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HOW DOES THE ACT OF FERTILIZATION
SAVE THE LIFE OF THE EGG #!

PROF. JACQUES LOESB
1'es Rackefeller lustitute Por Medical Rescoich

BE unfertilized egg Jiss in a compuritively shert time,
while tlte act of fertitization @aves mse to a series of
generations which, theoretically at Jeast. 15 of infimite durittion.
The act of fertilization is, therefore, a life-saving act for the
ege. The preilem arises. in which wia) can the spermatozotn
save the ege’s life?

If the ovaries of a star-fish are putinto sea-water the eggs
are shed. ‘They are generally immature, and ix this condition
they cannet be fertilized, either by spermatozotn or by chemieal
mesns. If they remain, however, for some time In sea-water,
allor a npmber of them graduslly beecome muture; that 1s to say,
their nuclear mass is diminished by the extrusion of two so-
called polar bodies If immediately after the extruosien of the
pelar bodies sperm ix added, the eggs develop. ‘f'hey can at
that. peried likewise be caused to develop by ccrtain chemieal
and plysical agencies. :

Ten Yesars age I made the Following observatioms: If the
eggs arc net caused to develep by sperm or by physioehcmieal
agencieg they perish very rapidly. -t sumumer temperatire
they may die in from four to six bours. The death of the exs
manifests itself morphologically in a darkening and blackening
of the otherwise elciur ez 1 found that the deail of the egy
can be prevented by withdrawing tke oxygen, or by diminih-
ing the rate of oxidations in the ey throuszh the addition of a
trace of potsssimn cyanide The life-saving action ot lack of
oxygen can bc sbown iu vayions ways. The maturation-of the
ege itself depends upon oxidations. IF one takes away the
exygen from the irmnature eggs. or if the oxidations 1o the
immalure eggs are imhibited by petassium ryanide, the process
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of maturation does not take place. Maturation is, therefore,
also a function of oxidations. The cggsot a fenale, which were
unipe, were divided inte two groups: the one group remained
iD sea-water in contact with oxygen: the other was put into
sea.water whose oxygen had been r¢moved by a curtent of
hydrogen. 'The c2gs oi’ the seecond group remained alive; the
cees of the first greup perished in a few hours

It is not even npcessucy to drive out the air by hydrogen;
one cam preserve ihe life of the umfertilized eggs aiso by put-
ting large mamses of them into a marrow glass tube which 1s
scaled at the bottom. The eggs sink down to the Lottom ol the
tube, and those which are {ving near the boitom reeeive Do
oxygen, since the oxygen which dilfises from the ailr through
tbe seawater is consumecl by the uppermost layer of the eggs.
@1 account of this lack of oxygen the egms lying at the bottom
of the tube do uot mature and do nut perish; hence by with-
bolding osygen from the immature eggs thelr maturation and
their deulh we prevented This imight perhups bot be so
strange, but the followihg result ix much move strange. ~

If the oxygen s withheld from the eggs immediately vfter
they become mature their life is also saved. A. P. Dlathews
has repeated this cxperiwent und ottgmed the sume results.
This proves that: the «death of tbe matuce hut unfertilized
egg is determined by oxidations. If these oxidations are in-
Inbited death does mot occur. Wheu these experiments were
publisbed they fist caused opposition. Tlus opposition was
founded on the application of potassitm ¢yanide in part of tho
expeliments The objection was raised that the potassiuw
cyanide n these experirments only aeled by preventing the
development of bacteria. The authois, however who raised
this objection. overleslked the fact that lack of oxygen aets in
exacily the same way as tbo addition of potassium cyunide,
and tha{ it is cntirely immaterzal how lack of oxygen is pro-
duced, whether the oxygen i1s driven out by carefully purified
hydrogen or whether the eggs are put together mto a largo
hea)), whetehy only those lying on the surtace of the hesap
receive enough oxygen.
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It is, however, easy te shew directly that the above.mer
tiened objectien is incorrsct. It ix net difficalt te put the eges
of the starfish, witheit baeterial infect en, inte sterilized sea-
water. The teliewing expecriment was tried. The eggs of a
star-fish were separated into three parts: one part was put
nseplically inte a series ol Aasks with steriiized seu-water; the
second part was put inte erdinary sea-water wiitheut asepsis;
the thixd part was put into sea-water to whicb a large quantity
of a putrid culture of bacteria, tlxit bad develéped on the dead
eggs of the star-fish, bad been acided. It was feund that in all
three eases the mature eggs died within the smine time. The
sterilization of the cggs of the first group was complete, as was
shown by the faet {bat lhc eggs kepl in flasks fer twe months
preserved their ferm, while the dead eggs in the mormal sea-
water were destroyed in a few days by the actien of the
baeteria

It is, therefere, certain that the death of ihe star-fish eggs
which are not fertilized is net vaused by bacteria, but by the
process of oxidatiens in the egg If mo spcrmatezesén enters
the cgg, or if the egz i not caused to develop in a cliemical
way, it perishes very rapidly. If. hosrever, a1 spermatezoiin
enters the egg, it remains alive in spite of the fast that the
cotrance of the sperm:itezoen causes i relalive aeceleratien eof
the exidations in the ezg. Warburg feund for the eggs of the
sea-nrchin ot NaDles that fertilization raises the veloeity ef the
precess of oridatiens to six times their erizhial wvaiue, while
Wasteneys and I fonnd that fertilization caused am inerease in
the velocity of oxidations of Arbacia in Weeds Ilole te three
or four times the rate found in the unfertitized eggs.

Hew can we explain that fertilicatien saves the life of the
ezzd Let us make the following preliminary assumption:
The unfertilized egz contains a peison, er seme faunlty cembins-
tion of conditiens wlidi, if exidatiens take place, cause the
death ef the egg, In the unfertilized but mature egg exida-
tiens take place. The spermutozeiin caiTiesx ameng ethers a
substance into the egg whieh pretects the czg agaiust the fatal
effects of the exidations, and allows them even te carry on
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oxidations at an imersaseé rate withemt. suifering We might
gay thal: the mature but unfertilized egg is compnrable to an
anaérobic being for which ozidations ure fatal, and that the
sperinatezoin trnnstorms the egg into 2u agrobic organism.

1t we compare the eges of different animals: we find great
differences in regard to the above-mentioned conditious. The
eggs of eertaiu annelids (Polynee) also perish rapidly if they
become mature without being causcd to develop, while the
eggs of the sea-urchin remamm olive for a longer period of
time after they bave hgcome mature. Il has not yet been
investigated what determines ihis difference.

II

The analysis of the process of fertilization by the spermato-
zo0n shows that we mmust discrnninate between two Lkinds of
cffects, the heveditary cffect and the activating or develop-
ment:] effect. The cxperiments on artificial partbenogenesis
make 1t very probable that tlhie two groups of substancus: the
substances which determine {he beredity of paternal characters
and the substances which cause tire ¢gg to develop, are ent:rely
different. In this paper we are only eoncerned with the
sccond group ef substinces, numely, these which cause the
development of the egg.

The analysis of the causation of development of the egg
by a spermatozoén has showu that the latter acts by ecariying
at least two substances or groups of substances into the egg.
The oue of thesc substinces causes the formafion of a mem
brane: the seeond scrves the parpose of rendering the egg
immune againust the fatal actlon of oxidatlious.

I have shown in a number ol papers that the essential
festure in the causation of development of the egg is a modifi
ration of its surfuce, which in many cascs leads to the fer
mation of a membrane If we cause meml:rane formation in
an unfertilized sea-urchin egg by artificial means, it begins
to develop, but it perishes very soon; much more rapidly than
if it is not exposed to any treatment. I was able to show that
this rapid death of the sca-urchin ¢gg, after artificial membrane
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formation, can be prevented either by withdrawing the oxygen
from the egg or by inhibiting the oxicdlations in the egg through
the addition ot a trace of potassium cyanide, ‘Che membrane
fcrmatiom, therefore, causes the rapid death of 1he egg through
al acceleratien ol exidatious \Warbwge has recemtly shown
that the artificial membrane fertnatien in the unfertilized sea-
urchin egg causea the same inciease ir the rapidity ef exida
{10ns us the entrauce of i spermatogoén

If we wish te cause the unfertilized eggs to develop to the
pluteur stage after the ;nembrace formation, we hava to subject
them to a second treatrwent. This may consist in putting them
about 15 minutes after tlie membrane formatsen into & hyper
tonic solution of a eertain vsmotic pressure (for instance, 50 c.c.
of cea-water — 8 c.e N;'2% NaCl) fur one-hulf to one hour If,
after this time. they are put bacl into nemnal sexwuter they
no lenger perish. but develop into normal larve. I ventured
the hypothesis that the ajtificial membrane feriatien causes
a rapid increase of thc pxidations in the egg and in this way
causes it to develop, bni that these oxidations fead to the rapid
decay of the eggs at reom temperature for the recason that the
ege contails a texic substance, or a toxie complex of conditieus,
which in the presence of oxidatiops leads te the rapid death of
the egg. The sccond treatment serves the purpose of rendering
the eyg immnne agsinst the toxie effecis of the oxidations

If we first cause the artificial membrane formation in the
unfertilized eme Ly any of the various means which I have
described in former papers. and if we afterward treat the
eges for a short time with a4 hvperfonic gelution, they develep
after being transferred te mormal gea-water im the same way
as if a spermatozooi. ha:l entered them. 'They vcaeh the sne-
cessive larval stages, dcvelop into . hiastul:, gastmla and
pluteus, and live as long as the larve reduced from egss ferth
lize] by a spermatatoon

Henca the physicochemical activation of the unfertilized
egg of the sea-urchin consists of two kinds of treatment The
ope is a change in the surfaco of the egy which may ar may
uet result in the so-called formatien of the membrane. Thia
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change causes the acceleration of oxidatious which in iy opin-
ion is the essential feature ot the proeess of tertilization The
second treatment consists in abolishing the faulty condition
which inakes oxidations fatal to the egg. This second
treatment may econsist in exposing the eggs for nkout half
su hour or a little more to a hypertonio solution. We can
substitute, however. for this ireatment another treatment,
namely, the deprivation of the egg for three hours frown oxida-
tions, eiither by removing the osygen from the solution or by
adding & trace of potassiuu eyanide to the solution. If after
the treatmnent with the hypertonie solution for half an hour,
or the treatment with lack of ozygen for akont three hour,
the egge 2re put back irifo normal sea-water they can develop
normally into normal larsw,

We cap shew that the sperinatozesn also ¢auses the develop-
ment of the egg by two different ageneies compaauble in their
sction to the agencies used in the metheds of chemical fertiliza
tion which wo have just deseribed.

For this parpose we wost tertilize the cgg of the sea.urchin
with & sperin different from i%s own, and for the tollowing
reason: The spermatozosn of the sea.nrehin cuters so rapidly
into the egg of the ses-urchin that it is immpossible to show that
it: causes the development of the egg by two diffierent sub-
stances.

It, howewni, we fertilize 1Go sca-nrehip egg with the spermn
of stprc-fish, it takes froun ten to fifty minutes to cause the
wmewmbrane {ormatien in the eggs, the reason leing that the
starfish sperin can penetrat¢ only very slowly into the esg
of the sea-urchin.

It is. as a rule, not possible to fectilize the egg of the sea-
urehin by stuc-tisli sperm in notmal sea-water. But 1 found
eight years ago that if we make the sea-water slightly auore
alkalive than 1t natwrally is the eggs of the sea.urchin can
be fertilized by the sperwn of the star-fish. For the fertilization
of the Californian sea-urchin, Strongyloceutrotus purpuratus,
with the sperm of Asterias, the best results were obtuined when
0.6 c.c. of nv/10 Na@H were added 10 50 c.c. of 9es-water. In
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that case, with active sperm, in abert fifty minutes all the eggs
form the typical fertilizstien membrane

If ene watches the further development of sea-nrehin eggs
fertilized by star-fish sperm ene noticcs very seon that there
are two different kinds of cgus present; the one kind of eggs
behave as if they had been {ertilized with sperm of their owun
kind. That means, they segment regularly and develop imto
swinuning blastube and gastrols:. Tbe other kind of eggs,
however, act ay if they had been treated with eue of the agen-
cies whicb cause the membrane iermation in the unfertilized
sea-nrehin edg; these ¢ggs begin to segmeut, bhut at- 1esm temr
pasture they slowly perish by c¥telysis. 1f. however, these
eggs ale treated for halt' an honr with a hyperiorie solution
they develop into larve.

If enc cx:unines the eggs of & sea-urchin whieb have been
treated in an alkaline inediwn with the sperm of the star-fisb,
ene finds tbai only a eertain perccntage of these cgus ventain
the sperm nucleus, and this percentage seems to b¥ identieal
with the percentage of the eggs which develop into larve.
As far as the other eggs are coucernce, whiclh onoly formn a
membrane and then disintegrate, no sperm nuecleus esn be
found inside of them, I am: inelined to ¢raw the following
conclusien from these observations: The sperniatezesn of thw
siar-Gsh penetrates very slewly tlmvugh the surface filui of the
seaurchin egg. When it lingers forseme time partiallyimbedded
in the surfacec film, eue of the substances of the spermatozoen
18 dissolved in the superficial laycr of the egg and causes the
membrane {ermation. Through the sact 0f membrane forma
tien the furilicr entramcec of ile spermatvzosn inte the egg
is preveated; since 1he fertilization mcmbrane 15 1mpermeable
to sperm. ‘fhis membrane formation leads te an increase in
the rate of »xidations and the beginning of the dcvelepment
of the exg, Tbe latter, however, ventains a #osie substanee, or
a faulty complex of couditions which bas te he abolished,
before the exidations necessary for development can take place
without the egg being destroyed by them. The spermatozesn
carries a second substance into the egg which readers it immune
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against the fatal actions o the oxidatiens While the mem-
brauve forming snbmtance of ihe spermalozein may be situated
at i surface, or superficially at least, the second substange
which transforms the egg lrom an anaérobe jnto an a<robe
must be situated in the interior ¢f the spernatezedn; singe it
can only act if the spermatoseon penetrates inte the ege. We
see in these observations, concerniug the fertilization of the
gea-avehin egg Ly the star-fish sperm, a preof that the activa
Liva of the egg hy the spermatoroén is also caused by two di:-Ter
ent substanees, one of wbich couses the membrane formation,
while the second renders the egg Lhumune agajust the toxies
action of the oxidations. These data support the assmmption
made above that the lifé-saving aetibn of the shermateznsn is
due to the fact that it carries o suhstanec into the eggz which
renders the latter pmnpune apainst. (he toxie action of
oxidations.

111

Seven years ago 1 found ihat a owober of agencies destrey
the fertilized epz mnch more rapidly than tie unfertilized egg.
Thas, for instance, while iu a pure sodium chloride selution the
unfextilized egg of the Califernian sea-urchin may ke kept alive
for several days, the fertilised egg is destroyedl ia such a solu-
tion in iess than twentiv-dour hows. If we use slightly alkaline
solutions of sodivmm chloride the preater resistavce of the
unfertilized egg is perhaps still more striking. The egg of
Arbacia is eyfolvzed in a neutral sodium «tleride solution ia a
few hours. while the unfertilized egg may live Yor a vonsiderubly
longer period of time. When we put: fertilized eggs spad unfer-
tilized egms iuto hypertomic solutions, we fnd also that the
fertilized eggs suffer much more thun the nnfertilized eggs.
Wbat causes this difference of semsitiveness between fertilized
eges und unfertilized eeps? It is possible that the permeabil-
ity of the fertilized eggs is greater thun that et the unfertilized
eges. While this is probably to some extent true, yet it is
net the whole explanatien of the differemce in the behavier of
the twe kinds of eggs, I have been able to show for a number
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of toxic solutions that iheir effect can be either completely
annibitated or 2t least diminished if we take the ozveen
away frem tlhe selutien, Thus, for instance, fertilized eggs of
the sea.imchin which perish very rapmdly iu pute salt solu-
tions,or & colution e sodium -+ calcium, or & solution of sodinm
=+ barium, can be kept alive for a considerable period of time
ip the same solutions if we cllber varefnlly remuve the exygen
trom the solutioms, or if we diininish the rate of the oxidations
iD the eggs by adding a trace of sodium cyabpide. In this case
we have the direet proof that solutions which are fatal for the
ezg when the exidations are allewed tu ¥e on wre rendered
completely, or atleast partially, harntese if we stop the oxida-
tions in the egg. Not valy the toxie actipn of salt solnotious
upon the feriilized rgy could be iplhbited hy {he supyptression
oi' the exidatiens in the exg. but slso the texic actier of sugar
solutions, 1 nf solutions of :leohol in the sea-water, or of a
solution ok ehloral hydrate.

These observitions prove diteetly 1hat in {he presence of
certain toxic substapees or ipixtwies of substabces the exzida-
tiopns ip the cgg lead tn its rapid destruction: while a suppres
sion of the oxidation saves the hife ol the oeg

We, thurefore, believe that we may conelude that the rapid
death ol the unterfalized egg of certain species is cavset] by the
oxidatlens which takec place in ihese eggs; aud ithat the life
saving action of the spermatuzoén cougists i 1the faoet that the
Jatter, in adilition 10 the menibrane.forming sulistance, cai-
rieczs a second substance, or gren) of suhstiances, inio the ecog
which 1enders. the ezg immune against the barmiul effect eor
conseqjucnces of oxidations.
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