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*4C-amino acid incorporation in uncleaved Limnaea ¢ggs is slight bul it slowly increases up 10 the 1ro-
chophore stage followed by a rapid rise during the veliger stage when *?P incorporation is falling. Theres
isa peak in the 10 S region of the sucrose density gradient profile of morula RNA. Presumably this morula
RNA (messenger RNA) is necessary for final development and hatching of 1he veliger. The trochophore
10 S peak is the largest, stable and strongly depressed by actinomycin; on the contrary, the veliger 10§
RNA mk is | insensitive to actinomycin and seems to be meant for immediate translation.

A of the uncleaved eggs p feavage in a certain percentage of eggs bul in
the rest the treaiment is not effective until the rochophore stage.
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L'incorporation d'un acide aminé.'*C dans lcs oeufs non clivés de Limnaea est faible mais eile aug-
mente lentement Jusqu au stade trocophore et elle subll une élévation rapide durant le stade véligére
alors que I'incorp du??Pdi . Un pic apparait dans la région 10 S du profil obtenu en centri-
fugeant I'ARN morulanre dans un gradient de densité de sucrose. Cet ARN morulaire (ARN messager)
est prob ire pour le dével final et I'éclosion de la véligére. Le pic 10 S du stade
trocophore est le plus mportant, il est stable et Pactinomycine le diminue fortement; au contraire, le
pic 10 S de TARN du stade véligére est insensible A I'actinomycine ¢t cet ARN semble désigné pour

traduction immédiate.

Le traitement 2 I'actinomycine des oeufs non clivés
d'oeufs mais ce traitement n'affecte pas les autres oeufs avant le stade trocophore.

Introduction

Studies of **embryonic information transfer™
have been summarized by several authots (1-3).
[t seems that in sea-urchin eggs, a good deal of
RNA synthesis takes place during oogenesis
while just alter fertilization there is a stimulation
of protein synthesis by preexisting mRN A
molecules; it is fo)lowed by a second peak of
RNA and protein synthesis at bastula-gastrula
stage. No such sudden marked change has beer
noted after fertilization in amphibian eggs but
here too there is a good deal of RNA and protein
synthesis in the maturing egg and a burst of RNA
synthesis has been detected at gastrulation.

In Limnaea the transcription for most of
organogenesis largely takes place durihg the peak
of trochophore stage while translaton occurs
gradually during the veliger stage (4 S). This
report describes more results on the incorpora-
tion of *2PO,*" and 'C-amino acids in normal

péche la ion d'un certain p

lage

and actinomycin-treated embryos. By comparing
these results it has beenypossible to further con-
firm the thesis stated above and to reveal the
presence of an early. messenger RNA in the
morula. The effects of actinomycin on uncleaved
eggs were also studied.

Materials and Methods

Measurement of RNA and Protein Synthesis
The egg masses were pierced with a nooked wire and
thus placed in the 100 nCi/ml of Na,H3:PO; solution
(specific activity 500 nCi/mmole) in a vial wilhin a lead
box. & was further established that most of the unckaved
cggs and morula can deyclop normally after | h treatment
in 100 uCi/mi of >!P solution if the pH is maintained
at about 7.4. Uncleaved of morula egg masses were
treated with 100 pg/ml of actinomycin for | b, washed
twice with water, and then aidwéd 10 grow in 100 pCifml
of 2P0~ solution. Afler ¢ b, the egg masses wert
diluted with an equal volume of 10%, ice-cold TCA (iri-
chloroacetic acid) aleng with 2 mg/ml of E. coli RNA
as carrier and 0.025 M sodium azide. After 30 min in i
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the p was d by centrifugation, washed
twice mote with 5% cold TCA, and digested overnight
with. 0.4 N KOH at 37°C. The digest was neutralized
with- 1 N HCJ, diluted with an equal volume of 5% cold
TCA, and the radioactivity of the supernatant fraction was
determined. This, mild alkali digestion has differential
action (depolymerizing) dn RNA and gliminates a
possible error.due to Incorporation into phosohoproteins.
Eggs at different stages of development svere also
allowed to grow for 1 h in 20 pCi/m) of **C-amino acid
mixture. Protein was isolated by hot TCA previpitation
in the presense of 0.2 ml of 2%, bovine serum albumin (6).
The final precipitate was dissolved in lauid ammonia,
dried in planchetts, and the radioactivity was d
by an ordinary Geiger Counter (counting efficiency is
20% for **P and 4% for ™C radioactivity). For all
isotopic experiments it was first determined that Jdggs
treated with isotope solution, washed twice with water,
and then put back to water were capable of normal
development, Na;H>?PO, (specific activity S00 uCif
mmole) was purchased from AEET, Bombay, and 'C-
amino acid mixtures (specific activity 50 mCi/mmole)
from Amersham, England,
Ahc'::Omycin was a product of Merck, Sharpe and
ohme.

Dy

Density Gradient Analysis of RNA

32p_containing egg masses were added 10 E. coli RNA
(to be used as 23S and 16 S markers) in 0.001 M Tris
(pH 7.4) buffer containing 0.005 M Mg2*. To 0.6 ml of
the above mixture were added 0.1 ml sodium dodecyl
sulfate and 0.6 ml hot phenol (60 °C), and the mixture
was shaken for 5 min. The subsequent steps were per-
formed at 4°C in the following way. Afier phenol
treatment the sample was centrifuged at 15 000 r.p.m.
for [ min and the jqueous phase was pipetted out. To
remove the residual phenol, the aqueous layey was spun
again at 2000 r.p.m. for 30 min, and the upper phase was
precipitated with cold ethanol. The precipitate (RNA)
was resuspended in the same Tris-magnesium (pH 7.4)
buffer and 0.3 ml of this RNA was Jayered on 5-20%
linear sucrose gradients which were centrifuged at 37 000
r.p.m. in an SW39 rotor fof 4 h at 3 °C. After centri-
fugation 2-3 drop fractions were collected from the
bottom of the tube for the -measurement of optical
dcf;ily al.260 my (mainly for carrier E. coli RNA) and

ra ivity (which indi newly synthesized Limnaea
RNA).
Plating of Limnaea Egg Masses

A mass of 30 eggs was plated without Uilution on
nutrient agar by agar overlay technique to assay the
number of backria present as contamination. One
hundred eighty four bacterial colonies were found in the
¢gg masses which were negligible. Furthermore, carbol-
fuchsin stained- bacteria showed only 200 bacteriasin a
mass of 50 eggs even after 18 h immersion in nonsterile
water.

Results
Actinomycin Treatment at the Uncleaved Stage
Effects on Development

In view of the earlier resuits (4, 5) that actino-
Tycin treatment at morula stage (which does

7

suppress RNA synthesis up to 75%) leads to
abnormality only at the very late veliger stage,
41 experiments were carried out at the uncleaved
stage of the Indian Limnaea. A control batch of
uncleaved eggs was observed every 10 min while
another batch from the same egg mass was treat-
ed with actinomycin (100 pg/ml). It was noted
from the first few experiments that eggs left in the
solution were arrested at the two- or four-cell
stage or did not cleave. As the freshly laid egg may
undergo cleavage as late as 2-3 h later (depending
on both temperature and the genetic property of a
particular batch of eggs), we then attempted to
determine the sensitive period, if any, by
treating batches of uncleaved eggs for successive
periods of | h. Eggs treated during the uncleaved
stage only revcaled a remarkable effect at the
early trochophore stage. These eggs remained as
abnormal trochophores and sometimes as mere
ciliated, moving fragments, Often the abnormal
trochophores died. Inhibition of mitosis was not
correlated with the length of treatment, Taking
account of the variable results the significance of
which has been strongly emphasized by Timour-
ian (7,8) in case of sea-urchin eggs, we can
classify the results with Limngea under two
categories; namely, complete arrest of cleavage,
or no arrest but a subsequent effect at the early
trochophore (Table 1). Arrest of cleavage was
variable ranging from uncleaved to four-cell
€ggs; incomplete first cleavage was also noted.
In one egg mass, stages of arrest varied from
two to eight cells.

Effect on RNA Synthesis

Unlikg all other stages of development, un-
cleaved eggs showed stimulation of *2P incorpor-
ation into the cold TCA-insoluble, alkali-labile
fraction (RNA) after 1 b actinomycin treatment
(Table 2).

Sucrose Density Gradients (Nqrmal and
Actinomycin-Treated Embryo3)

Sucrose density gradient of the RNA from the
morula (Fig. 1) shows a profileswith a peak at the
10 § region which is comparable in size with the
23 8 ribosomal RNA of £. coli used as marker.
The 16 S peak, identified by a marker (E. coli
16 S rRNA), is significantly depressed. Again the
10§ peak of the veliger stage is also comparable
with the ribosomal peak (Fig. 2) while only in the
trochophore stage is this peak much larger than
the ribosomal peak (4). This [0 S peak is also
estimated to be small in the abnormal trocho-
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Tanes 1. The results of at uncleaved stage*
Number of riments
with uncleaved egg Arrested at or
masses in actinomycin after first or
permanently second cleavage Not arrested
4] 12 »
Number of experiments
after 1 h treatment No effect
with actinomycin for at early
walching subsequent Effect at early trochophore
action trochophore stage slage
18 16 2
Th 'wag 100 pg/mi. afier 1 b treatment
with actinomycin the nn:luved €38 masses were washed twice with water und then
put back in watet for watching subsequen action.
M P PR ST T A TR BV Y
L 3 [ ? " 15 ” F “ n
L] TUBE NUNBER
Fi0. 1. Sucrose deasity gradient profile of the RNA from morula. 10S RNA peak is compafable in size with the
23 S peak. (@) Radioactivity, (O) O.D. at 260 my.
phores produced by the actinomycin treatment TABLE 2. Effect on P incorporation into cold
(Fig. 3). TCA-insoluble, alkali-labile fraction (RNA) after
1 h acti i of uncleaved egg masses®
Y4C.Amino Acid Incorporation into Normal
Embryos Number Counts per
For both the Indian Limnaea and Limnaea of eggs mindie
nalalen.sis lhe.count from live trochophores was  Actinomycin sample No. 1
8-10 times higher than that for a comparable  Con !récl ; “2, %
number of heat-killed trochophores (Table 3) 2:"" 'I“W‘“' reated " o
b 160 i ntrol
when the two batches were fed with '*C-amino Actinomcin-treated 16 %
acid for 1 h a4 different stages of development. Acti N e No. 2
The rate of incorporation increases rapidly “Toore e o 18 9
during the trochaphore and veliger stages (Fig.  Actinomyciri-treated 16 150
4). To detect the effect of actinomycin on protein  Control 18 g:
synthesis, the treated and untreated egg massgs Aginomycin-treated DL
*Concentration of actinos n -u 100 pgiml. Counts wers tiken

were left in the isotope for | h in veliger. The
results show the suppressiorf due to acti
treatpent (Table 4),

Discussion
The strong effect exerted by acti in on

,v...

for |0 min and then avéraged for

variable results are difficult to interpret: However,
Timourian (7, 8) has shown that such variatir
reflects a difference at the level of mowcular

the uncleaved eggs is interesting though the

mech and isndeed a natural phenomenon.
It scems thet certain batches of Limnaed ¢34
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Fo. 2. Sucrosedensity gradient profile of the RNA from normal veliger stage. Unlike the normal trochophore there
is no marked peak of labeled RNA between 16 S and 4 S, (@) Radioactivity, (O) O.D. at 260 my,

TasLe 3, The increase in *C-amino acid incorporation with development of embryos®

Number of eggs  Stage of development Counts per minute

Limnaea natalensis 15 Early trochophore 642
14 Early veliger 907

9 Morula 92

9, Very early trochophore 256

9 Veliger 415

Indian Limnaea 16 Uncleaved 7
15 Two to four cell A

15 Advanced trochophore 191

15 Mid veliger 2069

17 Very early veliger 565

18 Advanced veliger 1102

15 Very early veliger 219

15 Advanced veliger 366

2 Early to midtrochophore 80

23 Very early veliger 265

*Baiches of the

ble number of cggs lfom sagne ¢gx mass were grown in '*C-amino acid (IS uCifmwl) for
comparble aunber of g o s cat mes e Camin o

Thadiffe

transcribe RNA necessary for the first cleavage
during the pefiod preceding it and so actinomycin
treatment at that time prevents cleavage. Itis also
to be noted that in all other egg masses, actino-
mycin treatment during the uncleaved stage
exerts a marked action, viz. the trochophores be-
vome abnormal and remain so. However, as
fminomycin causes an increase in incorpor?ation
“to RNA rather than a decrease, no correlation

can be made between the effects on “uncleaved”
RNA and the morphological effects.

The profile of the density gradient of the late
morula shows, besldes the presence of a 10S
peak, that at this stage one ribosomal RNA sub-
unit (23 S) significantly preponderates over the
other (16 S). This has alsotbeen completely borne
out by electrophoretic separation of Limnaea
RNA on the ion agar (our unpublished data).
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Flo. 3. Sucrose density gradient profile of the RNA from actinomycin-arrested trochophore. 10S peak is much
reduced compared with that of normal trochophore. (@) Radioactivity, (O) 0.D. at 260 my.

IMCORPORATION

T . T
UNCLEAVED $CELL  LATE TROCYOPWORE  ADYANCED VELWER

Fio. 4. A schematic diagram of the general nature of
incorporation of **P and '*C-amino acid at different
stages of growth,

Similar preponderance of the sea-urchin 18 S
rRNA over 28 S rRNA has been reported by
Giudice and Mutolo (9). We have obsetved that
the Limnaea rRNA have nearly the same ‘S’
value as that of bacterial rRNA. The carrier
E. coli RNA has been added at the beginning of
the extraction procedure and still the O.D. peaks
occur at 23 and 14 S, that indicates the extensive
degradation of RNA has probably not taken
place. Click and Tint (10) found animal rRNA
of 31.7 S while Harris and Forrest (11) reported
24S and 16S in the milkweed bug. That the
results with Limngea are not due to bacterial
contamination has been amply verified by plating
(Materials and Methods). The definite rise and
fall of incorporation into RNA and characteristic
profiles of sucrose density gradient depending on
developmental stages are so clearcut that the
results cannot be due to contamination.

TabLe 4. The suppression of '*C-amino acid incorpora-
tion in veligdrs for 1 h afier aclinomycin treatment

Number Counts
of per
€ggs Treatment  minuie
Limnaea naialenis 13 Unireated 3406
14 Treated 14
20 Untreated 1067
19 Treated 642
Indian Limnaea 16 Untreated 466
i6 Treated pi%
26 Untreated LU
26 Teeated 6l
i8 Untreated 981
18 Treated 7

Notg: Parts of the same cgg mass were used for compariag the
results. One part was kepl as control and watched for **C-amino scid
i i ing | hand also for further washiog
out the isotope. The other part was treated with 100 ug/mi of fresdly
prepared actinomycin for | h, washed with water, and then allowed to
grow for | hin 20 uCijm| of '*§-amino acid mixture. Samples were
withdrawn and examined for hot TCA-insoluble material ss deseribed
in the Mcthods section.

The RNA peak at the 10S region of the
morula is p bly an early Aswas
found earlier (4) actinomycin treatment at this
stage can suppress about 75% of the **P incor-
poration and the corresponding morphological
effect is an abnormality at the late veliger stage
and inability to hatch. Baltus er a!. (12) suggested
that the mRNA of sea-urchin produced during
cleavage must be stable for & few hours :and
Infante and Nemer (13) suggest that some Gt the
cafly mRNA remains s*ured by being bound to
300'S pdlysomes. On.the coatrary, in another
biological system Stewart and Papgoonsununou
(14) showed that stable mRNA is evntheol
when mitosis slows down.
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The '“C:amino acid incorporation pattern
shows tHat unlike the plateau and peak following
fertilization and. at gastrulation, respectively,
in the sea-archin egg, in the case of Limnaea there
isaslop rise upto the tyochophore staxge followed
by a very steep rise in the veliger. (In Limnaea

lensis, where the g | rate of devslopment
is slower, the rise was less steep in the veliger))
This is indeed quite natural because body build-
ing, increadein size, and differentiation are rapidly
taking place at this stage (wheh, however,
incorporation of 2P is falling steeply from its
trochophore value). As it is less likely that *2p
is unable to penetrate when amino acid mixtires
can do so, the observed phenomena probably
indic3te a real decline in transcription that goes
hand in hand with increasing translation. That
transcription precedes translation is interesting
and is in line with the idea of masfed mRNA or
informosome. The immediate reduction in '*C-
amino acid incosporation due fb actinomycin
(Table 4), if correlated with the corresponding
reduction in 32P incorporation (4), would suggest
that the 10 S peak of the normal veliger (Fig. 2)
is meant for immediate translation. We have
concluded that RNA synthesis increases to a
maximal value at trochophore and that the major
part of the trochophore RNA is an approximately
10 S fraction. The first part of the conclusion
involves the question of permeability, for the
enhanced incorporation at trochophore stage
may be due to increased permeability of the
embryo which would lead to a greater intra-
cellular pool of the isotope.

In order to solve the problem, equal numbers
of eggs (from the same egg mass) at morula and
at trochophore stage were lomogenated with a
glass homogenizer in 0.01 M Tris buffer (pH 7.4)
containing 0.1 M KCl and 0.01'M Mg** and
incubated with 1 pCi of ¥2P for 30 min at 25 °C.
Table 5 shows the greatly enhanced degree of
incorporation im the trochophore homogenate?
This indicates a real increase in the rate of RIA
synthesis (and not merely increased incorporation
due to greater permeability) in the trochophore
and that the factors responsible reside in the
cytoplasm or at least do not require the normal
nuclearcytoplasmac  iterrelationships of the
intact egg.

The very lowsrate of protein synthesis at the
early (uncleaved, morula, etc.) may be
due to low permeability or low RNA content or

931

TasLe S. Incorporation of P
into acid-insoluble fraction

c.p.m.
Morula 559
Early trochophore 5244

TasLE 6. Uncleaved homogenate

incubated with '*C-amino acids
c.p.m.
Uncleaved homogenate plus
morula RNA 1334
Uncleaved homogenate plus
trochophore RNA m

undeveloped protein-synthesizing system. In
order to shed more light, Mg-KCI-Tris homog-
enates of two batches of equal numbers of
uncleaved eggs were mixed with morula and
trochophore RNA (phenol extracted), respec-
tively. These two batches were incubated with
10 uCi '*C-amino acid mixtures for 1h at
25°C. Table 6 shows considerably higher in-
corporation into the acid-insoluble fraction with
trochophore RNA. This suggests that the low rate
of protein synthesis in the early stage is partly due
to the small amount of RNA. Even the uncleaved
egg homogenate has a potential system for a
much greater degree of protein synthesis than
what actually takes place.

Comparing the present findings with the earliet
ones (4, 5) we thus have the following suggestions.

() A 10S RNA fraction in the morula is
somehoy necessary for final growth and hatching.

(2) The major peak of RNA synthesis is at late
trochophore and the major part of this RNA is
due to a broad 10 S peak.

(3) Protein synthesis rises rapidly in the veliger
stage when RNA synthesis is decreasing.

(4) Thesconparatively small 10§ peak of the
veliger is responsible for immedifte translation,
but the suppression of this peak cannot prevent
major organogenesis.

Thus the mRNA for major organogenesis and
differentiation is probably transcribed earlier.
Presumably this mRNA is part of the trocho-
phore 10§ peak which is almost absent in the
actinomycin-arrested abnormal trochophoses.

The key to thecrucial problem of differentiation
is, in this case of Limnaea,"to be sought for at the
translation level, i.e. in the cytoplasm.
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