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T h e problem of the origin of s t ruc ture in devel
opmen t is an old one. Ear ly embryologis ts were 
faced wi th the seemingly impossible task of for
mula t ion of a conceptual f ramework which 
will provide a satisfactory basis for unde r s t and
ing the mechan isms of embryonic development 
a n d morphogenes i s . According to the current 
concepts, the fertilized egg conta ins , in addi t ion 
to the D N A genome of the nucleus , " i n fo rma
tional molecules" , possibly diffusible a n d 
macromolecu la r in n a t u r e , which are reg iona
lized assymetr ical ly in the cytoplasm (1 , 2) . 
T h e s e molecules play a key role in de te rmin ing 
the early pa t te rn of morphogenet ic changes . 
Morphogenes i s and cell differentiation in 
tu rn a re the resul ts of derepression of specific 
sets of genes. T h e " in fo rmat iona l molecu les" 
mus t , therefore, be involved in some way in 
control of the t ranscr ip t ional activity of the 
genome. Mode l s have been proposed in which 
both R N A and prote ins are implicated as regula
tory elements affecting the pa t te rn of gene 
activity (1-5). Al though , to ou r knowledge, 
there is no direct and clear evidence in suppor t 
of the main theme of the model, there is amp le 
documenta t ion on man ipu la t ion of gene expres
sion in general mediated by both R N A and 

prote in . T h e role of non-his tone chromosomal 
'protein(s) in regula t ion of t ranscr ip t ion of the 
stage specific reconst i tuted chromat in h a s been 
well documented (see Stein and Stein, th is issue 
(6) and refs. the re in ) . A par t icular ly re levant 
example is that of a protein in Mexican axolotl 
synthesized dur ing oogenesis which seems to 
be essential for activation of nuclear genes 
requi red dur ing gas t ru la t ion and organogene
sis (7). T h e involvement of R N A has been pos
tula ted in control of several cellular functions, 
such as in specification of ant ibody product ion 
(8) , interferon induction (9), in causing 
specific disease symptoms in plant t issues (10), 
and in others where R N A are implicated in 
control of cell development and differentiation 
(see refs. 5, 11 , 12, 13 for reviews). In spite oi 
these in t r iguing examples , there is no clear de
finition of-the physiological role played by these 
R N A and protein molecules. Exper imenta l 
systems, therefore, which permit the identifi
cation and the functional analysis of potential 
regula tory elements are highly sui table for 
elucidation of mechanism(s) under ly ing cell 
development and differentiation. 

In the stage 4 chick b las toderm, an area lo
cated 0.5 mm poster ior to H e n s e n ' s node , the 
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postnodal piece ( P N P ) , consists of undifferen
t ia ted popula t ion of cells, since the exp lan t s 
w h e n cult ivated in vitro in a variety of media 
or by choriol lantoic grafting technique do not 
develop into any histologically identifiable 
s t ruc tures (14-17) . However , the anter ior 
por t ion of the b las toderm including H e n s e n ' s 
node (AP) alone can develop into s t ruc tures , 
such as t he embryonic hear t tube s imilar to the 
intact embryo (Fig. 1) suggest ing that the de-

AP PNP 

1 I 

^'i'- I. Stage 4 chick blastoderm characterized by a fully de
veloped primitive streak (1.8 mm) is obtained after in
cubation of fertile chicken eggs for 20-22 hr at 38°C as 
described earlier (20). The explants, the post-nodal piece 
(PNP) and the anterior pierce (AP) are obtained by 
transection of the blastoderm at 0.6 mm posterior to 
Hensen's node. AP when cultivated in vitro (18) develops 
into embryonic structures including a well-defined heart 
tube, whereas the PNP under identical conditions fails to 
develop into any histologically identifiable structures 
(A). Addition of the inducer RNA obtained from the 16-
day old chick embryonic heart (see text and ref. 20) to the 
PNP culture promotes the formation of the heart tube 
(bt) which starts spontaneous and rhythmic pulsations 
(B). The development appears to be similar to the embryo
nic cardiogenic process (see text and ref. 20). Addition 
of the same RNA to the AP causes no apparent change in 
development. 

velopmenta l potent ial i ty for at least t he hea r t 
formation is localized in t he A P at this stage 
of development (see ref. 20). La te r studies 
(17-19) have repor ted that the P N P can be 
induced to develop into specific t i ssues , such as 
the hear t muscle t issues, w h e n the explants a re 
cul tured in the presence of R N A isolated from 
differentiated chick embryonic hea r t . T h e 
development appea r s to be organ specific since 
R N A s from kidney o r t h y m u s a r e incapable of 
inducing hear t format ion. T h e difficulty, 
however , in in te rpre t ing th is novel mode of 
development is the lack of information on 
identification of the R N A involved and of ade
qua t e cr i ter ia for charac ter iz ing the differ-
entiat ive t r ans i t ion . 

W e , therefore, under took to r e -examine the 
phenomenon , RNA-dependen t induction of 
heart-specific t issues in the P N P , in an a t tempt 
to i) ascertain that the t rans i t ion is indeed 
dependent upon an R N A species; ii) to esta
blish an adequa te cr i ter ia for charac te r iza
t ion of the differentiation; iii) to isolate, purify 
a n d charac ter ize the R N A competent of induc
ing the specific changes , a n d eventual ly , iv) to 
investigate whe the r R N A - i n d u c e d t ransfor
mat ion in vitro have any biological significance 
in development and differentiation in vivo. W e 
have recently demons t ra ted unequivocal ly 
(20-22) that the a p p e a r a n c e of a specific 
mode of morphological and biochemical changes 
in the P N P of s tage 4 chick b las toderm is indeed 
dependent upon the addit ion of an R N A species 
obta ined from the differentiated chick embryonic 
hea r t . T h e changes that charac te r ize t he 
differentiation in the P N P are s imi lar to those 
of embryonic cardiogenesis . T h e inducer R N A 
is of low molecular weight (7S) and rich in 
adenyla te residues (22) . In the absence of t he 
R N A , the P N P r ema ins undifferentiated and 
a variety of R N A s from o ther sources isolated 
u n d e r identical condit ions and synthet ic poly
nucleot ides are not effective in inducing the 
differentiation. 

Isolation, Purification and Characterization 
of Inducer RNA 

T o t a l R N A was obta ined by repea ted phenol : 
chloroform: i soamyl-a lchohol extra t ion of 
16-day old chick embryonic hea r t homogena te 
as described previously (20) . About 6 0 0 A260 



INDUCER RNA IN EMBRYONIC G E N E REGULATION 333 

uni ts of R N A were routinely obta ined from a 
2 0 0 g batch of 16-day old embryonic hea r t s . ' 
T h e R N A was then fractionated by oligo ( d T ) 
cellulose column c h r o m a t o g r a p h y by t w o -
s tep elution of bound R N A , first with 100 m M 
N a C l , 10 m M T r i s - C l , p H 7 .5 , a n d 0 .5% S D S 
(bound I R N A ) and then with 10 m M T r i s -
Cl , p H 7 .5 , a n d 0 .5% S D S (bound I I R N A ) as 
before (20) (Fig . 2) . T h e R N A from each frac-
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CHROMATOGRAPHY OF 
TOTAL CEH-RNA 
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Fig. 2. Purification of heart inducer RNA. Total RNA 
extracted from the 16-day old chick embryonic heart (22) 
was fractionated into the unbound, bound I and bound n 
RNA fractions by oligo (dT) cellulose column chromato
graphy as described earlier (20). The bound H fraction 
was then centrifuged on 15-30% sucrose density gradient 
(22). The sedimentation was from left to right. The RNA 
from fraction 1 was pooled and purified further on a 7.0% 
polyacrylamide gel in 98% formamide (22) (A) with 
tRNAa 0 1" from E. coli as markers (A-l). The result
ing three bands, (a), (b), and (c) were recovered from the 
gel; band (a) was pooled separately from the bands (b) 
and (c), which were mixed together. Re-electrophoresis 
of the fractions, (a) and (b) + (c) shows minimal cross 
contamination (B). £ . coli tRNA2 0 ' u (1) and 5S rRNA 
(2) were used as markers. B(J), Fraction (a); B(4), 
Fraction (b) + (c). 

t ion was recovered by two ethanol precipi ta t ions , 
dialyzed against H2O and kept frozen at 
-70°C. W h e n these R N A fractions (unbound , 
bound I, bound II) were tested for their activity 
to induce differentiation in the P N P cells (see 
below), t he bound II fraction was the only R N A 
fraction that possessed the capacity to induce 
the specific mode of differentiation described 
below (20-22) . 

In an effort to isolate the inducer R N A from 
the bound II fraction, the bound II R N A was 
subjected to SDS-sucrose gradient centrifu-
gation (Fig . 2) . T h e gradients consisted of 
15-30% sucrose in 10 m M T r i s - H C l , p H 7 .5 , 
1 m M E D T A - N a a , 150 m M N a C l a n d 0 ,5% 
S D S . T h e centrifugation was done at 25°C at 
20 ,000 r p m for 24 h r in a Beckman S W 27 ro tor 
and fractions of 0.5 ml each were collected from 
the top us ing Auto Dens i -F low C fract ionator 
(Buchler In s t rumen t s ) . T h e R N A from fraction 
2 and 3 pooled separately were examined on a 
4 . 2 % polyacrylamide gel and the R N A from frac
tion 1 was run on 7 .0% polycrylamide gel conta in
ing 9 8 % formamide. Fract ion 2 R N A migra ted 
with a mobility of about 18S, whereas fraction 
3 contained R N A migra t ing as 28-29S and 
some 18S con taminan t from fraction 2 (22) . 
Based on the repor ted sedimentat ion 
values for the heavy chain myosin a n d actin 
m R N A s (23, 24) , it appea r s tha t fractions 2 
a n d 3 conta ined the puta t ive actin and myosin 
m R N A s respectively. Fract ion 1 conta ined 
low molecular weight R N A (see below) whi le 
fraction 4 (not shown) barely entered t he gel. 
T o ascertain whether each of these fractions 
did indeed contain poly(A), hybr idiza t ion 
wi th [ 3 H ] p o l y ( U ) was carr ied out. Fig. 3 
shows the sa tura t ion hybr id iza t ion exper iment 
done wi th varying amoun t s of [ 3 H ] p o l y ( U ) 
a n d a constant amoun t of the R N A fractions. 
All bound II R N A fractions contained hybr i -
dizable poly(A) segments . T h e bound I R N A 
hybr id ized little whi le the unbound R N A did 
not hybr idize . Upon test ing the poly(A) R N A 
fractions for their activity to induce differen
t iat ion in the P N P , fraction 1 was found to be most 
active (Tab l e 1). T h e fraction 1 R N A was p u 
rified on 7 .0% polyacrylamide gel in formamide 
(Fig . 2) . T h e R N A was resolved in at least th ree 
bands . R N A from the top band ' a ' was eluted 
separa te ly but the R N A from bands ' b ' and 
V were eluted together . Re-e lec t rophore-
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Fig. 3. Saturation hybridization of CEH-RNA fractions 
with ( 3 Hjpoly(U). Bound I (Jk), Bound n , Fraction 
I (0), Bound II, Fraction 2 (A), Bound n, Fraction 3 
(•), and unbound RNAs were hybridized with varying 
amount of | 3 H)poly{U) as described earlier (22). 
For further details see ref. 22. 

sis of these R N A fractions along with E. coll 
t R N A a 0 ' " and 5S r R N A , used as m a r k e r s , 
shows (Fig . 2) that these two R N A fractions 
h a d min ima l cross con tamina t ion . T h e t ra i l ing 
effect of R N A in polyacrylamide gel was usual ly 
observed when poly(A) con ta in ing R N A was 
r u n for prolonged per iods . Frac t ions l 'a ' a n d 
b ' + c' R N A s eluted from gel were freed of 
polyacrylamide part icles by r ech roma tog raphy 
on o l igo(dT) cellulose (not shown) and tested 
for their activities to induce t he changes in 
P N P ( T a b l e 1 and Fig. 4) . R N A from bands ' b ' 
a n d V could no be recovered in an a m o u n t 
sufficient to test its inducing capacity at several 
concent ra t ions , but a p re l iminary test showed 
tha t at 0.0025 A26o /ml th is fraction h a d ne 
gligible effect in relat ion to fraction 1 ' a ' 
R N A . T h e effect of fraction 1 ' a ' was m a x i m u m 

TABLE I 

RNA-dependent differentiation in PNP 

Additions N° of PNP 
Used 

N] of PNP 
Differentiated" 

Chick embryonic heart RNA: 

Total RNA 
Unbound RNA 
Unbound RNA 
Bound I RNA 
Bound I RNA 
Bound II RNA 
Bound II RNA 
Bound II RNA 
Bound II, fraction 1 
Bound II, fraction 1 
Bound II, fraction 1 
Bound II, fraction 2 
Bound II, fraction 2 
Bound II, fraction 3 
Bound II, fraction 3 
Bound II, fraction 4 
Bound II, fraction 1 
Bound II, fraction 1 
Bound, fraction 1 'a' 
Bound II, fraction 1 
Bound II, fraction 1 

(heat treatment) 
a' (pan. RNase treated) 
a' (RNase A treated) 

15.00 
5.00 

15.00 
0.25 
0.50 
0.07 
0.14 
0.28 
0.01 
0.02 
0.05 
0.03 
0.07 
0.02 
0.08 
0.05 
0.005 
0.01 
0.01 
0.01 
0.01 

9 4 c 

10 
51 

8 
9 
9 
9 

42 s 

19 
6 
9 
6 
6 
6 
8 
4 

20* 
9 
9 
9 
8 

6 0 c 

0 
0 
0 
0 
3 
5 

30^ 
16 
5 
6 
0 
0 
1 
3 
9 

15 e 

6 
6 
0 
0 

Chick embryonic brain RNA: 
Unbound RNA 
Bound RNA 
Bound RNA 

11.00 
0.25 
0.50 

Rat liver RNA: 
Unbound RNA 
Bound RNA 
Bound RNA 

10.00 
0.03 
0.60 
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1 ABLE I com. 

AMO" N°O/PNP N°ofPNP 
Used Used 

Calf kidney RNA: 
Unbound RNA 12.000 8 0 
Bound RNA 0.25 8 0 
Bound RNA 0.50 8 0 

5-crystallin mRNA 0.34 6 0 

Rous sarcoma viral RNA 0.90 6 0 
Rabbit macrophage RNA 3.00 6 0 
Bombyx mori rRNA 15.00 6 0 
Bombyx mori tRNA 12.00 16 c 0 
E. co/i'rRNA 12.00 9 0 
E. co/itRNA 12.00 2 1 c 0 

Total chich embryonic RNA 
(DNase treated) 15.00 3 2 

Total chick embryonic RNA 
(pronase treated) 15.00 3 2 

poly (A) 0.005 9 0 
poly (A) 0.01 9 0 
poly (A) 0.05 6 0 
poly (A) 0.10 6 0 
poly(C) 0.09 3 0 
poly(G) 0.09 3 0 
poly (I) 0.10 3 0 
Control (without RNA) — 57 c 0 
Control (with carrier RNA) 15.00 90= 0 

Culture technique, addition of RNA, incubation conditions, enzymic digestions and heat treatment are all 
described in detail elsewhere (20). 
"The final concentration was adjusted to 15 A2«o per ml by addition of carrier RNA. E. coli or Bombyx 
mori rRNA and tRNA, in a ratio of 10:1 was used as carrier RNA. 
'Initial scoring of the differentiated explants was based on the beating property of the PNP cells. The 
beating and the non-beating explants were pooled separately and then divided randomly into batches 
which were then subjected to ultra-structural histochemical and biochemical examinations as described 
earlier (20). 
r T h e number of explants represents a cumulative total of several experiments. 

at 0.0005 A260 u n i t s / m l , which represen t s separa t ion of the fraction 1 ' a ' R N A into a s low-

about 60-fold purification over t he bound II moving minor spot a n d a faster moving major 

C E H - R N A . W e a t tempted to purify the fraction spot (Fig . 5). When the two spots were eluted 

1 ' a ' R N A further by a second electrophoret ic from gel, passed th rough oligo ( d T ) cellulose 

r u n after hea t ing the R N A in 7 0 % formamide at column as before and tested for the i r activities 

8 0 ° C for 3 min followed by a r ap id cooling to induce differentiation in P N P , the fast-mov-

before apply ing to 7 . 5 % poly aery lamide gel in ing spot exhibited a better inducing activity 

9 8 % formamide and by p ro long ing the elec- (68%) c o m p a r e d to the slower moving spot 

t rophores i s to 12-14 h r s . T h i s resul ted in (24%) at identical concentra t ions (0.005A26u/ 
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Fig. 4. Effect of varying amount of CEH-RNA fraction 
l 'a' on PNP. The PNP expiants were cultivated in the 
presence of varying amount of the inducer RNA and exa
mined for differentiation after 96 hr of incubation as 
described in text and elsewhere (22). A minimum of 18 
and a maximum of 38 expiants were used for each point. 
° , untreated RNA; • , RNA, pretreated with insoluble pan 
RNase (see ref. 22). 
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ml) . T h e fast-moving spot migra ted as 7S 

like mater ia l on 7 .5% polycrylamide gel in for-

m a m i d e (Fig. 6) and had identical base com

posit ion as fraction 1 ' a ' R N A and will therefore 

be referred from h e r e o n as 7S C E H - R N A . 
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Fig. 6. Relationship between molecular weight and 
electrophoretic mobility. Electrophoresis of 7S CHE-
RNA was done, as in Fig. 5, on 7.5% polyacrylamide gel in for 
ma mide, in presence of marker 4S, 5S and 9S RNAs. 

T h e nucleoside composi t ion of the fraction 

1 ' a ' R N A was determined after post- label ing 

the R N A with po tass ium borotr i t i ide accord

ing to Rande ra th (25 ,26) . T h e R N A was 

unusua l ly rich in adenyla te res idues . T h e 

presence of 5 4 % A would suggest tha t about one-

I 
31 

Fig. 5. Further purification of CEH-RNA: The bound 
ii fraction 1 RNA from the sucrose gradient centrifugation 
as above was run first on 7% polyacrylamide gel in forma-
mide as in Fig. 2. The top band (fraction 1 'a-) was 
eluted from the gel, passed through oligo(dT) cellulose, 
and run again on 7.5% polyacrylamide gel in 98% formamide 
for 12 hr at room temperature. The RNA was heated to 
80°C for 3 min in 79% formamide and rapidly cooled in 
ice-cold H 2 0 before placing on gel. The RNA was then 
eluted from gel areas I and II, as indicated, passed through 
oligo (dT) cellulose again, and tested for its inducing 
effect as before (20, 22). 
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th i rd of the R N A is compr ised of poly(A) unde r t he separat ion technique used. T h e A 
stretch o r stretches (Tab l e n ) . Alternat ively, rich nucleoside composit ion would permit lit t le 
the R N A may contain some con taminan t poly(A) double s t randedness in the molecule. T h e 5S 
fragment(s) of sizes that could not be resolved l ike bound R N A (fraction ' b + c ' ) was even 

TABLE II 

Nucleoside composition analysis 

Nucleoside CEH-RNA Bound II Fractions tRNAiVal 

Va- l'b+c' (E. cali) 
(7S) (5S) 

U' 16.0 10.7 10.6 
A' 53.6 70.8 14.4 
C - 15.2 9.2 24.3 
G' 15.1 9.2 22.8 

Nucleoside composition analysis was done according to Randerath (25) and as described 
earlier (22). 

more rich in poly(A). T h e r e were , however , no above ur id ine tna lcohol was occassionally 
known modified nucleosides present in ei ther observed in 7S R N A (Fig . 7 ) . T h e other un iden-
R N A s . An unidentified spot N ' moving slightly tified spot N ' m o v i n g slightly above guanos ine 

(A) (B) * tT.6A' 

g D' i giy 
• m5U' 

Fig. 7. Autoradiograph map of [ 3 H] labeled digests of CEH-RNA fraction l 'a' RNA 
and E. coli tRNAi1''*'. For details of borotritiide reduction after digestion of the RNAs 
and separation techniques and other details see ref. 22. (a) CEH-KNA fraction l'a'; 
(b )£ . co/itRNAi 1''". 
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t r ialcohol observed in both 7 S R N A and 
t R N A i 1 " " is believed to be inosine p roduced 
du r ing the reduct ion procedure ( W . Schmidt , 
personal communica t ion) . Pre l iminary exper i 
men t s on te rmina l analysis based on reduct ion 
wi th borotr i t i ide indicated tha t the 3 ' - t e rminus 
is adenosine and the same exper iment also 
suggested that the 5 ' - t e rminus may not be 
capped. Exper iments to verify these resul ts a r e 
current ly in progress . 

Characterization of Differentiation 

T h e P N P cult ivated in presence a n d in absence 
of R N A (or wi th car r ie r R N A ) added to t he 
med ium were examined at regular intervals for 
changes in g rowth and morphology a n d 
a p p e a r a n c e of pu lsa t ing t issues. N o n e of t he 
P N P cult ivated in t he absence of competent 
R N A conta ined beat ing t issues a n d showed the 
specific changes described below. T h e A P , 
which is known to contain t he p resumpt ive hea r t 
forming region (see ref. 20) on t he o ther h a n d , 
developed into a complete embryo with r h y t h 
mically pu lsa t ing hea r t , as was observed by 
earl ier worke r s (27, 28). T h e growth pa t te rn 
of the control P N P was s imilar to that described 
earl ier (19) . T h e pr imit ive s t reak d i sappeared 
after 24 h r and no axial s t ruc tures or twi tch ing 
t issues were observed even after 10 days of in
cubat ion . In contras t , the addit ion of competent 
C E H - R N A fractions resulted in the formation 
of distinct hear t - l ike t ubu la r s t ruc tures ca
pab le os spontaneous and rhy thmic pulsa t ions 
after 4 days of incubat ion. 

Since the morphology of cells in cu l ture is 
known to be influenced by cul ture med ium, 
g rowth condit ions, intercel lular contact, etc. 
(29 , 30), and the ability of cells to beat is in
fluenced by extracel lular ionic concentrat ion 
a n d cu l tu re condi t ions (31) , we a t tempted to 
redefine the P N P differentiation by the follow
ing cri ter ia in addit ion to changes in morphology 
a n d acquisi t ion to rhy thmic pu lsa t ions : i) t he 
presence of s t r ia ted myofibrils; ii) the presence 
of glycogen par t ic les ; iii) the a p p e a r a n c e 
of actin and myosin-l ike polypept ides , iv) an 
increased level of acetylcholinesterase activity. 
Fo r examin ing these changes , we have used a large 
n u m b e r of r andomly selected beat ing a n d n o n -
beat ing (wi thout R N A or with car r ier R N A 
alone) P N P . Double-bl ind control exper iments 

were also conducted, on occasion, for scoring 
the beat ing P N P s . It must be pointed out tha t 
n o n e of about 300 P N P s of control series exa
mined ever exhibi ted pu l sa t ions even after 
pro longed incubat ion. 

i) Appearance of myofibrils and glycogen 
granules: It is well es tabl ished tha t a p p e a r a n c e 
of myofibrils and glycogen part icles a r e two 
identifying character is t ics for differentiation 
of early embryonic chick hear t muscle cells in 
vivo, in cell suspens ions , a n d in vitro ( 3 1 , 32) . 

U l t r a s t ruc tu ra l examina t ion of RNA- t r ea t ed 
and control P N P s showed scantily dispersed 
endoplasmic re t icu lum, nuclei , mi tochondr ia , 
Golgi complex and o the r n o r m a l cell componen t s , 
in both t he P N P s , but the beat ing P N P s con
ta ined highly differentiated myocytes s imilar 
in u l t ras t ruc tu ra l complements to no rma l 
embryonic myocardia l cells (32) . Clear ly 
evident in Fig. 8 were t he order ly a r r anged 
myofibrils with thick and thin f i laments and 
Z-bands which were notably absent in all t he 
control P N P s examined . 

Because of its localization in cardiac muscle 
cells of young chick hea r t in abundance glycogen 
h a s been used as a m a r k e r for young hear t muscle 
cell differentiation (31 , 33). His tochemical 
examina t ion of chick embryonic hear t and the 
P N P s by PAS s ta in ing method (F ig . 9) revealed 
tha t the hear ts and the beat ing P N P s were rich 
in glycogen part ic les , whereas the control n o n -
beat ing P N P lacked the PAS positive mate r i a l . 
T h e relatively slight localization of PAS 
positive mater ia l in the per iphera l region or the 
control P N P is typical of embryonic endoder -
mal cells (34). T r e a t m e n t of the P N P wi th mal t 
d ias tase abolished the P A S s ta in ing react ion 
suggest ing that the PAS-posit ive mater ia l was 
glycogen. 

ii) Synthesis of actin and myosin-like pro
teins in PNP: T h e major cons t i tuents of myo
fibrils a r e the prote ins , myosin a n d actin, o r 
ganized into interdigi t ing filaments. W h e n 
the P N P s were labeled with [ 3 H ] - a l a n i n e , the re 
was a 2.5 fold increase in myosin obta ined from 
differentiated P N P c o m p a r e d to the proteins 
of control P N P under identical condi t ions . 
T h e incorporat ion of label into total T C A -
insoluble prote ins w a s 1.7 fold higher in t he 
beat ing P N P than in control non-bea t ing P N P . 
F igure 10 shows an examina t ion of the par t ia - , 
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Fig. 8. Electron micrograph of RNA-treated PNP cells. The PNP explants were cultivated 
in presence of inducer RNA and examined for ultrastuctural components as before (20). 
MF, myofibrils; Nu, nucleus; Mt, mitochondria; 2, 2-band. 

lly purified labeled muscle prote ins on S D S -
acry lamide gels. P rominen t peaks s imilar in 
electrophoret ic mobility to authent ic actin 
and myosin marke r s were seen in all the P N P s 
tha t contained beat ing t issues . T h e proteins 
extracted from the control P N P also a p p e a r e d 
to contain actin and l ight-chain myosin- l ike 
polypept ides , but t he level of | 3 H ] a lan ine 
incorporat ion was lower. S imi lar resul ts were 
obta ined w h e n [ 3 H ] lysine and [ 3 5 S ] 
meth ion ine were used to label the pro te ins , 
a l though relative levels of the label in peaks 
differed based on the amino acid used. It mus t 
be pointed out here that acting and myosin-

like polypept ides are also found in several non -
muscle a n d premyogenic cells even though no 
myofibri l lar s t ructures are present (35 , 36) . 

iii) Acetylcholinesterase activity: T h e myo
genic process involves, in addi t ion to increased 
synthesis of muscle specific pro te ins , e labora
t ion of specialized m e m b r a n e components 
including the enzyme acetylcholinesterase 
( A C h E ) , which mediates t r ansmiss ion of 
impulse from nerve to muscle (37 , 38) . Cells 
of myogenic origin differentiate in cu l ture in 
absence of neurona l elements produce A C h E 
a n d acetylcholine receptors s imi lar to muscle 
t issue in situ (39). In differentiating chick 
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Fig. 9. Photomicrograph of PNP cultivated in presence 
and in absence of inducer RNA after PAS staining for 
glycogen. For details of incubation, culture techniques, 
and staining reaction *ee ref. 20. A. beating PNP treated 
with the inducer RNA; B. non-beating PNP (control). 
Ecto, ectoderms; RBC, red blood cell; me, mesenchyme; 
En do, endoderm; Bt, beating area (which is also PAS po
sitive). 

muscle cells in cu l ture , for example , A C h E 
activity appea r s concurrent ly with acetyl
chol ine receptors and t h e synthesis is coordinated 
wi th Other muscle m e m b r a n e componen t s (38) . 
It h a s been possible to localize A C h E his toche-
mical techniques ut i l iz ing the "d i rec t co
l o r i n g " thiocholine reaction of Karnovsky 
a n d Roots (40) and to quan t i t a t e the enzymat ic 
activity by biochemical assay moni to r ing t h e 
hydrolys is of labeled acetycholine according 
to N i r e n b e r g and coworkers (41) . W h e n the 
P N P s w e r e cult ivated in presence of the induce 
C E H - R N A to allow differentiation as indicated 

0 20 40 
F R A C T I O N N U M B E R 

Fig. 10. SDS-polyacrylamide gel electrophoresis of PNP 
muscle proteins. The PNPs were labeled with PH] ala
nine added directly to the medium with or without inducer 
RNA. The proteins were extracted and examined on 5.6% 
polyacylamide gel as before (22). Purified myosin and 
act in from the chick embryonic heart were run simulta
neously as markers. The top stained gel indicates purified 
myosin bands and arrow indicates the position of purified 
act in. Fraction 1 represents the bottom of gel. 

above a n d the homogena te examined for its 
activity, there was a 3.4 fold increase in t he 
r a t e of hydrolys is in the homogena t e of beat ing 
P N P compared to tha t of non-bea t ing P N P s 
(42) and a 6-fold increease over that of u n i n -
cubated P N P . T h e increase in A C h E activity 
w a s a lways found in the s ame batches of P N P 
tha t also exhibi ted t h e specific morphological 
a n d biochemical changes , whereas the control 
P N P g rown u n d e r identical condi t ions with t h e 
exception of t he inducer C E H - R N A distinctly 
lacked these proper t i es . 
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His tochemical examina t ion for acetyl
chol ines terase activity in t he ear ly stages of 
chick development was recently unde r t aken 
in our labora tory us ing Karnovsky and Root ' s 
method of s ta in ing (40) . T h e advantage of th is 
method is tha t t he color is p roduced at the site of 
enzymat ic activity t h u s providing a clear v isua
lization of the locale of the enzyme dur ing 
var ious phases of development . T h e P N P 
explant was s ta ined in toto after incubat ion 
for 96 h r in presence of C E H - R N A and the whole 
moun t s were embedded in pa rap las t a n d sec
t ioned serial ly. W h e n observed under oil 
immers ion opt ics A C h E positive cells revealed 
the presence of yellowish b rown g ranu les ; t he 
s ame sections u n d e r phase-cont ras t optics 
appea red dark brown. F igure 11 shows the d is 
t r ibut ion and localizat ion of these g ranu les in 
both differentiated a n d undifferentiated cells 
of P N P . T h e r e were clear differences in loca
lization of g ra in dis t r ibut ion in t he differentia
ted (beat ing) a n d ufidifferential (control) P N P 

• • v . . ^ „ . . . . A 

B 

Fig. 11. Transverse sections of PNP after histochemical 
examination for acetylcholinesterase. The PNP explants 
cultivated in presence (B) and in absence (A) of inducer 
RNA were stained in toto for acetylcholinesterase activity 
(21), sectioned at 5 >iM thickness and examined under 
light microscope. The grains indicate the presence of 
acetylcholinesterase. 

a n d the cells of beat ing P N P contained signifi
cant ly larger deposi t ion of grains compared to 
the control cells. S imi la r examina t ion of the 
un incuba ted P N P of s tage 4 b las toderm showed 
tha t the stage 4 cells conta in gra ins s imi lar in 
intensity and dis t r ibut ion to the incubated con
trol P N P , but the gra ins were mainly localized 
in the epiblast . 

The Dependence of Differentiation on Inducer 
RNA 

As indicated in T a b l e i none of t h e P N P s cult i 
va ted in absence of the inducer R N A (or in 
presence of car r ier R N A alone) exhibi ted 
rhy thmic pulsa t ions o r any of the other specific 
changes character is t ic of myogenic differen
t ia t ion . In contras t , t he addi t ion of total R N A 
isolated • from the 16-day old chick embryonic 
hea r t ( C E H - R N A ) or t he active fractions 
obta ined du r ing purification of C E H - R N A 
caused a specific mode of morphological a n d 
biochemical changes in t he explan ts . Ini t ia l 
scoring of differentiated exp lan t s was based 
on the a p p e a r a n c e of rhy thmic beat ings of the 
cells. T h e beat ing explan ts also conta ined 
highly ordered myofibri l lar s t ruc tures and 
synthesized increased levels of t h e contract i le 
prote ins , actin and myosin . T h e appea rance of 
a b u n d a n t glycogen deposits a n d h igh level 
of acetylcholinesterase activity were addi t ional 
marke r s indicating the t rans i t ion to hea r t 
like differentiation. T r e a t m e n t of R N A with 
pancreat ic a n d T i r ibonuclease abol ished 
the inducing capacity total ly, whereas D N A s e 
and p r o n a s e t r ea tmen t h a d no effect. Fo l lowing 
pancrea t ic R N a s e digest ion, the mix tu re w a s 
ei ther phenol extracted, e thanol precipi ta ted 
in presence of carr ier R N A and then examined 
for its effect on P N P or when insoluble panc rea 
tic R N a s e was used the mix tu re was first freed 
of the enzyme by centrifugation a n d the super 
n a t a n t w a s used. In both cases, t h e activity was 
totally abol ished. T h e R N A inducing action 
w a s sensitive to alkal i but res is tant to hea t 
t r ea tmen t . T h e o l igo(dT) cellulose bound 
R N A s ob ta ined from the chick b ra in , calf 
kidney a n d rat liver under identical condi t ions 
did not induce the differentiation when exami
ned as above, ne i ther did t he R N A s from the 
si lkgland of Bombyx mori, E. coli, 5-crystallin 
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m R N A , rabbi t mac rophage R N A , and Rous 
sa rcoma viral R N A . T h e addit ion of the lat ter 
th ree R N A s did not lead to synthesis of t he R N A 
specific prote ins in measurab le a m o u n t s . Syn
thetic polynucleot ides , added at var ious co-
cent ra t ions , we re also not effective. 

T h u s , it would appea r tha t t he induction of 
the pa t te rn of changes observed in t he P N P 
cells was indeed dependent upon the presence 
of an R N A species in the cu l tu re med ium. R e 
cently, we have found that the low molecular 
weight fraction of the total R N A obta ined from 
the leg muscle of the 16-day old chick was also 
capable of caus ing spon taneous and rhy thmic 
pu l sa t ions in the P N P , a l though it is not 
known yet whe the r o ther p a r a m e t e r s of cardiac 
differentiation were also present . 

Uptake of Inducer RNA 

In previous studies on R N A - m e d i a t e d biolo
gical t rans i t ions in m a m m a l i a n cells (11), it seems 
there is no clear evidence for t he up t ake of 
R N A in its nat ive form. Ne i the r is t he mechan i sm 
for the u p t ake k n o w n . In an a t tempt to inves
t igate whe the r the 7S C E H - R N A added to the 
cul ture medium was indeed taken by the P N P 
cells, we labeled the R N A with [ I ] - i o d i n e 
to a high specific activity (4.2 X 10 7 c p m / fig, 
unpub l i shed observat ions) which was then 
added to chick Ringer ' s solution conta in ing 
previously disaggregated P N P cells. After 
an incubat ion for 60 min, the cells were spun 
down a n d washed repeatedly unti l no more 
label was recovered in the washes . T h e cells were 
then homogenized a n d the R N A was extracted 
wi th phenol : i soamyl-a lcohol : chloroform, as 
usua l , in presence of carr ier R N A . T h e R N A 
thus recovered was then examined on 7 . 5 % 
pol y aery 1 amide gel in formamide (Fig. 12). 
It is clear tha t the R N A recovered after se
veral washes of t he cells is identical, in its mobility 
on the gel, to the R N A added to the medium. 
After e lut ing from the gel, the R N A was also 
subjected to a T i - R N a s e fingerprinting 
analys is . Pre l iminary results (not shown here) 
indicated that the f ingerprint pa t t e rns of t he 
t w o R N A spor ts w e r e s imilar . T h e extent of 
R N A u p t ake after one h o u r incubat ion varied 
from exper iment to exper iment . Based on 

11) . I2I | 3 | 
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Fig. 12. Electrophoresis of [ 1 2 5 I ] CEH-RNA recover
ed from PNP cells. 7S CEH-RNA was labeled with 
[ 1 2 5 I ] according to the method described by Commerford 
(62) and to be reported elsewhere. The labeled RNA 
(470,000 cpm) was added to 0.5 ml of chick Ringer's 
solution (20) containing about 270,000 cells of PNP 
obtained after mild disaggregation of stage 4 PNP The cells 
were incubated at 37°C for 60 min and then removed by 
centrifugation for 8 min at 2,000 rpm. The cells were 
washed repeatedly with Ringer's solution until no more 
counts were recovered (see bottom part of figure). RNA 
was then extracted from the PNP cells in presence of 2.0 
A260 units of E. coli tRNA added as carrier as before (22). 
An aliquot of the RNA recovered from the PNP cells was 
run on 7.5% polyacrylamide gel in formamide along with 
the labeled 7S CEH-RNA as in Fig. 5. Labeled RNA 
spots on gel were detected by exposure to X-ray film 
Kodak XR-1. (1) and (3), [ 1 2 5 I ] 7S CEH-RNA; (2) 
I 1 2 5 1] RNA recovered from PNPcells. 

C C l a C O O H - i n s o l u b l e cpm 0.9 to 3.8% of 
the "input was recovered from the P N P cells. 
T h e reason for this var ia t ion is not present ly 
known . In order to localize t he R N A in P N P , the 
cells were sectioned to 5 thickness and 
au to rad iographed . Al though the resul ts of this 
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exper iment is not yet avai lable, a s imi lar ex
per iment ut i l izing [ 3 2 P ] labeled R N A indi
cated tha t silver g ra ins were d is t r ibuted in
side the cell wi th no appa ren t preference to n u 
clear or cytoplasmic regions . T h e n u m b e r of gra ins 
per unit a rea was six-fold higher when labeled 
o l igo(dT) cellulose bound R N A was used 
compared to the u n b o u n d R N A . 

Mode of Action of7S CEH-RNA 

Since the 7S C E H - R N A was purified from the 
total oligo ( d T ) cellulose bound R N A fraction, 
it was r easonab le to a s sume tha t th is R N A 
might be t r ans la t ab le , a l though the product of 
t r ans la t ion mus t be a small polypept ide . 
Addit ion of R N A , at var ious concent ra t ions , 
to the rabbi t reticulocyte cell-free extracts 
t rea ted with nuc lease (42) did not resul t is 
any s t imula t ion of C C I 3 C O O H - insoluble 
mate r i a l . O n the con t ra ry , the R N A effectively 
inhibi ted globin m R N A and ra t liver poly 
[ A ( + ) ] R N A - d e p e n d e n t t r ans la t ions in vitro. 
T h i s suggested tha t the observed biological 

activity of 7S C E H - R N A in the P N P might be 
related, in some way, to an effect on t rans la t ion 
process in vivo. If th is is so , then it mus t also 
affect the in vitro ut i l izat ion of m R N A from the 
s a m e source from which the inhibi tor 7S R N A 
w a s original ly isolated. F ig . 13 and Fig. 14 
i l lustrate that globin m R N A as well as the to
tal chick hear t poly | A ( + ) ] R N A - d e p e n d e n t 
t rans la t ions in rabbit reticulocyte lysates were 
inhibi ted effectively at var ious concent ra 
t ions of the inhibi tor 7S C E H - R N A . Addi t ion 
of 5S r R N A of B. rriori at comparab l e con
cen t ra t ions , on t he o ther h a n d , had no effect. T h e 
t ras la t iona l activity of globin m R N A was r e 
duced by about 8 7 % when 1.8 fig of 7S C E H -
R N A were present in the incubat ion mix tu re . 
T h i s represen t s a 40-fold molar excess of 7S 
C E H - R N A over globin m R N A , a s suming an 
a p p r o x i m a t e molecular weight of 8 0 , 0 0 0 for 
7S C E H - R N A based on its e lectrophoret ic 
mobili ty on 7 . 2 % polyacrylamide in 9 8 % forma-
mide . However , the inhibi t ion by 7 S C E H - R N A 
of globin m R N A t rans la t ion could not be over
come by increas ing the concentra t ion of 
globin m R N A in the reaction mix tu re . T h e 

INCUBATION TIME (min) 

Fig. 13. Effect of 7S CEH-RNA on translation of globin mRNA and chick embryonic heart poly | A ( + ) ] R N A . Trans
lation of globin mRNA (A), 2.2 ^g/ml was done in rabbit reticulocyte lysate after nuclease treatment (63,64) in 
presence of 0.9 tig of 7S CEH-RNA added to each assay tube at the start of incubation. Aliquots, 5 pi each, were 
removed at time indicated. Note that the concentration of 7S CEH-RNA used was effective for about 50% inhibition 
of translation only (see also Fig. 14). o , control; • , mRNA plus 7S CEH-RNA. (For details see ref. 64). 
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Fig. 14. Inhibition of translation by 7S CEH-RNA at 
varying concentrations. Translation of globin mRNA, 
2.2. Mg/ml, and chick heart poly [A(+) ] RNA, 20 
Mg/ml, was done, as in Fig. 13 in presence of varying 
concentrations of 7S CEH-RNA or 5S rRNA. Aliquots 
were taken after 30 min of incubation at 30°C. The effect 
of 5S rRNA of the posterior silkgland of B. mori (65) was 
tested for globin mRNA translation alone. • , 7S CEH-
RNA plus globin mRNA; 0, 5S rRNA of B. mori plus globin 
mRNA; A or V , 7S CEH-RNA plus chick heart poly 
[A( +) ] RNA (A and V represent two separate expe
riments). 

lack of s toichiometric re la t ionship between the 
m R N A a n d the inhibi tor R N A would suggest tha t 
the la t ter is not s imilar , in its mechan ism of 
inhibi t ion, to the myosin m R N P - t c R N A of 
the chick embryonic leg muscle described by 
H e y wood and coworkers (44 , 45) . T h e 7 S C E H -
R N A appa ren t ly competes wi th some compo
nent in the rabbi t reticulocyte lysate, s ince 
increas ing the amoun t of lysate in reaction mix 
t u r e d iminished the inhibi tory effect of 7S C E H -
R N A (unpub l i shed resul ts) . 

T h e previously described low molecular 
weight R N A s impl icated in the control of t r a n s 
lat ion a r e rich in o n e or o the r nucleoside con
tent . H e y w o o d ' s t c R N A from chick leg muscle , 
for example , conta ins 4 8 % U (44), Bogdanovsky ' s 
rabbi t ret iculocyte R N A conta ins 4 6 % A (46 , 
4 7 ) , the inhibi tor R N A from A. salina h a s 4 7 % 
U and t h e activator R N A from t h e same source 

conta ins 5 1 % G (47) . Since the 7 S C E H - R N A 
described in these s tudies is rich in A (53%) a n d 
conta ins poly(A) t rac t s , we deemed it necessary 
to ascer tain whe the r the inhibi tory effect of t he 
R N A could possibly be due to the poly (A) t racts 
a lone . Single s t r anded poly(A), po ly (C) , poly 
(I) and double s t randed R N A have previously 
been shown to cause inhibi t ion of cell-free 
t rans la t ions (48-50) . For this pu rpose , t he 
7S C E H - R N A was first digested with insoluble 
pancrea t ic R N a s e a n d the s u p e r n a t a n t obta ined 
after centrifugation which should contain the 
undiges ted poly(A) fragment(s) , was tested 
for globin m R N A t rans la t ion . As indicated in 
Fig. 15A, the nuclease digested mater ia l w a s 
as active in inhibi t ing t rans la t ion as the control . 
U n d e r t he same condi t ions of digest ions [ 3 2 P ] 
5S R N A of B. mori became 9 5 % C C f e C O O H 
soluble. Digest ion wi th micrococcal nuclease , 
on the o the r h a n d , resul ted in a significant loss 
of inhibit ion due to R N A (Fig . 15B). T h e in
hibi tory effect, in fact, was mimicked by syn
thetic p o l y ( A ) u _ i9 , which w h e n added to 
the t rans la t ion mix tu re at comparab le concen
t ra t ion caused an inhibi t ion of amino acid in
corpora t ion , a n d t r ea tmen t of poly(A) wi th 
micrococcal nuclease totally d iminished the 
inhibi t ion . T h e s e resu l t s , therefore, suggested 
tha t the 7S C E H - R N A inhibit ion of t r ans la t ion , 
for at least globin m R N A , might be due to t he 
poly(A) t ract(s) present in the R N A . Poly 
(A) also inhibi ted t he t ras la t ion of total chick 
embryonic hea r t poly [ A ( + ) ] R N A as well as 
t ha t of globin m R N A (see F ig . 16). It is possible 
however , that the inhibi t ion of chick hea r t 
p o l y | A ( + ) ] R N A d u e to 7S C E H - R N A , a t 
least at a specific concent ra t ion , may be selec
tive for some fraction of t rans la tab le m R N A 
in the total chick embryonic hear t poly | A ( + ) ] -
R N A popula t ion a n d the effect produced by 
synthet ic poly(A) (or by t he digestion product 
of 7S C E H - R N A ) may not be t h e same. W e , 
therefore, examined the t r ans la t iona l products 
of the chick hea r t poly [ A ( + ) ] R N A at several 
concent ra t ions of 7S C E H - R N A a n d syn the
tic poly(A) on 10% polyacry lamide gels in S D S 
(Fig . 16). T h e pa t t e rn of labeled polypept ides 
obta ined after 3 0 % , 5 0 % a n d 7 0 % inhibit ion of 
t r ans la t ions due to the two R N A were 
identical. All bands appea red to be inhibi ted 
wi thou t an appa ren t difference in intensity of 
label or their migra t ion p roper t i e s . T h e p re -
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Fig. 15. Effect of RNase treatment of inhibitor RNA on globin mRNA translations. Translation of globin mRNA 
was done in standard incubation condition using 10 i(Ci (3 H] leucine as in Fig. 13. 7S CEH-RNA, 0.64 

or synthetic poly(A), 0.4 ng, alone or after digestion with nuclease as described previously (64) were 
added at the start of incubation and radioactivity in 5 m' aliquots was measured at times indicated. (A) effect of 
pancreatic RNase digestion of 7S CEH-RNA on globin mRNA translation; 0, control; • plus 7S CEH-
RNA; 0 0, plus 7S CEH-RNA after pan RNase digestion, (b), effect of micrococcal nuclease digestion of 

7S CEH-RNA or of synthetic poly(A) on globin mRNA; 0, control; • plus 7S CEH-RNA; 0 0, plus 7S 
CEH-RNA after micrococcal nuclease digestion; A plus poly (A), A A , plus poly (A) after nuclease 
treatment. (For details see ref. 64). 
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sumpt ive heavy chain myosin , that should 

migra te with a mobility of about 200 ,000 mol. 

wt. , was made in considerably less a m o u n t s 

t h a n expected in both inhibi ted and un inh ib i 

ted mix tu res . In most t rans la t ion assays the 

Fig: 16. Polyacrylamide gel separation pattern of labeled 
translational products of chick heart polylA(+)1 RNA in 
presence or absence of inhibitor RNA. Translation of 
chick heart poly [ A ( + ) | RNA, 20 >ig/ml, was done 
in standard incubation conditions with or without 7S 
CEH-RNA or poly(A) and the labeled were processed and 
applied to gel as described earlier (64). Electrophoresis was 
done according to Laemmli (65) and labeled bands were 
located by fluoragraphy (67). Non-labeled marker pro
teins were run simultaneously on the same gel and located 
by staining with Coomasie blue. (1), control nuclease 
treated lysate; (2), chick heart poly[A( +}] RNA; (3), (4), 
and (5) contain poly ( A ( + ) l RNA plus 0.32, 0.64, 1.1 
Mg of 7S CEH-RNA respectively; (6), (7) and (8) are 
the same as (2) but contain 0.23, 0.46, 0.92 iigof poly(A) res
pectively. (For details see ref. 64). 
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heavy chain myosin-l ike band was totally 
absent , a l though bands in the region of 100,000 
to 150,000 mol. wt. were visible. W e do not , at 
present , know whether this is due to the possible 
degrada t ion of myosin heavy chain or its in
complete synthesis . It is, therefore, difficult to 
evaluate the specificity of inhibi t ion, if any , 
by 7S C E H - R N A for the myosin heavy chain 
m R N A t rans la t ion . 

T h e re la t ionship between the 7S C E H -
R N A induced biological t rans i t ion in the P N P 
and the inhibi t ion of in vitro t rans la t ions due to 
the R N A is not totally clear. Since the product 
of pancreat ic R N a s e digestion of 7S C E H -
R N A resul ts in a loss of its inducing activity a n d 
the fact t ha t synthetic poly(A) a lone, at several 
concent ra t ions , cannot r eproduce the effect 
of 7S C E H - R N A on P N P , it would be reasonable 
to a s sume that a control at the level of t rans la t ion , 
based on the observat ions on in vitro t r a n s l a -
t ional assays , can be el iminated as one of t he 
possible mechanisms of action of the R N A on 
P N P . Howeve r , a mechan ism envisaging a 
selective discr iminat ion of specific m R N A 
t rans la t ion unde r distinct physiological con
di t ions , which are not necessarily dupl icated by 
rabbi t reticulocyte lysates, cannot be excluded. 
A control at t rans la t ion level is repor ted to exist 
in the p r imary myoblast cell cul ture , the t e rmi 
nal differentiation of which , wi th respect to 
musle specific protein synthesis , is preceded 
by stabil ization of myosin m R N A and its sub 
sequent t rans la t ion (51) Such a stabil izat ion 
of m R N A can be visualized by way prevent ion 
of specific m R N A t rans la t ions in vivo due to an 
inhibi tor R N A molecule. It was suggested that 
the inhibit ion of protein synthesis due to R N A 
in A. salina is overcome by an activator R N A 
molecule, thus permi t t ing t he onset of protein 
synthesis in developing embryo . W h e t h e r such 
a molecule exists in chick embryonic hea r t 
t issue r emains to be seen. 

Conclusiones 

D u r i n g the past 5 0 years or so embryologists 
have focused their a t tent ion on induct ion a n d 
activation which is in terpreted as processes 
whereby the course of embryonic development 
is altered as a result of information received o r 
lost. It is now general ly believed that factor(s), 

diffusible and possibly macromolecular in 
n a t u r e , a r e involved in some way in br inging about 
the changes in embryogenesis . T h e n a t u r e of 
the factor(s) and their mode of action r ema ins 
u n k n o w n . T h e involvement of R N A , a n d / o r 
protein t rans la ted from it, as regulatory e lements 
dur ing embryonic development h a s been pos
tula ted as par t of a model on control of euka ryo -
tic gene expression by Bri t ten and Davison 
(3-5) . Al though there is no clear and direct 
exper imenta l evidence to our knowledge in 
suppor t of the main theme of t he model , the 
control of gene expression by cytoplasmic: and 
extracel lu lar factors in general is a well known 
p h e n o m e n o n . T h e requ i rement of non-h i s tone 
prote ins in control of gene expression in re 
const i tuted ch romat in (Stein a n d Stein, this 
issue), the migra t ion of proteins a n d R N A bet
ween cy toplasm and nucleus and their specific 
associat ion wi th chromosomes at distinct stages 
of development (12, 52, 53) , and the case of a 
prote in in Mex ican axolotl synthesized du r ing 
oogenesis which seems to be essential for acti
vation of nuclear genes requ i red dur ing gas -
t rula t ion and organogenesis (17) , have been 
documented . 

Substant ia l evidence also exists on the 
transfer of R N A between different kinds of 
cells du r ing specific i m m u n e responses (54) 
and on the ability of foreing R N A to induce 
specific i m m u n e response (55) . Small molecular 
weight nuc lear R N A ( S n R N A ) rang ing from 
65-200 nucleotides in chain length have been 
found in nuclei , 4nd occassionally in cytoplasm, 
of several eukaryotes (56, 57). T h e s e R N A s 
have been character ized s t ruc tura l ly and a few 
have even been sequenced. Since these R N A s 
are probably too small to serve as m R N A and their 
relat ion with the large heterogenous R N A 
( H n R N A ) is not defined, it a p p e a r s tha t the 
S n R N A s comprise a separa te class of R N A 
with no known function, a l though in some cases 
they a re implicated in specification of ch romo
somal functions (57). Ano the r form of low mole
cular weight R N A , ch romosomal R N A ( c R N A ) , 
h a s been described in ascites cells (58) . T h e 
c R N A is repor ted to represent a fraction of the 
repeti t ive sequence present in t he H n R N A . 
T h e functional significance of th is R N A re
ma ins u n k n o w n . Er ikson repor ted (59) that a 
7S R N A , identical in s t ruc ture to tha t associated 
wi th the avian oncornavi ruses , is present in low 
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concent ra t ions in normal uninfected chick 
cells. S t ruc tu ra l analys is of the R N A shows a 
relatively high A and G content but the finger
pr in t profile of the R N A reveals tha t it does not 
contain poly(A) s t retches. R N A s similar in 
s t ruc tura l features to the 7S R N A of chick cells 
are also found in several viral p repa ra t ions and 
in no rma l m a m m a l i a n cells (60 , 61 ) , the function 
of which is not clear. 

T w o classes of low molecular weight R N A 
( t cRNA) involved in control of t rans la t ion 
were repor ted to be present in embryonic chick 
leg muscle (45, 46) . O n e such R N A is known to 
contain approx imate ly 5 0 % ur idyla te res idues 
a n d have a mol . wt . of about 10,000. T h e R N A 
also inhibi ts effectively the in vitro t r ans la t io -
nal activity of poly(A) containig m R N A . T h e i r 
physiological role in t rans la t ion process, 
however , r ema ins enigmat ic . O c h o a and 
coworker s (47) recently repor ted t he presence 
of two low molecular- weight R N A species in t he 
embryos of Artemia salina. O n e of these R N A 
is a t rans la t iona l inhibi tor of about 6000 dal ton 
in size a n d is rich in pyr imidines ( 4 7 % U ) ; t he 
other , an activator R N A is able to complex wi th 
the inhibi tor to neu t ra l i ze its inhibi tory activity. 
T h e R N A , therefore, can play a regula tory role 
caus ing the onset of protein synthesis in t he 
developing embryos . 

In a recent communica t ion (64) , we repor ted 
that the 7S C E H - R N A is capable of inhib i t ing 
the in vitro t r ans la t ion of both homologous and 
hetero logous m R N A s effectively. T h e inhibi
t ion is non-compet i t ive with respect to m R N A 
a n d is overcome by some factor(s) present , in 
the rabbi t reticulocyte lysate. T h e inhibi t ion, 
however , appea r s to be effected by the aden ine-
rich segment(s) of 7S C E H - R N A . It would be 
of interest , therefore, to examine whe the r t he 
t rans la t ion inhibi tory effects of previously 
repor ted t c R N A can be discr iminated from 
those likely to be produced by the cor responding 
nucleotide-rich polynucleot ides. W e do not 
at present k n o w whe the r 7S C E H - R N A has a 
specific effect on t ranscr ip t iona l activity of 
the P N P cell. Exper imen t s designed to inves
t igate th is possibili ty with isolated nuclei a r e 
current ly in progress . 

T h u s , we can s u m m a r i z e briefly wi th t h e 
s ta tement that inspi te of several examples for 
both R N A and prote ins as candidates for regu

latory elements in gene express ion, there is no 
clear definition of the i r role in n o r m a l cellular 
processes . T h e finding that the 7S C E H - R N A 
can produce a specific mode of change charac 
teristic of embryonic cardiogenic process 
offers first such oppor tun i ty to test the role of 
an R N A in communica t ion of regula tory in
formation in an exper imenta l ly ana lyzab le 
biological system. O u r present exper iments 
are also designed to invest igate whe the r the 7S 
R N A can be detected in measu rab le a m o u n t s 
at relevant stage(s) and areas in the chick 
embryo dur ing development so tha t the phy
siological role of the R N A in hear t induction can 
be unders tood. 
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