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Further Studies  on Free Amino-Ac ids  and 
Pept ides  in Eggs  and Embryos  of Different 

Sea -Urch in  Species  and Hybrids  

In  a previous  s t udy  (CHEN and  BALTZER 1) it  has been 
repor t ed  t h a t  eggs and  embryos  of three  different  sea- 
u rch in  species, t h a t  is to  say  Paracentrotus lividus, Arba- 
cia l ixula and Sphaerechinus granularis, differ dis t inct ly  
in the i r  pa t t e rns  of free amino-acids  and peptides. Such 
species-specific differences provide  us wi th  valuable  cri- 
t e r ia  to judge  the  influences of bo th  paren ta l  species on the 
deve lop ing  hybr id -embryos .  Recen t ly  in order  to explore 
fu r the r  possibili t ies of interspecif ic combina t ions  we have  
inves t iga ted  the  fl'ee n inhydr in-pos i t ive  substances in 
bo th  eggs and embryos  of three  more sea-urchin species: 
Genocidaris maculata, Psammechinus  microtuberculatus and 
Echinocardium cordatum. The first two species belong to 
the  so-called regular  form of Echinoidea while the  third 
one is the  i r regular  form. Our  p re l iminary  results  showed 
t h a t  in all  th ree  species t he  pa t t e rns  of free amino-acids 
and pept ides  are  cons tan t  dur ing ear ly  deve lopment  and 
differ again f rom each o ther  in a species-specific manner .  

Procedures  for per forming  two-dimens ional  chromato-  
g rams  were the  same as those  descr ibed earl ier  (CHEN 
and BALTZER1). In  addi t ion  the  one-dimensional  chroma-  
tograph ic  t echn ique  has  been used to  s t udy  the  to ta l  
a m o u n t  of free n inhydr in - reac t ing  componen t s  (for a 
general  descr ipt ion of the  technique,  see HADORN and 
STUMM-ZOLLINGER 2, CHEN and HADORN3). AS a basis for 
compar i son  es t imat ions  of to t a l  n i t rogen  have  been also 
carr ied ou t  b y  using the  u l t r amic ro -Kje tdah l  me thod  of 
BOELL and SHEN 4. I t  was found t h a t  for to ta l  free amino  
acids 1000-2000 eggs and for to t a l  n i t rogen 250-500 eggs 
were enough for each  de te rmina t ion .  

As i l lus t ra ted by  the  ch roma tog rams  in Fig. 1 and the 
list  of n inhydr in - reac t ing  substances  summar ized  in 
Tab l e  I,  there  are bo th  qua l i t a t ive  and quan t i t a t i ve  differ- 
ences in t he  three  sea-urchin species. E.  cordatum is 
especial ly  r ich in free amino-acids .  Fo r  ins tance in all 
species so far  ana lyzed  by  us, val ine  and leucine never  
occur  ill such large quant i t i es  as in the  present  one 
(compare  spots  No. 9 and No. 16 in Fig. 1 A and the  cor- 
responding  spots  of o ther  species in the  present  s tudy  
and in CtlEN and BALTZER1). The  Echinocardium eggs are 
fu r the r  charac te r ized  b y  the  occurrence of spot  No. 17 
which has  been so far recorded only  in A.  lixula. However ,  
t h e y  differ f rom the  l a t t e r  by  the i r  h igh contents  of 
glycine (compare spot  No. 8, Fig. 1B in CHEN and 
BALTZER1). The  pa t t e rn  of free n inhydr in-pos i t ive  sub- 
s tances  showed no d is t inc t  changes a t  bo th  gastrula  and 
p lu teus  stages. 

The  ch romatograph ic  pa t t e rns  of G. maculata and Ps. 
rnicromaculatus are v e r y  similar  to P.  lividus in so far 
t h a t  ~-Alanine and Glycine represent  the  most  concen- 
t r a t ed  spots  in bo th  species (Fig. 1 B and C). However ,  a 
closer examina t ion  of t he  ch romatograms  revealed cer- 
ta in  differences. Spot  No. 23 (peptide 4 in Tab.  I) was 
found on ly  in Ps.  microtuberculatus. I t s  Rf-vatues  (0,65 
in wa te r - sa tu ra t ed  phenol  and 0,47 in 70% n-propanol) 
are v e r y  close to those of the  t r ipept ide  spot  specific for 
S. granularis repor ted  in our  earlier s tudy  (CHEN and 
BALTZER 1, spot  No. 23 in Fig. 1 C), a l though the spot  did 
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no t  appear  so regular ly  as in t he  l a t t e r  species. In  G. ma- 
culata a brown spot  of low Rf -va lues  (0,17 in 70% n- 
propanol  and 0,21 in wa te r - sa tu ra t ed  phenol)  was re- 
corded (spot No. 21 in Fig. 1C). J u d g i n g  f rom its nin- 
hydr in  color and its posi t ion on the  c h r o m a t o g r a m s  this 
substance is p robab ly  ident ical  to the  pep t ide  r epor t ed  
previous ly  for P.  lividus (see CHEN and  BALTZER l, spo t  
No. 21 in Fig. 1,4). 
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Fig. 1.--Free ninhydrin-positive substances in methanol extracts of 
different sea-urchin eggs. A Echinocardium cordatum (11250 unferti- 
lized eggs); B Psammechinus microtubcrculalus (12208 unfertilized 
eggs); C Genocidaris maculata (ca. 7500 unfertilized eggs). 1 ot-Ala- 
nine; 2'fl-Alanine; 3 Arginine; 4 Aspartic acid; 5 Cystine; 6 Glutanfic 
acid; 7 Glutamine; 8 Glycine; 8 t Histidine; 9 Leucine (and]or iso- 
leucine); 10 Lysine; 12 Proline; 13 Serine; 14 Threonine; 16 Valine 
(and/or methionine); 17 'Fast-aminobutyrie acid'; 19-23 Peptides. 

The  prote in  residues a f te r  the  m e t h a n o l  ex t r ac t ion  
were subjec ted  to acid hydrolysis .  In  all  th ree  species the  
ch roma tog rams  of the  hydro lysa tes  showed the  fol lowing 
amino-acids :  ~-alanine, arginine, aspar t ic  acid, glycine,  
g lu tamic  acid, hist idine,  leucine (isoleucine) serine, thre-  
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Table / .--Free amino-acids and peptides in methanol extracts of 
different sea-urchin eggs and embryos. 

(Substances which occur in specifically high concentrations 
are indicated by a '!'.) 

Free ninhydrin-reacting 
substances 

B 
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Psamme- 
Eehino- chinus 
cardium 

microtu- 
cordatum berculatus 

C 
Geno- 
cidaris 

maeulata 

1 c~-Alanine 
2' fl-Atanine 
2 Arginine 
4 Aspartic acid 
5 Cystine 
6 Glutamic acid 
7 Glutamine 
8 Glycine 
8' Hist idine.  
9 Leucine (iso-Leucine) 

10 Lysine 
12 Proline 
13 Serine 
14 Threonine 
16 Valine (Methionine) . . 
17 'Fas t -aminobutyr ic  

acid'  
19 Pept ide  1 
20 Pept ide 2 
21 Peptide 3 
23 Pept ide 4 
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onine ,  ty ros ine ,  prol ine ,  a n d  va l ine  (or m e t h i on i ne ) .  Th i s  
c o n f i r m e d  t h e  ear l ie r  f ind ings  t h a t ,  in  sp i te  of t he  species- 
specif ic  d i f ferences  in  free n i n h y d r i n - p o s i t i v e  c o m p o n e n t s ,  
t h e  a m i n o - a c i d  c o m p o s i t i o n  of t he  p ro t e in s  r e m a i n s  a t  
l eas t  q u a l i t a t i v e l y  t he  same.  

Since the  c h r o m a t o g r a p h i c  p a t t e r n s  of E .  c o r d a t u m  a n d  
P .  l i v i d u s  dif fer  in  spo t  No. 17 a n d  t h e  spo ts  of  va l ine  
a n d  leucine,  we m a d e  a br ie f  s t u d y  of t he  free n i n h y d r i n -  
pos i t ive  s u b s t a n c e s  in t he  h y b r i d  E c h i n o c a r d i u m  f~ x P a r a -  
centro tus  d~ (EP).  Our  p r e l i m i n a r y  re su l t  of a few c h r o m a -  
t o g r a m s  showed  t h a t  spo t  No. 17, w h i c h  is specific for  
E c h i n o c a r d i u m ,  a p p e a r e d  d i s t i n c t l y  on  t he  h y b r i d  
c h r o m a t o g r a m .  However ,  t h e  c o n c e n t r a t e d  spo ts  of va-  
l ine a n d  leucine were n o t  obse rved .  A t  t h e  p r e s e n t  t i m e  
i t  r ema ins  u n c e r t a i n  w h e t h e r  the  E P - h y b r i d  b e h a v e s  
en t i r e ly  in  a m a t e r n a l  m a n n e r  as t he  h y b r i d  c o m b i n a t i o n s  
P a r a c e n t r o t u s  f¢x  A rbacia  ~ a n d  Sphaerech inus~ .  x P a r a c e n -  
lrolus  ~ (see BALTZER, CHEN, a n d  ~'VHITELEyS). 

I n  o rde r  to  ge t  more  i n f o r m a t i o n s  on  t he  a m i n o - a c i d  
m e t a b o l i s m  d u r i n g  s ea -u rch in  d e v e l o p m e n t  we de te r -  

5 F. BALTZER, P.S. CHE~, and A. H. WH1Tt~LEY, Syrup. Soe.Cell 
Biol. (in press). 

m i n e d  t h e  t o t a l  n i t r ogen  a n d  the  t o t a l  free amino-ac ids  
a n d  pep t ides  of four  species t h u s  far  a n a l y z e d  b y  us (see 
t h e  m o r e  de ta i l ed  r e p o r t  of B~,L'rZER, CI~EN a n d  WItITE- 
LE'fG). As s h o w n  bY t h e  d a t a  g iven  for unfe r t i l i zed  eggs 
i n T a b l e I I , t h e r e  is a large  v a r i a t i o n  in t h e  egg sizes of t he  
d i f fe ren t  s e a - u r c h i n  species.  A .  I i xu la  h a s  t h e  sma l l e s t  
a n d  E .  c o r d a t u m  t h e  l a rges t  eggs, whi le  t h e  egg sizes of 
P .  l i v i d u s  a n d  S .  g r a n u l a r i s  are  equal .  T h e  same  ho lds  
t r u e  for  t o t a l  n i t r ogen  (compare  H&RVEY 6, for  r e l a t ed  
d a t a  on  A .  p u n c t u l a t a  a n d  P .  l i v idus ) .  T h e  egg v o l u m e  of 
A .  l i x u t a  is on ly  59% of t h a t  of P .  I i v idus .  "~%Tith r ega rd  
to  t o t a l  n i n h y d r i n - p o s i t i v e  c o m p o n e n t s  t h e  va lues  are  
h i g h  for E,  c o r d a t u m  a n d  e x t r e m e l y  tow for A .  l i xu la .  The  
t o t a l  c o n t e n t  pe r  egg for A r b a c i a  is 20% of t h a t  for 
Paracen l ro tu s .  The  di f ference r e m a i n s  p r o n o u n c e d  even  
w h e n  t h e  f igures  are  c o m p a r e d  on  t he  basis  of t o t a l  
n i t r o g e n  (Table  I I ,  E . U . / ? N ) .  T h e  E c h i n o c a r d i u m  egg ha s  
a b o u t  7 t imes  more  free amino -ac ids  t h a n  t h e  A r b a c i a  
egg (Table  I I ,  E.U./103 eggs). The  va lues  are sti l l  t h r e e  
t imes  h i g h e r  for t he  fo rmer  species even  w h e n  t h e  d a t a  
are  expressed  as e x t i n c t i o n  u n i t  pe r  tzg t o t a l  n i t rogen .  
The  m o r p h o g e n e t i c  role of t he  free amino -ac ids  is la rgely  
u n k n o w n .  Beside  t h e i r  f u n c t i o n  as bu i l d ing  s tones  for t h e  
p ro t e in s  t h e y  m a y  serve  as ene rgy  sources  for  t h e  m a i n -  
t e n a n c e  of t he  deve lop ing  embryo .  I t  h a s  also been  re- 
p o r t e d  t h a t  glycine,  w h i c h  r ep re sen t s  t h e  m o s t  concen -  
t r a t e d  a m i n o - a c i d  in  m o s t  s e a - u r c h i n  species ,  is es- 
pez i a l l y  i n v o l v e d  in  t he  o smoregu l a t i ve  p h e n o m e n o n  
(KAVAI~AU ~). F o r  a b e t t e r  u n d e r s t a n d i n g  of t h e  b iochemi -  
cal  bas is  ot m o r p h o g e n e t i c  d e v e l o p m e n t ,  such  species- 
specif ic  d i f ferences  in  t h e  a m i n o - a c i d  c o n t e n t s  dese rve  ou r  
spec ia l  a t t e n t i o n .  

A n o t h e r  ques t i on  w h i c h  a p p e a r s  to  be  p e r t i n e n t  to  the  
p r e s e n t  s t u d y  is w h e t h e r  these  species-specif ic  s u b s t a n c e s  
a re  de r ived  f rom the  yo lk  p ro t e in s  depos i t ed  in t he  cell, 
o r  if t h e y  are  d i r ec t ly  r e l a t ed  to t he  c y t o p l a s m i c  p a r t  of 
t h e  d e v e l o p i n g  egg, D u r i n g  d e v e l o p m e n t  t h e r e  are  no  
d o u b t  such  processes  as t he  b r e a k d o w n  of  egg p ro t e ins  a n d  
the  c o n v e r s i o n  of t h e m  in to  specif ic  p ro t e in s  of  d i f fe ren t  
t i ssues  a n d  organs .  E f fo r t s  h a v e  been  m a d e  b y  c u l t u r i n g  
t he  p lu te i  for a longer  per iod  u n t i l  t h e i r  yo lk  rese rve  was 
e x h a u s t e d  a n d  t h e  feeding began .  Our  ana lys i s  of t he  
l a rvae  fed for 3-10 days  showed  t h a t  t he re  is a p r o n o u n c e d  
a c c u m u l a t i o n  of free glyeine  in A.  l i xu la .  Otherwise  t he re  
is no  essent ia l  mod i f i ca t i on  of t he  a m i n o - a c i d  p a t t e r n s .  
F o r  i n s t a n c e  spo t  No. 17, w h i c h  is specific for  A r b a c i a  
eggs, a p p e a r e d  r egu la r ly  on  t h e  c h r o m a t o g r a m  even  a t  
these  l a t e r  s tages.  (No feeding e x p e r i m e n t  on  E c h i n o -  
c a r d i u m  was ca r r i ed  out . )  I n  t im o t h e r  species glycine  
r e m a i n s  to  be  the  d o m i n a t i n g  amino-ac id .  Th i s  ind ica tes  
t h a t  the  free n i n h y d r i n - r e a c t i n g  c o m p o u n d s  r e p o r t e d  here  

E. ]3. HARVEY, The American Arbacia and Other Sea Urchins 
(Princeton University Press 1956), 193. 

7 j .  L. KAVANAL,, J. exp. Zoo l. 122, 285 (I953). 

Table I I . - -S ize ,  total nitrogen, and total free ninhydrin-positive substances of different sea-urchin eggs 

Species 

Arbacia  l ixula . . . . . . . . . . .  
Paracenlrotus l iv idus . . . . . . . .  
Sphaerechinus granularis  . . . . . .  
Echinocard ium cordatum . . . . . .  

Diameter 
ram]egg I 

0-080 
0'095 
0.095 
0.122 

Vollllne 
relation (D 8) 

mm3/egg 

512 × 10 -~ 
857 × 10 -6 
857 x 10 s 

1816 × 10  -6 

Total N 
71103 eggs 

8.50 
13.32 
14.51 
I7 '24 

Total free ninhydrin-reaeting 
substances 

E. U./103 egg 

0.080 
0.390 
0.410 
0.549 

E. U./y N 

0.0094 
0.0293 
0.0282 
0.0318 

1 Measurements carried out by Prof. Dr. F. BALTZER. Compare data given by HARVEY 1956, pp. 63-67. 
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for  t h e  d i f f e ren t  s ea -u rch in  species shou ld  n o t  be  consider-  
ed m e r e l y  as i n t e r m e d i a t e  d e c o m p o s i t i o n  p r o d u c t s  of t he  
yo lk  p ro te ins ,  b u t  as ac t ive  c o m p o n e n t s  in t he  c y t o p l a s m  
of t h e  deve lop ing  egg. 

This study was carried out at the Zoological Station of Naples, 
Italy in cooperation with Prof. Dr. F. BALTZER, to whom I should 
like to express my sincere thanks for taking care of the materials and 
counting the samples, and for his valuable discussions in the course 
of the experimental work. Thanks are also due to Prof. Dr. L. yon 
UmscK for supplying a part of the Echinocardium eggs investigated 
by us. The investigation was aided by a research grant from the 
Schweizerischer National/onds ~ur FOrderung der wissenscha/tlichen 
Forschung. Finally I should like to thank the authorities at the 
Zoological Station of Naples for providing the working facilities. 

P, S. CHEN 

Institute o/Zoology and Comparative Anatomy, Univer- 
sity o/Zurich, July  7, 7958. 

Zusammen/assung 

Als  F o r t s e t z u n g  f r t ihere r  U n t e r s u c h u n g e n  de r  f re ien  
Aminos / i u r en  u n d  P e p t i d e n  in E i e m  u n d  E m b r y o n e n  
v e r s c h i e d e n e r  Seeigelar ten ,  wurde  das  M u s t e r  de r  Nin-  
h y d r i n - p o s i t i v e n  Stoffe yon  Echinocardium cordatum, 
Psammechinus microtuberculatus und  Genocidaris maculata 
p a p i e r c h r o m a t o g r a p h i s c h  u n t e r s u c h t .  Die  Echinocardium- 
Eie r  ze i chnen  s ich  d u t c h  ih re  h o h e  K o n z e n t r a t i o n  a n  
V a l i n  (Fig. 1,4, F leck  16) u n d  Leuc in  (Fleck 9) aus,  wel- 
che  bei  a l len f ibr igen  y o n  uns  u n t e r s u c h t e n  A r t e n  n u r  in  
s eh r  ge r inge r  Menge  a u f t r e t e n .  F e r n e r  s ind  sie d n r c h  da s  
V o r k o m m e n  eines spez i f i schen  Stoffes  cha rak t e r i s i e r t ,  d e r  
n u r  bei  Arbacia lixula n a c h g e w i e s e n  wurde  (Fleck 17). 
Psammechinus microtuberculatus u n d  Genocidaris macu- 
lata u n t e r s c h e i d e n  sich in  d e n  P e p t i d e n .  Die  Psamme- 
chinus-Eier e n t h a l t e n  e inen  Stoff,  t ier  wah r sche in l i ch  m i t  
d e m  T r i p e p t i d  v o n  Sphaerechinus granularis i d e n t i s c h  is t  
(Fig. 1 B,  F leck  Nr .  23). I n  Genocidaris-Eiern wurde  ein 
P e p t i d  reg is t r ie r t ,  das  a u c h  be i  Paracentrotus tividus vor-  
k o m m t  (Fig. 1 C, F l e c k  Nr .  21). 

Es  w u r d e n  fe rner  Messungen  y o n  E i v o l u m e n ,  To ta l -  
s t i cks to f f  u n d  T o t a l m e n g e  de r  f re ien N i n h y d r i n - p o s i t i v e n  
S u b s t a n z e n  des  u n b e f r u c h t e t e n  Eies  durchgef f ih r t .  D as  
E i v o l u m e n  u n d  de r  G e s a m t s t i c k s t o f f g e h a l t  s ind  bei  
Echinocardium cordatum a m  gr6ss ten ,  bei  Arbacia lixula 
a m  ger ings ten .  Die Echinocardium-Eier s ind d u r c h  i h r e n  
h o h e n  G e h a t t  a n  f r e i e n  A m i nos i t u r en  gekennze i chne t .  
Sic e n t h a t t e n  r u n d  7mal  m e h r  sotche Stoffe  p ro  E i  
als die A rbacia-Eier; zwischen  Paracentrotus lividus u n d  
Sphaerechinus granularis zeigen die Messwer te  k e i n e n  
d e u t l i c h e n  U n t e r s c h i e d .  

Fat F o r m a t i o n  and Glyco lys i s  in T i s s u e  Culture 
Act ion  of H y d r o c o r t i s o n e  * 

T h e  ques t i on  of t he  role of ad reno -co r t i ca l  s te ro ids  in f a t  
m e t a b o l i s m  r e m a i n s  as y e t  unse t t l ed .  On  t he  one  h a n d  i t  
a p p e a r s  t h a t  h y d r o c o r t i s o n e  is t h e  o n l y  phys io log ica l  com-  
p o u n d  t h a t  c an  cause  obes i t y  w h e n  a d m i n i s t e r e d  in excess  
of b o d y  needs  a n d  t h a t  t h i s  t y p e  of obes i ty  is i nd i s t in -  
gu i shab l e  f rom t h a t  of Cush ing ' s  s y n d r o m .  A syne rg i s t i c  
ef fec t  of insu l in  a n d  cor t i sone  in inc reas ing  f a t  s y n t h e s i s  
f r o m  c a r b o h y d r a t e  was repor ted* .  B u t  on  t h e  o t h e r  h a n d ,  

x Reported in part at 8th Annual Meeting of Tissue Culture 
Association at the University of Baltimore, Md, April 17, 1957. 

V. A. NAJJAR, Symposium on Fat Metabolism (The Johns Hop- 
kins Press, Baltimore 1954). 

a n t a g o n i s t i c  effects  of co r t i sone  a n d  insu l in  on  f a t t y  acid 
syn thes i s  f rom labe led  a c e t a t e  was  descr ibed,  cor t i sone  
h a v i n g  a n  i n h i b i t o r y  effect  2. I t  h a s  the re fo re  been  t h o u g h t  
t h a t  i n f o r m a t i o n  ga ined  f rom a s t u d y  of t h e  d i r ec t  a c t i o n  
of hyd roco r t i sone  o n  fa t  f o r m a t i o n  in  t i ssue  c u l t u r e  m a y  
shed some l igh t  on  t h i s  ques t ion .  Since, however ,  t h e  
t e n d e n c y  to  a c c u m u l a t e  f a t  is a c h a r a c t e r i s t i c  f e a tu r e  of 
t i ssue  cu l tu re  cells in  genera l ,  e v e n  of s u c h  cell t y p e s  w h i c h  
in the  o rgan i sm do n o t  show a t e n d e n c y  to  f a t  a c c u m u l a t i o n ,  
a p r e l imina ry  s t u d y  of fa t  f o r m a t i o n  in n o r m a l  u n t r e a t e d  
t issue cu l tu re  cells a p p e a r e d  necessa ry .  

Now, for m a n y  years ,  2 d i s t i n c t i v e  c h a r a c t e r i s t i c s  of 
cu l tu red  cells h a v e  been  obse rved .  F i r s t ,  t h e  p re sence  of 
more  or less h igh  glycolysis  8, even  in t h e  p re sence  of 
oxygen  a, and,  second,  a s t r i k ing  t e n d e n c y  to  f a t  a c c u m u -  
la t ion  in cy top la smic  vacuo les  5. I t  is t e m p t i n g  to  a s s u m e  
t h a t  these  2 special  cha rac t e r i s t i c s  of c u l t u r e d  cells a re  n o t  
i n d e p e n d e n t  of each  o ther .  F r o m  i n v e s t i g a t i o n  i n to  t h e  
ac t ion  of h igh  glucose c o n c e n t r a t i o n  on  r e s p i r a t i o n  a n d  
glycolysis on  t he  one h a n d ,  a n d  on  f o r m a t i o n  of f a t  
vacuoles  on  t he  o t h e r  h a n d ,  a poss ible  r e l a t i o n s h i p  be-  
tween  glycolysis a n d  l ipogenesis  ha s  emerged ,  a n d  t h e  
a s s u m p t i o n  has  been  m a d e  t h a t  glycolysis  as a r e d u c i n g  
s y s t e m  favors  f a t t y  acid syn thes i s .  L ipogenes i s  r equ i res  
a r educ ing  sys tem for the  r e g e n e r a t i o n  of r e d u c e d  p y r i d i n e  
nuc leo t ide  necessary  for  f a t t y  ac id  syn thes i s .  

Methods.- For  o b s e r v a t i o n  of l ipid granules ,  t h e  h a n g -  
ing d rop  me thod  and  a m e d i u m  cons i s t i ng  of p l a s m a  a n d  
ch i ck  amnio t i c  f luid 6 was  used.  Con t ro l  c u l t u r e s  in  
a m n i o t i c  fluid show far  less f a t  a c c u m u l a t i o n  t h a n  in o t h e r  
cu l tu re  media  6. I n  the  f i rs t  2 -4  days  of g rowth ,  p r i m a r y  
cu l tu res  of var ious  t issues in  a m e d i u m  of p l a s m a  a n d  
a m n i o t i c  fluid showed less f a t  a c c u m u l a t i o n ,  as e s t i m a t e d  
b y  n u m b e r  and  size of f a t  vacuo les  o b s e r v e d  w i t h  120 × 
magni f i ca t ion ,  t h a n  cu l tu res  in  a m e d i u m  c o n t a i n i n g  em-  
b r y o  e x t r a c t  as well. I f  t he  med ia  were no t  c h a n g e d  for  
severa l  days,  fa t  vacuoles  g r a d u a l l y  inc reased  in n u m b e r  
a n d  size; b y  renewal  of med ium,  or  a e r a t i on ,  f a t  vacuo le s  
cou ld  p a r t l y  be removed.  Mitoses  were  o b s e r v e d  in cells 
c o n t a i n i n g  large fa t  vacuoles.  The  l ipid a p p e a r e d  pre-  
d o m i n a n t l y  to be produced  b y  t he  cell a n d  n o t  to  come  
f rom t h e  med ium,  because  i t  could  be  r e m o v e d  or  r e d u c e d  
b y  r enewa l  of the  med ium.  F u r t h e r m o r e ,  ceils in  p u r e  
sal ine w i t h  glucose and  w i th  e x p l a n t s  r e m o v e d  also s h o w e d  
fa t  vacuoles.  Lipid  c o n t a i n i n g  cells o f t en  c o n t i n u e d  to  
p roduce  acid mucopolysacchar ide ,  as r evea l ed  b y  t h e  
m e t h o d  of muc in  clot  f o r m a t i o n  7. A d d i t i o n  of 0-5 to  2 %  
glucose to t he  m e d i u m  resul ted  in cons ide rab le  inc rease  of 
f a t  a c c u m u l a t i o n  in the  cy top lasm,  c o m p a r e d  w i t h  cu l t u r e s  
g rowing  in a m e d i u m  of p l a s m a  a n d  a m n i o t i c  f lu id  only .  

F o r  i nves t iga t ion  of t he  ac t ion  of h i g h e r  glucose  con-  
c e n t r a t i o n s  on  resp i ra t ion  a n d  glycolysis,  s t r a i n  L d e r i v e d  
f rom a f ib rob las t  of mouse s u b c u t a n e o u s  t i ssue  was  used  
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