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Among various mechanisms that can be formulated (cf. Drachet, 1962; 

Tyler, 1963) to account for the initiation of active protein synthesis 

upon fertilization two favored possibilities are (1) the neutralization 

of an inhibitor of the rlbosome-messenger RNA (mRN&) system assuming 

adequat.emRNAtobepresentinthe unfertilized egg, and(2)thepro- 

auction of mRK4, presumably by the nucleus. The former, with reference 

to the riboscenes, is suppwtedparticularlybyHultin% (1961) experiments 

showing that the micxwxnal fraction of unfertilized egg remains relatively 

inactivewith fertilized egg supernatants *ereas the reciprocal combin- 

ation is active; &so, that "unfertilized" micmsames could be activated 

by butyric acid treatment of homogenates. With reference to mRNA it is 

favored by experiments of Gross and Cousineau (1963) showing activation 

of protein synthesis upon fertilization in presence of actinomycin D. 

The second possibility is supported mainly by the findings (Tyler, 

1962,1963; Memer, 1962; Ihuer and Bad, 1963; wilt and Hdtin, 1962) that 

riboscmal preparations frcm unfertilized eggs can be stimulated by poly- 

uridylic acid (poly U) to incorporate phenylalanine into protein aua 

that the stimulation is of the sane order of eituae as obtained with 

preparations from fertilized ems. 

* Supported by grants from the National Institutes of Health (@f-06965, 
EFkO3l.03) aud the IVational Science Foundation (~~-28). 
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The present experimmts with artificislly activated non-Aucleste egg- 

frsgaents, to which reference has been mde earlier (Tyler, 1962, 1963), 

oppose the proposition thst nuclear production of messenger RNA is 

responsible for the increased protein synthesis upon fertilization. In 

8~ article in press, 8 preprint of which we recently received, Bmchet, 

Mcq and TeAcer (1963) report similar experiraents, independently per- 

famed, with similar results. 

MAT- AND l4EmioDs. The se8 urchins Lytechinus gictus 8~13 

StroIlgylocentrotus purpur8tuswere used. An 8rtificial se8 water (Tyler, 

1953) ~8s used for culturing the eggs and for m8i~tainiag the 8~imls. 

Separation of the eggs into non-nucleete 8~d nucleate fxbmts w8a 

done by 8 modific8tion of E. B. Harvey's (1936) method. Eggs, deprived 

of their gel8tiAous coats by slight acidification (Tyler, 1$+9) or pre- 

liminsry ceAtrifu@ion, were centrifkged in the cold at 10,000 rlxn for 

15 minutes in 8 Spinco Model L centrifuge (SW 25.1 rotor) iA tubes COW 

t8ining two layers of sucrose-sea w8ter of gr8ded density and a top layer 

of se8 water. For 4. pictus the lowest 18yer WBS 2 ml of 8 3:1 solution 

of 1.1 molar sucrose and se8 water, the latter containing a dense suspension 

of the eggs. The second layer ~8s 6 ml of 8 3:2 solution of 1.1 molar 

sucrose snd se8 rater. For 2. purpumtus the second layer ~8s a 6.3:3.7 

solution of 1.1 ml8r sucrose and se8 water. Upon centrif'ugstion the 

nucle8ted parts and the whole eggs banded Just below the se8 water layer 

and the non-nucleate parts banded at the bouAd8ry of the two sucrose 

solutions. The top band was generdly removed first. COAtEUUin8tiOA of 

the non-nucleate with nucleate fragments was less thsn 0.25 in the 

present experiments. 

The fmgments were washed with ice cold se8 uater, sJ.lowed to warn 

to 2O“C, 8~d aliquots activated by l/2 to 1 l/2 minute tre8tmnt with 

0.004 or 0.005 g butyric acid in sea water. Incorporation of cl4 -SmiAO 

acids into protein, in vivo and in vitro, ~8s determiAed by a modification -- -- 
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of the filter paper method of Mans and Novelli (196l) as previously 

described (Tyler, 1963). 

m. The effect of butyric acid treatment on incorporation 

of amino acid into protein by hcmogcnates prepared from non-nucleate egg- 

frame&s was exsmined in three sets of experiments (Table I) and by the 

intact framer&s in eight others (Table II). In the three homogenate 

experiments the increases in activity were 4.6-, 3.0- and 5.3-fold. 

Estimates of the percentage of eggs that are visibly parthenogenetically 

activated (membrane elevation) are more readily made with 2. purpuratus, 

used in experiment 3. It approximated 50s in this experiment. In 

parallel tests (not listed) the untreated nucleate fisgments, in this 

experiment gave incorporation values (19, 14 cpm per 0.075 ml) similar 

to the non-nucleate, as did also the butyric acid treated samples (94, 

91 ca)* The latter, however, shoved lOO$ membrane elevation. In 

experiment no. 1 incorporation values (not listed) for the untreated 

nucleate egg-fragments are much lover (3.6, 5.0 cp) than for the non- 

nucleate. 

Table I 

Effect of treatment with butyric acid (0.005 M) on incorporation 
of C14-valine by homogenates from non-nucleate-fragments of eggs of 

4. pictus (Exper. 1 and 2) and 5. purpuratus (&per. 3) 

Experiment Treatment Counts per minute Ratio 
time Untreated (U) Treated (T) T/U 

1 l/2 min. 16.3, 14.3 68.4, 72.8 4.6 

2 1112 min. 2.6, 1.4 6.6, 5.6 3 1 min. 19 * 17 98 , 92 ::; 

The amounts of egg material are the same for treated and untreated 
samples in each experiment; in no. 1 and no. 2 values are per mg 
protein; in no. 3 values are per 0.075 ml of packed egg-fragments. 
Incubation mixture: 9 volumes homo enate:l volume reaction mixture 

0.1 ml M f 10 
(0.8 ml M 8 PEP; 0.1 rtil 0.0038 3 Cl ff -L-vsline at 4.8 curies/mole; 

ATP). 

A sitilrir difference was noted in the experiments with the intact 

egg-fragments when the values were calculated on the basis of the same 
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amount of egg-protein. Thus for experiment no. 1 (Table II) the corre- 

sponding values for the untreated nucleate fragments are less than half 

(10,450; 9,745 cpm) of those for the non-nucleate. Treated nucleate 

fragwnts in this experiment d.so gave values less than half (26,835; 

22,390 cpm) of those for the non-nucleate. 

Table II 

Effect of treatment with butyric acid (0.004 M, 1 min.) on incorporation 
of C-%dno acids by intact non-nucleate fragments of 

eggs of 4. pi&us 

Counts per minute Rstios 
untreated (U) Treated (T) Fertilized (Fr n 

2?,;6$; . 25,230 

5M 53% 

7;m$; . 
a:t377: 

7yg 
a: 669 

1,475; 1,281 3,384; 3,017 

1,005; g%; 
637w . z . w5.&; 8,885; 17,;:; 7,526 

19, 
8,969; Z&T+&; 18,451 . 8,122 63 999; 879 4,627; 4,307 7,645; 7,404 

2.8 
3.1 
l-5 

E:z 2.3 

2; 2;8 

4.8 2: 
Values for exper. 1 are per mg protein; for the other experiments quanti- 
ties of egg fragments were not determined but amounts were the same for 
treated as for untreated samples in each experiment. Incubations were for 
l/4 to 2 hours at 2O'C in 50 mm3 of a 2.5 &niL sea water solution of fi4- 
v 
"1; 

ine per ml of egg-fragment suspension, except for a-per. 5 in which 
cl-phenylalaninewas used. 

The effect of fertilization on amino acid incorporation by non- 

nucleate fragments wss also determined in four of the experiments listed 

in Table II. In these the values are of the same order as obtained by 

butyric acid treatment, except for one (no. 8) in which fertilization gave 

distinctly higher values. The data show, then, that artificial activation 

of non-nucleate fr@plents can result in as much increase in protein-synthesis 

as is obtained upon fertilization. 

DISCUSSION. The ability of non-nucleate sea urchin egg-fragments 

to synthesize protein has been demonstrated earlier (Malkin, 199). The 

present experiments, and those by Brachet et al. (1963), show that the 
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great increase in protein synthesis that normally occurs upon fertilization 

can take place in absence of a nucleus, and is thus not due to production 

ox relesse of new mRN4 by the nucleus. Brachet et al. (1963) point out 

that a change in pemeability to emino acid is not excluded as a basis 

for their results. The present homogenate-experiments rule out this pos- 

sibility. 

Among the possibilities previously considered (cf. Brachet, 1962; 

Tyler, 1963) an "unmasking" of blocked cytoplamdcmRNA is favored by 

these results in addition to the "chemical enucleation" experiments of 

Gmss and Cousineau (1963). Since there is evidence (Monroy ant3 Tyler, 

1963) that polysomes form follming fertilization it would appeBr that the 

blocked nRFU is not attached to the ribosames. One reservation that applies 

to these conclusions is the possibility of production of mRHA f?cm a cyto- 

plasmicDNA. However, there is considerable uncertainty (cf. Brschet, 

1962) about the amum, nature and activity of the so-called cytoplasmic 

DNAofunfertilized eggs. 

SUMMARY. Incorporation of amino acid into protein by non-nucleate 

fragments of sea urchin eggs can be stimulated by artificial activation to 

the s8me extent as by fertilization. 
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