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ERTRODUCTION

The problem of phosphate entry into cells hns besn the subject
of many studies with radicactive phosphorus durdng the past Tifteen
years. These studles, when compared vwith similar experimests with
monovalent cations or chloride, present more AifTiculty in interpretstion
doe to the fact that the greater part of the intracellulsr phogphate
is in the form of orgamic compounds., Thase compounds of'ten have a high
turnover rate vith respect to phosphorus. This usually exceeds the
rate of phosphate transfer across the membrane (Hevesy, 1948).

In general two hypotheses have deen proposed, either fmplicitly
or explicitly, to explain the passage of phosphate into cells, Esrlier
papers oxplained phosphate uptake on the basis of eimple diffusion
(Furchgott and Shore, 1943, Kalckar, Dehlinger, and Mehler, 1944,
Krogh, 1946). This theory requires that the iatracellular inorganic
phosphate be derived directly from extrecellular incrganic phosphate.
The alternative to this is & passage Leought sbout by the formation of
an organic phosphoate compound on or in the cell surface, and the transfer
of this compound across the cell membrane. This would presumsdly
fovolve enzyme action and imply that the inmtrecellulsr inorgenic phosphate
vas derived from the Yweakdown of an crgeaic phosphate compound and not
from the extracellular inorgenic phosphate (Sacks, 1948), The latter
hypothesis seems to have been supported in recent studies, particularly
those involving cell suspensioms. Included in these studies would de
the work of Kamen and Splegelman (1948), Nickerson and Mallins (1948),

Sacks (1951), and Cowrley (1952a).



The cells ekl tissues that Mave been moet frequently studled
are striated and caxdisc musecle, [ivor, erytirocytes, yeuast, ani uarine
invertebrate eggs. Low temperative, snaserchiosie, and metsbolie
inhibitors such as cyenide, acside, and substituted phenols have been

used as tools.
Much of the vork thet has been Cone vith intsct animals or tissue

slices has led to comtradictory conclusicms. The experimeatal tissues,
largely cardisc and stristed muscle, contain appreciable smounts of
extracellular inmganic phosphete which mugt either be removed or
accomted for. Othervise determinstions of intracellular inorganic
phosphate will be in error and lead to difficulties in interpreting the
data.

Sacks sud Altshuler (1942), in & study of stristed snd cardisc
muscle, comcluded that phosphate 4id not diffuse sevoss the cell mesbrane,
but that the formatiocn of an organic phosphate compound ca the cell
stirface vas necessary for the passage of phosphate into the cell. p>*
vas ianjected subcutanscusly end at various times after the iajection
the tissues were removed and frozen., The extracellulser inorganic
phosphate vas calculated by sssuming that the chloride space colincided
with the extracellular space for phosphate, end that the extracellulsr
isorgenic phosphate was in equilibeium with the plasma inargsnic phosphate.
This calculated value vas subtracted from the total incrganic phosphate
e give the intracellulay inorganic phosphate, This method has been
criticized since wide varistions vere obtained in similer experiments.,

The major evidence supportiag an enzymatically coatrolled transpiet vwas



Ly

obtained from the cardlac muscle experimeuts., AT one, W, and four
hours after the iajection of P32, the imtracellulsr inorganic phosphate
had a lower specific activity then thw plasm incegenlc vhosphate,

At twenty-Tour houwrs, the epecific activity was highest Iu the intrae
cellular Inorgenic phosphate. FPhospbocrestine and ademosinetsivhosphete
had intermediste activities at all times, If diffusion vare cperstive,
this specific activity graldient at twenly-four houwrs vould require
diffusion against a coucantretion gradient which is umlikely. This
same relaticnship has deen found in two-howr liver experiments (Sacks,
1%48).

Further experiments (Secke, 1951), which followed the time course
of the relative specific ectivity of liver phoaphste compounds, showed
that ATP-ADF and glucose-l-F0, bad higher turnover rates than other
arganic phosphate compounds, Accoarding to the criteria of Zilversmit,
Entenman, and Fishler (1943), the plasms inorgsnic phosphate fulfilled
the requirements of a Frecwrscr substance for both ATP-ADP end glucose-l

“PO;. This would imply that phosphate entered the cell via AP or
glucose-1+P0), formation. These criteris require that the specific
activity of the precursor substance be higher then that of the product
befcre the lotter reaches & maximam, Murthermore, wvhen the specific
activity of the product reaches a maximum value, it must be equal to the
specific activity of the precwrsar,

In experiments using cardisc muscle slices, Furchgott snd Shorr
{1943) comcluded that redicective phosphate entered mainly by means
of simple dlffusion. Ixtracellular inorganic phosphate was removed by



wvashing the slices with phosphate-Tree Hingee's solution at 290,
Therefore direct measurensnts of intracellular inorgenic phosphate
were possible, In mo case 4id the gpecific metivity of the intrse
cellular incrganic phosphate rise above the specific activity of the

orgaaic phosphate compounds, &2 vas ths case in the egperiments of
Sacks and Altschuler (19042). In thirty minutes st 37.5°C the specific

activities of intracellulsmr incrganic ghasphate, crestine phosphate,
and the termingl phosphate of ATP were equal. It was concluded that

intracelluls inorganic phoephste vas the source of the two organic
phosphate compoundés. The most dirsct evidence in favor of a diffusion

theory is that in experiments at 2°C, vhere metabolism vas at a low
level, the intrecellulsr incargsnic phosphate had a much higher relstive
specific activity than any crgamic phwephste compound, However the
total penetraticn of P into the cells st 37.59C was 5-10 times as
rapid as at 29C, and it vas cugzested thet under normal conditions, o
process other then sisple diffusion might also be operstiang., It may be
noted, hovever, that according to Danielli's theory of activated diffusion,
& high temporature coofficient, of the arder of 2 or more, does nNOt
oecessarily imply that a chemical procese is operative, It may merely
indicate that the cell mesbrane yepresents a high potemtial energy
barrier, and consequently the resistance to diffusion is high (Dunielld,
1952).

falckar, Dehlinger, and Mehler (1944) gave support to the diffusion
taeary in e series of expearisents wita rebbit stristed muscle. Radioe

active phosphate wvas injected intravencusly and 15 to 20 minutes later one



leg was perfused with 1 40 1.5 liters of phosphate-free Ringer's
solution t0 remove the extrecelluler phosphate. The other leg was not
perfused, and, therefore, it acted as a control oo the adequacy of the
perfusion. The specific activities of the phosphocrestine and ATP were
alvays lower than that of the inorganic phoephete. It is of interest,
howvever, that the specific activity of haxose-aono-phosphate vas extremely
varisble, In one three howr experiment it vas considerably higher than
that of the inorganic phosphate. Therefore, the authore do not exclude
the possibility that incorporation of phosphate into polysaccharide
molecules is a process vhereby phoasphate may emter the cell,

In general, experiments with cell suspensiocns have given more
conclusive informmtion om phosphate entry. They have tended to support
the theory of an enzymmtically controlled transport mechanism, Harly
experiments of Hevesy, Linderstrgn-lang, and Nielsen (1937) showed that
at lov temperatures o in the absence of substrate there was little
phosphate uptake by yeast. These observations were confirmed by
Lawrence, Brf, and Tuttle (1941) and Mullins (1942). Further evidence
indicating that phoephate uptake by yeast is am active process, closely
associated with metabolism, is derived Mrom the fact that uptake depends
on the pil of the medium, Experiments carried out by Malm, cited in
Bevesy (1947), show that uptake wvas maximum at pH & to 5 and non-existent
at p5 7. The pi of the cells wvas not changed dwring the course of the
experiment. It vas concluded that a pH dependent reaction at the cell
surface vas important for phosphate entry into the cell, The possible
natwre of such & swiace reaction vas suggested in experimemts with
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ribofiavin {lickersca and Mallins, 1944}, In yeast ubilizing glucose
PP exchamge vas markedly incressed by edding riboflsvin 4o the medium,
It vas sugpested that phosphate enters by cumbining with a complexing
compound on the cell swriace and that yibolflavin may be such a compouni,

Another apgwoech to the problem of phosphate uptake has made upe of
metsbolic ishibitors (Kamen end Splegelman, 1948). The rationale behind
the uee of these agents is as Tollows., I phosphate enters by diffusion,
agents affecting phosphorylaticns within the cell would not have amy
effect.’ Howsver, if phosyhate emtry is due to eome esterificstion
reaction, these egente might inhibit the exchange betveen extreacellulisr
and intrecellular ortho-ghosphste. In experimmts with glucose-fermeating
yeast, aside, sreenstc and momoiodoscetic acid all imhibited P32 uptake,
These results were, therefore, consistent with the theory that esterifi-
cation is importamt ia phosphate penetraticm,

The same conclusion vas alsc reached with an entirely different type
of experimsat by the same workers. The estegification theory requires
the presence of a phosphate accapior, and it is ot ureasonable o
assunme that this acceptor is produced directly or indirectly ac @ result
of carbonydrate motabolism. Thevefore, if yeast fermemted in o phosphate-
mmmmmwmmmm. On
subsequent addition of phosphate, an incressed uptake might be cbserved.
This indeed proved to be the case, Aftor yesst had fwrmented in a
phosphate-f'roe nedium, phosphate wvas added and the rate of uptake wvas

1. An exception would ccowr i phosphorylatione within the cell were
affecting diffusion by meintaining s favorshle inorgmmic phosphste




2 to 3 times grealer than uwsual,

If an esterification reactica is imvolwved in wwaphate estry into
yoaat, it is possible that enzymes would Lbe predent o the cell suriface.
It iz intevesting that Rothatein snd Meder {(1943) have reported an
ATP-ase on the cell swiace of yeast, AP, triocse-Ply,, glycero-,

and phanyl-PO;, are alsc hpdrolyzed, theredy suggesting that several
enzymes may be mresent,

Experiments, comparable ta those with yeast, have been carried out
vith erythrocyte suspensions with similar results. The tespersiure
coefficlent for phosphate eatry into human erytiwocytes is one that
could be charecteristic of & chemical procoss (Eisemsan, 0th, Gmith end
Vinkler, 10W0). BHowever, the reservations introduced by Danlelli (1952)
mict be comsidered. At TC no phosphate entry was chesrved, in contrast
to the marked uptake ot 35%, In experimsats designed to follow the time
course of the relative specific activities of plasse inorganic phosphate
end intracellulsr phogphate compounds, ATP was found to be the precursor
of the intracellular inorgsaic phosphate (Gourley, 1952a). /gain the
criteria for a precurscr substance were thoee of Zilvergmit, Entenmen,
and Fishler (1943). It ves therefore sugzested that phosphate enters by
formation of ATP, This cugzestion received further confirmation in
experiments with metadolic ishibitors (Cowrley, 1955b). Iodoacetic acid
and sodiva fluoride were imown tc reduce phosphate uptake to one fifth
of the normal valus, It was, thesefors, anticipsted that, if gptske were
via AP formation, these agents would reduce the specific activity of AIP,
Todoacetic acid end sodium Tluoride in concemtraticms which inhibited all



but @ fraction of the nommal PO uptabs, aluo redused Sy 9% the P2
turnover in the lsbile phospiwie of &0,

Bnzymes have also bean found an the cell surface of eryiamrocytes.
Clarkson and Maizels (1952) report e resonce of an apyrase on the
cell swrface of human erytirocytes. These exparimcnts were carriled out
vith “ghosts” isclated from hemolysates. Other studies (Srnst and
Homola, 1952) have shown that a2 enzyme releasing three phosphates from
ATP, two phosphates from AP, and two ortho-phosphates from each mole of
inorganic pyro-phosphate, 1s part of the isclated coll memlwane of
sxamslian erythrocytes.

A third type of cell suspension that has been videly used is one
inwolving marine invorteleate egge, aotably echinoderm eggs. Additional
isportance has been attached to this work because of interest in eveats
associated with fertilization and early cleavage steges in these eggs.
The study by Brooks (1943) om P3 eatry imto echinoferm eggo established
that these egss vere parmeable to phosphate, Subseguent etudies have
confirmed this, and have been madnly comcerned with differences between
the unfartilized and fertilized egge, changes at fertilization and, as with
other cells and tissues, the mechanism of Weasfer across the cell mesbeane,
This fnformaticn s cunmarized in Teble 1.

PP yptake by wfertilized eggs is negligible, An exchange io thought
to take place between the externsl and imtracelluler phosphate, Howevesr
this dogs nct result in oa incresse in the isternal concentration of
phogphate (Chambers and Vhite, 19%0, 19543 Brooks and Chembers, 1954).
Lindberg (1948, 1950) considered that the swrface of unfertilived eggs
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metadolised shosplate, but that thore was no 2eazbratiog of SosilEtc
into the intericr of the eozy. THe Bmgll apunt of e docorpuaatesd datbl
the wmaf'ertiiized exy is raplidly coaveried inte AT¢, The sammt of
1abelled 1P veaches o waxiowm gt the end of 30 mimntes, Ho larger amoud
is formed efter this time and an cxchenge equilibrius is cstublished with
the arthophosphate in the eggs and in the medium, Since the labelled
AT? vepresenta only a fraction of the AUV ptores of e egss, 1t o
asoumed that only the suwface AP is fnvolved in this labelling. Com-
sequently, Lindberg concluded that the unlertilized egg is imperusable
te PR, although & rupid surface turmovey of F3° s carried on.

The fertilized ogg presents o rodically differont pictuwre. Imsedistely
folloving fertilization there is no clhange ia Po° wptake, but within
6-30 minutes there i o moticesble incresse iz uptake. The rate of wptake
ususlly reaches a maximmm by G0 mimstes and remmins copstant for W to
seven howrs after fertilization, Thoge indtial evemts have been Gescribed
by Abelsom (1947), Reooks and Chasbers (1948, 195%), Whiteley (1949), end
Cheshers and 'ite (1955). In e stuly extending throughout the larval
1ife, however, Bolst (1952) found the rate of penstretion contioued to
incresss wp to mid.gastrulstion (35 howa) and then subseguently decroased.
The maximm wtehe rate of the fertilized egys is wp to 150 times ss great
as tho uptake in unfertilized eggs (Drooks and Chembers, 19%8), Slight
changes in rate associated with cleovage or mitotic cycles have been
reparted by Zeuthen (1951), but thess changes have not been found by Brooks
and Chaubers (1943), o Whitsley (1240). This penetration of phosphate
ropreacnts an accumilation agalust o concantration gradient which may be



as high o5 e thousandPoll (Chombays and White, 1954%). Oowever, this
figwe s thought to e oo lawge By the aukbars. The rate lo NoL
affected by the accompanying decvesss lu (- and 79 cocwstrations in
the suspension medium (Geooks end Chembese, 1954). llvever, uiske of
p32 can be imhtbited by PoF, if the comcemteation of the latter is
sufficiently higk (lLiadberg, 1950). Lvidence that this uptake represenic
& real penetration 1o the fact thei only 2 to 5% of the P3 astivity is
ramoved by contimacus wsshing with see water (Brooks and Chasbars, 1540},
Radioactive phosphate 1s largely incorporated into the acid soluble
phosphate compounds (Mbeloom, 1947, 1940; Chssbers, Vhiteley, Chambers,
and Brooks, 1948; Chambers snd ‘hite, 1949, 1954). This is tswe both
in the fertilized and unfertilized egge. Ascag the acid soluble
cosponante, the easily hydrolyzeble phosphate compounds have the highest
ectivity (Avelsom, 1948; Lindberg, 1043, 1950; Chembers ead White, 1949,
195h). Lindberg's work (1948, 1950) on ATP turmover ia fertilized eggs
has showa that, in comtrast to the unfertilised condition descridod
sreviously, the Pertilized egg is permeshile to P3° and that there is an
ascending curve for AT labelling. hs specific activity of this fraction
eventually grestly excesds that of the wrthio-phosphate in the egge., If
PR is vemoved from the modius, equilibteius between the lsbelled AP
and the artho-phosphate is wot reached wntil the owimilng blastula stage.
There is also a differemce bLetween the unfertilized and fertilised
egzs in regard to the cytalogical dlstributics of P, ™ experimmts with
the eggs of Lytechimue pictus, centrifuged imto Light =nd heavy halves,
Chanfoers, Whiteley, Chesicers and Beocko [1048) sad Whiteley (1949) round



that tu wlertiliiced eggs, the L4LMS Wall nad L 40 2,4 wisos as msach
activity as the bwevy Imlf, 'pon Pariilizobion talds situation wim
revarsad, and the havy half bad twice the activity of the light halfl,

Low Cosperature mmrkedly Inibiis yotaks by fertilised agge, aelson
(2947) reported tomt the uptale st 10N was une soventh of that at 239,
A Q4 of approximately 2 has boen calculated by Villee snd Villes (1552).
They intarpreted this result as characteristic of an enaymatically
controlled traasport.

Boerinents vith setabolic imadbitorz aleo suggest that a procese
other then 2iffusion is in cpesation in the fertilized egg. 1.6 x 1077
&,6 éinitro-c-orescl diministies yiake by a factor of six (Abelsom, ISRT).
It 18 not directly stated Wham The Ihibitoer was added, Lut it ccew
likely that it wac added at o nmespr ferillizstion. Tecreased penetration
also results vhon ages wre lacubeted with 10 sodlus cyenide (Aroocie
and Chanbers, 15%8), Tilise, Lowens, Gop¥ion, Leonard, end Rich {1948}
12 stulies deoigned to ctemrve P3° incoporation inte muclecproteins,
found that dinitrophenel, malononitrile, and uranyl niteste significantly
ichibited uptake by the emtire egs. This finding wes Inferred from the
foct thut the PR dncorparuted Igto the acdd soluble phosphate frection
wvas low, Doitrovhenol wis most effective in this regerd. In clmilse
experimonts, pllocarpine, eserine, el atropine decrensed uptake (Villee
end Villee, 19%2).

The expor-immte on sea wrehin egzs Just reviewed have led to the
viev that, while the unfertilized eg: is charactarized by a phosphate
uptake that does not represent renetration iate the intepior o the egy
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cad iaveives a4 sluple euchanze botvocn the gephsie of Ww jaadlvag

et the inorganic pghouiaie of the o5, e Seveloplig euley/C uas an
eazyastis mechanicn that redominently coatrols the penetratiog end
couseguent accusulstiom of phosphete, In the present sfudy the nstwre
of this ensymstic mechunism has been comainsd, the vise of its establieh-
ment & a partisl relstion to the events of fexiilisation determined,
its localduation a3 a swface system hos bYeeon estsblished with reascnsble
certainty, and some infurmstion concerning the relation of the eawrgy
aotabolisnm of the ogg to the mechenism has Leen ditained, The experisents
have largely involved o analysis of the effect of various metabolic
effectors (2,4-00°, cymnide, arsemats, AP, AP, AP, and tegpurature)
on the rate of wptake of PF i fertilised egge.



METESE AR MATAIALS

The bagic experimental approsch used In all the experimente to be
Gescribed, was to mpasure contimuously with a Ceiger counter the ac-
mmvﬁwmmmﬁnm“hmgmnmm
vater containing P32, Tn some mxperiments, the perfusion fluld included
various metabolic effectors. The perfusion chamber (Fig. 1) vas an
inproved versiom of that used by Chambers and Vhiteley (Whiteley, 1949),
and Chasibers, Vhite and euthen (Zsuthen, 1951). It consisted of a
circular lucite chasber with tvwo compartments. Veter from a constant
temperature vater bath wor pumped tiough the wper compartsent o
regulate the temperature of the bottaan cospartasent which comtained the
egze. The two chasbers were separeisd by a No. 1 cover sli-, The inlet
tube for the bottom chamber wvas made of 1 mm, capillary tubing, which
diverted the incoming water against the cenmter of the upper cover slip,
vhile the outlet tube vas of I ma. glass tubing. The flow characteristics
of the chamber vere tested by perfusing a dye tirough it. The dye spread
quickly, and felrly homogeneously to all parts of the chamber. The rate
of flow Phrowh the egg compertment, which hod a volume of 1.7 CeCay
vas regulated by a plece of cepillary tubing attached to the outlet tube
outeide of the chamber, The flow, of from 3 to 4 =l./min,, vas sufficient
to change the sea water in the campartsent approximately tvice a minute,
The eggs were introduced into the chasdbor through & 3 =a. opening Grilled
in the gide. The opening could be closed with e lucite plug. The lover

surface of the botton compartaent was also a No, 1 cover slip,



18

[ L A ELI T, ”./-*"’4

2 f’;’,f'x’;f4 l;‘ i

l h— C

[;,éZ//TJ 5 Z 2T

I :/}{fJ K L/;_ﬁffJ

- B 8 ,,
27 t:<:Hi;€j;xf4 - | ff;{;fifi;d 2
7 777 XA, |

G

| cm.

Figure 1. Perfusion Chamber,

¢, cooling chamber; e, egg chamber; g, end-window
Geiger-Mueller tube; i, inlet tube; o, outlet tube;
p, platform; s, No. 1 cover slip.
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Prior to ety into the e chanber, the een vatss was cooled by
passage througk coilled glase tubing, in a constant tesperasture waler
beth., In most experiments, the tseperature of the bath, and therefure
in the chesbey, was 15,0%, hovever, for peveral experiments conducted at
8.0°C, the tesperature of the water bath was lowered, Bsfore each of
these low temporature cxperinentes, iU was cotablished with o thermocouple
$nperted into the chasder, that the topevature of the water Tloving
through the ogg chasbwy was 8,07,

The chadber vas placed oa a lucite plotfoym which in twn rested on
the top of the end-windov Celger-Maeller tube. Comseguently the geometrical
relatiomshiy between the tube and the chember wes alveys the seme.

At the bogimning of each experiment, the eggs Ware perfused with sea
vater for fifteen mimztes., During this tise a beckground count for the
experiments vas cbtained, Sea weter conteining PO- was them twrned ou
and the activity in the chmber reacihad a nev level with the unfertilized
eggs., Fifty to sixty minutes after the start of the experimsnt, the egs
vere fertilised, This wves sccomplished by injecting O.1 %0 0.2 cc of
e 10% eperm suspension in P3° gen water imto the inlet tube with a hypo-
Gormic syringe. PFertilizstion and subssguent development of the sgun
vere observed with e Zeiss Opton sterecescople microecope placed above
the lucite chamber., 't the end of each wperiment, the oggs wvare removed
from the chamder, vashed, sad allowed to develop further. This served as
& check on their normality, or on thelr recovery from the effects of any
reagent that wes being tested, After each experiment, the chasber wvas
rinsed alternately with concentrstsd ITL and ¥Ma i end perfused with tsp



)

vater aaf sea wvalter 1o orlay o seapwe -,_';':'E abaorbed m the inner swelacos

of the bottom compartaent, My radioactivity lef't in the choxber was
asccounted for by measuring the activity o the spty choser jhust befare
each experimont,

The egze weed ware those of the ses wehin Strongyloceuntrotius
purpuratue (Stimpeom), collected at Pam Juan Island end at Neal Bay,
Vashington. The eggs Tron 6 pingie anlmal wero used in each experiment.
Shedding was induced elther by Ilajection of 4.29% KU1 (Tyler, 1949),
or by an electric shock of I wolts, applied intermittently for severnl
minutee. Razgs vere phed into Plitered sea vater and washed until 95 o
1005 fertilization wvas obtained, If fartilisation was abnormel, the eggs
vere not used. Tn the majority of experiments, the egge vere used withis
1 to 3 howrs altor shedding. Sperm were collected in &y Syrscuse wotch
glasses, and suspensions were made wp St befare use,

An 0.9% egs suspension was prepmred and 1 ml. aligqusts of this
suspemeion were counted in a Sedgewick Rafter counting chasber. The
requivred mmber of milliliters were talen from the suspeasion in cwder
to secure 15,000 egge. Theee were collected by light cemtrifugationm,
@XCORS Des vater was removed, and the agge vere transferred to the experi-
oantal chaslber. During transfer sad distribution of the cgge in thw
chanbor, it iz estimated that fyom 15 o 208 of the eggs vere logt, so that
in each experimmmt approximstely 12,000 to 13,000 eggs were used, This
nubor of eczs was sulficlent to cover the bottom of the chosber in a
single layer, Lgzs from the 0.5% suspemsion vere also taksm for comtrols,
They were diluted and culitwred at 1,.0°C Guring the cowrse of the



expariment, and comsequently could be compared with the experimental
eges which vere at the came temgcratwme,

All perfusics sclutione vere made uy in filtered ses vater obtained
from the vicinity of Fridey Harbor or from Puget Dound, P¥ was obtained
from the Abbott Labarsturies as eodium phosphate in 0.9% HaCl, P> sea
vater solutions were wade up to have s ectivity of 0.005 Mc/ml, In
8ll but two experiments, the smoumt of cazwler phospbate added wae
considerably lens than the 31 to 62 M g/l. nowmally found in sea veter
in this mres. The additiomal phosplmte in these two experiments bhed no
adverse effect om the eggs. One soluticm of P sen vater was prepared
for eech experiment, end from this, P> solutions comtaining verdious
test substances vere made. These included discdius-Al7P end momosodium-
AP vhich ware cbtained from the Pebst Brewing Compamy, and ademosine-
S5-phoephoric acid vhich vas a product of Schwars lLaboretorias, Imc. All
solutions vere adjusted to pi &,

A Tracerlsd 64 Scaler vas used in all experiments, This ves checked
before and after cach experimmmt asgeinst o Trecerledb calibrated ctandard
of 1.47 x 1077 me, Zeveral Geigor-deller end-vindow tubes were used during
the course of the experimsats. The thicimess of the wmica vindows ranged
from 2.3 %o 3.1 mg./eu’s  In the majority of experiments, correctimas veve
made for the differences in ssasitivity resulting from these differences
in window thickness.

In some experinmcats, egge vere activated parthenogeneticelly by the
dovble treatment method of Loed (Just, 1939). The butyric ecid and
hypertonic sea vater solutions vere injectsd by means of s syriage into



the egg chasber containing the unfertilized eggs. 4t the ead of the
troatment, the exgs wvere porfused with sea vater, ruuamﬂhyPﬁ
sch vater as in the other experiments.
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Dxperiments with wnfertilized ayse cowlireg previous cbservations
that there is practically mo P> eccusilation at this time, A fev
minutos after the P gen water Tiret aiters the esg chember, the
activity in the chanber reaches & level vhich remsine relatively coastant
forr hours, Such on experiment is indicated in Pig, 2. Dwring the course
of several howrs the activity may rise plightly, showing a small ac-
cumulation over the level in the sea wmter; however, this is probably
mainly due to sbsorptics of P on the swefaces of the chesmber. Thie 1o
indicated by the Tact that vhen P>* flows thwoush an empty chamber, there
ie also a elight increase In sctivity éwring the course of tiwee hours,
The cwver obtained vith wnfertilized eggs and vith an empty chamber are
very similar, This similerity ie showm in Plg. 2, from vhich it is
concluded that no eccumulation of Po© occurs i the wfertilized emue.
This comclusion is strengthemed by the results of several experiments in
vhich it was found that the level of activity in the chamber is not
affected by varying the pusber of wnfertilized eggs from 5,000 to 20,000,

In comtyanst with the unfertilized egge, fertilised eggs accusalote
P3 g0 that the activity in the chmiber mreatly exceeds that of the P3
sea vater, M experiment that ¢ypifies the cowese of this upteke is given
in Pig. 3. Two other experiments are simllar in all essential respects.
This accumlation commces alter a short lay ceriod, which is quite
varisble, ranging from 7 to T mbmztes 1o 24 experiments, with the
average at 13, The meximm rate of yrtake le ot established until
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Figure 2. Uptake of P72 by unfertilized eggs of
Strongylocentrotus purpuratus (Stimpson) and
absorption o by the perfusion chamber,

The initial low level of activity represents the
background count.

a, unfertilized eggs.
b, empty chamber.



approximately 0 mimrtes alter fertilizaila, “Tie asin is werisble,
ranging from 22 to (0 minutes in it euerlnedts, ‘Hile an explanatioa

aof these variadilities is not at hand, thore seeme to b o correlation
betveen the lengih of the lag pexrlod and the lensth of time the exse
have been cut of the ovary, which variod Twom 1 to 5.75 hmaows in 24
comparable ezporiments. It is probablo that the caunse of the variability
resides in inmherent differences in the pumetes of different animele,
(nce the mewimum rate of uptake ie established, 1t vemains constant,
‘his constant rate of uptale was chgerved in experiments that continued
for 5 howrs af'ter fortilization.

It seemed important to deteruine to viat extent the characterilstic
uptake pattern of the fertilized ege vas dopendent on the penstration
of the eperm, end to vhat degree it wos imherent in the potentialities
of the eggs. To ansver this gquestion, esms vere activated parthenmocpenctl-
cally and the uptake of P3¢ followed, As 1s showm in Fig. 3, such eggs
ehibit 8 P3* accumlation cosparsble to that of fertilized eggs. Uptale
vas initiated by both @ single treatment with butyric acid and a double
treatment of butyric acid end hypertonic see weter. The rate of P
uptake in these experimemte was approximmtely 3/5 of the fertilized egs
rate. This difference was probebly due Yo the activation of amly 60-Tod
of the eggs in the chasber, as weamad by oouierene elevation., Moreover
pone of the activated epge cleaved ancemelly, It seems probable that
undeyr optimm conditions of activetion, with ectivation apmroaching
100%, the uptake would more nearly asmeoach that of the fertilized ozze.
The onset of thogrhate accumilation is also preceded by & lag period,



|1‘ L

These rosults are oot surprleing top ubhor activitiees atiribubted
to the fertilized ez have bHeen dommetiated in artificially sctivated
egse, Respiretion in artificially activeted eups 1o comparable o that
in sporm Tertilized egown (Varvurs, 1910). ‘Mis hes been confirmed LY
Telteh and Clowes for Arbacia (19%7). The respiretiocn in artificlally
activated egpe can alsc be etimlated by substituted phencla (Koltch,
VWalters, and Clowes, 1947). In their experiments no wore than L5
recognizable cell divielons occurred, They cooncluded that Yy consunption
vas correlated with changes in the oz associsted with formation of the
fertilization mesrans and wms not depondient on cubsequent cell divisiom,
This seme relatiouship may de true Tor P3¢ upteke.

These results, confireing the existence of rhosphete accumulation
in the fertilived egue, sus=ert that an enzymatically comtrolled transport
is established in the activated cgze snd that the sperm is not essemtial
for this establishment., Jmodg the criteria Mrequently used to determine
if en ensymetically cootrolled tramecort i operative is that the
transport should be affected by warious emzyme effectors (Rosenberg snd
Vilbrandt, 1952; lanielll, 1932). 2,4.dinttrophencl (DEP) is & metabolic
inhibitor known to interfere especislly with seroblc phosphorue setabolism
vith the result that it uncouples thosghaaylatimme from axidatione
(loomis and Lipmenm, 1948),

Tt would peem probable thet if P ypeeke in sea wchin egge is an
enzymatically comtrolled process, 8% would be sn inhibitor. Inhibition
has been reported by dbelsom (1647) 7o 4l-mitrocrescl, another substituted
phenol, However, in oomp wnpublished exseriments, Valteley (1949) hea



cheerved thst vhan I was added some Tlme o'tere ertilization, toore
was no imkibition of thosmhote uptake., arthor Dvestlhmiion of Wale
point has shows that the time vhen IR Is auslied has o direct beaying
aa ite effect = P wrtaiee, In thoss oggarivents P in ¢ concemtration
of m*mmmmm Intro@urod into the perfusior chenlber at vowrious
tines befors amd a™Maor Tertilization, and the of'fect produced o the rale
of PF yprake vas weeswrad, Since this conwsnteetion will revarsibly
Inhi%it cleavage, it 18 aesaaed that it Interferes with the generation
or utilization o high eommy phosphetc (Cloeen, ¥eltch, Strittmatter,
and Walters, 1950).

When DIF io epplied “etiwe fortilization or sy time within the
24rst thirty mimstes following fertilization, there is 2 marked imhibition
ﬂpﬁmm. 28 may b2 seem in Fiz, 4, After thirty minutes, the
effoct of DFP dacressen wtil, vhen 1% 15 added at sixzty mUwtes after
fertilization, 1% has 20 effect on P~ geommlation, Whea the rate of
P32 yptake after fertilization s slotted sgainst the tise after
fortilization vhen TP is apolisd, i1f can be geen that the inhihition
grafually decreancs hetuween 30 and ) mieutaes (Fig. 5). The maxhem
inhibition by I8P 10 ossocciated with the first 0 oimites following
fertilization, a time vhen wirtuslly 2o P32 yytake hng bean satabliohed,
The dogree of inhibition at 0 al=mtes iz weiable. This wmriabllity oay
be correlated with the langth of the lax perdod and the ongdt of the
maximm urbels yata: 4F the latter s a0t sstablished witll aftes the
application o O ot M) odoutae, the nhibiti-am segan o be apirecisble;
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Figure 4. Effect of lﬁ_hH DNFP on sz uptake,

The initial low level of activity represents the background
count. Fertilization was at zero time., Arrows indicate the
addition of DNP to the perfusion chamber.

a, DNP added at 60 minutes.

b, DNP added at 50 minutes.

¢, DNP added at 30 minutes.

d, DNP added at fertilization.
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Figure 5. Effect of 10 % M DNP on the rate of accumulation
of when the DNP is added at various timee after fertilization.
ordinate - average slope from fertilization to the end of
the experiment.

abscissa - time after fertilization when the DNP was added.

O - fertilized eggs and DNP.

@ - fertilized eggs.

@ - artificially activated eggs.

Q - unfertilized eggs.



it the Bxiispn e e bes Doaf setablinnesd by <) gincoes, e
fohibitioe is conalderab)y reduced. Ssxelrents coocimee!l o tarse
bowrs after toe applicati;m of TP ot 7 sinubes ghnad 90 sdme o8
decreasvc uptale. It appeors thet oo 3z Wrcake bas been Clealy
established, &5 &t (C minutes ater Turbiliization, M7 hae wo effect
this accumilation.

It therefore veems that Pertilized opgoe are sensitlve 0 D, o
for as P uptalsr de eoncernsd, cnly vhon the TP is Introduced daedn
the Pivet 3045 minutes following fertilization. The mode of astion
of NP is geoerally thought to be to the uncounling of phosphoarylaticn
fyon axidation, The idea steme from the cbecrvations of Looails and
Lipmum (1948), who foune that 99 stissaloted respiration in rabbit
kidney homxypennteos at the same time that chosphate uptalke from the
Dediun was proventad, Farther work on the mechanlom of action indicates
that I8P elther inhibits the productim of high-energy shosphate by the
tricarboxvlic acid cycle or subsequently beoaks it down, The proposed
site of action eeems t0 be related to high -energy phosshate mroduction
aspocisted with electron tramsport “rom substrate o (p (lardy and Vellman,
1953). Consequently it has been cbeerved that wany energy requisring
mrocensos, such as adaptive eneyme rorwetion in Lechesichis coll, yeant
growth, and phosghate uptake by yeast, are imnibited by L., This
information hes been summrized veccstly by “dmom (1953).

2,5-05° and other substituted dsemols inhiblt cell division In
the eggs of irbacis at the sae time that respiration is etimulated, ‘e
effects of theee epente om sea weekin ozzs have been ctudled in an



extensive series o cmerinente by Slsas, eahl, o eoworhers which
have been reviewsd by Clowes (195L). Tor o mudcs of substituted phess.is,
the concentration giving the mecimas rsuplratory stimuplation caanee &

507 inhibition of cell cleavege, The clesvaye inhibivion i reversibls
upon removal of the substituted phonsl, oeerimeats with cell -'rew
particulate gystems Trom Arbacis (Clowen, Kelteh, Ctrittmatter, and
Walters, 1950), capeble of exhibiting cxidntive phosphorylstion, show
that ™I imhibits phosphorylation and stimilates respirstion, It e
interesting that the comcentration of a pubstituted phenol that will
inhibit clesvame 1z the same as the comcentration that will inhibit
shosphorylation in a cell-free syston, The comclusions drewm from this
simdlarity in the effective concentretioms, is thet NP inhibits cleavage
by interfering with high-energy phogphate production, Here again is an
energy-requiring process that is inhibited by DRP,

This effect of TP on oxidative phinsphorylations, and, therefore,
cleavage, wonld not seem o be limited by eny time factor as evidenced
by the inhibition of cell division at all times, The time-limited
sensitivity shown in P32 uptake is, thevefore, swrrising., The inhibition
during the first %0 to 45 minutes conld be attributed to an interference
by I8P with aerobilc phosrhicrus metebolim: and therefore with emergy
requiring processes, but It vould be most mnlikely thet such imterferencae
vould coase after 4O minutes o #o. 2o hyvpothesis that would explain this
limited inhibition is that there iz a synthesis of a phosphate entry
mechaniem In the agy surtace during the firat 3 o L0 mlntes Folloving
Pertilization. The enerzy requiressmis froe the cstablishment of thie



syvetem Bight be grealos Uhan those nesccra ey Cor lts oaigtenance @y
vparation,. Thereliare, woen DNE Is a olisd darly: the Jizst 30 oz 4D
nimutes it might iohibit the establictigar o' this eystem, but W
added ot a later time, would nct alffect its mintemance and vpemeation,
This suggestim vwill be discusaed.

It seamd Qeeirable in evaluating thls hypothesis to wek with
other imbibitors whose action woudd be entirely AifTerent Trom that
of DRP, It vas aleo advantageous to wse o non-penetrating sgent, an
an important ceriterion Tor determining i o phosplate entry mechaniso
vere located on the cell swisce would be inter’orence by a non-penetrating
inhivitor (Rovemberg asd “ilbewmsdt, 1958), xperimmts were therefore
undertaken with srsennte, which is & competitive inhibitoer of phosphate
because of its structwral similarity, Hasen and “plegelmem (1940)
have demcastrsted that avsemate imhibits 13 yptelie in yeast. This
inhibition vas dependent on the rolative concentrations of phosphate and
arseuate as vould be required by a cogpetitive inhibitar, It had been
tentatively comcluded by Yeas (1950) that wsrecmate does not penetrate
the egae of the echinoid Lytechimus pictus. Thie conclusion vas based
on experivente that shoved thet eveonatv had no alfect on respiration o
on cleavage., It was assumed that 1F % had peneterated, there would hove
been an interference with oxldative lwaphieryletion, and consequently
regpiratiom and cleavege wuld have beson affected, Therefoare any
inhibitim of ¥ uptake in egge by arsenate would presumably be dus to
an interferemce vith some surisce reaction,

As showm in Plgure 6, a coxentretios of 10™% godium ersenate
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Figure 6. Effect of 10”4 M arsenate on P32 uptake.
The initial low level of activity represents the

. background count. Fertilization was at zero time.
Arrows indicate a change in the perfusion solution.
The new solution reached the chamber 2 to 5 minutes

later.



markedly faibits P ustaie, Umlike 700, thds dnhinitise scewts

vienever arsenate i applied froa Testilizeiion 4o 3 hoees afioe
Pfertilisation, and ¢ readily revergible won mewrwval (Fig. C, Tablc

2). A decrease in the rate of F3* sccumitation sets in within 1 to ©
ninutes after the arsenate has firest cobtered the chasber. Recovery

from this ighlvition takes place within & compaeable perisd of tiuw

after the sreenate has been rexwved from the egg chamber. Ylen arsenate
is applied st lertilizatiom, it dows nol appesr to have say effect oo

the length of the lag rericd, and a limited vate of uptake comaences at the
end of this period,

When both I6° and arsenate are applled at 0 mimries following
fertilization, e decrease in uptake occurs,., Subceguent removal of oaly
the arsecpate results In an incveased rate of P> gcoumilation (Teble 2).
This would be expected since at 60 mimsteo after fertilizatiom, 107
P alone seemes t0 be vithout any efTect on uptake, In view of the
evidence that Ycas hoe presented that arsenate doss not penetrate the
sea wechin egz, nor inhibit its respiration, ite interferonce with

phcsthate uptake iz interpreted as meaning that it ie inhibiting e
swface reaction, and this weaction is peobably not directly limked to

respivatory metebolism,

Krizat and Runastrom (1951) amd Barnett (1953) have reported that
ATP will partially reverse the cleavage block due o DP, In the light
of these results it vas thought that AT might overcome the imhibitory
effect of DR om P uptake WVhen applied Guring the lsg seriod, To the
comtrary, however, When the egges wexe veriumad with ATF slome in s
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coacenteatim of 104 , "% ntoke wan wny oaskedly iohiedtec (Fig.
T, Table 2), Thia inmiloitin, hile awe coolete, var cxperable
to that cbtained witl: 10 ™M sodiwa arpenste ia twt it s aot limdted
to any particuler time Pollowier fertlillzation, its effects can e
readily reverscd upon pemoval, and Loth Inhilbition wed vooowvery xouwe
wvithin 1 o 5 mioutes, "he almcet imaediate effect of ATP, once it
has entered the egs chasber, suggeets that it may be acting oo the
surfece of the egp. In this reepect its actim is egain similar to
that of arvensate. The ppeible sigmiticance of these similaritics will
be éiscussed,

Ihibition of apme Instely the same degree 1n obtalned with 10N
AP, but not with 1070 AP (Fig., 8, Tuble 2). The latter hes no effect
on uptake,

in viewv of the percbabllity that a chomical reaction is involved
in phosphate entry, it wvas anticloated that lov temperatwres would result
in considerable inhibition of wtake, Two experizents wvere carried
cut in vhich the tesporature was initlally €.09C, followed by an increase
to 18.0% in the middle of the experiment. At 8,09 there was a com-
perotively low rate of P35 uptake, which vas readily stimlated when
the tempersture wes ralsed to 1,0% (Pig. 9). From these experlumenta
nqmufi'nﬂﬂ.fimcmmmm, canparable to the value of 2 obtained
by Villee and Villee (1952) with Arbacia,

Several experliuts vere carried out with cyanide in an attespt 1o
investigate the relaticnship between respiratim and P uptake, Cyanide

is Enonm to swgwess respiration in sea wchin ee w o U5 because of
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Figure 7. Effect of 1U-L M ATP on P32 uptake.

The initial low level of activity represents the
background count. Fertilization was at zero time.
Arrows indicate a change in the perfusion solution.
The new solution reached the chamber 2 to 5 minutes

later,
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Figure 8. Effect of 1074 M ADP and 1074 M AMP on P32 uptake,

The initial low level of activity represents the background count.
Fertilization was at zero time. Arrowe indicate a change in the
perfusion solution. The new solution reached the chamber 2 to 5

minutes later.
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Figure 9. Effect of temperature on P32 uptake.

The initial low level of activity represents the background count.
Fertilization was at zero time. Arrows indicate a change in the
temperature of the perfusion sclution,



3ts actim o8 cytachrom: aXlaass: (=i, wlilcn, wrieck, ant Clowee,
12h1), A comcemteation of LU0 godiim ooanidy D nan wnter was nddes

et various thoes Irog Yeviillontion Lo o0 miautes poel Jertlliisaticn,

and the effects an Fﬁ wrinke vere Mollovedd, This s & conuentratim
that will decrease ressiration md inhibil mewal deveiopment, Lt also
couses pome cytolysis (Robbie, 10LS, 20U0), Thwe results were Inconclusive,
as the degree of inhibition was variable snd was not clearly related to
the tisn when the cysalie vas added, In all cases, cell aivision was
blocked, but the subscguent developoment of the eggs alter removal from
the chasber was varisble and we never copletely normml. A poseible
relation betveen the degree of imhibdtion and a secondssy effect of the
cyanide is revealed, howesver, by close exmminstion of tae data, In

those experiments exhibiting the least Liibition of 50 ugtale, PECOvVery
upon the removel froa the cvenide was e noarly complete then in those
experiments showing greatly reduced wtake, If thie relation is bogne
out in Puture experiments, the explanaticn of the cause of the inhibitim
of uptake mizht be mwe closely associgted with the cytolyeis caused

by the cyanide than by its effects on respirgtion, and the varisbility
might lie move in the semsitivivy of the structure of the olpleaem than
in the semeitivity of 1ts cytochrone gyntewm to cysunlde, It seoms vory
probable, in viev of the mrevious exeriments, thal any agent causing
cytolysis, particularly oa the swisce of the egg, wald inhibit #3°
uptake, It would be interesting to test the effect ou ¥ uptake of
agemts causing & wlld suwr’ace cytolysis and in cosparison with aneero-
plosis, The results cbtalned might lndicate whother cyanide i1s effesting 3
aptake by some swrface actlom or Oy its effect wu resplration, or Ly toth
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The evidence, tawan ue o Wiole, aygests e vied ol the rapid
pateteation of phopphate lato sen weehiln emiayop is on encgymatlenll)
cantrolled transvact. "he resction oo o tomeratioe ol Ticlent o &
ta 2,3, vhich is campatible with this vossibllity thought not, by lteell,
canclusive (Danielli, 1952), It lo inhibited by arsenate, o compstitive
anzlogue of' phosgoote, C(wialn phospbate compounds, OF and AT, but
not AP, Iohibit the reaction. FAerthermawe, other investigators have
found that the uptake ie lndependent of the external phosphete concen-
tratiom over a4 wide range, snd have calculated that plosphate can pone-
trate againet o steey concenmtration graciomt {Aroois and Chesbern, 1953
Chambars and ‘hite, 195L),

That the ensymmtic mochanies is swefoce located ssene most perobable
from the resultc of the arsenate ond adencsine phosphate experiments,

The bases for this conclusion fron the eoffects o arsenate and of cyanide
have been discuseed sarlicy, The alipput lmsedlate effect brought about
by the addition of P ani AW, and the wnlikelinood that they would
inhibit by any interual actlion also guppart this conclusilon,

The spacific enzymatic resctiom by vhich phogphate enters the eipryo
is not definitely elnxcidated by thooe ecpemrinents, but certaldn oaelbilities
are sugzested by the arsensie exporiments, AMArseaate is known to be a
caapetitive analoque of' phosphate, and therelore will substitute for it in
eazyvastic reactions, "The resulting ersciate comomaxl is usually ungtable
and 1o hydralyzed instertly, Sence, the tern arsenolysle bos besn apwlied

to the action of wesenate {Doudces:tt’, farior, and liassld, L¥T). Althowh



arsenate wald be quoecias] To evbots V0L pose duate 49 sy resllodl,
Craae o Lapeoon (1953) weport tet F Gworscention deto 61V e
particuiarly sensitive, ‘thogpiule oo casmtiln inko A0 e Leen e
propoged method for phogphinta entyry inbo wytiwosytes (Cowriey, 1L52)
endl liver cells (Sucks, 1951). If the same sechanis vere perative in
the fertilized egze, this ihibilti-a by arsonate would be expected,
althougn i some other phogihiate compowy! were involwd, srcsenate azouls
algo inhibit,

The wwzpected iahibition by A and O may wlso be interpreted as
favoring this mochanism, All phosphate compounds do not iondbit phosphote
entry as evidenced byadesylic acid, and therefore the inhibition by
TP and ADP may be specific, This, howewer, canaot be definitely stated
il o wide vearlety of phosphate compounds bhave been tested., I IOV
and ATP are unique awong phosphate compaunds in inhibiting P uptake, it
suggzeets that the incorpoeation of P32 into AT?P may be imsortant in
phosphate penetration, I some fMarther reaction, after XV formation, were
necessary for phosphate entry, the added ATV alight be expected to campete
vith the nevly foarmed ATP comtaining P snd thercby effectively inhidbit
P gptake, It 1o imown that edded Po- Wil orovent apprecisble uptalse
of P32, preswmbly by dlluticn {Lindbews, W5C). AdGed ATP would seem to
be acting in the same vay os the edded P00, Taastion of ATP a5 a mecns
of phosphate entry into cea wrchin egs receives suppert froo Linders's
vork on Poamnechinus sdlisgerls {(1950) vhich hoes bSeen wentloned previously

The tise of estadblishment of (e sechandes is within the fdest 0 to

20 ainutos, vorving with egee fron i meent weehine, ‘hether 1t oppemranse
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as a functional oyetem iy dupin oy 1o oeslad oF 7 99 90 minates,

vhetheyr the subsequent perlod of ineressin artlvity rearusents the tioe

of its eptablisiment is not onswered hy theco exoerdseata, The experloEsito
¥ith parthencqenesis shov clesrly that the establistomnt of the mechaniss
is not dependent on the sierm, noe on the existence of a cleavage mechmis,
since such activetion did mot lsad to clesvage.

There remains to be considered the relation between the egs's
metabolism and the trensport mechaniam, The sresent experimente with @
shov that the inhidition of formation of high-energy phospbate by acsubic
axidations during the Tirst 0 minutes after fertilization mrevents wry
morkedly the later uptal: of phosphete. Hovever, it avpesrs that thewe i
enough energy for this process et OO mimstes after fertilization desplte
the presence of DilP, At this seme tine, i is presunmbly baving its
effect ci oxidative phospbarylation sincs cleavage is blocked,

Two interpretotions of these results present themeelves., According
to one, the iaitial period may be sensitive Lo TP because eserocbic phosphate
bond energy ic needed for the symtheais of the enzymer aof the transport
mechamiom as is the case with adsptive engyue synthesie (lMomod, 19%4;
Redner, 19403 Splegelman, 1947), or perhaps for the spatial rearrangement
of the preformed system, The later period may be ingensitive to NP
becanse the maluntenance and oparation of the mechanies requires guanti-
tatively smaller amourts of aercbic ghuasphate bond emerzy.

An alternative to the ides that the energy requirements for the
establishment of euch a trameport mechanism may be quantitetively larges
than thoge ‘o its overation sad functioning, Las been suguested by & e



by Siakevitz and Potter (1553), o any by taab oo cnemzy B2urce ur
the estadlisizoent O @ Aonplate oeafia maeeuias may e different
that far lts seintomance ax! apegatlon,. o experdascs witd rab liver
aitocikmdria, they concluded thay the 07 pgmwrated withic e mitoe-
chumdria ciffused oub anf mlngled wvery slowly with toat geaerated b3
glycolysis outalde of the mltochondria, Conseguently, tare may be a
separation in the Munctioms of the IT rurwed in Wase Twe locatlous.
Soythetic reactions within the sdtochondries would wrelerentially utiliza
the AP gemerasted locally, vidle an enuypy reqidring reaction outsloe

of the mitochmdria would be served Ly ATP produced Ly glycolysis
extarnally, It may be that the estsul'clapat of a phogphate transport
mechaniem Involves enzyse oymthesis which is favared oy AP Tormed
vithin the mitochonderla, TP could imhibit such 8 mocess Ly ite actiom
of the tricarboxylic acld cycle, ns the engymes o thiz cycle are
assocliated with the mitochomdris, ‘moe the Duckanise is ectablished it
might be maintalned by high-emergy vhogilate remultizg Srom glyeolsels,
DHP presuably does not inhibit the faruwation of high-energy phosphaie by
this means, although thic has not seen Tully ilnvestigoted {Simon, 1953).
Howover, Clowes and Helteh (1951) wore unable to inhibit phospharylations
gsaocieted with glyeclyeis by weame of dinlterccyescl, These expériseato
vere vith the soludble Sraction f'v= 2ol liver and bWreain bomosenates,
Accoprding to these latermvtations, luadbltors Imowm o intarfere vith
the moductim of O7 by glycolyals hdwild interfere with the operation
of the establiahed shoanbate eatey wechenisma ot 2ot with ite Cogwation,

Such Inhibiltorrs would inelude aocdon aod woanlodoacetle ecid, Ik is




sugzestive that these are nam to bt gutalie by yoast {(Zamsn
end Spiegelmpn, 1340),

Accarding to the results of Hoist (1952) the rate of senetration
of phosphate increases repidly for 35 howrs in the exforyos of Strongyio-
centrotus prowratus., Thic is in sccoed with the precent Cindinge that
the transport system is guwrface located because during the development
to the gastrula, the nwber of calls, aad thevefare the surface arss OF
the embeyos, increases tivough cleavese, abhd it is resscnable to suppose
that the nevly foemed swrtace would posgess the transport mechaniss,
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The accumilation of shogoimte by twe ofze and e g o the geu
uwrchin, Stroncylocentrotus pmeperatus (Gtdawewn) e aal e by
deternining the action of wverlous setadolic cifectoars on the uptake
of ?3° from sea wvater Ploving et a conotmut rete over tie ewe in

a epocial perfusion charber.

The rate of uptake of P* by unfertilized eggs io nearly zero, ihe
rate for the first 7 to 0 mimutes after fertilization (lag chease) is
also nearly zero, bui lncreasee repidly &wring the oext &) to
minutes (augmentative shese), snd becomss mucimel 22 to 60 minutes
after fertilizetion {accumilstion phasc) at s level ssuy times that
of the unfertilized egge.

Artiticial parthenogenesls, by elther tie single or double treatment,
rooults in the same pottern of wtake as does fertilizatlion, even in
the gbsence of cleavage.

Shosphate accumlation is sewkedly luhibited by 107 2,4k-dlni-
tropbenol 17 this ogent is added during the lag phave, woderately
inhibited 1f added Guring the anpewtative phase, bt is wmalfectad
47 added during the acewmilaticon shase,

107 avsonate merkedly Inhibits 32 wheke at all tims after
fertilization,

207% P almost completely inhibits #3° uptales st all times after
Pertilization; 1074 /0P doriedly lmhibite ustake dmring the ac-
cumlation phace, whlle 107 &8 does not affect uptale at all wwa

&ifed dwrlng the sceumilation dwman,



Te

Ceo

2.

hibltie i o resonce of combde wvag wariladle and aay e gaetlall:
duwe TO a surtace artodvals by thle moeus.

2 yptake hae & temeraturs cosPficient of 2 ta 2.3 Gmeing W
eccumlatlion phase,

The evidence resulting from the usc A these effectors Indicates thm
PP ygtake in sea wechin eadeyos is enzymstically comtrolled sand that
the enajymmatic mechmmion is located o the swriace, It 1o suggesied
that foemation of AT? may be iaxvolwed in phogpimte entry. The pardod
masdiately Collowing fertilization in believed to be a tlme wihwen e
uptake mechanles is being established, This mrocess appears to o
dependent on phogsphats bomd energy, the wodxction of which is DI
sensitive. During the accumuistion phoss it 18 suggested that the
snavgy requirensents Tor the operation and maintenance of this mechaniom
are quantitatively much smller, o mre satiafied by vhosphate bond
emorgy the productiont of which is DIP insenaitive. FPossible reasono
for this differonce in sensitiviiy are discussed,
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