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R i b o n u c l e i c  A c i d  a n d  L e n s - R e g e n e r a t i o n  ~ 

The  fac t  t h a t  r ibonuc le ic  acid  (RNA) is especia l ly  
a b u n d a n t  where  cells are i n t e n s i v e l y  mul t ip ly ing~,  as in 
deve lop ing  e m b r y o s  s or in p ro l i f e r a t i ng  cance r  t i s sues  4, 
has  led to  t h e  idea  t h a t  c y t o p l a s m i c  R N A  is c lose ly  
c o n n e c t e d  w i t h  cel lular  p ro t e in  syn thes i s .  The  s a m e  re- 
la t ion  seems  to  ho ld  also for r e g e n e r a t i v e  p ro l i f e r a t ion :  
for examp le ,  DRABKIN el al. 5, and  NOVlKOFF and  POTTER 6 
r epo r t ed  an inc rease  in t h e  ce l lu lar  1RNA in t h e  re- 
gene ra t i ng  l iver  of t h e  ra t ,  a n d  WglTZMAI~I~r o b s e r v e d  
in tens i f i ed  ba soph i l i a  in t he  r e g e n e r a t i n g  t i s sue  of t he  
Ol igochae ta  and  a sc r ibed  i t  to  R N A .  

As is well  known ,  t h e  lens of U r o d e l a  can  be  regener -  
a ted  f r o m  t h e  m a r g i n  of t i le iris a f t e r  i ts  o p e r a t i v e  ex-  
cision. The  p i g m e n t e d  cells of t he  free m a r g i n  of t h e  iris 
lose t he i r  p i g m e n t  to  fo rm a t r a n s p a r e n t  spher ica l  ag- 
gregate .  The  morpho log i ca l  p i c tu re  of t h e  s u b s e q u e n t  
d e v e l o p m e n t  of th i s  vesicle  in to  t he  lens,  t o g e t h e r  w i th  
its r ap id  g rowth ,  seems  to  sugges t  t h a t  he re  an i n t ens ive  
syn thes i s  of p r o t e i n  occurs ,  fo l lowed b y  i ts  p r o f o u n d  
d e n a t u r a t i o n .  I t  is ve ry  p r o b a b l e  t h a t  c y t o p l a s m i c  
R N A  p lays  a s ign i f i can t  r61e also in th i s  m a s t e r  ex-  
ample  of r e g e n e r a t i o n  8. 

F r o m  the  a d u l t  n e w t  (Triturus pyrrhogaster) t he  lens  
was r e m o v e d  by  an o p e r a t i o n  p e r f o r m e d  b y  SATO. The  
o p e r a t e d  an ima l s  were  k e p t  s e p a r a t e l y  in glass vessels  
and d e c a p i t a t e d  on the  7 th, 10 TM, 14 TM, 25 th, a n d  30 th d a y  
a f te r  t he  ope ra t ion .  The  r e m o v e d  h e a d s  were  f ixed  iu 
10 per  c e n t  neu t r a l i z ed  formal in .  The  i so la t ed  eye-ba l l s  
were i m b e d d e d  a n d  s ec t i oned  as usual .  The  or ig inal  
series of sec t ions  f r o m  one eye-baU was  d iv ided  i n t o  
t h ree  series,  e v e r y  t h i r d  sec t ion  be ing  a l lo t t ed  to  t h e  
same series.  E v e r y  ser ies  was  m o u n t e d  on a s e p a r a t e  
slide, a n d  d e s i g n a t e d  as A, B a n d  C respec t ive ly .  The  
series A was  i n c u b a t e d  in  0.1 m g / c m  3 aqueous  so lu t ion  
of c rys ta l l ine  r ibonuc lease  bu f fe red  to  p H  7.4 for  1 hour  
a t  40°C and  s t a i ned  w i t h  to lu id ine  blue  or  th ion in .  The  
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ser ies  B was  t r e a t e d  w i t h  d is t i l led  w a t e r  b u f f e r ed  to  
p H  7.4 a t  t he  s ame  t e m p e r a t u r e  and  for t h e  s ame  du ra -  
t i on  as t he  series Z and  s t a i n e d  w i t h  to lu id ine  blue or 
th ion in .  The  series C was  t e s t e d  for i ts  basoph i l i a  b y  
ap p l y i n g  t h e  s a m e  dyes  a f t e r  t he  t r e a t m e n t  w i t h  t r i -  
ch lo roace t i c  acid (5 %} or  perch lor ic  acid  (10 %). In  s o m e  
specia l  series F e u l g e n ' s  nuc lea l  r eac t ion  was app l ied  to  
i n v e s t i g a t e  t h e  b e h a v i o u r  of D N A .  The  r ibonuc lease  
was  p r e p a r e d  acco rd ing  to  McDoNALD 1 b y  M. SHIMO- 
MURA of t h e  Chemica l  I n s t i t u t e  of N a g o y a  Un ive r s i t y .  

Results: (1) 7-day regenerate. T h e  m a r g i n  of t he  iris 
is t h i c k e n e d .  Espec ia l ly  a t  t he  u p p e r  ma rg i n  of t he  iris 
m a n y  cells h a v e  los t  t he i r  c y t o p l a s m i c  p i g m e n t .  T h e y  
s h o w  s t r o n g  basoph i l i a  in t he i r  n o w  t r a n s p a r e n t  cy to -  
p l a sm.  I n  t h e  r i b o n u c l e a s e - t r e a t e d  series th is  basoph i l i a  
is t o t a l l y  absen t .  In  c o n t r a s t  to  t hese  r e g e n e r a t i n g  cells, 
t h e  cells of a d j o i n i n g  t i ssues  do n o t  s h o w  a n y  t e n d e n c y  
of basophi l ia .  

(2) iO-day regenerate. N o w  the  r e g e n e r a t e  has  f o r m e d  
an i n c o m p l e t e  vesicle  a t t a c h e d  to  t h e  u p p e r  m a r g i n  of 
t he  iris, t h e  o u t e r  a n d  inne r  l ayers  of t he  iris be ing  con-  
t i n u o u s  to  t he  ou te r  a n d  i n n e r  wal ls  r e spec t i ve ly  of t he  
vesicle.  The  c y t o p l a s m  of t h e  r e g e n e r a t e  is c o m p l e t e l y  
d e p i g m e n t e d  a n d  s t a ins  i n t e n s i v e l y  w h e n  t r e a t e d  w i t h  
to lu id ine  blue.  On t h e  o t h e r  h a n d ,  in t he  series t r e a t e d  
w i t h  r ibonuc lease ,  t he  c y t o p l a s m  is c o m p l e t e l y  u n s t a i n -  
able w i t h  th i s  dye  (Fig. 1 a n d  2). 
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Fig. 1.-10-day regenerate. Treated with ribonuclease (0"1 mg per ml 
ribonuclease in distilled water, pH 7-4, 1 h, 40°C). The basophilia 
is completely disappeared in the cytoplasm but not in the nucleus. 

(3) 14-day regenerate. The  r egene ra t e  is sti l l  a t t a c h e d  
to  t h e  m a r g i n  of t h e  iris. The  i n t e rn a l  wall  of t he  lens-  
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Fig. 2. 10-day regenerate. Control (distilled water, pH 7.4, 1 h, 40°C). 
Adjoining section from the same regenerate as Figure 1. Note strong 

basophilia of the cytoplasm. 

x M. R. McDoNALD, J. Gen. Physiol. 3. °, 39 (1948). 
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vesicle is thickened forming the rudiment  of lens-fibres, 
while the remaining part  of the wall of the vesicle is 
converted into lower, one-layered epithelium. Both com- 
ponents of the vesicle show strong basophilia, which is 
completely lost after the use of ribonuclease (Fig. 3 
and 4). 

(4) 77-day regenerate. The regenerate is separated off 
from the upper margin of the iris. The ribonuclease- 
sensitive basophilia of the cytoplasm of both components  
of the regenerat ing lens is as strong as before. In the 
now strongly elongated fibre cells, the nuclei are aniso- 
metric with its longest diameter  along the long axis of 
the cell. Small vacuoles which are unstained with basic 
dye are visible in the cytoplasm of fibre cells which 
retains its basophilia. 
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Fig. 3. 14-day regenerate treated with ribonuclease. The same treat- 
ment as for Figure 1. 

(5) 25- and 30-day regenerates. The morphogenesis of 
the regenerat ing lens is approaching its end. The ribo- 
nuclease-sensitive cytoplasmic basophilia of all com- 
ponents of the regenerate is still strong. In the central  
region of the lens, the nuclei of lens-fibres show degener- 
at ive changes, being irregularly f ragmented or forming 
vacuoles. On the other  hand the lens-epithelium always 
contains nuclei of normal  appearance. 
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Fig. 4. 14-day regenerate. Control. The same treatment as for 
Figure 2. 

(6) Intact lens. In the in tac t  lens of the adult, the lens- 
epithelium shows no cytoplasmic basophilia, while the 
lens-fibre shows a weak basophilia in its cytoplasm. How- 
ever, in the series t rea ted with ribonuclease, the la t ter  
basophilia is unaffected. 

(7) I t  may be added tha t  no indication of the presence 
of nucleoli was obtained throughout  the phases of re- 
generat ion investigated,  despite special endeavour  to 
demonstra te  them as a negat ive image with Feulgen 's  

tes t  or as a posit ive image with toluidine blue combined 
with ribonuclease. 

F rom the da ta  presented it is highly probable tha t  the 
cytoplasm of all components  of the regenerate contains 
a large amount  of R N A  and no significant change in 
its quan t i ty  occurs throughout  all regenerat ing periods 
examined. Even  in the later stage of regeneration, where 
the s t ructure  of the regenerate is a lmost  comparable 
with the normal  lens, the cytoplasm of the regenerate is 
still rich in RNA. This is in remarkable  contras t  to the 
almost  complete absence of this substance in the normal 
adul t  lens. This fact  may  indicate t ha t  r ich R N A  of 
the regenerate is closely related to the cytoplasmic pro- 
tein-synthesis, which underlies the growth and differen- 
t ia t ion To this general suggestion might  be added some 
further  considerations: Microscopical observations show 
tha t  during the period from the 7 th to the 10 th day the 
cells mul t ip ly  most  intensively.  Here the cytoplasmic 
R N A  seems to take par t  in the regenerat ive cell- 
mult ipl ication.  During the period between the 14 th to 
the 30 th day, differentiat ion of fibre occurs parallel to 
cell-multiplication. Here it  is not  impossible tha t  the 
cytoplasmic R N A  part icipates in fibre-differentiation 
as well as in cell-multiplication. 

As described above, the nuclei of central  fibre region 
show characterist ic degenerat ive changes in the last 
phase of regeneration. To examine the possible alteration 
of the cytochemical  nature  of the nuclei during their 
degeneration, Feulgen 's  nucleal test  and the staining 
with methyl  green-pyronin were carried out. However, 
no sign of any qual i ta t ive  change in D N A  was obtained. 

K. TAKATA 

Biological Inst i tutc ,  Facu l ty  of Science, Univers i ty  of 
Nagoya, February  2, 1952. 

Zusammen/assung 

Das Verhalten von Nukleins~iuren w/ihrend der Rege- 
nerat ion der Linse des erwachsenen Molches (Triturus 
pyrrhogaster) wurde untersucht,  wobei haupts/ichlich To- 
luidinblanf/irbung kombinier t  mi t  Ribosenuklease ver- 
wendet  wurde. Am Zytoplasma aller Zellen des Regene- 
rats  wurde w~ihrend s~imtlicher Regenerat ionsstadien 
eine starke Reakt ion auf Ribosenukleins~iure festgestellt. 
Die normale Linse zeigte im Zytoplasma keine Reaktion 
auf Ribosenukleins~iure. 

M e t a b o l i c  C h r o m o s o m e s  I s o l a t e d  f r o m  B l o o d  
Cell  Nuc l e i  of  V a r i o u s  A n i m a l s  

Recently,  YASUZt3MI and coworkers 1 have succeeded 
in isolating the metabolic  chromosomes from the blood 
cell nuclei of man, carp, and tortoise,  and have demon- 
s trated tha t  the metabolic chromosome clearly consists 
of a double-coiled spiral in which the major  spiral is 
double-stranded. In the present exper iment  the direc- 
tion of spirals has been discussed in the metabolic chro- 
mosomes isolated from the blood cell nuclei of rabbit 
Oryctolagus cuniculus var. dornesticus, t r i ton ,Triturus 
pyrrhogaster, and carp Cyprinus auratus. In addition to 
such chromosomes composed of the spiral as this, in the 
present exper iment  another  kind of the chromosome in 

I G. YASUZUMI, Chromosoma 4, ~2~2 (1951). - G. YASUZOMI, 
G. MIYAO, Y. YAMAMOTO, and J. YOKOYAMA, Chromosoma 4, 359 
(1951). 


