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I V1ab to tlwnk ~. Arthur H. 1.ih1\e1cy tor hU IMbke aDd

suSAN ..,_ 4urlJ:lg tile COUI'H or tbh 1nYeat:lgat.1m. Ia edlUtioD ee

ye' tnble cri t ics.- or the :tiDal~, he ""peel tlw pili tUII:Loa.

d 7 i l' II in u.s.. 1It\a41.
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'1'be~ or phoopbiate eat!':' !nto cell" botr. betn t.hr SubJeCt

or 11 etvdSee with J'Ods.c.c~1...~.. durJ.ne; the p6lJt f'U't.eea

JOa... . Th n stu41ee~ \lbeo COfI'd' ed vit..'l . S· uta" u:per.Lwat. n th

."" w'.to QttaM or eh1.c:K-14e~ 14 • It ax. 41t't'1eulty in Snte:rpr8't.at1olll

Il!ae to tile :ra::\ tz.t tbe KJ t fte:Io pew: t of' U. sat!w e] 1 tal. ptaoepbiwte

18 1D tbe f\aa ~ 0IL&e1e u "'C c 11.. T' • c· v.....• on.eo baN a b'H>

MlWiW ,ato vitla '''1*0\ to ~'W. "", . •..·"7 aeu!a 'tbe

nte ~ ~t. ts .rw:r Ll'< • tM P ,.. (Be. 17, 19't8).

ta • ' two h)pott.... taN 't LI sc ¥ 75, .1t.ba- lIipl1dt.1,r

CIr apUc1~. to .-p'atA t.be I • qr at jtIoijJiwte UIto ceu.. Ewltc

Jl6S: II'. trq)1.f....s II- -;tIMe upteIDt c. 'tbI' '1,," or .'wpl. 41t"tb8lcD

(Purcb811tt ..s "'" 1~3 ,.... ~ IWtlt"C , .. P h'.., 1~,

KNcb~ 19'L6). '1'IlSa tJ....) £1.... that tt- 1D1.:t...."111.... 1D:Xp 'fc

JOb»pbIIte be ..1.... ~13' t"t<a exu ;."n'er 1acagaalc "'Atplwt..

Tbo al:t4lJ'M'ti... to t:h1e 18 • :r:p..zce~ alM 1r)' t.be~ or

_ orgr1c~ c· ,..." CD cr 1B \be celt .....:t808, c4 tbe tlwuter

Cit thb cOi7\1II 'OIn' kl CII tbe (,..,U , • i =-. '1'b1e would .... "1.7

1Em)lw eaQM -.cttoa .... 1_17 tb&'t tbe 11rt:twcel 1n1.. WorGFP"Se JOb»pbIIte

'1M lSIrbwd ht& \be 'be pM ViII cit _ cca te s:t~ c' ,on' all DCi't

trw t}., ub'keU1I1ar t.D:::rsau1e~ (Bu t·, ~). 'l"be 1Iit'ter

!l)'pcJtbN1e I . to ba N 'ae 3D~ 1ft .ecwt 1I'tu41ee, par\1eu1.ca"ly

the .. 1:a'rolY1D; cell wapeuloa. t:Dcl ...,td tn tb .. noldS • UOY1d be

U. WCb:t; of It til aDd Sp1eee
'

lj (19'8), JUl lE' s 80Ili MIl! • •11 t M (J.9!;8) ,

_ . ( l951) , and Oolrloy (1952&) .



·,'-

but tha'\ tbe~ or .. "sen'e~ . C ..,.a Q!I the cell

awr.........II. 7 tor 'tbt 1M n;;e 0It 1. · .....ce 1at.o U. c:etJ . p32
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C1bt.1n.e trw 'tho: C&"'lUac CI6C1A: ex...-" rtoA. At .:lOO, 1.'10, C01d t a.:s.r

boars after tJu .1n,,)ec:ti.ca or p32, t.hG' tn't:rac",UulIIr 1Dolr~1c: phoopbato'

h6d e. 1.oWDr .~if'1c: QC't.1v 1t :f Uwoa t1w plMiilf!, ~1c lthoolJ'ha:te .

At tveaty ..rOUl" houra, tlxt spec1t1c hC't;J:v1t.if 'w e h 16heat i n th¢ 1rtUu...

ce 'l,,] .... 1norpn1e ~\OJ. ~ illtS.- and. a&mosinetr!pbo.cphat.e

bad~~1V1t1N at all t' I . U' 41rt'U8:100 '.u. operative,

tJda .....s.nc. ec't1Y1't7 pwltart a"4 'tWC\;(-t'0III" bow:. Wlt!"" requ..1Joe

41f'!'I!t81.. 'IIV"net • """' ftc '!::Nt.1aQ it 11Wlt "'feb. sa ..,11'_17. "'h

• re' et.:lmehlla bu ,. rc.D4 sa 'tM;)4':& 11...... pet' Ate (er:h,

IW'ther .'pu t "toe ( ssc.._, 1951), ....ick tolln l'l! tbI UIIO c:c:JUrWe

or tbe relatlw . pee1t'1A: .ct1Y1\y or llwr loboeJ.beW c< ...,.md., sbc'Jr d ,

tbat laP'" ... c:wca u-1-POJ. M4 bIg tw ,....te. 1Jwa atbI:r

CA. se"a _toe c 4 ....,.,. . h>CQI"" nc to ... cr1urSa of Ul\lw 't,

the I • • "

~. orbS. ,....) " '''IlP'7~ ...., *,Pbate tal Ll 'tM cell na lin or

C' lwcU-l-E'OJ. tca JWt1OO.. " Ie crltar'1a 121''''''~ tbe ai1 cUte

aet.1Yl'tyor tbII Pi l eta I .~ 'be b1 ~ I tt. 7~ or tbt prc.luc"t

"'lIItw. the letter II :bn a d_, ~," so U. apeclN.c

actlT11;y at tbe i¢O"'w:\. act II. de••] '., 1t.~ be equal to tbe

epec:U1e Kt-h 'lt )" or the- iWe<:weor.

Ia · '''lUTf m La -1ac cal Uec ....1· ,Ui .. , J'ardIiipot.t aDd abo..

(191103) 0,,«1,,4.4 that I".SS......Uw l".stete eatere4 _~ 1»7 .,e
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.."btag; tbf 1I1 :loea vlt."l ~...mt4-f'rco ~~0fJ:r"8 601ut1cn at 2'\: .

'ltIieH1'0l"8 41ftc't " 1CJUl"'llW'itS ~ 1ntncellular'~1c pboapI:Iaw

lJ 14 a pase1))1e. 1D DO ccv did the ~11"k act1V1t y cr tJw 1JJtn,­

cell,,)" 1DaISW11c JA:ooeptAte r1ae a.bo".-e tbe ......lNc w:tl rltJ or tbI'

01£ ic~ cc",olDd'. aa vu 'tbt ca•• bI -u. ClCi* 1 'Itoe or

• k . _ Alt ....'I... (J.9/I2) . ID t.hl.rt:f _ " 31.)''1:: ....._ 1r1c

act1Y1t.iN or 1Irt& . e!'ul er 1:Dl:¥i&w' Ie~, c......•..t<ll:- ..~,

tJw:ti ) I.e tha1: 1a. ·'1 I t 1 ita at 2"C, rt • .~••••• o)~ls.a .. tI\ • 1QW'

~. U te. K'tlnt.7 tMD fII1fq Oip" sc 1..•........ c· ; ..mI; . ileA" tbI

total r-.tra'tSm at p32 SDto t2lo ce"· at. n.~ ... ~-10 ~S- ..

l40CG1I atba' tbaa .t""". dU't\Md.a:l .,_ . ] eo .. OjAlSatolall. l't~ 'De

1IIlJte4, bow'., tbat. acceuA'. 'to DartS·ni'. U .....,. tit ~1Ya'\e4 cU.t1"ua1OQ,

• liSP t ,_at.... eoettk1eBt, of tbe w< or 2 <11'. . , 6 II ZIOt

tlel"1 t 1l,y _17~ . c1 tc.l pt'OCe 7P 1e Gpetatlw. It. M7 m '.17

1Q4'eate t:bat. t.t. call. ' ._ • • pa:",e'M't8 • bip }IOtCIt.tal eD8ig

bIIr'rMt, Mel~ t.be ...:S.M. ... 1;0 d:1t'tU1an. U b1&h ( J>epSe1U,

1952).

T· , clcer, Deb' btsw. , -.d I' bler (1,9It4) PM lIUP:PWt to t.bI> 41ft"Ue1oD

tbar7 sa • ..-lea tit ......' 1_\4 vi:til r'8bbi'\ .tria,*, - '&CleM Ra"'o­

8Il:tl.... ;:a:..pbat.e .. J.D.J-cWd 1IItr~' ho'~l¥ ud l~ to 20~ later ODe
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leg vu ;pert\IaJe4 vith 1 to 1.5 l itera or~-!l:.. R1A;ex ' 8

eo'm1oD to Z&..h e tbt extncel1111r .r;b'E;pbat.e. 'a. ot.b8r leg \lM nat

pert\I;aled, eDd, thucf'aN', i t. 8C'ted as a ccat.rol 00 tJ:lie edIlquac;y or the

pa:tua1oD.. 'I'M spec1f'1c activit ies ar t.be pbl'JlIpboeuEtt:lDa and J{l'P wore

alWlQ'8 lou8r thaD that or t.be~1c pboepbIrte. rt Sa ott SDte .at,

bow•• , tJ:Iet tbIII apeeU1.c ~lnty or he" I e h>-~" e1b 1,y

ftriabla. JD ex. tm II bour cpa h it it .. c.'.V Jb17 b 1g1wr tbC

tblI't at tbe 1acat lte $I' .......... 1bruatccc, 'toM aut.hl:Ire do DOt .....' ,....

tbI pc-.a1ltUlt7 1:IIat Sft! 'w ;wut1c:ll or~ Szrto~

~ u • ptVCB11 '0. wb¥ ph~ 1DQ' -rt8r the "31 .

ID PZlela1, -qc&' ta With cell ~1caII ... atwa WOie

cooclue1w 1atca LS.cm ca~ .lab 1ha7 haw t-Ard to auppart

the tlvc. l or c e4i0)EDtSee117 ewtt 1' ''4 t.zWDWpOi" ......,.. Jrarl1

a::a:pa:a' -,til or . hSSI. UIf' • ..",. ' , m4 »tel D (1931) ebc _lJ tba't

sot low to , atm•• GI' sa tJMt II. tIC. Oft bat. tt ... uttJ.e

}JIcQbate \J;I'tab 117) ut. "111 obi "atS 7 aw eoat1i 11 'OJ'

LIPQ. nr e , IW, ur1 'I\Itu. (19U) D! Md
"

M (19'i2). I'UrtMr """-nee

SndtcnlDc that. ph.~ uptal;e b7 )Ilfll't sa c -.:t1w }1i'QCtI., c1c 1117

...od.ted with -"tho" . , Sa cJao1VDd hi:lW the r act. that~ daj/'eDt'1

em the pD: or the I ",n, ! ' l . ' ate CC'I'Se4 out b7 . '., e1te4 1D

110 '''1 ( 19107)• .- that "I'tob _ dng at pII ~ to S aM_.-lfteat.

at pR 1. ",. p1I or the eel ] · __ act eb Sf 4 4ur1De: the coca. or the

• ,,[ t t. It,... cO'''')''·'·«~ • p1t depMl ' ,t , • ts.c.. at the ce11

ewt&ea ... 1apoE lent tor ...~ ctr)" 1ato t.be cell. 'DIe poe.1bl•

.tUN or auch .... t'ace i l:tlca ..~ 10 •••• 1 ita v1th
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1'1barl.t:rv1D(~ GOO 1ob1l;1na, l~}.. tn :J<....'ft ut ll1z"J.n(: t:,;J.ue'JGC

p32 e'ti:c'w tlfJ \lB.Q 1Illl'kDdlY b ::""", ea b)' o&U~ r1O-,)"tla v1n ec t.hu raed1..u&.

r 7 tim, 11'7 71 ",-Ita wlfttt. i nhi b i t the e n hr. tbe..tt*........ta :.11 111 .

_ IF._ "~'.FIC1'."_1OltI ... elM 1 11:beot vttll Co eat~ 41ft'ea i t t:tPo

or ·'pill C··,t ..,. 1:110 ._ wa..... "1'bIJ .-.1tlcatlea 'UIear¥ I'eq\\Srea

tM .. 5 ce ~ • VW ..ijibate ...c~, IIDd tot s.. DOt. l ' 77 mAJe to

....- tIwI't tla,la . ' :epLcr ta Pl"""""r-' c:11I9c'tly ClI' 1od' . actl,y ac _ 111' 31t.

'1'b1a ''''' alJ ",acnea to be the C? I. Af'tor ) d.!-' tw lted 10 •

1 . AD e»ee¥ti.oD ,...al a OCCW" it ~lett<aMV1t.biD the cel ' "'ae
af'tect.1D« dU'tQD1r.I:I. by .snta1rdnS • r..«t f lib3 . 1Dar'g 11' e:~
i&Ji .alert. .



2 'to 3 t
'

.~...c:r th~ U8'W .

If' Oft ostar1fil.~1oo 1 .~t.oo IG bl'l.'olVi!d :L"l lA~~nt<: en~' !nt'.)

~, i t :ie poD8!b1e~~ "".ad he ~;e;nt oc thls eoU.~.

:rt. 1& -ille _ . aatMto1rl .... .bl« (194<') 00"" ee_ ...

JtrPJB8e all t.bt col' l5l.D"fnce of~t.. ADPJ t:r1an -'f'C\.,~-?O4'

ID4 P'Wi'Yl -PO.lt ~ n] so~, tJ $bit euuetRms; t.bQt Be"II'QftIJ.

) • IIlQ' be j4at It.

Del a t rts, CO'''' d»la 'to tho.. -nth ,.at, . te t = 9 carrSa4 cut

vltb w)'tblocyte SMjMw 1me with .mn • "u.. 'ZM t '*at:ure

ewlf1cSGalt for~te ClflW:r 1Dto h I~ 1& one 't.bn

COlIl d ..~1c Of' .. rt m ice] 1M'«.... ( E1 • - . , Ot..~, OII1:th ID1

"tn);l~, ].9140). lbue.Q&, U. N 2 eat"..~~ I. t1 eU1 ( 1952)

DWt be cca.Sd 1 12. At. 1"'t DO }AfIWPba'te ....W I .. 'ObI a ••4 , iIII Ccatill ....

to the 7 *I~ a. ]8Oc. In. "opu I ' WI "''1D'liS to to" ... tbe t.u.

CClU:'M or tM N1atl,. BI«:1f'k ctlT1Uea ott p1 1D::a ...,1c pbI»:a;twte

tDtz 6 .4 11pl

fI tbe 1ata: 4 el l g1

CJ'1.t.eria I'c:r • ptucwaor~"'Ii . VWG Un ll at ZU ifti .wl1:, ED... "

_ I"oh'''' (1943). It __ -' ~ ......... 1>:1

f'Qt tllX1l at laP. "." . ~tioD :recel "1l»4~ coat:ltiat1oG 111

oxper' ow vlth .nabol1c 1nh1bl 'ta:N (Gmr1lJJ', 1952b) . LXtow:et1e.:14

aDd ...., ... nucrS4e "ltL e ,,-Hft 'to Z'9Clre pbc»}1bIte~ to CIle f'1t'th

at tbI U4 ] value. It. VIM , tt Jare, ~1clpiRad that., 1f'~ " . 8

'ria Jm! f'C4"iWU,oa, tho. eg. '... vouJ d 1 Ie...... tht apecU'1c ae'tl V1't,. or KrP.

IoJoacet1e KU 8D4 ea41.. fiuar1Ae 10 eiJZk:;Glik at...... *1cb ' nbfWtecl 8l1.



bIlt a tr&ct.1m (1f t.be W7:"!lUl ?32 !.x:.~*J r.U0C0 ~.ll.r.f!(l b,)" m t.hrI!r i>32

__ 111 t.bo 1Ill>1la plloop:..,te "" i'IJ.'Y .

&uj* • haw 01 no 1M! "'l t'ou:ld. on tho co11 mtIt"t'.ac:e or ~yteG.

CJ.arboa, lllD4 Ma.1z.oU (195,2) rep••1"t. tJ'..., };C."CeGDee of &:1 av'ft'Gl'O on the

ceU lfUI:t... at tn n~. 'PhI(> oqtV.l.&tPLe W i e arrJod. out

nth "she"- 1eo1ate4 n-on beoob'Pstea. otbw ....u ...... (Zud't -.

a.,Ja, 1952) baw. -mWD that an eDZ)W "' .'na 'Ua: I I~ h<a

1t!!P, 'two~. h'<:a ArJP, aDd 'two OI"tbo--sb*.. t t If tI"lA ...b ""0 of

140&. l.e "".o-p1~, 1a I to or 't:be 1oolate4 *, ' .. or

; lS.~ •

.l~ tn- or otU .51 eilz~ .. tim Y1"'t'7 IIIld 1& ODO

_ we ..... 13M "liD ath t ! to Wa vra1r. he.'11 or izrteMt 111 ewata

" ......tate4 with tW't1l1.saU.oD .", ...1.)' Ch a ' aQI IItPgn SA tb n •• fl • •

lftM: *tud:J ~ .-.0- t)- (J9It.3) CD p32 eottl tAto eebS.".. SO. 'S?" ....."U.twt

'Uat Ulil . csa Wi. pat I 'h]. to lb. k . 8UlluCw·t wt.tJ;Shl haw

coat1iiii4 t.h18, .... have 1 11 4 iply ~. f 14 with 41:rtw.~•• 'betu 1

~ urGti tU'ba4 CID4 tw tU1ud. ,'P, ct ' 1117 . M hrt.U1&at.1OD Mill, .. vltb

otbe eel' . ~ t:la.ue, the n ;t r 'n or taesflu 8CNJ. Ute celt. e.....

'rbU 1DtozwaUaa sa . , Sud sa 'f.eb1e 1.

p32 u:ptUD 'by tUI!& tU1aa4 S. 1a De"ItI SClble. An .......... 1a tMw!1t

~ (e , 11 am \Jh1'te , l~, l.9SliJ BI .. . • eIOd et s.... 1954) .

Ltn"ba& (l~, 1950 ) coui4er lld thCL't the IlRII"fW:e or \lDflt:at n , .., eeG8
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'fable 1 (C<m" 1)

_ ..
-r .'na

twtJ,w· c a , S'S COOftUt,. en " iOUI
ut1aD, I' . ... 1n zspec... ( 1?18)
caan..t tl'a't1oa. tift o:t
...._ J..t. U n ... c~

3 cJ ISC.;" ta:1d ud mtot1c:
~ is! c:releo - ---
L ~1Mt P "' : ' . rut:t. aod Cb.~tQ ,
J>1C: t.at.e. efta' tmtert . ... \b1tsl.ey,

twtUl.1seUcI:a .t1vSt)' cl~*mcJ

. 'nly 14 N')o1. S
0014 801\\b1e l)rooi-;z
ha:UOQ m!c(~ )

~ oac la... I"wt. .. '; :Wr..e,
h1blta4 ~~ tffi, 1~1
upteM 10 ) mp... eceecc,

1l1tf'1.le, M4 ~Ji
10...... we )1 line RiC:,,:
1l1_ IA- (l~)
b1Ill~ _r---- - - - - - ---------Ciil;i A~w. ,

_", hw:tiM of (1~~9)

~=~;::;r KrI' tlI>l! Cll"t'" ..

~::~"':.:J1 . ~ ~C:~~~• 1=>1_ 1n :.
t w;uoter , thel",,,e!:~1'1f"(~,
it 18 caDU:leC\ ~•.hnt
t.bctM !ll"C ( ,>:1 t'U!"'l"n.e~
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~1:ed p.l}:r.::.~, ~..1t. t~ t.~ v;...:,: ;n :x.·~I;.:'"!\ti1~ of ?~",~,n.ft,.;

?'>
into tho 1nter1m- of thz· (~~. The I~ ~L~..,;J.l.'lt or 1·'....... :iAG-:t1"p;:¢'"d.t,(oc;l ~~.)

tho l.OU~erti11Zod. ~ 1& rt'Qld.'l.y <:: .::YTre-..'""tod il~J ,:.'(~>'i .. '.'m fX'~)l'"'t 01'

labe11ed~ J'(*hoe Q, '!\Yin ", at t.."'" C!¥l J£ "!fJ~. ID~ QlliI")U;jtt

10: t C4iliii4 e:f'te1" t..'11aI 'tw cmd on eYl;'~ OtJdltJ:r:lua is~ \Ii'ttl.

'tlIo~ 1ft tblJ vgp Cld S11 t.1lG m""',v.. G1.Dr:e tJw 1.bal J ed

lid? h J>Z111 it. ca1y Q rtacticll of tOO /,Tf' Dtorcs ~ tho er.~'2>, it 10

...ll1Dlld thts' on1.:r the _0 tIW W ~_ in~~U1n(~. Con·

aeq~, I .1 nc!bDR Ct'JlV lt""etl t!at too utJf\l: U l1zed C6iS 1a 1I:Ir,cl' l1b'e

to p32, -.ltbcn&t' • i1WSa. aw ra.. ba . $ A f1 p32 S. co:.Tiod 00..

~ hl"t111sat1ca , t • 111 DO ¢ht"o- Sa ?32~, but v11b1n

6·30__ 18 .. _1_ snc.._l.g~. _ rete or uptalo>

1>7~_ (19'01) . lIb__ M $ • (19/18. 1951o). _ w:Le:7 (19'09). _

, $ •• _ III1te (195lo). JD .. .....e;, _'ag~ _ 1& >oJ.

ute, h:z n C' .. lbl-t (1952) tea·., tba ",rbe Oft p"5w t:rut 1,z~ 'to

tocz fs.. up to s1400petzou1a't'1arl ( 35 bcm'e) and thea aub.It~ttmt.l7 dIlQ,-..i.

__'.- _ rate or _ tertllll"'d ....." l.o "P to 160 t_ .. il>-

u tbe U;p't;Ua 10~ (llfooor. GDd de "Zi U, 19118)• .sl1gbt

e"·cae 1A rate w'*!CSa tod n th c1ceMII3D QI" 1D1tat1c qc1.etl: ba\"8 b i ID

:fdjKWl ' b7~ (195l.), b:.rt. 11 la c!'}lqEa ha,. DOt bra 1 f'otD! by DtOM
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~ .1£ tlv:.Ju.llrt to ~ t oo~ b;, t1"~ ~:":'l.X'6 ... 'i.'~ l'''~ 1b ~.) t.

a1"toctc!d .~ tJW acc:~&.~ lU 1 31 and l 'Y c..:u;.U'f.n;.r.sU~ in

t.bI ....l*l&icD •• tho (~ IID:l C'lllIJl'b~ , 19')4) . ~,~ <J!

1'32 em 'Rb'''ltQ4 b:1 ?3l, u tbe (,;'•• lIonIt1<m. or -u.~.... .1a

eat't1c1cmtJ.1 Man (".1no,·.,Z&, 19'"JO). £yJ&lI":O t.'wIt th1a~ ,e...." $Itc

• I"M1 P Ui"tl'at1a1 10 tJwJ ~act ~ calJ 2 to ~ or tbe p3'2 -='1T1t.y .1a

tc_:»>.-.4 ~ eeat1msniS ome'h'lI« Yith tio'lGQ. wt<.Ir (~ C1d~, 1.9W) .

ct1"11'tJ (A'be1eOD, 19481 J.1!"D' ••, J.9lf8, l9501 Q . "1. &:Il1 \lh1te, 1949.

1954). t ine LC'_ 11;1'11 (19't8. ]950) <a IfrP \mAOS. 1A t'et U lS " e ~

7 ee-ttna em N t'ar Jl}SJ 'ebe1 ' 1.n«_ '3Ml II,pecU1c: K't.1-d:Q' at th1a n ..t ' cm

~ ",,_Uy " lCf I" tbat ar ~ crtJlo~pb c;;tsate 1Il the fl£P. It

1'32 18 I 7 ed. t'I'oa t.be ""'.,~ Wt11 2 tbe ) 4 ;"04 Jttf

CI4 'toM Cll"'tbo-pt- . ....\o u lIat l 5 bed ~11 tbe ....'nc bl eou 1 • et.Ip.

00> ta r ....4 to~ C)"tD'OS''''' ~1t:G at ,,32. In q I I ta V1tb.

'tl.- or W:!5b'"!! R1c'tuB"~~ 1ttto J.Jdrt ~ t (W¥ ba1.ftC,

ChaC ~'l111><W>;y. C! ..... ....a l!ll-:<fto (1()118) GOd \'b1te~ (1!Jl".1) rO'm
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(19\7 ) i'UllOt"t.ef. t:"IIt t..~ upt"'1:lIt at l~'~ lI<lC ' ~ Jl tbls't at 2"~.

A~ l)i" 1('J4 GO<s..rt41y .2 has 00e.'l cakl'jnte{\ b~ Vw..ee ta! \'1.1lIta (.l952) .

'lbr,;~ tbia ...suU ... c.h6l...-laUc or ... -"1aill:1

coub'O" ..t~.

!:l&;u1 ......1t8 'Wttb _t.ool1e fm1'b1'\an1 a1.erJ 8\1: wJrt.~ • J;l:"OC4 j""

at.*' u..~ W :III O:.JASUol:m sa t.'le f'ertS1'-eJ - . 3..6 x 1O"'5u

. ,6 dtn!1:::ro~-Q"¥PQ1 4SRbSS: II qpta'-oe by e~ of IIh (1-' ltlClD, 19'+7) .

It. Sa J¥Jt. 4.lroc:t1y etate4 .-.~ 1Jtl:Ib1~ ,.. ~. but 1~ (KE!3)

UkltlY 'that 1't w:; IIMod at lV" tJ U' feTUl:.zst1olt.. to:. I I' ~tt~ia:1

al'" l'D<U1u """ _ ""til w-'i4 ood1,.. c)Wli"" (ill""k"

me Chw' LiiJ ].9Il.B) . ';1]] I , LIJU mIS, r~, ~, .,. RS.ch (1945)

Sn; att"iM ..s.s..,.,a. 'to 008 ...... p32~~ .Intc'I D.a:lec~.:tlJ1n:G ,

r.,.."., that 41DJ~CIOl, ..L oon1W1lc, and.~l nltN;te .Jan1..~

Inb1b1tod upt4loo by tbo _b'e "SIl. 1l>u n.~ ...,.. 1Jd'u. a4 ""'" \I..

tact t:btrt tt. 1"32 1D:or-~ 1sIf;.o t.~ Mid IJo1\4)l.a ).l1\(~tc tract.1on

wad law. 'E!1Dl~l VltS InSt. t!t"teet.ive 1D tbu rogal"d. h1 a1m1la1"

expclIX 1'''"nta. ptl ac:arpino, C8f4"~. tIM of:Iitt'oj):Loe~~~ (Villee

aad VU ' a, 1952) .

'l'bt UP« 1aWite OQ N& m'Ch1n uz,;;s ,Juot rev1eved t'e.... ltId to the

T1ev~, wb~ the unfe:rtU1U1d «5.; ae ct octer1zed VI a ~hoIr".-te

~ t.bst dna oot lCptl)lSat peoe-ttation bto t..~ 1:atel"lar ~ t.blI ega:



~ tbe 1nJl:"O';'l! c ,aJ.1nc;.~.a~ ~ t..h!; cr;:;,f ex. i:l:'.-el ''''1' '1l; '': t:re&':J:'Jo.J ikt: ::t1

~'tk mc"'rl~ tb:1t ;prrn.....,:w.L"'%tJ.:l etQ'...:t'Qlg 't!1¢ p;::ett:u.tht} a"1d

C'mB~"Jt. IX"Cl;;ra l Gtm at ~~.tc.. Iz& ~ I• .,owt aW...J4.r tbe' mt"ur..)

<It~ ~..1: C'XX''''-'''n i • baa biJ-." e ....,lrntd, t.hr:J 't1D3 of tv, lIkft.nW1eh..

IICLR QQl! c~ :'Cl.::.t.1oIJ, 'to the tr..catos o£ tel~ dlrbet!dJW4,

ita ' oe,' '-""...1a::& =a ::lo "J:'"1~~ a.. lJ [ >I I 'tdabl1she4 ~'t2I l"'u:ce=bl.

CCl:rtASIrt7, a:Jd ..... SDfwaatlz C'.JaC& I' na ~ N1st1<:a or the eDItI&

ct-bol ..... ~ 1:hD CG to tbe wodJ.m' hoi \leeD dJta 1. '. ~ cpc1-Wl tie

bate~ 1=cl..-4 an~ '1 t.be cUel:t of YBI"i'Jlll9 ~lII >'''c

en"ecto:'a (2,~.iJ3?, e,.1li8. SF w:ioe, il!!P, AfJiJ, •.eI?, arl1~)

oc t.ba rata ~~ at P):! 1:1 t .-tn , ,,, em:a.
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(k-fl :r1bet!. va 'to "",,1IlI1re cont.~. vi'tn • Ce1.5Cr~ the 8C M

c\lW1l.at1c:a at p32 by DOS urrh1n~ \4dcb w a bema~ v1th 6C:'A

·.tos coata1rllatJ p32. In A!C""t " ' l''''tt'ne:rt.s, Ule P £tu81~ nu1c!. mcluded

VV10ua D.l"t.ebol1c: e:f!'ec'tore. 'I'be pe:s:rus1cl.J cl PEr (Fie. 1) VQS 8!l

__ou4 :loIl ~ 'tobat u; d. by O",d' • -a \'b1t.e1eY (WhJ:tele7, 19'69) ,

aDd C" ' IIMtA md~(~, 1951) . .rt corAa18ted or •

t : i ...... ... '-tb \IN: P ..... t.hr -'I#' tbe 14'JI " eo , ... ' It to



18

// ////// / / / / / / //

c

// / / ~ / / / /

17> / / / j
E 7 / / / '7

~~ l '
~~~

G

I e m ., ,

Figure 1. Perfusion Chamber.
c, coolln~ ch~~ber; a, egg chamber ; ~ , end-window
Geiger-Mueller tube; 1, inlet tube; 0, out l et t ube;
p, platform ; 8 , No . 1 cover slip.
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pet PfttJP~ coS.lAd eJ'tl,fM' t;U:':d!'l~, 1."1 c c.:~ t ~At\.ll"Cl w;rt.or

lIatb.. In _t . ' 1 L 1:c:i tc. ~~~tW'Q or tho ~th, MtX1 tbI::3,'e....w c

111 the c:h ' I, ~ 18.0%, ~e, .tor B::vc::rnl~bwnt ... ecn-1i'Ct.Q;5 at.

e.ollc, tbe t V t) ..tare or tbo 'WDte:' 'bath

t.!lroQgla tile _ _ ... _ 6.0"1:.

The dww*.. ... »"<01 CD • 1uc1ta ~Clnl tiblcb SA 't.\1rD I"M'tiOd CD

t.t. 'top at u. eI:d.v1DdcN Oei,pr ",pl1o:r~. Cc I " !tJ,y the IP" tr1c o1

~9 "a ts tbI bile .s t.be ct 7II .. aJ' co6 Uw. ..

vate:i t'or t'U"tee 1dJut.-. llJriDc th1&I 'tJm a '.)~••) CCJI'«lt ~ tm

. Fro:' M _ Cl1ft-a''''''. _ ' I --.1.4_ p32 _ tJ n ta1w4 em~ ............

WI. f'ea: IOU'.,.,. 'ibiD ,.. ec=c'11l1. 5. b1'1aJee't_ 0 .1. t.o 0 . 2 co at

• ~ _4 ....l"'."'" 18 p32 .... ...- ....., _ iIl1.-t _ V1~ .1li1PO­

dotud.c syriap. Fert111zertloc I!!lD4~ .... l ..S ,.. at the~

nus obe " .ed with • lIA 1aa Optoo nereoeeop1c Rir:;:rQIICopo p'. ecS GibcMt

tho 1Ucl'te d e '"41 . ( ,'t the eo4 at eecb wq:w 1iwit , the ..mu . a".~

hca t.be cl' : .... , WIIhe4, ~ - 11..-..4 1lo ae..1op f'U;rt.ber . Ths. Ill. ;.4 M
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The~ uoed vet'e t.boc.c or the NG aN:r."l1n Gtr''3$ll<:iCitllUtoN'!:\IS

~!b» (stfbt$:Xi), eolJ.0;...~ at re o1'.nt& lalgad: and lit 5 !8h 1JII.Y,

_lag .... _04 01~ "" 1I>,lcci;1"" of 4.$ 10:1 ('l'yl2z". 1949).

or 'by .. eloct2"1c DhodJt at }J 'VOlte, &.!."]})l iGd t:I'tcIwltt.eDtlJ' fOZ' DCli,.D1.

~. Faa VOl. e1'*I 1Dto f'U 1.eull!l .... vatA2ll" e! lwd vatu 95 'to

~ 1'.-M.U1Ia't1oft vu obtas...... . It ffJr"tU h etiaD "M" 1 , the tl8P

1 'to 3 bour'II I&t'tcrr ....,.,'rc. 8pw II . W e col' ecta4 S!). &t:7 6)1 K ••~

". I ., .." ...p;ZStox. .alb ' . ~ P t. betcQ. ....

requ1rre4 .... a at st11 Ulten " Ole t ' )fl . fiota the 6o;wpiUloD "SA arC •

'MJ'JtQ1 chi ' 'ft'. Dur~ ~er tm4 4:1#tri.but1a1 or tmI OI$P m -u.

eh 7 ., it. 1a eeUar.rtet1. that. traa 15 't<.J ~ at the e. -I" Vlt16 loei., eo that

ta each __PQt"'''lt appiOX~l,y 12,())O to 13 ,000~ w aG UMd. 'l'b1a

"' 2-.r or esP -.u At't'1clct t.o COfiilt' t.t.~ or t!:R em I NQ 111.

etn;lA J.a1er. ,... t'rtaa 'tblt 0 .51 "JlW8b Wtie~ t d en 1'or C':lIIt.roJ.o.

!bay wac 41l.ute4 IDd ~lt.urel\ at U1.* &IrlaI tbe c:;;une or tblt



All pern.1clG aolut~ 'AN m» uv irI t ll'tw e4 see VGter obt.a1.De.'C

tha the 'Yic:1A1t)' or iT~ 11lIRobar ar .f"t'oe~ f.ouDd. p32 lOS otJ't.aUod

.rrc:. tha Allbott ' .el.....t.uriQ _ ClC.dliID JIOMFbate 1n (J .9t> JIIGl(:l. p12 MIl

,.ter coluts.o. ' n o Go up to GC"ttvl ty « 0 .005 ,)A c/aJ.. lD

lI11 but 'two _Qed. Ii.... the mt ot' Q8tT1er~~ ..

CC'M1del'Ml.y ~N thaD t.bo 31 to 62 H s/1. DOl "al17 t ouad 1.A .. W'teI'

111~ ••a. '!be eM'ticM,l~ sa tt... 'two e"! C' 41:la bad bQ

.av..•• wttoc.t .. 1;Jlo • ] . a.~ at p32 ... __ lIU paUl- .s.
f'a:r eIt :b .....p.'" "..... t n a ~, p32 ao'ut1a:lll COII'ta18 1 !111 .,..1cMI.

JaJ9 * Scb .... . obtAi'" tr\& the PItA 8Nv1Qs Co $ i, IIId a s ",.1Do M

5·j .....;ptaars.c MiA. \lbScla va • S*"""'*rt of a. t •• r . atert.e, Ia. All

ool.lItJuw W iG ""- to .. a.
A 1'J 1: =rlU 6' &.'....... :all sa au e'lQj .' ita. "llI.b ... checl I

,.toa. aDd an.er ub ~.,,'" 'IiP"-t 11 'fl. e1M calu..wd crt ' 4

at 1. 47 • 1O~5 -=. $e••at Gelpr ""]1 • ..."..,1""" t'lb,. '.F. ,. ~ 4urina:

• COtZrA or tho expcQ 1m atli . '1be tb1., II Or tba win ySnA iN '6.ogeI1

rr 2 . 3 t.o 3.1 • • Iew!. I:a the llBjQ:dt7 or eJC;pO:J'o...te, eoahct.:l... , .. .

• ~~ t ar tho dUra. KI. 1D:II wit.lYi:ty, '.U1:t~ t'rca U I •• 4:ltf'w ge.

b v1D:1av ""b:lelp n .



U. lIiE ch , ' 'e]'' ca:rt.a,g':Y tht ua:!"e:a.~1U4 ...d ~.. At. tbc em or tom

tr.' at, tM Ii!CS . en purf't.,d v1t.h W6 vater , tollm:ed by p~

_ ..ter u sa 1:bs at.ber .*1-' Ita.
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lXp.tr1menl£ ';lith u:n:!·(!rll11:1.~~ ~NC. c: tl...tna ~\ i~<.W rll)."}d"1.'01t.L I USI

that 'there 16 prDC'tl c:o.U:r n :) =~ .'}!. &:,"C1r,u ] at1r)Q a t U"rla t la~ . rev

rs1nI.rt.ce after the p~ sec .~t..:l" rt.~ Il:U'ter:J the- ~ chmiX.'T, ttMo

oc;t.1Y1t y in tb! chcr.b.."T reoc:rs a hr".el \Atlch I_t.n. relat. l vely c ':not..:ult

Cl-!lntim over t!e leftl in tbc sec wtA.."'!" ; ~J th1e is Pl"'bt\bly

_1nl;y d\D to~ptl"'a :tf p 32 aa tbu BWf&ce. o f the c..,~. '1'h1e 10

1nd:Jcated by tho feet that vbcD.- p32 t 10lWll~ lin ~y d 2 ee, tbe1 e

.. &lao Q 8l14bt 1:acz en in activit ,. d1ring the CCt..-__ of tJli de l:kJcra .

'lbe c:trJ'8el ob't41ned vtth \Dfert.U tv=d~ 6nd vtth [U1 ~y du- hill ore

Wl'l7 .S"" 'or. 'Itl.ta a h d 1 nrlty 111 ~'n in 1" 18. 2 , :f'rooM vb.1ch it 18

cOt)Cluded that no 1IlCC'1lC1u l o t 1 00 e:tr p32 oecUI"G in the tD~ortllb:od. egge .

Tb19 caoclueiod i ••~"",4 b y tbe rewlt. r;6 WV'ft'Ol oxper1lloota in

llb1ch it 'lo'nb fotmd that tlu level of activity 1n tho c:t'tW'<h 18 not

Affected 'by '\'Ql"'Y1ng t.be .... h a at un.t'lrl1l1wd Ill{!;iP fi"Oq 5 , cm to 20,000.

In contrMt vtth the unfortU l wd er':£o, f ertllbe4 Cf\'m& acct• •late

p32, Iv.) u.rt. the Aetlv1ty 1D tOO cla:ber greatly esceede thlt o r the p 32



W
f­

>-=>
f-Z
> ::;;-
f- ",
U w
<to..
o
- (f)
Of­
<tz
"'=>

o
U

1 5 0 0

r- ,- I

24

r ~ I ~ ,

,

I -

e

Figure 2. Uptake of p32 by unf ert i l i zed eggs of
Strongyl ocentrotus gurpuratu; ( St impson ) and
absorpt i on of ~by the per usian chambe r .
The i nit ial l ow level of act ivity represents the
background count .
a, unfertil ized eggs .
b, empt y chamber.
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o :,r;:O'"'A1:.lD.tel ,Y zo~....~~ ~~_'tcr ·l',;n·t. ~!.::' ::':.ft i ;U• • hlJ: iJt&.b !.G ·;:)l".:nu b.:,

rtlDf;fn.l:;: fr;:a P? t:.> !A:> NInr.,A..."o(t 1."1 14 U: ', (.':'J:-: 'lUJ . ~l !.e (£.'\ ~Y.';".~utlXl

or th!'l6le' 'VUrinbW t l ee is ft:rt; 4't ~lC., tT,(:rt;~. t,:; ~ M c\l!1:e l.l:r.. ia:::t.

betwccn tbe leQJtb of t..'w 1n;~ ~10l.~ Qlld t . It! lm\~tb 0, t.1.'!O tJlO' o,::: ~e

ba'r't bt04 out ~ t.ho am..r-y, ;chich \-arl00 rs- 1 to ';) . 7';. h:1Il.J:':J in 2k

C(.... able e:rpr.rirlalts . It. 16 l..-obriblo t!nt 'tM cause of t h., var1abll1t~

l"eo1dee 1n mt.Sh:nt dirt\,-renr:en 1n tOO ~,..en; of d1J"tei cnt M 'S'l'B' a .

oeee ~ mood,aw rotc of upta.kct i.e n?...nblJ.e.hed . it recu.1ns e:Q'I8't.ant..

'lbts C'OJD8't.attt rate or~ ,.... oboorv0d. in e KPeI'1"" u t4 t.Mt. c oat1nued

f ar 5 boul"'8 at"ter r ert;U 1za t.1on.

It.. I • .s. "11' c tazrt t oI~ t..o lIIGt. ext.ent the eh&racter1st.1e

upt:.Qe Jett.erD or ~ r""U 11led _gil "., de~ t 011 the peDlft.I"at lan

or the spt::ia. IIDd t o 'Wtu&t: 1 ga = it wa iD!w:Wit 111 the pateftt.1al1t1e1l

~ tbe egp. ':0 w:.-r tIllo QUl!St.1on, ~ w x_ act.l'Cted~:Y.I)C lo1 ·

ce ll ,. aacl U.~ o! p32 follaw:d. M 1a . .... 1A F1&. 3, MEh ems

exb1bi'\ • p32 8eC'M".u'oa. e- *ij"&i'able to tbst or r ertU b ecl 0G£:I0 . ~

vae 1I:lJ:t14ted bl both • o J.AJl,o~ v l th bvt1l'tc a:1d 1104 • tkAmle

troatmrrt. or butyric ec1d Eel b»w ton'c _ vater' . '!"be rete o! p32

ttptake to tbeea ~"T1JDt:lnta Y88 appt oaUntoly 3/4. or the fertll1r.ed~

rctu. 'n1" d1N'fII"Ol..,e VQlI I4"0b&bly t'l:ulJ to t.bo act l ....U oo. or cml.y 60~7fY!:>

of the~ in the eh ber, l'lS ID.'.~ by DWJU:M e 1e'V&t1oo. Koftomrur

DOne of the -=t l Y0te4 e(~ cleo~ ~1l3". It M iCi!IS probable that

UDt5n opt,1Dn ecnd1t.1oaa or acttvatt..-.:n, Yith ee'U\'at.1on al,~tng

].00'$., tho uptake yon)' me e n& wty ar'l*' 0:.'1 t.ha.t or tbe t ertllh:ed cp».

'lbt C" et of' pbosph.a'te QCC'-I)at1>~ 18 a1AKt~ by a ~ perlod .



~. ~ecp'!rcrt1oo b1 arti!"teially .oc.'t.h .etll'-d '"~A1<1 1.& crn:W"3bl e 1'.1 that.

1D e}Cl). 1'el"ttUze.;l et:.~[1 ( ! ~l!U"l.our"Z; . 191'.1). '~hl ~ teen coor:!r:ed b y

1'.el t e aDd. Cl~ rer .l1.r'bac1a (ll)ll.7 ) . "nza ~O'P~.'t1nn in artit'lc14lly

ae'tha tod egce ("im eneo be- . t.t1l1lated !::rJ au1»~ttuted. ~t. ( JCc ' .t.ch.

Wal'ter8. aDd Clove., 1941). In the1J" e x p",:t-l1M1JtAl11O uC'l! t>8l 1051­

~UI!)le eeU d:tv1s1ol1e~. "I\1ey e3DC~ ttat ::>2 COD8l8I!pt1an

'UQ8 COfi'lt'lated vitb cla\S-n in 'the O'£:it ONOC'utc4 with 1"01 t loo Gf the

rertilllet10a -- ~lfan.e ,..." lCa DOt depr!adart \%l ~"rr.-at cell dl v1a:l.oll.

'nl18~ relattcuoM p my ~ tnae ff:Jr 1"32 uptac.

'1bs1e N Dulu, caa...'inrlne ~ e~dJrt;eDlOe of'~~tOD

b tile l"a'"tU1r.e4 etDSI' . -w;gec1o that an ens,...n1en l1 :r cc:atrol1ed. toronaport

itJ eetablte~ 1ft u. activated emo m:i that t.he aPftll 15 DOt. en "t1al

tar thte elltabl18oe!lt . .1 «'tg tm erltc'l"ia n 6qt¥SU t ly u.d to~

1r G:Q eu)alt1cal ly eu4tr3~ t1"'~;,l1.,port 111 opal ative s.. 'tba't 't!w

t 'l'fltilljX4 t Mnuld bo oftl!'Ctro b y 'c.arl'JU& I8Il&yD3' fl"'t'eetorll (R~nbeJ8 end

VUb1=Md't , 19521 fim~1l1, 1952) . 2 . 4 .d ini tropbenttl ( mfP) i . a ~UC

1nh:lbt 'tor btoWn t o 1Jlter!"~ e zopec1nlly ..,Ub ee.. obi e:~ RtabOl1Ril.

vttb the Yeftult thnt 1t une~le6 p..'),oa~ylQt1me t'raI ax,l4atlaw

(Lo<D1. _ L1""",m, 19'.a) .

It UXtld ueeI!l probable th8t i f p:C upteke in sea ureblu -SSG i.e on

cm~)"IBt1c:s.Uy c<A,troUod jJ!'OCGU, It;,., '-'OU1£' be &tI bJb1bt t.or _ Inhlb l t ton

hall bUD i eported b y Abo1rA:Jn (1~~7) -rt;JJf' 4i ·-n1b'"ocxeaol. C'Y.J'tbeo'r eublrtl t.utod

phenol . Row''" , in O:::G) unpubl1ehed e,<?CI".1Jlc11U; . "'h114W1 ( 19Q9 ) hod.



ca itl: efr...,::t ::&'l 1.32 ....-'ta:~ . Tn t.~""'&-"l <~:t,;.':T 1~'!4U .':t< 1z; t: -';<~'n~rat:Ltl

or 1('0 -4 ~ in ~ .....-:~.e:t" ..sas 1.'"J~...r.().:, u'tI'J tl'r r.er t'us i·;JC. c;ha:zb..""'1" ai:. vt\L"1.JlW

't1.~ bofcr3 Q~ /1..--....17:" r'c:"t1.11:at1.."'l'I , n:'ld tJ"..c ~ew:1. 7:'~"Yl:~ nn t...~ r..l.'t:t:

a': p32 ugt.liJOO' cas see••..u-.:i1 . S1n.<;...:- t..'1.b c '.)O(:'-m'"'...rat.l::n "'l ll ~lbl)'

1Dhl'b1t. doa.~~, it 18, .watm:.'4 t.lt."\t it~'~-r'V1a ......tth "tM a:~...~nrt :l ,."n

or utlltzaUoa o-!" b1gb ~a:J.l.ogy * ..o:[;J>h'%tc (Cl':J\-.a:t, tel k h, Sb:"ltt!IDtt.or,

:a\ i;3.1:tlers , 1?501.

bc.r.1. nZ" W II;'Plk~ ~.:tt"2 fc-rt iU'Vlt,l .m ~ WI:! t.1:l:P vlthU t.he

~1rn th1..-t~¥ fI2imr"l':O rolln~ :"~ni%.~t.1::'fl, 'tlx:z£ f.r, a~ 1Qh1~1t1Qn

rtf 1'12 a::c:'Jnl!~t<m, GIl m.:r 00 eocn in P1i;. ll . M'te:r thirty~, tb!t

f or'tl11=t1l:o~ OOP b c;J;llWil, l~ 0=;21 '.:Ie 'lIeen t.bcrt. the: Inb1bi't1oq

gst'hm"y~~ }) u:~ iiI") ~t!'.d4a (1"1;. 5) ¥ 'nw m:cbul:l

t."1h1bl t.100 by 1"J!tP 10 B05o:;:1n:t.o;.oe ',U~i too ftrat 1:' n1Tr'.tU!~ ~ollcnrr1m;

f ert.11.1&t1ltiaa, :1 t~ ~~ ,,-1rtus.1.ly ':\0 p32~ hna b~Ml ~~Uohud.

~ d.¢l:.:oe :d' ~1b1tilm Clot 1:.(1 cr4...::rtltc.tt 1. "'!!\l"~l:';! . '!'biB Vtl,I'!.."biUty ~'

'be c':lITelD.~ v:1tb th:t ltm."'h -:£ t,..'"Jt- ~; }lC:'..1~ z '\ t.~ r.n&..-t ~ t.be
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Figure 4 . Ef fect of lO- 4 M DNF on p32 upt ake.
The initial low level of act i vity r epresents the background
count. Fertilizat i on was at zero t ime . Ar rows indicat e t he
addition of ONP t o the per fusion chamber .
s, DNP added at 60 minutes.
b, DN? added at 50 minutes .
0, DN? added at 30 minutes.
d, DNP added at f ertilization .
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ord inat e - average sl ope f rom f ertil izat i on to t he end of

the experiment.
absc issa _ time af t er f ert i l i zat i on when t he ONP wa s added .
() _ fe rt i l i zed eggs and ONP .
.. - fe rtil ized eggs .
~ - art i fici al ly activat ed egga .
Ql - unfe rtilized eggs .
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'!'Dr au p32 1.1~ 1e e'.'Q1c;~J ("Ally~ t::xr Tlf-.J 16 1tltr..~t.-u d Ut"in. ;

tho :t1rtl 't 3Q ....!.5 ISI~ I">.U~1rG f'tn"tU l wtl<m. 'l'bo mJdi, of 6lr=t!f;a

.tt.e of action $ i e III to be relatL..a. W h1(';. -<merg)" ~te }r:.xhctton

aoaoc::1&tcd ....1th eL:K:tNn t.n:ot~ .'r:.-, !llIblr1:.rate to ~ (I..3rdJ' W'd ~11:erc) ~

1953). COA'JC".)amt, 1.y it bns bceD ~3"'Wd ~ wny ~"'t'l::.1 NqW.r~

u.uth, or:d p1k)S~te upw •.'-re b y ~l;. are tnn1b1ted b y tl;&P . '.i.'b1s

1ni'onnt!cc bM boeD £1..U:W"b<xl \"CC'~e.ly b y "u n (1953) .



",.-,".,-,

tJpOft~ o! the 15ubJ7t1t\Ctl!td l'lbcD:l1. .==!~tn.."lJte dt..~ cell ·!"reQ

zcrt.1cUlate o~ l'rtn Ar'bacia (CIOtooetI, Kclt.c:h, 9 trittaut.ter , 6tI!l

~ten. 1950), capable or uht.h1t1n::: •..xdJ~he ~"ho:JK}barylat1on, ~

that. !lIP imlbl'ta pboapbQq l4t.t on. an::1 st~ I: caplnr'tl m . It Ie

~ia8 tbst tbc eoacO!lt.:nlt1aD ~ a~ltuted! ~MIlO1. u.t vtU

tnhtbl 't c1 n ,,*,," ~ tbe .... u the ~eiitJ: at1nn that vUl tnbf:b1't

JftoB~klt'ylatl«t.1n a c.U -1'nle a~ The eax:l~lor- &ew f'r\u th18

S'-"srl t y 111 t.blr e:N'ect.hu ca:xQll'b."8tlCDC, 13 tbert IJIP tnbtbtte e~

by the tAbtbtt.1oo rrr call d1T181on at aU t.!DPe. '!'be t.1_~lhd.ted

8e.D&1t.1vtty sbDwn in p32 uptake 18, tbi.uoeraro, But"1ll"1a1Di1. '!'be' tm1blt-wo

durtDg the f'1l"at '?fJ to 45 m1nu't&8 cou.l.d be attributed to «m tnterrCI:eoee

by~ "'1~ aerobi c PMa~ Etattol1-. and t.l'luefanr vttb tlZlllUlO'

l b1Ud 1nhlb l t L=m 18 thst thne is a s~1Il: q!' a ~""'Ii\tlltc e.'b y

mechaniGD 111 tllC' emt ~a::e durf.nP. the t"trm "Yl t n 40 IlI1nutec !"ol~



~ i t.~ 1nbiblt tJ tI~l1c!lL;.I1'l'.) tlJib ,.ftiott.1'1l~ but \. i....-sl

w:ded at a laU!:r' ~, WOLl1.d net, u.( r'cet. t t.£ an:Jnv.,."li.~""'""" nnd V!~1'"a.

'1'b.b 1rUt?J&Oitt.1m v1U be dlacuseed.

I t. IikW ed &vL"'Gbla in. crva.lUfltil:1.o ti-...ln b,"lxrt.~.1a W ·"......rio rlt.!l

otJ::rmo t M.:1b1tan v!JOOQ QCt.1ca~ W .:mt~ly dif'i"Cl"C'nt f'1'at 'tlYA.t

of DnP. It. WG R.1eo od~ous t o use Q :)'X)~~1nt! no:mt., aa

aD 1alpI-rtaIrt tt1tur1oJn t~~ U' D. ·~tc autry ~u.o

w !c J..c:x:ated 00 tbe cell aurtaolt vc.uld Do 1nt'~~ by a D(JO-peoetrat1l\;

1rO.1bl t¢lrr' ( R<NJ ibcl: • ., ··~Ubrflbl!t, 1952) . ~1mnta were Uwiu!'an:

l~ vltb W Knew , l4l1c:b 18 e ~t1t1. 1nh:1blt.t:w' ar ~""te

Mcal' li ~ ita If'tI"\al:ta 11 o'II1'orlty. ;: '" n aD.1. ~~l",... (19!t8)

haw A ".M"b: at.ed UGt au e tc J.nh1blto 32~ 1ft ~. 'Tb1.II

1n.'11bit.lc.:a was dI1~t OIl tb3 rolaU ve c .:.o:ellla a t 1oas at ~}bIte IID1

WIL..-te &8 voult1 be~ 'b,f iii. e.-'C\'tlUw .s.nblhl'ttlr. 1~ bed. been

tentat lYel ;r cCl!)c<b wbl by Ycu. (1950) tJ1Dt. au "to &Jet, DOt pw:Il! ttate

the eastJ o r tho ecb1 D ) l d I:jl"to!c;h'u £..~. Tb1a ca:tCluala1 .... baud

on c:cpor~@ tOOt IibcMJ4 t.bBt 1!Il"00'QIIt..0 bad no e!'fect em reap1ratloa t.­

ce cloo.wc;e . It vas UOlD;."C1 t.."lat 11' i t bod ~tcld, tbe2'rc!o YOt\ld~

be«\ lID 1nte:ri'w""o ..,lth ax1,(!at.1ve lAtoG;b~latitm. aDd.~

reeplraU aa ane clco.~" would haw bt...., at'!'ecWd . ~er<a"V eny

1nbtb 1t.!nn ~ i 32 ~Jtckc in ca;o b)-~Ur w.lW.d~1y 'blt daI to

CD 1.l::rt.erl'dI'~ v1th~ eurr..ce N ....Uca. •
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Figure 6. Effect of 10...4 Marsenate on p32 upt ake .
The init ial l ow level of act i vi ty represents the

.. .: backp;round count. Fertilization was at zero time.
Arrows indicate a change 1n t he pe rf us ion solut ion .
The new sol ut i on reached t he chamber 2 to 5 minutes
later.
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'-"'~_. .£~: .oj .'-:,,, 1. { .~ ' ''''''.,"I ~ .. -.: l .

f'ertllb a t.1on, wd 10 :.:-coc1111 1'-"\'Ci:'e1ta~~ t • ." 'tl :::.""eUr\nl ( ~ ~. <- , '~.:.\,:

2 ) .. A d«:1 500 in t r,lo1 r a.te ur p32' Q(..'ClM 'iot .ino &e'b 1n 'oilth1n 1 t el 5

~ thts 1:btbltioo talcco pl6ce wo1t..':-dn /J. c"~ l'oSr1'.ld of t..:an

G.1"tor the 8...-oeDl1W oo.e been~ ::,'1"CfJ, the (,.~ chaJ,"AJer . \,;'boo Ql"w.ln..'1Ut

is Qwl1ed at :r...""t'til1.01Gti<X\, it ecee not e&jJI.Je&l' to law GUY (,ff'fl,J:c,: OQ

the J.en...~ at the 1.l2(s l "n"1od, GOO. II Uni:t dd rut .e ~ uvtnkoc~s at. tho

tvtU1S4t.U:a, (l~ in upot.ake Ot'"-C\lt'IS . SUboequant nu:Mt.l Of! .:.JI11;I'

the BZ I ,-.te 'l'"eeulta In C3 1D::iau d rate or p32 OCC\m.1latla1 (or.blA' 2 ) .

'rbia Y"Uld be aClx:<:~ .1Dce At 60~ a..f'ter t enl l1Z&tl cc, 1O -"M

mE' .',..... Ie d to be V1thaut arq efl'ect. Oft u;pt..Qbt . in Y1ev ~ the

reep1ratory _tobollu:D.

","1Ul~ ""'"~ ( 1951) _ 1laM>."~ (1951) ,,,,,..e ...ported t/lIlt

a t" theBe r e sul:ts I t "ISS~c t.b:t.t .'f;,~ t:!i.!):t: overceec the 1Mlbltr..a-.r

e ffect. t'd I7.t.' ~ :l32 U7...alw V'uc:':.l ~lied dU,1"~ too l..as~. To t he
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7 , ? uble 2 ) . - . . .. I ' .'n l'J -i :t . : _ l.i .l, t, ~ II" .,,::1.1,

bcl!~.

!J2h1b l'tton or ~fr.: . "!1"o'tel,,'{ 'the wm,~ 10 obta1ned 'With 1O~~

MJ?, but. n.lt. with 1O.J;, Nl) ( P l,g:. ti, ~lc 2 ) . ':'bi:) luttJ.."l" he8 no cd't'ect

OO U~.

to 18.0Oc in t.bc "'d.~lA: of' the e q erblmt. At. 6.* U ...... a com­

p.aratively law r ote (If p32 uptaIl;e , W1eh \lItO road11:" 0't 1.1,.~ Vben

.. 'lID or 2 -.d 2 .3 \.'80 cerccaceec, C: ~"I~~l.0 to 'the value or :? cbta.'\ncd

by V1llee """ vWee (1'»2) vi'" _ lAo
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Arrows ind icat e a change in t he perfusi on solution.
The new solut ion reached the chamber 2 t o 5 minutes
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Figure 8 . Effect of 10- 4 H ADP and 10-4 M AMP on p32 uptake .
The init i al l ow l evel of act i vity r epresent s the background count.
Fertili zation was at zero t ime . Arrows ind i cate a change in the
perfusion sol ution. The new solution r eached t he chamber 2 to 5
minutes l at er .
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Figure 9. Effect of temperat ure on p32 uptake.
The initial l ow level of act i vi ty represent s t he background count.
Fertilization waa at zero time. Arrows indicate a change in t he
t emperature of t he perfusi on solut ion .



·__ .<..: . , ") -~ ..-,..... ''''- ' .

.",
_ 1 ,.~.--....~ 0 .;0.;. ' n ... •· -. :·v1 1,- ' : . . , ....,. I r . '~"' , '""""'l-' '' ~''........ W '"'~ ~ ~ ' , WM"o.u _ _ _ ...; LO ~ (..-.....- _ _.

blocked, but the I!l~~~l~~ t.'1e G6t!:J lIt'ter 1 ClC!b\-a.l ~

'the roN' Cit V08 ~1abJ.c ;m \IIJ«,~ C:'lr.l.l1etely oor-.-l. It. 1'C'881blc

~tOl1 betAX.~ tbo~ or ~b-it1co u.1:d a.~I eN'~t ~ the

c,.n1dlt is l'e we1 C!d,~. b.f eaoeo CO';u·'NJt1ca of ti:Ie datoQ. In

tboM e;c;pa 1:::Dnta exh1bit~ the l.eoet i "".hlbit.1on o f' p::32~, recO'-~ j"

u,pcl!l Ule~ tro.n t.~ eyuoldc ll8B nk4"e: mao!)' C"X1l.1)et;.e 'tillll'l tn thoLe

by the e)'8n1&t than b1 1t1! et'f'oct.s co l"Q!q)1rat.~, ~ tbe 'lm-ieUlty

lIl1gbt. l ie blA e 10 tho J)ii!flBlt1v11.Y cf the~ 01.' the <A'1o.. t han

~le, 112 v1o'V of' the ~v1~~,Jt't.c:eatOI' that 8IJ:J ae-rt caua1q;

Cyt.olJos18, pw-f.1cw...vl..t 013 tie wrt"GClif of' t.:.:o 06S, \Y.lUld 1oh1b1t r 32'

uptake . It ",..I'd be :lnt..ct &sU,ng t o tAM't 'the eftwct 00. ;; .>!~~
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',' -rc, ... , ;.. '; ·n:.:.

trOiti.:t'lo G'I'Cl'l" a ....10~ l"n"X.~' . ~ ht.l\I'e culculo'tced 1:het ~ilOGli'..aI:.<: can pooo ­

tnJ,tc ~a1nat a ~) COllll~olJt1"Qtion f;ra t1trtrt. (ir3~ IIft:l~, ~;.4 ;

inhibit by o.'·V~ action u1J:.'') lZo\G"';'YA"t thin ccnclooioo .

':!be ~1f1c en:tyrnt 1c ro&t:t1'.'tl o y o.AUch \:i~phute l11tcra 'the t!dlr;r.>

1a n~A. dof'1:'l1te ly e l uc ldD.t.t 'tYJ ~oo e;~~":U1tD , but c crt..fUn i.~lbll1ticn
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Glao inhibit .

u:rt.11 n vi&: \It\T'1et y or P!lC~ C1l;'lt)Ir...1a haw bcoorD tc:rt.cd. If /a'i'

Dl!3d /lJ.U' are unique ~P1O phooghato cczv<lt2lda 1n 1nb.lblt1Dg p3"?' u,takc, it

~uaePota tbcI.t 'tho 1Dcor,..,:rtrtlcm .X" ?32' :Lata .tfr? llMS,)' ~~ 1n

,~ -
V1t.h tNt aculJ' ~ It!!? cart:&1r..L~ ?..- en:l tJW'r':lby c1.Yect1vel:/ tnh.l'b1t

;::o~~. It 13 kn':TJn tlnt ooOOd 1'.31 vill prevent ~1&blo ~}t.a.kc

or ,:,32,~ly by d1lutica (.Li."ll~.)f;'~"l', lJ-ffi ) . filded N!"'&' o«uld CC<!rjl to

be act.1nt~ 1!1. t.bc • ...." ~~ e:A the~ ;..3l. ~~ot .....t1~ :u- A.,-p es 0. lm3~
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boad en g;J ie ......cl t er the B'.r.rtboola ~ tbi: Clr'.%>-lO er the~

ll""clwn1sllt OB 10 'the ceee nth ~1"'1~ .yutbeosu (M:xKid, 19W+ J

Re1ner, 19461 8p~lJmn, 1941), "" perhope ! c%, tb8 ~1al r DiU x....gu."'t

o:r the ~0t'tIed 1I)'Pto1a.. Tbe ktor pcr1o4 l'IIll;1 be lnO'..,,,11:.1w 'to IftP

~ 'the~ lind opt'lt."Q.t1ca of the JCha'.\1fIII:roqu1.rR8 l!'*'ti.·

ta1;ively r,:tMUar lJIO'lUlM or tw.:r'Ob1c $i~ bond MlettJ,Y.
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~1.)tcolj'&iJI outs:l.do3 0 :"' Ie m1t-x:r.n..'l" <.c . ... 'Jtl,;,O(..--qUflUtliJ ~ £¥IV' be c

&c:1».u"OtJoo. 1%1 t..'le f"Unct!mu Ol~ t.."}I: :~1.' ( v r.Dft{l i n U'~ 'tWI.:: 1·x ;a. t.1otle.

Sr:I;ytbot1c 1"("....1Ct.:l<::n.'l v1thin tOO &d;t.~ :4.a ·~d ;roiJ:f~t.lnll .1 lJUl1:::o,l

too ,'sp gt:OOruted l ocQ']"i, wdle 110 Qttlll,.,.,J~.rlr1~ react,1oo outs.t.de

t.'11s crmno, althOUC::l thic haG out~ ..'lU1;{ lm'eUt~ (Sba:x\, 19'53).

Bow~J Cl?".«.'!l onrl :~ltcl~ ( l?)l) W'!'U u.''109b'le to 1nhiblt pboclJlarylaUau:.



etl~l'!t... t:.h.:1.t ~5f:." ru-e :;n )l l:-' t, .b.'-\i~ It. ·1 rt"":-e b J ' :'''O..l-''<t {:~l

~ SplcCe1 Jm!l , 194$}.

Jccoz<l1nz 'to tLo "cults 00'" rlDlE;t, ( 1952) 'the rato er ~~4t1oo

or O£boe~ bc:i 03~58 l"Gj)1dl:," for 35 00w.'S 1n the~ or f.,~l~­

centrotuB .JlW"PUZ'Rt 3!!,. ';'his 111 In~ wit.h 't.h& fC . ee.nt f 1nd1:Q:.;a that

tJ:lI, LN:1S1":n"t 8;y'1:1't:ea 18 DtIi"r 8(:e lcea1:ed~ tturiD,,1 tJ:w~~

to the~, the nwb "f" or emU . , aald 'ther '4foro the GUt"!'ece IIt'tI6 ,:)f

the~, 1ncJ"eA8eS t.brO'.l!Jh cleavAr~, nDI1 it 1tI r cs6O"'lWl.e to~

t.I'Iot. the MV!.y r CU'Jlbd eUl"1'lIC8 woul.d. POfllll". the t.ran8p:rt; mechen t · ,



~ t.be o.::t~--n :Yl \t.'Cl".J.ouo 3.~,')11c cf'f'(.'(.-t:~o ..."Cl the utn-,J-;!w

or ? J.'? n-...m S(!rQ wter :L1(7J~ at c connt:.m rutc O'Jl::l' ti~ ~ in

eeeo,

rate tar t.'lo rinrt 7 1;.,:, Jl : ,snll'to:o after tCl't.U1urt.lco (~ .9h"'N') iB

al80 liJi(k ly 'Zero, but J.D::r(..soo l'8,?1d1.y <1m"1l\5 the mxt. 3J to 30

o1mItee (m 'bH'tttat l l:llaue), GOd~ rxaxt."8l G2 to (30 Il1nuteo

a:"'teJ" 1'e:rtU U3t.ian(~la1 li".ofwu) at 4 k-vel _IY t 1 • u.t

aJ: .... _ .....U Ucd~.

't:.1J) Qheimce cr c~'e.

4 . f't1a3< te! oec: l.P.l1at:l.~l 13 t!m"::>oc.'J.y In.''l1b1t.t..X\ tT:i lO~ 2,4~1-

i f ,d1e4 d:ur~ tJ~ acetUU.lntia~ ;.hanc:.

5 . lO~~ &"Ol.1'N1tc mrliX';U~' lJ'illb1U. 1,,32 U;1t&ire :\t. all t im.:-o D.ftcr

rcrtll1zl:it1on.
,

G. 10 "'~H J(R' a.l!nJoot C"ntfk>1bl..,. mh1b!.ts :. 3? :.l...rt.X:;u Ilt a U tm~G w'tcr

fct"'tU1r.<ltl :Wl; Ji)-:'rd, ..::F' ,::pr'...lI::-:l1... :l.!l>-..llittu l.l) t.::akc d m"1D>; tl lC oc ~



e. t '~., <""' ." ; "'\,~ J ," •• ~ _



f,:'X' U; )11,

r<ll:~1

ro ' "

....:i..i·.._'
, . , -. 1

• ,. L ,• • ;I ,'

_.,;; ..,.."- ..
•

.h!.·lz..r' t '. .. . , J: I.;" ' . ~ '... .....

U tA:. tJ'k: jI.r~.c:!.a l .' •..--.._.-
" ., :;" U<..:•.,

:GU ., D'~

.-

'1' :'l{~" :: \':;.l, v !

U s-ct.c ~'-'Jt...;..;.. !..:1••'r. ).

toO. ~l, . \o..\.tl., -':._ '...

.. '\.)."l. • 1"..
, .. . .

ill '" f'

•

t"l'.: \ ~~.. ..... ...... _.._- _ . ~ . _ , ,~ .

,;, .. rt"',.i;

il:>1.Dt. , ' • • t ~~I : ';~o Sou..' o;t<J.;.! 'l'm J.'~ cee-c e. Q.f'~t:; .l

1n t:: lL.- DL'Q ~'"t:hl:l !"O±!".:lJo '.;J,,;,r:ll. . " i.',--:""..l.;':t,l
,.J-. ;£ •• ';'v 1't'\W ~w. ~ '1.. ~.!

Ul= • .L'\...t ...:t." .

' \:''-'''': -8, ".!'" ., 1 ....... \ . Ll'~:f.: unr! .....-c • Lur v..: .u..i~, C' .~il(l . ; .
ll':l" r~ ,r ;r~JC k. "):,':r-'t'..ilAtu ~ne ,....tc.T'1sl' ~ 1·or~ .i:l e>::... .;J8:J. t .).._- - - -:"I:'" - - ~--- - -- ..
and. u-',.d1tr::l l.an. ~L'l . ~., :>..~: <:13 ·.!27•

, ­
> -

,•..; 1-,111_ ~..,); ",

•'l!:' Jd.:o, ::- .. .. . , flo\. ' 0 • I '~j""3 , J......... . $~..rut1 )n ~ I '11·:::IUt:t l~ 1.

phoo,tl_t.e into U:u ~... <7. rt:r:!W·~ 1JII1"'.illZ:."aWB, ~.. ..'l"-.n:ls­
~J ~"lt.~ ~~h1ti ~.1!:i~. :o.L,)l . 'i " I., i2.: j;"'')~'''J .

he .UJ(~t1,~ .\0 :::"'Olii.;;.act,he

»ur. , ~s&: '279--29:. .
.....i.t.....Y.)l.r:..,) , • • c . , a."lt4 ....... ,<"J"I"

l il!lC(,Ibat.e i nto "" :'00 00';<95 .

Ora -'*:Jw- , ~ . L..~ ~ ... . ..' 'hl to , l:).4!! . '.t""A eIl~Cl:rul.'n'.l~ 0:1.' p'1r:..s;;l.:u 'te ~"lC

(!o'.'"1t!enc'-l r "Q." 1G••u tAm1G i'J'( Gf~:.::: u..:·trl: " ""-a'J.ilat...' l."1 tb~ !'6:"·d.i~· V.:a
urcl11::1 egg. 3 1al . 1) ,11. . 11.: ~...2a.' .

ChaiikJ':.T U, :: . 't. , ; n:,~

.fe:rl.i.l 'l:tA!'d sco
~ '; \ ~ ~ "' ".. . " ,
. " ,1 _ .
- """0U0 •

10/.)4.
HI :.!l •

1".-..=0 liCC'.lls1j.lt.1n nt' >h ''2:,Io.·vn-e '.Jy
.!~ul .. , l(~:; : ~)"{ - "fJ7 .

C~~Jl, ,.,. M. , ~ ,t. i·lo:l u.c16, 1)'j.2.
hl.l~ iM"'JrJrL"lXyr.ea. J . J'h:,.':3-:Vll . ,

ClO'>k68 , G. I1..A. , l 'b l .. 'lho :Inh!b '! t1tYl of cell d 1'.'io i :)O ~. 5, tbo-'t1tUt..od:
r~...."'\t~u \lit~ lJ.,u :hl 'r'1.lf'cre~"lC(: 'tv t.:<.t'\ n::~~..l l1 c..l ::l ),;' u1vif.I.l.,'1. : ecj.te ,
;~II~ . mr.i 'l:or}o; ..cw:.. ' ":c 1 . t ~_~: !.~", r) ...!) ( >.'.. •

Cl:,..~'t"D , C. ii . A., tn<l ..'\ • • t.:o ltc b , 19~1. J\ nX1-n.nrt.iC\.l.l.nte-~ , d1..,1t.:-..~~.

rt."'fJiGt lVlt , -;.l.,-:.)1fi l c', ~JiU.>i:fJ\.: Ol'"; '1 u, i",~ !lX"(:~1 tu."J ."'''O''8C, .,. cn : 1. ;tlU.'rG.

!.I.':lIi ~\'Ttl'J :ln 1'l' l't".::.1l l!u.i;~~l;. '·Y.?': . 'x' , Src, lSS",l .. \~ . , Ii : ':;:'~1 t" ;

'>-"

•
·il ..

CloI,"-.:c , C..ll.)1., A . ,~ . 'o\cl. ,;ch , L,c. " ~ 1t"l~m.'T , <Y'.d. '. •J' . ....l~crf..;,

ict,1 _'!';~ ,t". 11tr .. l.: <.:: :;!C.~ _ '., . \ .. )£:'.1 t':'~~l ~.,

lQ·ei~1tJ c -. n c, e- : .~ ~ · ,.li":..k 11 ....> ,'::' f.t.j 1·~.1 .,,!:?t:z) (:. t..,',£.
, ",~

. , .J.: ),'''-



'Ootd:lra.."f, !o!. , it. f ,. ;tr.;;.u' , 4'£
F-JCrO&U '.boc~h.:4t'11olv.:. U[ .
o f ~u:ore -l -]h::l:i.)1hatv . 1.

"-' ... ·1 1.. oJ

&~;3l:n.<}•• 't tc
'11.';1- . 1~ ,

1.)1. L, ;~"tu:l1R-..4 wl~.a baa.:';.l..~ ·l.:.d.

a,<''U\i. i<lCilt1.:Jl c:r:t eceecce :.......
!:C ~: 14{-15',1.

'ten:1clli, J.r . , 11)')2.. -t..r..¥;....;..a"'t!.~ ~a,;::.. .C"(; tn c:u~ .<:~.noblllt:i r.ltll. i r-e ..·.:t.:.l li l.
Z:.'r7,tJOOia soc• .:;q... :.u )l . J ~: 1 -15.

Z1DeD14, A.J., !.. rl't.l , p ./( . t:..:dth, nno.! : •• " j n jc l"'l" J l',)i K). A " tuJ.:/ or tn,
1~1l1t;r 01" h\.tln:.\ cryt.hrocc,,"tofi tI.1 t~i,-" , &'.lt11;.r:A, ou1 ll"'JJ'\;,r.n1c
pbo&~tc by tJ lC' uee or r':W 1oac1:.1w laCJt,QI.Jt'O o J . Mol. Cl~ , !.J.l:
165· 173.

[zaat. , ~ . , aDd. 1~ . ncectc, 19)2. Die :'"itV''lrn1J.nt.r1plwavi~ &r l"'Irt.uI
~hon. ta f'hyDiol . fIt::vIl . se a, 1b\:!IW1cae,~: 513-~">l. .

Fuil"e~ott, R .~~. , QQl1 "-' . Sherr, 1943• .?boa~ oxclvq;r !:l rtOt1Q,,; cardiac
Cl anclo tIS 1ndicated 'oJ rudlooct.1-"i-t~( st:.ud.1e6. IV. J . 3101. ,
l~~: 6S-a>.

Gourley , t .R.B. , 19"".....::b. ~~ Mile of ~i.DlJ tr1pb06"i~18te in. tbiI WVv.>i'Jrt,
of' )lb:l6}mte 1n t.ho tu"", ~~jl"t.e. ~l. M xhsL~. , ~:
1-12.

Gou:rloy, D.n.H. , 1'YJo2b.
~fto. Arch.

Cljoct)!ye1l;. Illlld ..:hoo:..:GirW ta-.....""."etr in tbe blnln
S1c'chetl.~. , ~: 13-19.

He"leey, G. , 19/4.7. !>Xl.. Q.;1.Pl1eoti<ns or rad'oactiw~
GQ1d1eo. AilvWo.;:'HJ 1rl~. , 1: 1ll..m.4.

)!e'R.-ey, 0 . , 1948. EiDt,l:r1cnl 5!u::tcb o~ the b1ol:c1cal~lcot~ or t.:roc-ar
e)09"'UW. Cold D.s-"~ l.it:c'b:Jr :":'''Y:»>1a ~uent. 9:101 ., !.l: 12:J·150.

~;!ta-~, on(( N. ~leeG, 1931.
l llrtUr'e , 140: "72'5.-

Jutrt , E. ,~~ . , 1939. ~MatJ.~ ~ i:.x':lI;Ct'!mmta f!!. ; i~ ~ l1'.u-ino ~!.U02..
r' . BL..""'ltrtoa ' :o li.l':a &I Co., Inc . EtiJlIikl)iG.

f.olckor , H. M. , ,1. Tchl1l\J.:r , Qnd ..... . t>" l.1or , 1944. jllVenatioD or~WlW

in Q(1rm":w. rr.JC la1Ivt ll.h:; . II. '!'tle m:w .J!: ra~1oc at !abUe
pboR~ c~~JU::xlJs In IU8cle a::ad 11·...... J . Mol. Cbu." 1S4: f!'f5"';:')1 .

~, !-1. t . , e..'1d 1" w {.,. ",,,,JJi , 1~J4 _. ,ta~:l~·.on ~ ..ll~'lC.;ilI:~~~li~

at 00L1J W1cl'lU uW -riJm1alti. l_old Sli&"~ ilQrl.,..r &~1.a UQIIt .
3101., 1;: 151 -lIj 3.



~ \ + • ~
, -.c_~. , ~.,- .. , S t-. '. a_ e " .. .

ex~_'" i "'" '\~l.l'.~
! n ~~~i~ tG 1~1~ ~:' ::J

• •,
.~- --.-.

..; \~,;.. .c..... ,

•

:~ i1 ".' l "l' ,~-,,!,: ...... ',.,. ,,,,,-,,...,. e..~.. <1 f'~' ''.~" 1'·.. . 1 i,t.ali~.I.:0, '. , 1., _._ .. ,.-'.- ,"'; cr. , """' , .. '._". . "' J ';' ..

00 cell L1Il'taballal mld cell 4.!v lc1''n . v, t. yt/ ' oC·~·L · .t't :id'~ ~~::-' ··...1
1.11 thtt Ci~ ar :'!:~.!:~ .~..!:.~. " . '..:..trl . 'tl"s1,)!. , ~: ~'j~.,(~"" .

a-u.r.et, G. , ond .I. r:~, 1951 . I';":.I.'P et"fecu tl.~' ~1ne trl:m'"l:~_. ",:.to.:
~ the cyto?lrvrde a ta.t4, divu 1on, and dcwl"i-~ of' t.:'<t): ~

crc.....1:1 e:x. ':o-2'".-:l~ . ~ it:\~ Yllr':'" !~:. "c: • • , ll: l....2-],{). .

l"~. A. , 1946.
t.~_~? 'L.~~

~~aUY.

1M a.-the &ad JlIiIi181v~ «t:''C''"*':,-efS ,;.Jr 1n':x":J;sn1c 1onf;
eu."fU:l,..""G .,r I h 1n;;. ,.:(;~ utld~ Uvinl:; t~

..~. Roy.. . , Ir:odoe , see, B. , ~J3.: llfO..ex>.

!.as."{ly, ~:l. A. , 01X: ;1• .~l1I:u:t, 1')'-; :' . 'r'hc~;;,t;u; ~e"Ct. cr 2 ,4-(ili'U­
t.ropboDol on~1Mt.rl.,-"hotJ:blrt.0 bydrolya16 'by cell IJ&t"'t1clw tU¥l
&Ol.ublb lffi~. J . Ml\)l . ChrsQ. , ~_~: 357-31"J.

:tawrence. J .lJ. , 1.. A. trr , uK! L.~ ( . 'ZUt.t.U.r , 1941. la:rt.rvc"Uu1.m" rw"..l4lt1{X\.
J . A;JRUltd ~1c:8, E : 333-334.

I.izx1"txJrC, 0. , 1?'+9. ce t.bls t.1.irb.)~"«f ~ adeoon1... uoiph..:4'phBte 1n 'the sec­
urdltn utl'J; .. .\i:"s1v Y.eus1, tt:lnL'ral. Goo:Jl., ?.J3: :1:'.: . 13: 1 -4 ..

I.J.ndbar'6, J . , 19'")0.
cell ll eS?3r'CD,

"n o.r!ace i"eOCt1-Dsl 1."), tee Bell urch1n ~.

1: 1O';' - UIt .

Ux:m1s, ~ .:r. , l'ln;1 "1 . L1~1, 194t-.. ;ur.'CnI1hl.e 1nhl blt1l':'C at the ~.!"Lnl~

'be't\Jeel:l ::~ilat1m tmd a:ddat:i<;::l.. .;. B1ol. L'he:A,. , ill: fYf( .!...;.....( .•

~, i.. . , and J . lim"t~, J.9Ii8. Inhibit-loa ~ clen.~ a:n p32 u;..Jt.cl:.c
in ~...!! b'S d -t\CS\l c 9Cl~. J . Ce U .. Cc:et,p. ~101. , 1!.: 3?J.- J2;:'.

~, J . J l~..l . .4n,"l.1bhlon de ! ' t\("',;,\~rt.?ot1 X1 OD~'O:rt.1tr..J.C ~2 B.. c oli tlr.

);r\.."9'3D::O W 2 .l. d1nitro~iltl'lV.).}. .. l.IlDOloo do!:! l l tn.ert;.1t ut. t-uaii:n4·, 'tJ:
31>1 ~3~ .

bJll:tns, L. J ., l~..
81.D1 . 31;,1] . , ~)1:

'~ '~1l1ty (1;." .;,ooar;t. cella 'ttl nd~~-\tc.

3t.~- 333 ..

::~, J. . .... .l: .. ~I .. ieouoa.t. l~~. , .It . n:JS:.~ :tL""t.....bolbc,
l ife . 1. .rnvcrtc:brntc ...~;&. J .. ~~. 31,,1• • I: ]17-3'~•

~lk~'X:l ,

OC'th~

• J .. , l~~ ' . .. t .ll.:! u·.n , 1:.· .... ..
,""- :e,,~~ e ......:h."1o"'-~~; t.~... '''_~ilI.-t.~ .

d :>'>1"l ·r.-1.""l ·<'l:: itllX:(: ;'r..~t . " ~.U" ~. 0"

,i.ut~"' J .~: 9 j')~J..



,..

F.c1ner, J.:i. , 1.')4(, . :(~..' uo: t .)r r~<2.;rt:. :llf ~ .i ; )~t<:'l ·~ ' I]), ~"<»-l.DI·iJ.ntUt 1<)o" or
e'lUJlD!18 1n t.be I 1v1zl(,; cell. .l.'1",)(;. ' ~. Ell,'}. lHol . r.n d .. ,. ~.J.: Ul··•.:h..

nobb1c . W. A. , 1940. ~~:'IC: e ?"...:ct .,· l~ /o.'1 ; t . -In t' Y, . >.;•• ~(:f "~ c,~a:vtl .u ur..l
c:1otl~ or 'the '*' urchin e,-t.'.:. J . Cell. Co ,:,,, al.."Jo l~l • • ~: .~ rr>~' .

Robb ie, W.A. , 19+1:j. Gc:Qt C(~IlJLnU'1i1fI :x..ot.~ l2M\'eJ.o.J~"lrt aDO n fJpirBtl·.--r.
1D the .ana ~l)] l or, f~ ~~ 11.. c ...-e"l..~ 1fi11'bl'tl~ IiOtudJAo. J . cea,
"""'101. . ~: 217 .,232. ,

R~, 'l'b., aDd W. VUbra."ldt, 1952. ~ic~ 1D cell
"'¥bt_ penet..nlt1.:ln. Inta:nwt1J»M]1 f"\.O'\' . Cyt.o1Q:.l;y. 1: 64 -')2.

RothDte1n, A. , ao4 k . *,ler , 1948. :be rel.8t.1onNup ~ tbct ull wrface
to artabol1aa. J . Cell . C~• .Pb,ya1o:.,1. , ~l n~.

SGcJto, J. , 19It8. )k."C!:aM1-. or ptw>e.......c t.I"8r'UI:!'eT ..,;rot,.. aU _ .....-..
Cold Cpr1.Qf; Ua:ibor Sl ....-e.ia~. M ol. , !1: liO-).bI..•

.......it·, J.,~. ~b to wc~ --S 'tUrIltmIr in the 11'YlW. A:rcb.
lUnd".., ~= \23-'37..

f.ec", .1. , .m C. B. Altabll1er, l~. ~1c6.-tctve~ . t ool . iB on
.-trlate4 8nd eard.1ac a1eC1. mtabol1-. t ' .. J . ~S.ol. ,. ill: ;;v ,,~.

01etev1t.z , F. , .md V.B. Pot.t.e:r, 1953. Iu'tl'1R1tocbc.xJro1&1 l"8c.--ulat.1c:a or
ox1d8t1w r ata . J . Riol . Cbt:m., ~t 1-13.

S1aIm, E.lt. , 1953. ltechans.- cit d1nl t.rv}h ... iiOl. toxSc U,7.
453....79.

Biol . Rev. , 00,-
flp1egvl.=, S. , ~7. 'Iheo '"" . 8CC1atlm ar « ob1c~1a t'l-oa...._ti. _ t1aQ 10 yout• .J.C<>U. C_. l'llya1ol . , .l!t 315-329.

'IYler, A. , 1949. /'" a~lo , DCa ~1ajur1ouct llDthod. ter sn&r1n& rtrplSa'ted
epa"alDtng or .. ureb1na 8IDd D8OO--dOll8re . Coll. l1et , !,21 19 .al.

VIU08, C. ... . , U. l.O\IIena""OI. Gordan, I;. LetY.UU"'d, and A. tl1ch, 19'tB. Tblt
~~~ ?~ ~~~~~~~~ ~

4crvelop~ !'rb«ln edJr'.YOG. illol . aur, ; 2i: 2'19-3S0.

Vl ll.ee, C. A. , and U.T. VIUee, 1952. L'tUtlioe 00~ ..u.boU DIIt. 1n
eee urcb1n~. J . Coll. C~. ~101., ~.: 57-71.

-\{r .JUl"g, 0 . , 19 10. 1.IMJr.u. ~>'x)'dat.1~ in lel:Joemc'tm i ellen ......h VC!II'dUchen
am Geel8Ole i . Jhppo$.-Ge)"1«". i"..eSt.eo;ln-. ~101 . r h€cJ,. , §§.: J)5-~.

l..'hl tAJl e y, A. II., 1949. 'lbe~1:b:c-wJ c.,~ fJf .. urch.1D IJE&& &I'ld the
~ or rndto -vhoephate l.tI~ r~Uuatl00. ~. !'Ietur'al:lat., ~:

~·3J'T.



YCGG, H. F. , 19)0.
oeE8 . '1'hoaia .

j'

~_'1:I.klJ.eG ' .&:I Vae :.,'oo.. ,1t:-",V-",'Y <:ll.Jo;)'D'.!J ,.n' .........\ oo:"Cl'l1n
Call1'"OZ'7Uo J:;zt,it,uw ",1' ·l'oet.n-)lq~.

7..eutbm;, F_, 1951. r~iOPl, rn.·J .....

in~ ~ ech1not'lcn;e 6J1d~1b1A.

~:414'.

3 '7 ..'th ,,_"\Ii cyto'Jf>lee'otlc~
i1"~l. e:tAz. zool • •'AVJ11,

-

l.U vcrumtt , D.B., C. r.. I:~rto!.ua:n, ~ Zf.C. i'luh)..er, 194]. en tbe cal~
C\ll&t1cn ct " 'tUl"ftC,..."Cr tiM" 83d '<t _urncver !'8t.4" 1'r'o0 ~1mftta
iDvClv1ng t.h.a. u:;.:, or !3*'11....." OWJo"'i".:;s . J . (~. 'i'a;y. 1Lol . , 2l: );,::) ~331.



-

•

I. ~. ~~ - ::L . "' ~ ~.oy- ~-4 ,.,4 ..... 9;' u - 'f o /

___ ~- O _r.d for- ., . f-: / ~~ v r-I f~

fl o, - • ./~ AL<~

l. ~ .F f rd- ---0' ~ --" cr i" ~ ~ b N ('

-<. q. . - f' ~'" , ,/ <.-~ rr .- ~ f~

1 . I . ' n <-c -. • -I~J .f' -----r=..oc-J. o-j p
yJ,. :A~ .r-f - - T f .

oe.; .r: (l -=-- y.-..> / . ~ J 7'.-..rU
(7- e.-r-J. ..=:- -LU 7 . u..~ -i ' -,

4 . Th?(- -tlJ f
, 0 , 0 "h:Jr i' '}~ .-......;JL o- - ep

~~ . ~~-af ,. ~Ci

~ - 6, £,. ..3. fv-/.~
tk /U f' N ~ ,., ') J M (r1 F? < ~ ...::;

I . ) "Y"\~

.,."\J . erf Q.... ~ e. • tf. '" ~
[ j -:f .~? ; J , . ~. t " c.....,....- ';;h.-r--:...
.q .,.,..... ~~ c.. N .. - 14

J p to ?ft . . 0 zf' . ~;-:I- -+

r. . I'd ~ ~ f - . 0 7< ~I
fkf- [fD P - - - ~.

? -.~~ " /::F' .~...Zi .r.:« &rU!:~- (
- ....-Z@ ..........c- _Y_-= __ IL~~/



-

~~--.P - L _ _ 1 -1'1-
- ~----~ ~ ~ 4

~~. Q

~~ J~ C~~J ~
~ ' /~ '17~ .r .::... ~. ~f--..-p

- ~ e.-e";;;(-. p ~ f #1
,, ~ ='~ --y-~/ ' ,
(JJ.~' - If~. ~ c;....~ . (<f ,'- '.1 5'3

( ('f)tQ - ----"r - ./ -di;~.

~r-~ (~ A-~
'1---~~-",,) (1-. 1 N - " ~~

;J--P....,.JL........ .e.--e..~"1--1 -r:"r - -./ -( ~ .
.f - --?~ 0---<: "

~ ~. ~;:;ii/2
~-~ o~ ?~~,= 2~
.... . 1. - ~ I L ' -
~. ' ~J '('~~_

9> .

I

-



-



-

,





- -­_ ...-...
......~. ~---



- -
,~.

-" ':' -'.-- .<::- .~

--;~.


	R001
	R002
	R003
	R004
	R005
	R006
	R007
	R008
	R009
	R010
	R011
	R012
	R013
	R014
	R015
	R016
	R017
	R018
	R019
	R020
	R021
	R022
	R023
	R024
	R025
	R026
	R027
	R028
	R029
	R030
	R031
	R032
	R033
	R034
	R035
	R036
	R037
	R038
	R039
	R040
	R041
	R042
	R043
	R044
	R045
	R046
	R047
	R048
	R049
	R050
	R051
	R052
	R053
	R054
	R055
	R056
	R057
	R058
	R059
	R060
	R061
	R062
	R063
	R064
	R065

