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I n t hei r cl assi cal exper i ment s on membr ane f l ui di t y, Fr ye

and Edi di n ( 1) t r i gger ed f ur t her r esear ch on t he f l ui d mosai c

model of membr ane st r uct ur e ( 2) i n numer ous ot her l abor at o-

r i es . Si nce t hen, i nvest i gat or s i n t hi s f i el d have al so emphasi zed

t he pl anar , f unct i onal l y speci al i zed mosai cs wi t hi n t he gener -

al l y f l ui d bi l ayer of t he membr ane. These mosai cs compr i se

ar eas wher e speci f i c gr oups of l i pi ds, pr ot ei ns, gl ycoconj ugat es,

and st er ol s aggr egat e t o medi at e speci f i c f unct i ons . To ci t e

sever al di f f er ent f acet s of t he membr ane- domai n concept , we

can r ecal l t he now f ami l i ar wor k of Gol dst ei n et al . ( 3) on t he

di st i nct i ve par t i ci pat i on of coat ed pi t s i n r ecept or - medi at ed

endocyt osi s. Ot her t hought - pr ovoki ng membr ane r egi onal i t i es

ar e t he r oset t e- par t i cl e ar r ays i nst r ument al i n mucocyst secr e-

t i on i n Tet r ahymena ( 4) , t he need f or speci f i c l i pi ds f or t he

compl et e act i vi t y of cyt ochr ome c oxi dase and ot her mem-

br ane- r el at ed enzymes ( 5) , and t he var i at i ons of phosphol i pi d

cont ent i n cont i nuous membr ane syst ems . ( Consi der t he nu-

cl ear envel ope and t he r ough- sur f aced endopl asmi c r et i cul um

[ 6l . )

The Symposi um on Pl asma- Membr ane Di ver si t y ( see f oot -

not e) i nvol ved t he exi st ence and t opogr aphy of such pol ysac-

char i de, l i pi d, and pr ot ei n mosai cs i n t he pl asma membr ane .

We addr essed our sel ves t o t he br oad quest i ons : Do our met h-

ods and t echni ques ver i f y t he pr esence of domai ns i n l i vi ng

cel l s? Wher e t hese membr ane domai ns appar ent l y exi st , ar e

t hei r st r uct ur e and composi t i on per t i nent t o speci f i c mem-

br ane- f unct i ons? How ar e domai ns sust ai ned i n a supposedl y

f l ui d envi r onment ? And when t hey r esi de i n t he dept h as wel l

as t he pl ane of t he bi l ayer , can we mani pul at e t hem t o modi f y

pl asma- membr ane and cel l f unct i on?

Pl asma- membr ane Di ver si t y i n a Hi ghl y

Pol ar i zed Cel l

Si nce mot i l e sper mwer e f i r st obser ved by Leowenhok vi a

l i ght mi cr oscopy mor e t han 300 year s ago, we have been awar e

t hat t he sper mat ozoon i s a hi ghl y pol ar i zed cel l . Aust i n ( 7) and

Bedf or d and Cooper ( 8) , among ot her s, aut hor i t at i vel y dem-

onst r at ed t hat t he var i ous r egi ons of t hi s cel l ser ved di f f er ent

Thi s wor k was pr esent ed i n a Symposi um on Pl asma Membr ane
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PERSPECTI VES

f unct i ons . For i nst ance, on t he ant er i or par t of t he head, t he

pl asma membr ane f uses wi t h t he under l yi ng acr osome, t her eby

f r eei ng enzymes f or sper m penet r at i on t o t he sur f ace of t he

egg. And i n t he equat or i al and post - acr osomal segment s, t he

membr ane adher es t o and mer ges wi t h t he egg' s pl asma mem-

br ane . Housi ng mi t ochondr i a, t he mi d- pi ece pr ovi des t he cel l

wi t h ener gy, whi l e t he pr i nci pal - pi ece pr opagat es t he f l agel l ar

wave. Fawcet t ( 9) , by el ect r on mi cr oscopy of t hi n sect i ons,

descf f bed t he maj or ar chi t ect ur al f eat ur es of each f unct i onal

ar ea i n gui nea- pi g sper m. Mor e r ecent obser vat i ons, obt ai ned

by f r eeze- f r act ur e, have r eveal ed t he compl exi t y of t hi s st r uc-

t ur al mosai ci sm of t he pl asma membr ane i t sel f i n t he many

and di ver se " wor ki ng" r egi ons of t he cel l ( 10- 13) .

The cent r al concer ns of my paper ar e : ( a) numer ous domai ns

of t he gui nea- pi g sper m pl asma membr ane- l i pi d as wel l as

pr ot ei n- ar e mor phol ogi cal l y det ect abl e ; ( b) cont empor ar y cy-

t ochemi cal t echni ques per mi t us t o i dent i f y hi gh concent r at i ons

of sever al l i pi d- cl asses i n t hi s par t i cul ar pl asma membr ane ; and

( c) cor r el at i ng t he speci f i c st r uct ur al pat t er ns wi t h composi t i on

( wher e i t i s known) and f unct i on ( when i t i s known) may

war r ant gener al i zat i on about t he pl asma membr anes of many

secr et or y cel l - t ypes .

RESULTS AND DI SCUSSI ON

The sper mhead of f er s a f i ne exampl e of t wo macr odomai ns

( Fi g . 1) : one ar ea of t he head, t he acr osomal - cap por t i on of t he

pl asma membr ane, i s hi ghl y f usi geni c and af t er appr opr i at e

condi t i oni ng- t hat i s, capaci t at i on- f uses wi t h t he under l yi ng

acr osomal membr ane . The ot her ar ea, however , t he post - ac-

r osomal segment of t he pl asma membr ane, i s nonf usi geni c

under t he same condi t i ons . Onl y af t er t he acr osome r eact i on

occur s ( t he f usi on of t he pl asma and acr osomal membr anes)

does t hi s l at t er r egi on become capabl e of f usi ng wi t h an egg .

But unl i ke t he exper i ment al si t uat i on wi t h ot her secr et or y

cel l s, f r act i onat i on t echni ques ar e not avai l abl e f or cl eanl y

i sol at i ng even t he membr anes of t hese maj or domai ns : t hei r

di st i nct i ons can onl y be det er mi ned by i n si t u st r uct ur al cr i t er i a.

I n t hi n sect i ons, t he membr anes of t he t wo zones ar e si mi l ar l y

composed of a t r i l ami nar uni t - membr ane, al t hough t he acr o-

somal - cap por t i on does exhi bi t a t hi ck gl ycocal yx, i t sel f sepa-

r abl e i nt o t wo l ayer s ( 14) . Fr eeze- f r act ur e pr epar at i ons of

sper m r emoved f r om t he t ai l of t he epi di dymi s expose t he

t ypi cal f eat ur e of t he f usi geni c acr osomal cap of t he mem-

br ane- t he qui l t l i ke pat t er n whi ch mi r r or s t he gl ycocal yx

( Fi gs . 2 and 3) . Randomi nt r amembr ane par t i cl es spr i nkl e t he
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FI GURES 1- 3 Fi gur e 1 : Di agr am of t he gui nea pi g sper m head
i ncor por at i ng f eat ur es obser ved i n f r eeze- f r act ur e and sur f ace r ep-
l i cas . A, acr osomal segment . PA, post - acr osomal r egi on . Fi gur e 2 :
Thej unct ur eof t heacr osomal ( A) and post - acr osomal ( PA) por t i ons
of t he pl asma membr ane as vi ewed i n a r api dl y f r ozen, r ot ar y-

shadowed r epl i ca. x 45, 000. Fi gur e 3 : A f r eeze- f r act ur e pr epar at i on

of t he same j unct ur e i n a f i xed, f i l i pi n- t r eat ed cel l . Bef or e t he
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post - acr osomal segment ( Fi g . 3) wi t h sever al cl ear - cut par t i cl e

cl ust er s i n f r ont of t he st r i at ed r i ng .

I n addi t i on t o mani f est i ng di f f er ences i n f r eeze- f r act ur e ap-

pear ance, t he f usi geni c acr osomal cap and t he nonf usi geni c

post - acr osomal segment of t hi s cont i nuous membr ane di f f er i n

ot her par amet er s . They var y, f or i nst ance, i n l ect i n bi ndi ng, as

obser ved i n Koehl er ' s wor k ( 15, 16) i l l ust r at i ng t he f l uor escence

of wheat ger maggl ut i ni n ( WGA) / FI TCconj ugat e and concan-

aval i n A ( Con A) / r hodami ne: WGAl abel s t he ant er i or par t of

t he acr osomal segment but not t he post - acr osomal segment -

t he i mpl i cat i on bei ng, of cour se, t hat t he acr osomal por t i on

cont ai ns per cept i bl e gl ycoconj ugat es l acki ng i n t he post - acr o-

somal r egi on. Thi s i s t r ue even af t er t he gl ycocal yx has been

r emoved . Con Al abel s bot h ar eas .

Ant i bodi es show a si mi l ar l y di st i nct i ve di st r i but i on . At t he

1980 Amer i can Soci et y f or Cel l Bi ol ogy Meet i ng, Myl es et al .

( 17) pr esent ed t hei r evi dence of monocl onal ant i bodi es r ecog-

ni zi ng t he t wo di ver se zones of t hi s cont i nuous membr ane as

wel l . I n f act , i n some i nst ances, ant i bodi es ar e di r ect ed onl y

t owar d ant i geni c component s of t he acr osomal cap, whi l e

ot her s ar e ai med excl usi vel y at ant i geni c si t es of t he post -

acr osomal segment of t he pl asma membr ane. O' Rand and

Romr el l ( 18, 19) and Tung et al . ( 20) have each obt ai ned

r esul t s wi t h ant i bodi es pr oduced by ot her met hods di st i ngui sh-

i ng di f f er ent par t s of t he sper mcel l .

Anot her di spar i t y bet ween t he t wo sect or s of membr ane i s

mani f est by t he i ncor por at i on and f l uor escence of mer ocyani n

( 21) , whi ch measur es degr ees of membr ane f l ui di t y - i t sel ec-

t i vel y par t i t i ons i nt o t he hi ghl y f l ui d r egi ons. Thi s pr obe r eveal s

t hat t he f usi geni c por t i on has a gr eat er degr ee of f l ui di t y t han

t he post - acr osomal segment : f l uor escence, i ni t i al l y conf i ned t o

t he t i p of t he acr osomal cap, ext ends t o t he equat or i al segment

af t er t he cel l s have been t r eat ed wi t h a cr ude t r ypsi n pr epar a-

t i on or have become capaci t at ed ( 14) .

Sever al known f act or s may be r esponsi bl e f or t hi s di f f er ence

i n f l ui di t y bet ween t he acr osomal and post - acr osomal segment s

of t he membr ane . The gener al par amet er s i mpor t ant i n i nf l u-

enci ng degr ees of f l ui di t y ar e wel l est abl i shed: t he amount of

chol est er ol i n t he membr ane, t he l engt h of t he f at t y aci ds, and

ext ent of f at t y- aci d- chai n sat ur at i on, as wel l as, l ess i nf l uen-

t i al l y, t he t ypes of phosphol i pi d headgr oups ( 22) . By el ect r on

mi cr oscopy cyt ochemi cal pr ocedur es, some such di f f er ences i n

st er ol and ani oni c phosphol i pi d concent r at i on bet ween t hese

adj acent r egi ons of t he membr ane ar e det ect abl e .

The pol yene f i l i pi n ( 23, 24, 25) , whi ch I wi l l use t o demon-

st r at e t hi s di spar i t y i n st er ol cont ent , i s hel pf ul i n a coupl e of

ways . K. Hong and D. P. Papahadj opoul os ( bot h of t he Uni -

ver si t y of Cal i f or ni a) and I have used i t t o det er mi ne f i l i pi n' s

sensi t i vi t y t o t he membr ane- si dedness of st er ol s af t er i nt r oduc-

i ng chol est er ol i nt o t he l i pi d bi l ayer of phosphat i dyl chol i ne

l i posomes. The f i l i pi n/ st er ol compl exes i ndent t he membr anes

of di phosphat i dyl chol i ne vesi cl es r i ght af t er t hei r exposur e t o

chol est er ol and f i l i pi n ( Fi g . 4) . We pr esume t hat al l t he chol es-

t er ol i s i n t he out er l eaf l et at t hi s t i me. Lat er , when enough

seconds ( 26) have el apsed f or a mi xi ng of chol est er ol i n bot h

l eaf l et s of t he bi l ayer , we see bot h pr ot r usi ons and i ndent at i ons

i n near l y equal amount s ( Fi g . 5) . These obser vat i ons suppor t

bot h our t heor y t hat t he f i l i pi n/ st er ol compl exes di ver t t he

membr ane away f r om t he si de of hi gher st er ol concent r at i on

( Fi g. 6) ( 25, 27) and t he cont ent i on of Or ci et al . t hat f i l i pi n

acr osomal ar ea of t he pl asma membr ane i s pr epar ed f or f usi on,

f i l i pi n/ st er ol compl exes appear onl y i n t he ai sl es bet ween qui l t -
pat t er ned pat ches . x 40, 000.



FI GUREs 4- 9

	

Fi gur e 4: Fi l i pi n- t r eat ed phosphat i dyl chol i ne l i posomes i mmedi at el y af t er t hei r i ncor por at i on of chol est er ol . Fi l i pi n/

st er ol compl exes i nduce i ndent at i ons on t he P- f ace ( P) and pr ot r usi ons on t he E- f ace ( E) . X 53, 000. Fi gur e 5 : Seconds- t o- mi nut es

af t er st er ol i ncor por at i on, P- f aces ( P) exhi bi t bot h pr ot r usi ons and i ndent at i ons . X 56, 000. Fi gur e 6: Fi l i pi n/ st er ol compl exes of t he

gui nea pi g sper mpl asma membr ane cr eat e pr ot r usi on of bot h membr ane- l eaf l et s ( ar r ows) , an event consi st ent wi t h a hi gher st er ol

concent r at i on i n t he i nner hal f of t he bi l ayer . X 70, 000 . Fi gur e 7 : Fi l i pi n/ st er ol compl exes on t he pl asmal emmal P f r act ur e- f ace of

a Dr osophi l a l ar val cel l f r om a t i ssue- cul t ur e popul at i on of cel l s cont ai ni ng 1 . 5 X 10 - 3 pmol st er ol / g pr ot ei n . X 42, 000 . Fi gur e 8 :

Fi l i pi n/ st er ol compl exes i n t he pl asma membr ane of a l ar val - cel l popul at i on whi ch cont ai ned 18. 4 X 10 - 3 g, mol st er ol / g pr ot ei n .

x 44, 000 . Fi gur e 9: Acr osomal ( A) : post - acr osomal ( PA) j unct ur e of a capaci t at ed sper mpl asma membr ane . The f usi geni c acr osomal

por t i on cont ai ns mor e t han f our t i mes t he number of st er ol / f i l i pi n compl exes t han t he st abl e post - acr osomal segment . Al so

compar e t he membr ane pr ot r usi ons i n t he acr osomal ar ea t o t he membr ane i ndent at i ons i n t he post - acr osomal r egi on, i ndi cat i ve

of a di f f er ence i n st er ol pl acement wi t hi n t he bi l ayer i n t hese cont i guous domai ns . X 32, 000 .

may be used t o det er mi ne whi ch hal f of t he bi l ayer cont ai ns

t he gr eat er concent r at i on of st er ol i n cel l or ganel l es .

We al so know f r om ot her st udi es ( 27, 29) t hat Dr osophi l a

cel l s cul t ur ed wi t hout st er ol s subsequent l y devel op i ncr eased

number s of f i l i pi n/ st er ol compl exes, pr opor t i onal t o t he

amount of st er ol r est or ed t o t he medi um. Li kewi se, t her e i s a

pr opor t i onal i ncr ease i n compl exes, cor r espondi ng t o t he act ual

amount of st er ol i ncor por at ed by t he cel l s ( Fi gs. 7 and 8) .

Appl i ed t o gui nea pi g sper m, t he benef i t s of t hese t wo set s of

obser vat i ons di scl ose t hat f i l i pi n bi ndi ng, assayed i n f r eeze-

f r act ur e r epl i cas, occur s beneat h t he membr ane' s i nner l eaf l et

( Fi g . 6) and, quant i t at i vel y, i s f ar mor e ext ensi ve over t he

f usi geni c acr osomal - cap r egi on t han over t he post - acr osomal

membr ane segment ( Fi gs . 3 and 9- 11) . Thi s l at t er t opogr aph-

i cal di f f er ence i s par t i cul ar l y conspi cuous bef or e t he qui l t f or ms

i n t he mi dpor t i on of t he epi di dymi s or af t er i t i s r emoved by

shor t i ncubat i on i n sal t sol ut i ons ( Fi g. 9) .

Li ke t he st er ol s, aci di c phosphol i pi ds demonst r abl e by pol y-

myxi n- B ( PXB) bi ndi ng and membr ane per t ur bat i on ar e al so

f ar mor e numer ous over t he ant er i or par t of t he acr osomal cap

t han over t he post - acr osomal sect or ( 14, 30) ( Fi g . 12) . I n

addi t i on, anot her t echni que, r ecent l y devel oped by Bear er ( see

r ef er ence 31) , whi ch t akes advant age of adr i amyci n' s pr ef er -

ent i al bi ndi ng t o ani oni c phosphol i pi ds, r eveal s t he ant i bi ot i c' s

D. S. FRI END
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Fi gur e 10 : Thi n sect i on t hr ough t he acr osomal ( A) : post - acr osomal ( PA) por t i ons of t he sper m head . x 40, 000.

Fi gur e 11 : Appr oxi mat el y 500 compl exes/ pmt i nhabi t t he acr osomal por t i on, whi l e t he post - acr osomal segment cont ai ns <100

compl exes/ l Lmz i n t hi s r ot ar y- shadowed, f r eeze- f r act ur e pr epar at i on . x 38, 000 . Fi gur e 12 : Pol ymyxi n B cr enul at es t he ani oni c-

phosphol i pi d- r i ch acr osomal segment of t he pl asma membr ane whi l e spar i ng t he post - acr osomal r egi on . x 46, 000.

pr edi l ect i on f or t he acr osomal cap over t he post - acr osomal

r egi on.

Among t he el ect r on mi cr oscope appr oaches pr esent ed so f ar ,

t he f r eeze- f r act ur e dat a pr ovi de t he most di r ect l y i nt er pr et abl e

r esul t s . Si mpl y put , i n sper mt aken f r om t he epi di dymi s, t he

membr ane compr i si ng t he t wo macr odomai ns of t he head l ooks

di f f er ent i n each ar ea . Af t er i ncubat i on of t he cel l s i n an

appr opr i at e capaci t at i ng medi um, t he appear ance of t he mem-

br ane i n t he t wo sect or s i s mor e cl osel y compar abl e, but each

zone r et ai ns composi t i onal di ssi mi l ar i t i es when pr obed by l ec-

t i ns, ant i bodi es, and l i pi d mol ecul e- sel ect i ve ant i bi ot i cs . The

pr ovocat i ve quest i on her e i s : Ar e t he obser ved di f f er ences i n

l i pi d composi t i on r eal ?

Per t i nent t o t hat quest i on i n t he f i l i pi n- l abel i ng of st er ol s,

we have t he exampl e of t he acr osomal cap, whi ch has no qui l t

pat t er n bef or e t he sper mr each t he mi dpor t i on of t he epi di dy-

mi s . Exami ni ng sper m ei t her bef or e t he qui l t emer ges or af t er

i t i s er ased by br i ef i ncubat i on i n sal t sol ut i ons, we f i nd t hat

t he membr ane l abel s heavi l y wi t h f i l i pi n compl exes ( Fi gs . 9

and 11) . But whi l e t he qui l t i s pr esent , i t l abel s onl y i n t he

ai sl es bet ween i t s pl aques ( Fi g. 3) . Fi l i pi n f l uor esces when i t

combi nes wi t h st er ol s . Even i n t he pr esence of t he qui l t , t he

membr ane never t hel ess f l uor esces uni f or ml y when f i l i pi n i s

appl i ed, hi nt i ng t hat t he st er ol occupi es t he ent i r e r egi on, but

t hat t he gl ycocal yx pr event s t he f i l i pi n/ st er ol membr ane per -

t ur bat i on usual l y seen i n f r eeze- f r act ur e r epl i cas . Al t hough t hi s

may be t he case, a f al se f r eeze- f r act ur e negat i ve does not

expl ai n why t he nei ghbor i ng post - acr osomal membr ane, wi t h

i t s di f f er i ng f or m of gl ycocal yx, nei t her f l uor esces nor def or ms .

Ther ef or e, we r eason t hat t he di f f er ence i n st er ol concent r at i on

bet ween t he t wo segment s, deduced f r omexper i ment s appl yi ng
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t he f i l i pi n pr ocedur e, i s r eal and not a l i mi t at i on of t he t ech-

ni que- par t i cul ar l y si nce t he cl osel y adher ent f i br i l l ar mat r i x

of t he post - acr osomal segment does not pr event membr ane

per t ur bat i on i n t hat ar ea . Fi l i pi n does cause i t s char act er i st i c

bumps and i ndent at i ons i n t hi s segment ( Fi gs . 9 and 11) , and,

af t er t he acr osome r eact i on, t he post - acr osomal segment , t oo,

l abel s heavi l y . We do not knowwhet her t hi s change i n l abel i ng

r ef l ect s an unmaski ng of f r ee st er ol s or r at her t hei r movement

f r om near by membr ane. We have made t he same obser vat i ons

usi ng t wo ot her st er ol - bi ndi ng compounds, di gi t oni n and t o-

mat i n ( 25) .

Regar di ng t he pr obes of ani oni c l i pi ds, anot her f act or must

be consi der ed- t hat i s, whi ch l eaf l et of t he membr ane cont ai ns

t he gr eat er concent r at i on of ani oni c l i pi d . Si nce PXB does not

cr oss t he hydr ophobi c r egi on of t he bi l ayer , t he demonst r at i on

of f r eeze- f r act ur e cyt ochemi cal di f f er ences i n concent r at i on

wi t h PXB r el at es sol el y t o di f f er ences i n concent r at i on wi t hi n

t he out er hal f of t he membr ane- even t hough t ot al ani oni c-

l i pi d concent r at i on may be t he same i n cont i guous membr ane

domai ns . Ther ef or e, af t er capaci t at i on, t he " f l i p- f l op" of an-

i oni c l i pi ds al one coul d account f or t he emer gence of t hese

l i pi ds i n membr ane r egi ons wher e none coul d be pr evi ousl y

obser ved . But bi ochemi cal dat a suggest t hat , i n addi t i on, con-

cur r ent ani oni c- phosphol i pi d synt hesi s t akes pl ace i n sper m

( 30) . And compar i ng t he i nf or mat i on der i ved f r omPXB bi nd-

i ng, whi ch r ecogni zes out er - l eaf l et l i pi ds, and adr i amyci n,

whi ch does cr oss t he bi l ayer , we can but concl ude t hat t he

cyt ochemi cal l y det ect ed di f f er ences i n ani oni c- l i pi d concent r a-

t i on i n adj acent domai ns of t he membr ane ar e al so r eal ( 14,

27, 30) ( Fi g . 12) .

I n summar y, t hen, t hese macr odomai ns of t he pl asma mem-



br ane composi ng t he sper m head possess some r eadi l y di s-

cer ned di f f er ences i n f r eeze- f r act ur e mor phol ogy, l ect i n bi nd-

i ng, ant i body speci f i ci t y, and st er ol and phosphol i pi d concen-

t r at i on- and, I mi ght add, a di f f er ence, most si gni f i cant l y, i n

f usi geni ci t y upon t he addi t i on of cal ci um i ons ( 32) .

These t wo macr odomai ns al so cont ai n mi cr odomai ns . The

band of membr ane f r ont i ng t he t i p of t he nucl eus i s l ess

per t ur babl e by PXB t han t he sur r oundi ng membr ane ( 14, 30)

and suscept i bl e t o cl ear i ng of st er ol / f i l i pi n compl exes and

i nt r amembr ane par t i cl es when gl ycer i nat ed as a st andar d

f r eeze- f r act ur e cr yopr ot ect ant pr ocedur e ( 12, 14, 33) . I t does

not cl ear of par t i cl es and compl exes as r eadi l y i n r api d- f r eeze

pr epar at i ons- a poi nt whi ch has been wel l - document ed f or

ot her secr et or y cel l s ( 34, 35) . Even mor e obvi ous ar e cer t ai n

i nt r amembr ane- par t i cl e and l i pi d mi cr odomai ns i n t he sper m

t ai l ( Fi g. 13) .

St r ands of par t i cl es ador ni ng por t i ons of t he pl asma mem-

br ane whi ch over l i e mi t ochondr i a ( Fi g . 14) mi gr at e above t he

r et ai ned cyt opl asmi c dr opl et dur i ng i ncubat i on i n capaci t at i ng

medi a . I n t hi s r egi on, col l ar s of l i pi d, copl anar but i n di f f er ent

FI GURES 13- 19 Fi gur e 13 : Di agr am of t he mi d- pi ece and pr oxi mal pr i nci pal - pi ece of t he sper m t ai l , depi ct i ng mi cr odomai ns

exposed i n convent i onal l y and r api dl y f r ozen cel l pr epar at i ons . Fi gur e 14 : Rapi dl y f r ozen, deep- et ched pr epar at i ons of t he mi d-

pi ece r eveal t hat st r ands of par t i cl es ar e pr esent on t he sur f ace ( l ef t si de) as wel l as i n t he f r act ur e- f ace of t he membr ane. x

120, 000 . Fi gur es 15 and 16: Si mi l ar st r ands, appear i ng i n t he cyt opl asmi c dr opl et dur i ng capaci t at i on, of t en devel op st r i at ed col l ar s

of " l i pi d" ( ar r ows) . Fi g . 15, x 120, 000 . Fi g . 16, X 170, 000 . Fi gur e 17 : I n r api dl y f r ozen pr epar at i ons of sper m mai nt ai ned i n cal ci um-

poor medi um, t he membr ane compr i si ng t he r et ai ned cyt opl asmi c dr opl et occasi onal l y shows " wi ndow- scr een" pat ches . x

140, 000. Fi gur e 18: Wi t h 5- 15 g, mol Cal i n t he sol ut i on, cobbl ed ar eas appear at t he si t es wher e wi ndow- scr een pat ches ar e

ot her wi se seen . x 80, 000 . Fi gur e 19 : A vi ew of t he r api dl y f r ozen, deep- et ched sur f ace of t he pr i nci pal - pi ece zi pper . x 80, 000.
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gui se t han t he bul k l i pi d i n t he membr ane, devel op ar ound t he

r i bbons of 80- A par t i cl es ( Fi gs . 15 and 16) ( 13) . These 200- A

annul i ar e seen onl y i n r api dl y f r ozen, deep- et ched sper m

pr epar at i ons .

A wi ndow- scr een pat t er n i n smal l pat ches i s anot her desi gn

occasi onal l y obser ved i n r api d- f r ozen speci mens i n t he r eal m

of t he cyt opl asmi c dr opl et af t er i ncubat i on of sper mi n cal ci um-

poor medi um( 13) ( Fi g. 17) . They t ake on a cobbl ed appear ance
af t er t he addi t i on of cal ci um ( Fi g . 18) .

Di st i nct i ve par t i cl e ar r ays, mor e t o be expect ed but al so

mor e def i ni t i ve t han pat t er ned l i pi ds, al so ar i se t hr oughout t he

pl asma membr ane cover i ng t he sper m t ai l . Al t hough i mages of

bot h t he annul us separ at i ng t he mi d- and pr i nci pal - pi eces of
t he t ai l and l i near ar r ays of i nt r amembr ane par t i cl es have l ong

been i n pr i nt ( 10, 11) , we have onl y seen cl ean sur f ace- i mages

of t he zi pper , a decor at i on of t he t ai l ' s pr i nci pal pi ece opposi t e

f i ber one by appl yi ng t he r el at i vel y r ecent t echni que of r api d-

f r eezi ng and deep- et chi ng ( Fi g. 19) ( 13) .
As wel l as t he many r ecogni zed pl asma- membr ane mosai cs,

a par al l el r egi onal i t y i s vi si bl e i n t he membr anes of i nt er nal
or ganel l es . The por es of t he nucl ear envel ope, f or exampl e, ar e

conf i ned t o one post er i or macr odomai n ( Fi g. 20) . At a deeper

pl ane, t he membr anes of t he envel ope ar e f ur t her modi f i ed
i nt o a uni que- appear i ng mi cr odomai n, t he i mpl ant at i on f ossa

( Fi g . 21) , whi ch anchor s t he at t achment of head and t ai l ( 10,

11) . And as a f i nal i l l ust r at i on of mosai ci sm, par t i cl e ar r ays of

t he mi t ochondr i al out er membr ane f aci ng t he axonemal com-

pl ex ar e di sposed l i ke t he r ungs of a l adder ( Fi gs . 22, 23) , whi l e

FI GUREs 20- 24 Fi gur e 20: The nucl ear - envel ope macr odomai n of por es . x 26, 000. Fi gur e 21 : A mi cr odomai n of t he nucl ear

envel ope- t he i mpl ant at i on f ossa, seen at a deeper f r act ur e- pl ane t hr ough t he envel ope depi ct ed i n Fi g. 20 . x 56, 000 . Fi gur e 22 :

Cr oss- sect i on t hr ough t he sper m t ai l mi d- pi ece, di st i ngui shi ng t he par t of t he mi t ochondr i al out er membr ane f aci ng t he axonemal

compl ex ( t wo ar r ows) f r om t hat par t whi ch f aces t he pl asma membr ane ( one ar r ow) . x 65, 000 . Fi gur es 23 and 24 : Or der l y ar r ays

of par t i cl e- t r i pl et s cover t he mi t ochondr i al concave sur f ace ( Fi g . 23) , whi l e t he t r i pl et s ar e r andoml y di sper sed over t he convex

sur f ace ( Fi g . 24) . Fi g . 23, x 104, 000 . Fi g . 24, x 90, 000 .
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compar abl e r ungs ar e haphazar dl y di sper sed on t he mi t ochon-

dr i al sur f ace whi ch f aces t he pl asma membr ane ( Fi gs . 22 and

24) ( 13) .

CONCLUSI ONS

To concl ude, as Mor r i s Kar novsky of t en asks me, " What does

al l of t hi s mean?" , I can onl y of f er t he obvi ous :

( a) The gui nea pi g sper m has t he capaci t y t o sequest er i t s

membr ane component s i nt o f unct i onal l y di f f er ent gr oupi ngs

whi ch can al so be i dent i f i ed mor phol ogi cal l y .

( b) Al t hough t hese mul t i pl e domai ns per mi t t he cel l t o be

hi ghl y ef f i ci ent , due t o t hi s mosai ci smt he di st ur bance of smal l

r egi ons of t he membr ane can pr of oundl y al t er t he f unct i on of

t he cel l as a whol e. For exampl e, sper mt o whi ch chol est er ol

sul f at e has been added, pr esumabl y i nt er cal at i ng i n t he st er ol -

r i ch acr osomal por t i on of t he pl asma membr ane, ar e pr event ed

f r om under goi ng t he acr osome r eact i on, t hus pr ecl udi ng t he

cel l ' s f unct i on- f er t i l i zat i on ( 36, 37) .

( c) Al so, si nce we see a l oss of domai n st r uct ur e accompany

cel l deat h, we f ur t her suspect t hat i nt er f er i ng wi t h t he cel l ' s

ener gy pr oduct i on compr omi ses t he mai nt enance of domai ns,

so t hat nonspeci f i c i nj ur i es such as anoxi a may appear as

speci f i c f unct i onal def i ci t s, i n t hi s case, obser ved as bot h de-

cr eased cel l mot i l i t y and acr osome r eact i ons.

( d) Because many of t he domai ns ar e ver y smal l and may be

var i abl e i n l ocat i on, t hei r det ect i on and anal ysi s demand t he

appl i cat i on of mor phol ogi cal and ot her i n si t u t echni ques .

And f i nal l y, ( e) based on our obser vat i ons of gui nea pi g

sper m, t he gener al i zat i on we woul d submi t about ot her secr e-

t or y cel l s i s t hat t he i nner l eaf l et of t he pl asma membr ane

pr epar ed f or f usi on i s r el at i vel y r i ch i n f r ee st er ol s, i t s out er

l eaf l et cont ai ns a l ar ge pr opor t i on of ani oni c l i pi ds, and t he

membr ane i s hi ghl y f l ui d. Conver sel y, membr ane t hat i s r e-
si st ant t o f usi on sust ai ns onl y l ow l evel s of f r ee st er ol s, keeps
i t s ani oni c l i pi ds t ucked i n t he i nner membr ane- l eaf l et , and i s
l ess f l ui d t han f usi geni c r egi ons .

I t hank El ai ne L . Bear er , Pet er M. El i as, and John E. Heuser , par t i c-
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