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For mor e t han 45 year s bi ol ogi st s have known t hat cel l s

i nt er nal i ze ext r acel l ul ar f l ui d and i t s cont ent s by f l ui d- phase

endocyt osi s, an i nef f i ci ent pr ocess f or t he upt ake of mol ecul es

t hat ar e pr esent at l ow concent r at i ons . Mor e r ecent l y, ani mal

cel l s have been f ound t o expr ess sur f ace r ecept or s t hat bi nd,

and t her eby concent r at e, cer t ai n mol ecul es so t hat t hey can be

t aken up i n l ar ge amount s even when t hey ar e pr esent at l ow

concent r at i ons out si de t he cel l . Li gands t hat ar e i nt er nal i zed i n

t hi s way i ncl ude pl asma t r anspor t pr ot ei ns, hor mones, and

ot her macr omol ecul es t hat f ul f i l l nut r i t i onal and r egul at or y

r ol es i n cel l s . I n many cases t hi s pr ocess, cal l ed r ecept or -

medi at ed endocyt Osi s, t akes pl ace i n speci al i zed r egi ons of t he

pl asma membr ane cal l ed coat ed pi t s ( r evi ewed i n r ef er ences 1

and 2) .

One of t he most ext ensi vel y st udi ed model syst ems f or

r ecept or - medi at ed endocyt osi s i s t he l ow densi t y l i popr ot ei n

( LDL) r ecept or syst em. LDL, t he maj or chol est er ol car r yi ng

pr ot ei n i n human pl asma, del i ver s chol est er ol t o cel l s ( 3) .

Del i ver y i s accompl i shed by cel l sur f ace r ecept or s t hat bi nd

LDL and l ead t o i t s i nt er nal i zat i on by r ecept or - medi at ed en-

docyt osi s . The LDL i s car r i ed t o l ysosomes wher e i t i s degr aded

t o l i ber at e chol est er ol , whi ch i s used f or t he synt hesi s of pl asma

membr anes ( most cel l s) , st er oi d hor mones ( st er oi d- secr et i ng

cel l s) , and bi l e aci ds ( hepat ocyt es) .

I n 1976 we descr i bed t he mechani sm of i nt er nal i zat i on of

LDL i n human f i br obl ast s . Usi ng LDL t hat was coval ent l y

coupl ed t o f er r i t i n as a speci f i c el ect r on mi cr oscopi c pr obe, we

showed t hat LDL bi nds t o r ecept or s t hat ar e associ at ed wi t h

coat ed pi t s on t he cel l sur f ace ( 4) . Coat ed pi t s ( 5) , whi ch

r epr esent 2%of t he cel l sur f ace, cont ai n about 70%of t he LDL

r ecept or s ( 4, 6) . I mmedi at el y af t er bi ndi ng, t hese pi t s i nvagi nat e

and t he LDL- f er r i t i n i s i nt er nal i zed i nt o coat ed endocyt i c

vesi cl es ( 6) . Wi t hi n 1 mi n, t he endocyt i c vesi cl es l ose t hei r coat

and become l ar ger and i r r egul ar l y shaped, appar ent l y as a

Thi s wor k was pr esent ed i n a Symposi um on Mechani sms of Endocy-
t osi s at t he Twent y- f i r st Annual Meet i ng of The Amer i can Soci et y f or
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r esul t of f usi on wi t h ot her endocyt i c vesi cl es . We cal l ed t hese

newl y f or med vesi cl es endocyt i c vesi cl es or endosomes ( 6) ;

ot her s have used t he t er ms sor t i ng endocyt i c vesi cl es ( 7) or

r ecept osomes ( 8) . Af t er 5 t o 10 mi n, LDL- f er r i t i n can be

det ect ed i n l ysosomes . By quant i t at i ve anal ysi s, t he ki net i cs of

bi ndi ng and upt ake of LDL- f er r i t i n ar e t he same as t hose

obser ved wi t h
125

1- LDL, a bi ochemi cal pr obe f or bi ndi ng,

i nt er nal i zat i on, and degr adat i on ( 9) .

On t he basi s of t he combi ned mor phol ogi cal and bi ochemi -

cal st udi es, we concl uded t hat t he r api d and ef f i ci ent i nt er nal -

i zat i on of LDL, whi ch i s compl et ed wi t hi n 15 mi n, i s due t o

t he associ at i on of t he LDL r ecept or s wi t h coat ed pi t s ( 6) . Thi s

concl usi on was suppor t ed by t he di scover y of a nat ur al l y

occur r i ng mut at i on i n human f i br obl ast s i n whi ch t he genet i -

cal l y al t er ed LDL r ecept or s bi nd but do not i nt er nal i ze LDL

( 10) . I n t hese i nt er nal i zat i on- def ect i ve cel l s, r ecept or - bound

LDL i s not i nt er nal i zed because t he LDL r ecept or s ar e not

cl ust er ed i n coat ed pi t s but i nst ead ar e scat t er ed on t he cel l

sur f ace ( I 1) . The l esson l ear ned f r om t hi s mut ant i s t hat t he

r ecept or must be abl e t o associ at e wi t h coat ed pi t s f or LDL

i nt er nal i zat i on t o t ake pl ace ( 9) .

Over t he past f ew year s, many l abor at or i es have demon-

st r at ed t hat ot her macr omol ecul es ar e i nt er nal i zed by pr ocesses

t hat shar e many of t he f eat ur es of t he LDL upt ake mechani sm.

The l i st of mol ecul es t aken up i n t hi s f ashi on now i ncl udes t he

f ol l owi ng : t r anspor t pr ot ei ns ( such as LDL, chyl omi cr on r em-

nant s, yol k pr ot ei ns, t r ansf er r i n, t r anscobal ami n I I ) ; pr ot ei n

hor mones ( such as epi der mal gr owt h f act or , i nsul i n, chor i oni c

gonadot r opi n, ner ve gr owt h f act or , ß- mel anot r opi n) ; gl ycopr o-

t ei ns ( such as asi al ogl ycopr ot ei ns and l ysosomal enzymes) ;

ot her pl asma pr ot ei ns ( such as a- 2- macr ogl obul i n and mat er nal

i mmunogl obul i ns) ; and cer t ai n vi r uses and t oxi ns ( such as

Seml i ki For est vi r us, di pht her i a t oxi n, pseudomonas t oxi n, and

r i ci n) ( f or r evi ew, see r ef er ences 1, 2, and 12) .

Al t hough t he r ecept or s f or al l of t he above l i gands appear t o

f unct i on si mi l ar l y i n t hat t hey t r anspor t l i gands i nt o t he cel l , a

f ewdi f f er ences have been f ound . Among t hese di f f er ences ar e

t wo t hat wi l l be addr essed her e : ( a) wher eas some r ecept or s
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seemt o mi gr at e t o coat ed pi t s spont aneousl y, ot her s do so onl y
af t er bi ndi ng t hei r l i gands; and ( b) wher eas some r ecept or s ar e
dest r oyed wi t h t hei r l i gands af t er ent er i ng t he cel l , ot her r ecep-
t or s ar e di sengaged f r om t he l i gand wher eupon t hey r et ur n t o
t he sur f ace- a pr ocess t er med r ecept or r ecycl i ng. Ear l y and
i ndi r ect st udi es of t he LDL r ecept or l ed t o t he suggest i on t hat
t he r ecept or moved t o coat ed pi t s spont aneousl y ( 4, 6) and t hat
i t r ecycl ed ( 1, 13) . Dur i ng t he past year , we have been abl e t o
t est t hese suggest i ons di r ect l y . Our cur r ent st udi es have been
made possi bl e by t he devel opment of pol ycl onal and mono-
cl onal ant i bodi es t o t he r ecept or t hat per mi t us t o st udy i t s
di st r i but i on on t he sur f ace i n t he absence of l i gand bi ndi ng ( 14,
15) and by t he use of agent s t hat i nhi bi t r ecept or r ecycl i ng ( 16) .
The r esul t s of t hese st udi es ar e r evi ewed bel ow.

Ant i bodi es t o t he LDL Recept or

Schnei der et al . have r ecent l y pur i f i ed t he LDL r ecept or
f r om bovi ne adr enal cor t ex ( 17, 18) . The r ecept or i s a gl yco-
pr ot ei n wi t h a mol ecul ar wei ght of 164, 000 and an aci di c
i soel ect r i c poi nt of 4. 6 . Bei si egel et al . have used par t i al l y
pur i f i ed pr epar at i ons of bovi ne LDL r ecept or t o obt ai n t wo
ki nds of ant i bodi es : ( a) a pol ycl onal r abbi t ant i - LDL r ecept or
( 14) ; and ( b) a monocl onal mouse ant i - LDL r ecept or ( 15) . Bot h
t ypes of ant i bodi es cr oss- r eact wi t h t he LDL r ecept or s of
human cel l s.

The speci f i ci t y of t he monocl onal and pol ycl onal ant i bodi es
has been st udi ed by i mmunobl ot t i ng t echni ques. When par -
t i al l y pur i f i ed bovi ne adr enal r ecept or s ar e subj ect ed t o el ec-
t r ophor esi s on SDS pol yacr yl ami de gel s, mul t i pl e bands ar e
vi si bl e by Coomassi e Bl ue st ai ni ng ( Fi g. l , l ef t ) , whi ch i ndi cat es
t hat t hese pr epar at i ons cont ai n many pr ot ei ns . When t he pr o-
t ei ns ar e el ect r ophor et i cal l y t r ansf er r ed f r om t he SDS gel t o
ni t r ocel l ul ose paper and i ncubat ed wi t h t he ant i r ecept or mon-
ocl onal ant i body ( Fi g . 1, mi ddl e) or t he ant i r ecept or pol ycl onal
ant i body ( Fi g . 1, r i ght ; and Fi g. 2, r i ght ) f ol l owed by an " ' I -
l abel ed second ant i body, one band at Mr = 164, 000 i s obser ved .

Fi g . 2 ( l ef t , N) shows t hat t he pol ycl onal ant i body al so st ai ns
one pr ot ei n, Mr = 164, 000, i n membr anes f r om nor mal human
f i br obl ast s . Fur t her mor e, when membr anes f r om mut ant r ecep-
t or - negat i ve human f i br obl ast s der i ved f r oma pat i ent wi t h t he
di sease homozygous f ami l i al hyper chol est er ol emi a ( FH) wer e
subj ect ed t o el ect r ophor esi s and i mmunobl ot t i ng, no i mmu-
nor eact i ve band was obser ved ( Fi g . 2, l ef t , FH) . I n st udi es not
shown, we have det er mi ned t hat t he monocl onal ant i body and
t he pol ycl onal ant i bodi es st ai n t he same pr ot ei n i n ext r act s of
nor mal human f i br obl ast s . Thus, bot h t ypes of ant i bodi es
r ecogni ze a si ngl e speci es of pr ot ei n wi t h a Mr = 164, 000 t hat
appear s i n nor mal human f i br obl ast s and bovi ne adr enal mem-
br ane pr epar at i ons but not i n f i br obl ast s f r om pat i ent s who
l ack LDL r ecept or s . Thi s 164, 000- dal t on pr ot ei n has been
pur i f i ed t o homogenei t y f r om t he bovi ne adr enal gl and and
has been shown t o be t he LDL r ecept or ( I S) .

Nat i ve Di st r i but i on of Sur f ace LDL Recept or s

When t he LDL r ecept or i s vi sual i zed wi t h LDL- f er r i t i n at
4° C or af t er pr ef i xat i on wi t h f or mal dehyde, about 70% of t he
LDL r ecept or s ar e associ at ed wi t h coat ed pi t s ( 4, 6) . These
obser vat i ons have been i nt er pr et ed t o mean t hat t he unoccu-
pi ed r ecept or s cl ust er spont aneousl y i n coat ed pi t s bef or e bi nd-
i ng LDL ( 1) . Evi dence f r om ot her l abor at or i es has suggest ed
t hat some r ecept or s i nvol ved i n r ecept or - medi at ed endocyt osi s
( e. g . , a- 2- macr ogl obul i n [ 19] , epi der mal gr owt h f act or [ 20] , and
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El ect r ophor et i c t r ansf er and i mmunobl ot t i ng of LDL r e-

cept or f r om bovi ne adr enal cor t ex . LDL r ecept or s f r om bovi ne

adr enal cor t ex wer e sol ubi l i zed wi t h det er gent and par t i al l y pur i f i ed

on DEAF- cel l ul ose ( 18) . Repl i cat e sampl es ( 100 gg pr ot ei n) wer e

subj ect ed t o el ect r ophor esi s i n 7%sl ab pol yacr yl ami de gel s cont ai n-

i ng 0. 1% SI DS ( 27) . Af t er el ect r ophor esi s, one l ane of t he gel was

st ai ned wi t h Coomassi e Br i l l i ant Bl ue and t he ot her t wo wer e used

f or i mmunobl ot t i ng usi ng a modi f i cat i on of t he pr ocedur e of Bur -

net t ( 28) . For i mmunobl ot t i ng, t he pr ot ei ns f r om t he SI DS gel wer e

t r ansf er r ed el ect r ophor et i cal l y t o BA85 ni t r ocel l ul ose f i l t er s and

i ncubat ed wi t h ei t her monocl onal ant i r ecept or I gG ( 1 Fr g/ ml of

mouse I gG- C7) or pol ycl onal ant i r ecept or I gG ( 10 , ug/ ml of r abbi t

I gG) as i ndi cat ed . The f i l t er s wer e washed ( 28) , f ol l owed by a

second i ncubat i on wi t h 1 f l g/ ml of ' 25 1- l abel ed second ant i body,

ei t her goat ant i - mouse I gG ( 6 x 105 cpm/ t ag) f or monocl onal l ane

or goat ant i - r abbi t I gG ( 3 X 10 5 cpm/ l ag) f or pol ycl onal l ane . The

dr i ed f i l t er s wer e exposed f or - 16 h t o Kodak XAR- 5 f i l m wi t h

enhanci ng scr eens ( 29) . M, ( X 10 - 3 ) st andar ds ar e i ndi cat ed .

Seml i ki f or est vi r us [ 12] ) ar e r andoml y di st r i but ed on t he cel l
sur f ace and t hat t he l i gand must bi nd t o t he r ecept or bef or e i t
and t he r ecept or become associ at ed wi t h coat ed pi t s . I t i s
concei vabl e t hat nei t her 4° C nor f or mal dehyde f i xat i on en-
t i r el y i mmobi l i zes t he LDL r ecept or and t hat t hi s r ecept or , t oo,
has become cl ust er ed as a r esul t of LDL- f er r i t i n bi ndi ng. To
cl ar i f y t hi s poi nt , we have used t he ant i r ecept or ant i bodi es t o
st udy r ecept or di st r i but i on i n cel l s t hat have been t hor oughl y
f i xed so as t o pr event r ecept or mobi l i t y i n t he pl ane of t he
membr ane . To do t hese st udi es, we have adapt ed t he ant i bodi es
f or use as vi sual pr obes .

The monocl onal ant i body agai nst t he LDL r ecept or was
coval ent l y coupl ed t o f er r i t i n by t he met hod of Ki shi da et al .
( 21) and t hen used t o det er mi ne LDL r ecept or di st r i but i on i n
monol ayer s of cul t ur ed human f i br obl ast s . Fi g . 3 compar es t he
di st r i but i on at 4° C of LDL- f er r i t i n ( Fi g . 3A) and f er r i t i n-
l abel ed monocl onal ant i body, desi gnat ed I gG- C7- f er r i t i n ( Fi g .
3 B) . I t i s appar ent t hat bot h pr obes ar e cl ust er ed pr ef er ent i al l y
i n coat ed pi t s, and t hi s vi sual i mpr essi on was conf i r med by a
quant i t at i ve anal ysi s of f er r i t i n di st r i but i on_



FI GURE 2

	

El ect r ophor et i c t r ansf er and i mmunobl ot t i ng of LDL r e-

cept or s f r om human f i br obl ast s and bovi ne adr enal cor t ex . Human

f i br obl ast s f r om a nor mal subj ect ( N) and f r om a pat i ent wi t h t he

r ecept or - negat i ve f or m of homozygous f ami l i al hyper chol est er ol -

emi a ( FH) wer e gr own i n l i popr ot ei n- def i ci ent ser umbef or e har vest

( 15) , scr aped f r om t he pet r i di shes, and sol ubi l i zed wi t h oct yl gl u-

cosi de ( 16) . The ext r act s wer e cent r i f uged at 100, 000 g f or 1 h at

4 ° C, and t he super nat e was used f or el ect r ophor esi s . Bovi ne adr enal

cor t ex membr anes wer e sol ubi l i zed and par t i al l y pur i f i ed as de-

scr i bed i n t he l egend t o Fi g . 1 . Sampl es of nor mal ( N) and mut ant

( FH) f i br obl ast ext r act s ( 200pg pr ot ei n) and bovi ne adr enal cor t ex

ext r act s ( 100 t g pr ot ei n) wer e subj ect ed t o el ect r ophor esi s on SDS

pol yacr yl ami de gel s and t r ansf er r ed el ect r ophor et i cal l y t o BA85

ni t r ocel l ul ose f i l t er s as descr i bed i n t he l egend t o Fi g . 1 . The f i l t er s

wer e i ncubat ed wi t h 10 t t g/ ml of ei t her pr ei mmune r abbi t I gG or

i mmune r abbi t pol ycl onal ant i r ecept or I gG as i ndi cat ed . The f i l t er s

wer e washed ( 28) , f ol l owed by a second i ncubat i on wi t h 1 pg/ ml of
' 25 1- l abel ed goat ant i - r abbi t I gG ( 3 x 105 cpm/ l Lg) . The dr i ed f i l t er s

wer e exposed f or - 16 h t o Kodak XAR- 5 f i l t er s wi t h enhanci ng

scr eens ( 29) . Mr ( x 10 - 3 ) st andar ds ar e i ndi cat ed .

Wi t h t he l i ght mi cr oscope, i ndi r ect i mmunof l uor escence has
been used t o show t hat bot h t he pol ycl onal ant i body ( 14) and
t he monocl onal ant i body ( 15) have t he same bi ndi ng di st r i bu-
t i on on t he sur f ace of human f i br obl ast s as does LDL ( 22, 23) .
The ant i bodi es and LDL al l bi nd i n di scr et e cl ust er s t hat ar e
usual l y l i near l y ar r anged on t he cel l sur f ace . I n t he mut ant
i nt er nal i zat i on- def ect i ve cel l s i n whi ch t he r ecept or i s excl uded
f r omcoat ed pi t s, t he ant i r ecept or ant i bodi es and LDL appear
as smal l er f oci t hat ar e not l i near l y ar r anged ( 23) . We con-
cl uded f r om t hese obser vat i ons t hat t he punct at e l i near di st r i -
but i on i n nor mal cel l s i s at t r i but abl e t o t he associ at i on of
r ecept or s wi t h coat ed pi t s ( 22, 23) . Consi st ent wi t h t hi s hypot h-
esi s was t he f i ndi ng t hat an ant i body t o cl at hr i n, t he st r uct ur al
pr ot ei n of coat ed pi t s, al so bi nds i n a l i near , punct at e pat t er n
t o per meabi l i zed human f i br obl ast s ( 23) . I n f i br obl ast s t hi s
t ype of punct at e l i near st ai ni ng appear s t o be di agnost i c f or
sur f ace r ecept or s t hat ar e associ at ed wi t h coat ed pi t s ; i t i s
di st i nct f r om t he di st r i but i on of ot her cel l sur f ace det er mi nant s
such as / 3- 2- mi cr ogl obul i n, ami nopept i dase, and Na' , K+ ATP-

ase, whi ch ar e r andoml y ar r anged unl ess t hey ar e aggr egat ed
t oget her by i ncubat i on wi t h bi val ent ant i body at 37 ° C ( 24) .

To conf i r m t hat l i gand bi ndi ng does not i nduce movement
of t he LDL r ecept or t o coat ed pi t s, we t ook advant age of t he
obser vat i on t hat t he ant i r ecept or ant i bodi es wi l l bi nd t o t he
LDL r ecept or even af t er t he cel l s have been f i xed wi t h concen-
t r at i ons of gl ut ar al dehyde t hat pr event pr ot ei n movement i n
t he pl ane of t he membr ane . Cel l s wer e f i xed wi t h gl ut ar al de-
hyde pl us f or mal dehyde and t hen i ncubat ed wi t h ant i r ecept or
ant i body f ol l owed by hor ser adi sh per oxi dase conj ugat ed ant i -
r abbi t I gG. Fi g. 4A shows t hat t he pol ycl onal ant i body bound
t o gl ut ar al dehyde- f i xed nor mal human f i br obl ast s . Numer ous
punct at e cl ust er s of r eact i on pr oduct wer e f ound on t he cel l
sur f ace, and many of t hese wer e or gani zed i nt o a l i near pat t er n
( Fi g . 4A, not e l i near dot s bet ween t wo ar r owheads) . Thus, even
i n gl ut ar al dehyde- f i xed f i br obl ast s, t he r ecept or i s di st r i but ed
i n cl ust er s t hat ar e suggest i ve of t he or gani zat i on of coat ed pi t s.
The r ecept or - negat i ve human f i br obl ast s di d not bi nd t he
pol ycl onal ant i body ( Fi g . 4 B) .

Pr evi ous st udi es have shown t hat det er gent t r eat ment of
f or mal dehyde- f i xed cel l s r emoves much of t he pl asma mem-
br ane wi t hout r emovi ng coat ed pi t s ( 22) . I f t he unoccupi ed
LDL r ecept or s ar e cl ust er ed i n coat ed pi t s, t hen f or mal dehyde-
f i xed, det er gent - t r eat ed cel l s shoul d di spl ay cl ust er ed r ecept or s
on t he cel l sur f ace because t he coat ed pi t s ar e r et ai ned i n t hese
cel l s. Wi t h t he sur r oundi ng membr anes di sr upt ed, i t woul d be
unl i kel y t hat l i gand bi ndi ng coul d i nduce r ecept or movement
i nt o coat ed pi t s . To t est f or t hi s possi bi l i t y, we f i xed nor mal
human f i br obl ast s wi t h f or mal dehyde, t r eat ed t hem wi t h or
wi t hout Tr i t on X- 100, and i ncubat ed t hem wi t h ant i r ecept or
ant i body and t hen wi t h f l uor escei n- i sot hi ocyanat e ( FI TC) - con-
j ugat ed ant i - r abbi t I gG ( Fi g . 5) . As i ndi cat ed by t he cl ust er s of
f l uor escence, pol ycl onal ant i body bound t o f or mal dehyde-
f i xed, det er gent - t r eat ed f i br obl ast s i n t he punct at e l i near pat -
t er n whi ch i s consi st ent wi t h a l ocal i zat i on i n coat ed pi t s
( compar e f or mal dehyde- f i xed, det er gent - t r eat ed cel l s i n Fi g.
5 B wi t h cont r ol f i xed cel l s i n Fi g. 5A) .

El ect r on mi cr oscope st udi es of f or mal dehyde- f i xed, det er -
gent - t r eat ed cel l s conf i r med t hat t he ant i body was bi ndi ng t o
cl ust er ed r ecept or s i n coat ed pi t s . Fi g . 6 shows t wo coat ed pi t s
f r om f or mal dehyde- f i xed, det er gent - t r eat ed cel l s t hat wer e i n-
cubat ed wi t h monocl onal ant i body conj ugat ed t o f er r i t i n . Each
coat ed pi t cont ai ns sever al f er r i t i n par t i cl es . By quant i t at i ve
anal ysi s, t he di st r i but i on and amount of bi ndi ng was si mi l ar t o
t hat seen i n f or mal dehyde- f i xed, nondet er gent - t r eat ed cel l s
( dat a not shown) . Wi t h t he noncoat ed pl asma membr ane r e-
moved by t he det er gent , i t woul d not have been possi bl e f or
t he l i gand t o i nduce t he movement of t he r ecept or i nt o t he
coat ed pi t s . Ther ef or e, i n t he case of t he LDL r ecept or , l i gand
bi ndi ng i s not r equi r ed t o achi eve t hi s or gani zat i onal pat t er n .

Recept or Recycl i ng

Cel l s t hat t ake up mol ecul es by r ecept or - medi at ed endocy-
t osi s of t en do so at a cont i nuous r at e wi t hout any appar ent
depl et i on of r ecept or s f r om t he cel l sur f ace . Thi s means t hat
each t i me an occupi ed r ecept or i nt er nal i zes i t s l i gand, t he
r ecept or must ei t her r et ur n t o t he cel l sur f ace i n an unoccupi ed
st at e or a newl y synt hesi zed r ecept or must be r ecr ui t ed t o t he
cel l sur f ace t o r epl ace t he r ecept or r emoved dur i ng i nt er nal i -
zat i on . I n t he case of t he LDL r ecept or , we know t hat t he
r ecept or i s r ecycl ed because i nhi bi t or s of pr ot ei n synt hesi s do
not af f ect i nt er nal i zat i on f or at l east 12 h ( 25) . Dur i ng t hi s
t i me, each r ecept or i s abl e t o i nt er nal i ze mor e t han 100 LDL
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par t i cl es .
The pr ocess of r ecept or r ecycl i ng depends upon t he r ecept or

becomi ng separ at ed f r om t he LDL at some st ep dur i ng i nt er -
nal i zat i on so t hat t he r ecept or can r et ur n t o t he cel l sur f ace
and t he LDL can be degr aded i n t he l ysosome . Fi g. 7 out l i nes
t hr ee possi bl e si t es wher e t hi s segr egat i on event mi ght t ake
pl ace. The f i r st possi bi l i t y i s t hat dur i ng i nt er nal i zat i on t he
r ecept or s move l at er al l y out of t he coat ed pi t and t he LDL i s
t r apped i n an endocyt i c vesi cl e t hat i s car r i ed t o t he l ysosome .
The r ecept or s t hen move l at er al l y i nt o new coat ed pi t s wi t hout
ever l eavi ng t he cel l sur f ace . A second possi bi l i t y i s t hat LDL
and t he r ecept or s ar e bot h i nt er nal i zed i nt o an endocyt i c vesi cl e
and i t i s wi t hi n t hi s compar t ment t hat LDL and r ecept or s
segr egat e. The LDL i s di ver t ed i nt o t he l ysosome and t he
r ecept or s r et ur n t o t he cel l sur f ace . The t hi r d possi bi l i t y i s t hat
bot h t he r ecept or s and LDL r each t he l ysosome. Wi t hi n t he
l ysosome, t he r ecept or and LDL segr egat e i nt o separ at e com-
par t ment s, whi ch al l ows t he r ecept or t o escape degr adat i on .
The LDL i s degr aded and t he r ecept or s r et ur n t o t he cel l
sur f ace .

Sever al quest i ons about t hi s r ecycl i ng pr ocess i mmedi at el y
come t o mi nd . Can t he r ecept or t r avel i t s nor mal r out e and
r ecycl e ef f ect i vel y i f i t car r i es a mol ecul e ot her t han LDL? Can
t hi s r ecycl i ng pr ocess be i nhi bi t ed? Whi ch one of t he pat hways
shown i n Fi g . 7 i s t he act ual mode of LDL r ecept or r ecycl i ng?
Let us consi der t he f i r st quest i on: Can a non- LDL mol ecul e,
such as t he ant i r ecept or ant i body, be t r anspor t ed and di sen-
gaged f r omt he r ecept or i n t he same way as LDL?

I nt er nal i zat i on of t he r ecept or - bound monocl onal ant i body
was demonst r at ed by i ndi r ect i mmunof l uor escence st udi es,
whi ch showed t hat t he monocl onal ant i body, desi gnat ed I gG-
C7, i s i nt er nal i zed i nt o vesi cl es t hat ar e l ocat ed i n t he per i nu-
cl ear ar ea of t he cel l , wher e l ysosomes nor mal l y r esi de ( 15) .
Bi ochemi cal st udi es show t hat at sat ur at i on t he LDL r ecept or s
ar e abl e t o bi nd, i nt er nal i ze, and degr ade t he same amount of
" ' I - l abel ed monocl onal ant i body ( Fi g . 8, r i ght ) as 125I - l abel ed
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FI GURE 3 El ect r on mi cr ogr aphs

showi ng t he di st r i but i on of LDL

r ecept or s on t he sur f ace of human

f i br obl ast s as det ect ed wi t h LDL-

f er r i t i n ( A) and f er r i t i n- l abel ed

monocl onal ant i r ecept or ant i -

body ( B) . Nor mal human f i br o-

bl ast s wer e gr own i n monol ayer

cul t ur e and i ncubat ed i n l i popr o-

t ei n- def i ci ent ser um as pr evi ousl y

descr i bed ( 15) . Monol ayer s wer e

chi l l ed t o 4° C and i ncubat ed f or

2 h wi t h 50 j i g/ ml of LDL- f er r i t i n

( A) or 50 t ag/ ml of I gG- C7- f er r i t i n

( B) . The cel l s wer e washed t o r e-
move nonspeci f i cal l y bound l i g-

and ( 6) , f i xed wi t h 2%gl ut ar al de-

hyde i n 0 . 1 Msodi um cacodyl at e

at pH7 . 3 f or 5 mi n at 4° C f ol l owed

by f ur t her f i xat i on f or 25 mi n at

23° C, and embedded as a mono-

l ayer i n Epon as pr evi ousl y de-

scr i bed ( 6) . A, x 92, 000 ; B, x

125, 500 .

LDL ( Fi g. 8, l ef t ) . Thi s upt ake and degr adat i on i s medi at ed by
t he LDL r ecept or si nce t he upt ake of bot h LDL and mono-
cl onal ant i body i s suppr essed i n par al l el i n cel l s t hat have been
pr evi ousl y t r eat ed wi t h st er ol s ( 25- hydr oxy- chol est er ol pl us
chol est er ol ) t o l ower t he number of sur f ace r ecept or s ( 3) . These
st udi es i ndi cat e t hat t he r ecept or i nt er nal i zes t he monocl onal
ant i body i n t he same way t hat i t does LDL.

Af t er t he monocl onal ant i body has been i nt er nal i zed, t he
LDL r ecept or di ssoci at es f r om i t and r et ur ns t o t he sur f ace.
Thi s concl usi on i s based on exper i ment s such as t hat of Fi g. 8 .
I n t hi s exper i ment cel l s wer e i ncubat ed wi t h t he " ' I - l abel ed
ant i body at 37° C f or 5 h, dur i ng whi ch t i me mor e t han 20
r ounds of i nt er nal i zat i on had occur r ed . Si nce t her e was no
appar ent decr ease i n t he r at e of i nt er nal i zat i on of monocl onal
ant i body dur i ng t hi s i nt er val , t he number of sur f ace r ecept or s
must have r emai ned const ant dur i ng t hi s t i me. Thi s means t hat
r ecept or - l i gand segr egat i on i nt o separ at e compar t ment s, a pr e-
r equi si t e f or r ecept or r ecycl i ng, does not depend on a uni que
bi ochemi cal char act er i st i c of LDL but r at her upon a f eat ur e
t hat i s al so expr essed by t he ant i body.

The i ncr eased ef f i ci ency of cel l ul ar upt ake consequent upon
r ecept or bi ndi ng i s i l l ust r at ed dr amat i cal l y by t he exper i ment
of Fi g . 9 i n whi ch t he cel l ul ar degr adat i on of t he monocl onal
ant i body agai nst t he LDL r ecept or ( I gG- C7) i s compar ed wi t h
t hat of a monocl onal ant i body ( I gG- 2001) di r ect ed agai nst an
i r r el evant ant i gen ( Hemophi l us i nf l uenza, t ype B) . At l ow con-
cent r at i ons t he ant i r ecept or ant i body i s t aken up and degr aded
50- f ol d mor e r api dl y t han t he i r r el evant ant i body i n nor mal
f i br obl ast s ( Fi g . 9A) . I n r ecept or - negat i ve f ami l i al hyper cho-
l est er ol emi a homozygot e cel l s, t he t wo ant i bodi es ar e degr aded
at t he same l ow r at e ( Fi g . 9 B) .

Fur t her st udy of t he st eps i n r ecept or r ecycl i ng woul d be
f aci l i t at ed by t he avai l abi l i t y of agent s t hat speci f i cal l y i nhi bi t
t hi s pr ocess. One such i nhi bi t or i s monensi n ( 16) , a car boxyl i c
i onophor e t hat cat al yzes t he exchange of Na' and H+ acr oss
bi ol ogi cal membr anes ( 26) . I n t he pr esence of t hi s i onophor e,



FI GURE 4

	

Bi ndi ng of pol ycl onal ant i r ecept or ant i body t o gl ut ar al dehyde- f i xed human f i br obl ast s f r om a nor mal subj ect ( A) and

f r om a pat i ent wi t h r ecept or - negat i ve homozygous f ami l i al hyper chol est er ol emi a ( B) . Fi br obl ast s wer e gr own as descr i bed i n t he

l egend t o Fi g . 3. Cel l s wer e f i xed f or 15 mi n at 23° C i n 0. 5% gl ut ar al dehyde pl us 1% f or mal dehyde i n phosphat e- buf f er ed sal i ne

( PBS) ( 10 mMsodi um phosphat e, 0. 15 M NaCl , and 2 MMMgC1 2 at pH 7 . 4) . Cel l s wer e t hen washed and i ncubat ed wi t h 0. 2 mg/

ml of r abbi t ant i r ecept or I gG f or 1 h at 37° C. Cel l s wer e washed and t r eat ed wi t h 1 mg/ ml of hor ser adi sh per oxi dase- conj ugat ed

goat ant i - r abbi t I gG f or 1 h at 37° C. The cel l s wer e t hen pr ocessed t o vi sual i ze per oxi dase r eact i on pr oduct ( 22) . A, x 1, 000; B, x

1, 000 .

LDL r ecept or s ar e unabl e t o r et ur n t o t he cel l sur f ace af t er
i nt er nal i zat i on . When cel l s ar e i ncubat ed wi t h monensi n i n t he
absence of LDL, t her e i s a r api d decr ease i n t he number of
r ecept or s, r eachi ng - 50%at 15 mi n ( 16) . The t i me of t hi s l oss
coi nci des wi t h t he nor mal r at e of ent r y of r ecept or s i nt o t he
cel l . By i mmunof l uor escence, t he LDL r ecept or s t hat ar e l ost
f r om t he sur f ace can be f ound i n vesi cl es wi t hi n t he cel l ( 16,
25) . These dat a suggest t hat r ecept or s ent er t he cel l nor mal l y
i n t he pr esence of monensi n but ar e unabl e t o r ecycl e t o t he
sur f ace. I f monensi n i s added t o cel l s t oget her wi t h LDL, t he
l oss of sur f ace r ecept or s i s equal l y r api d and even mor e ext en-
si ve- >80%of t he r ecept or s di sappear f r omt he sur f ace wi t hi n
15 mi n .

The st udi es wi t h monensi n have cl ar i f i ed sever al aspect s of
LDL r ecept or r ecycl i ng ( r evi ewed i n r ef er ence 25) . Fi r st , coat ed
pi t s ar e r equi r ed f or r ecept or ent r y, because monensi n
does not cause a l oss of cel l sur f ace r ecept or s f r om t he mut ant
i nt er nal i zat i on- def ect i ve cel l s whose r ecept or s ar e not associ -
at ed wi t h coat ed pi t s ( 11) . Second, when f l uor escent LDL i s
i nt er nal i zed i n t he pr esence of monensi n, i t accumul at es i n t he

same vesi cul ar compar t ment as t he r ecept or s ( 25) , whi ch can
be vi sual i zed by st ai ni ng wi t h ant i r ecept or ant i body af t er t he
cel l s ar e per meabi l i zed . Ther ef or e, t he i onophor e pr event s
segr egat i on of LDL and t he r ecept or i n separ at e compar t ment s .
Fi nal l y, r ecept or ent r y and r ecycl i ng must occur cont i nuousl y
because monensi n causes 50% of t he r ecept or s t o be t r apped
i nsi de t he cel l wi t hi n 15 mi n even when LDL i s not pr esent .
We do not knowwhy t he ot her 50%of r ecept or s r emai n on t he
sur f ace i n t he pr esence of monensi n . These r ecept or s ar e po-
t ent i al l y f unct i onal because t hey ent er t he cel l nor mal l y and
become t r apped i f LDL i s subsequent l y added i n t he cont i nued
pr esence of monensi n ( 16) . I t may be t hat onl y hal f of t he
r ecept or s nor mal l y ent er t he cel l and r ecycl e i n t he absence of
LDL . Al t er nat i vel y, al l of t he r ecept or s may cont i nuousl y
r ecycl e, and monensi n may r educe t he r at e at whi ch t he
r ecept or s r et ur n t o t he sur f ace . Thi s sl owi ng woul d di st or t t he
st eady- st at e di st r i but i on bet ween ext er nal and i nt er nal r ecep-
t or s, causi ng 50%of t he r ecept or s t o be i nsi de t he cel l at any
i nst ant i n t i me . The r ecept or s t hat r emai n on t he sur f ace af t er
monensi n t r eat ment ar e l ocal i zed i n coat ed pi t s and t hey have
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Bi ndi ng of pol ycl onal ant i r ecept or ant i body t o f or mal dehyde- f i xed nor mal f i br obl ast s bef or e ( A) and af t er ( 8) t r eat ment

wi t h det er gent . Nor mal human f i br obl ast s wer e gr own i n monol ayer as descr i bed i n t he l egend t o Fi g . 3 . Cel l s wer e f i xed wi t h 3%
f or mal dehyde i n PBS f or 15 mi n at 23° C. One set of cel l s ( 8) was t hen t r eat ed wi t h 0 . 05% Tr i t on X- 100 f or 10 mi n at - 10° C, af t er
whi ch bot h set s of cel l s ( A and 8) wer e i ncubat ed wi t h 0 . 2 mg/ ml of r abbi t ant i r ecept or I gG f or 1 h at 37° C. The cel l s wer e washed
and t hen t r eat ed f or 1 h at 37° C wi t h 0 . 5 mg/ ml of FI TC- conj ugat ed goat ant i - r abbi t I gG. Af t er washi ng, t he cel l s wer e mount ed

i n buf f er cont ai ni ng 90%gl ycer ol and 10%Tr i s- HCL at pH9 . 4 and vi ewed wi t h a Zei ss phot omi cr oscope I I I ( 23) . A, X900 ; 8, X900.

52 8

	

THE JOURNAL Or CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 93, 1982

a nor mal af f i ni t y f or 125 1- LDL as wel l as f or t he 125 1- l abel ed
monocl onal ant i r ecept or ant i body ( unpubl i shed obser vat i ons) .
Thus, t hey do not seemt o const i t ut e a di st i nct cl ass of r ecept or s .

The r ecycl i ng model out l i ned i n Fi g. 7 r ai ses t he possi bi l i t y
t hat i nhi bi t i on of t he segr egat i on of r ecept or and l i gand i nt o
separ at e compar t ment s mi ght pr event r et ur n of t he r ecept or t o
t he sur f ace . We have r ecent l y f ound t hat t he pol ycl onal ant i -
body agai nst t he LDL r ecept or may behave i n t hi s way . I n
cont r ast t o t he monocl onal ant i body, t he pol ycl onal r abbi t
ant i body cannot di ssoci at e f r om t he r ecept or and t hi s causes
t he r ecept or t o be t r apped i n t he cel l . Fi gs. 10 and 11 show t he
r esul t s of exper i ment s desi gned t o assess t he di st r i but i on of
sur f ace r ecept or s af t er t he i nt er nal i zat i on of t he pol ycl onal
ant i r ecept or ant i body . As seen i n Fi g. 10 B, af t er i t s i ncubat i on

FI GURE 6

	

El ect r on mi cr oscopi c vi sual i zat i on of t he bi ndi ng of f er -

r i t i n- l abel ed monocl onal ant i r ecept or ant i body t o t he sur f ace of

f or mal dehyde- f i xed, det er gent - t r eat ed human f i br obl ast s . Nor mal

human f i br obl ast s wer e gr own as descr i bed i n t he l egend t o Fi g . 3 .

On day 7 of gr owt h, t he cel l s wer e f i xed wi t h 3%f or mal dehyde i n

PBS f or 15 mi n at 23 ° C, t r eat ed f or 10 mi n at - 10 ° C wi t h 0 . 05%

Tr i t on X- 100, and washed . The cel l s wer e t hen i ncubat ed wi t h 5I Lg/
ml of I gG- C7- f er r i t i n f or 1 h at 23 ° C. The cel l s wer e t hen f i xed wi t h

2% gl ut ar al dehyde f or 30 mi n at 25 ° C and pr ocessed f or el ect r on

mi cr oscopy as descr i bed i n t he l egend t o Fi g . 3 . X 98, 000 .
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Di agr am i l l ust r at i ng t hr ee possi bl e model s f or r ecycl i ng

of t he LDL r ecept or . The det ai l s and pr edi ct i ons of each model ar e

di scussed i n t he t ext . The symbol s + and I r epr esent LDL r ecept or s

and LDL, r espect i vel y .

wi t h cel l s f or 15 mi n at 37oC, pol ycl onal ant i r ecept or I gG can

be l ocal i zed by i ndi r ect i mmunof l uor escence t o numer ous ves-

i cl es i n t he per i nucl ear ar ea of t he cel l . Ther ef or e, t he pol y-

cl onal ant i body has been i nt er nal i zed and del i ver ed t o a l yso-

somal - l i ke compar t ment . When t hese cel l s wer e assayed f or t he

pr esence of sur f ace r ecept or s af t er ant i body i nt er nal i zat i on, no

bi ndi ng of pol ycl onal ant i body t o t he cel l sur f ace was det ect ed

( Fi g . l 0A) . I n anot her exper i ment cel l s wer e pr et r eat ed wi t h

pol ycl onal ant i body at 4° C and ei t her f i xed i mmedi at el y or

al l owed t o war mt o 37 ° C f or 15 mi n. Cel l s t hat had not been

war med di spl ayed numer ous cl ust er ed r ecept or s ( Fi g. I 1 A) ,

wher eas cel l s t hat had been war med showed a mar kedl y r e-
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FI GURE 8

	

Sat ur at i on cur ves f or t he cel l ul ar upt ake ( upper panel s)

and degr adat i on ( l ower panel s) of 125 1- LDL ( l ef t panel s) and 1251-

l abel ed monocl onal ant i r ecept or ant i body ( r i ght panel s) by mono-

l ayer s of nor mal human f i br obl ast s t hat had been t r eat ed i n t he

absence (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" , A) or pr esence ( O, LN) of st er ol s . Fi br obl ast s wer e gr own

i n monol ayer ( 15) . 2 d bef or e t he exper i ment , each cel l monol ayer

r ecei ved 2 ml of medi um cont ai ni ng 10% l i popr ot ei n- def i ci ent se-

r um i n t he absence (" , A) or pr esence ( O, A) of 1 gg/ ml of 25-

hydr oxychol est er ol pl us 12 t r g/ ml of chol est er ol ( del i ver ed i n 5l t l of

et hanol ) . On t he day of t he exper i ment , each monol ayer r ecei ved

2 ml of medi um cont ai ni ng 10a/ a l i popr ot ei n- def i ci ent ser um and t he

i ndi cat ed concent r at i on of ei t her 125 1- LDL ( 150, 000 cpm/ pmol ) ( A,
B) or 125 1- I gG- C7 ( 9, 000 cpm/ pmol ) ( C, D) . Af t er i ncubat i on f or 5 h

at 37 o C, t he t ot al cel l ul ar cont ent of 125 1- r adi oact i vi t y ( upper panel s)

and t he amount s of 125 1- r adi oact i vi t y degr adat i on pr oduct s excr et ed

i nt o t he medi um ( l ower panel s) wer e det er mi ned . The dashed l i nes

show t he r ecept or - dependent val ues, whi ch wer e det er mi ned by
subt r act i ng t he val ues i n st er ol - t r eat ed cel l s f r om t hose i n unt r eat ed
cel l s . ( Dat a r epr i nt ed f r om Bei si egel et al . [ 15) ) .
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FI GURE 9 Sat ur at i on cur ves f or t he degr adat i on of 125 1- l abel ed

monocl onal ant i - r ecept or I gG- C7 ( A) and 125 1- l abel ed monocl onal

ant i - H. i nf l uenza I gG- 2001 ( A) by monol ayer s of human f i br obl ast s

f r om a nor mal subj ect ( A) and f r om a pat i ent wi t h t he r ecept or -
negat i ve f or m of homozygous f ami l i al hyper chol est er ol emi a ( B) .

Fi br obl ast s wer e gr own i n monol ayer cul t ur e and i ncubat ed f or 48

h i n l i popr ot ei n- def i ci ent ser um ( 15) . Cel l s wer e t hen i ncubat ed

wi t h t he i ndi cat ed concent r at i on of ei t her 125 1- I gG- C7 ( 65 cpm/ ng)

or 125 1- I gG- 2001 ( 55 cpm/ ng) . Af t er i ncubat i on f or 6 h at 37' C, t he

t ot al amount of 125 1- pr ot ei n degr adat i on pr oduct s excr et ed i nt o t he

medi um was det er mi ned ( 15) . Each val ue r epr esent s t he aver age of

dupl i cat e i ncubat i ons .

duced amount of sur f ace ant i body bi ndi ng ( Fi g. 11 B) . These

mor phol ogi c obser vat i ons wer e conf i r med usi ng 125 1- LDL t o

pr obe f or sur f ace r ecept or s ( Fi g . 12) . Af t er exposur e t o pol y-

cl onal ant i body f or 2 h at 37° C, vi r t ual l y no
' 25

I - LDL bound

t o t he cel l sur f ace . I f t he ant i body was r emoved and t he cel l s

wer e i ncubat ed f or up t o 6 h, cel l sur f ace ' 2` ) I - LDL bi ndi ng

r et ur ned sl owl y t o 50%of nor mal . The r et ur n of r ecept or s af t er

r emoval of pol ycl onal ant i body was compl et el y i nhi bi t ed by

cycl ohexi mi de ( Fi g . 12) , i ndi cat i ng t hat new r ecept or s synt hesi s

was r equi r ed .

Consi der ed t oget her , t he r esul t s i n Fi gs . 10- 12 suggest t hat

t he pol yct onal ant i r ecept or ant i body i s i nt er nal i zed l i ke LDL

but , unl i ke LDL, i t st ays bound t o t he r ecept or unt i l t he

compl ex r eaches t he l ysosome wher e t he r ecept or i s degr aded.

Recept or s r eappear on t he sur f ace onl y af t er newr ecept or s ar e

synt hesi zed, pr ocessed, and t r anspor t ed t o t he cel l sur f ace.

Most l i kel y, t he abi l i t y of t he pol ycl onal ant i body t o ext ensi vel y

cr oss- l i nk r ecept or s account s f or i t s abi l i t y t o i nhi bi t r ecept or

r ecycl i ng. Such a cr oss- l i nki ng pr ocess undoubt edl y woul d

i nhi bi t t he r ecept or - ant i body segr egat i on st ep dur i ng r ecycl i ng.

Of i nt er est i s t hat monoval ent Fab f r agment s of t he pol ycl onal

ant i body ar e i nt er nal i zed but do not i nhi bi t r ecept or r ecycl i ng

( unpubl i shed obser vat i ons) . By t hi s f or mul at i on t he mono-

cl onal ant i body does not i nhi bi t r ecycl i ng because i t does not

f or m ext ensi ve pol ymer i zed net wor ks wi t h t he r ecept or .

The ant i r ecept or ant i bodi es and t he i onophor e monensi n

have been usef ul f or st udyi ng r ecept or r ecycl i ng. But much i s

st i l l t o be l ear ned . Whi l e i t appear s t hat l i gand- r ecept or di sso-

ci at i on must be a f undament al st ep i n r ecycl i ng, we have yet t o

det er mi ne t he pr eci se cel l ul ar compar t ment wher e t hi s event

t akes pl ace. The r esul t s of t he monensi n exper i ment s st r ongl y

suggest t hat separ at i on occur s wi t hi n t he cel l r at her t han on

t he cel l sur f ace. I t seems l i kel y t hat segr egat i on occur s bef or e

f usi on wi t h l ysosomes, but t hi s has not been demonst r at ed .

Hopef ul l y, f ut ur e exper i ment s wi t h f er r i t i n- l abel ed ant i bodi es

wi l l i dent i f y t he vesi cul ar compar t ment i n whi ch t hi s st ep t akes

pl ace and t he mechani sm f or separ at i on .
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FI GURE 10

	

I nt er nal i zat i on of LDL r ecept or s af t er i ncubat i on f or 10 mi n at 37° C wi t h pol ycl onal ant i r ecept or ant i body . Nor mal

human f i br obl ast s wer e gr own as descr i bed i n t he l egend t o Fi g . 3 and t hen i ncubat ed wi t h 0 . 2 mg/ ml of r abbi t ant i r ecept or I gG

f or 10 mi n at 37° C. The cel l s wer e t hen washed and f i xed f or 15 mi n at 23° C wi t h 3%f or mal dehyde i n PBS. One set of cel l s ( A) was

t hen i ncubat ed at 37° C f or 1 h wi t h 0 . 2 mg/ ml of r abbi t ant i r ecept or I gG f ol l owed by a 1- h i ncubat i on at 37° C wi t h 1 mg/ ml of

FI TC- conj ugat ed goat ant i - r abbi t I gG . The second set of cel l s ( B) was per meabi l i zed by t r eat ment wi t h 0. 05% Tr i t on X- 100 f or 10

mi n at - 10 ° C and t hen i ncubat ed f or 1 h at 37 ° Cwi t h FI TC- conj ugat ed goat ant i - r abbi t I gG. A, x 1, 000 ; B, x 1, 000 .

FI GURE 11

	

Di sappear ance of LDL r ecept or s f r om t he sur f ace of human f i br obl ast s af t er i ncubat i on wi t h pol ycl onal ant i r ecept or

ant i body at 4° C f or 1 h f ol l owed by br i ef war mi ng . Nor mal human f i br obl ast s wer e gr own as descr i bed i n t he l egend t o Fi g . 3 . Cel l s

wer e pr echi l l ed t o 4° C f or 30 mi n and i ncubat ed f or 1 h at 4° Cwi t h 0. 2 mg/ ml of r abbi t ant i r ecept or I gG. Some cel l s wer e t hen

f i xed i mmedi at el y wi t h 3% f or mal dehyde i n PBS at 4° C f or 5 mi n, f ol l owed by f ur t her f i xat i on f or 15 mi n at 23 ° C ( A) . Ot her cel l s

wer e war med t o 37 ° C f or 15 mi n bef or e f i xat i on ( B) . Al l cel l s wer e t hen t r eat ed wi t h 0 . 2 mg/ ml of r abbi t ant i r ecept or I gG f or 1 h

at 37 ° C f ol l owed by 0 . 5 mg/ ml of FI TC- conj ugat ed goat ant i - r abbi t I gG f or 1 h at 37° C. A, x 900; B, x 900.
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FI GURE 12 Pr event i on of LDL bi ndi ng t o human f i br obl ast s by

pol ycl onal ant i r ecept or ant i body and r ecover y of r ecept or act i vi t y

af t er r emoval of ant i body . Fi br obl ast s f r om a nor mal subj ect wer e

gr own i n monol ayer cul t ur e and i ncubat ed f or 48 h i n l i popr ot ei n-

def i ci ent ser um ( 15) . The cel l s wer e t hen i ncubat ed f or 2 h at 37* C

wi t h medi um cont ai ni ng 1001ag/ ml of r abbi t ant i r ecept or I gG . Each

monol ayer was t hen washed and i ncubat ed at 37' C wi t h medi um

cont ai ni ng 10% l i popr ot ei n- def i ci ent ser um i n t he absence (" ) or

pr esence ( A) of 301Jg/ ml cycl ohexi mi de. Af t er t he i ndi cat ed i nt er val ,

t he medi um was r emoved and each monol ayer r ecei ved 2 ml of i ce-

col d medi um cont ai ni ng 10% l i popr ot ei n- def i ci ent ser um and 10

l ag pr ot ei n/ ml ' 25 1- LDL ( 320 cpm/ ng pr ot ei n) i n t he absence or

pr esence of 500I Lg pr ot ei n/ ml of unl abel ed LDL. Af t er i ncubat i on

f or 1 h at 4° C, t he amount of hi gh af f i ni t y bi ndi ng of ' 25 1- LDL t o t he

cel l sur f ace was det er mi ned ( 13) . The dashed l i ne i ndi cat es t he

val ue of ' 25 1- LDL bi ndi ng i n cel l s t hat wer e not i ncubat ed wi t h t he

pol ycl onal ant i r ecept or ant i body. Each val ue r epr esent s t he aver age

of dupl i cat e i ncubat i ons .
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