met hods) . Ot her wor ker s have r e-

por t ed t he i nvol vement of Kupf f er cel l s i n t he

cl ear ance of pr eput i al ß- gl ucur oni dase ( 43) , but

our s i s t he f i r st r epor t i n whi ch endot hel i al cel l

i nvol vement has been document ed . The f i ndi ng

t hat endot hel i al cel l s i nt er nal i zed mor e of a gi ven

" ' I - l i gand t han di d Kupf f er cel l s mi ght be ex-

pl ai ned by a gr eat er number of r ecept or s per cel l

and/ or mor e r api d endocyt osi s of t he bound l i -

gand.

I t i s gener al l y accept ed t hat pr ot ei ns whi ch have

l ost t hei r nat i ve conf or mat i on ar e t aken up by cel l s

of t he r et i cul oendot hel i al syst em ( 53) , Kupf f er as

wel l as endot hel i al cel l s of t he l i ver bei ng maj or

const i t uent s of t hi s syst em. Appar ent l y, t he st at e

of aggr egat i on i s not t he sol e st r uct ur al char act er -

i st i c si gnal i ng r emoval , because f or mal dehyde-

t r eat ed al bumi n monomer s ar e al so r api dl y cl ear ed

by t hi s syst em i n t he l i ver ( 8, 9, 36) . Ther ef or e, we

must consi der whet her t he l ocal i zat i on of mol e-

cul es such as 125 1- , ß- gl ucur oni dase t o cel l s l i ni ng

t he l i ver si nusoi ds ( par t i cul ar l y endot hel i al cel l s)

r ef l ect s upt ake vi a t he mannose/ N- acet yl - gl uco-

sami ne r ecogni t i on or t he l ess speci f i c " col l oi dal

upt ake" mechani sm. We bel i eve t hat t he upt ake i s

not vi a t hi s l at t er syst em f or t he f ol l owi ng r easons :

( a) t he cl ear ance of ' 25 1- or osomucoi d was not r api d

and shoul d have been i f our i odi nat i on or handl i ng

met hods wer e nonspeci f i cal l y al t er i ng t he l i gands ;

( b) gel f i l t r at i on of t he
125

1- l i gands di d not r eveal

t he pr esence of aggr egat es ; ( c) yeast mannans com-

pet ed f or bi ndi ng si t es t o t he same degr ee on bot h

endot hel i al and Kupf f er cel l s; and ( d) t he cl ear -

ance of each of t he t hr ee
125

1- l i gands was f ast er ,

mor e compl et e, and mor e speci f i c t o t he l i ver t han

t hat r epor t ed f or f or mal dehyde- t r eat ed al bumi n

( 8) or col l oi dal par t i cl es ( 53) . Of cour se, def i ni t i ve

evi dence f or a speci f i c r ecept or wi l l come onl y

af t er i t s i sol at i on f r om a pur e popul at i on of l i ver

endot hel i al cel l s .
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Dr . G. E. Pal ade f or hi s cr i t i cal r eadi ng of t he manu-
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