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ABSTRACT

	

The r el at i onshi p bet ween ani oni c- l i pi d concent r at i on and t he f unct i onal pr oper t i es

of pl asma- membr ane domai ns was expl or ed usi ng t he gui nea- pi g sper mmembr ane as a model ,

wi t h pol ymyxi n B ( PXB) as a pr obe . Ar eas of pl asmal emma speci al i zed f or f usi on dur i ng t he

acr osome r eact i on had a hi gher af f i ni t y f or t he pr obe t han adj acent nonf usi geni c r egi ons . I n

addi t i on, capaci t at i on- a pr ocess pr ecedi ng acr osome : pl asma- membr ane f usi on- mar kedl y

enl ar ged t he ar ea suscept i bl e t o PXB bi ndi ng over t he acr osomal cap. Pr ot ease t r eat ment

mi mi cked capaci t at i on by i ncr easi ng t he acr osome- r eact i on i nci dence as wel l as PXB bi ndi ng,

at enzyme concent r at i ons not af f ect i ng t he sur f ace coat nor al t er i ng f i l i pi n/ st er ol l ocal i zat i on .

Bot h pr ot eol yt i c di gest i on and capaci t at i on f ai l ed t o augment PXB- or f i l i pi n- af f i ni t y i n

nonf usi geni c zones, such as t he post - acr osomal segment , i ncl udi ng i t s par t i cl e- f r ee macul ae.

I ncubat i on of sper m i n capaci t at i ng medi um suppl ement ed wi t h
32p_

l abel ed phosphat e,

f ol l owed by l i pi d ext r act i on, t hi n- l ayer chr omat ogr aphy, and aut or adi ogr aphy, r eveal ed a

r adi oact i ve band comi gr àt i ng wi t h car di ol i pi n and phosphat i di c aci d . Ver mi f or m pr ot r usi ons

el i ci t ed by PXB i n t he out er l amel l ae of car d i ol i pi n- phosphat i dyl chol i ne l i posomes r esembl ed

t hose seen i n f usi onal r egi ons of sper m membr ane . We concl ude t hat ( a) di f f er i ng concent r a-

t i ons of ani oni c l i pi ds ar e f ound i n adj acent domai ns of t he sper m pl asma membr ane ; ( b)

t hese domai ns mi r r or t he f unct i onal r egi ons of t he membr ane, wi t h hi gher ani oni c- l i pi d

concent r at i ons l ocal i zed over f usi onal zones ; ( c) t he sur f ace coat does not par t i ci pat e i n t he

mai nt enance of such domai ns ; ( d) ani oni c- l i pi d synt hesi s may cont r i but e t o t hei r f or mat i on ;

and ( e) ani oni c- l i pi d concent r at i ons i ncr ease as t he membr ane becomes f usi onal l y compet ent ,

i ndi cat i ng t hat cel l ul ar modul at i on of l i pi d domai ns accompani es r egul at i on of membr ane

f unct i on .

That phosphol i pi ds medi at e f usi on i n di ver se bi ol ogi cal or

model membr ane- syst ems has been advocat ed by a number of

i nvest i gat or s . Par t i cul ar l y, wor ker s i n r epr oduct i ve bi ol ogy

have shown t hat f er t i l i zat i on i s not pr event ed by t he t r eat ment

of eggs wi t h pr ot eol yt i c or car bohydr at e- hydr ol yzi ng enzymes

whi ch l eave phosphol i pi ds i nt act ( 26) . Mor eover , bi ophysi ci st s

have est abl i shed t hat phosphol i pi d vesi cl es can f use, not onl y

wi t h each ot her ( 44) but wi t h nat ur al membr anes ( 23, 55) .

Cer t ai n l i pi ds have a gr eat er pot ent i al f or f usi on t han ot her s .

For exampl e, l i posomes composed sol el y of phosphat i dyl cho-

l i ne ( PC) r esi st mer ger f or hour s, yet vesi cl e membr anes i ncor -

por at i ng ani oni c l i pi ds f use r eadi l y upon t he i nt r oduct i on of

di val ent cat i ons ( 44) .

The r equi r ement f or negat i vel y char ged l i pi ds i n t he event s

of membr ane : membr ane f usi on has been demonst r at ed i n var -

i ous syst ems- e. g. , t he ent r y of Seml i ki For est vi r us i nt o cel l s

vi a t he vi r al envel ope- membr ane uni on wi t h t he cel l ' s l yso-
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somal membr ane ( 55) , or t he coal escence of l i pi ds f r om t wo

di f f er ent model l i posome popul at i ons ( 44) .

Some aci di c l i pi ds ar e i sot her mi cal l y t r i gger ed by cal ci um

( Ca" ) t o f r eeze f r om t he l i qui d- cr yst al l i ne t o t he gel st at e ;

wher eas ot her s par t i al l y mel t , f or mi ng hexagonal ar r ays ( 14,

32) . Accompanyi ng t he i nduct i on of a newphase, per meabi l i t y,

compr essi bi l i t y, and sur f ace- pot ent i al become al t er ed ( 43, 44) .

These phase t r ansi t i ons have been hypot hesi zed t o cr eat e di s-

or gani zed l i pi d ar r ays necessar y f or t he i ni t i at i on of f usi on

( 44) . I n cel l s as wel l as i n l i posomes, Ca
2+

t r i gger s membr ane

f usi on, suggest i ng t hat an anal ogous mechani sm i s act i ve i n

vesi cl e : vesi cl e coal escence and i n cel l ul ar pr ocesses such as

exocyt osi s and f er t i l i zat i on. Chol est er ol al so af f ect s t hese phase

t r ansi t i ons ; t hus i t s pr esence or absence as evi denced by f i l i pi n

i s a cl ue t o t he physi cal st at e of t he membr ane .

That a cel l can concent r at e ani oni c l i pi ds i n ar eas of t he

membr ane bi l ayer wher e f usi on occur s, and conver sel y, t hat
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t hese l i pi ds can be excl uded f r om st abl e r egi ons of membr ane,

i s t he subj ect of t hi s paper . Ot her membr ane component s

appear t o have a di f f er ent i al t opogr aphy i n t he pl ane of t he

membr ane . Many i nt egr al membr ane pr ot ei ns ( e . g . , t he acet yl -

chol i ne r ecept or and ouabai n- sensi t i ve i on pumps) r esi de i n

pr ef er ent i al f oci wi t hi n t he pl ane of t he bi l ayer ( 17, 35) . I n

addi t i on, l abel i ng of i ß- OH st er ol s wi t h t he pol yene f i l i pi n has

demonst r at ed t he het er ogenei t y of t hese component s i n t he

pl asmal emmae of var i ous cel l t ypes ( 15, 36) . Thi s di f f er ent i al

t opogr aphy cor r el at es wi t h speci f i c f unct i onal domai ns of t he

membr ane . Fur t her mor e, we pr opose t hat f usi geni c domai ns,

hi gh i n ani oni c- l i pi d concent r at i on, f or m i n dynami c r esponse

t o t he f usi onal act i vi t y of t he cel l r at her t han per manent l y

occupyi ng exact si t es i n t he pl ane of t he membr ane, awai t i ng

f usi on act i vat i on .

The f i ndi ngs r epor t ed her e pr i mar i l y st em f r om t he t r ans-

mi ssi on el ect r onmi cr oscopy of f r eeze- f r act ur e r epl i cas, whi ch

per mi t s l ar ge vi st as of membr ane t o be exami ned . We used t he

ant i bi ot i cs pol ymyxi n B ( PXB) as a pr obe f or ani oni c l i pi ds,

and f i l i pi n as a pr obe f or , 8- OH st er ol s such as chol est er ol . I t

has al r eady been est abl i shed t hat PXB bi nds ani oni c l i pi ds ( 52,

54) , and t hr ough t hi s bi ndi ng, di sr upt s t he nor mal l y smoot h

cont our s of eukar yot i c- cel l membr anes ( 1, 4) . Fi l i pi n bi ndi ng

t o sper m has been descr i bed ( 15, 19) ; t hus we coul d use i t as a

t ool t o moni t or t he avai l abi l i t y of t he pl asma membr anes t o

such pr obes, as wel l as t hei r abi l i t y t o def or m i n t he pr esence

of a l i pi d- bi ndi ng agent . The model we have sel ect ed i s t he

gui nea- pi g sper mat ozoon ( Fi g . 1) . Thi s hi ghl y pol ar i zed cel l

has t he advant age of an ext ensi ve ar ea of f usi geni c pl asma

membr ane : t he acr osomal cap, easi l y r ecogni zed i n f r eeze-

f r act ur es . Cont i guous wi t h t he f usi geni c r egi on l i es t he st abl e

post - acr osomal membr ane . Newl y r emoved f r omt he t ai l of t he

epi di dymi s or f r omt he vas def er ens, sper mmust be capaci t at ed

bef or e t he addi t i on of Ca" ki ndl es f usi on bet ween t he pl as-

mal emma and t he out er por t i on of t he acr osomal membr ane-

t he acr osome r eact i on ( 3) . Capaci t at i on, t he pr ocess whi ch

r eadi es t hese membr anes f or t he r eact i on, can be achi eved i n

vi t r o ( 58) . The absence of cal ci um, however , can hal t f usi on,

ar r est i ng t he cel l s at t he t hr eshol d of t he acr osome r eact i on . I n

t hi s paper , we have compar ed t he bi ndi ng of PXB t o t he head

membr anes of f r esh sper mat ozoa wi t h t hat of cel l s i ncubat ed

i n cal ci um- f r ee capaci t at i ng medi a, t o assess t hei r r el at i ve

di st r i but i on of ani oni c l i pi ds . Thus, changes i n di st r i but i on

whi ch accompany capaci t at i on, but occur bef or e t he acr osome

r eact i on, can be descr i bed .

MATERI ALS AND METHODS

Fr esh Sper m

Sper mat ozoa wer e r emoved f r omt he vasa def er ent es and epi di dymal t ai l s of

mat ur e ( 500 g) , et her - anest het i zed gui nea pi gs . The pool ed sper mat a concent r a-

t i on of 10 7 cel l s/ cm' wer e t hen mi xed i n Ca' - f r ee Tyr ode' s sol ut i on ( TS) , pH

7. 4, and t r eat ed as f ol l ows : ( a) Cont r ol sper mwer e i ncubat ed i n TS cont ai ni ng

compar abl e ( mol ar ) sucr ose concent r at i ons t o r epl ace PXB. ( b) For pol ymyxi n- B

( Si gma Chemi cal Co. , St . Loui s, MO) l abel i ng, sper mwer e t r eat ed as pr evi ousl y

r epor t ed ( 1) , except t hat TS was subst i t ut ed f or HEPES- Tr i s . ( c) Fi l i pi n l abel i ng

was accompl i shed accor di ng t o t he met hod used i n ear l i er exper i ment s ( 15) , but

wi t h t he omi ssi on of di met hyl sul f oxi de ( DMSO) . ( d) Hemocyani n- PXB conj u-
gat i on was achi eved by usi ng a modi f i cat i on of t he met hod of Jan and Revel ( 28)

wher ei n we subst i t ut ed keyhol e l i mpet hemocyani n ( KLH) ( Si gma Chemi cal

Co . ) f or t hat of Busycon canal i cul at um, and 10 mg of PXB f or I gG. Af t er di al ysi s

f or 24 h at 4° C, a Bi o- Gel A 1 . 5- mcol umn ( 2 . 5 x 20 cm; Bi o- Rad Labor at or i es,

Ri chmond, CA) was used t o separ at e nonr eact ed PXB f r om t he conj ugat e .

Hemocyani n- PXB was r ecover ed by moni t or i ng absor pt i on spect r a of t he f r ac-

t i ons at 280 nm, and subsequent ul t r af i l t r at i on of t he absor bi ng f r act i ons. Af i nal

vol ume of 10 ml cont ai ned pr ot ei n concent r at i ons of 1 . 5- 2 . 5 mg/ ml , as measur ed

FI GURE 1

	

( a) Di agr am of t he sur f ace of a gui nea- pi g sper m; ( b)

cr oss- sect i on of t he head onl y, as i t appear s i n t hi n sect i on .

by t he Bi o- Rad pr ot ei n- det er mi nat i on met hod ( 4) . ( e) Next , t he sper m wer e

i ncubat ed f or 30 mi n at 37° C i n a phosphat e- buf f er ed sal i ne ( PBS) / hemocyani n-

PXB sol ut i on ( pH 7 . 4) .

Enzyme- t r eat ed Sper m

Sper m wer e i ncubat ed i n TS suppl ement ed wi t h 1 mg/ ml pr ot ei nase ( cr ude

t r ypsi n ext r act , Si gma Chemi cal Co . , Type I I , pancr eat i c ; t r ypsi n act i vi t y 1, 050

U/ mg; chymot r ypsi n act i vi t y 1, 040 U/ mg) f or 30 mi n at 37° C ( pH 7. 2- 7 . 4) ,

f ol l owed by t he addi t i on of 1 mg/ 10 ml soybean t r ypsi n i nhi bi t or ( Si gma

Chemi cal Co . ; 0 . 9 mg i nhi bi t s 10, 000 U t r ypsi n) . Subsequent l y t he cel l s wer e

washed t wi ce and l abel ed wi t h PXB or f i l i pi n, or i ncubat ed wi t h sucr ose as

descr i bed above. Compar abl e al i quot s of sper m wer e i ncubat ed f or 30 mi n

wi t hout pr ot ei nase .

Capaci t at ed Sper m

Sper mwer e i ncubat ed i n Caz' - f r ee TS, wi t h 2%bovi ne ser umal bumi n ( BSA)

and 1% gl ucose i n 1- ml al i quot s at 37° C under st er i l e mi ner al oi l f or 24- 26 h

accor di ng t o t he met hod of Yanagi machi and Usui ( 58) . To some of t hese al i quot s

of sper m, we added 0. 4 cm' of a 10- mMCaC12 sol ut i on. Dr opl et s of t hese sper m

wer e t aken at 10- mi n i nt er val s, exami ned t o est abl i sh mot i l i t y and quant i t at e

acr osome r eact i ons, and t hen al l owed t o ai r - dr y f or subsequent st ai ni ng ( see

bel ow) . The r est wer e washed once and t r eat ed wi t h t he l i pi d- bi ndi ng agent s as

pr evi ousl y descr i bed her e. Onl y di shes cont ai ni ng 90%mot i l e sper m wer e r e-

t r i eved f or f ur t her pr ocessi ng.

Quant i f i cat i on of Acr osome React i ons

Ten al i quot s f r om pr epar at i ons of unf i xed, f r esh, pr ot ease- t r eat ed, TS- i ncu-

bat ed, and capaci t at ed sper m ( wi t h or wi t hout cal ci um) wer e f i r st moni t or ed at

t he l i ght - mi cr oscopi c l evel t o det er mi ne mot i l i t y and acr osome r eact i ons, t hen

per mi t t ed t o ai r - dr y on gl ass mi cr oscope- sl i des. They wer e subsequent l y st ai ned

wi t h er yt hr osi n Band napht hol yel l ow S( 9) .

Pr ef er ent i al l y st ai ni ng acr osomal cont ent s br i ght r ed wi t h t hese dyes gr eat l y

f aci l i t at es count i ng r eact ed vs . nonr eact ed sper mby l i ght mi cr oscopy ( Fi gs . 2 and

3) . To el i mi nat e t he ef f ect of ai r - dr yi ng and st ai ni ng on acr osomal pat ency, we

subt r act ed t he f r act i on of acr osome- r eact ed cel l s i n non- cal ci um- t r eat ed sampl es

f r om t hose wi t h cal ci um. The f r act i on of sper m whi ch l ost t hei r acr osomal

cont ent s al t er i ncubat i on and subsequent addi t i on of cal ci um was cal cul at ed

accor di ng t o t he f ol l owi ng f or mul a :

Number of acr osome- r eact Zd I

	

I Number of acr osome- r eact ed

sper m 20 mi n post - Ca'

	

sper m pr e- Ca"
Mi nus

Tot al sper m20 mi n post - Caz' I

	

I

	

Tot al sper mpr e- Caz '

We count ed sper m at r andom by " bl i nd" sel ect i on of a hi gh- power f i el d,
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f ol l owed by enumer at i on of al l t he sper m wi t hi n t hat f i el d. Ten f i el ds wer e

count ed f or each dr opl et .

Pr epar at i on of Sper m f or El ect r on mi cr oscopy

Al l pr epar at i ons wer e f i xed i n 1 . 25% gl ut ar al dehyde buf f er ed wi t h 0. 1 M

sodi um cacodyl at e, 1% sucr ose ( pH 7. 4) . Fr eeze- f r act ur es wer e obt ai ned as

descr i bed ( 2l ) ; and sur f ace r epl i cas wer e pr ocessed by cr i t i cal - poi nt - dr yi ng ( 45) ,

mount i ng i n a Bal zer s appar at us, and shadowi ng wi t h car bon- pl at i num at - 2 x

l 0 - s t or n. For sur f ace r epl i cas, sampl es wer e kept at r oomt emper at ur e, al t hough

t he cut t i ng ar mwas cool ed t o l i qui d ni t r ogen t emper at ur e . Thi n sect i ons of

st andar d mat er i al wer e pr epar ed wi t h t anni c aci d accor di ng t o t he t echni que of

Si mi onescu and Si mi onescu ( 50) . Sect i ons wer e post - st ai ned wi t h ur anyl acet at e

( 20 mi n) and l ead ci t r at e ( 2 mi n) .

Radi oact i ve Label i ng

Sper mwer e i ncubat ed under st er i l e oi l at 37° C i n Cat ' - f r ee TS cont ai ni ng 1

mg/ ml gl ucose and 2 mg/ ml BSAand suppl ement ed wi t h I mCi / ml ' 2 P- l abel ed

i nor gani c phosphat e. Mot i l e sper m wer e col l ect ed af t er 30 mi n and af t er 24 h,

and l i pi d ext r act i on was conduct ed as det ai l ed bel ow. Addi t i onal l y, pr ot ease

i ncubat i on was per f or med as above, but al so i n t he pr esence of 1 mCi / ml ' PO,

wi t h subsequent l i pi d ext r act i on .

Li posomes

Li posomes wer e pr epar ed and t r eat ed as we have pr evi ousl y r epor t ed ( 1) .

These l i posomes consi st ed of equi mol ar r at i os of egg phosphat i dyl chohne and

bovi ne hear t car di ol i pi n ( Avant i Bi ochemi cal s, I nc . , Bi r mi ngham, AL) .

Li pi d Ext r act i on and Separ at i on

Li pi ds wer e ext r act ed f r omsoni cat ed sper mi n TS wi t h chl or of or m: met hanol .

Af t er f i l t r at i on of t he l ower phase t hr ough gl ass wool , t he sol vent was evapor at ed

under ni t r ogen at 35° C. The yel l owi sh deposi t was r esuspended i n di chl or omet h-

ane and appl i ed t o si l i ca gel G- 250 ( Mer ck AG, Dar mst adt , FRG) , al ong wi t h

l i pi d st andar ds suppl i ed by Dr . Papahadj opoul os ( Cancer Resear ch I nst i t ut e,

Uni ver si t y of Cal i f or ni a School of Medi ci ne, San Fr anci sco, CA) . The pl at e was

devel oped i n chl or of or m: acet one : met hanol : acet i c aci d: wat er ( 6 : 8: 2: 2 : 1 vol / vol ) .

Af t er det er mi nat i on of t he pr esence of ni nhydr i n- st ai nabl e and sul f ur i c- aci d-

bur nabl e mat er i al , pl at es of r adi oact i vel y l abel ed sper m l i pi ds wer e aut or adi -

ogr aphed ( 12 h, 4° C) .

RESULTS

Vi ewed under t he l i ght mi cr oscope, f r eshl y r emoved epi di dy-

mal or vasal sper m wer e f r eel y mot i l e ; >90% r et ai ned t he

acr osome upon ai r - dr yi ng and st ai ni ng f or l i ght mi cr oscopy .

Af t er 24- 26 h of i ncubat i on at 37' C i n cal ci um- f r ee Tyr ode' s

sol ut i on, t he acr osome r eact i on was t r i gger ed i n 60- 80%of t he

cel l s ( Fi gs . 2 and 3) by t he addi t i on of cal ci um t o mot i l e sper m

cul t ur es .

Fr esh gui nea- pi g sper m r eveal ed smoot h expanses of pl asma

membr ane when exami ned i n f r eeze- f r act ur e r epl i cas ( Fi g . 4) .

Af t er t r eat ment wi t h t he ani oni c- l i pi d- bi ndi ng agent PXB,

however , t he di st al acr osomal cap became cr enul at ed ; whi l e

t he pr oxi mal cap membr ane r et ai ned t he f l at aspect of un-

t r eat ed sper m ( Fi gs . 5 and 7) .

Keyhol e l i mpet hemocyani n conj ugat ed t o PXB r ender ed

t he ant i bi ot i c vi si bl e i n sur f ace r epl i cas ( Fi g. 6) , di scl osi ng PXB

bi ndi ng t o t he same r egi ons of membr ane whi ch appear ed

cr enul at ed or bubbl ed i n f r act ur ed speci mens .

I ncubat i on of t he sper m i n capaci t at i ng medi a i ncr eased t he

ext ent of PXB di st ur bance ( Fi g . 8) . Wher eas t he di st al acr oso-

mal cap was per t ur bed i n bot h f r esh and capaci t at ed sper m,

t he pr oxi mal membr ane, f r ee of PXB damage bef or e i ncuba-

t i on, became suscept i bl e t o t he ant i bi ot i c onl y af t er i ncubat i on

i n capaci t at i ng medi um, t hus maki ng i t compet ent t o under go

f usi on ( cf . Fi gs . 7 and 8) . Yet t hi s enhancement i n sensi t i vi t y

di d not encr oach upon a band of membr ane f r ont i ng t he t i p of

t he nucl eus, even when t he bi l ayer on ei t her si de of t he t r act

cr enul at ed . I n bot h f r esh and capaci t at ed sper m, r ound mac-

ul ae bar r en of i nt r amembr anous par t i cl es ( I MP) f r equent l y

punct uat ed t hi s undi st ur bed band ( 19) . These ci r cl es, t oo,

r emai ned unaf f ect ed by PXB ( Fi g . 8) or t he st er ol - bi ndi ng

agent f i l i pi n. I n t anni c- aci d- st ai ned t hi n sect i ons, a densi t y l ay

bet ween t hi s ar ea of t he out er l eaf l et of t he gr anul e membr ane

and t he PXB- r esi st ant pl asma membr ane ( Fi g. 9) . Nei t her t he

equat or i al segment nor t he post acr osomal r egi on of t he pl as-

mal emma- ar eas of nonf usi geni c membr ane uni nvol ved i n

acr osomal gr anul e exocyt osi s- had any PXB af f i ni t y, ei t her

bef or e or af t er capaci t at i nn ( Fi gs . 10 and 11) . Agai n t hese

PXB- r esi st ant ar eas di spl ayed a t hi ck densi t y beneat h t he

post acr osomal membr ane i n t hi n sect i ons ( Fi g . 12) . I nt r amem-

br anous- par t i cl e- f r ee macul ae i n f r ont of t he t i p of t he nucl eus

( Fi g. 13) , as wel l as t hose j ust subj acent t o t he equat or i al zone,

wer e undi st ur bed by f i l i pi n or PXB ( Fi gs . 14 and 15) .

Tanni c- aci d st ai ni ng of sper mf r om t he cauda of t he epi di d-

ymi s or vas def er ens r eveal ed a dense ext r acel l ul ar mat er i al

wi t h a per i odi ci t y of 200 A l yi ng over t he acr osomal caps of

f r esh sper mat ozoa ( Fi g. 9) and di mi ni shi ng af t er i ncubat i on i n

FI GURES 2 and 3

	

Li ght mi cr ogr aphs of f r esh and capaci t at ed sper m. Fi g . 2 shows t he acr osomal gr anul es i n t hese f r esh sper m wer e

deepl y st ai ned . Af t er washi ng and t r eat ment wi t h Ca" , t hey wer e al l owed t o dr y on t he sl i de and st ai ned wi t h napht hol yel l ow

S and er yt hr osi n B. x 1, 000 . Fi g . 3 shows acr osome- r eact ed sper m. Capaci t at ed sper m, i n cont r ast , l ose t he br i ght l y st ai ned gr anul e

upon t he addi t i on of Ca 2+ . x 1, 000 .

606

	

THE JOURNAL OF CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 92, 1982



capaci t at i ng medi a ( 21) . Thi s " coat " was al so vi si bl e i n our

sur f ace r epl i cas of unwashed sper m f r eshl y r emoved f r om t he

cauda or vas ( Fi g . 16) . Occupyi ng l ar ge pl aques on t he mem-

br ane, t he coat mani f est ed t he same 200- A per i odi ci t y as t hat

FI GURE 4

	

The smoot h cont our s of a f r esh, unt r eat ed sper mas obser ved i n convent i onal f r eeze- f r act ur e r epl i cas . Not e t he ci r cul ar

cl ear i ng of I MP ( ar r ows) at t he t i p of t he nucl eus ( t ) whi ch del i neat es t he pr oxi mal ( p) and di st al ( d) cap . x 36, 000.

FI GURE 5

	

PXB t r eat ment of f r esh sper mcr eat es cr enul at i ons i n t he di st al cap. x 24, 000 .

FI GURE 6 Hemocyani n- conj ugat ed PXB, as seen i n cr i t i cal - poi nt - dr i ed sur f ace r epl i cas,

di st al cap; whi l e t he t i p of t he nucl eus and pr oxi mal cap ar e l ef t cl ean . x 16, 000.

of t he qui l t ( 22) , embossed on t he i nner f ace of t he bi l ayer i n

f r eeze- f r act ur e pr epar at i ons ( Fi g. 21 shows t he qui l t accen-

t uat ed by f i l i pi n t r eat ment ) . Nei t her cor pus epi di dymal sper m

nor any of t he i ncubat ed sper m, exhi bi t ed t hi s st r uct ur e ( Fi gs .

deposi t s l ar ge gl obul es ( ar r ow) on t he

FI GURE 7

	

A f r esh sper m t r eat ed wi t h PXB exhi bi t s onl y a sl i ght di mpl i ng of t he pr oxi mal cap. The t i p of t he nucl eus i s undi st ur bed .

x 24, 000.

FI GURE 8

	

Dr ast i c per t ur bat i ons of t he membr ane cover t he acr osomal cap of t hi s capaci t at ed sper m, except f or t he per si st ent l y

smoot h membr ane ar chi ng t he t i p of t he nucl eus . Unaf f ect ed macul ae ar e vi si bl e i n t hi s smoot h band of membr ane ( ar r ows) . x
45, 000.

FI GURE 9

	

I n a t hi n sect i on of a f r esh sper m, a densi t y ( ar r ow) l i nes t he gr anul e' s out er l eaf l et at t he t i p of t he nucl eus ( n) . Not i ce

t he sur f ace coat ( ar r owhead) . x 70, 000.
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17- 20) . I nst ead, i ncubat i on f or 30 mi n i n TS al one or i n TS-

pr ot ease pr oduced a f i l i gr ee desi gn i n t he sur f ace component s
whi ch appar ent l y l i e beneat h t he qui l t ( Fi gs . 18 and 19) . I n
cont r ast , f r esh cor pus epi di dymal sper mhad r ough yet r egul ar
sur f aces but no qui l t ( Fi g . 17) . And capaci t at ed sper mexposed

sur f ace desi gns r angi ng f r om r ough, t hr ough f i l i gr eed, t o

smoot h ( Fi g. 20) . Sper mwhi ch r emai ned i n st acks t hr oughout
t he 24- h i ncubat i on even r et ai ned vest i ges of t he qui l t .

To det er mi ne t he ef f ect of t hese coat s on PXB bi ndi ng, we
at t empt ed t o r emove t hem wi t h pr ot ei nase. However , t he

FI GURES 10, 11, and 12

	

The equat or i al r egi on as a boundar y bet ween acr osomal cap and post - acr osomal membr ane. Fi g . 10 shows

a f ew pr ot r usi ons poki ng t hr ough t he qui l t over t he pr oxi mal acr osomal - cap ( p) membr ane of a f r esh sper m, but wi t hout

penet r at i ng beyond t he equat or i al segment . x 50, 000. Pr ol i f er at i on of di st ur bance ( Fi g. 11) i n t hi s same r egi on of capaci t at ed

sper m i s al so ar r est ed at t he end of t he equat or i al segment . The post - acr osomal ( pa) membr ane i s undi st ur bed by PXB i n bot h

speci mens . X 38, 000 ( shadowed f r om above) . Fi g . 12 shows a densi t y ( ar r owhead) under l i ni ng t he cyt opl asmi c sur f ace of t he post -

acr osomal pl asma membr ane of a non- capaci t at ed sper m. X 60, 000.

FI GURE 13

	

Ci r cul ar cl ear i ngs of I MP ( ar r ow) , unaf f ect ed by PXB, punct uat e t he al so- undi st ur bed band at t he t i p of t he nucl eus

( t ) i n t hi s capaci t at ed PXB- t r eat ed sper m. X 54, 000.

FI GURE 14 A capaci t at ed sper m, wi t h macul ar cl ear i ngs ( ar r ows) i n t he post - acr osomal segment , r emai ns unaf f ect ed by PXB,

whi ch i nduced per t ur bat i ons of t he adj acent pr oxi mal cap. X 36, 000 .

FI GURE 15

	

Fi l i pi n at t acks t he pr oxi mal cap of a capaci t at ed sper m heavi l y, and mor e l i ght l y af f ect s t he post - acr osomal segment ;

but , l i ke PXB, t he pol yene l eaves t he par t i cl e- f r ee cl ear i ngs bar r en . X 45, 000.
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pl aques of t he qui l t di sappear ed i n 30 mi n wi t hout t he enzyme,

and t he " subcoat " di mi ni shed i n bot h t r eat ed and unt r eat ed

sper m equal l y . But pr ot ease di d accel er at e f unct i onal capaci -

t at i on, so t hat af t er a 30- mi n i ncubat i on wi t h enzyme, >60%of

t he acr osomes wer e l ost wi t hi n 20 mi n subsequent t o t he

addi t i on of cal ci um. I n compar i son, <20% of t he acr osomes

r eact ed when cal ci um was added t o sper m i ncubat ed wi t hout

enzyme f or 30 mi n.

Pr ei ncubat i on i n t he cr ude pr ot ease ext r act al so i nf l uenced

t he bi ndi ng of PXB, but not t hat of f i l i pi n. The bi ndi ng of t he

l at t er ant i bi ot i c over t he acr osomal caps of pr ot ease- t r eat ed

sper mwas i dent i cal t o t hat of TS- i ncubat ed cont r ol pr epar a-

t i ons, but di f f er ed r adi cal l y f r om t he pol yene/ st er ol di st r i bu-

t i on i n unwashed sper m ( Fi gs . 21 and 22) . Af t er 30 mi n,

r egar dl ess of t he pr esence of enzymes, sper mat ozoa r esembl ed

f ul l y capaci t at ed cel l s i n r espect t o t he l oss of t he qui l t pat t er n

and t he i ncr eased number of st er ol / f l i pi n compl exes i n com-

par i son t o t hose of f r esh sper m: compl exes now cover ed t he

ent i r e acr osomal cap. That capaci t at i on enhances f i l i pi n bi nd-

i ng has al r eady been r epor t ed ( 20) .

Wher eas f i l i pi n bi ndi ng demonst r at ed no di spar i t y bet ween

f usi onal l y compet ent and f usi onal l y i ncompet ent cel l s, PXB

was dr amat i cal l y augment ed i n t he f usi onal l y compet ent cel l ,

whet her pr ot ease- t r eat ed or capaci t at ed by st andar d i ncubat i on

( Fi gs . 23 and 24) . I n cont r ast , 30- mi n i ncubat i on wi t hout

enzymes pr oduced no el evat i on i n PXB bi ndi ng.

Pr ot ease f ai l ed t o enhance ei t her PXB or f l i pi n per t ur bat i ons

i n ar eas of membr ane nor mal l y unaf f ect ed by t hese agent s

( Fi g. 24) . The equat or i al segment , t he post acr osomal mem-

br ane, and t he band at t he t i p of t he nucl eus r emai ned smoot h

af t er t r eat ment . Ci r cul ar cl ear i ngs of I MP and f l i pi n/ st er ol

compl exes wer e mor e pr eval ent i n pr ot ease- t r eat ed sper m, but

al so appear ed i n t he nont r eat ed cel l s. Li ke t he post acr osomal

segment , t hese bar r en macul ae r emai ned f r ee f r om pol yene or

ant i bi ot i c assaul t , even af t er pr ot eol ysi s . Asummar y compar i ng

t he ef f ect s of f i l i pi n and PXB on f r esh, capaci t at ed, pr ot ease-

t r eat ed, and br i ef l y TS- i ncubat ed sper m i s gi ven i n Tabl e I .

To i dent i f y t he ani oni c phosphol i pi d r esponsi bl e f or t he

i ncr eased bi ndi ng of PXB dur i ng capaci t at i on, we i ncubat ed

sper m i n TS cont ai ni ng " P- l abel ed phosphat e . Thi n- l ayer

chr omat ogr aphi c ( TLC) separ at i on of t he chl or of or m: met hanol

l i pi d ext r act and subsequent aut or adi ogr aphy of t he TLC pl at e

r eveal ed a dar k band comi gr at i ng wi t h phosphat i di c aci d ( PA)

and wi t h car di ol i pi n, as wel l as some r adi oact i vi t y over ot her

l i pi d f r act i ons ( Fi g. 25 B) . Sper m i ncubat ed f or 30 mi n i n
32

P0, - suppl ement ed TS, wi t h or wi t hout pr ot ease, showed onl y

one, sl i ght l y r adi oact i ve band agai n comi gr at i ng wi t h PA and

car di ol i pi n ( Fi g . 25 A) . When l i posomes composed of equi mo-

l ar r at i os of PC and car di ol i pi n wer e t r eat ed wi t h PXB, t hey

exhi bi t ed ver mi f or m pr ot r usi ons and r i vul et s ( Fi gs . 26 and 27) .

Such pr ot r usi ons wer e r emi ni scent of t hose medi at ed by PXB

i n t he capaci t at ed sper mat ozoan pr oxi mal acr osomal - cap mem-

br ane.

DI SCUSSI ON

We i nt er pr et t hi s di ver si t y i n PXB bi ndi ng as i ndi cat i ve t hat

ani oni c l i pi ds i n t he ext er nal hal f of t he pl asma- membr ane

bi l ayer ar e r est r i ct ed t o t he f usi geni c acr osomal - cap r egi on,

si nce t hey ar e undet ect i bl e i n t he adj acent but st abl e post -

acr osomal segment . Fur t her mor e, t he enhanced PXB bi ndi ng

over t he f usi geni c ar ea af t er pr ot eol ysi s or capaci t at i on suggest s

t hat t hese pr ocedur es make mor e ani oni c l i pi d accessi bl e t o t he

pr obe. I nt er nal or ganel l e membr anes do not cr enul at e when

PXB i s i n t he bat hi ng medi a, suppor t i ng t he vi ew t hat t he

ant i bi ot i c does not r eadi l y penet r at e l i pi d bi l ayer s . Ani oni c

l i pi d, t her ef or e, must be exposed on t he out er l eaf l et t o be

at t acked by PXB. " Fl i p- f l op" of l i pi d f r om t he cyt opl asmi c t o

t he ext er nal l eaf l et coul d t hus expl ai n t he enhanced l abel i ng

af t er capaci t at i on or pr ot eol ysi s . Ver y r ar el y i s t he pr i nci pal

pi ece per t ur bed by PXB ( 1) . Agai n, t he i nabi l i t y of PXB t o

pass t hr ough t he bi l ayer may account f or t hi s, because onl y

t hose t ai l s wi t h br oken membr anes woul d be af f ect ed i f t he

ani oni c l i pi d r esi ded pr i mar i l y i n t he cyt opl asmi c l eaf l et , as has

been advocat ed f or ot her cel l s ( 8) .

I n f r esh or capaci t at ed sper m, t hr ee f oci wi t hi n t he pl asma-

l emma of t he head f ai l t o cr enul at e i n t he pr esence of t he

pr obe : t he band at t he t i p of t he nucl eus, t he equat or i al

segment , and t he near by post acr osomal segment . The di st r i -

but i on of hemocyani n- conj ugat ed PXB i n sur f ace r epl i cas par -

al l el s t hat of t he pr ot uber ances i n f r eeze- f r act ur ed pr epar at i ons,

suppor t i ng t he concl usi on t hat al t er at i ons i n membr ane con-

t our cor r el at e wi t h bi ndi ng. Hence t hi s l ack of cr enul at i on

i ndi cat es t hat decr eased bi ndi ng pr obabl y r ef l ect s a r el at i ve

pauci t y of ani oni c l i pi ds ( al t hough ot her expl anat i ons may al so

appl y) . The capaci t y of t he pr obe t o det ect ani oni c l i pi ds may

be i nf l uenced by such f act or s as: ( a) membr ane l i pi ds i n t he

gel st at e may have a l ower af f i ni t y f or l i pi d- bi ndi ng agent s; ( b)

per i pher al pr ot ei ns, whi ch can i nduce t he gel st at e ( 3) , may

al so r est r i ct t he i nser t i on of pr obes i nt o t he bi l ayer or pr event

t he pr obe f r om r eachi ng t he l i pi d; ( c) posi t i ve sur f ace char ges

may r epul se cat i oni c mol ecul es such as PXB; and ( d) mem-

br ane- bound cal ci um, whi ch compet i t i vel y i nhi bi t s PXB bi nd-

i ng ( 25, 33) , may occupy bi ndi ng si t es.

Of t he t hr ee f oci t hat f ai l t o bi nd PXB, t he post acr osomal

segment i s pr esumabl y l ess f l ui d t han t he acr osomal - cap r egi on .

When human sper mat ozoa ar e exposed t o ani l i nonapht hal ene

sul f at e ( 34) , or gui nea- pi g sper m t o mer ocyani n S 540 ( 2) -

agent s known t o par t i t i on i nt o l i qui d- cr yst al l i ne but not gel

l i pi d bi l ayer s ( 48) - f l uor escence i s obser ved i n t he acr osomal

cap, yet i s absent i n t he post acr osomal membr ane . However , a

l ess f l ui d st at e of t he l i pi d bi l ayer i s not l i kel y t o af f ect PXB

bi ndi ng, because pr ot r usi ons have been r epor t ed i n l i posomes

i ncubat ed wi t h PXB bel ow t hei r t r ansi t i onal t emper at ur es ( 1,

51) . Mor eover , decr eased f l ui di t y may cont r i but e t o t he mai n-

t enance of t hese l i pi d domai ns by depr essi ng t he l at er al di f f u-

si on r at e of ani oni c l i pi ds f r om adj acent ar eas. Conver sel y, t he

gel st at e coul d be a r esul t of per i pher al - pr ot ei n- medi at ed i n-

hi bi t i on of l at er al mobi l i t y . St r uct ur es suggest i ve of per i pher al

pr ot ei ns or gl ycoconj ugat es appear on bot h si des of t hese

membr ane si t es i n t hi n sect i ons : cyt opl asmi c densi t i es under l i e

t he pl asmal emma ; and a t hi ck ext r acel l ul ar coat i ng can be

di scer ned as wel l . That ext er nal per i pher al pr ot ei ns do not

pr ohi bi t PXB f r om appr oachi ng t he post acr osomal membr ane

i s demonst r at ed by t he i nabi l i t y of pr ot ease t o i ncr ease PXB

bi ndi ng i n t hi s segment . I n vi ew of t he f unct i on of t he post -

acr osomal membr ane at t hi s st age of t he sper mat ozoan l i f e-

span ( i . e. , t o r emai n st abl e dur i ng acr osomal exocyt osi s) , i t

woul d be expect ed t o be l ess f l ui d and t o cont ai n l i t t l e i f any

ani oni c l i pi d, as ei t her condi t i on woul d r ender i t l abi l e . I t i s

not unt i l af t er t he acr osome r eact i on t hat t hi s membr ane

acqui r es i t s abi l i t y t o f use wi t h t he egg ( 3, 4, 11) .

Cal ci ummay be cul pabl e i n t he i nhi bi t i on of bi ndi ng at t he

t i p of t he nucl eus . Pyr oant i monat e, whi ch pr eci pi t at es wher e

di val ent cat i oni c met al s ar e pr esent i n hi gh concent r at i ons, i s

deposi t ed i n t hi s band ( 20) , and cal moduhn i s l ocal i zed t her e,

as demonst r at ed by ant i body- speci f i ci t y and St el azi ne bi ndi ng
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( 30, 39) . Because cal ci um compet i t i vel y i nhi bi t s PXB bi ndi ng

( 25, 33) , i t s pr esence coul d r eadi l y expl ai n t he dear t h of pr o-

t uber ances her e . Fi nal l y, i t i s doubt f ul t hat char ge- char ge

r epul si on pl ays a r ol e i n obst r uct i ng PXB, because i t does not

pr event col l oi dal i r on hydr oxi de ( 18, 57) f r om at t achi ng t o

t hese membr ane r egi ons .

I MP Cl ear i ngs

Ci r cul ar cl ear i ngs of i nt r amembr anous par t i cl es have been

descr i bed i n var i ous ot her f usi onal syst ems, such as f r og neu-

r omuscul ar j unct i ons, pancr eat i c i sl et cel l s, and Phyt opht hor a

zoospor es ( 10, 42, 46) . I t has been ar gued t hat t hese macul ae

ar e ar t i f act ual l y pr oduced by ei t her gl ut ar al dehyde or gl ycer ol ,

f or t hey wer e not seen i n f r eeze- f r act ur e i mages of qui ck- f r ozen

mast cel l s ( 12) . Never t hel ess, we have obser ved t hese cl ear i ngs

i n t he cyt opl asmi c dr opl et of qui ck- f r ozen sper m, nei t her f i xed

nor cr yopr ot ect ed ( 22) . I n t he pr esent st udy, we r epor t I MP

cl ear i ngs i n t r adi t i onal l y f i xed and cr yopr ot ect ed sper mmem-

br anes . They appear ed at t wo si t es on t he head : i n t he band

f r ont i ng t he t i p of t he nucl eus, wher e ( we pr esume) t he acr o-

somal gr anul e f i r st begi ns t o f use wi t h t he pl asma membr ane ;

and i n t he post acr osomal segment near t he equat or i al r egi on,

wher e sper m: egg f usi on ul t i mat el y occur s ( 4, 11) . Whi l e t he

l at t er cl ear i ngs wer e pr esent r egar dl ess of t he capaci t at i on

st at us of t he membr ane, t hose near t he t i p of t he nucl eus

became evi dent onl y af t er t he qui l t pat t er n mel t ed, t hat i s,

wi t hi n hal f an hour of i ncubat i on i n capaci t at i ng medi um.

Bot h ar eas of membr ane mani f est ed densi t i es on t he cyt opl as-

mi c sur f ace, and nei t her gr oup of macul ae was suscept i bl e t o

PXBor f i l i pi n at t ack . I n addi t i on, t he cl ear i ngs wer e st i l l ext ant

af t er pr ot ease di gest i on, i ndi cat i ng t hat pol ypept i de moi et i es

exposed t o t he out er mi l i eu wer e not i nvol ved i n t hei r mai n-

t enance. These cl ear i ngs appear ed i n r egi ons of membr ane

wher e f usi on t akes pl ace . However , because t hey wer e pr esent

i n membr ane bef or e i t at t ai ned f usi onal compet ence, t hey wer e

t her ef or e unabl e t o i nduce such f usi on by t hemsel ves.

Ef f ect s of Cr ude Tr ypsi n Ext r act on t he
I nci dence of t he Acr osome React i on, Sur f ace

Coat , and Li pi d Topogr aphy

Pr ot ease i ncubat i on mi mi cs capaci t at i on by i ncr easi ng bot h

t he i nci dence of t he acr osome r eact i on and t he ani oni c- l i pi d

concent r at i on i n t he f usi onal membr ane, l eavi ng sur f ace ap-

pear ance and st er ol di st r i but i on unchanged . Nei t her t r ypsi n

nor chymot r ypsi n used separ at el y can accel er at e capaci t at i on,

al t hough pr onase can ( 56) . A common component of t he cr ude

bovi ne pancr eat i c ext r act we used was , t 3- amyl ase ( 13) , whi ch

has been pur por t ed t o f aci l i t at e capaci t at i on ( 29, 31) .

Al t hough i t coul d expedi t e f unct i onal capaci t at i on, t he cr ude

ext r act was i ncapabl e of al t er i ng t he nor mal mor phol ogi cal

mat ur at i on of t he sper mat ozoan sur f ace . That t he sur f ace coat

i s modi f i ed bot h dur i ng t r ansi t t hr ough t he epi di dymi s and

af t er i n vi t r o or i n vi vo capaci t at i on i s demonst r abl e by di f f er -

ences i n l ect i n aggl ut i nat i on ( 53) and bi ndi ng ( 24, 49) ; i n

ant i geni c det er mi nant s ( 37) ; and i n sur f ace char ge as measur ed

by t he el ect r ophor et i c mobi l i t y of whol e sper m ( 38) or by

sur f ace af f i ni t y f or char ged col l oi dal i r on ( 18, 57) . I n t he cour se

of passage t hr ough t he cauda of t he epi di dymi s i n t he r at , a

hi ghl y gl ycosyl at ed secr et or y pr oduct adher es t o t he sper mand

masks pr evi ousl y accessi bl e sur f ace component s f r om r adi oi o-

di nat i on ( 41) ; whi l e t he heads of bot h r at and r abbi t sper m

i ncr ease i n af f ini t y f or concanaval i n A ( 24, 40) . The coat

pr obabl y cor r esponds t o t he qui l t ed pl aques descr i bed her e,

because t hey, t oo, cannot be det ect ed i n ear l i er mat ur at i onal

st ages and di sappear r api dl y upon i ncubat i on .

Ant i body aggl ut i nat i on ( 53) and el egant f l uor escence mi -

cr oscopy ( 49) have r eveal ed t hat some l ect i n r ecept or s i ncr ease

i n abundance af t er capaci t at i on of gui nea pi g sper m, per haps

because t hey ar e unvei l ed by t he l oss of t he coat ( 24) ; wher eas

ot her s decr ease . I t i s l i kel y t hat t he r ough mat dr api ng t he

acr osomal caps of al l sper mshown her e, al t hough over l ai n by

t he qui l t ed pl aques i n caudal speci mens, r epr esent s an ar chi -

t ect ur al count er par t t o t he l ect i n r ecept or s and ant i geni c si t es

t hat ar e masked by t he epi di dymal secr et or y pr oduct . The mat

peel s mor e sl owl y t han t he qui l t and r emai ns ext ant i n a l ar ge

pr opor t i on of sper m t hat have been i ncubat ed f or 24 h i n

capaci t at i ng medi a, and t hus ar e capabl e of gr anul e exocyt osi s

as wel l as PXB bi ndi ng t hr oughout t he r egi on cover ed by t he

mat . Thi s at t est s t o t he mat ' s i nabi l i t y t o pr event t he acr osome

r eact i on or t o mai nt ai n l i pi d boundar i es .

Li ke t he qui l t , t he mat does not par t i ci pat e i n r est r i ct i ng t he

access of ei t her pr obe t o t he membr ane . The qui l t , however ,

may pr esumabl y i nhi bi t f i l i pi n bi ndi ng and cont r i but e t o

pat chy PXB bi ndi ng over t he di st al acr osomal cap . But i t has

been l ost l ong bef or e PXB- i nduced cr enul at i ons i nvade t he

pr oxi mal acr osomal cap, st r engt heni ng t he t heor y t hat t he qui l t

i s al so i ncapabl e of mai nt ai ni ng l i pi d domai ns .

Enzyme t r eat ment had no ef f ect on t he l ow bi ndi ng- l evel of

ei t her pr obe t o t he post acr osomal segment . Thi s f ur t her val i -

dat es t he concl usi on t hat hydr ol yzabl e sur f ace component s do

not l i mi t t he ent r y of pr obes t o t he membr ane or pr eser ve l i pi d

boundar i es . Enzymat i c ext ensi on of PXB bi ndi ng coul d be due

t o t he di gest i on of i nt egr al membr ane component s t hat cont r ol

ei t her l i pi d f l ow f r om t he di st al t o t he pr oxi mal acr osomal cap

or t he r at e of f l i p- f l op f r om t he i nner t o t he out er pl asma-

membr ane l eaf l et s .

FI GURE 16

	

Pl aques of ext r acel l ul ar mat er i al coat t he acr osomal cap ( a) of unwashed epi di dymal or vasal sper m, whi l e f i nger l i ke

pr oj ect i ons demar cat e t he equat or i al segment ( e) . The post - acr osomal sur f ace exhi bi t s no pl aques . X32, 000 .

FI GURE 17

	

Unwashed sper m f r om t he body of t he epi di dymi s l ack a qui l t , but a r ough mat dr apes t he sur f ace of t he acr osomal

cap ( a) . X30, 000 .

FI GURE 18

	

Af t er 30- mi n TS- i ncubat i on, t he qui l t vani shes and a f i l i gr ee desi gn appear s i n t he under l yi ng coar se mat cover i ng t he

cap ( a) . X36, 000.

FI GURE 19

	

Sper m i ncubat ed i n cr ude t r ypsí n ext r act di spl ay t he same f i l i gr eed sur f aces as t hei r nont r eat ed count er par t s . X36, 000 .

FI GURE 20

	

Af t er i ncubat i on i n capaci t at i ng medi a, t he sper mat ozoan sur f ace i s pol ymor phi c . Some cel l s, however , l ose t he r ough

mat as wel l as t he qui l t , exposi ng t he membr ane sur f ace . X36, 000 .
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FI GUREs 21- 24

	

The ef f ect s of t r ypsi ni zat i on on f i l i pi n and PXB di st r i but i on . I n Fi g . 21, f i l i pi n i nt ensi f i es t he qui l t desi gn i n f r esh

sper m. x 24, 000 . Fi g . 22 shows, af t er 30- mi n t r ypsi ni zat i on, f i l i pi n/ st er ol compl exes ar e di f f usel y di sper sed over t he whol e cap,

al t hough t he I MP cl ear i ngs above t he t i p of t he nucl eus r emai n bar e ( ar r ows) . x 25, 000. I n Fi g . 23, sper m i ncubat ed f or 30 mi n i n

TS have l ost t he qui l t , but t he pr oxi mal cap membr ane ( p) i s st i l l unaf f ect ed by PXB. x 34, 000 . Fi g . 24 shows t hat t r ypsi ni zat i on

pr oduces enhanced suscept i bi l i t y t o PXB over t he ent i r e acr osomal cap, par t i cul ar l y i n t he pr oxi mal por t i on ( p) , but does not

i nf l uence t he suscept i bi l i t y of t he post acr osomal membr ane ( pa) . x 50, 000 .
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* Abbr evi at i ons : I ncub, I ncubat i on ; " capac" , capaci t at ed ; Acr o, Acr osome r eact i on 20 mi n post - cal ci um, acr osomal ; Acr o cap, acr osomal cap membr ane ; Pr ox,
pr oxi mal ; Pa, post - acr osomal r egi on ; Es, equat or i al segment ; +, pr esent ; - , absent .

$ Aver age of 10 hi gh- power f i el ds ( 40 x) , f r om 3- 5 di f f er ent exper i ment s.

§ I nt r amembr anous par t i cl e cl ear i ngs i n t hese r egi ons do not bi nd ei t her PXB or f i l i pi n .

~~ Pr esence of sur f ace coat ( sc) / pr esence of qui l t ( q) .

Cl ust er ed .

Radi oact i ve Phosphat e I ncor por at i on

FI GURE 25 ( A)

	

Aut or adi -

ogr aph of a t hi n- l ayer chr o-

mat ogr am of chl or of or m:

met hanol l i pi d ext r act s of

sper m i ncubat ed f or 30 mi n i n
32 P0 4

- suppl ement ed TS con-

t ai ni ng cr ude t r ypsi n ext r act .

( B) Aut or adi ogr aph of a t hi n-

l ayer chr omat ogr am of chl o-

r of or m: met hanol l i pi d ext r act s

f r om sper m capaci t at ed i n a

" P- suppl ement ed medi um.

The ar r owheads i ndi cat e co-

mi gr at i on of l i pi d st andar ds:

PC, phosphat i dyl chol i ne ; PS,

phosphat i dyl ser i ne; PE, phos-

phat i dyl et hanol ami ne ; PG,

phosphat i dyl gl ycer ol ; CL, car -

di ol i pi n ; PI , phosphat i dyl i no-

si t ol ; PA, phosphat i di c aci d .

Because t he sper mat ozoon l acks r ough endopl asmi c r et i cu-

l um ( RER) , i t was sur pr i si ng t hat our pr epar at i ons coul d

i ncor por at e r adi oact i ve phosphat e i nt o phosphol i pi ds . A sl i ght

enhancement of car di ol i pi n has been r epor t ed dur i ng capaci -

t at i on of por ci ne sper m ( 16) ; but t hi s l i pi d may be synt hesi zed

i n mi t ochondr i a, whi ch cont ai n t he l ar gest amount s ( 27) . The

synt hesi s of t he ot her phosphol i pi ds has onl y been concl usi vel y

demonst r at ed i n endopl asmi c r et i cul um. However , t he pr esence

of j ust PA and car di ol i pi n i n br i ef i ncubat i ons suggest s t hat

t he synt hesi s we obser ved was f ol l owi ng t he est abl i shed pat h-

way, whi ch begi ns wi t h PA.

Pr ot ease gr eat l y enhanced PXB- suscept i bi l i t y, but di d not

qual i t at i vel y change t he synt hesi s of PAor car di ol i pi n . Because

our met hods of ext r act i on r emoved l i pi d f r om al l of t he sper m

membr anes, i t was i mpossi bl e t o ascer t ai n t he sour ce of t hese

l i pi ds . Bot h PA and car di ol i pi n have been i sol at ed as a smal l

per cent age of pl asma- membr ane l i pi d i n di ver se cel l s ( 27) ,

al t hough car di ol i pi n pr i mar i l y i nhabi t s mi t ochondr i al mem-

br anes . Pol ymyxi n B, however , f or ms vol cani c l esi ons i n l i po-

somes composed of PA ( 25) , wher eas car di ol i pi n vesi cl es r e-

spond t o PXB wi t h ver mi f or m pr ot r usi ons ; al so common i n

capaci t at ed sper mmembr anes .

Car di ol i pi n synt hesi s occur s i n 30- mi n TS- i ncubat ed sper m

FI GURE 26

	

Phosphat i dyl chol i ne- car di ol i pi n mul t i l amel l ar vesi cl es,

f i xed, gl ycer i nat ed, and f r ozen f r om r oom t emper at ur e . X 34, 000.

FI GURE 27

	

The same vesi cl e pr epar at i on pr e- i ncubat ed i n PXB. X

25, 000 .

wi t hout t he addi t i on of pr ot ease and wi t hout el evat i on of PXB

bi ndi ng . Thus, an i ncr eased r at e of ani oni c- l i pi d f l i p- f l op out -

war d acr oss t he bi l ayer coul d account f or t he enhanced PXB-

bi ndi ng af t er pr ot ease di gest i on . The i nner l eaf l et , t hough, may

r epl ace i t s ani oni c l i pi d vi a t he synt hesi s not ed her e .

Yet i t i s not unexpect ed t hat car di ol i pi n shoul d cont r i but e t o

cel l ul ar f usi onal event s . Usi ng model l i pi d syst ems ( 14) , bi o-

physi ci st s have pr oposed a possi bl e f unct i on f or t hi s l i pi d i n

f usi on . By 32P nucl ear magnet i c r esonance, x- r ay di f f r act i on,

and f r eeze- f r act ur e el ect r on mi cr oscopy, car di ol i pi n has been
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Ef f ect s of Var i ous I ncubat i ons

TABLE I

and Enzyme Tr eat ment s on PXB- and Fi l i pi n- bi ndi ng Di st r i but i ons i n Sper m

Acr o* r eact i on

post Ca" $ Di st al acr o cap Ti p of nucl eus§ Pr ox acr o cap

Pa i ncl udi ng

Es Acr o cap

% PXB di st r i but i on/ f i l i pi n di st r i but i on sc/ q11

Fr esh 10 +/ +J - / + - / +T - / + +/ +
24- h I ncub ( " capac" ) 60- 80 ++/ ++ - / ++ ++/ ++ - / + - / -

30- mi n I ncub 20 +/ ++ - / ++ - / ++ - / + peel i ng/ -

Pr ot ease 50- 60 ++/ ++ - / + ++/ ++ - / + peel i ng/ -



obser ved t o f or m hexagonal ar r ays at hi gh t emper at ur es or

upon t he addi t i on of cal ci um t o t he suspensi on ( 14) . These

ar r ays seem par t i cul ar l y at t r act i ve i n t he r ol e of bi l ayer " de-

st abi l i zi ng cent er s" f or t he i ni t i at i on of membr ane : membr ane

f usi on. The t i ny por es encount er ed i n qui ck- f r ozen mast cel l s

dur i ng exocyt osi s cor r el at e wi t h a t heor et i cal model of one

smal l , per pendi cul ar l y or i ent ed, r odl i ke, l i pi d channel .

CONCLUSI ONS

( 1) Pol ymyxi n B, a cyt ochemi cal pr obe of ani oni c phosphol i p-

i ds, r eveal ed a concent r at i on of t hese l i pi ds i n f usi geni c par t s

of t he sper mat ozoan pl asma membr ane, and a pauci t y i n

nei ghbor i ng but st abl e domai ns .

( 2) As t he membr ane pr epar es f or t he act ual f usi onal event

( i . e . , t he acr osome r eact i on) , ani oni c- l i pi d concent r at i on i n-

cr eases i n f usi onal ar eas of t he membr ane. These l i pi d domai ns,

t her ef or e, ar e dynami c and f or mi n r esponse t o cel l ul ar act i vi t y .

( 3) Cr ude t r ypsi n ext r act can augment ani oni c- l i pi d concen-

t r at i ons i n f usi onal membr ane domai ns, but not i n ot her r e-

gi ons. Nor does t he pr ot ease af f ect f l - OH st er ol di st r i but i on as

det er mi ned by f i l i pi n .

( 4) Cel l - sur f ace st r uct ur es do not mai nt ai n t hese l i pi d do-

mai ns . The di sappear ance of t he qui l t i s not suf f i ci ent t o

pr omot e f usi on, whi l e t he under l yi ng mat r emai ns t hr oughout

capaci t at i on .

( S) Dur i ng i ncubat i on i n capaci t at i ng medi a, sper mat ozoa

i ncor por at e r adi oact i ve phosphat e i nt o car di ol i pi n, PA, and

ot her phosphol i pi ds .

( 6) Pr ot ease does not qual i t at i vel y af f ect t he ear l y st ages of
32P04

i ncor por at i on i nt o PA and/ or car di ol i pi n .

( 7) Hence bot h t he synt hesi s of ani oni c l i pi ds and t hei r

" f l i p- f l op" f r om i nt er i or t o ext er i or pl asma- membr ane l eaf l et s

may be par t i ci pant s i n t he sequent i al event s l eadi ng t o capa-

ci t at i on .

We t hank I r ene Rudol f , Chr i s Havel , and Yvonne Jacques f or super b

t echni cal assi st ance, and Rosamond Mi chael f or her i nval uabl e edi t i ng .

Thi s st udy was suppor t ed by U. S. Publ i c Heal t h Ser vi ce Gr ant s

GM07618- Mar t i n t o Ms . Bear er , a Medi cal Sci ent i st Tr ai ni ng Pr ogr am

st udent , and HD 10445 t o Dr . Fr i end.

Recei ved f or publ i cat i on 27 May 1981, and i n r evi sedf or m 27 Oct ober

1981.
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