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The cytochrome c oxfdase activFty increases during 

early development of ffsh embryos (Neyfakh and Donzova, 

1962). A sui,table model of this process was proposed 

(Donzova and Neyfakh, 1964). The cytochrome oxidase acti- 

v%ty was shown to tncrease in vitro during incubatfon of 

ffsh embryo homogenates. Thi.s occurs 1n the heavy frac- 

tion of the egg homogenate (600 g, 10 min.- yolk platelets 

bound with mitochondrfa) or fn isolated mitochondria 

(12,000 g, 10 min). The increase of enzyme activity in 

the heavy fraction takes place -tn isotonk sucrose solution, 

wh-Lle the isolated mitochondria require a suitable medium 

cons1stfng of b and IQ*, substrates and cofactors of 

oxi.dative phosphorylatl.on and the complete set of amino 

acids. The increase of the activity lasts 45-60 minutes 

and reaches 120-180 $ of the ini.tial value. The sensttivity 

of this process to puromycin or the elimination (in case of 

mttochondrja) of one amino acl.d (alanIne, methionfne or 

tyrosine) shown that the cytochrome oxidase activity 

increase is related to protein synthesfc. If a rise of acti- 

vity occurs in v-Lvo 1t can always be obtafned 1n vitro, or 

vice versa: a complete or a parti.al inhibltfon of the 
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tncrease of the cytochrome oxidase activtty in the embryo 

(radiatton, chemical agents) affects the behavl.our of the 

system in v?tro tn a s-lmilar manner. Such coincidences 

support the model proposed. The main advantage of this 

model 1s that it permits a test of the capacity of intra- 

cellular embryonic structures to change the enzyme acti- 

vity at any time during the development. 

After treatment of unfertilized eggs with heavy 

doses of X-ray (40 kr) their mitochondrial structures 

lose the capacity to Qrcrease the cytochrome oxidase 

actitity. But after fertllizatjon the eggs acquire this 

capacity again. Th%s stimulating function of spermatozoa 

and, mainly, the rapid rate at wh-tch it occurs is the 

object of this communication. 

The work was carried out on fish eggs (loach, 

Misgurnus fossilis); cytochrome oxidase activity was de- 

termined by the rate of cytochrome C oxfdation (Smith, 

1955), for the details of egg incubatton, X-ray irradia- 

tion, media, etc. cf. Donzova & Neyfakh, 1964. 

RESULTS 

The role of the spermatozoon in the stimulation of the ---- 
cgtochrome oxidase activtty increase 

Changes in the enzyme acttvity tn homogenates 

were compared in five variants as follows: 1) normal eggs 

fertilized by normal sperm (diploid embryos, control), 

2) irradiated (40 kr) eggs fertilized by normal sperm 

(haploid embryos), 3) irradiated eggs fertilized by irra- 

diated sperm (functfonally "enucleated" embryos), 4) Yrra- 
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diated eggs treated with fresh water w-f.thout sperm (after 

such "activation" the vltelltne menbrane separated and 

the blastod-lsc formed but no cleavage occured), 5) irradia- 

ted eggs after polyspermfc fertilization.x 
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F%g. 1 Changes in cytochrome oxidase activfty during 
incubat?.on of egg homogenates (two experjments). 
diploid -A------- haploids (irradiated eggs), 
. . . . . . . . . . "enucleated" eggs (both gametes irra- 
dl.ated), -.-.-.- irradiated unfertilized eggs, 
s=G===== irradl_ated polyspermlc eggs. 

This experiment (fig.1) showed that the rise of 

enzyme activity in diploids was almost twbe that in ha- 

ploids, while the enzyme activfty of "enucleated" or "acti- 

vated" eggs showed no changes. In po1yspermi.c Irradiated 

eggs the rate of activity Increase was twice that in 

haploids and equal or somewhat greater than that in normal 

x) Artiffcial polyspermia was attaIned by pretreatment 
with trypsln soluti.on to el-tminate the v-itelline 
membrane. 
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diploid embryos. Therefore it fs apparently the sperm- 

-egg Interactton which prov%des the capacfty of intracel- 

lular structures to increase the cytochrome oxidase acti- 

vity. 

The rate of stimulatfon prov?.ded by the sperm. 

Irradiated eggs were fertI.lized wfth normal sperm, 

homogen-Lzed after various short Mtervals and then the 

changes in cytochrome oxidase actfvity were determfned 

in the homogenates. Two procedures for quick and exact 

arrest of the process of fertiltzation were used. 1) One 

of the holes In a wfde Pyrex tube was closed with fine 

copper net on which unferti.lized irradI,ated eggs were 

placed. The tube then was plunged i.nto sperm suspension 

and thereafter I.nto 1lqui.d nitrogen. The tfme between 

both plunges is the time of sperm-eggs interaction. 

2) Eggs were placed on the bottom of a large glass homo- 

genezer, the sperm suspens-ion was poured over them and 

then all eggs were homogenized by one onward movement 

of the rotatfng teflon-pestle. Both procedures gave the 

same results. 

In the f$rst expertment at 21°C (the ordinary 

temperature for the experi.ments on Wsgurnus fossilis 

embryos) a ttme of sperm-egg Interaction of ONE SECONDS 

or more produced the increase of enzyme aCtiVi.ty. 

Further experQmnts were carrfed out at a suboptimal tempe- 

rature, 10°C. The development at this temperature occurs 

approximately four-five tfinss more slowly than that at 

21Oc. The results of such experiments (fig.2) show that 

the enzyme syntheslzIng system of mitochondria was acti- 

vated 5 - 6 seconds after placing the eggs in the sperm 
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suspension. V1ithT.n the range of accuracy of experiments 

(! 0,5 sec.) the data for 21°C and 10°C were in good 

agreement. 
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Fig.2. Changes in cytochrome oxidase actfvity during 
fncubat-fon of egg homogenates obtatned at 
various times of sperm-egg interactton. 

DISCUSSION 

Usually the initial cytological and biochemical 

changes in eggs occured during few minutes of sperm- 

egg tnteraction. Recently Epel (1964) found out the 

changes of pirldlne nuclsotides concentrations fn sea 

urchin eggs as soon as 4.C seconds after fertllizat?.on. 

As it was shown in our expeHments, the st%mulation of 

enzyme actfvity took place much earlfer, namely %n a 

second after fertillzatton. 

The process of sti.mulation probably consists of 

566 



Vol. 18, No. 4, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

four steps: 1) the penetratqon of the sperm into the 

mIcropyle of the egg, 2) the contact of the spermatozoon 

with the egg surface, 3) the transfer of the stimulating 

actton from the stte of sperm-egg interaction to mIto - 

chondrf.al structures, 4) the effectfve stf.mulatj-on of 

the mitochondrial structures. Te cannot determine the 

fractfons of time for each of the processes. However tf 

the rate of the last two processes was 1imitIng the capa- 

city to tncrease enzyme activity should appear gradually 

(with the spread of the stimulus over the egg). Thfs 

capacity appearing suddenly and completely (compare the 

curves for 3 end 4 sec. wfth those for 5 and 6 sec. In 

ftg.2). Therefore the slowest steps must be the first two 

preparative processes, while the spread of the stimulus 

over the egg lasts a very short time, probably no more 

than 0.1 - 0.2 second (at 21°C3. Therefore the rate of 

spreadfng is of the order of 1 cm/set. or more. This 

creates serious difficulties for any theory which would 

descrl.be the transfer of the stimulus as diffusion of 

some substances. It would be more natural to speak of 

some impulse spreadfng from the site of contact of sper- 

matozoon wi:th the egg surface. 

Be are now studyfng the nature of the stMulat- 

ing actton of the sperm. Jt appears that the spermatozoon 

does not bring Into the egg any sttmulatIng substances. 

Tt would be useful to draw an analogy with the 

process of Interactton of a phage partfcle or of a colt- 

tin molecule with the surface of a bacterial cell. In all 

these cases one contact Is sufficfent to stop or to start 

the synthetic processes in the cell. 
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