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ABSTRACT

We have devel oped an assay f or det ect i ng t he acr osome r eact i on i n mouse sper m

usi ng chl or t et r acycl i ne ( CTC) as a f l uor escent pr obe . Sper m known t o be i nt act

wi t h nonr eact ed acr osomes show CTC f l uor escence i n t he pr esence of Ca" over

t he ant er i or por t i on of t he sper m head on t he pl asma membr ane cover i ng t he

acr osome . Sper m whi ch have under gone t he acr osome r eact i on do not show

f l uor escence on t he sper m head . Mouse sper m bi nd t o zonae pel l uci dae of

cumul us- f r ee eggs i n vi t r o i n a Ca' - dependent r eact i on ; t hese sper mar e i nt act by

t he CTCassay . I nt act sper mbi nd t o mechani cal l y i sol at ed zonae under t he same

condi t i ons : t he egg i s appar ent l y unnecessar y f or t hi s i ni t i al r eact i on . Sper m

suspensi ons, i n whi ch >50%of t he mot i l e popul at i on had compl et ed t he acr osome

r eact i on, wer e pr epar ed by i ncubat i on i n hyper osmol al medi um f ol l owed by

t r eat ment wi t h t he di val ent cat i on i onophor e, A23187 . Cumul us- f r ee eggs chal -

l enged wi t h such sper m suspensi ons pr ef er ent i al l y bi nd i nt act sper m; acr osome-

r eact ed sper mdo not bi nd . We concl ude t hat t he pl asma membr ane of t he mouse

sper m i s r esponsi bl e f or r ecogni t i on of t he egg' s zona pel l uci da and t hat t he

obl i gat or y sequence of r eact i ons l eadi ng t o f usi on of mouse gamet es i s bi ndi ng of

t he i nt act sper m t o t he zona pel l uci da, f ol l owed by t he acr osome r eact i on at t he

zona sur f ace, f ol l owed i n t ur n by sper mpenet r at i on of t he zona .
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Al t hough many st udi es have been ai med at el uci -

dat i ng t he var i ous r eact i ons whi ch sper mand egg

must under go dur i ng f er t i l i zat i on i n mammal s,

agr eement on t he pr eci se sequence of t hese r eac-

t i ons has not yet been r eached ( 11, 27) . The pr e-

l i mi nar y r eact i ons f or sper m can be gr ouped i nt o

t wo consecut i ve pr ocesses . The f i r st pr ocess, ca-

paci t at i on ( 1, 14) , nor mal l y occur s dur i ng t he

sper m' s r esi dence i n t he f emal e r epr oduct i ve t r act .

I t i s st i l l poor l y under st ood, pr i mar i l y due t o t he
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l ack of easi l y i dent i f i abl e mor phol ogi cal cor r e-

l at es . The pr ocess i s r ever si bl e ( 15) and i s t hought

t o be an obl i gat or y pr er equi si t e f or t he second

r eact i on, t he acr osome r eact i on, i n whi ch dr amat i c

and pr edi ct abl e st r uct ur al al t er at i ons occur ( 3, 8,

10) . Dur i ng t he acr osome r eact i on, a por t i on of

t he pl asma membr ane whi ch pr evi ousl y sur -

r ounded t he acr osome, a cap- l i ke or ganel l e over -

l yi ng t he ant er i or sect i on of t he sper m head, i s

di scar ded . The i nner acr osomal membr ane i s t hen

exposed t o t he ext er nal envi r onment and becomes

t he api cal l i mi t i ng membr ane of t he sper m head .

I t i s wel l est abl i shed t hat sper mwhi ch have pen-

et r at ed t he zona pel l uci da of t he egg and l i e wi t hi n

t he per i vi t el l i ne space have under gone an acr o-

some r eact i on ( 2, 11, 16, 30, 40) . However , t he

physi ol ogi cal st ar t i ng poi nt f or t he acr osome r e-

act i on has not yet been i dent i f i ed . Does t he r eac-

t i on occur bef or e or af t er t he sper m bi nds t o t he

zona? I f i t occur s bef or e bi ndi ng, t hen t he r eact i on

by whi ch t he sper m r ecogni zes t he zona pel l uci da

and bi nds t o i t - a speci es- speci f i c r eact i on- oc-

cur s vi a t he sper m' s i nner acr osomal membr ane .

I f i t occur s af t er bi ndi ng, t hen t he r ecogni t i on

r eact i on i s ef f ect ed by t he pl asma membr ane .

Our pr evi ous i nvest i gat i ons of t he bi ndi ng of

mouse epi di dymal sper m t o t he zonae pel l uci dae

of mouse eggs i n vi t r o demonst r at ed t hat t he

sper m' s bi ndi ng abi l i t y devel ops r api dl y, r equi r es

ext r acel l ul ar Ca" and i s r ever sed by EGTA ( 33) .

Ul t r ast r uct ur al st udi es i ndi cat ed t hat onl y i nt act

mouse sper m- t hose whi ch had not under gone

t he acr osome r eact i on- wer e obser ved at t he zona

sur f ace shor t l y af t er i nsemi nat i on, wher eas l i mi t ed

number s of f ul l y acr osome- r eact ed sper m wer e

bound t o zonae r ecover ed at much l onger t i mes

af t er i nsemi nat i on ( 32) . These obser vat i ons l ed us

t o pr opose t hat a f er t i l e mouse sper m bi nds t o t he

zona i n t he i nt act conf i gur at i on and, once bound,

under goes t he acr osome r eact i on and penet r at es

t he zona . I n t hi s scheme, i t i s t he pl asma mem-

br ane of t he sper m whi ch i s r esponsi bl e f or speci f i c

r ecogni t i on of t he zona, not t he i nner acr osomal

membr ane . The scheme f ur t her pr edi ct s t hat

mouse sper m, whi ch have under gone t he acr osome

r eact i on and ar e l i mi t ed ant er i or l y by t he i nner

acr osomal membr ane, ar e i ncapabl e of bi ndi ng t o

zonae . Thi s pr edi ct i on can be t est ed by bi ndi ng

st udi es i n whi ch eggs ar e chal l enged wi t h a sus-

pensi on of mot i l e mouse sper m cont ai ni ng a sub-

st ant i al f r act i on wi t h r eact ed acr osomes . However ,

t wo exper i ment al r equi r ement s must be met t o

obt ai n a def i ni t i ve t est . The f i r st r equi r ement i s a

r el i abl e assay f or t he acr osome r eact i on i n a sus-

pensi on of mot i l e mouse sper m. These gamet es

have a par t i cul ar l y smal l acr osome, and t he acr o-

some r eact i on i s di f f i cul t t o obser ve and quant i t at e

by st andar d opt i cal met hods . The second r equi r e-

ment i s a met hod t o i nduce consi st ent l y t he acr o-

some r eact i on i n a subst ant i al f r act i on of t he sper m

i n suspensi on . I n t hi s paper , we descr i be t he de-

vel opment of met hods t o f ul f i l l t hese r equi r ement s

and t hei r use i n eval uat i ng our pr edi ct i on concer n-

i ng t he sequence of sper m membr ane r eact i ons

i mmedi at el y bef or e f er t i l i zat i on .

MATERI ALS AND METHODS

Medi a

For handl i ng mouse gamet es, t wo t ypes of medi a wer e used .

The f i r st , a compl et e cul t ur e medi um ( CM) whi ch suppor t s

mouse f er t i l i zat i on i n vi t r o ( 25) , was a modi f i ed Kr ebs- Ri nger

bi car bonat e medi um cont ai ni ng sodi um pyr uvat e ( 1 mM) , so-

di um l act at e ( 25 mM) , gl ucose ( 5 . 56 mM) , and bovi ne ser um

al bumi n ( 20 mg BSA/ ml ; Fr act i on V, Si gma Chemi cal Co . , St .

Loui s, Mo . ) at pH 7 . 4 . For some exper i ment s, t he NaCl cont ent

of CMwas i ncr eased f r om 120 t o 180 mM( HS- CM) . The Ca ' '

concent r at i on f or bot h CMand HS- CMwas 1 . 7 mM. The ot her

t ype of medi um used was a si mpl e buf f er of Tr i s ( 20 mM) and

NaCl ( 130 mM) at pH 7 . 4 ( TN) . TNCwas a modi f i ed ver si on of

TN, whi ch cont ai ned Ca
z'

at a concent r at i on of 1 . 7 mM; t he

NaCl concent r at i on i n TNCwas decr eased t o 126 mMt o mai n-

t ai n t he same osmol al i t y .

Gui nea pi g sper m wer e exposed t o t he mi ni mal capaci t at i ng

medi um ( MCM) of Bar r os ( 7) , ei t her i n t he pr esence of Ca
z+

( MCM) or i n i t s absence ( CF- MCM) . MCMi s a compl et el y

def i ned medi umcont ai ni ng NaCI ( 105 mM) , NaHC0; , ( 25 mM) ,

sodi uml act at e ( 20 mM) , sodi umpyr uvat e ( 0. 25 mM) , and CaCl 2

( 1 . 7 mM) at pH 7 . 4 .

Medi a f or bot h mouse and gui nea pi g gamet es wer e st er i l i zed

by Mi l l i por e f i l t r at i on ( 0. 2- Am f i l t er ) .

Gamet es

Det ai l ed descr i pt i ons of t he handl i ng of mouse gamet es wer e

r epor t ed pr evi ousl y ( 33) . A br i ef summar y i s gi ven her e . Unf er -

t i l i zed t ubal mouse eggs wer e i ncubat ed f or 10 mi n i n CM

cont ai ni ng 0. 1%hyal ur oni dase ( Type 1, Si gma) t o di sper se t he

cumul us. Any r emai ni ng cumul us cel l s wer e r emoved mechani -

cal l y. Compl et el y denuded eggs wer e washed t wi ce and st or ed i n

CM under st er i l e si l i cone oi l ( Dow Cor ni ng Cor p . , Mi dl and,

Mi ss . ) at 37' C unt i l egg col l ect i on was compl et ed . When r e-

qui r ed, zonae pel l uci dae wer e r emoved manual l y by f or ci ng

compl et el y denuded eggs t hr ough nar r ow- bor e mi cr opi pet t es ;

t hese i sol at ed zonae wer e washed f i ve t i mes and si mi l ar l y mai n-

t ai ned i n CM. I nsemi nat i on of mouse eggs i n vi t r o was accom-

pl i shed accor di ng t o t he met hod of Wol f and I noue ( 39) , usi ng

a f i nal i nsemi nat i ng sper mconcent r at i on of l - 3 x 10' cel l s/ ml .

Mouse sper m suspensi ons wer e pr epar ed by mi nci ng t he exci sed

caudae epi di dymi des of a mat ur e Swi ss mouse i n 0. 4 ml TN.

Par t i cul at e t i ssue was r emoved af t er al l owi ng 10- 15 mi n f or

sper mdi sper si on, and al i quot s of t he epi di dymal suspensi on wer e

di l ut ed 1 : 5 i n t he i ndi cat ed medi um ( see t ext and f i gur e l egends) .

Exci sed caudae epi di dymi des of a mat ur e gui nea pi g wer e

hel d under si l i cone oi l wi t h a hemost at , whi ch pl aced t he epi di d-
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ymal cont ent s under pr essur e . The engor ged por t i ons of t he

epi di dymi s wer e pr i cked wi t h a needl e i n sever al pl aces, al l owi ng

ext r usi on of a near l y pur e sper m suspensi on. Gui nea pi g sper m

wer e di l ut ed t o a concent r at i on of 10' cel l s/ ml i n ei t her CF-

MCMor MCM.

I n exper i ment s desi gned t o exami ne sper mbound t o t he zona

sur f ace, mouseeggs wer e r ecover ed 15- 30 mi n af t er i nsemi nat i on .

A one- st ep densi t y gr adi ent cent r i f ugat i on t echni que ( 33) was

used t o r emove sper m not speci f i cal l y bound t o zonae . The

t echni que was modi f i ed f r om t he or i gi nal descr i pt i on by t he

omi ssi on of gl ut ar al dehyde f r omt he l ower l ayer of t he gr adi ent ,

si nce t he obj ect i ve her e was t he exami nat i on of l i vi ng speci mens .

( We have shown t hat eggs wi t h sper m bound t o t he zona r e-

cover ed i n t hi s way become f er t i l i zed [ 33] . ) Thi s t echni que coul d

not be empl oyed f or t he r ecover y of i sol at ed zonae wi t h bound

sper m due t o t hei r ver y l ow densi t y. I nst ead, t he i sol at ed zonae

wer e washed gent l y wi t h a wi de- bor e mi cr opi pet t e t o r emove

unbound sper m.

Fl uor escence Met hods

Achl or t et r acycl i ne( CTC) - HCI st ock sol ut i on of 500 AMwas

pr epar ed dai l y i n TN; t he sol ut i on was mai nt ai ned i n t he dar k at

4 ° C and pH 7. 4- 7 . 5 . Under t hese condi t i ons, t he f l uor escence

emi ssi on of CTCr emai ned const ant f or sever al hour s. Gamet es

wer e r ecover ed at t he t i mes i ndi cat ed ( see t ext and f i gur e l eg-

ends) , as descr i bed above. Al l sol ut i ons and mat er i al s i n cont act

wi t h t he gamet es wer e war med t o and mai nt ai ned at 37 ° C. The

gamet es wer e i nt r oduced i nt o a 20- pl dr op of CMi n t he cent er

of a pr ewar med gl ass mi cr oscope sl i de wi t h mi ni mal i ncr ease i n

t he dr op' s vol ume. Cyst ei ne, at a f i nal concent r at i on of 2 mM,

was added t o t he sl i de i n a mi ni mal vol ume . The CTC st ock

sol ut i on was di l ut ed i n TN and i mmedi at el y appl i ed t o t he

gamet es i n a smal l vol ume t o achi eve a f i nal concent r at i on of

10- 20 pM. The sl i de was cover ed wi t h an i nver t ed pl ast i c pet r i

di sh and t he gamet es i ncubat ed wi t h t he pr obe at 37 ° C f or 10

mi n . Af t er i ncubat i on, a gl ass cover sl i p, t o whi ch a par af f i n- wax :

vasel i ne ( 1 : 19) mi xt ur e had been appl i ed at t he cor ner s, was

pl aced over t he dr op cont ai ni ng t he gamet es . I n pr epar at i ons

cont ai ni ng i nt act eggs, t he i nt ense f l uor escence of t he egg cyt o-

pl asm due t o CTCobscur ed t he f l uor escence of t he sper m. To

vi saul i ze t he sper m, pr essur e was appl i ed t o t he t op of t he

cover sl i p, t her eby r upt ur i ng t he zonae at sever al si t es, al l owi ng

t he exi t of t he i nt ensel y f l uor escent egg cyt opl asm. Thi s pr ocedur e

di d not appear t o af f ect t he sper madver sel y, si nce most r emai ned

mot i l e t hr oughout sl i de pr epar at i on and exami nat i on. I t al so

per mi t t ed vi sual i zat i on of sper m bot h at t he zona sur f ace and

wi t hi n t he per i vi t el l i ne space .

Af t er pr epar at i on, t he sl i de was exami ned i mmedi at el y wi t h

an Aus Jena " Fl uoval " mi cr oscope ( Opt i cal Appar at us Co . ,

Ar dmor e, Penn . ) , equi pped wi t h phase cont r ast and epi f l uor es-

cence opt i cs . The exci t at i on uni t consi st ed of a Mi cr oscope

Spect r um Anal yzer ( MSA) ( Far r and Opt i cal Co. , Val hal l a, N.

Y. ) f i t t ed wi t h 150 WHg and Xe ar c l amps . CTC f l uor escence

was exci t ed at a wavel engt h of 390 nm, and t he emi ssi on ( Am_ at

520 nm) was obser ved i n t he epi f l uor escent mode t hr ough

ei t her a G247 or G249 guar d f i l t er ( Aus Jena) . For r out i ne

obser vat i on, t he monochr omat or of t he MSA uni t was set at 390

nmwi t h a l 0- nmhal f band wi dt h. Bot h t he Xe and Hg ar cs wer e

used i ni t i al l y. At t hi s set t i ng, a subst ant i al por t i on of t he hi gh

i nt ensi t y Hg emi ssi on l i ne at 405 nmi s ut i l i zed, and t he Hg ar c

pr oved super i or t o t he Xe ar c f or t hi s wor k . To obt ai n t he

i ncr eased i nt ensi t y of exci t at i on needed f or phot ogr aphi c r ecor d-

i ng, t he MSAmonochr omat or was set i n t he f ul l l amp t r ansmi t -
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t ance mode, and t he l i ght f r omt he Hg ar c was passed t hr ough a

B22G( Aus Jena) f i l t er wi t h maxi mumt r ansmi t t ance at 410- and

90- nmhal f band wi dt h i n t andem wi t h a G241 ( Aus Jena) f i l t er

wi t h 380- nmcut of f . Thi s f i l t er combi nat i on al l owed f ul l ut i l i za-

t i on of t he Hg emi ssi on at 405 nm. CTC f l uor escence was

phot ogr aphed wi t h a Ni kon Mi cr of l ex ( M- 35FA) syst em usi ng

ei t her Kodak Tr i - X or I l f or d HP- 5 f i l m.

When t he i nt ensi t y and pat t er n of CTC f l uor escence wer e

compar ed t o t hose of t et r acycl i ne, condi t i ons f or t he use of t hi s

l at t er ant i bi ot i c wer e made i dent i cal t o t hose f or CTC, wi t h t he

except i on t hat t he concent r at i onof t et r acycl i ne used r anged f r om

10 t o 170 [ LM.

Chemi cal s

CTC, t et r acycl i ne, EGTA, and cyst ei ne wer e pur chased f r om

Si gma Chemi cal Co . , A231ß7, a gener ous gi f t f r om Dr . Rober t

Hami l l ( El i Li l l y Co. , I ndi anapol i s, I nd. ) , was sol ubi l i zed i n

di met hyl f or mami de ( DMF) and used at a f i nal concent r at i on of

3 pM. The t ot al DMFconcent r at i on i n any pr epar at i on di d not

exceed 0. 1%.

RESULTS

Fl uor escence Assay f or Mouse

Sper mAcr osome React i on

The ant i bi ot i c CTC i s a f l uor escent chel at or of

di val ent cat i ons, whi ch mar kedl y i ncr eases i t s f l u-

or escence emi ssi on upon bi ndi ng a di val ent cat i on

i n a nonpol ar envi r onment ( 12, 13) . I t bi nds at l ow

concent r at i ons t o mouse sper m and, i n t he pr es-

ence of Ca" , emi t s f l uor escence of var i abl e i nt en-

si t y dependi ng on i t s l ocat i on . Fi g . t shows t he

pat t er n of f l uor escence di spl ayed by sper mwhen

CTC was appl i ed t o gamet es r ecover ed 15 mi n

af t er i nsemi nat i on. Pai r ed phase cont r ast and epi -

f l uor escent mi cr ogr aphs show t hat t he mouse

sper m bound at t he zona sur f ace ( Fi g . 1 a) ex-

hi bi t ed a compar t ment al i zed pat t er n of CTC f l u-

or escence ( Fi g. 16 ) . Thi s di st r i but i on was ob-

ser ved consi st ent l y at t hi s br i ef i nt er val af t er i n-

semi nat i on when sper m ar e known t o be com-

pl et el y i nt act ( 32) . I nt ense f l uor escence was emi t -

t ed f r om t wo ar eas, t he mi dpi ece and t he ar ea on

t he sper m head cor r espondi ng t o t he posi t i on of

t he acr osome, wher eas t he pr i nci pal pi ece of t he

t ai l and t he ar ea cor r espondi ng t o t he post - acr o-

somal segment di spl ayed ver y di m f l uor escence .

The i nt ense CTCf l uor escence emi t t ed by t he un-

der l yi ng egg cyt opl asmwas el i mi nat ed by r upt ur -

i ng t he zona at sever al si t es ( Fi g . 1 a and b, ar r ows)

and ext r udi ng t he cyt opl asmt o cr eat e a dar kened

backgr ound f or vi ewi ng t he sper m.

The char act er i st i c CTC f l uor escence pat t er n

shown by i nt act sper m enabl ed us t o answer t he

i mpor t ant anci l l ar y quest i on : does t he egg par t i c-



i pat e i n t he bi ndi ng of i nt act mouse sper mt o t he

zona pel l uci da? The answer i s t hat t he egg i s

unnecessar y, i n cont r ast t o f i ndi ngs obt ai ned wi t h

hamst er gamet es ( 22, 24) . Sper mbound t o i sol at ed

zonae ( Fi g. 1 c) showed t he same f l uor escence

pat t er n on t he ant er i or por t i on of t he head ( Fi g .

1 d) as sper m bound t o zonae of i nt act eggs ( Fi g.

1 b) . The pat t er n was easi er t o see si nce t her e was

no backgr ound f l uor escence f r om t he egg. The

t ypi cal br i ght f l uor escence of t he mi dpi ece can be

seen at t he sper m' s neck i n t hi s mi cr ogr aph ( Fi g.

1 d) , but t he mot i on of t he f l agel l um, whi ch i s

unef f ect ed by CTC, obscur ed phot ogr aphi c r e-

cor di ng of f l uor escence di st al l y . The Ca" r equi r e-

ment f or sper m bi ndi ng t o i sol at ed zonae ( Fi g . 2;

Tabl e I ) i s t he same as t hose f or bi ndi ng t o zonae

of i nt act eggs . The use of t he f l uor escent pr obe i n

bi ndi ng st udi es wi t h i sol at ed zonae def i nes t hi s

r eact i on i n mouse gamet e i nt er act i on as one whi ch

occur s bet ween t he sur f ace of t he i nt act membr ane

of t he sper m head and t he sur f ace of t he zona

pel l uci da, wi t h Ca" as t he onl y exogenous f act or

r equi r ed.

Pr evi ous ul t r ast r uct ur al st udi es of sever al mam-

mal i an speci es ( 2, 11, 16, 30, 40) , i ncl udi ng t he

mouse ( 42) , have demonst r at ed t hat sper mwhi ch

have ent er ed t he per i vi t el l i ne space have under -

gone an acr osome r eact i on. I n cont r ast , onl y i nt act

mouse sper m whi ch have not under gone t he ac-

r osome r eact i on wer e obser ved bound t o zonae

shor t l y af t er i nsemi nat i on ( 32) . The pat t er n of

CTC f l uor escence of sper m l ocat ed wi t hi n t he

per i vi t el l i ne space was t her ef or e exami ned f or

compar i son wi t h t hat obser ved i n sper mbound t o

t he zona sur f ace ( Fi g. 1 b and d) . For t hese exper -

i ment s, mouse eggs wer e i nsemi nat ed i n t he pr es-

ence of t he di val ent cat i on i onophor e, A23187 ( 3

f t M) , a t r eat ment whi ch per mi t s as many as 50

sper m t o penet r at e t he zona and ent er t he per i vi -

t el l i ne space . ' Under t he usual condi t i ons f or f er -

t i l i zat i on i n vi t r o, f ew ext r a sper ment er t he per i -

vi t el l i ne space ; t he use of A23187 gr eat l y i ncr eases

t he pr obabi l i t y of f i ndi ng per i vi t el l i ne sper m f or

exami nat i on. The mechani sm of t he i onophor e

ef f ect i s cur r ent l y unknown, but i t s pr esence does

not appear t o al t er mar kedl y t he ki net i cs of zona

penet r at i on by t he sper m' or t he gamet e' s ul t r a-

st r uct ur e ( 32) . Gamet es wer e r ecover ed 2 h af t er

i nsemi nat i on and t hor oughl y washed t o r emove

' Dr . Don P. Wol f , Uni ver si t y of Pennsyl vani a School of

Medi ci ne, per sonal communi cat i on .

any sper m bound t o t he zona . Exposur e t o CTC

pr oduced a di st r i but i on of f l uor escence not abl y

di f f er ent f r om t hat seen i n sper m bound t o zonae

( Fi g . 1) : t he br i ght f l uor escence f or mer l y l ocal i zed

i n t he ant er i or por t i on of t he sper m head was no

l onger vi si bl e ( Fi g . 3 b) . The mi dpi ece r et ai ned i t s

i nt ense f l uor escence, t her eby ser vi ng as a conven-

i ent i nt er nal cont r ol . Si nce t he backgr ound f l uo-

r escence of t he egg cyt opl asmwas unavoi dabl e i n

t hi s si t uat i on, t he zona was agai n r upt ur ed t o

per mi t t he escape of t he egg cyt opl asm. The i nset

i n Fi g . 3 a demonst r at es t hat t hi s sper m was l o-

cat ed wel l wi t hi n t he per i vi t el l i ne space : t he

sper m' s t ai l i s bei ng car r i ed t hr ough t he t ear i n t he

zona by t he out war d f l ow of t he egg cyt opl asm.

CTC can t her ef or e be used as a f l uor escent

pr obe f or t he acr osome r eact i on i n mot i l e mouse

sper m. I nt act sper m show br i ght f l uor escence on

t he ant er i or por t i on of t he sper mhead cor r espond-

i ng t o t he posi t i on of t he acr osome . Acr osome-

r eact ed sper m do not show t hi s f l uor escence; t he

sper m head r emai ns dar k . The di f f er ence i s suf f i -

ci ent l y mar ked t hat t he assay i s r el i abl e and r ead-

i l y quant i t at ed wi t h r egar d t o per cent sper mwhi ch

have under gone t he acr osome r eact i on .

Exper i ment s wer e under t aken t o ext end t hi s

assay t o gui nea pi g sper m, whi ch have pr omi nent

acr osomes vi si bl e by phase cont r ast opt i cs . The

acr osome r eact i on i n t hese sper m i s r eadi l y i n-

duced i n vi t r o ( 9, 36, 37) . Af t er exposur e t o CTC,

t he f l uor escence pat t er n obser ved i n gui nea pi g

sper m was anal ogous t o t hat i n t he mouse, wi t h

t he di f f er ence t hat - 50% of t he acr osome- r eact ed

sper mappear ed t o acqui r e br i ght f l uor escence i n

t he post - acr osomal r egi on . I n al l sampl es exam-

i ned, however , t he i nner acr osomal membr ane of

t he r eact ed sper mwas nonf l uor escent .

The occur r ence of t he acr osome r eact i on i n

suspended mouse sper m can be moni t or ed by use

of CTC i n t he absence of eggs . I f mouse sper m

wer e i ncubat ed f or i ncr easi ng l engt hs of t i me i n

ei t her CMor TNC and t hen exposed t o CTC, a

pr edi ct abl e sequence of f l uor escence pat t er ns, r e-

f l ect i ng t he successi ve st ages of t he acr osome r e-

act i on, was obser ved . The sper m seen i n Fi g . 4 a

and b was r ecover ed af t er a 10- mi n i ncubat i on and

i s compl et el y i nt act , as i ndi cat ed by t he br i ght and

uni f or mf l uor escence l i mi t ed t o t he acr osomal ar ea

of t he sper mhead . The f i r st al t er at i on i n t hi s CTC

f l uor escence pat t er n was t he super i mposi t i on of

di scr et e, i nt ensel y f l uor escent spot s on t he al r eady

f l uor escent acr osomal ar ea ( Fi g . 4c and d) . These

spot s appear ed t o coal esce gr adual l y i nt o l ar ger
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uni t s wi t h t he si mul t aneous l oss of t he br i ght

acr osomal backgr ound f l uor escence ( Fi g. 4 e and

f ) . I n t he t er mi nal phase of t he r eact i on ( Fi g . 4g-

j ) , al l of t he CTC f l uor escence was l ost f r om t he

sper mhead .

I t was not possi bl e t o pr edi ct i n advance t he

act ual number of mouse sper mi n a gi ven suspen-

si on t hat woul d di spl ay t hi s sequence of f l uor es-

cence changes . The var i abi l i t y appear ed t o r ef l ect

t he i ndi vi dual i t y of sper m suspensi ons pr epar ed

f r om di f f er ent mal es . Thi s hel d t r ue t o a l i mi t ed

ext ent f or t he t i me cour se over whi ch t hese changes

occur r ed, al t hough some gener al i zat i ons about t hi s

par amet er can be made . Fl uor escence pat t er ns

si mi l ar t o t he sper m i n Fi g. 4 b compr i sed t he

over whel mi ng maj or i t y of sper mobser ved dur i ng

t he f i r st hour i n suspensi on. Dur i ng t he next 2 h,

var i abl e number s of sper mexhi bi t ed f l uor escence

pat t er ns si mi l ar t o t hose seen i n Fi g . 4 d and f .
Fl uor escence pat t er ns cor r espondi ng t o f ul l y r e-

act ed sper m( Fi g . 4h and j ) wer e r ar el y seen bef or e

3 h of i ncubat i on .

The quest i on of a Ca" r equi r ement f or t he

mouse acr osome r eact i on coul d not be answer ed

wi t h t hi s assay . Exposur e of sper m t o CTCi n t he

absence of added Ca" r esul t ed i n consi der abl y

r educed f l uor escence emi ssi on ( Fi g . 4 k and 1) . I n

t hi s si t uat i on, t he mi dpi ece di spl ayed weak f l uo-

r escence, whi l e t he sper m head was vi r t ual l y i n-

vi si bl e . The l ack of f l uor escence di d not change as

a f unct i on of l engt h of i ncubat i on ; mouse sper m

exposed t o CTC at di f f er ent t i mes i n t he absence

of added Ca" exhi bi t ed an ext r emel y f ai nt f l u-

or escent i mage . Addi t i on of EGTA changes t he

f l uor escence pat t er n obser ved wi t h CTCpl us Ca
2+

t o t hat obser ved wi t h CTC i n t he absence of Ca z+ .

The same dul l i mage was obt ai ned af t er i ncuba-

t i on of sper m i n TN pl us 2 mM
Mg

z+ . Al t hough
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CTCwi l l chel at e Mg t + as r eadi l y as Ca2' and emi t

an i nt ense f l uor escent si gnal i n a nonpol ar envi -

r onment ( 13) , no per cept i bl e f l uor escence was di s-

pl ayed by mouse sper m i n t he pr esence of t hi s

di val ent cat i on af t er exposur e t o CTC.

Sever al year s ago, t et r acycl i ne was pr oposed as

a f l uor escent pr obe f or t he occur r ence of capaci -

t at i on i n r abbi t sper m ( 18, 19) . The use of t hi s

ant i bi ot i c f or t hat pur pose was l at er quest i oned

( 38) on t he basi s t hat some of t he obser ved t et r a-

cycl i ne f l uor escence changes di d not cor r espond

t o t he changes pr edi ct ed t o occur wi t hi n t he ap-

pr opr i at e i nt er val at known si t es of capaci t at i on .

The quest i on of whet her t et r acycl i ne and CTC

gi ve si mi l ar r esul t s i n t he assay descr i bed her e was

t her ef or e exami ned . Mouse sper m wer e exposed

t o t et r acycl i ne under condi t i ons i dent i cal t o t hose

used f or CTC. No f l uor escent i mage r esul t ed af t er

t he exposur e of mouse sper m t o 10 [ LM t et r acy-

cl i ne, t he concent r at i on of CTC r out i nel y used .

Appl i cat i on of t et r acycl i ne at 170 p, M pr ovi ded

onl y a f ai nt f l uor escent i mage of t he mi dpi ece

al one ; t he sper m head gener al l y di d not exhi bi t

any f l uor escence wi t h t hi s compound. An occa-

si onal sper m di spl ayed dul l , uni f or mf l uor escence

over t he ent i r e sper mhead ; however , no r egi onal

f l uor escence pat t er ns wer e det ect ed wi t h t et r acy-

cl i ne . Fi nal l y, t hese pat t er ns di d not change as a

f unct i on of t he l engt h of sper m i ncubat i on . Tet -

r acycl i ne does not gi ve t he same r esul t s as CTC

and i s unsui t abl e as a f l uor escent pr obe f or t he

acr osome r eact i on .

Condi t i ons f or t he Occur r ence of t he

Acr osome React i on i n Mouse Sper m

I n Vi t r o

Si nce unpr edi ct abl e and r el at i vel y smal l num-

FI GURE 1

	

Pai r ed phase cont r ast and epi f l uor escent . mi cr ogr aphs of sper m bound t o zonae and exposed

t o CTC. ( A and B) Mouse sper mbound at t he sur f ace of t he zona pel l uci da. The gamet es wer e r ecover ed

15 mi n af t er i nsemi nat i on by t he st op- f i x t echni que i n t he absence of gl ut ar al dehyde and exposed t o 10

, uM CTC. The i nt ense f l uor escence of t he egg cyt opl asm of t en pr ohi bi t ed epi f l uor escent vi sual i zat i on of

t he sper m head . Cr eat i on of a smal l r upt ur e ( ar r ows) i n t he zona by t he appl i cat i on of pr essur e t o t he t op

of t he cover sl i p al l owed t he cyt opl asm t o escape, and pr ovi ded a dar k backgr ound f or i mpr oved

vi sual i zat i on . Not e t he br i ght , uni f or m f l uor escence on t he sper m head l ocal i zed t o t he ar ea occupi ed by

t he acr osome, i n cont r ast t o t he di ml y f l uor escent adj acent ar ea of t he sper m head cor r espondi ng t o t he

post - acr osomal segment . ( C and D) Mouse sper m bound at t he sur f ace of a manual l y i sol at ed zona

pel l uci da . Sper mand i sol at ed zonae wer e r ecover ed 15 mi n af t er sper m addi t i on, washed wi t h a wi de-

bor e mi cr opi pet t e and exposed t o 10 t LMCTC. The edge of t he zona, whi ch i s di f f i cul t t o r esol ve vi sual l y,

i s i ndi cat ed by t he ar r ows . The pat t er n of CTC f l uor escence i s i dent i cal t o t hat seen i n sper m bound t o

i nt act zonae r ecover ed at t hi s same i nt er val af t er sper m addi t i on and i s r eadi l y vi sual i zed her e due t o t he

l ack of backgr ound f l uor escence cont r i but ed by t he egg cyt opl asm. Z, zona pel l uci da ; C, egg cyt opl asm;

A, acr osomal r egi on of t he sper m head : P, post - acr osomal r egi on of t he sper m head . Bar , 10 gm.
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FI GURE 2 ( A and B) Phase cont r ast mi cr ogr aphs of

manual l y i sol at ed zonae pel l uci dae i ncubat ed wi t h

mouse sper mi n t he absence ( A) or pr esence ( B) of 1 . 7

mMCa l ` . Zonae wer e washed t hor oughl y i n CMaf t er

i sol at i on t o el i mi nat e cont ami nat i on by t he eggs. Af t er

i ncubat i on wi t h sper mf or 15 mi n, zonae wer e r ecover ed,

washed gent l y wi t h a wi de- bor e mi cr opi pet t e, and ex-

ami ned f or sper mbi ndi ng . Sper mwer e pr ei ncubat ed f or

60 mi n i n ( A) TN or ( B) TNC. x 600 .

ber s of mouse sper m appear ed t o under go t he

acr osome r eact i on when i ncubat ed i n ei t her CM

or TNC al one, as assayed by t he di st r i but i on of

CTCf l uor escence, a met hod was r equi r ed f or t he

consi st ent i nduct i on of t he acr osome r eact i on i n a

l ar ge pr opor t i on of suspended sper m f or use i n

zona bi ndi ng det er mi nat i ons . I n ot her mammal i an

syst ems, t he addi t i on of t he i onophor e A23187 t o
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a sper msuspensi on r esul t s i n t he occur r ence of t he

acr osome r eact i on i n hi gh number s ( 21, 36, 37) .

The i onophor e al one was not ef f ect i ve i n t he i n-

duct i on of t he acr osome r eact i on i n l ar ge number s

of mouse sper mi ncubat ed i n ei t her CMor TNC.

Use of an i ncubat i on medi umwi t h i ncr eased sal t

concent r at i on i n combi nat i on wi t h A23187, how-

ever , was consi st ent l y ef f ect i ve . Sper m wer e i ncu-

bat ed i n CMi n whi ch t he NaCI concent r at i on had

been r ai sed f r om 120 t o 180 mM( HS- CM) f or a

mi ni mum of 60 mi n, f ol l owed by t he addi t i on of

A23187 ( 3 t t M) . Exposur e of t hese sper mt o CTC

af t er a f ur t her i ncubat i on i nt er val of 30 mi n con-

si st ent l y r esul t ed i n t he occur r ence of t he acr osome

r eact i on i n at l east 50%of t he mot i l e sper mpop-

ul at i on, as assayed wi t h CTC. I n some of t he

sper m suspensi ons exami ned, as many as 80%of

t he mot i l e popul at i on had under gone t he r eact i on .

Nei t her HS- CMnor A23187 al one wer e capabl e

of consi st ent l y pr oduci ng t hi s pr opor t i on of r e-

act ed mouse sper m.

Wi l l Acr osome- React ed Mouse Sper m Bi nd

t o t he Zona Pel l uci da?

The devel opment of t he CTC f l uor escence

pr obe assay f or t he acr osome r eact i on and of t he

met hod f or i nduct i on of t hi s r eact i on i n suspensi on

wi t h hi gh sal t medi umpl us A23187 per mi t t ed us

t o t est t he pr edi ct i on t hat r eact ed mouse sper m

wi l l not bi nd t o t he zona of t he egg . The r at i onal e

under l yi ng t he t est was t he f ol l owi ng: I f t he par -

t i cul ar membr ane sur f ace over much of t he sper m

head i s i r r el evant f or r ecogni t i on of and bi ndi ng

t o t he zona sur f ace, t hen t he pr opor t i ons of i nt act

and acr osome- r eact ed sper m bound t o t he zona

shoul d r ef l ect t he pr opor t i ons of each i n t he pop-

ul at i on . Al t er nat i vel y, i f a speci f i c membr ane sur -

f ace i s r equi r ed f or t hi s pr ocess, t hen t hose sper m

TABLE 1

Mouse Sper m Bi ndi ng t o I sol at e Zonae Pel l uci dae

Medi um*

	

Mean number of sper m/ zona$

CM

	

8 . 0 ± 0. 70 ( 62)

TNC

	

9 . 5 ± 0. 76 ( 66)

TN

	

0 . 07 ± 0. 03 ( 75)

Dat a compi l ed f r om t hr ee r epl i cat e exper i ment s .

* The same medi um was used f or bot h sper m pr ei ncu-

bat i on ( 60 mi n) as wel l as f or sper m and zonae i ncu-

bat i on .

Bi ndi ng was assayed 15 mi n af t er sper m addi t i on .

Val ues ar e gi ven ±SEM. Fi gur es i n par ent heses gi ve

t he act ual number of zonae count ed .



FI GURE 3

	

( A and B) Pai r ed phase cont r ast and epi f l uor escent mi cr ogr aphs of a mouse sper ml ocat ed

wi t hi n t he per i vi t el l i ne space . Gamet es wer e i nsemi nat ed i n t he pr esence of 3 pMA23187 and r ecover ed
2 h af t er i nsemi nat i on. Exposur e t o 20 I M CTC r esul t ed i n emi ssi on of i nt ense f l uor escence f r om t he
sper m mi dpi ece, whi l e t he ent i r e sper m head i s onl y bar el y vi si bl e wi t h epi f l uor escence. The i nset shows
mor e cl ear l y t he posi t i on of t he sper m wi t hi n t he per i vi t el l i ne space ; ar r ows poi nt t o t he r upt ur e i n t he

zona, cr eat ed t o el i mi nat e t he backgr ound CTC f l uor escence of t he egg cyt opl asm. Z, zona pel l uci da ; M,

sper m mi dpi ece ; H, sper m head. Bar , 10 um.

havi ng t hat membr ane sur f ace wi l l be sel ect i vel y

bound, i ndependent of t hei r pr opor t i on i n t he

popul at i on . Evi dence t hat t he l at t er case hol ds t r ue

f or hamst er gamet es was obt ai ned usi ng scanni ng

el ect r on mi cr oscopy ( 22) , al t hough i n t hose exper -

i ment s t he chal l engi ng sper mpopul at i on consi st ed

al most sol el y of acr osome- i nt act sper m.

Eggs wer e i nsemi nat ed wi t h sper mf r omone of

t hr ee possi bl e pr ei ncubat i on r egi mes : i ncubat i on

f or 90 mi n i n TNC or CM, or i n HS- CM f or 60

mi n pl us 3 pM A23187 f or 30 mi n t o i nduce t he

acr osome r eact i ons . Eggs wer e r ecover ed by t he

st op- f i x t echni que i n t he absence of gl ut ar al de-

hyde, at 30 mi n post - i nsemi nat i on, and exposed t o
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FI GURE 4

	

Pai r ed phase cont r ast and epi f l uor escent mi cr ogr aphs of mot i l e mouse sper m i n suspensi on

exposed t o CTC. Panel s A t hr ough J show t he successi ve st ages of t he acr osome r eact i on f r om t he f ul l y

i nt act t o t he f ul l y r eact ed st at e . Thr oughout t he r eact i on, t he CTC f l uor escence of t he mi dpi ece r emai ns

qui t e br i ght . ( A and B) Compl et el y i nt act sper mdi spl ayi ng t he CTCf l uor escence di st r i but i on char act er i st i c

f or t hat st at e . Not e t he br i ght and uni f or m f l uor escence emi t t ed f r om t he acr osomal ar ea of t he sper m

head, i n cont r ast t o t he poor l y f l uor escent post - acr osomal segment . ( C and D) An ear l y st age of t he
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TABLE I I

St at us of t he Acr osome of Mouse Sper mBound t o

Zonae

Eggs r ecover ed by t he st op- f i x t echni que i n t he absence

of gl ut ar al dehyde at 50 mi n post i nsemi nat i on and ex-

posed t o 10 pM CTC. The val ues r epr esent t he per -

cent age of sper m i n t he CTC f l uor escence cat egor y, as

def i ned bel ow, f or t he st at ed combi nat i on of i nsemi -

nat i on medi umand sper m pr ei ncubat i on condi t i ons i n

t he exper i ment al set s A, B, and C. The t ot al number of

gamet es exami ned i n each exper i ment al set wer e as

f ol l ows : A, 305 sper m, 81 eggs ; B, 281 sper m, 76 eggs ;

C, 227 sper m, 68 eggs .

* Sper m wer e pr ei ncubat ed f or 90 mi n i n ( A) HS- CM

f or 60 mi n, pl us 3 p, m A23187 ; ( B) CM; or ( C) TNC.

$ CTC f l uor escence cat egor y : ( 1) Compl et el y i nt act

sper m, wi t h br i ght uni f or m f l uor escence over t he ac-

r osomal ar ea abr upt l y adj acent t o ver y di m f l uor es-

cence over t he post - acr osomal segment ( see Fi g . 4b) .

( 2) Sper mi n t he i ni t i al phase of t he acr osome r eact i on,

wi t h i nt ensel y f l uor escent spot s of f l uor escence super -

i mposed upon t he al r eady f l uor escent acr osomal ar ea,

gi vi ng r i se t o a mot t l ed appear ance of t he acr osome

( see Fi g . 4d) . ( 3) Sper m i n a ver y l at e st age of t he

acr osome r eact i on- wi t h f ew br i ght spot s of f l uor es-

cence l yi ng on a weakl y f l uor escent acr osomal ar ea

( see Fi g . 4f ) . ( 4) Compl et el y r eact ed sper m, wi t h ver y

weakl y f l uor escent or nonf l uor escent sper m head ( see

Fi g. 4h and j ) .

10 AM CTC. Epi f l uor escent exami nat i on of t he

sper m bound t o t hese eggs pr ovi ded t he r esul t s

shown i n Tabl e I I . Over 90%of bound sper mwer e

i nt act , as assayed by t he CTCf l uor escence di st r i -

but i on . Pr ef er ent i al bi ndi ng of i nt act sper m oc-

cur r ed even when t he eggs wer e i nsemi nat ed wi t h

sper m i n whi ch >50% of t he popul at i on wer e

known t o have under gone t he acr osome r eact i on .

The t est of our pr edi ct i on i s posi t i ve : mouse sper m

wi t h i nt act membr anes bi nd t o zonae pel l uci dae,

but acr osome- r eact ed sper mdo not .

DI SCUSSI ON

The ut i l i t y of CTC as a f l uor escent pr obe f or

assayi ng t he acr osome r eact i on r esul t s f r om t he

l ocal i zed f l uor escence of t he pr obe bound t o t he

i nt act mouse sper mhead i n t he pr esence of Ca" .

The f l uor escence di sappear s when t he sper m un-

der goes t he acr osome r eact i on . The i nt ense f l uo-

r escence si gnal of CTCi s el i ci t ed upon chel at i on

of a di val ent cat i on, such as Ca" or Mg" , i n a

nonpol ar envi r onment ( 12, 13) : The pr obe act ual l y

r epor t s t he l ocat i on of di val ent cat i ons i n mem-

br anes . I n mouse sper m, t he physi ol ogi cal di val ent

i on i s Ca" . Fl uor escence i n t he absence of added

di val ent cat i on was ver y weak ( Fi g . 4k and l ) ;

ei t her endogenous Ca" or t r ace l evel s of Ca" i n

TN may be r esponsi bl e f or t he di m f l uor escence

emi t t ed f r om t he sper m' s mi dpi ece . The addi t i on

of Mg` t o sper mi n TN di d not i ncr ease t he CTC

f l uor escence over t hat seen i n TN, whi l e EGTA i n

amount s suf f i ci ent t o chel at e t he Ca" i n TNC

ent i r el y pr event ed t he CTCf l uor escence . Any pr o-

posal f or t he mechani smof f l uor escence l oss must

account f or t he obser vat i on t hat i nt ense f l uor es-

cence i s emi t t ed onl y when t he CTC- Ca" compl ex

i s membr ane- bound ( 12) . Loss of CTC f l uor es-

cence coul d r esul t f r om t he r el ease of membr ane-

bound Ca" f r om t he sper m head, due t o l oss of

speci f i c Ca" bi ndi ng gr oups on t he membr ane .

An al t er nat i ve pr oposal , t hat bet t er t akes i nt o

consi der at i on t he r egi onal i zat i on of t he CTCf l u-

or escence, i s t hat t he CTC- Ca 2 + compl ex bi nds

acr osome r eact i on . I nt ensel y br i ght spot s of f l uor escence appear super i mposed on t he al r eady f l uor escent

acr osomal ar ea. The post - acr osomal segment r emai ns di ml y f l uor escent . ( E and F) An i nt er medi at e st age

of t he acr osome r eact i on. The i nt ense spot s of CTC f l uor escence appear t o coal esce i nt o l ar ger spot s whi l e

t he br i ght backgr ound f l uor escence of t he acr osome gr adual l y di sappear s . As bef or e, t he f ai nt post -

acr osomal segment f l uor escence r emai ns unal t er ed . ( G- J) Compl et el y acr osome r eact ed mouse sper m.

The CTC f l uor escence i s ent i r el y gone f r om t he sper m head . I n some speci mens ( H) , even t he out l i ne of

t he sper m head i s i nvi si bl e wi t h epi f l uor escence, whi l e i n ot her r eact ed sper m ( J) , a ver y f ai nt uni f or m

f l uor escence per mi t s t he sper mhead t o be di scer ned . ( K- L) Mouse sper m exposed t o CTC i n t he absence

of Ca" . Ver y weak f l uor escence i s emi t t ed f r om t he mi dpi ece al one . Sper m i ncubat ed i n ( A and B) CM;

( C and D) TNC; ( E and F) TNC; ( G and H) TNC; ( I and J) CM; and ( K and L) TN. Fi nal CTC

concent r at i on : ( A- J) 10 [ M; ( K and L) 20 [ M. Bar , 10 I m.
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CTC f l uor escence

gor y$

cat e-

I nsemi nat i on

medi um Sper m pr ei ncubat i on* I 2 3 4

A. CM HS- CM/ A23187 93 6 1 0

B. CM CM 91 7 2 1

C. TNC TNC 92 6 1 1



speci f i cal l y t o t he pl asma membr ane over l yi ng t he

acr osomal , but not post - acr osomal , r egi on . Gi ven

t he cl ose apposi t i on of t he pl asma and out er ac-

r osomal membr anes, t he CTC- Ca" compl ex may

al so be bound t o t he l at t er ( 31) . Loss of f l uor es-

cence woul d t hen r esul t qui t e si mpl y f r om t he l oss

of t hese membr anes whi ch occur s as t he mai n

f eat ur e of t he acr osome r eact i on. Such a r est r i ct ed

l ocal i zat i on of t he chel at e- cat i on compl ex i s f ea-

si bl e due t o t he hi ghl y compar t ment al i zed or ga-

ni zat i on of sper mat ozoa ( 20) .

A si mi l ar suggest i on r egar di ng t he l ocal i zat i on

of Ca" i n t he sper mhead has been made by Si ngh

et al . ( 34) t o account f or t he consi st ent di sappear -

ance dur i ng t he acr osome r eact i on of a por t i on of

" Ca' associ at ed wi t h bovi ne sper m. Addi t i onal

suppor t f or t hi s l ocal i zat i on of t he CTC- Ca" com-

pl ex over l yi ng t he acr osome i s f ound i n mi cr o-

gr aphs of r eact i ng gui nea pi g sper m exposed t o

pyr oant i monat e ( 20) . Thi s agent al so chel at es cat -

i ons, but t hen f or ms an i nsol ubl e pr eci pi t at e r at her

t han a f l uor escent compound . I n r eact i ng sper m,

al l of t he cat i on- pyr oant i monat e pr eci pi t at e i s l o-

cat ed wi t hi n membr anous vesi cl es sur r oundi ng t he

sper mhead . Al t hough t hi s r eagent does not have

a st r i ct cat i on speci f i ci t y, t he exper i ment s nonet he-

l ess demonst r at e t he absence of cat i on bi ndi ng

si t es on t he newl y exposed i nner acr osomal mem-

br ane .

Use of CTC as a f l uor escent pr obe al so showed

a st r i ki ng l ocal i zat i on of t he Ca" - CTC compl ex

i n t he mi dpi ece r egi on of mouse and gui nea pi g

sper m. Thi s obser vat i on agr ees cl osel y wi t h t he

Ca Z+ di st r i but i on i n bul l sper m exposed t o 0. 17

mM Ca" , as det er mi ned by Babcock et al . ( 6) ,

usi ng el ect r on mi cr oanal ysi s . They f ound t hat t he

mi dpi ece was 3. 5- 8 t i mes i ncr eased over back-

gr ound, whi l e t he cont ent of t he ot her r egi ons was

near backgr ound . The quest i on of whet her t he

Ca" was act ual l y l ocat ed i n t he mi t ochondr i a

under t hese condi t i ons was answer ed i n t he af f i r m-

at i ve, based on bot h el ect r on mi cr oanal ysi s ( 6) and

pr evi ous bi ochemi cal st udi es ( 4, 5) . Yet t he sper m

pl asma membr ane i n r abbi t ( 35) and human ( 29)

sper mseems qui t e i mper meabl e t o CaZ+ . Fur t her

i nvest i gat i on i s r equi r ed t o cl ar i f y t hi s pr obl em;

CTCshoul d pr ove t o be a usef ul f l uor escent pr obe

i n t hi s i nvest i gat i on .

The ef f ect i veness of t he HS- CMmedi um i n t he

i nduct i on of t he acr osome r eact i on i n mouse sper m

i n vi t r o was not al t oget her unexpect ed, si nce medi a

of hi gh i oni c st r engt h ( 28) have been ut i l i zed

pr evi ousl y t o enhance mouse sper m membr ane
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dest abl i zat i on . Nor was t he need f or A23187 sur -

pr i si ng, si nce t hi s i onophor e has been empl oyed

f or t he i nduct i on of t he acr osome r eact i on i n ot her

mammal i an syst ems ( 22, 36, 37) , and t he depend-

ency of t he acr osome r eact i on upon ext r acel l ul ar

Ca
2+

i n bot h i nver t ebr at e ( see r ef er ence 17) and

mammal i an ( 37, 41) sper m has been wel l est ab-

l i shed. However , i t was not ant i ci pat ed t hat se-

quent i al exposur e of mouse sper m t o t hese condi -

t i ons woul d be r equi r ed, al t hough a f ai r l y si mi l ar

syst emhas ver y r ecent l y been r epor t ed by Lui and

Mei zel ( 26) f or t he synchr onous i nduct i on of t he

acr osome r eact i on i n hamst er sper m. I f i nf l ux

ext r acel l ul ar Ca
2+

i s t he event common t o al l

sper m f or t he i ni t at i on of t he acr osome r eact i on,

t hen i t i s not unr easonabl e t o suspect t hat t hi s

same goal may be at t ai ned by sl i ght l y di f f er ent

r out es demandi ng ver y par t i cul ar exper i ment al

condi t i ons f or gamet es f r om di f f er ent speci es .

The sel ect i ve bi ndi ng of i nt act sper mt o zonae,

par t i cul ar l y when t he eggs wer e conf r ont ed wi t h

a l ar ge popul at i on of mot i l e, acr osome- r eact ed

sper m, al l owed t he i dent i f i cat i on of t he pl asma

membr ane as t he sper m sur f ace r esponsi bl e f or

r ecogni t i on of and bi ndi ng t o t he zona pel l uci da .

Thi s f i ndi ng has sever al i nt er est i ng i mpl i cat i ons .

I t def i nes t he obl i gat or y sequence f or t he mem-

br ane r eact i ons of f er t i l e mouse sper m i mmedi -

at el y bef or e sper m- egg f usi on: bi ndi ng of t he

sper m t o t he zona sur f ace i s f ol l owed by t he ac-

r osome r eact i on, and t hen zona penet r at i on . The

acr osome r eact i on, f or t he successf ul sper mat o-

zoon, occur s at t he zone sur f ace . The occur r ence

of t he r eact i on at t hi s l ocat i on nei t her i mpl i es nor

negat es t he act i vi t y of a speci f i c zonal or vi t el l i ne

i ni t i at i ng f act or . The i nt er act i on at t he zona coul d

be r est r i ct ed t o t he bi ndi ng r eact i on . The acr osome

r eact i on woul d t hen be vi ewed as t he cul mi nat i on

of endogenous pr ocesses i ni t i at ed bef or e bi ndi ng

t o t he zona . The zona pel l uci da i s t he si t e of a

maj or bar r i er t o i nt er speci f i c f er t i l i zat i on ( 23, 40) ,

suggest i ng t he exi st ence of a speci f i c r ecept or f or

t he zona i n sper m. We have demonst r at ed her e

t hat t hi s put at i ve r ecept or r esi des i n t he mouse

sper mpl asma membr ane .
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