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ABSTRACT

	

I n di f f er ent i at i ng 3T3- L1 cel l s, l i pi d spher es, t he endopl asmi c r et i cul um ( ER) , mi cr o-

per oxi somes, and mi t ochondr i a f or m " const el l at i ons" t hat may r ef l ect t he i nt er pl ay of l i pi d

met abol i zi ng enzymes i n t hese or ganel l es . ER ci st er nae ar e al so si t uat ed ver y cl ose t o " r oset t es, "

pl asmal emmal speci al i zat i ons f ound i n mat ur e adi pocyt es i n vi vo . As i n hepat ocyt es and

absor pt i ve cel l s of t he i nt est i ne, t hi s spat i al r el at i onshi p of ER and pl asmal emma suggest s a

r ol e f or r oset t es i n t he upt ake of exogenous l i pi d pr ecur sor s . The mor phol ogi cal di f f er ent i at i on

of 3T3- L1 pr eadi pocyt es i ncl udes t he l oss of " st r ess f i ber s" and t he appear ance of mi cr of i l ament

l i ke st r uct ur es t hat encase, i n a compl ex manner , t he cyt osol i c l i pi d spher es t hat appear dur i ng

di f f er ent i at i on . Ot her f eat ur es descr i bed f or t he f i r st t i me i n 3T3- L1 pr eadi pocyt es i ncl ude : ( a)

t he pr esence of an ext ensi ve aci d phosphat ase ( AcPase) posi t i ve GERL f r om whi ch coat ed

vesi cl es appar ent l y ar i se ( t hese coat ed vesi cl es di spl ay AcPase act i vi t y and ar e much smal l er

and f ar mor e numer ous t han t he coat ed vesi cl es t hat seem t o ar i se f r om t he pl asmal emmal

coat ed pi t s) ; ( b) t he abundance of AcPase- posi t i ve aut ophagi c vacuol es ; and ( c) a hi gh l evel

of a- napht hyl - acet at e- est er ase act i vi t y whi ch, by l i ght mi cr oscopy cyt ochemi st r y, appear s t o be

l ocal i zed i n t he cyt osol .

Gr een and col l eagues ( 20- 23) est abl i shed sever al cl oned l i nes

f r om di saggr egat ed Swi ss mouse embr yos ( 80) t hat ar e capabl e

of di f f er ent i at i ng i nt o adi pocyt el i ke cel l s ( see r ef er ence 19 f or

r evi ew) . Dur i ng t he cour se of di f f er ent i at i on, act i vi t i es of en-

zymes i nvol ved i n t r i acyl gl ycer ol bi osynt hesi s i ncr eased 50- t o

100- f ol d ( 8, 34, 39) , and t he cel l s became r esponsi ve t o f -

adr ener gi c agoni st s, ACTH ( 72) , and i nsul i n ( 22, 7l ) . For t hese

r easons, t hi s cel l l i ne i s bei ng used as a model f or i nvest i gat i ons

on mammal i an adi pogenesi s and t he st r uct ur e and f unct i on of

adi pocyt e or ganel l es .

The cyt ol ogy of t he adi pocyt e has been r evi ewed of t en ;

r el at i vel y r ecent r evi ews ar e t hose of Sl avi n ( 77) and of Hei ndl

et al . ( 27) . Amaj or pr obl emi n st udyi ng t he mat ur e adi pocyt e

has been t he di f f i cul t y of mai nt ai ni ng t he st r uct ur al i nt egr i t y

of cel l or ganel l es dur i ng f i xat i on and subsequent pr ocessi ng f or

mi cr oscopy . Cul t ur ed 3T3- L l cel l s possess many of t he bi o-

chemi cal char act er i st i cs of mat ur e adi pocyt es and ar e emi -

nent l y sui t ed f or bot h l i ght and el ect r on mi cr oscope st udi es

because t hey ar e easi l y pr eser ved and because enzyme cyt o-

chemi st r y per mi t s vi sual i zat i on of cel l or ganel l es t hat may be

i nvol ved i n t he movement and met abol i sm of l i pi d . The obser -

vat i ons pr esent ed i n t hi s communi cat i on document t he cyt o-

l ogi cal f eat ur es of cul t ur ed 3T3- L1 pr eadi pocyt es and pr ovi de

a basi s f r om whi ch one can begi n t o st udy t he bi ochemi cal

f unct i ons of adi pocyt e or ganel l es .

MATERI ALS AND METHODS

Cul t ur e condi t i ons f or t he gr owt h of 3T3- LI cel l s i n our l abor at or y have been

pr evi ousl y descr i bed ( 72) . Cel l s wer e or i gi nal l y pr ovi ded by Dr . Howar d Gr een .

Di f f er ent i at i on i nt o adi pocyt el i ke cel l s was st i mul at ed by 48- h t r eat ment wi t h

0. 25 pM dexamet hasone and 0. 5 mMmet hyl i sobut yl xant hi ne ( 71) . As assessed

by phase- cont r ast mi cr oscopy, di f f er ent i at i ng cel l s ( 4- 5 d post t r eat ment ) gr own

on moder at el y car bon- coat ed No . 2 cover sl i ps ( st er i l i zed by dr y heat [ 200 ° C

over ni ght ] ) wer e mor phol ogi cal l y i ndi st i ngui shabl e f r om cel l s gr own i n t he usual

manner on 100- mm Fal con cul t ur e di shes ( Fal con Labwar e, Di v . Bect on, Di ck-

i nson &Co. . Oxnar d, Cal i f. ) . Al l obser vat i ons wer e made on cel l s gr own on such

cover sl i ps .

Af t er cul t ur i ng, cover sl i ps wer e t r ansf er r ed wi t h f l at t ened f or ceps t o sol ut i ons

cont ai ned i n Col umbi a st ai ni ng j ar s ( VWR Sci ent i f i c I nc . , San Fr anci sco, Cal i f ) .

They wer e f i r st r i nsed br i ef l y i n Ear l es modi f i ed Eagl e' s Mi ni mal Essent i al

Medi um wi t hout ser um, at r oom t emper at ur e, and t hen t r ansf er r ed t o f i xat i ves

as f ol l ows .

For Li ght Mi cr oscopy Onl y

Cel l s wer e f i xed i n 4% f or mal dehyde ( f r eshl y pr epar ed f r om par af or mal de-

hyde) - O. I Mcacodyl at e buf f er , pH 7. 4, cont ai ni ng 5% sucr ose, f or 10 mi n at

r oom t emper at ur e f or t he per i odi c aci d- Schi f f ( PAS) - di ast ase pr ocedur e f or

gl ycogen ( 37) and f or 6 mi n at 4° C f or t he nucl eosi de di phosphat e ( NDPase)

act i vi t y pr ocedur e used t o vi sual i ze t he Gol gi appar at us ( 48) .

For st ai ni ng of l i pi d spher es by Oi l r ed Oi n 60%t r i et hyl phosphat e cel l s wer e

f i xed i n Kar novsky' s al dehyde mi xt ur e ( 32) , as modi f i ed by Mi l l er and Her zog

( 43) ( 2% f or mal dehyde. 2. 5% gl ut ar al dehyde, and 0. 025% CaCI : i n 0 . 09 M

cacodyl at e buf f er , pH 7. 2, cont ai ni ng 5% sucr ose) at 4 ° C f or 60 mi n at r oom

t emper at ur e ( 17) . For t he det er mi nat i on of a- napht hyl - acet at e- est er ase act i vi t y
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by t he pr ocedur e descr i bed by Bar ka and Ander son ( 4) f i xat i on was f or 6 mi n at

37° C.

For Uni ncubat ed Cel l s f or El ect r on

Mi cr oscopy Onl y

Cel l s wer e f i xed i n a mi xt ur e of gl ut ar al dehyde and OsO, at 4° C, as pr epar ed

by Hi r sch and Fedor ko ( 28) , f or 30 mi n . Af t er r i nsi ng i n 7. 5%sucr ose at 4° C, t he

cover sl i ps wer e t r eat ed i n ur anyl acet at e at pH 5 . 0 ( l 2, 33) f or 30 mi n and

pr ocessed as descr i bed by Robbi ns and Jent zsch ( 68) . Af t er pol ymer i zat i on, t he

BEEM capsul es ( Bet t er Equi pment f or El ect r on Mi cr oscopy, Br onx, N. Y. ) wer e

snapped of f t he cover sl i ps . Thi n sect i ons wer e pr epar ed f r om t he Epon bl ocks

wi t h di amond kni ves ( E . 1 . DuPont de Nemour s &Co. , Wi l mi ngt on, Del . ) on t he

LKB Ul t r at ome l I ( LKB I nst r ument s, I nc . , Rockvi l l e, Md. ) , some t hr ough t he

dept h of t he cel l s and ot her s par al l el t o t he car bon sur f ace . Onl y l ead st ai ni ng of

t hi n sect i ns ( 67) was empl oyed . Mi cr oscopy was per f or med wi t h t he Phi l i ps 300

el ect r on mi cr oscope wi t h a 30- l am obj ect i ve aper t ur e .

When measur ement s wer e bei ng made, t he el ect r on mi cr oscope was cal i br at ed

wi t h a ger mani um- shadowed car bon- r epl i ca di f f r act i on gr at i ng wi t h 54, Wl i nes/

i nch ( Ladd Resear ch I ndust r i es, I nc. , Bur l i ngt on, Vt . ) .

For Li ght and El ect r on Mi cr oscopi c

Enzyme Cyt ochemi st r y

Fi xat i on was car r i ed out i n Mi l l er and Her zog f i xat i ve at 4° Cf or 6 mi n . Af t er

r i nsi ng i n 7 . 5%sucr ose at 4° C, t he cover sl i ps wer e i ncubat ed i n t he f ol l owi ng

medi a at 37° C: ( a) f or NDPase act i vi t y, as descr i bed by Novi kof f and Gol df i scher

( 48) ; ( b) f or AcPase aci t i vi t y by t he met hod of Novi kof f ( 46) ut i l i zi ng cyt i di ne- 5' -

monophosphat e as descr i bed el sewher e ( 52) ; and ( c) f or cat al ase by t he pr ocedur e

of Novi kof f et al . ( 53) .

The cover sl i ps used f or el ect r on mi cr oscopy wer e t hen r i nsed i n sucr ose,

t r eat ed i n ur anyl acet at e, pr ocessed, and st udi ed as descr i bed above .

RESULTS AND DI SCUSSI ON

Most obser vat i ons wer e made on di f f er ent i at i ng cel l s, ei t her 4

or 5 d af t er t he 48- h t r eat ment wi t h dexamet hasone and

met hyl i sobut yl xant hi ne ( 71) . At t hi s st age, t he cel l s appear

r ounded and possess numer ous l ar ge cyt osol i c l i pi d spher es as

r eveal ed by Oi l r ed Ost ai ni ng ( Fi g. l b) . The smal l si ze of l i pi d

spher es i n t he undi f f er ent i at ed cel l s i s i l l ust r at ed i n Fi g . 1 a.

The l i pi d spher es of t he di f f er ent i at i ng cel l s ar e gener al l y

el ect r on l ucent wi t h t he pr ocedur es we have used f or el ect r on

mi cr oscopy ( Fi gs . 2, 3, 6- 11, 13, 14, and 19- 21) . Occasi onal l y,

par t of t he l i pi d may appear el ect r on opaque ( Fi g. 5) . At hi gher

magni f i cat i ons t he l i mi t s of t he l i pi d spher es ar e somet i mes

el ect r on opaque ( Fi gs . 8, 11, 19, and 20) .

Cyt osol i c Li pi d Spher es, Endopl asmi c Ret i cul um

( ER) , and Rel at ed Or ganel l es

I ncubat i on of di f f er ent i at i ng 3T3- L 1 cel l s t o r eveal si t es of

NDPase act i vi t y ( si mi l ar l ocal i zat i ons ar e obt ai ned wi t h TPP

or I DP as subst r at e) makes t he ER unmi st akabl e ( Fi gs . 2, 3,

and 13) . Once t hi s i dent i f i cat i on i s made i n i ncubat ed cel l s,

r ecogni t i on by f i ne st r uct ur e al one i s possi bl e i n uni ncubat ed

cel l s ( Fi gs. 8- 11 and 19- 21) or i n cel l s i ncubat ed f or si t es of

cat al ase ( Fi gs . 6 and 7) . I n t he di f f er ent i at i ng cel l s, i t i s possi bl e

t o see r i bosomes cl ear l y . Thus, r ough ER and smoot h ER can

be di scr i mi nat ed . I n some i nst ances, i ndi vi dual gl ycogen par -

t i cl es may be conf used wi t h r i bosomes . Gener al l y, however ,

t he di st i nct i on i s cl ear . Ri bosomes possess a hi gher el ect r on

opaci t y and ar e bet t er del i neat ed t han gl ycogen par t i cl es . Ri -

bosomes ar e most easi l y seen when t he gl ycogen i s ei t her not

pr esent or not pr eser ved, as i n Fi g . 11 .

The ER encases each l i pi d spher e of t he di f f er ent i at i ng cel l

over most of i t s sur f ace . Because t he cel l s have been f i xed, i t i s

not known whet her t he l i pi d sur f ace i s separ at ed f r om t he ER

i n i nt act cel l s . Wher e osmi um t et r oxi de- gl ut ar al dehyde was

t he pr i mar y f i xat i ve ( Fi gs . 8- 11 and 19- 21) , an ar ea of cyt osol ,

160 A t hi ck, separ at es l i pi d sur f ace and ER. Mi cr of i l a-

ment l i ke st r uct ur es ar e of t en seen bet ween t he ER and l i pi d

sur f ace ( see bel ow) .

Const el l at i ons consi st i ng of . ( a) a cyt osol i c l i pi d spher e; ( b)

ER, whi ch encases t he spher e t o var yi ng degr ees; ( c) mi t ochon-

dr i a; and ( d) mi cr oper oxi somes ar e seen i n t he di f f er ent i at i ng

3T3- L i cel l s . These const el l at i ons ar e si mi l ar t o t hose descr i bed

by Novi kof f ( 55) i n hepat ocyt es, except t hat i n t hese l at t er cel l s

t hey cont ai n per oxi somes i nst ead of anucl eoi d mi cr oper oxi -

somes ( 51, 58) .

As wi t h t he ER, once cyt ochemi st r y r eveal s t he mi cr oper ox-

i somes ( Fi gs . I g and 5- 7) t hese or ganel l es ar e r eadi l y i dent i f i ed

by t hei r mor phol ogy i n uni ncubat ed cel l s ( Fi gs . 8 and 19- 21)

or i n NDPase- i ncubat ed cel l s ( Fi gs . 2 and 3) . These or ganel l es

ar e mor e numer ous i n di f f er ent i at i ng 3T3- L1 cel l s t han i n any

cel l t ype t hus f ar st udi ed ; t he gr eat est number of mi cr oper oxi -

somes encount er ed i s shown i n Fi g. 7 . Because t hey ar e nu-

mer ous and l i e cl ose t o each ot her , super i mposed mi cr oper ox-

i somes and super i mposed r eact i on pr oduct when i ncubat ed i n

t he al kal i ne 3, 3' - di ami nobenzi di ne ( DAB) medi um ar e i n-

cl uded i n a 2- gm- t hi ck sect i on ( Fi g, 1 g) ,

I n di f f er ent i at i ng 3T3- L1 cel l s, as i n ot her cel l s ( 51) , mi cr o-

per oxi somes l ack nucl eoi ds, ar e smal l ( t hey r ange f r om 0 . 05 t o

0 . 25 t am i n l engt h and ar e - 0 . 1 i mwi de i n t he 3T3- L1 cel l s) ,

and show cont i gui t i es ( pr obabl y cont i nui t i es) wi t h t he ER

( Fi gs . 6 and 7) . Most of t hem ar e el ongat ed, but hor se- shoe-

shaped mi cr oper oxi somes ar e seen f ai r l y f r equent l y ( Fi g. 6) .

Mi t ochondr i a ar e r ecogni zed by t hei r wel l - known f i ne st r uc-

t ur e, i ncl udi ng an out er t r i par t i t e membr ane and t he shel f l i ke

ext ensi ons ( cr i st ae) of t he i nner membr ane ( Fi gs, 2, 3, 5- 9, 11,

13, and 19- 21) . They l i e cl ose t o t he l i pi d spher es, as was

demonst r at ed by Pal ade i n 1959 ( 61) .

Pl asmal emmal Roset t es and ER; i s t he ER

Pol ar i zed i n i t s Di st r i but i on?

Di f f er ent i at i ng 3T3- L 1 cel l s possess numer ous r oset t es, spe-

ci al i zed st r uct ur es char act er i st i c of adi pocyt e i n vi vo, f i r st seen

i n 1962 by Shel don et al . ( 74) and descr i bed mor e f ul l y and

named by Wi l l i amson i n 1964 ( 81) . These r oset t es ar e compl ex

t hr ee- di mensi onal ar r angement s of vesi cl es, - 700 A i n di am-

et er , openi ng t o i nvagi nat i ons of t he pl asmal emma ( Fi gs. 2- 4

and 9) . Thei r t hr ee- di mensi onal st r uct ur e i s best suggest ed by

Fi g. 4 ( t o t he r i ght of t he r oset t e mar ked wi t h an x) . The

pl asmal emma i nvagi nat i ons ar e best seen i n Fi g . 3 .

I n t he pr ecedi ng sect i on, t he i nt i mat e spat i al r el at i onshi p

bet ween t he ER ci st er nae and t he cyt osol i c l i pi d spher es was

descr i bed . The ERci st er nae ar e al so cl osel y spat i al l y r el at ed t o

t he pl asmal emmal r oset t es ( Fi gs . 3, 4, 9, and 11) . The r i bosome

appear ances suggest t hat " degr anul at i on" ( 50) of r ough ER, t o

become smoot h ER, occur s at t he ends of t he ci st er nae adj acent

t o t he r oset t es and t hose adj acent t o t he cyt osol i c l i pi d spher es .

Evi dence was sought f or a pol ar i zed ar r angement of t he ER,

as i s f ound, e . g . , i n hepat ocyt es and absor pt i ve i nt est i nal cel l s

of mammal s . NDPase- i ncubat ed cel l s wer e sect i oned t hr ough

t hei r dept h ( i . e . , per pendi cul ar t o t he cel l s on t he cover sl i p) ,

par al l el t o t hei r sur f ace, and at r andom. No evi dence f or such

pol ar i t y i s evi dent i n any pl ane of sect i on.

The wi despr ead di st r i but i on of t he ER ci st er nae i n t he

cyt opl asm and t he r el at i ons of t hese ci st er nae t o ot her cel l

or ganel l es have been l i t t l e appr eci at ed i n adi pocyt es . As l at e as
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1974 Hal es et al . ( 26) had t o cal l at t ent i on t o t he f act t hat " t he

cyt opl asm of t he r at i sol at ed f at cel l cont ai ns a hi ghl y or ga-

ni zed, i nt er connect ed syst em of smoot h endopl asmi c r et i cul um

havi ng cl ose associ at i on wi t h t he cent r al l i pi d mass, mi t ochon-

dr i a, and cyt opl asmi c l i pi d dr opl et s" ! However , t hese aut hor s

pai d l i t t l e at t ent i on t o t he pl asmal emmal vesi cl es . Undi f f er en-

t i at ed 3T3- LI cel l s show pl asmal emmal vesi cl es ( Fi g. 17) si m-

i l ar t o t hose i n many cul t ur ed mammal i an cel l s . These i ncl ude

endot hel i al cel l s ( e . g. , r ef er ence 76 and per sonal communi ca-

t i on) , smoot h muscl e cel l s ( e . g . , r ef er ence 70) , and f i br obl ast s

( e . g. , r ef er ence 69 ; but see r ef er ence 6) . I n cont r ast , t he pl as-

mal emmal vesi cl es of t he di f f er ent i at i ng 3T3- Ll cel l s ar e ar -

r anged i n a compl ex t hr ee- di mensi onal manner ar ound i nvag-

i nat i ons of t he pl asmal emma, as i n t he r oset t es of adi pocyt es .

Madi son et al . ( 40) descr i be si mi l ar st r uct ur es i n mesot hel i al

cel l s of mouse oment um. Wi l l i amson ( 81) , who coi ned t he t er m

r oset t es f or t he compl ex st r uct ur al ar r angement of pl asmal em-

mal vesi cl es of adi pocyt es, consi der ed i t l i kel y t hat t he r oset t es

ar ose when f at t y aci ds, compl exed wi t h pr ot ei n, l ef t t he adi -

pocyt e; he di d not , however , r ul e out a r ol e f or r oset t es i n

pi nocyt osi s of l i pi d moi et i es . Jar et t and Smi t h ( 31) r epor t ed

el ect r on mi cr oscope obser vat i ons on t he bi ndi ng of f er r i t i n-

i nsul i n compl exes t o t he pl asmal emma of t he r oset t es, or what

t hey pr ef er t o cal l " sur f ace connect ed vesi cl es . " They concl uded

t hat t he vesi cl es ar e " cont i guous wi t h, and do not separ at e

f r om, t he pl asma membr ane and ar e cer t ai nl y not moved back

and f or t h acr oss t he cyt opl asm. " Our obser vat i ons on t he 3T3-

L1 cel l s ar e consi st ent wi t h t hei r concl usi on . Ther e i s no

suggest i on, i n our numer ous mi cr ogr aphs, of smal l vesi cl es

movi ng away f r om or t owar d t he pl asmal emma . However , our

obser vat i ons shoul d be r ei nf or ced by exposi ng t he cel l s t o

medi a cont ai ni ng el ect r on- opaque t r acer s such as t hose used

by De Br uyn et al . ( 10) and Far quhar ( 11) .

The demonst r at i on t hat ci st er nae of ER ar e i nt i mat el y r e-

l at ed spat i al l y, bot h t o t he pl asmal emmal sur f ace and t o t he

sur f ace of t he cyt osol i c l i pi d spher es, suggest s t hat t he ER of

' I t i s l i kel y t hat mi cr oper oxi somes wer e over l ooked because DAB

i ncubat i ons f or cat al ase wer e not per f or med ( Dr . L. Her man, per sonal

communi cat i on) . I n br own f at , mi t ochondr i a and cat al ase- posi t i ve

mi cr oper oxi somes have been descr i bed on t he sur f aces of l i pi d spher es

( 63) .

di f f er ent i at i ng 3T3- L1 cel l s may f unct i on i n l i pi d met abol i sm

and t r anspor t as i t does i n mammal i an hepat ocyt es . The evi -

dence f or t he upt ake of f at t y aci ds at t he hepat ocyt e pl asma-

l emma and t hei r movement i nt o t he ER, wher e t hey ar e

est er i f i ed, i s r evi ewed by Novi kof f and Edel st ei n ( 56) . Thi s

st udy demonst r at ed t he mor phol ogi c r el at i on of t he ER t o

cyt osol i c l i pi d spher es as t he spher es ar e ei t her deposi t ed ( f at t y

l i ver f or mat i on) or r emoved ( r ever sal of f at t y l i ver ) ; and al so

t he const el l at i ons of cyt osol i c l i pi d spher es, ER ci st er nae, mi -

t ochondr i a, and per oxi somes .

Because t her e i s now evi dence t hat not onl y t he ER and

mi t ochondr i a but al so t he per oxi somes possess enzymes of l i pi d

met abol i sm ( l 6, 36, 41, 42) , i t i s i mpor t ant t hat const el l at i ons

si mi l ar t o t hose f ound i n hepat ocyt es ar e st r i ki ng f eat ur es of

di f f er ent i at i ng 3T3- LI cel l s. Recent r esul t s of Haj r a et al . ( 25)

demonst r at e t hat per oxi somes of r at l i ver par t i ci pat e i n t he

bi osynt het i c pat hways of l i pi ds and suggest t hat t he same may

be t r ue of t he mi cr oper oxi somes i n r at br ai n . At t ent i on i s bei ng

f ocussed on t he per oxi somal membr ane ( 30) , and Appel kvi st

and Dal l ner ( 3) have specul at ed t hat a f at t y aci d- bi ndi ng

pr ot ei n may be pr esent i n t hi s membr ane . The pr esent st udy

suggest s t hat upt ake of exogenous l i pi d pr ecur sor s and t hei r

est er i f i cat i on i n t he ER may occur i n 3T3- LI cel l s, as i n

mammal i an hepat ocyt es ( 78) . Car del l et al . ( 7) di scuss l i pi d

upt ake and t r anspor t by t he ER i n t he absor pt i ve cel l s of t he

mammal i an i nt est i ne . I n cont r ast t o ot her cul t ur ed cel l s, di f f er -

ent i at i ng 3T3- L l cel l s can ut i l i ze ext er nal t r i acyl gl ycer ol s .

Thei r capaci t y t o secr et e l i popr ot ei n l i pase may be essent i al f or

ef f i ci ent use of t he exogenous l i pi d ( 82) . Some aspect s of l i pi d

met abol i sm i n i sol at ed adi pocyt es ar e di scussed by Schl ossman

and Bel l ( 73) .

Col eman et al . ( 8) have demonst r at ed t hat dur i ng 3T3- L l

di f f er ent i at i on t her e i s a concomi t ant 30- t o 100- f ol d i ncr ease

i n speci f i c act i vi t i es of f our mi cr osomal enzymes of t r i acyl -

gl ycer ol bi osynt hesi s : f at t y aci d CoA l i pase, gl ycer ol - 3- phos-

phat e acyl t r ansf er ase, l ysophosphat i di c aci d acyl t r ansf er ase,

and di acyl gl ycer ol acyl t r ansf er ase . Si mi l ar f i ndi ngs have been

r epor t ed by Gr i mal di et al . ( 24) . The r esul t s of Haj r a et al . ( 25)

r ai se t he possi bi l i t y t hat some of t he mi cr osomal enzyme

act i vi t i es ar e associ at ed wi t h mi cr oper oxi somes r at her t han

wi t h t he ER.

FI GURE 1

	

Li ght mi cr ogr aphs of 3T3- L1 cel l s . The undi f f er ent i at ed cel l s wer e used 1 d bef or e conf l uence . Di f f er ent i at i ng cel l s wer e

used 4 or 5 d af t er t hei r r et ur n t o st andar d medi um f ol l owi ng dr ug t r eat ment , except f or i . ( a) Undi f f er ent i at ed cel l s . Fi xed i n col d

gl ut ar al dehyde- f or mal dehyde f or 70 mi n ; st ai ned f i r st wi t h Oi l r ed O( f or l i pi d) and t hen wi t h t ol ui di ne bl ue ( f or nucl ei ) . Smal l

l i pi d spher es ar e seen i n al l cel l s, i ncl udi ng t he one i n mi t osi s ( ar r ow) . x 420. ( b) Di f f er ent i at i ng cel l s. St ai ned at t he same t i me and
i n t he same manner as i n a . Most cel l s ar e r ounded and show numer ous cyt osol i c l i pi d spher es, some ver y l ar ge . A f ew cel l s,
pr obabl y sl ower i n di f f er ent i at i ng, possess smal l l i pi d spher es . x 420 . ( c) Undi f f er ent i at ed cel l s . Fi xed i n 4% f or mal dehyde at r oom
t emper at ur e f or 10 mi n . St ai ned f or gl ycogen wi t h t he PAS r eagent bef or e di ast ase di gest i on . Al l cel l s show some st ai ni ng . x 420.

( d) Di f f er ent i at i ng cel l s. St ai ned at t he same t i me and i n t he same manner as i n c. The cel l s appear t o st ai n mor e i nt ensel y . We do

not know how much of t hi s appar ent i ncr ease i n st ai ni ng i s caused by t he r oundi ng of t he cel l s . x 420 . ( e) Di f f er ent i at i ng cel l s .

Fi xed i n col d gl ut ar al dehyde- f or mal dehyde f or 3 mi n . I ncubat ed f or a- napht hy] - acet at e- est er ase act i vi t y f or 15 mi n . Most cel l s

show i nt ense cyt opl asmi c st ai ni ng . x 420 . ( f ) Di f f er ent i at i ng cel l s . Fi xed as i n e. I ncubat ed f or AcPase act i vi t y f or 40 mi n . The

i ndi vi dual l ysosomes ar e seen mor e cl ear l y i n t he f l at cel l at t he l ef t t han i n t he ot her cel l s i n t he f i el d . Thei r si ze i ndi cat es t hat t hey

ar e aut ophagi c vacuol es ; cf . Fi gs . 8- 10, 12, and 14 . x 420. ( g) Di f f er ent i at i ng cel l s . Fi xed as i n e, i ncubat ed i n al kal i ne DAB f or 90
mi n, and pr ocessed f or el ect r on mi cr oscopy . A 2- pi n Epon sect i on was pr epar ed and st ai ned wi t h t ol ui di ne bl ue, whi ch st ai ns t he
nucl ei and especi al l y t he nucl eol i . At t he per i pher y of t he l ucent l i pi d spher es dar k st r uct ur es ar e seen . El ect r on mi cr oscopy ( Fi g .

7) shows t hese t o be mi cr oper oxi somes . They ar e vi si bl e by l i ght mi cr oscopy because t hey ar e super i mposed . The ar r ow i ndi cat es

an ext ensi ve gl ycogen ar ea, seen i n occasi onal cel l s ( cf . Fi g . 9) . x 620. ( h) Di f f er ent i at i ng cel l s. Fi xed f or 5 mi n i n col d 4%

f or mal dehyde. i ncubat ed i n I DP medi um f or 70 mi n . The i nt ensel y st ai ned Gol gi appar at us i s seen i n most cel l s ( ar r ows) . An

ar r owhead i ndi cat es a cel l wi t h i nt ensel y st ai ned ER. x 630. ( t ) Cel l s t r eat ed f or 1 d, t hen r et ur ned t o nor mal medi um f or 5 d .

I ncubat ed i n TPP medi um f or 90 mi n . The Gol gi appar at us i s vi sual i zed and i t s net wor k nat ur e i s appar ent ( ar r ows) . x 630.
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Fi gs . 2- 21 ar e f r om di f f er ent i at i ng 3T3- L1 cel l s, except f or Fi gs . 16- 18 . Por t i ons of t he ER ar e i ndi cat ed by ar r ows . Many r oset t es ar e

sect i oned so t hat t hei r cont i nui t i es wi t h t he pl asma membr ane l i e out si de t he pl ane of sect i on ; some of t hese ar e mar ked wi t h an

x . Some r oset t es i n whi ch t hese cont i nui t i es l i e i n t he sect i on pl ane ar e i ndi cat ed by ar r owheads . For f i xat i ves and i ncubat i on

medi a, see t ext .

Symbol s : A, aut ophagi c vacuol e ; C, coat ed pi t or coat ed vesi cl e; G, gl ycogen ; GE, GERL; GO, Gol gi st ack ; L, cyt osol i c l i pi d

spher e ; M, mi t ochondr i on ; m, mi cr oper oxi some ; N, nucl eus . Some addi t i onal symbol s ar e i ndi cat ed i n a f ew l egends .

Fi cUREs 2 and 3

	

Af t er i ncubat i on i n NDPase medi umf or 60 mi n. React i on pr oduct makes t he ER vi si bl e . Ci st er nae of ER ext end

t o bot h pl asmal emmal r oset t es and cyt osol i c l i pi d spher es . The const el l at i ons of l i pi d spher es, ER, mi t ochondr i a, and mi cr oper ox-

i somes ar e evi dent . I n Fi g . 2, f our aut ophagi c vacuol es ar e seen, al l wi t h ER near by ; t he second f r om t he l ef t appear s t o be an ear l y

aut ophagi c vacuol e, wi t h ER seen wr apped ar ound t he sequest er ed cyt opl asm. I n Fi g . 3, t he i nset i s f r om anot her cel l . Fi g. 2, x

16, 000 ; Fi g . 3, x 30, 000 ; i nset , x 45, 000 .
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FI GURE 4

	

Al t hough i ncubat ed as i n Fi gs . 2 and 3, i n t hi s par t i cul ar cel l ( such cel l s ar e encount er ed r ar el y among t he di f f er ent i at i ng

cel l s) t he ER shows l i t t l e or no r eact i on pr oduct . The ER i s di l at ed wi t h a moder at el y el ect r on opaque mat er i al . To t he r i ght of t he

r oset t e mar ked x anot her one i s seen t hat di spl ays i t s t hr ee- di mensi onal aspect mor e cl ear l y . x 27, 000 .

FI GURE 5

	

Af t er i ncubat i on i n DAB medi um f or 90 mi n. Even at t hi s l ow magni f i cat i on ( x 5, 800) t he numer ous el ect r on- opaque

mi cr oper oxi somes ar e evi dent on t he sur f aces of t he l i pi d spher es . Cf . Fi g . 1 g, t he sect i on t hi ckness of whi ch i s - 40 t i mes t hat used

f or t he el ect r on mi cr ogr aph .
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Fi cuKEs 6 and 7

	

I ncubat ed as i n Fi g . 5 . The t wo mi cr oper oxi somes l abel ed mi n Fi g . 6 have shapes encount er ed f ai r l y f r equent l y

i n t hese cel l s . Al t hough ser i al sect i ons wer e not cut , i t i s l i kel y t hat t he shape at t he l ef t cor r esponds t o a sect i on passi ng acr oss

bot h ar ms of a mi cr oper oxi some, l i ke t he one at t he r i ght . The const el l at i on of l i pi d spher es, ER, mi t ochondr i a, and mi cr oper oxi -

somes ar e mor e r eadi l y di scer ned i n Fi g . 6 t han i n Fi g . 7 . The cel l i n Fi g. 7 possesses mor e mi cr oper oxi somes t han any ot her

encount er ed i n t hi s st udy . The i nset i s an enl ar gement of t he ar ea of Fi g . 7 t hat i ncl udes t he ar r ow f ar t hest t o t he r i ght . Thi s ar ea

i ncl udes what i s i nt er pr et ed as a gl anci ng sect i on of ER ( wi t h f enest r at i ons) wi t h whi ch t he mi cr oper oxi some i s cont i nuous . I n

bot h Fi gs . 6 and 7, t he ar r ows i ndi cat e r egi ons wher e cont i gui t i es, possi bl y cont i nui t i es, bet ween mi cr oper oxi somes and ER ar e

pr esent . Fi g . 6, x 22, 000; Fi g . 7, x 33, 000; I nset , x 45, 000 .
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Cent r ospher e Regi on

	

appar at us, GERL, and coat ed vesi cl es t hat appear t o ar i se f r om

GERL.

The pr esent st udy of t he j uxt anucl ear cent r ospher e r egi on i n

	

The t hr ee- di mensi onal aspect of t he Gol gi appar at us i s best

di f f er ent i at i ng 3T3- L1 cel l s has concent r at ed upon t he Gol gi

	

appr eci at ed by l i ght mi cr oscopy ( Fi g. 1 h and í ) . El ect r on

FI GURES 8 and 9

	

Uni ncubat ed . I n Fi g . 8, a st i l l r ecogni zabl e mi t ochondr i on i s seen wi t hi n t he aut ophagi c vacuol e . I n cont r ast , i n

Fi g . 9 t he or ganel l es sequest er ed i n t he aut ophagi c vacuol es ar e no l onger r ecogni zabl e . I n Fi g . 8, not e t he el ect r on- opaque l i mi t

of t he l i pi d i n t he t wo spher es mar ked L . I n Fi g . 9, t he gl ycogen ar ea i s unusual l y l ar ge ; cf . Fi g . 1 g . Such l ar ge gl ycogen ar eas ar e

seen occasi onal l y . Fi g . 8, x 44, 000; Fi g . 9, x 33, 000 .
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FI GURE 10

	

Uni ncubat ed . The sect i on passes t hr ough t he cent r ospher e r egi on i n whi ch ar e seen a cent r i ol e ( C) , Gol gi st acks, and

GERL. The cyt osol i c l i pi d spher e, above, shows t he adj acent ER. Al l f our aut ophagi c vacuol es show ER near by . The t hi r d one f r om

t he l ef t shows " compact i on" ( 54) of t he ER. I nsi de t hi s vacuol e, sequest er ed ER i s r ecogni zabl e . The upper most aut ophagi c vacuol e

( t o t he r i ght ) appear s al so t o cont ai n ER t hat i s most l y di gest ed . x 27, 000.

FI GURE 11

	

Uni ncubat ed . Thi s sect i on shows r i bosomes wel l ( ar r ows) , i n par t because t he gl ycogen par t i cl es ar e not pr eser ved

and, t hus, t he r i bosomes ar e not obscur ed . Not e t hat t he r i bosomes ar e pr esent on t he ER bot h near t he r oset t es, t o t he r i ght , and

near t he l i pi d spher es, t o t he l ef t . Adj acent t o t he spher es mar ked L, L, , and L2, mi cr of i l ament l i ke par t i cl es sect i oned i n di f f er ent

pl anes ar e evi dent ; cf . Fi gs . 19- 21 . x 44, 000.
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mi cr oscope st udy of t hi n sect i ons passi ng per pendi cul ar l y

t hr ough t he Gol gi appar at us shows " st acks" of t hr ee t o f our

par al l el el ement s of whi ch t he appar at us i s composed ( Fi gs . 10

and 12) . The i nner most , or " t r ans, " Gol gi el ement s have cy-

t ochemi cal l y demonst r abl e NDPase act i vi t y ( Fi g . 13) . As dem-

onst r at ed unequi vocal l y i n ear l i er st udi es on neur ons ( 57) , t hi n

sect i ons can be mi sl eadi ng r egar di ng t he number of such

NDPase- posi t i ve el ement s, and t hi ck sect i ons of di f f er ent i at i ng

FI GURE 12 Uni ncubat ed. Sect i on passi ng t hr ough t he cent r ospher e r egi on . Numer ous coat ed vesi cl es ( C) ar e pr esent i n t he

r egi on . Those t hat appear t o be ar i si ng f r om GERL ar e under l i ned ( C) . Aut ophagi c vacuol es ar e numer ous i n t hese cel l s; see

Resul t s and Di scussi on f or pr obabl e si gni f i cance . The ar r ows i ndi cat e ER near by . Possi bl e ear l y st ages i n aut ophagi c vacuol e

f or mat i on ar e i ndi cat ed by A? . x 42, 000 .
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FI GURE 13

	

Af t er i ncubat i on i n NDPase medi um f or 60 mi n . React i on pr oduct makes t he ER vi si bl e, as seen at t he ar r ows adj acent

t o t he cyt osol i c l i pi d spher es ; cf . Fi gs . 2 and 3 . I n addi t i on, because t he cent r ospher e r egi on of t he cel l i s i ncl uded i n t hi s f i el d,

r eact i on pr oduct makes t he i nner ( t r ans) el ement s of t he Gol gi appar at us vi si bl e ( see Resul t s and Di scussi on) . The ar ea encl osed

by t he Gol gi appar at us i ncl udes par t s of GERL ( cf . Fi gs . 12 and 15) , l acki ng r eact i on pr oduct . A coat ed r egi on, as i f separ at i ng f r om

GERL, i s i ndi cat ed by C. x 40, 000 .

3T3- L1 cel l s have yet t o be st udi ed . The Gol gi appar at us of

t hese cel l s l ack t he t wo f eat ur es associ at ed wi t h secr et i on, e . g . ,

i n hepat ocyt es ( 56, 59, 60) , vi si bl e mat er i al wi t hi n i t s el ement s

and l at er al di l at at i on of t he el ement s .

GERL of di f f er ent i at i ng 3T3- L1 cel l s i s t oo smal l t o be

r ecogni zabl e by l i ght mi cr oscopy of AcPase pr epar at i ons ( Fi g .

1f . By el ect r on mi cr oscopy, GERL i s seen t o be ext ensi ve and

anast omosi ng ( Fi gs. 12- 15) and t o possess cyt ochemi cal l y de-
monst r abl e AcPase act i vi t y . The most i mpr essi ve f eat ur e of
GERL i n t hese cel l s i s t he l ar ge number of AcPase- posi t i ve

coat ed vesi cl es associ at ed wi t h i t ( Fi gs. 14 and 15) . Usi ng t he

cr i t er i a of Pal ade and Br uns ( 62) , i n whi ch f l askl i ke shapes and
el ongat ed necks ar e consi der ed t o be char act er i st i c of vesi cl es

when separ at i ng f r om a membr ane sur f ace, t he vesi cl es, pr ob-

abl y coat ed, appear as i f separ at i ng f r om GERL r at her t han

f usi ng wi t h i t ( Fi gs . 12, 13, and 15) . The i nner di amet er of t hese

vesi cl es i s - 500 A, consi der abl y l ess t han t hat of t he coat ed
pi t s or coat ed vesi cl es ( - 1, 800 A) associ at ed wi t h t he cel l
sur f ace . z Thei r gr eat er number , smal l er si ze, and possessi on of

z
I n 1967 Fr i end and Far quhar ( 15) descr i bed t wo cl asses of coat ed

vesi cl es i n epi t hel i al cel l s of t he r at vas def er ens . The vesi cl es wer e of

appr oxi mat el y t he same di amet er s as t hose i n t he di f f er ent i at i ng 3T3-
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cyt ochemi cal l y demonst r abl e AcPase act i vi t y ar e f eat ur es t hat
shoul d ai d i n r esol vi ng t hose vesi cl es appar ent l y der i ved f r om

GERL f r om t he coat ed vesi cl es t hat seem t o der i ve f r om t he

pl asmal emma . Dat a acqui r ed f r om f r act i ons enr i ched i n

GERL- der i ved coat ed vesi cl es shoul d show t he pr esence of

cl at hr i n ( 64, 65) and r el at ed pr ot ei ns ( 66, 85) , t hey mi ght al so

br i ng suppor t f or t he suggest i on f r om t he wor k of Bl i t z et al .

( 5) t hat coat ed vesi cl es ar e not onl y i nvol ved i n t he i nt er nal i -

zat i on of sur f ace r ecept or s but al so f unct i on i n t r anspor t i ng

bi ol ogi cal l y act i ve mol ecul es f r omone cel l or ganel l e t o anot her .

Aut ophagy

No mammal i an cel l of whi ch we ar e awar e ( 29, 49) shows a

gr eat er number of aut ophagi c vacuol es t han do di f f er ent i at i ng

3T3- L1 cel l s ( Fi gs . 2, 4, 8- 10, 12, and 14) . Ci st er nae of ERar e

al ways ver y cl ose t o t hese vacuol es, but " compact i on" ( 54) of

t he ER membr anes i s suggest ed onl y i nf r equent l y ( Fi gs. 2 and

10) . We specul at e t hat t hi s compact i on occur s mor e f r equent l y

L l cel l s . The l ar ger ones wer e " concent r at ed i n t he api cal cyt opl asm"

and t he smal l er ones wer e " f ound pr i mar i l y i n t he Gol gi r egi on. " Al so

see Ander son et al . ( 2) .



FI GURE 14

	

Af t er i ncubat i n i n AcPase medi um f or 20 mi n . React i on pr oduct makes t he aut ophagi c vacuol es and GERL vi si bl e ( box;

see Fi g . 15) . x 10, 000.

FI GURE 15

	

Boxed ar ea of Fi g. 14 enl ar ged . AcPase r ect i on pr oduct i s seen i n GERL ( unl abel ed) , t he anast omosi ng nat ur e of whi ch

i s evi dent . The Gol gi appar at us i s wi t hout AcPase act i vi t y . Ar r owheads i ndi cat e wher e t he pl ane of sect i on passes r eveal i ng Gol gi

st acks . When GERL and adj acent Gol gi st acks ar e seen, i t i s evi dent t hat GERL i s al ways t r ans t o t he st ack . Two ar r ows i ndi cat e

vesi cl es t hat have pr obabl y separ at ed f r omGERL . The i nset i s f r om anot her cel l . Thr ee AcPase- posi t i ve, appar ent l y coat ed vesi cl es

appear t o be separ at i ng f r om GERL . x 37, 000; I nset x 72, 500 .

t han can be demonst r at ed i n el ect r on mi cr ogr aphs because t he

pr ocess may be ext r emel y r api d . Wi t h compact i on, t he per me-

abi l i t y of t he ERmembr ane appar ent l y changes so t hat AcPase
( our mar ker ) and pr esumabl y ot her hydr ol ases and ot her ma-
t er i al s ar e t r anspor t ed i nt o t he devel opi ng aut ophagi c vacuol e .
Thi s l eads t o t he degr adat i on of t he sequest er ed or ganel l es t o
f or ms no l onger vi si bl e by el ect r on mi cr oscopy . Resi dual bod-

NOVI KOf c,

i es, whi ch f or m f r om many aut ophagi c vacuol es i n ot her cel l
t ypes ( 47) , ar e not seen i n t he di f f er ent i at i ng 3T3- LI cel l s .

The r api d aut ophagy obser ved i n t he di f f er ent i at i ng cel l s

may be r el at ed t o t he mar ked st r uct ur al r emodel i ng and met -

abol i c r eor i ent at i on t hat occur dur i ng adi pocyt e conver si on .

The cel l s become r ounded, t he cont ent of cel l ul ar act i n de-

cr eases 80%, and synt hesi s and/ or t ur nover of - 100 cel l ul ar
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pr ot ei ns i s al t er ed ( 75) . For a st r i ki ng ef f ect on aut ophagy, see

Dean ( 9) .

Fi l ament ous St r uct ur es

Undi f f er ent i at ed 3T3- L1 cel l s possess " cabl es" ( " st r ess f i -

ber s" ) beneat h t he pl asmal emma. Fr om t hei r di amet er s and

ar r angement , t hey r esembl e or gani zed ar r ays of act i n or act i n-

l i ke pr ot ei ns ( Fi g. 16, ar r owhead) . Deeper i n t he cyt opl asmar e

f i l ament s r esembl i ng t he " 100 A f i l ament s" or " i nt er medi at e

f i l ament s" ( Fi g. 16, ar r ow) descr i bed i n many cul t ur ed cel l s

t ypes ( 14) , i ncl udi ng 3T3 cel l s ( 18) . One of t he pr ot ei ns of t he

i nt er medi at e f i l ament s, wi t h an appar ent mol ecul ar wei ght

- 457, 000, has been named vi ment i n ( 13) .

I n cont r ast t o t he undi f f er ent i at ed cel l s, t he di f f er ent i at i ng

3T3- L I cel l s exhi bi t nei t her t he mi cr of i l ament l i ke or t he t hi cker

f i l ament s beneat h t he pl asmal emma . However , mi cr of i l ament -

l i ke st r uct ur es ar e seen ar ound t he cyt osol i c l i pi d spher es .

These f i l ament s measur e 75 Awhen cut t r ansver sel y ( Fi g . 19)

and encl ose t he l i pi d spher es i n a compl ex manner , best

appr eci at ed i n gl anci ng sect i ons ( Fi gs . 20 and 21) . The di st ance

bet ween f i l ament s i s - 150- 350 A. Such associ at i ons of l i pi d

spher es and f i l ament s wer e f i r st descr i bed i n 1967 by Wood

( 84) i n devel opi ng adi pocyt es f r om chi ck bone mar r ow; she

suggest ed t hat t he f i l ament s may suppor t t he l i pi d i ncl usi ons .

Si mi l ar f i l ament s wer e descr i bed at t he same t i me i n avi an

subsynovi al adi pocyt es ( 38) .
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a- Nal pht hyl - acet at e- est er ase Act i vi t y

Most undi f f er ent i at ed 3T3- L 1 cel l s show l i t t l e or no est er ase

act i vi t y . A dr amat i c i ncr ease i n st ai ni ng occur s i n di f f er ent i at -

i ng cel l s ( Fi g. I e) , wi t h most cel l s showi ng i nt ense cyt opl asmi c

st ai ni ng. I n a f ew cel l s ( e . g . , t he one at t he upper l ef t i n Fi g.

l e) t he st ai ni ng i s much weaker , per haps because t hey have

not yet suf f i ci ent l y di f f er ent i at ed .

Because t he i ncr eased st ai ni ng does not appear t o be par t i c-

ul at e or t o der i ve f r om ar t i f act ual di f f usi on f r om cel l par t i cl es,

t he est er ase i s pr obabl y cyt osol i c . Al t hough t he physi ol ogi cal

r ol e of t hi s est er ase act i vi t y i s unknown, i t i s of consi der abl e

i nt er est t hat such act i vi t y appear s dur i ng di f f er ent i at i on of t he

3T3- L1 pr eadi pocyt es because i t al so occur s i n devel opi ng f at

cel l s i sol at ed f r om 2- 3- d ol d r at s ( 44, 45) . Thi s obser vat i on

suppor t s ut i l i zat i on of t he 3T3- L1 cel l s as a model syst em t o

st udy adi pocyt e devel opment .

Gl ycogen

Li ght mi cr oscopy shows t hat bot h undi f f er ent i at ed ( Fi g. 1 c)

and di f f er ent i at i ng cel l s ( Fi g. 1 d) ar e PAS posi t i ve . When

t r eat ed wi t h di ast ase bef or e st ai ni ng t hey ar e negat i ve, i ndi cat -

i ng t he pr esence of gl ycogen ( 37) . El ect r on mi cr oscopy r eveal s

t he gl ycogen t o be r el at i vel y uni f or ml y di sper sed i n most

di f f er ent i at i ng cel l s ( Fi gs . 7 and 8) but l ocal i zed i n l ar ge ar eas

i n some of t hese cel l s ( Fi g. 9; cf . Fi g. 1 g) .

FI GURES 16- 18

	

Uni ncubat ed . Thr ee sect i ons of undi f f er ent i at ed cel l s cl ose t o t he pl asma membr ane, near t he car bon f i l m on

whi ch t he cel l s wer e gr own . I n Fi g. 16 t he bot t om of t he cel l i s at t he r i ght . I mmedi at el y above t he pl asma membr ane ( i . e. , t o t he

l ef t i n t he f i gur e) i s a " cabl e" or " st r ess f i ber " of act i nl i ke f i l ament s ( ar r owhead) . Deeper i n t he cel l i s a col l ect i on of t hi cker f i ber s,

pr obabl y i nt er medi at e f i l ament s ( ar r ow) . Fi g . 17 shows numer ous smal l vesi cl es pr obabl y cont i nuous wi t h t he pl asma membr ane

out of t he sect i on pl ane . I n Fi g . 18, at C, a coat ed vesi cl e measur i ng - - 1, 100 A ( or a coat ed pi t sect i oned so as t o appear l i ke a

vesi cl e) i s seen . Fi g . 16, x 25, 500 ; Fi g . 17, x 28, 000; Fi g . 18, x 26, 000 .



FI GURE 19

	

Uni ncubat ed . Mi cr of i l ament l i ke st r uct ur es ar e seen bet ween t he l i mi t s of t he l i pi d spher es and t he sur r oundi ng ER. I n

t he boxed ar ea, t hese st r uct ur es ar e sect i oned t r ansver sel y adj acent t o L, ; t hey ar e sect i oned sl i ght l y t angent i al l y adj acent t o L z.

The st r uct ur es show mor e cl ear l y i n t he enl ar gement . The t hi n, el ect r on- opaque l i mi t of t he l i pi d spher e, L, , may al so be seen i n

t he enl ar gement . x 45, 000; enl ar gement , x 80, 000 .

CONCLUSI ONS

( a) Undi f f er ent i at ed and di f f er ent i at i ng 3T3- L l pr eadi pocyt es
have been used as a model syst em t o i ni t i at e and anal yze t he
ul t r ast r uct ur al f eat ur es of cel l s bef or e and af t er adi pocyt e
conver si on. The cel l s pr ovi de a uni que syst em f or st udyi ng
cel l ul ar or ganel l es i n adi pocyt e devel opment and f or ul t i mat el y
cor r el at i ng t he bi ochemi cal changes t hat accompany adi pocyt e
devel opment wi t h or ganel l e f unct i on . Al t hough t he 3T3- L1
pr eadi pocyt e cel l l i ne i s bei ng used i ncr easi ngl y t o i nvest i gat e
t he bi ochemi st r y of devel opi ng adi pocyt es, t he obser vat i ons
pr esent ed her e pr ovi de t he f i r st document at i on t hat t he ul t r a-
st r uct ur e of t he di f f er ent i at i ng 3T3- L1 cel l i s consi st ent wi t h
t he pr i nci pal met abol i c f unct i ons of t he cel l and wi t h what i s
known about t he ul t r ast r uct ur e of mat ur e adi pocyt es .

( b) A pr omi nent ul t r ast r uct ur al f eat ur e of di f f er ent i at i ng
3T3- L1 cel l s i s t he wi despr ead occur r ence of const el l at i ons

composed of l ar ge t r i acyl gl ycer ol dr opl et s bor der ed by t he ER

and cl osel y associ at ed wi t h mi cr oper oxi somes and mi t ochon-

dr i a . Knowl edge of enzymi c act i vi t i es of t hese or ganel l es i n
ot her cel l s ( 16, 25, 36, 41, 42) suggest s t hat such const el l at i ons
may ser ve as f oci f or t he bi osynt hesi s, accumul at i on, and
met abol i sm of adi pocyt e l i pi d .

( c) Ver y hi gh densi t i es of speci al i zed pl asmal emmal st r uc-
t ur es wi t h uni que t hr ee- di mensi onal conf i gur at i ons have al so
been obser ved i n associ at i on wi t h t he ER i n di f f er ent i at i ng
3T3- L1 cel l s . Such st r uct ur es have ear l i er been desi gnat ed
r oset t es, and i t has been specul at ed t hat t hese st r uct ur es, i n

adi pocyt es, may pl ay i mpor t ant r ol es i n l i pi d upt ake ( 81) and
i n i nsul i n act i on ( 31) .

( d) Undi f f er ent i at ed 3T3- LL cel l s cont ai n t ypi cal act i nl i ke

st r ess f i ber s associ at ed wi t h t he i nt er nal sur f ace of t he pl asma
membr ane and bundl es of i nt er medi at e f i l ament s . I n cont r ast ,
t he di f f er ent i at i ng cel l s ar e depl et ed of bot h st r ess f i ber s and
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FI GURES 20 and 21

	

Uni ncubat ed . Tr ansver se sect i ons of mi cr of i l ament l i ke st r uct ur es do not show as wel l as i n Fi g . 19 . However ,

gl anci ng sect i ons of t hese st r uct ur es may be seen at LZ of Fi g. 20 and L, of Fi g. 21 . These suggest a compl ex encasement of t he l i pi d

spher es by t he f i l ament s. I n Fi g. 21, a pol ysome i s i ndi cat ed by P. Fi g . 19, x 30, 000 ; Fi g . 20, x 33, 000.

i nt er medi at e f i ber s, and t hei r cyt osol i c l i pi d spher es ar e encased
i n a compl ex net wor k of act i nl i ke mi cr of i l ament s . The l oss of
st r ess f i ber s par al l el s t he conver si on of t he hi ghl y spr ead and
f l at t ened 3T3- L1 cel l s t o spher i cal di f f er ent i at i ng cel l s and
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cor r el at es wi t h an 8001o r educt i on i n cel l ul ar act i n cont ent ( 75) .
( e) Smal l AcPase- posi t i ve coat ed vesi cl es appear t o ar i se

f r om GERL at t he t r ans aspect of t he Gol gi appar at us ( 52) i n

di f f er ent i at i ng 3T3- L l cel l s . These vesi cl es ar e f ar mor e nu-



mer ous t han t he vesi cl es appar ent l y der i ved f r om coat ed pi t s

at t he cel l sur f ace, and t hey ar e much smal l er t han t hose

der i ved f r om t he sur f ace.

( f ) Di f f er ent i at i ng 3T3- L1 cel l s cont ai n l ar ge popul at i ons

of aut ophagi c vacuol es ( 49) , whi ch ar e seen t o cont ai n cyt o-

pl asmi c or ganel l es i n var i ous st at es of aut ol ysi s . These vacuol es

may r ef l ect t he dr amat i c r emodel i ng t hat accompani es di f f er -

ent i at i on.

( g) a- Napht hyl - acet at e- est er ase act i vi t y r i ses f r om cyt o-

chemi cal l y undet ect abl e l evel s i n undi f f er ent i at ed cel l s t o st r i k-

i ngl y el evat ed l evel s i n t he cyt opl asmof di f f er ent i at i ng cel l s. I t

has been suggest ed t hat est er ol yt i c act i vi t y i s a pr oper t y of a-

gl ycer ol phosphat e dehydr ogenase ( 1, 79) . A mar ked i ncr ease

i n t he act i vi t y of t hi s dehydr ogenase dur i ng t he di f f er ent i at i on

of pr eadi pocyt es has been demonst r at ed by Kur i - Har cuch et

al . ( 35) and Wi se and Gr een ( 83) .

We t hank Ms . Cat hy Fung Wan f or gr owi ng and di f f er ent i at i ng t he

3T3- LI cel l s, Mr . Geor ge Domi nguez f or pr epar i ng t he f i nal f i gur es,

Mr . Al l en Hi r sch f or i nf or mi ng us of t he pr esence of a- napht hyl -

acet at e- est er ase act i vi t y i n adi pocyt es and di f f er ent i at i ng 3T3- l. 1 cel l s,

and Mr . Jonat han Rot hbl at t and Dr . Gi l ber t Kel l er f or cr i t i cal r evi ew

of t he manuscr i pt .
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