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ABSTRACT

	

' 25 1- human gr owt h hor mone ( ' 25 1- hGH) bi nds speci f i cal l y t o r ecept or s on cul t ur ed

human l ymphocyt es ( I M- 9) . When t hi s pr ocess i s st udi ed by use of quant i t at i ve EMr adi oau-

t ogr aphy, under condi t i ons of i ncubat i on at 15 ° C f or 5 mi n, t he l i gand i s l ocal i zed t o t he

pl asma membr ane of t he cel l . At 30 ° and 37 ° C, however , ' 25 1- hGH i s pr ogr essi vel y i nt er nal i zed

by t he cel l as a f unct i on of t i me . The i nt er nal i zed l i gand i s f ound pr edomi nant l y i n t he Gol gi

r egi on of t he cel l s, wi t h a f i ve- f ol d pr ef er ent i al l ocal i zat i on t o membr ane- bounded st r uct ur es

wi t h t he mor phol ogi cal and cyt ochemi cal char act er i st i cs of l ysosomes . Up t o 59% of t hese

l ysosome- l i ke st r uct ur es ar e posi t i ve f or t he aci d phosphat ase r eact i on under t he condi t i ons of

i ncubat i on at 37 ° C f or 120 mi n. When t he cel l - associ at ed r adi oact i vi t y af t er 15- 120 mi n of

i ncubat i on at 37 ° C i s ext r act ed i n 1 Macet i c aci d and f i l t er ed on a Sephadex G- 100 col umn,

58- 73% of t he mat er i al el ut es as i nt act hGH.

When cel l s ar e i ncubat ed wi t h ' 25 1- hGH at 37 ° C f or 15- 120 mi n, separ at ed f r om t he

i ncubat i on medi um, and washed and di l ut ed 100- f ol d, t he per cent ' 25 1- hGH di ssoci abl e

decr eases as a f unct i on of i ncr easi ng t i me of i ncubat i on . When cel l s ar e i ncubat ed wi t h
1251-

hGH f or 15 mi n at 37° C and t he r adi oact i vi t y t hat di ssoci at es f r om t he cel l s dur i ng 15- 90 mi n

i s st udi ed, t he l abel ed mat er i al appear i ng i n t he i ncubat i on medi um i s pr ogr essi vel y degr aded

as a f unct i on of t i me of i ncubat i on . When t he di ssoci at i on pr ocess i s st udi ed r adi oaut ogr aph-

i cal l y, gr ai ns ar e f ound bot h i n pl asma membr ane and i nt r acel l ul ar compar t ment s af t er 30 mi n

of associ at i on, but af t er 30 and 120 mi n of di ssoci at i on a hi gher pr opor t i on of gr ai ns ar e i n t he

i nt r acel l ul ar compar t ment . Af t er 120 mi n of associ at i on, t her e i s l ess di ssoci at i on f r om ei t her

compar t ment and a pr ef er ent i al i ncr ease of gr ai ns i n t he i nt r acel l ul ar compar t ment .

These dat a suggest t hat r ecept or - l i nked i nt er nal i zat i on of a pol ypept i de hor mone pr ovi des

a mechani sm t hat coupl es degr adat i on of t he l i gand wi t h l oss of t he cel l sur f ace r ecept or .

When a pol ypept i de hor mone or gr owt h f act or bi nds t o speci f i c

r ecept or s on cel l sur f aces, sever al di ver se event s occur . I n t ar get

cel l s á bi ol ogi cal r esponse i s i ni t i at ed, i n bot h t ar get and

nont ar get cel l s t he l i gand i s i nact i vat ed or degr aded ( 38) , and

t he hor mone- r ecept or i nt er act i on r egul at es t he ambi ent r ecep-

t or concent r at i on ( 16, 26) .

By use of mor phol ogi cal pr obes, i t has been shown di r ect l y

t hat a var i et y of pol ypept i de hor mones and gr owt h f act or s bi nd

t o speci f i c si t es on t he cel l sur f ace and ar e subsequent l y i nt er -

nal i zed by t he cel l ( 1, 6, 10, 13, 17, - 19, 22, 23, 31, 39) . The

f unct i on of t hi s sequence of event s i s i ncompl et el y under st ood .

For cer t ai n l i gands, i nt er nal i zat i on i s a necessar y st ep i n t hei r

bi ol ogi cal act i on ( 2) ; i t r emai ns t o be det er mi ned whet her t hi s

pr ocess i s r equi r ed f or any of t he bi ol ogi cal act i ons of pol ypep-

t i de hor mones and gr owt h f act or s .

We have pr evi ousl y suggest ed t hat hor mone degr adat i on

THE JOURNAL Of CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 87 NOVEMBER 1950 360- 369

©The Rockef el l er Uni ver si t y Pr ess " 0021- 9525/ 50/ 11/ 0360/ 10 $1 . 00



and l oss of cel l sur f ace r ecept or s may be l i nked t hr ough a

common sequence of event s ( 10, 18, 19) . Bi ndi ng of t he hor -

mone r esul t s i n i nt er nal i zat i on of t he hor mone- r ecept or com-

pl ex i n a membr ane- bounded compar t ment t hat t r ansf er s t he

hor mone and possi bl y t he r ecept or s t o a l ysosomal compar t -

ment . The hor mone i s t hen degr aded, and t he r ecept or may be

degr aded or r ecycl ed back t o t he pl asma membr ane.

The pr esent st udy descr i bes t he mor phol ogi cal and bi ochem-

i cal event s i nvol ved i n t he i nt er act i on of human gr owt h hor -

mone ( hGH) wi t h cul t ur ed human l ymphocyt es and suppor t s

t he hypot hesi s t hat l i gand- i nduced endocyt osi s i s a maj or

mechani sml i nki ng t he bi ndi ng of hor mone t o degr adat i on and

t o t he r egul at i on of cel l sur f ace r ecept or s .

MATERI ALS AND METHODS

Cel l s and Reagent s

Human cul t ur ed l ymphocyt es of t he I M- 9 cel l l i ne wer e used f or al l exper i -

ment s ( 8, 15, 25) . Cel l s wer e gr own at 37° C i n RPMI 1640 medi umcont ai ni ng

10%f et al cal f ser umand 25 mMHEPES( I nt er nat i onal Bi ol ogi cal Labor at or i es,

I nc. , Rockvi l l e, Md. ) . Gl ut amne ( 0. 29 mgt nI ) was added j ust bef or e f eedi ng.

Cel l s wer e " f ed" t hr ee t i mes a week by di vi di ng t hecul t ur e 1 : 3 and addi ng f r esh

medi um. Cel l s i n l at e l og phase or ear l y st at i onar y phase of gr owt h wer e spl i t 1 :

2 i n f r esh medi um24 h bef or e use.

Human gr owt h hor mone ( pr epar at i on 2106E, a gi f t of t he Nat i onal Pi t ui t ar y

Agency, Nat i onal I nst i t ut e of Ar t hr i t i s, Met abol i c, and Di gest i ve Di seases) used

f or t hi s st udy was i odi nat ed at spec act i vi t y of 50 mCi / mg and pur i f i ed as

pr evi ousl y descr i bed ( 26) .

I ncubat i on Condi t i ons

Cel l s wer e r emoved f r om t he gr owt h medi um by cent r i f ugat i on at 600 g f or 5

mi n at 24° C and washed once by r esuspensi on i n t he assay buf f er ( see bel ow)

( 25) . The washed cel l pel l et was t hen equi l i br at ed i n assay buf f er at 37° C. - 108

cel l s/ ml wer e i ncubat ed i n assay buf f er ( 50 mMsodi umHEPES, 120 mMNaCl ,

1 . 2 mM magnesi um sul f at e, 1 mMEDTA, 10 mM gl ucose, 15 mMsodi um

acet at e, 10 mg/ ml bovi ne ser umal bumi n, pH 7. 6) wi t h 5- 20 ng/ ml 125
1- hGHat

15° , 30° , and 37° C f or var yi ng per i ods of t i me i n 17- x 100- mmpl ast i c Fal con

t ubes ( Fal con Labwar e, Di v . Bect on, Di cki nson &Co . , Oxnar d, Cal i f. ) . I dent i cal

i ncubat i ons wer e car r i ed out i n t he pr esence of I pg/ ml of unl abel ed hGH t o

det er mi ne nonspeci f i c bi ndi ng. At appr opr i at e t i me i nt er val s, 1 . 5 ml of cel l s wer e

gent l y t r ansf er r ed i nt o coni cal pl ast i c t ubes and cent r i f uged at 200 g at 4° C f or

15 mi n and t he supemat e was aspi r at ed. 4%gl ut ar al dehyde i n 0. 1 Msodi um

phosphat e buf f er , pH7. 4, was t hen added t o t he cel l pel l et and al l owed t o f i x f or

a mi ni mumof 4 h at r oomt emper at ur e. The gl ut ar al dehyde was t hen aspi r at ed

and r epl aced wi t h 0 . 1 Mphosphat e buf f er , pH 7. 4, unt i l f ur t her pr ocessi ng ( 8) .

Radi oact i vi t y i n t he cel l pel l et was det er mi ned by gamma count i ng.

Anal ysi s of Cel l - associ at ed Radi oact i vi t y

Cel l s ( 108) wer e di l ut ed i n 4 ni l of assay buf f er t hat cont ai ned 1251- hGH ( 10

ng/ ml ) and i ncubat ed i n a 37° C shaki ng wat er bat h. At t he end of speci f i ed

t i mes, I ml of cel l s was t r ansf er r ed t o 17- x 100- mmpl ast i c t ubes and cent r i f uged

at 400 g f or 2 mi n at 24° C. The super nat e was r emoved, and t he cel l pel l et was

r esuspended i n i ce- col d assay buf f er and cent r i f uged as bef or e. The super nat e

was saved f or count i ng r adi oact i vi t y, and t he cel l pel l et was r esuspended i n 1 . 5

ml of I Macet i c aci d . Af t er 15 mi n, t he aci d- sol ubi l i zed mat er i al was cent r i f uged

and I ni l of t he super nat e was appl i ed t o a Sephadex G- 100 col umn ( 1 . 5 x 80

cm) equi l i br at ed i n and el ut ed wi t h 1 . 0 Macet i c aci d at 4° C.

I n i ni t i al exper i ment s cel l s wer e sol ubi l i zed i n 0. 1%Tr i t on X- 100, 6. 0 Mur ea,

and 1 . 0 Macet i c aci d as descr i bed pr evi ousl y f or 1z5 í - i nsul i n associ at ed wi t h r at

hepat ocyt es ( l 0) . We f ound, however , t hat cel l - associ at ed 1z5í - hGH, as wel l as
125

1- hGHal onewhen st or ed i n Tr i t on X- 100, ur ea, and acet i c aci d at - 20° Cand

t hen f i l t er ed on a Sephadex G- 100 col umn, was r ecover ed pr i mar i l y i n t he voi d

vol ume of t he Sephadex col umn. Asi mi l ar pat t er n was obt ai ned when 1251- hGH

i n 1 . 0 Macet i c aci d was st or ed at - 20° C. Thus, al l cel l ext r act s wer e st or ed at

4° C.

Ki net i cs of Associ at i on and Di ssoci at i on of ' 251-

hGH
125

1- hGH ( 10 ng/ ml ) was i ncubat ed wi t h 10' cel l s/ ml i n assay buf f er at 37° C

f or 15, 30, 60, and 120 mi n. At i nt er val s of associ at i on al i quot s ( 100 i al ) wer e

t aken, t he cel l s wer e cent r i f uged at 600 g f or 2 mi n, and t he cel l - associ at ed

r adi oact i vi t y was measur ed . To st udy di ssoci at i on of
12s

í - hGH f r omt he cel l we

t ook addi t i onal 100- pí al i quot s and t r ansf er r ed t hem t o a ser i es of t ubes t hat

cont ai ned 10 ml of assay buf f er at 37° C ( we have demonst r at ed t hat t hi s di l ut i on

pr event s r ebi ndi ng of t he l i gand) . At i nt er val s ( 15, 30, 50, 90, and 120 mi n) , t he

t ubes wer e cent r i f uged ( 2 mi n, 600g) , and t he r adi oact i vi t y i n t he cel l pel l et was

count ed.

Nat ur e of Cel l - di ssoci at ed Radi oact i vi t y

Cel l s ( 108) wer e di l ut ed and equi l i br at ed i n 5. 0 ni l of assay buf f er at 37° C,

` I - hGH ( 10ng/ ml ) was added at t i me zer o, and cel l s wer e i ncubat ed f or 15 mi n

at 37° C. Cel l s wer e t hen cent r i f uged at 400 g f or 2 mi n at 24° C, t he super nat e

was r emoved, and t he cel l pel l et was r esuspended i n i ce- col d assay buf f er and

r ecent r i f uged. The cel l pel l et was t hen r esuspended i n 37° C assay buf f er cont ai n-

i ng 1 . 0 pg/ ml unl abel ed hGH ( i n t he pr esence of excess unl abel ed hGH,

r eassoci at i on of
12s

í - hGH wi t h r ecept or i s pr event ed; t hus onl y di ssoci at i on of

` I - hGH i s measur ed) , and i ncubat ed f or 15 mi n. The cel l s wer e pel l et ed by

cent r i f ugat i on at 400 g f or 2 mi n at WC, and r esuspended i n assay buf f er at

37° C wi t h hGH( 4. 0 ni l ) f or anot her 30 mi n. The cel l s wer e cent r i f uged as bef or e,

t he supemat e was saved and t he cel l pel l et was r esuspended i n 37° C assay buf f er

wi t h hGH( 4. 0 ni l ) f or an addi t i onal 45 mi n . At t he end of 45 mi n t he cel l s wer e

cent r i f uged as bef or e, t he super nat e was saved, and t hecel l pel l et was count ed t o

det er mi ne r adi oact i vi t y t hat had not di ssoci at ed f r omt he cel l s dur i ng t he t ot al 90

mi n at 37° C. Each of t he super nat es ( af t er cent r i f ugat i on at 15, 30, and 45 mi n)

was appl i ed t o a Sephadex G- 100 col umn ( 0. 9 x 50 cm) equi l i br at ed i n and

el ut ed wi t h 0 . 01 Mphosphat e buf f er , pH7. 4. The super nat ant sampl e f r omeach

t i me- poi nt was gel f i l t er ed i n r ever se or der ( 45- mi n super nat e bef or e 30 mi n

bef or e 15 mi n) , i . e . , t he l owest t o hi ghest r adi oact i ve sampl e.

Pr epar at i on f or El ect r on Mi cr oscopy

and Radi oaut ogr aphy

Af t er t hr ee successi ve washi ngs i n phosphat e buf f er , t he cel l pel l et was

post f i xed i n 0 . 1 Mosmi um t et r oxi de, pH 7. 4, f or 2 h at r oom t emper at ur e,

dehydr at ed i n gr aded et hanol , and embedded i n Epon. Gr i ds t hat cont ai ned t he

sect i ons wer e coat ed wi t h I l f or d L4 emul si on ( I l f or d Li mi t ed, Basi l don, Engl and)

as pr evi ousl y descr i bed ( 8, 10) . Af t er 3- 5 wk, t he gr i ds wer e devel oped i n

Mi cr odol X. Sampl es wer e t hen exami ned i n a Phi l i ps EM300 el ect r on mi cr o-

scope, and gr ai ns wer e phot ogr aphed onl y on cel l s t hat wer e j udged t o be wel l

pr eser ved ( 8) . Phot ogr aphs wer e t aken at a magni f i cat i on ( x 11, 000) cal i br at ed

wi t h a r ef er ence gr i d ( 2, 160 l i nes/ mm) ( 7, 9) .

Mor phomet r y

The vol ume densi t y of t he mai n i nt r acyt opl asmi c st r uct ur es t hat coul d be

det ect ed at t he magni f i cat i on chosen ( i . e . , endopl asmi c r et i cul um, nucl eus, l yso-

somal st r uct ur es, and Gol gi appar at us) was det er mi ned on cel l s i ncubat ed f or

120 and 180 mi n at 30° C. For each condi t i on, f our di f f er ent Epon bl ocks wer e

cut and a t ot al of 48 pi ct ur es wer e anal yzed ( 12 pi ct ur es per bl ock sect i on) . For

each sect i on, r andom sampl i ng was ensur ed by phot ogr aphi ng t he cl osest l ym-

phocyt e cyt opl asm t o each comer of t hr ee consecut i ve squar es of t he suppor t i ng

gr i d . Pi ct ur es wer e t aken at an i ni t i al magni f i cat i on of x 11, 000. Mor phomet r i c

det er mi nat i ons wer e made on pr i nt s enl ar ged t hr ee t i mes ( f i nal magni f i cat i on,

x 33, 000) wi t h a t est scr een i n t he f or mof a doubl e squar e l at t i ce. The vol ume

densi t y of or ganel l es was det er mi ned as pr evi ousl y descr i bed ( 10) .

The per cent age of gr ai ns beyond 250 nm of t he pl asma membr ane, whi ch

wer e r el at ed t o each of t he i nt r acel l ul ar or ganel l es pr evi ousl y char act er i zed by

mor phomet r y, was eval uat ed by a pr obabi l i t y ci r cl e met hod ( 10) .

Cyt ochemi cal St udi es

Cyt ochemi cal r eact i ons f or aci d phosphat ase usi ng B- gl ycer ophosphat e as

subst r at e ( 60 mi n of i ncubat i on at 37° C) wer e car r i ed out on " chopper " sect i ons

of l ymphocyt e pel l et s as descr i bed by Bar ka and Ander son ( 5) . Cont r ol i ncuba-

t i ons wer e car r i ed out ei t her i n t he absence of B- gl ycer ophosphat e or i n t he

pr esence of an i nhi bi t or of t he r eact i on ( NaF : 0 . 01 M) . Radi oaut ogr aphy was

car r i ed out on t he cyt ochemi cal l y r eact ed t i ssue as descr i bed above.

RESULTS

Quant i t at i ve EM Radi oaut ogr aphi c Local i zat i on

of ' 251- hGH t o t he Cel l Sur f ace

For t hese and pr evi ous st udi es ( 8, 10, 19) , we have used t he

ear l i est t i me- poi nt s at t he l owest t emper at ur e st udi ed as t he
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most accur at e r ef l ect i on of i ni t i al bi ndi ng at t he cel l sur f ace .

Under t hese condi t i ons, usi ng t he l i ne- sour ce model of Sal pet er

( 30) , we have shown t hat l abel ed i nsul i n i ni t i al l y l ocal i zes t o

t he pl asma membr ane of cul t ur ed human l ymphocyt es and t he

cel l - associ at ed r adi oact i vi t y i s anal yzed by EMr adi oaut ogr a-

phy, gr ai ns di st r i but e pr edomi nant l y i n a symmet r i cal f ashi on

ar ound t he pl asma membr ane ( Fi g. 1) ( f or f ur t her dat a on t he
mor phol ogi c i nt egr i t y of t hese cel l s, see r ef er ences 8, 21, and
28) . These dat a ar e consi st ent wi t h pr edomi nant l ocal i zat i on of

t he l i gand t o sur f ace membr ane r ecept or s .

Quant i t at i ve EM Radi oaut ogr aphi c St udi es of
25

1- hGH Bi ndi ng t o Cul t ur ed Human

Lymphocyt es as a Funct i on of Ti me and

Temper at ur e

Because " ' I - hGH l ocal i zes pr edomi nant l y t o t he pl asma
membr ane of t he cul t ur ed human l ymphocyt e at 15° C, we

wi shed next t o det er mi ne t he f at e of t he l abel ed l i gand at

hi gher t emper at ur es . When " 5 I - hGHi s i ncubat ed wi t h cul t ur ed
human l ymphocyt es at 30° C, bi ndi ng comes t o an appar ent
st eady st at e by 30- 60 mi n of i ncubat i on and i s mai nt ai ned up
t o at l east 180 mi n ( Fi g . 2) . When cel l s ar e exami ned by
r adi oaut ogr aphy at var i ous t i me- poi nt s of i ncubat i on at 30° C,

i t can be seen t hat af t er onl y 2 mi n of i ncubat i on t her e i s a
pr ogr essi ve i nt er nal i zat i on of t he l abel ed l i gand ( Fi g . 3) .

At 37° C t he t i me- cour se of bi ndi ng ( dat a not shown) i s
si mi l ar t o t hat shown f or 30° C i n Fi g. 2 . When t he gr ai n

di st r i but i on of t he l abel ed l i gand i s exami ned f or 180 mi n of
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FI GURE 1

	

Gr ai n di st r i but i on hi st ogr am of i ni t i al l ocal i zat i on of " ' I -

i nsul i n ( upper ; 2 mi n, 15° C) and ' Z5 1- hGH ( l ower ; 5 mi n, 15 ° C) t o

cul t ur ed human l ymphocyt es. The nor mal i zed number of gr ai ns

( ver t i cal axi s) i s pl ot t ed as a f unct i on of t he di st ance of t he gr ai n

cent er f r om t he pl asma membr ane ( 30) ( hor i zont al axi s) . The zer o

poi nt r ef er s t o t he pl asma membr ane ( PM) . The sol i d l i ne i s t he

uni ver sal cur ve of " I adapt ed f r om Sal pet er et al . ( 30) and r epr e-

sent s t he di st r i but i on of ' Z5 1 ar ound a def i ned l i ne sour ce of i r r adi a-

t i on . Number of gr ai ns anal yzed : upper , 229; l ower , 160 .
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Lymphocyt es

FI GURE 2

	

Ti me- cour se of bi ndi ng of ' 251- hGHwi t h cul t ur ed human

l ymphocyt es . ' zs l - hGH ( 15 ng/ ml ) was i ncubat ed wi t h cul t ur ed

human l ymphocyt es ( 10' cel l s/ ml ) i n assay buf f er at 30° C. At each

t i me- poi nt shown ( sol i d l i ne) , cel l s wer e separ at ed f r om t he medi um

by cent r i f ugat i on, and t he r adi oact i vi t y i n t he cel l pel l et was det er -

mi ned by gamma count i ng . A par al l el i ncubat i on was car r i ed out i n

exact l y t he same way except t hat 1 Fi g/ ml of unl abel ed hGH was

added at t he begi nni ng of t he i ncubat i on ( nonspeci f i c bi ndi ng) .

Per cent speci f i c bi ndi ng : 2 mi n, 2 . 6; 30 mi n, 6. 4; 60 mi n, 6 . 4; 90 mi n,

6 . 6 ; 120mi n, 6 . 5 ; 150mi n, 5 . 6 ; and180mi n, 3 . 9 .

i ncubat i on at 37° C, t he l abel ed l i gand i s i nt er nal i zed i n a
f ashi on si mi l ar t o t he 30- mi nut e i ncubat i on ( dat a not shown) .

These dat a suggest t hat l abel ed hGH i ni t i al l y l ocal i zes t o t he
cel l sur f ace but i s pr ogr essi vel y i nt er nal i zed by t he cel l as a
f unct i on of t i me and t emper at ur e.

Because r adi oaut ogr aphy measur es t ot al cel l - associ at ed r a-

di oact i vi t y, we wi shed next t o det er mi ne hownonspeci f i c bi nd-

i ng ( cel l - associ at ed r adi oact i vi t y i n t he pr esence of a l ar ge

excess of unl abel ed hor mone) r el at es t o t hi s pr ocess . Nonspe-

ci f i c bi ndi ng r eaches maxi mumby 2 mi n of i ncubat i on at 30° C

and changes onl y sl i ght l y over t he r emai nder of t he i ncubat i on

( Fi g. 2) . Wi t h a hi gher concent r at i on of l abel ed hor mone t han

i n our pr evi ous exper i ment s ( 25) , t her e i s hi gher nonspeci f i c

bi ndi ng. When gr ai ns f r oma number of gr i ds ar e pool ed and

t he nonspeci f i c bi ndi ng i s quant i t at i vel y anal yzed, i t has a

di st r i but i on essent i al l y t he same as t hat of t ot al bi ndi ng ( Fi g .

4) . Not e al so t hat nonspeci f i c bi ndi ng r epr esent s t he hi ghest

per cent age of t ot al bi ndi ng at 2 mi n of i ncubat i on ( Fi g. 2) . To

t he ext ent t hat some por t i on of nonspeci f i c bi ndi ng r el at es t o

t r appi ng of t he l i gand i n t he pel l et , t hi s r adi oact i vi t y, not f i xed

by gl ut ar al dehyde, i s l ost f r om t he pel l et dur i ng pr ocessi ng and

not seen r adi oaut ogr aphi cal l y . Pr evi ous st udi es have demon-

st r at ed t hat i nact i ve gr owt h hor mones do not bi nd t o t hese

cel l s ( 25) and, si mi l i ar l y, ' Z6I and i nsul i n degr adat i on pr oduct s

do not bi nd t o hepat ocyt es ( 10) . Thus, nonspeci f i c bi ndi ng i n

t hese exper i ment s cannot expl ai n t he pr ogr essi ve i nt er nal i za-
t i on of l abel ed hGH by t he cul t ur ed human l ymphocyt e .

I nt r acel l ul ar Local i zat i on of ' 25 1- hGHi n Cul t ur ed

Because l abel ed hGH i s pr ogr essi vel y i nt er nal i zed by t he

cul t ur ed human l ymphocyt es, we wi shed next t o det er mi ne

whet her t he i nt er nal i zed l i gand ( i . e. , gr ai ns >250 r un i nt r acel -

l ul ar l y) l ocal i zes t o speci f i c r egi ons of t he cel l . >70%of t he
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FI GURE 3 Gr ai n di st r i but i on hi st ogr am f r om each t i me- poi nt of

i ncubat i on shown i n Fi g . 2 . The per cent of t ot al gr ai ns ( ver t i cal axi s)

i s pl ot t ed as a f unct i on of t he di st ance of t he gr ai n cent er f r om t he

pl asma membr ane ( hor i zont al axi s) . Not e t he pr ogr essi ve decl i ne i n

t he per cent age of gr ai ns over t he pl asma membr ane and spr eadi ng

of r adi oact i vi t y i nt r acel l ul ar l y as a f unct i on of i ncubat i on t i me .

Gr ai ns anal yzed at : 2 mi n, 143 ; 30 mi n, 154; 60 mi n, 73; 90 mi n, 123 ;

120 mi n, 117; 150 mi n, 127; and 180 mi n, 195 . A second i ncubat i on

at 30° C ( dat a not shown) was car r i ed out f or each t i me- poi nt shown

her e, wi t h essent i al l y i dent i cal r esul t s .

i nt er nal i zed gr ai ns l ocal i ze i n t he Gol gi pol e of t he cel l . Thi s
r egi on i s al ways l ocat ed i n t he i ndent at i on of t he nucl eus and
i s easi l y r ecogni zabl e ( Fi g. 5) .

To det er mi ne whet her gr ai ns pr ef er ent i al l y l ocal i ze t o spe-

ci f i c mor phol ogi cal l y det ect abl e or ganel l es, t he vol ume densi t y
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FI GURE 4 Gr ai n di st r i but i on hi st ogr am of 120- mi n t i me- poi nt i n-

cubat ed at 30° C. Tot al associ at ed r adi oact i vi t y ( upper ) and nonspe-

ci f i c bi ndi ng ( l ower ) ; cel l - associ at ed r adi oact i vi t y i n t he pr esence of

1 l Ag/ ml of unl abel ed hGH. I t can be seen i n Fi g . 2 t hat t he

nonspeci f i c bi ndi ng at 120 mi n of i ncubat i on r epr esent s 30%of t he

t ot al bi ndi ng . Backgr ound or spont aneous phot ochemi cal event s

=0 . 006 gr ai ns/ nm2 or a1- 2 gr ai ns per hi st ogr am col umn . For f ur t her

di scussi on of t hi s t ype of anal yses, see Fi g. 7 of r ef er ence 8. Number

of gr ai ns anal yzed : upper , 141 ; l ower , 165 .

of t he var i ous or ganel l es was det er mi ned ( 22) , and t he gr ai ns
associ at ed wi t h t hese or ganel l es wer e i dent i f i ed by a pr obabi l i t y
ci r cl e met hod. When t hi s i s done, a f i ve- f ol d pr ef er ent i al
associ at i on of gr ai ns wi t h l ysosomal st r uct ur es i s obser ved ( Fi g .
6) . By cont r ast , t her e i s no pr ef er ent i al l ocal i zat i on of gr ai ns t o
mi t ochondr i a, Gol gi el ement s, r ough endopl asmi c r et i cul um,
or nucl eus ( Fi g. 6) .

Mor phol ogy and Cyt ochemi st r y of St r uct ur es t o

Whi ch Gr ai ns Local i ze

We consi der as l ysosomes t he membr ane- bounded st r uct ur es

shown i n Fi g. 7 . I n ot her st udi es we have i ncl uded as l ysosomes
st r uct ur es t hat can be descr i bed mor phol ogi cal l y as mul t i vesi c-

ul ar bodi es, dense bodi es, aut ophagosomes, and het er ophago-

somes ( 4, 10, 11, 18 21) . To char act er i ze t hese st r uct ur es f ur t her ,

we have r eveal ed cyt ochemi cal l y t he l ysosomal enzyme aci d

phosphat ase and st udi ed t he r el at i onshi p of r adi oaut ogr aphi c

gr ai ns r el at ed t o membr ane- bounded st r uct ur es posi t i ve f or
aci d phosphat ase . When t hi s i s done, i t can be seen t hat gr ai ns
pr ogr essi vel y associ at e wi t h t he aci d phosphat ase- posi t i ve
st r uct ur es as a f unct i on of t i me . By 120 mi n of i ncubat i on at
30° C, up t o 50%of gr ai ns ar e r el at ed t o st r uct ur es posi t i ve f or

t hi s si ngl e l ysosomal mar ker ( Tabl e I ) .

To be cer t ai n t hat t he cyt ochet ni cal r eact i on was speci f i c f or
aci d phosphat ase, cont r ol exper i ment s wer e car r i ed out i n
ei t her t he absence of subst r at e or t he pr esence of an i nhi bi t or

ET AL .
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FI GURE 5

	

Gener al vi ew at l ow magni f i cat i on of an I M- 9 l ymphocyt e i ncubat ed f or 180 mi n at 37° C i n t he pr esence of 126 1- hGH .

Two r adi oaut ogr aphi c gr ai ns ( ar r ows) ar e seen i n t he Gol gi r egi on of t he cel l . x 25, 000 .

of t he r eact i on . Under t hese ci r cumst ances t her e was no mor -

phol ogi cal l y det ect abl e r eact i on .

Nat ur e of Cel l - associ at ed Radi oact i vi t y

At t he end of speci f i ed t i mes of i ncubat i on of I 26í - hGH wi t h

cul t ur ed l ymphocyt es at 37° C, cel l s wer e cent r i f uged and t he

pel l et was washed and ext r act ed i n 1 Macet i c aci d . Fr om 75

t o 83% of t he r adi oact i vi t y was ext r act abl e f r omt he cel l . The

cel l ext r act was t hen appl i ed t o a Sephadex G- 100 col umn

equi l i br at ed i n and el ut ed wi t h 1 Macet i c aci d . Under t hese

ci r cumst ances, 73%of t he r adi oact i vi t y el ut ed as i nt act hGH

af t er 15 mi n of i ncubat i on, and t hi s decr eased t o 58%by 120

mi n of i ncubat i on ( Fi g. 8) .

Anal ysi s of Di ssoci at i on of Cel l - associ at ed

Radi oact i vi t y

To det er mi ne whet her t he t i me of associ at i on of I 25 í - hGH

wi t h t he cel l af f ect ed t he di ssoci abi l i t y of t he l abel ed l i gand,
12. I - hGH was i ncubat ed at 37° C wi t h cul t ur ed l ymphocyt es,

and at speci f i ed t i mes cel l s wer e di l ut ed 100- f ol d, and t he cel l -

bound r adi oact i vi t y was al l owed t o di ssoci at e f or 120 mi n ( Fi g .

9) . Under t hese condi t i ons, t he absol ut e amount of r adi oact i vi t y
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di ssoci abl e i n 120 mi n was pr ogr essi vel y decr eased as a f unc-

t i on of i ncr eased associ at i on t i me ( Fi g . 9) .

Nat ur e of Radi oact i vi t y Di ssoci at ed f r om

Cul t ur ed Human Lymphocyt es

To anal yze t he r adi oact i vi t y r el eased by t he cel l , i t was f i r st

necessar y t o show t hat t he i ncubat i on medi um per se di d not

cont ai n degr adi ng act i vi t y. Cel l s wer e i ncubat ed i n buf f er f or

90 mi n at 37 ° C. The cel l s wer e t hen separ at ed f r omt he medi um

by cent r i f ugat i on, and t he super nat ant buf f er was i ncubat ed

wi t h 1251- hGH f or 90 mi n at 37° C and f i l t er ed on a Sephadex

G- 100 col umn. Under t hese condi t i ons, t her e was no al t er at i on
of t he 125 1- hGH, and t he r esul t ant gel - f i l t r at i on pat t er n was

i ndi st i ngui shabl e f r om t hat seen wi t h f r esh noni ncubat ed " 5I -

hGH ( dat a not shown) . We concl ude, t her ef or e, t hat any

change i n t he l abel ed mat er i al r el eased i nt o t he medi umr esul t s

f r om t he cel l i t sel f .
1251- hGH was t hen i ncubat ed wi t h cul t ur ed l ymphocyt es at

37° C f or 15 mi n . Cel l s wer e t hen pel l et ed by cent r i f ugat i on,

washed, and r esuspended i n f r esh buf f er suppl ement ed wi t h 1

f ag/ ml unl abel ed hGH t o pr event r eassoci at i on t o cel l s of

l abel ed mat er i al r el eased i nt o t he i ncubat i on medi um. At t he

t i mes speci f i ed, al i quot s of t he i ncubat i on medi umwer e f i l t er ed
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FI GURE 6 Rel at i onshi p of devel oped r adi oaut ogr aphi c gr ai ns t o

cyt opl asmi c st r uct ur es ( 120 and 180 mi n of i ncubat i on at 30 ° C) . The

per cent gr ai ns r el at ed t o or ganel l es was det er mi ned by a pr obabi l i t y

ci r cl e as pr evi ousl y descr i bed ( 10) , and t he vol ume densi t y of t he

cyt opl asmi c or ganel l es was det er mi ned by st andar d mor phomet r i c

t echni ques ( see Mat er i al s and Met hods) . The dashed l i ne r epr esent s

a r at i o of one, whi ch i ndi cat es no pr ef er ent i al l ocal i zat i on t o a

gi ven st r uct ur e . St r uct ur es consi der ed as l ysosomes ar e i l l ust r at ed i n

Fi g . 7 .

on a Sephadex G- 100 col umn equi l i br at ed i n and el ut ed wi t h

0 . 1 Mphosphat e buf f er , pH 7 . 4 ( Fi g . 10) . Dur i ng t he f i r st 15

mi n of di ssoci at i on, 640/ 0 of t he r ecover ed r adi oact i vi t y el ut es

i n agr eement wi t h i nt act hGH. Wi t h l onger per i ods of di sso-

ci at i on, l ess of t he l abel ed mat er i al el ut es as i nt act hGH and

mor e appear s as l ow mol ecul ar wei ght degr adat i on pr oduct s .

Radi oact i vi t y el ut i ng i n t he voi d r egi on i s r el at i vel y const ant

wi t h t i me .

Di st r i but i on of ' 251- hGH on Cul t ur ed Human

Lymphocyt es as Funct i on of Associ at i on and

Di ssoci at i on Ti me

We wi shed next t o det er mi ne t he di st r i but i on of cel l - associ -
at ed r adi oact i vi t y as a f unct i on of di ssoci at i on t i me af t er bot h
30 and 120 mi n of associ at i on at 37° C.

Af t er 30 mi n of associ at i on at 37° C, t he gr ai n di st r i but i on i s

si mi l ar t o t hat seen i n Fi g . 3 f or 30° C i ncubat i on ( Fi g. 11 A) .

As a f unct i on of di ssoci at i on t i me, a hi gher per cent age of gr ai ns

i s i nt er nal i zed, as can be seen f or t he 30- and 120- mi n per i ods

of di ssoci at i on ( Fi g. 11 B- C) . A si mi l ar pat t er n i s seen f or t he
120- mi n associ at i on per i od, except t hat t he per cent age of i n-

t er nal i zed gr ai ns i s l ess at t he 30- mi n di ssoci at i on poi nt ( Fi g.

11 D- F) .

The i nt er pr et at i on of t hese dat a i s compl ex because at t he
mor e pr ol onged t i mes of associ at i on l ess of t he t ot al cel l -
associ at ed r adi oact i vi t y i s di ssoci abl e . For f ur t her anal ysi s of
t he dat a wi t h r espect t o r adi oact i vi t y i n t he i ncubat i on medi um,
on t he pl asma membr ane, or i nt er nal i zed by t he cel l , see
Di scussi on.

The dat a pr esent ed ar e consi st ent wi t h a sequence of event s i n
whi ch 125 1- hGH i n t he i ncubat i on medi um bi nds t o speci f i c

si t es on t he sur f ace of cul t ur ed human l ymphocyt es . The

speci f i ci t y of bi ndi ng has been pr evi ousl y demonst r at ed ( 25) ,

and t he pr esent exper i ment s show quant i t at i vel y t he l ocal i za-

t i on of t he l i gand t o t he cel l sur f ace, af t er a br i ef i ncubat i on at

15° C. At bot h 30° C and 37° C, a l ar ge pr opor t i on of t he l i gand

i s i nt er nal i zed as t he hor mone- cel l i nt er act i on appr oaches an
appar ent st eady st at e. Al t hough we have not quant i t at i vel y

demonst r at ed t he mechani smof i nt er nal i zat i on, we have shown

P. BARAZZONE

FI GURE 7 Sel ect ed i mages of devel oped r adi oaut ogr aphi c gr ai ns

associ at ed wi t h vesi cl es . I n a and b, gr ai ns ar e si t uat ed over t hr ee

r epr esent at i ve exampl es of t hose st r uct ur es t hat ar e consi der ed as

l ysosome- l i ke. I n c, a gr ai n i s associ at ed wi t h a membr ane- bounded

st r uct ur e cl ose t o a Gol gi compl ex and shows an . posi t i ve r eact i on

f or aci d phosphat ase . x 33, 000 .

t hat t he met hods used f or t hi s st udy gi ve r esul t s si mi l ar t o t hose

f ound wi t h f er r i t i n- l abel ed l ow- densi t y l i popr ot ei ns ( 2, 23) and

epi der mal gr owt h f act or ( 7) i n ot her syst ems, i n whi ch endo-
cyt osi s pr esumabl y medi at es i nt er nal i zat i on of t he l i gand .

ET AE .
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Rel at i onshi p of Radi oaut ogr aphi c Gr ai ns t o Lysosome- l i ke

St r uct ur es

Lysosome- l i ke st r uct ur es

I ncubat i on of I M- 9 l ymphocyt es wi t h 10- 9 M1251- hGH.
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FI GURE 8

	

Sephadex G- 100 el ut i on pr of i l e of cel l - associ at ed r adi o-

act i vi t y . Cel l s wer e i ncubat ed wi t h 125 1- hGH i n assay buf f er f or t he

t i mes shown i n t he i nset and at each t i me- poi nt wer e ext r act ed i n

1 M acet i c aci d . The r adi oact i vi t y was t hen appl i ed t o a Sephadex

G- 100 col umn equi l i br at ed i n and el ut ed wi t h 1 Macet i c aci d . The

ar r ows f r om l ef t t o r i ght r ef er t o t he peak el ut i on of ' 25 1- por ci ne

t hyr ogl obul i n, 125 1- hGH, and 125 1, r espect i vel y . The br acket s desi g-

nat ed 1, 11, and I l l r epr esent t he f r act i ons i ncl uded under each r egi on

shown i n t he i nset . When 125 1- hGH was exposed t o t hese ext r act i ng

condi t i ons i n t he absence of cel l s, 95%of t he r adi oact i vi t y el ut ed i n

peak 11 and - 1 and 4%el ut ed i n peaks I and 111, r espect i vel y .

The dat a demonst r at e by bot h st andar d mor phol ogi cal and

cyt ochemi cal cr i t er i a t hat t he l abel ed l i gand pr ef er ent i al l y

l ocal i zes i n l ysosomes, as woul d be expect ed f r om an endocy-

t ot i c pr ocess ( 34) . These event s ar e qual i t at i vel y si mi l ar t o

t hose f or ot her l i gands l abel ed wi t h i odi ne ( 1, 10- 13, 18, 20,

21) or f er r i t i n ( 2, 23) i n ot her cel l t ypes .

Our dat a di f f er , t o some ext ent , f r om t hose of ot her st udi es

t hat have used subcel l ul ar separ at i on t echni ques and r adi oau-

t ogr aphy . Gol df me et al . ( 17) have r epor t ed t hat " 5I - i nsul i n i s

l ocal i zed i n nucl ei and endopl asmi c r et i cul um i n cul t ur ed

human l ymphocyt es . We f i nd t hat t he i nt er nal i zat i on of i nsul i n

i n cul t ur ed l ymphocyt es i s quant i t at i vel y smal l , and we have

never f ound pr ef er ent i al l ocal i zat i on of t he l i gand t o nucl ei or

endopl asmi c r et i cul um ( 8, 21) . The expl anat i on f or t hese di f -

f er ences i s uncl ear .

Usi ng EMr adi oaut ogr aphy, Ber ger on et al . ( 6) have r epor t ed

t hat " ' I - i nsul i n i s l ocal i zed i n Gol gi el ement s as wel l as i n

l ysosome- l i ke st r uct ur es i n r at l i ver s . Al t hough we f i nd t hat

X

E
a
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TI ME I mi n)

FI GURE 9

	

Di ssoci at i on of cel l - associ at ed r adi oact i vi t y . 1251- hGH ( 5

ng/ ml ) was i ncubat ed f or var yi ng per i ods of t i me wi t h cul t ur ed

human l ymphocyt es i n assay buf f er at 37° C. At t he end of speci f i ed

per i ods of t i me, an al i quot of cel l s was di l ut ed 100- f ol d, and cel l -

associ at ed r adi oact i vi t y was al l owed t o di ssoci at e f or 120 mi n . Not e

t hat , as a f unct i on of t i me of associ at i on, t her e was a decr ease i n

t he r adi oact i vi t y di ssoci abl e f r om t he cel l . Open ci r cl es, t i me- poi nt s

of associ at i on ; sol i d ci r cl es, t i me- poi nt s of di ssoci at i on .

ASSOCI ATI ON

- 15 0 15

	

45

	

90

MI NUTES

FI GURE 10

	

Sephadex G- 100 gel f i l t r at i on of r adi oact i vi t y r ecover ed

i n t he i ncubat i on medi um. Cul t ur ed human l ymphocyt es wer e

i ncubat ed wi t h 125 1- hGH i n assay buf f er at 37 ° C f or 15 mi n . At t he

end of t hi s per i od, t he r adi oact i vi t y was al l owed t o di ssoci at e f r om

t he cel l i n t he pr esence of 1 ug/ ml of unl abel ed hGH t o pr event

r eassoci at i on . The key i n t he upper r i ght of t he f i gur e desi gnat es

t he t i me per i od over whi ch t he r adi oact i vi t y was col l ect ed i n t he

medi um. The gel - f i l t r at i on pat t er ns cor r espond t o t he pat t er ns

shown i n t he key wi t h r espect t o t he t i me per i ods of col l ect i on . The

encl osed br acket s i ncl ude t he f r act i ons desi gnat ed as r egi ons 1, 11,

and l l l , r espect i vel y .

l abel ed hGH pr esent i n t he cul t ur ed l ymphocyt e as wel l as

i nsul i n pr esent i n t he cul t ur ed l ymphocyt e ( 21) and hepat ocyt e

( 9) ar e l ocal i zed i n t he Gol gi r egi on of t he cel l , we do not f i nd

t heml ocal i zed t o mor phol ogi cal l y i dent i f i abl e Gol gi st r uct ur es .

These ar e t he f i r st st udi es t o exami ne t he mor phol ogi cal and

bi ochemi cal event s t hat occur dur i ng t he di ssoci at i on of a

Ti me

Aci d phospha-

t ase +

Aci d phospha-

t ase - Tot al

5 5 ( 31%) 11 ( 69%) 16

60 15 ( 28%) 38 ( 72%) 53

120 34 ( 59%) 24 ( 41%) 58

Tot al 54 ( 43%) 73 ( 57%) 127
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FI GURE 11 Gr ai n di st r i but i on hi st ogr am of 125 1- hGH associ at i on

wi t h cul t ur ed human l ymphocyt es i ncubat ed i n assay buf f er at

37° C. Cel l s wer e i ncubat ed f or 30 mi n at 37° C wi t h 125 1- hGH ( A) ,

and r adi oact i vi t y was al l owed t o di ssoci at e f or 30 and 120 mi n at

37° C af t er a 100- f ol d di l ut i on of t he cel l s ( B and C) . I n addi t i on,

cel l s wer e i ncubat ed f or 120 mi n ( D) , and r adi oact i vi t y was al l owed

t o di ssoci at e f or 30 mi n and 120 mi n at 37° C af t er a 100- f ol d di l ut i on

of t he cel l s ( E and F ) . I n each hi st ogr am t he per cent of t ot al gr ai ns

i s pl ot t ed as a f unct i on of t he di st ance of t he gr ai n cent er t o t he

pl asma membr ane . Number of gr ai ns anal yzed at : ( A) 30- mi n as-
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Di st r i but i on of r adi oact i vi t y bound t o cul t ur ed human

l ymphocyt es . The dat a shown her e wer e der i ved f r om Fi g . 9 and 11

( l ef t panel ) . 125 1- hGH was i ncubat ed f or 30 mi n at 37° C i n assay

buf f er . At t he end of t hi s i ncubat i on per i od, cel l s wer e washed,

di l ut ed 100- f ol d, and f ur t her i ncubat ed f or 120 mi n at 37° C. The

dat a shown r epr esent t he di st r i but i on of r adi oact i vi t y i n t he above

l abel ed compar t ment s . 0 mi n = 30- mi n associ at i on, and mi nut es of

di ssoci at i on r ef er s t o t i me af t er di l ut i on . The r i ght panel has exact l y

t he same f or mat as t he l ef t panel , except t hat cel l s wer e i ncubat ed

f or 120 mi n at 37° C bef or e di l ut i on . 0 mi n = 120 mi n of associ at i on,

and mi nut es of di ssoci at i on r ef er s t o t i me af t er di l ut i on .

pol ypept i de hor mone f r om a cel l . These st udi es ar e summa-

r i zed i n Fi g . 12 . Combi ni ng t he bi ochemi cal st udi es wi t h t he

r adi oaut ogr aphi c st udi es, i t i s possi bl e t o est i mat e bot h t he

nat ur e and amount of l abel ed hGH i n t he i ncubat i on medi um

on t he pl asma membr ane, and i nt er nal i zed by t he cel l . When

cel l s ar e i ncubat ed f or 30 mi n at 37° C wi t h 125 1- hGH and

washed, t he r adi oact i vi t y di ssoci at es f r om t he cel l and accu-

mul at es i n t he i ncubat i on medi um. I ni t i al l y, most of t he r adi o-

act i vi t y r epr esent s i nt act hGH but , wi t h t i me, most of t he l abel

consi st s of l ow mol ecul ar wei ght pr oduct s ( Fi gs . 10 and 12) .

I ni t i al l y, a hi gher pr opor t i on of t he membr ane- associ at ed r a-

di oact i vi t y i s l ost , and t hi s coul d happen t hr ough di ssoci at i on,

i nt er nal i zat i on, or , mor e l i kel y, si mul t aneous occur r ence of

bot h. Except f or t he zer o t i me- poi nt , t he i nt er nal i zed l abel ed

mat er i al r epr esent s mor e of t he cel l - associ at ed r adi oact i vi t y .

Because af t er t he f i r st 30 mi n of di ssoci at i on most of t he

r adi oact i vi t y appear i ng i n t he medi um i s degr aded, i t woul d

appear t hat most of t he membr ane- bound l i gand i s bei ng

i nt er nal i zed and t hat t he r adi oact i vi t y appear i ng i n t he i ncu-

bat i on medi um i s f r om t he i nt r acel l ul ar compar t ment .

Af t er t he l onger i ncubat i on per i od of 120 mi n, anot her set of

condi t i ons exi st s ( Fi g. 12, r i ght ) ; over t he f i r st 30 mi n of

di ssoci at i on t he pr ocess i s si mi l ar t o t hat seen i n t he 30- mi n

i ncubat i on ( Fi g . 12, l ef t ) , except t hat most of t he r adi oact i vi t y

i s l ost f r om t he i nt r acel l ul ar compar t ment . Af t er t he f i r st 30

mi n of di ssoci at i on t her e i s no f ur t her l oss of r adi oact i vi t y f r om

t he cel l . I n t hi s si t uat i on, essent i al l y al l t he r adi oact i vi t y f r om

t he membr ane must be i nt er nal i zed. What i s most r emar kabl e,

however , i s t hat not onl y i s t he membr ane- bound mat er i al

nondi ssoci abl e f r om t he cel l , but so i s t he i nt r acel l ul ar l abel ed

mat er i al . Thus, i r r ever si bl e bi ndi ng i ni t i al l y shown f or gr owt h

hor mone associ at i on t o hepat ocyt es ( 14) may r esi de at t he l evel

of t he pl asma membr ane or at an i nt r acel l ul ar si t e .

Ther e ar e a number of i mpl i cat i ons of t hese dat a t hat suggest

a physi ol ogi cal r ol e f or t he i nt er nal i zat i on pr ocess . The deg-

r adat i ve pr ocess descr i bed r equi r es t he pr esence of cel l s ( i . e . ,

t her e i s no sol ubl e degr adat i ve act i vi t y i n t he i ncubat i on me-

soci at i on, 166 ; ( B) 30- mi n associ at i on + 30- mi n di ssoci at i on, 181 ;

( C) 30- mi n associ at i on + 120- mi n di ssoci at i on, 149 ; ( D) 120- mi n

associ at i on, 202 ; ( E) 120- mi n associ at i on + 30- mi n di ssoci at i on, 113;

( F) 120- mi n associ at i on + 120- mi n di ssoci at i on, 167 .
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di um) and f ur t her appear s t o r equi r e bi ndi ng of t he l i gand t o

t he cel l . Most , i f not al l , pol ypept i de hor mones and gr owt h

f act or s ar e i nt er nal i zed by cel l s af t er bi ndi ng ( l , 4, 6, 8, 10, 13,

17- 19, 22, 23, 31) . Fur t her , t her e i s consi der abl e mor phol ogi cal

( 1, 4, 10, 13, 21, 22, 24) and bi ochemi cal ( 3, 7, 20, 24, 27, 29,

34, 35, 37- 39 ; see al so f oot not e 1) evi dence t hat t he i nt er nal i zed

l i gand i s l ocal i zed i n and degr aded by l ysosomes .

I n t he syst em descr i bed her e and i n ot her syst ems wher e

cont i nuous bi ndi ng of t he l abel ed hor mone occur s, most of t he

cel l - associ at ed r adi oact i vi t y r epr esent s i nt act hor mone ( 7, 10) .

However , when f ur t her bi ndi ng i s pr event ed, cel l - associ at ed

r adi oact i vi t y i s r api dl y degr aded . Thus, i nt act l i gand i s con-

st ant l y bei ng i nt er nal i zed and pr ocessed . We have suggest ed

t hat t hi s i s pr i mar i l y a degr adat i ve pat hway, but ot her i nves-

t i gat or s have suggest ed t hat i nt r acel l ul ar r ecept or s may be

i nvol ved i n hor mone act i on ( 6, 17) . Szego et al ( 36, 37) have

suggest ed t hat t he l ysosome may cont ai n i nf or mat i on t hat can

be expr essed as a component of est r ogeni c act i on i n cer t ai n

t i ssues. Our dat a pr ovi de no new i nf or mat i on on t he possi bl e

r ol e of i nt r acel l ul ar r ecept or s or l ysosomes i n hor mone act i on .

The pr ocess of hor mone- i nduced r ecept or l oss r epr esent s a

st at e i n whi ch exposur e of t he cel l t o t he hor mone, under

cer t ai n condi t i ons, r esul t s i n a f unct i onal l oss of r ecept or s . Thi s

pr ocess must i nvol ve mechani sms wher eby r ecept or s ar e i n-

ser t ed i nt o t he membr ane as wel l as mechani sms wher eby

r ecept or s ar e l ost f r om t he membr ane . I t has been demonst r at ed

t hat bot h i nsul i n and hGHwi l l i nduce t he l oss of t hei r speci f i c

cel l sur f ace r ecept or s on cul t ur ed human l ymphocyt es ( 17, 25) .

For i nsul i n t o i nduce t he l oss of i t s r ecept or i n t he cul t ur ed

l ymphocyt e, hi gh r ecept or occupancy i s r equi r ed . I t i s of not e

t hat t he ext ent of i nt er nal i zat i on of i nsul i n by t he cel l i s smal l

and t hat al l of t he l i gand i s di ssoci abl e f r omt he cel l , r egar dl ess

of t he t i me of associ at i on ( 8) . By cont r ast , l ower occupancy of

hGH r ecept or i s necessar y t o i nduce r ecept or l oss, mor e of t he

l i gand i s i nt er nal i zed, and l ess i s di ssoci abl e as a f unct i on of

associ at i on t i me.

Our dat a suggest at l east t hr ee mechani sms t hat may act

si ngl y or i n concer t t o cont r ol cel l sur f ace r ecept or concent r a-

t i on: ( a) i r r ever si bl e bi ndi ng t o t he pl asma membr ane, ( b)

i nt er nal i zat i on, and ( c) i r r ever si bl e associ at i on wi t h t he i nt r a-

cel l ul ar compar t ment .

Fi nal l y, r ecent st udi es have suggest ed t hat ant i bodi es bound

t o pl asma membr ane component s may be used as di r ect pr obes

of membr ane r ecycl i ng ( 32, 33) . Si mi l ar l y, t he hor mone- cel l

i nt er act i on may pr ovi de a usef ul model f or st udyi ng di r ect l y

t he t ur nover of pl asma membr ane and i t s component s .

We ar e i ndebt ed t o M. Si dl er - Anser met , O. Jer ot i c, and N. Maal aoui

f or ski l l ed t echni cal assi st ance . We woul d al so l i ke t o t hank t he

Nat i onal Pi t ui t ar y Agency f or i t s gener ous gi f t of human gr owt h

hor mone .

Thi s i nvest i gat i on was suppor t ed by gr ant 3 . 120 . 77 f r om t he Swi ss

Nat i onal Sci ence Foundat i on.

A pr el i mi nar y r epor t of t hese st udi es has appear ed i n abst r act f or m

( Gor den et al . 1980 . Cl i n . Res. 28 : 556A) .

Recei vedf or publ i cat i on 23 Apr i l 1980, and i n r evi sedf or m 27 June 1980.

' Pr el i mi nar y st udi es i ndi cat e t hat t he l ysosomal st abi l i zi ng agent

NH4C1 i nhi bi t s t he degr adat i on of t 25 í - hGH i n cul t ur ed human l ym-

phocyt es ( N. Hi zuka, M. A. Lesni ak, and P. Gor den, manuscr i pt

submi t t ed f or publ i cat i on) .
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