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ABSTRACT

Pr evi ous wor k has est abl i shed t hat t he pol ysper my bl ock i n Ur echi s act s at t he

l evel of sper m- egg membr ane f usi on . ( J. Exp . Zool . 196: 105) . Pr esent r esul t s

i ndi cat e t hat dur i ng t he f i r st 5- 10 mi n af t er i nsemi nat i on t he bl ock i s medi at ed by

a posi t i ve shi f t i n membr ane pot ent i al ( t he f er t i l i zat i on pot ent i al ) el i ci t ed by t he

penet r at i ng sper m, si nce hol di ng t he membr ane pot ent i al of t he unf er t i l i zed egg

posi t i ve by passi ng cur r ent r educes t he pr obabi l i t y of sper m ent r y, whi l e pr ogr es-

si vel y r educi ng t he ampl i t ude of t he f er t i l i zat i on pot ent i al by decr easi ng ext er nal

Na' pr ogr essi vel y enhances mul t i pl e sper m penet r at i ons . Al so, a nor mal f er t i l i -

zat i on pot ent i al i s cor r el at ed wi t h a pol ysper my bl ock even under condi t i ons ( pH

7) i n whi ch eggs do not devel op . We have i nvest i gat ed t he mechani sm of t he

el ect r i cal pol ysper my bl ock by quant i f yi ng t he r el at i onshi p bet ween sper m i ncor -

por at i on, membr ane pot ent i al and i on f l uxes . Resul t s i ndi cat e t hat t he pol ysper my

bl ock i s medi at ed by t he el ect r i cal change per se and not by t he associ at ed f l uxes

of Na' , Ca" , and H' .
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f er t i l i zat i on

Nor mal embr yoni c devel opment r equi r es t hat a

si ngl e sper m nucl eus uni t e wi t h t he egg nucl eus

( see r ef er ence 1 f or a r evi ew of st r at egi es f or

monosper mi c f er t i l i zat i on) . I n t he eggs of Ur echi s,

a si gni f i cant r educt i on i n suscept i bi l i t y t o pol y-

sper mi c f er t i l i zat i on occur s wi t hi n seconds af t er

i nsemi nat i on ( r ef er ence 38, and our r esul t s bel ow) .

Paul ' s r esul t s ( 38) and our s bel ow cl ear l y show

t hat t hi s pol ysper my bl ock, r at her t han bei ng ab-

sol ut el y ef f ect i ve as t he t er m i mpl i es, oper at es by

r educi ng t he pr obabi l i t y of a second sper m ent r y
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suf f i ci ent l y so t hat , under pr esumed physi ol ogi cal

sper m- egg r at i os, most eggs ar e monosper mi c . Al -

t hough f er t i l i zed Ur echi s eggs become si gni f i cant l y

mor e r esi st ant t o r ef er t i l i zat i on wi t hi n seconds

af t er i nsemi nat i on, t hey r emai n i ndi st i ngui shabl e

f r om unf er t i l i zed eggs by l i ght and el ect r on mi -

cr oscopy t hr ough 4 mi n af t er i nsemi nat i on ( 13) ,

except f or a r oundi ng- out of t he cel l shape ( t he

unf er t i l i zed egg has a si ngl e, l ar ge i ndent at i on) . At

4 mi n t he sur f ace coat begi ns t o el evat e, but t her e

i s no massi ve exocyt osi s of cor t i cal vesi cl es, most

of whi ch r emai n i nt act t hr ough f i r st cl eavage ( 13,

39) . Though el evat ed, t he sur f ace coat i s no bar r i er

t o super numer ar y sper m, whose acr osomal t ubul es

penet r at e t o wi t hi n 100 A of t he egg pl asma mem-
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br ane ( 40) . Fur t her mor e, sper m can f er t i l i ze eggs

whose sur f ace coat s have been exper i ment al l y el -

evat ed bef or e i nsemi nat i on ( usi ng t r ypsi n at pH

7) . ' Thus, i t i s appar ent t hat t he Ur echi s pol y-

sper my bl ock act s by al t er i ng t he egg pl asma

membr ane t o pr event f usi on wi t h super numer ar y

sper m. I n t hi s paper , we show t hat t he f er t i l i zat i on

pot ent i al , a posi t i ve shi f t i n egg membr ane pot en-

t i al el i ci t ed by t he f er t i l i zi ng sper mat ozoon, me-

di at es t he pol ysper my bl ock dur i ng t he f i r st 5- 10

mi n af t er i nsemi nat i on . Such an el ect r i cal pol y-

sper my bl ock was f i r st demonst r at ed i n eggs of a

sea ur chi n ( 20) .

A det ai l ed descr i pt i on of t he f er t i l i zat i on pot en-

t i al and i t s i oni c basi s has been publ i shed sepa-

r at el y ( 21) ; a summar y essent i al f or under st andi ng

t he pr esent r esear ch f ol l ows. A t ypi cal f er t i l i zat i on

pot ent i al i s i l l ust r at ed i n Fi g. 5 a bel ow. Wi t hi n 2

s af t er sper maddi t i on, at t he f ast est , t he membr ane

pot ent i al shi f t s f r omabout - 35 mVt o a maxi mum

near +50 mVwi t h a r i se t i me of - 1 s . ( Pr esumabl y

t he i nt er val bet ween sper maddi t i on and pot ent i al

shi f t i s r el at ed t o t he t i me r equi r ed f or t he sper m

t o swi m t o and cont act t he egg. ) Af t er r eachi ng t he

maxi mum, t he pot ent i al f al l s of f t o a pl at eau at

about +30 mV. Fi nal l y, t he pot ent i al becomes

negat i ve agai n, r et ur ni ng t o t he l evel of t he r est i ng

pot ent i al of t he unf er t i l i zed egg - 9 mi n af t er t he

st ar t of t he r i se, and cont i nues t o f al l t o about - 60

mV by 20 mi n af t er i nsemi nat i on. Fer t i l i zat i on

pot ent i al s of f our monosper mi c eggs wer e not

si gni f i cant l y di f f er ent i n ei t her maxi mum or av-

er age ampl i t ude f r om t hose of si x di sper mi c eggs,

al t hough i n t hr ee of t he l at t er t he r i se phase had

an i ni t i al st ep t o - 0 mVf ol l owed by a second st ep

t o about +50 mV. None of t he f our monosper mi c

eggs showed st ep r i ses. These r esul t s suggest t hat

st ep r i ses ar e cor r el at ed wi t h di sper my .

The f er t i l i zat i on pot ent i al r esul t s f r om an i n-

cr ease i n Na+ per meabi l i t y and i s ampl i f i ed by a

Ca++ act i on pot ent i al . Si gni f i cant i ncr eases i n

z" Na+ and " Ca++ i nf l uxes accompany t he f er t i l i -

zat i on pot ent i al ( see al so r ef er ence 23) . Si nce t hese

same event s can be el i ci t ed by t r ypsi n wi t hout

i nsemi nat i on ( see al so r ef er ence 23) , t he i on chan-

nel s r esponsi bl e must pr e- exi st wi t hi n t he egg

membr ane . Dur i ng monosper mi c f er t i l i zat i on,

onl y a f r act i on of t he avai l abl e Na+ channel s i s

opened ; t hi s concl usi on i s based on t he obser vat i on

' Paul , M. , Uni ver si t y of Vi ct or i a, Br i t i sh Col umbi a .
Per sonal communi cat i on .

t hat Na+ i nf l ux i s di r ect l y pr opor t i onal t o t he

number of penet r at i ng sper mwhen pol ysper my i s

i nduced ei t her by hi gh sper m- egg r at i os or by

i nsemi nat i on i n l ow Na' seawat er , whi ch r educes

t he ampl i t ude of t he f er t i l i zat i on pot ent i al ( see

al so Fi g . 3 i n t hi s paper ) . Ther ef or e we concl ude

t hat t he Na' channel s ar e sper m- gat ed ( i . e . , each

sper mopens a set of Na' channel s) . Ca" i nf l ux,

on t he ot her hand, occur s pr i mar i l y vi a a mem-

br ane pot ent i al - gat ed channel , t he Ca ++ act i on

pot ent i al , and i s i ndependent of addi t i onal sper m

penet r at i ons i n nor mal seawat er . However , i n 50

mM Na+ seawat er wher e t he ampl i t ude of t he

f er t i l i zat i on pot ent i al r emai ns bel ow t he vol t age

t hr eshol d ( +10 mV) f or t he act i on pot ent i al , some

r esi dual Ca++ i nf l ux occur s and t hi s i s pr opor t i onal

t o t he number of penet r at i ng sper m.

I n addi t i on t o demonst r at i ng t hat t he ear l y

phase of t he pol ysper my bl ock i n Ur echi s eggs i s

el ect r i cal l y medi at ed, we have f ur t her expl or ed t he

mechani smof t he bl ock. I t i s possi bl e t o var y i on

f l uxes i ndependent l y of membr ane pot ent i al by

al t er i ng ext er nal i on concent r at i ons, or by var yi ng

t he concent r at i on of sper m used f or i nsemi nat i on

i n l ow Na' seawat er ( see above) ; t hus, we have

been abl e t o quant i f y t he r el at i onshi p bet ween

sper mi ncor por at i on, membr ane pot ent i al and i on

f l uxes . Our r esul t s i ndi cat e t hat t he pot ent i al

change per se pr event s membr ane f usi on dur i ng

t he ear l y phase of t he pol ysper my bl ock, si nce t he

eggs' suscept i bi l i t y t o pol ysper my dur i ng t hi s pe-

r i od ( t he f i r st 5- 10 mi n af t er i nsemi nat i on) var i es

di r ect l y wi t h t he ampl i t ude of t he membr ane po-

t ent i al but not wi t h t he f l uxes of speci f i c i ons .

MATERI ALS AND METHODS

Pr ocedur es f or mai nt ai ni ng Ur echi s adul t s and f or ob-
t ai ni ng and handl i ng gamet es have been descr i bed ( l 2) .
Eggs wer e i ncubat ed at 17° C i n ei t her nat ur al or ar t i f i ci al

seawat er ( 486 mMNaCl , 10 mMKCI , 27 MMMgC12,

29 mMMgS04 , 10 mMCaC12 , 2 . 4 mMNaHC0a ; pH 8) .

Unf er t i l i zed Ur echi s eggs ar e i n t he di pl ot ene- di aki nesi s

st age of mei ot i c pr ophase ; mor phol ogi cal event s occur -

r i ng af t er i nsemi nat i on ar e : r oundi ng out ( 0- 4 mi n at

17° C) , sur f ace coat el evat i on ( begi ns at 4 mi n) , ger mi nal

vesi cl e br eakdown ( begi ns at 6 mi n) , f i r st and second

pol ar body f or mat i on ( 35 and 45 mi n) , and cl eavage ( 90

mi n) . Roundi ng out , sur f ace coat el evat i on, and ger mi nal

vesi cl e br eakdown ar e r ef er r ed t o col l ect i vel y as " act i -
vat i on . "

Mi cr oel ect r ode Measur ement s

The met hods used ar e descr i bed i n det ai l by Jaf f e et

al . ( 21) . To mai nt ai n const ant t emper at ur e ( 17° C) , ex-
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per i ment s wer e done ei t her i n a cont r ol l ed t emper at ur e

r oomor wi t h a wat er - cool ed mi cr oscope st age . Eggs wer e

i mmobi l i zed i n smal l scr at ches on t he bot t om of a pl ast i c

pet r i di sh . Mi cr oel ect r odes wi t h r esi st ances of 30- 60 M12

wer e f i l l ed wi t h 3 MKCI . One el ect r ode was used f or

bot h r ecor di ng and passi ng cur r ent ; t he I R dr op acr oss

t he el ect r ode was el ect r oni cal l y bal anced by means of a

br i dge ci r cui t ( Bi odyne El ect r oni cs Labor at or y, Sant a

Moni ca, Cal i f . , Model AM- 2 ; or W- P I nst r ument s, I nc . ,

New Haven, Conn . , Model M4- A) . Appl i ed cur r ent s

wer e no mor e t han 3 x 10- ' ° A t o ensur e const ant

el ect r ode r esi st ance. The bat h was gr ounded t hr ough a

seawat er - agar br i dge t o pr event cont act of eggs wi t h Ag'

i ons, whi ch even at 2 X 10` ° Mact i vat e Ur echi s eggs .

Membr ane pot ent i al and appl i ed cur r ent wer e r ecor ded

on a char t r ecor der ( Goul d, I nc . , Cl evel and, Ohi o, Model

220) . Eggs wer e i nsemi nat ed i n t he r ecor di ng chamber

by addi ng dr ops of sper m suspensi on . Except as not ed,

f i nal sper m concent r at i ons wer e - l O6- 107 per ml ( - 1 :

30, 000 t o 1 : 3, 000 f i nal di l ut i on) . I n some exper i ment s,

we exchanged t he sol ut i on bat hi ng t he eggs by per f usi on

as descr i bed by Jaf f e et al . ( 21) .

Assay f or Sper m Penet r at i on

The met hod ( modi f i ed f r om Paul [ 38] ) i s descr i bed i n

det ai l by Goul d- Somer o et al . ( 14) . At 25- 30 mi n af t er

i nsemi nat i on i n eggs whi ch, have act i vat ed ( under gone

ger mi nal vesi cl e br eakdown) , t he nucl ei of penet r at ed

sper m have decondensed and ar e easi l y seen i n whol e

eggs by phase cont r ast mi cr oscopy, af t er f i xat i on i n 3 : 1

et hanol : acet i c aci d and cl ear i ng i n 60%acet i c aci d ( Fi g.

1) . I n exper i ment s empl oyi ng ver y dense sper m suspen-

si ons, ext er nal l y bound sper m whi ch woul d ot her wi se

obscur e t he cyt opl asm ar e r emoved by pr i or f i xat i on i n

4%neut r al f or mal dehyde f ol l owed by washi ng i n 0 . 5 M

gl ucose t o di sper se t he sur f ace coat wi t h adher ent sper m.

Eggs ar e t hen t r ansf er r ed t o 3 : 1 f i xat i ve . I n hi ghl y pol y-

sper mi c eggs, cont r ast was enhanced wi t h l act i c- acet i c

or cei n, and count i ng of sper m nucl ei was f aci l i t at ed by

f l at t eni ng t he f i xed eggs under a cover sl i p and usi ng a

mi cr omet er gr i d . I n exper i ment s wi t h el ect r ode- pene-

t r at ed eggs, t en or mor e of t he nei ghbor i ng uni mpal ed

eggs wer e f i xed t o scor e f or sper m penet r at i on and t he

ot her nei ghbor i ng eggs wer e cl ear ed away f r om t he

vi ci ni t y of t he i mpal ed egg, whi ch was t hen gent l y r e-

moved f r om t he el ect r ode and f i xed . When membr ane

pot ent i al was not t o be r ecor ded, 3 ml of a 1 : 100 egg

suspensi on was i nsemi nat ed wi t h a gi ven sper m di l ut i on

and t he ent i r e sampl e was f i xed as descr i bed above . We

usual l y scor ed at l east 100 eggs per sampl e ; occasi onal l y

i n sampl es wi t h over 25 sper m per egg onl y 40 eggs wer e

scor ed .

Under some condi t i ons ( e. g. , pH 7) eggs do not act i -

vat e al t hough t hey ar e penet r at ed by sper m; t he sper m

nucl ei r emai n condensed and ar e di f f i cul t t o di st i ngui sh

f r omt hose of ext er nal l y bound sper m( see r ef er ence 14) .

Ther ef or e, we act i vat ed t hese eggs ( t o cause t he sper m
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Phase cont r ast phot omi cr ogr aph of a hi ghl y

pol ysper mi c egg i nsemi nat ed i n 120 mMNa' seawat er

and f i xed as descr i bed i n Mat er i al s and Met hods . I ndi -

vi dual decondensed sper mnucl ei ar e i ndi cat ed by ar r ows

( 44 ar e vi si bl e i n t hi s opt i cal sect i on) . Scal e equal s 20

Am.

nucl ei t o decondense) wi t h hi gh K' seawat er , pH 8

( usual l y 370 mM K' , 120 mMNa' ) , i n whi ch eggs

act i vat e synchr onousl y and wi t h t he nor mal t i me cour se

t hr ough ger mi nal vesi cl e br eakdown and sper m nucl ear

decondensat i on .

Sper m I nact i vat i on

Si nce Ur echi s sper m r et ai n t hei r f er t i l i zi ng capaci t y

f or 30 mi n or mor e af t er t hey ar e di l ut ed i nt o seawat er ,

i t was necessar y t o i nact i vat e t hem when eggs wer e t o be

exposed t o " pul ses" of sper m f or l i mi t ed per i ods . Usu-

al l y, sper m wer e i nact i vat ed by hi gh K' seawat er ( 370-

420 mMK' ) ; occasi onal l y, t hey wer e i nact i vat ed by a

15- s exposur e t o 0 . 001% sodi um dodecyl sul f at e i n sea-

wat er . I nact i vat i on of sper m i n hi gh K' seawat er was

demonst r at ed as f ol l ows . When a sper msuspensi on was

di l ut ed i nt o hi gh K' seawat er , and eggs wer e added

wi t hi n 3 s, none of t he eggs was penet r at ed by sper m.

Tr acer Upt ake St udi es

Met hods ar e descr i bed i n det ai l by Jaf f e et al . ( 21) .

2" Na' and " Ca" ( NewEngl and Nucl ear , Bost on, Mass . )

wer e used at 7 . 5 and 2- 4 t t Ci / ml , r espect i vel y . Eggs

di l ut ed 1 : 50 ( vol / vol ; 1 ml of t hi s suspensi on cont ai ns

14, 000 eggs as det er mi ned by count i ng) wer e i ncubat ed

i n a shal l ow l ayer on t he bot t om of a beaker . Fi nal

di l ut i ons of sper m ar e not ed i n f i gur e l egends . Sampl es

wer e washed ( 10 ml each wash) by cent r i f ugi ng and

r esuspendi ng i n chi l l ed ( 4° - 10° C) seawat er . 2" Na' - l a-

bel ed sampl es wer e washed f our t i mes ( t ot al wash t i me,

10- 15 mi n) and " Ca" sampl es, seven t i mes ( t ot al wash

t i me, 15- 20 mi n) . Af t er washi ng, eggs cont ai ni ng
14

Na'

wer e di sper sed i n 2 ml of 0. 5%sodi um dodecyl sul f at e

( i n dei oni zed wat er ) , and t hei r r adi oact i vi t y was meas-

ur ed i n a Nucl ear - Chi cago gamma r adi at i on count er



( Nucl ear - Chi cago Cor p . , Des Pl ai nes, I l l . ) . Washed eggs

cont ai ni ng " Ca" wer e col l ect ed by suct i on ont o What -

man gl ass f i ber GFA f i l t er s whi ch wer e pl aced i nt o

sci nt i l l at i on vi al s wi t h 0. 4 ml of Pr ot osol : wat er ( 9 : 1) t o

di sper se t hem. 10 ml of sci nt i l l at i on f l ui d ( 4 g 2, 5- di -

phenyl oxazol e ( PPO) , 0 . 05 g 1, 4- bi s[ 2- ( 5- phenyl oxa-

zol yl ) ] benzene ( POPOP) per l i t er t ol uene) was added t o

each vi al and r adi oact i vi t y was measur ed i n a Beckman
l i qui d sci nt i l l at i on count er ( Beckman I nst r ument s, I nc . ,

Spi nco Di v . , Pal o Al t o, Cal i f . ) . For det er mi ni ng speci f i c

act i vi t y i n t he i ncubat i on mi xt ur es, t r i pl i cat e 10- p1 al i -

quot s of t he super nat ant seawat er wer e count ed under

t he same condi t i ons .

Cal cul at i ons and St at i st i cs

I t i s f r equent l y usef ul t o descr i be f er t i l i zat i on pot en-

t i al s i n t er ms of t hei r aver age ampl i t ude dur i ng a gi ven

t i me per i od. The aver age ampl i t ude of a f er t i l i zat i on

pot ent i al dur i ng t he f i r st mi n af t er i nsemi nat i on was

cal cul at ed by aver agi ng t he pot ent i al at T = 0, 15, 30,

45, and 60 s af t er t he i ni t i al r i se . An aver age pl at eau

pot ent i al omi t s t he f i r st 15 s of t he act i vat i on pot ent i al

and i s cal cul at ed by aver agi ng t he pZent i al at T = 0. 25,

1, 2, 3, 4, and 5 mi n af t er t he i ni t i al r i se . Al l cal cul at i ons

of means i n t he t ext ar e f ol l owed by t he st andar d devi a-

t i on . The st andar d er r or of t he mean can easi l y be
cal cul at ed ( SEM= SD T f ) t o compar e t he means of
t wo gr oups .

RESULTS

Thr ee l i nes of evi dence est abl i sh t hat t he posi t i ve-

goi ng f er t i l i zat i on pot ent i al const i t ut es an el ect r i -

cal bl ock t o pol ysper my . Fi r st , sper m i ncor por a-

t i on i s i nhi bi t ed when t he membr ane pot ent i al of

an unf er t i l i zed egg i s hel d posi t i ve ; second, pol y-

sper my i s i nduced when t he pot ent i al i s hel d neg-

at i ve; and t hi r d, suscept i bi l i t y t o pol ysper my i s

cor r el at ed wi t h f er t i l i zat i on pot ent i al ampl i t ude

( see al so r ef er ence 20) .

Posi t i ve Pot ent i al I nduced by Out war d

Cur r ent I nhi bi t s Sper mPenet r at i on

When out war d cur r ent ( +2 t o +3 x 10 - ' ° A) i s

appl i ed t hr ough an i nt r acel l ul ar el ect r ode t o set

t he membr ane pot ent i al of an unf er t i l i zed egg

mor e posi t i ve t han +25 mV ( Fi g . 2 a) , t hen sper m

ar e added, t he pr obabi l i t y of sper mpenet r at i on i s

si gni f i cant l y r educed . I n seven of t en " accept abl e"

eggs ( cr i t er i a ar e l i st ed i n f oot not e t o Tabl e I ) no

sper m penet r at ed ( Tabl e I ) . Cont r ol exper i ment s

( Fi g. 2 c) showed t hat appl i cat i on of out war d cur -

r ent ( +2 t o +3 x 10- ' ° A) j ust bef or e, but not

dur i ng, sper m addi t i on does not pr event sper m

penet r at i on ( 7/ 7 eggs ; see Tabl e I ) . These cont r ol s

( and t hose i n r ef er ence 21) al so demonst r at e t hat

el ect r ode penet r at i on i t sel f does not pr event sper m

ent r y . When t he membr ane pot ent i al of unf er t i l -

i zed eggs i s set at about - 5 mVby out war d cur r ent

( +0. 5 t o +1 x 10 - ' ° A, Fi g . 2b) , t hen sper m ar e

added, t he pr obabi l i t y of sper mpenet r at i on i s al so

r educed : i n t hr ee of si x eggs no sper m ent er ed

( Tabl e I ) . However , sper m el i ci t ed a f er t i l i zat i on

pot ent i al i n al l si x eggs ; t her ef or e, under t hese

exper i ment al condi t i ons, nonpenet r at i ng sper m

ar e abl e t o t r i gger an el ect r i cal r esponse i n t he egg .

Negat i ve Pot ent i al I nduced by Decr easi ng

Ext er nal Na' Causes Pol ysper my

At t empt s t o i nduce pol ysper my by passi ng i n-

war d cur r ent t o r educe t he ampl i t ude of t he f er t i -

l i zat i on pot ent i al wer e unsuccessf ul because t he

egg membr ane r esi st ance i s t oo l owdur i ng t he f i r st

2 mi n af t er i nsemi nat i on . I nwar d cur r ent s as l ar ge

as - 3 x 10' A f ai l ed t o r educe t he pot ent i al

bel ow 0 mV ( Fi g . 2 d) . I f much l ar ger cur r ent s ar e

passed t hr ough t he si ngl e el ect r ode, t he membr ane

pot ent i al cannot be measur ed accur at el y due t o

nonl i near ef f ect s of l ar ge cur r ent s on el ect r ode

r esi st ance . Ther ef or e, si nce Na' i s t he maj or cur -

r ent - car r yi ng i on dur i ng t he f er t i l i zat i on pot ent i al

( 21) , we r educed t he ampl i t ude of t he f er t i l i zat i on

pot ent i al by decr easi ng ext er nal Na' ( a t en- f ol d

r educt i on i n ext er nal Na' r educes t he aver age

ampl i t ude of t he f er t i l i zat i on pot ent i al by - 50

mV; r ef er ence 21, and Fi g. 3 i nser t ) . When eggs

ar e i nsemi nat ed i n decr easi ng concent r at i ons of

Na' , t hey become i ncr easi ngl y pol ysper mi c : t he

mor e negat i ve t he f er t i l i zat i on pot ent i al ampl i -

t ude, t he gr eat er t he suscept i bi l i t y t o pol ysper my

( Fi g. 3) . The f ol l owi ng r esul t s show t hat t he pol y-

sper my i s di r ect l y at t r i but abl e t o l ow Na' and not

t o " poi soni ng" by t he Na' subst i t ut es used t o

mai nt ai n i oni c st r engt h . Fi r st , eggs i n 120 mM

chol i ne+ ( 360 mMNa' ) ar e onl y sl i ght l y mor e

pol ysper mi c t han cont r ol s ( Fi gs . 3 and 4 a) . Sec-

ond, eggs ar e si mi l ar l y suscept i bl e t o pol ysper my

when Tr i s+ [ Tr i s( hydr oxymet hyl ) ami nomet hane] ,

TEA' ( t et r aet hyl - ammoni um) , or Mg` ar e used

as i mper meant Na' subst i t ut es i n pl ace of chol i ne+

( Fi g . 4a) . Li +, whi ch can be a per meant subst i t ut e

f or Na' ( 25, and r ef er ences t her ei n) , does not

i nduce pol ysper my ( Fi g . 4a) .

I f eggs ar e i nsemi nat ed i n nor mal seawat er , t hen

t r ansf er r ed wi t hi n 5 mi n t o l ow Na' seawat er t o

r educe t he ampl i t ude of t he f er t i l i zat i on pot ent i al ,

t hey wi l l al so become ver y pol ysper mi c ( Fi g . 4 b) .
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108

J
100 mV

4 x 10" OA

FI GURE 2 Out war d and i nwar d cur r ent exper i ment s . ( a and b) Exper i ment t o t est whet her posi t i ve

pot ent i al can pr event sper m penet r at i on. The l ower t r ace r ecor ds cur r ent passed i nt o t he egg and t he

upper t r ace, t he egg' s membr ane pot ent i al . Out war d cur r ent i s passed t o dr i ve an unf er t i l i zed egg' s

membr ane pot ent i al t o ?+25 mV ( a) or t o about - 5 mV ( b) , t hen 5- 10 s l at er sper mar e added ( ar r ow) .

15- 20 s af t er sper m addi t i on, t he di sh cont ai ni ng t he egg i s per f used wi t h seawat er i n whi ch NaCl i s

r epl aced by KCl ( 496 mM KCI ) t o i nact i vat e sper m( see Mat er i al s and Met hods) . The hi gh K' seawat er

al so act i vat es t he eggs, so penet r at ed sper m nucl ei can be scor ed unambi guousl y ( see Mat er i al s and

Met hods) . Af t er - 30 s of per f usi on ( t he bar i ndi cat es t he exact dur at i on) wi t h a t ot al vol ume of 20- 25 ml

K` - SW, t he cur r ent i s t ur ned of f and t he egg i s al l owed t o act i vat e, st i l l on t he el ect r ode . The penet r at ed

egg and sur r oundi ng eggs ar e t hen scor ed f or sper mpenet r at i on ( see Mat er i al s and Met hods) . Nei t her of

t he eggs shown i n a and b was penet r at ed by sper m. ( c) Cont r ol exper i ment i n whi ch out war d cur r ent i s

passed bef or e but not dur i ng sper maddi t i on. Out war d cur r ent i s passed i nt o an unf er t i l i zed egg f or at

l east 60 s ( 75 s i n t hi s case) , t hen cur r ent i s t ur ned of f and sper mar e added ( ar r ow) - 2 mi n l at er . 15- 20

s af t er sper m addi t i on, t he di sh cont ai ni ng t he egg i s per f used wi t h K' - SWand t he eggs ar e al l owed t o

act i vat e, f i xed and scor ed . The egg i n t hi s exper i ment was penet r at ed by t wo sper m. ( d) At t empt t o br i ng

t he f er t i l i zat i on pot ent i al t o a negat i ve l evel by passage of i nwar d cur r ent . Sper madded at ar r ow. I n t hi s

exper i ment , cur r ent pul ses of - l . 8 x l 0 - ' ° A f ai l ed t o br i ng t he pot ent i al bel ow 0 mV dur i ng t he f i r st 3

mi n of t he f er t i l i zat i on pot ent i al .

Less pol ysper my i s i nduced by t r ansf er at 10 mi n,

	

Reduci ng Ext er nal Ca ++ Has Onl y a Sl i ght
and ver y l i t t l e by t r ansf er at 15 mi n ( Fi g . 4 b) .

	

Ef f ect on Pol ysper my, and Reduci ng Ext er nal
Thus, r educi ng t he membr ane pot ent i al t o mor e

negat i ve val ues dur i ng t he f er t i l i zat i on pot ent i al

	

K' , Mg" , or Cl - Has No Ef f ect on

r esul t s i n pol ysper my but , af t er t he f er t i l i zat i on Pol ysper my

pot ent i al i s over , l owNa' no l onger i nduces pol y-

	

Tabl e 11 shows t hat r educi ng ext er nal Ca" t o

sper my .

	

1/ 10 of i t s nor mal concent r at i on ( i . e . , t o 1 mM)



TABLE I

Summar y of Out war d Cur r ent Exper i ment s'

" Cr i t er i a f or accept abl e exper i ment s : ( a) bot h pene-

t r at ed and sur r oundi ng eggs ar e act i vat ed ( nucl eol us

smal l or absent ; ger mi nal vesi cl e ar ea i ndi st i nct ) and

wel l f i xed ( 4 chr omosomes vi si bl e and cyt opl asm i n

" good" condi t i on) so t hat d nucl ei woul d be seen i f

t hey wer e pr esent ; ( b) t he sper m concent r at i on appl i ed

was appr opr i at e: ?90%of t he sur r oundi ng eggs wer e

f er t i l i zed ( cont ai ned sper m) and <- 30%of t he sur r ound-

i ng eggs wer e pol ysper mi c ( cont ai ned mor e t han one

sper m) .

$ Di l ut ed - 1 : 30, 000 ( - 106 per ml ) .

onl y sl i ght l y weakens t he pol ysper my bl ock . I n

st r i ki ng cont r ast t o t he 72 sper m per egg i n 1/ 10

ext er nal Na' ( Tabl e I I and Fi g . 3) , heavi l y i nsem-

i nat ed eggs i n 1 mMCa" wer e penet r at ed by an

aver age of - 5 sper mper egg compar ed t o 2 sper m

per egg i n 10 mM Ca" . Cor r espondi ngl y, t he

aver age pl at eau pot ent i al af t er f er t i l i zat i on i n 1

mMCa" i s not si gni f i cant l y di f f er ent f r om t hat

i n 10 mM Ca" ( 21) . However , t he maxi mum

ampl i t ude i s sl i ght l y r educed ( +38 ± 6 mV, n =

12, i n 1 mMCa" vs. +51 ± 6 mV, n = 16, i n 10

mMCa++ ; dat a f r om r ef er ence 21, al so compar e

Fi g . 5 a and b, t hi s paper ) . The r educed maxi mum

ampl i t ude i n 1 mMCa` i s due pr i mar i l y t o t he

absence of t he Ca` act i on pot ent i al at t he begi n-

ni ng of t he f er t i l i zat i on pot ent i al ( 21) . Thus, a

sl i ght l y r educed maxi mum f er t i l i zat i on pot ent i al

ampl i t ude i s cor r el at ed wi t h a sl i ght l y i ncr eased

suscept i bi l i t y t o pol ysper my .

Pr ol onged exposur e t o l ow Ca` causes eggs t o

become i ncr easi ngl y suscept i bl e t o pol ysper my

( Tabl e I I ) . Ther ef or e, al l el ect r i cal r ecor di ngs and

t est s of t he pol ysper my bl ock empl oyed eggs pr ei n-

cubat ed i n 1 mMCa` f or 10 mi n or l ess bef or e

i nsemi nat i on . The i ncr eased pol ysper my i n eggs

exposed f or a l ong t i me t o l owCa` may be r el at ed

t o t he gr eat er f r agi l i t y of eggs i n l ow Ca++ : t hey

ar e mor e easi l y l ysed by st i r r i ng or el ect r ode pen-

et r at i on .

Eggs i nsemi nat ed i n 1/ 10 K+ ( I m, M) or 1/ 10

Mg" ( 6 mM) become no mor e pol ysper mi c t han

cont r ol s ( Tabl e I I ) . I n f act , t hey ar e penet r at ed by

sl i ght l y f ewer sper m. Fact or s pr esumabl y cont r i b-

ut i ng t o t he sl i ght decr ease i n sper mpenet r at i on

ar e ( a) t he t endency f or a si gni f i cant per cent age of

eggs i n some bat ches t o under go spont aneous ac-

t i vat i on i n t he al t er ed sol ut i ons ( t hus est abl i shi ng

a pol ysper my bl ock bef or e i nsemi nat i on) ; and ( b)

possi bl e adver se ef f ect s on sper m, e. g . , i n l ow

Mg++ sper m t end t o cl ump and bi nd l ess wel l t o

eggs . I n 1/ 7 Cl - ( 84 r nM) , eggs admi t t he same

number of sper m as cont r ol s ( Tabl e I I ) . Sper m

bi ndi ng appear s nor mal and eggs do not spont a-

neousl y act i vat e i n l ow Cl - . We di d not r ecor d

f er t i l i zat i on pot ent i al s i n r educed K+, Mg++ , or

Cl - sol ut i ons .

At pH 7, a Tr ansi ent Pol ysper my Bl ock

Cor r el at ed Wi t h a Fer t i l i zat i on Pot ent i al

Occur s Wi t hout Egg Act i vat i on

Fur t her suppor t f or an el ect r i cal l y- medi at ed

pol ysper my bl ock comes f r om exper i ment s at pH

7, i nst ead of t he nor mal pH 8 . At pH 7, sper m

ent er Ur echi s eggs ( 37) , el i ci t a f er t i l i zat i on pot en-

t i al and a t r ansi ent pol ysper my bl ock ( descr i bed

bel ow) , but t he eggs do not act i vat e : t he ger mi nal

vesi cl e r emai ns i nt act and t he sur f ace coat does

not el evat e ( 37, 39, 50) . ( Roundi ng out occur s wi t h

t he nor mal t i me cour se at pH 7, but t he dent

r ef or ms at - 6 mi n. ) Fur t her mor e, t he per manent

pol ysper my bl ock f ai l s t o devel op, and r ei nsemi -

nat i on at pH 7 r esul t s i n addi t i onal sper m ent r i es

( r ef er ences 23, 37, and r esul t s bel ow) . Thus, at pH

7, t he f ast pol ysper my bl ock and t he f er t i l i zat i on
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Mi ni mumpo-

t ent i al ( mV)

dur i ng expo-

sur e t o sper m$

No . of

sper m pene-

t r at i ng

+ Cur r ent dur i ng sper m ad- +36 0

di t i on, V? +25 mV +34 0

+32 0

+31 0

+29 1

+29 0

+28 1

+26 1

+25 0

+24 0

+ Cur r ent bef or e sper mad- - 2 0

di t i on, V - - 5 mV - 4 1

- 4 0

- 5 1

- 6 1

- 8 0

+ Cur r ent bef or e sper m ad- - 24 1

di t i on, but not dur i ng - 25 1

- 31 1

- 33 3

- 35 1

- 35 1

- 40 2



- 30- 20 - 10

pot ent i al ar e cor r el at ed, and di ssoci at ed f r om egg

act i vat i on .

Fi g . 6 a shows f er t i l i zat i on pot ent i al s at pH 7 .

The ampl i t ude i s onl y sl i ght l y r educed compar ed

t o t hat at pH 8 ; t he maxi mum ampl i t ude i s +41

± 5 mV ( n = 8) , compar ed t o +51 ± 6 mV ( n =

16) at pH 8 ( r ef er ence 21) ; and t he aver age pl at eau

pot ent i al ( see Mat er i al s and Met hods) i s +16 ± 5

mV ( n = 5) , compar ed t o +27 ± 4 mV ( n = 12) at

pH 8 ( 21) . Rei nsemi nat i on exper i ment s show t hat

a t r ansi ent pol ysper my bl ock occur s at pH 7 . Two

exper i ment s ar e shown i n Tabl e I I I ( t hr ee addi -

t i onal exper i ment s gave si mi l ar r esul t s) . Fi r st , not e

t hat t hese dat a conf i r m ( see I nt r oduct i on and Di s-

43 2
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( 3, 3)

X1) ( 16 . 7)

0 +10 +20 +30 +40 pot ent i al ( mV )

50

	

120

	

TT490 r nM Na+
360

FI GURE 3

	

Cor r el at i on bet ween t he aver age ampl i t ude of t he f er t i l i zat i on pot ent i al dur i ng t he f i r st mi n

af t er i nsemi nat i on and t he number s of sper m penet r at i ng per egg . The ampl i t ude of t he f er t i l i zat i on

pot ent i al was made mor e negat i ve by decr easi ng ext er nal Na' ( r epl aci ng wi t h chol i ne' ) ; t he i nser t

i l l ust r at es t ypi cal f er t i l i zat i on pot ent i al s i n nor mal and r educed Na' seawat er s. The aver age ampl i t ude of

t he f er t i l i zat i on pot ent i al dur i ng t he f i r st mi n af t er i nsemi nat i on wi t h a concent r at ed sper msuspensi on ( l :

3, 000 di l ut i on) ( upper l i ne of t he absci ssa) was cal cul at ed as descr i bed i n Mat er i al s and Met hods . The

val ues shown ar e t he aver ages ( ±SD) of t hese cal cul at ed val ues f r omn eggs ; t hi s n i s t he f i r st number i n

par ent heses besi de each poi nt i n t he gr aph . On t he l ower l i ne of t he absci ssa ar e i ndi cat ed t he cor r espondi ng

ext er nal Na' concent r at i ons . The aver age number of sper mpenet r at i ng per egg i n t hese Na' concent r at i ons

was det er mi ned by i nsemi nat i ng a 1 : 100 egg suspensi on i n a gi ven Na' concent r at i on wi t h a concent r at ed

( 1 : 2, 400 di l ut i on) sper msuspensi on . 1 mi n l at er , sper mwer e i nact i vat ed wi t h hi gh K' - SW, t hen eggs wer e

f i xed and scor ed f or sper m penet r at i on ( see Mat er i al s and Met hods) . The val ues shown ar e aver ages

( ±SD) of t he aver age number of sper m per egg f r om n exper i ment s ; t hi s n i s t he second number i n

par ent heses besi de each poi nt i n t he gr aph .

cussi on) t hat t he pol ysper my bl ock at pH 8 i s not

absol ut e : upon r ei nsemi nat i on, some eggs wi l l ad-

mi t mor e sper m. Second, subt r act i ng t he number

of sper m penet r at i ons r esul t i ng f r om r ei nsemi na-

t i on at pH 8 f r om t he number at pH 7 ( " pH 7- pH

8" i n Tabl e 111) shows t hat eggs at pH 7 devel op

a t r ansi ent pol ysper my bl ock dur i ng t he f i r st 6 mi n

af t er i nsemi nat i on . However , by 10 mi n, t hei r

suscept i bi l i t y t o pol ysper my has i ncr eased, i ndi -

cat i ng f ai l ur e t o devel op t he per manent pol y-

sper my bl ock .

At pH 7, f ew addi t i onal sper m ent er upon r ei n-

semi nat i on at 10 mi n, pr obabl y because under

t hese condi t i ons r ei nsemi nat i on el i ci t s a second

100

1- 7 90
N

+l 80

70
' - - t . . . ,

( 919)

60
E

50
a
N

40
6

30

v 20

10
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TABLE I I

Ef f ect of I on Subst i t ut i on on Pol ysper my'

' Eggs ( 1 : 100 di l ut i on) wer e exposed t o sper m ( 1 : 2, 500

di l ut i on of " dr y" sper mi n 1/ 10 Na' ; 1 : 500 i n t he ot her

sol ut i ons) unt i l f i xat i on at 30 mi n .

$ Pr ei ncubat ed 5 mi n or l ess bef or e sper m addi t i on .

§ Pr ei ncubat ed 60 mi n bef or e sper m addi t i on .

11 number of exper i ment s .

f er t i l i zat i on pot ent i al ( Fi g. 6a) whi ch agai n est ab-

l i shes a t r ansi ent pol ysper my bl ock.

Dur i ng t he exper i ment shown i n Fi g. 6 a, sea-

wat er was const ant l y per f used t hr ough t he r ecor d-

i ng chamber t o wash away excess sper m; an ear l i er

exper i ment had shown t hat , wi t hout t he per f usi on,

a .

b 40

0

o T-

0 50 120

	

360

	

490

	

- 0 2 4 6 8 10 12 14 16

mM No'

	

t i me of t r ansf er ( mi n . )

FI GURE 4

	

( a) The ef f ect of var i ous Na' subst i t ut es on suscept i bi l i t y t o pol ysper my . chol i ne' , Tr i s' ,

( Tr i s [ hydr oxymet hyl ] ami nomet hane) , TEA' ( t et r aet hyl ammoni um) , Mg" , and Li ' wer e used as par t i al

r epl acement s f or Na' i n seawat er . 490 mMNa' poi nt s ar e cont r ol s i n ar t i f i ci al seawat er wi t h no Na'

subst i t ut ed . Osmol ar i t y of Tr i s' - subst i t ut ed seawat er was adj ust ed t o t hat of nor mal seawat er by addi t i onal

Tr i s' . I n a cont r ol exper i ment , ext r a Ca" was added t o compensat e f or r educed Ca" act i vi t y i n seawat er

cont ai ni ng l ar ge amount s of Tr i s' ( 35) ; pol ysper my suscept i bi l i t y was t he same i n Tr i s' - SW whet her or

not ext r a Ca` was pr esent . Eggs wer e di l ut ed 1 : 100 and sper m 1 : 20, 000 i n al l exper i ment s except f or t he

one wi t h Mg" - SW( 120 mMNa' , 300 mMMg" ) and i t s cont r ol ; si nce sper mcl umped and di d not bi nd

as wel l t o eggs i n hi gh Mg" - SW, we i ncr eased t he sper m concent r at i on ( 1 : 500 di l ut i on) . Fi l l ed symbol s

= egg bat ch 1 ; open symbol s = egg bat ch 2 . ( b) Test f or r ever si bi l i t y of t he pol ysper my bl ock by t r ansf er

t o 120 mMNa' at var i ous i nt er val s af t er i nsemi nat i on i n nor mal ( 490 mM) Na' . Eggs wer e i nsemi nat ed

( 1 : 20, 000 sper mdi l ut i on) , t hen t r ansf er r ed af t er 1, 5, 10, or 15 mi n t o 120 mMNa' seawat er ( t r i angl es) or

nor mal seawat er ( ci r cl es) and i mmedi at el y r ei nsemi nat ed ( 1 : 2, 500 sper m di l ut i on) . Two exper i ment s

shown . Four ot her exper i ment s gave si mi l ar r esul t s .

109 10mi n

FI GURE 5 Fer t i l i zat i on pot ent i al s i n nor mal seawat er
( a) , 1 mMCa" ( b) , and nor mal seawat er pl us 0 . 1 mM
D600 ( c) . Ar r ows mar k t he t i me of sper m addi t i on. On
t he l ef t i s a copy of t he or i gi nal char t r ecor di ng showi ng

appr oxi mat el y t he f i r st mi nut e af t er i nsemi nat i on. On
t he r i ght i s a r epl ot of dat a on a cont r act ed t i me scal e .
Recor di ngs i n ( a) wer e f r om t wo di f f er ent eggs ; t he
r ecor di ng i n c was made at pH 7 .

t he pot ent i al st ayed posi t i ve f or over 20 mi n and

was i nt er r upt ed by a ser i es of st ep vol t age r i ses,

suggest i ve of a ser i es of over l appi ng f er t i l i zat i on

pot ent i al s . Even wi t h per f usi on, t he dur at i on of
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Sol ut i on r i l l

Avg. No .

Sper m per

Egg ± S. D.

Cont r ol ( nor -

mal sea wat er )

Avg. No .

Sper m per

Egg ± S. D.

1/ 10 Na ( 50 mM) 9 72 ± 28 2 . 0 ±0. 5 1

1/ 10 cat ( 1 MM) 4 5. 2±1 . 6 2. 2±0 . 5

1/ 10 Ca§ 3 17±6 2. 5±0 . 3

1/ 10 Mg ( 6mM) 3 0. 9±0. 3 2. 8±0 . 6 c .

1/ 10K( 1mM) 4 1 . 3±0. 3 2 . 6±1 . 0

1/ 7Cl ( 84mM) 3 3. 3±0. 1 2. 7±0 . 7 1

a bat ch I

* chol i ne

40 * Tr i s

CM * Tr i s + Co+'
t o bat ch 2

30
o TEA

E

as
0

0 chol i ne

~- 20 ° M9
0

o Li
0

10



b .

U
e'

1 100 mv

10 mi n

FI GURE 6 Fer t i l i zat i on pot ent i al s at pH 7, and r ei n-

semi nat i on at pH 7 and 8 . ( a) An egg per f used wi t h pH

7 seawat er was i nsemi nat ed t hr ee t i mes, at T = 0, 24 and

44 mi n ( ar r ows mar ked " s" ) , and r esponded each t i me

wi t h a f er t i l i zat i on pot ent i al . The egg ( whi ch had not

act i vat ed) was t hen per f used wi t h pH 8 seawat er ( begi n-

ni ng at ar r ow mar ked " 8" ) and r ei nsemi nat ed t wi ce

mor e . A f er t i l i zat i on pot ent i al was el i ci t ed by t he f i r st ,

but not t he second, i nsemi nat i on . The seawat er was

agai n changed t o pH 7, and t he egg ( now act i vat ed) was

r ei nsemi nat ed a si xt h t i me : no f er t i l i zat i on pot ent i al

occur r ed . ( b) El ect r i cal r esponse t o r ei nsemi nat i on at pH

8 of an egg ( not t he one i n a) t hat had been f er t i l i zed 15

mi n ear l i er at pH 8 .

TABLE I I I

Avg. No. of Sper m per Egg whi ch Penet r at ed dur i ng

a 1 mi n " Pul se" Rei nsemi nat i on at pH 7 or 8

Eggs wer e i nsemi nat ed at T = O( 1 : 15, 000 sper m di l u-

t i on) ; t hen r ei nsemi nat ed ( 1 : 500 sper mdi l ut i on) dur i ng

1- mi n pul ses ( see Mat er i al s and Met hods) t er mi nat i ng at

t he t i mes shown . The number of sper ment er i ng dur i ng

t he pul se was cal cul at ed by subt r act i ng t he aver age

number of sper m i n si ngl y i nsemi nat ed eggs f r om t he

aver age number i n doubl y i nsemi nat ed eggs .

f er t i l i zat i on pot ent i al s at pH 7 ( 14 ± 2 mi n, n = 4)

i s l onger t han at pH8 ( 9 ± 1 mi n, n = 10 ; r ef er ence

21) ; t hi s may be expl ai ned by mul t i pl e sper m

penet r at i ons i f al l ext r a sper m wer e not washed

away bef or e t he end of t he t r ansi ent pol ysper my

bl ock .
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Al t hough r ei nsemi nat i on of unact i vat ed eggs at

pH 7 causes r epeat ed f er t i l i zat i on pot ent i al s, r ei n-

semi nat i on of act i vat ed eggs at ei t her pH 7 or 8

pr oduces a ser i es of smal l - ampl i t ude ( 25 mVmax-

i mum) , shor t - dur at i on ( 1- 5 s) r esponses ( Fi g. 6) .

These r esponses ar e not caused si mpl y by mechan-

i cal j i ggl i ng of eggs by swi mmi ng sper m, si nce

addi t i on of a ver y concent r at ed suspensi on of sea

ur chi n sper m t o an act i vat ed Ur echi s egg ( at pH

8) caused onl y t wo smal l depol ar i zat i ons dur i ng 5

mi n, whi l e a compar abl e i nsemi nat i on wi t h Ur e-

chi s sper m caused 90 r esponses i n 5 mi n . Thus,

act i vat ed eggs l ose t he abi l i t y t o pr oduce a f er t i l i -

zat i on pot ent i al i n r esponse t o sper m, despi t e t he

f act t hat sper mar e cl ose enough t o t he egg pl asma

membr ane t o el i ci t a shor t el ect r i cal r esponse .

El ect r on mi cr oscopy has shown t hat acr osomal

t ubul es of super numer ar y sper mappr oach wi t hi n

100 A of t he egg pl asma membr ane, but f usi on

was never obser ved ( 40) .

Evi dence f or an El ect r i cal , Rat her t han

Chemi cal , Mechani smf or t he Pol ysper my

Bl ock

The above r esul t s i ndi cat e t hat t he ear l y pol y-

sper my bl ock i n Ur echi s eggs i s medi at ed by t he

f er t i l i zat i on pot ent i al ; t he mor e posi t i ve t he am-

pl i t ude of t he f er t i l i zat i on pot ent i al , t he gr eat er i s

t he pr ot ect i on agai nst pol ysper my . An obvi ous

quest i on i s whet her t he posi t i ve membr ane pot en-

t i al per se pr event s sper m penet r at i on, as some

consequence of a change i n el ect r i c f i el d acr oss t he

membr ane, or whet her sper m penet r at i on i s i n-

hi bi t ed due t o chemi cal ef f ect s of t r ansl ocat ed

i ons . Ther ef or e, we det er mi ned t he ef f ect i veness

of t he pol ysper my bl ock whi l e var yi ng membr ane

pot ent i al and i on f l uxes i ndependent l y . Dur i ng

t he f er t i l i zat i on pot ent i al , t her e ar e maj or changes

i n t he f l uxes of Na' , Ca" , and H+ ( 21, 23, 39) ,

but not K+ and Cl
- . a

H+ ef f l ux has no r ol e i n

est abl i shi ng t he ear l y pol ysper my bl ock si nce at

pH 7 t hi s bl ock devel ops ( Tabl e 111) , but H+ ef f l ux

i s r educed t o <5%of t hat i n pH 8 seawat er ( r ef -

er ence 37, f oot not e 2) . Thus, we consi der ed onl y

Na' and Ca" . The exper i ment s descr i bed bel ow

pr ovi de evi dence f avor i ng an el ect r i cal mecha-

ni sm: t he pol ysper my bl ock devel ops when t he

membr ane pot ent i al goes posi t i ve, even t hough

Na' or Ca" i nf l ux i s smal l ; and t he pol ysper my

bl ock f ai l s t o devel op when t he membr ane pot en-

z Aut hor s' unpubl i shed r esul t s .

Ti me ( mi n) at end of 1- mi n

pul se r ei nsemi nat i on

1 . 5 6 . 5 11 . 5

Exp . 1 pH 7 0 . 06 0 . 23 1 . 66

pH 8 0 . 06 0 . 24 0 . 58

pH 7- pH 8 0 - 0 . 01 1 . 08

Exp . 2 pH 7 0 . 43 0 . 83 1 . 73

pH 8 0 . 15 0 . 48 0 . 10

pH 7- pH 8 0 . 27 0 . 35 1 . 63



t i al r emai ns negat i ve despi t e l ar ge i nf l uxes of Ca"

and Na' .

To det er mi ne whet her a near l y nor mal f er t i l i -

zat i on pot ent i al i s suf f i ci ent t o pr ot ect eggs agai nst

pol ysper my when Ca" upt ake i s smal l , we r e-

duced t he Ca" upt ake by i nsemi nat i ng eggs i n 1

mMCa" , or i n nor mal seawat er i n t he pr esence

of t he dr ug D- 600. Sever al ot her met hods f or

r educi ng Ca" upt ake wer e unsat i sf act or y because

ei t her Ca" i nf l ux was not i nhi bi t ed ver y much

( Mn" ) or t her e wer e adver se ef f ect s on eggs or

sper m ( Co" , La" ' , Ca" - f r ee seawat er ) .

Fi g . 7 a shows t hat Ca" i nf l ux dur i ng t he f i r st

mi nut e af t er i nsemi nat i on i n 1 mMCa" i s onl y

28%of t hat i n 10 mMCa" . However , t he f er t i l i -

zat i on pot ent i al i s near l y nor mal i n 1 mMCa"

( r ef er ence 21, and see r esul t s above) , and t he

pol ysper my bl ock at 1 mi n af t er i nsemi nat i on i s

onl y sl i ght l y weakened ( eggs t est ed by r ei nsemi -

nat i on admi t t ed a si gni f i cant number [ 3] of addi -

t i onal sper mi n onl y one of t hr ee bat ches t est ed) .

D- 600 bl ocks Ca" upt ake i nt o mammal i an car -

di ac and smoot h muscl e ( 26 ; ot her r ef er ences i n

27) and i nhi bi t s t he Ca" act i on pot ent i al of st ar -

f i sh eggs ( 48) , but can al so af f ect movement s of

ot her i ons ( e. g. , 27 and r ef er ences t her ei n) . Fi g. 7 b

shows t hat Ca" i nf l ux dur i ng t he f i r st mi nut e

af t er i nsemi nat i on i n t he pr esence of 0. 1 mMD-

600 i s r educed t o onl y 10%of cont r ol val ues . The

ef f ect s of D- 600 on el ect r i cal pr oper t i es of Ur echi s

eggs ar e si mi l ar t o t hose of r educed ext er nal Ca'

4
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( Fi g . 5) . The dr ug el i mi nat ed t he Ca++ act i on

pot ent i al ( i n t hr ee of t hr ee unf er t i l i zed eggs t est ed)

and i ncr eased t he t i me f or t he f er t i l i zat i on pot en-

t i al t o r each maxi mum ampl i t ude, f r om 1 s ( r ef -

er ence 21) t o 15 and 60 s ( i n t wo eggs t est ed) .

However , t he aver age ampl i t udes dur i ng t he f i r st

mi nut e af t er i nsemi nat i on wer e +38 and +40 mV,

compar abl e t o t hat ( +36 mV) i n cont r ol s . Li ke 1

mMCa ++, D- 600 onl y sl i ght l y weakens t he pol y-

sper my bl ock . Eggs i n 0. 1 mMD- 600 i nsemi nat ed

wi t h a 1- mi n pul se of sper m ( 1 : 500) admi t t ed an

aver age of 3 . 9 ± 1 . 3 sper m per egg compar ed t o

1 . 8 ± 0. 4 sper m per egg i n cont r ol s ( t wo exps . ) .

Ther ef or e, Ca' i nf l ux can be subst ant i al l y r e-

duced under condi t i ons i n whi ch t he f er t i l i zat i on

pot ent i al i s near l y nor mal , and t he pol ysper my

bl ock i s onl y sl i ght l y weakened .

A si mi l ar concl usi on can be dr awn wi t h r espect

t o Na' i nf l ux . Fi g. 2 and Tabl e 11 show t hat

posi t i ve pot ent i al , pr oduced by appl i cat i on of out -

war d cur r ent , i s suf f i ci ent t o i nhi bi t sper m ent r y .

Si nce t he cur r ent pul se causes no conduct ance

i ncr ease compar abl e t o t hat occur r i ng dur i ng t he

f er t i l i zat i on pot ent i al , we i nf er t hat t her e i s no

compar abl e Na' i nf l ux . Thi s ar gues t hat Na' i n-

f l ux i s not necessar y t o est abl i sh t he pol ysper my

bl ock .

Resul t s of r eci pr ocal exper i ment s, i . e . , keepi ng

t he membr ane pot ent i al negat i ve whi l e per mi t t i ng

l ar ge i nf l uxes of Na' and Ca" , al so suggest t hat

t he membr ane pot ent i al , r at her t han speci f i c i on

b

24

a . 20

" - ' . 12
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45Ca*
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1 mMCa' ( a) or 0. 1 mMD600 ( b) . 15Ca" ( f i nalFI GURE 7

	

Upt ake of Ca" i n seawat er cont ai ni ng

concent r at i on 4 I t Ci / ml ) was added t o eggs ( 1 : 50) i n t he t est sol ut i on or i n nor mal seawat er f or cont r ol s .
5 mi n l at er , an al i quot was r emoved f or r adi oact i vi t y det er mi nat i on and sper m ( 1 : 10, 000 di l ut i on i n a; 1 :

5, 000 i n b) wer e added i mmedi at el y t her eaf t er t o t he r est of t he eggs ( except f or unf er t i l i zed sampl es) .

Addi t i onal al i quot s wer e r emoved at t he t i mes i ndi cat ed and pr ocessed as descr i bed i n Mat er i al s and
Met hods. Poi nt s i n ( a) ar e aver ages of t wo exper i ment s ( ±SD) ; br acket s ar e omi t t ed wher e SD <_ di amet er
of t he poi nt . F, f er t i l i zed ; U, unf er t i l i zed; 10, nor mal seawat er ; 1, 1 mMCa" seawat er .
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i nf l uxes, pr ot ect s t he egg agai nst pol ysper my . The

desi gn of t hese exper i ment s t akes advant age of our

f i ndi ng ( r ef er ence 21 ; Fi g. 8, and see I nt r oduct i on)

t hat eggs i nsemi nat ed i n 50 or 120 mMNa' t ake

up Na' and Ca" i n pr opor t i on t o t he number of

sper m whi ch ent er t hem, but because of t he l ow

ext er nal Na' t he f er t i l i zat i on pot ent i al ampl i t ude

i s r educed . Thus, we " i nj ect ed" var yi ng amount s

of Na' and Ca" by var yi ng sper mconcent r at i on

and t hen det er mi ned whet her t he eggs est abl i shed

a pol ysper my bl ock. Fi g . 8 compar es suscept i bi l i t y

t o pol ysper my i n 120 mM Na' seawat er , wi t h

Ca" and Na' i nf l uxes dur i ng t he f i r st 5 mi n af t er

i nsemi nat i on . Eggs i n 120 mMNa' wer e hi ghl y

suscept i bl e t o pol ysper my despi t e Ca" i nf l uxes of

up t o 70% of cont r ol val ues i n nor mal seawat er

( Fi g . 8 a) and despi t e Na' i nf l uxes even gr eat er

t han i n nor mal seawat er ( Fi g . 8b) . Rei nsemi nat i on

of t hese eggs at 5 mi n i ndi cat ed t hat t hey r emai ned

hi ghl y suscept i bl e t o pol ysper my and t hat t her e

was no cor r el at i on bet ween t he number of sper m

ent er i ng upon r ei nsemi nat i on and t he amount of

Ca" or Na' upt ake t hat had occur r ed bef or e t hat
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DI SCUSSI ON
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avg . n o . sper m/ egg
FI GURE 8

	

( a) Ca" upt ake and pol ysper my suscept i bi l i t y i n 120 mMNa' . Eggs ( 1 : 50) wer e added t o
4eCa" ( f i nal concent r at i on 2 , ACi / ml ) pl us var yi ng amount s of sper m ( di l ut ed 1 : 100, 000 t o 1 : 2, 500) i n 490

or 120 mMNa' - SW. At 5 mi n af t er i nsemi nat i on, one al i quot was r emoved f or measur i ng t r acer upt ake,
a second al i quot was r emoved t o scor e f or number s of sper m penet r at i ng dur i ng t he f i r st 5 mi n ( sper m
i nact i vat ed wi t h K' - SW; see Mat er i al s and Met hods) , and a t hi r d al i quot was r ei nsemi nat ed ( 5- mi n pul se
of sper m at 1 : 2, 500 di l ut i on) t o t est f or a pol ysper my bl ock . Ci r cl es denot e t he aver age number of sper m
penet r at i ng per egg dur i ng t he i ni t i al 5- mi n i nsemi nat i on ; X' s denot e t he aver age number of sper m
penet r at i ng per egg af t er i nsemi nat i on pl us r ei nsemi nat i on . ( b) Na' upt ake and pol ysper my suscept i bi l i t y
i n 120 mMNa' . At T = 0, eggs ( 1 : 50) wer e added t o " Na' ( f i nal concent r at i on 7 . 5 pCi / ml ) pl us var yi ng
amount s of sper m ( di l ut i on 1 : 100, 000 t o 1 : 2, 500) i n 490 or 120 mMNa' - SW. At 5 mi n af t er i nsemi nat i on,
one al i quot was r emoved t o measur e t r acer upt ake, and a second al i quot was r emoved t o scor e f or sper m
penet r at i on . The Na' i nf l ux dat a ( ci r cl es) wer e obt ai ned f r om t wo egg bat ches and ar e r epl ot t ed f r om
r ef er ence 21 . The r ei nsemi nat i on dat a ( X' s) wer e obt ai ned f r om t he exper i ment i n a .

80

t i me . A second exper i ment ( not shown) gave es-

sent i al l y t he same r esul t s as t hose shown i n Fi g .

8 a and b .

I n summar y, under exper i ment al condi t i ons of

al most nor mal Ca" i nf l ux and even gr eat er t han

nor mal Na' i nf l ux, Ur echi s eggs r emai n hi ghl y

suscept i bl e t o pol ysper my i f t he ampl i t ude of t he

f er t i l i zat i on pot ent i al i s r educed . Conver sel y, un-

der condi t i ons i n whi ch t her e i s l i t t l e Na' or Ca"

i nf l ux, sper m ent r y i s i nhi bi t ed i f t he pot ent i al i s

suf f i ci ent l y posi t i ve .

The f er t i l i zat i on pot ent i al i n Ur echi s eggs i s a

posi t i ve shi f t i n membr ane pot ent i al accompani ed

by an i nf l ux of Na' and Ca" , whi ch i s el i ci t ed by

f er t i l i zat i on and l ast s 5- 10 mi n t her eaf t er ( 21) . The

r esul t s show t hat t he f er t i l i zat i on pot ent i al i n Ur e-

chi s f unct i ons as a bl ock t o pol ysper my, pr event i ng

super numer ar y sper m f r om ent er i ng t he egg . I n

addi t i on, our r esul t s i ndi cat e t hat t he bl ock i s a

di r ect r esul t of t he posi t i ve membr ane pot ent i al

r at her t han a secondar y ef f ect of t he t r ansl ocat ed



i ons . These f i ndi ngs r ai se sever al i ssues whi ch we

wi l l di scuss bel ow: t he nat ur e of t he r el at i onshi p

bet ween membr ane pot ent i al and suscept i bi l i t y t o

pol ysper my, t he gener al i t y of t hi s st r at egy f or pol y-

sper my pr event i on, and, f i nal l y, i t s mol ecul ar

mechani sm.

Pot ent i al Dependence of t he Pr obabi l i t y of

Fer t i l i zat i on

Dur i ng t he ear l y, el ect r i cal l y- medi at ed phase of

t he pol ysper my bl ock i n bot h Ur echi s and sea

ur chi n eggs, t he pr obabi l i t y of a second sper m

ent r y i s gr eat l y r educed but i s not zer o. I n heavi l y

i nsemi nat ed eggs of bot h ani mal s, a second sper m

can ent er dur i ng ei t her t he r i se phase of t he f er t i -

l i zat i on pot ent i al or t he posi t i ve pl at eau ( 38, 20,

46, and our r esul t s) . Fur t her mor e, when t he pot en-

t i al of unf er t i l i zed Ur echi s eggs i s hel d at a l evel

compar abl e t o t hat dur i ng t he f er t i l i zat i on pot en-

t i al , sper m penet r at i on somet i mes occur s ( Tabl e

I ) . I n si mi l ar exper i ment s wi t h sea ur chi n eggs

( 20) , sper m penet r at i on never occur r ed ; however ,

i n t hese exper i ment s ( 20) t he eggs wer e not chal -

l enged wi t h hi gher sper m concent r at i ons, and t he

dat a of Rot hschi l d and Swann ( 46) show t hat t he

bl ock can f ai l dur i ng t he per i od cor r espondi ng t o

t he f er t i l i zat i on pot ent i al pl at eau, i f sper m- egg

r at i os ar e hi gh enough . Thus, we concl ude t hat i n

bot h Ur echi s and t he sea ur chi n t he posi t i ve po-

t ent i al does not absol ut el y excl ude sper m. A l ag i n

pr opagat i on of t he pot ent i al change ar ound t he

egg sur f ace cannot expl ai n t he " l eaki ness" of t he

el ect r i cal pol ysper my bl ock : because t he r esi st ance

t hr ough t he egg i nt er i or i s so smal l r el at i ve t o t hat

acr oss t he membr ane, eggs ar e i sopot ent i al sys-

t ems, unl i ke ner ve and muscl e . Al t hough t he pol y-

sper my bl ock i s not absol ut e, i t wi l l be ef f ect i ve i f

t he pr obabi l i t y of sper m ent r y i s suf f i ci ent l y r e-

duced .

Gener al i t y

I n sea ur chi ns, t he f er t i l i zat i on pot ent i al pr o-

vi des an el ect r i cal pol ysper my bl ock t hat pr ot ect s

t he eggs dur i ng appr oxi mat el y t he f i r st mi nut e

af t er i nsemi nat i on, bef or e t he per manent cor t i cal

vesi cl e- medi at ed bl ock i s est abl i shed ( 20) . I n con-

t r ast , t he el ect r i cal bl ock i n Ur echi s pr ot ect s t he

egg f or 5- 10 mi n ( above r esul t s) and i s not

super seded by a cor t i cal vesi cl e medi at ed bl ock

but by a pl asma membr ane bl ock of unknown

mechani sm( 40) .

The eggs of anur an amphi bi ans al so pr oduce a

posi t i ve- goi ng f er t i l i zat i on pot ent i al ( 7, 19, 31) ,

and r ecent el ect r ophysi ol ogi cal exper i ment s i ndi -

cat e t hat t hi s r esponse pr ovi des an el ect r i cal pol y-

sper my bl ock ( 7) . Passi ng cur r ent t o hol d t he

membr ane pot ent i al of t he unf er t i l i zed egg posi -

t i ve dur i ng i nsemi nat i on del ays f er t i l i zat i on unt i l

t he cur r ent i s t ur ned of f , whi l e usi ng i on- subst i -

t ut ed medi a t o r educe t he ampl i t ude of t he f er t i -

l i zat i on pot ent i al t o mor e negat i ve val ues pr o-

mot es pol ysper my . Pol ysper my can al so be i n-

duced by f er t i l i zi ng i n a sol ut i on wi t h a hi gh

concent r at i on of Cl - i ons ( 2, 15) , whi ch pr obabl y

r educes t he ampl i t ude of t he f er t i l i zat i on pot ent i al

( 19, 31) . Thus, i t can be concl uded t hat t he anur an

amphi bi an egg has an el ect r i cal pol ysper my bl ock ;

t hi s may expl ai n t he obser vat i on t hat a pol ysper my

bl ock i s obser ved even af t er r emoval of t he vi t el -

l i ne envel ope ( 24) .

I n t he f i sh Or yzi as, t he most posi t i ve l evel

r eached dur i ng t he f er t i l i zat i on pot ent i al i s onl y

about - 20 mV ( 34) . Vol t age cl amp exper i ment s

showt hat sper m ent r y was not i nhi bi t ed by mem-

br ane pot ent i al s bet ween - 80 and +50 mVdur i ng

i nsemi nat i on, ' and hence i t was concl uded t hat

t hese eggs l ack an el ect r i cal pol ysper my bl ock .

Unl i ke t hat i n t he t hr ee gr oups of ani mal s di s-

cussed above, sper m access t o t he Or yzi as egg i s

l i mi t ed t o a channel , t he mi cr opyl e, whi ch i s so

nar r ow near t he egg sur f ace t hat sper m ar e i n

si ngl e f i l e . Wi t hi n 5- 12 s af t er t he sper ment er s t he

egg, t he mi cr opyl e i s pl ugged by l ocal vesi cl e

secr et i on ( 11, 47) .

I n summar y, an el ect r i cal pol ysper my bl ock

occur s i n t hr ee of f our gr oups of ani mal s i nvest i -

gat ed . Thi s st r at egy f or pol ysper my pr event i on

may be r at her common, si nce f er t i l i zat i on pot en-

t i al s have been obser ved i n eggs of mol l uscs ( 10) ,

t uni cat es ( 8) , annel i ds, ' and hemi chor dat es' ( f or a

r evi ew, see r ef er ence 16) . Al so, t her e i s evi dence

f or a pol ysper my bl ock at t he l evel of t he egg

pl asma membr ane i n a var i et y of or gani sms . For

exampl e, t uni cat e eggs l ack cor t i cal vesi cl es ( 45) ,

and i n t he mol l uscs Spi sul a ( 44) and Myt i l us ( 18)

t he cor t i cal vesi cl es do not under go exocyt osi s i n

r esponse t o i nsemi nat i on . I n Spi sul a ( 53) and

mouse ( 52) eggs, a pol ysper my bl ock has been

demonst r at ed af t er r emoval of t he ext r acel l ul ar

coat s, whi l e i n eggs of cr i noi ds ( 17) , r abbi t s, mi ce,

and r at s ( 3) super numer ar y sper m ar e obser ved t o

' ' Nucci t el l i , R. , Uni ver si t y of Cal i f or ni a, Davi s . Per sonal

communi cat i on .

Jaf f e, L . A. Unpubl i shed r esul t s .
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have penet r at ed t he sur f ace coat s but not t he egg.

I t wi l l be i nt er est i ng t o l ear n whet her t hese ani mal s

empl oy an el ect r i cal pol ysper my bl ock .

Mechani sm

Exper i ment s descr i bed above show t hat t he sus-

cept i bi l i t y of Ur echi s eggs t o pol ysper my dur i ng

t he f i r st 5 mi n af t er i nsemi nat i on i s cor r el at ed wi t h

t he ampl i t ude of t he f er t i l i zat i on pot ent i al but not

wi t h t he magni t udes of Na' and Ca" i nf l ux or

H+ ef f l ux . Assumi ng t hat changes i n t he magni -

t udes of t hese f l uxes woul d pr oduce cor r espondi ng

changes i n cyt opl asmi c i on act i vi t i es, our r esul t s

i ndi cat e t hat changes i n t he i nt r acel l ul ar act i vi t i es

of t hese i ons ar e not r esponsi bl e f or t he pol y-

sper my bl ock. Li kewi se, si nce f er t i l i zat i on wi l l oc-

cur at pH 7 and i n l ow Na' and Ca" sol ut i ons, a

possi bl e i ncr ease i n H+ or decr ease i n Na' or Ca"

near t he ext er nal sur f ace of t he pl asma membr ane

dur i ng t he f er t i l i zat i on pot ent i al cannot be r espon-

si bl e ei t her .

I n summar y, our r esul t s i ndi cat e t hat t he change

i n el ect r i c f i el d acr oss t he membr ane, r at her t han

changes i n i nt er nal or ext er nal i on act i vi t i es, causes

t he el ect r i cal pol ysper my bl ock . Thi s bl ock appar -

ent l y act s at t he l evel of sper m- egg membr ane

f usi on ( see I nt r oduct i on and r ef er ence 40) . We

know of no ot her st udi es, besi des t hose demon-

st r at i ng el ect r i cal pol ysper my bl ocks, whi ch dem-

onst r at e t hat membr ane pot ent i al per se can r eg-

ul at e membr ane f usi on .

I t can be ar gued t hat t he pot ent i al - sensi t i ve

el ement r esponsi bl e f or t he el ect r i cal pol ysper my

bl ock shoul d be i n t he pl asma membr ane : si nce

t he el ect r i cal r esi st ance of t he membr ane i s much

hi gher t han t hat of t he sur r oundi ng sal t sol ut i ons,

essent i al l y al l of t he pot ent i al dr op wi l l occur

acr oss t he membr ane . Di r ect ef f ect s of t he f i el d on

cor t i cal st r uct ur al pr ot ei ns such as mi cr of i l ament s

and mi cr ot ubul es ar e t her ef or e unl i kel y . I ndeed,

t he f i ndi ng t hat cyt ochal asi n B i nhi bi t s t he pl asma

membr ane pol ysper my bl ock i n Spi sul a, whi ch

was t he basi s f or suggest i ng t hat t he bl ock was

medi at ed by cor t i cal mi cr of i l ament s ( 53) , has r e-

cent l y been di sput ed ( r ef er ence 30; see al so r ef er -

ences 4, 14) .

We can suggest at l east t hr ee possi bi l i t i es f or t he

mechani smof t he el ect r i cal pol ysper my bl ock . The

el ect r i c f i el d acr oss t he egg pl asma membr ane

coul d r egul at e sper m- egg f usi on by ( a) an ef f ect

on t he f l ui di t y of t he l i pi d bi l ayer , or ( b) an ef f ect

on macr omol ecul es embedded i n t he bi l ayer ( e . g. ,

put at i ve " sper m r ecept or s" ) , or ( c) an el ect r ost at i c
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r epul si on of some char ged el ement i n t he sper m

membr ane whi ch must move wi t hi n t he bi l ayer of

t he egg membr ane t o ef f ect f usi on . Thi s t hi r d

hypot hesi s wi l l not be di scussed f ur t her , si nce we

know t oo l i t t l e about t he pr eci se sequence of mo-

l ecul ar r ear r angement s t hat occur dur i ng mem-

br ane f usi on .

The abi l i t y of l i posomes t o f use cel l s depends

on t he f l ui di t y of t he l i pi ds i n t he l i posome ( 36) ,

and t he obser vat i on of vol t age- dependent phase

separ at i on i n l i pi d bi l ayer s ( 33) suggest s t hat el ec-

t r i cal pot ent i al mi ght al t er membr ane f l ui di t y .

Hence, a decr ease i n membr ane f l ui di t y mi ght

possi bl y account f or t he pot ent i al - dependent bl ock

of sper m egg f usi on. Membr ane f l ui di t y of sea

ur chi n eggs bef or e and af t er f er t i l i zat i on has been

measur ed wi t h a spi n- l abel ed f at t y aci d ( 5) . Fl ui d-

i t y was r epor t ed t o decr ease af t er f er t i l i zat i on, but

t he measur ement s wer e of bul k, r at her t han of

pl asma, membr ane f l ui di t y, and omi t t ed t he f i r st

10 mi n af t er i nsemi nat i on . I n a st udy wi t h mouse

eggs ( 22) , l at er al mobi l i t y of a l i pi d- sol ubl e f l u-

or escent dye and of Fab f r agment s was r epor t ed

t o i ncr ease af t er f er t i l i zat i on, but t he measur e-

ment s wer e made 3 h af t er i nsemi nat i on .

Al t er nat i vel y, a change i n el ect r i c f i el d coul d

pr event f usi on by changi ng t he conf or mat i on, po-

si t i on, or st at e of aggr egat i on of f usi on- associ at ed

pr ot ei ns, gl ycopr ot ei ns, or gl ycol i pi ds i n t he egg

pl asma membr ane, by anal ogy wi t h t he pot ent i al -

dependent pr oper t i es of membr ane macr omol e-

cul es such as some i on channel s ( r evi ewed i n

r ef er ence 9) , l i pi d- sol ubl e dyes and phot osynt het i c

chr omat ophor es ( r evi ewed i n r ef er ence 6) , and

acet yl chol i ne r ecept or s ( 28) . That speci f i c macr o-

mol ecul es i n t he membr ane may be necessar y f or

f usi on i s suppor t ed by f r eeze- f r act ur e vi ews of

i nt r amembr ane par t i cl es near si t es of exocyt osi s i n

var i ous cel l s ( r ef er ences i n 49) , gamet i c f usi on i n

Chyl amydomonas ( 51) , and myobl ast f usi on dur i ng

myogenesi s ( 43) . I t i s not known, however ,

whet her f usi on occur s at t he l ocat i on of t he par t i -

cl es or i n adj acent r egi ons devoi d of par t i cl es ( 49) .

Sever al f r eeze- f r act ur e st udi es of eggs and sper m

dur i ng t he f er t i l i zat i on per i od have been r epor t ed

( 29, 32, 41, 42) , but whet her t he obser ved par t i cl es

ar e i nvol ved i n sper m- egg f usi on i s unknown .

Al t hough t he st udi es ci t ed above do not show

how posi t i ve membr ane pot ent i al i nhi bi t s sper m-

egg f usi on, t hey do suggest t he f easi bi l i t y of a

number of appr oaches t o t hi s quest i on. For ex-

ampl e, i t woul d be i nt er est i ng t o det er mi ne

whet her changes i n membr ane pr oper t i es, such as



f l ui di t y, or t he conf or mat i on and/ or di st r i but i on

of membr ane const i t uent s ar e cor r el at ed wi t h t he

est abl i shment of t he el ect r i cal pol ysper my bl ock.

Ur echi s appear s t o be f avor abl e mat er i al f or pur -

sui ng t he quest i on of mechani smby vi r t ue of t he
l ong dur at i on of t he el ect r i cal bl ock, t he absence

of cor t i cal vesi cl e exocyt osi s, and t he f aci l i t y wi t h

whi ch pot ent i al and i on f l uxes can be var i ed i n-
dependent l y. Fur t her mor e, t he pr obabi l i t y of
sper m- egg f usi on can be cont r ol l ed pr edi ct abl y .

We hope t hat f ur t her st udi es of t he mechani smof

t he el ect r i cal pol ysper my bl ock wi l l not onl y i n-

cr ease our under st andi ng of t he bi ol ogy of f er t i l i -

zat i on but may al so cont r i but e t o an under st and-

i ng of t he necessar y and suf f i ci ent condi t i ons f or

membr ane f usi on i n gener al .

We ar e especi al l y gr at ef ul t o Dr . Dan Li ndsl ey, who
gener ousl y suppor t ed t he i ni t i at i on of t hi s st udy by pr o-
vi di ng l abor at or y space among hi s f r ui t f l i es, and t o Dr .
Susumu Hagi war a, who gener ousl y cont r i but ed advi ce,
ent husi asm, and f aci l i t i es dur i ng i t s cont i nuat i on . We
al so t hank Dr . Her ber t St er n and t he r evi ewer s of our
manuscr i pt f or t hei r ver y hel pf ul cr i t i ci sms ; John Al l en
and Amy Br eyer f or car ef ul col l ect i ng of ani mal s, and
Mi chel e Pl ut a f or pr epar i ng i l l ust r at i ons .

Thi s wor k was suppor t ed by t he f ol l owi ng gr ant s :
Nat i onal Sci ence Foundat i on ( PCM76- 84552) , and Pop-
ul at i on Counci l ( M 75 . 41) t o M. Coul d- Somer o; Na-
t i onal I nst i t ut es of Heal t h ( USPHS NS09012) t o S.
Hagi war a ; Nat i onal I nst i t ut es of Heal t h Tr ai ni ng Gr ant
( NS05670) t o A. Gr i nnel l ; Nat i onal Sci ence Foundat i on
gr aduat e Fel l owshi p and a Nat i onal I nst i t ut es of Heal t h
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