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D i f f e r e n t i a t i o n  b e t w e e n  M e t a b o l i c  C h r o m o s o m e s  

a n d  M i c r o - o r g a n i s m s  w i t h  C o i l e d  S t r u c t u r e  

In  our  l a b o r a t o r y  m e t a b o l i c  c h r o m o s o m e s  i so la ted  
f rom blood celt nuclei  of va r ious  an ima l s  h a v e  been  
revea led  wi th  t he  double  coiled or  t r ip le  coi led s t ruc tu r e ,  
and  the  f lagel la ta- l ike  bod ies  have  been  sugges t ed  to  be 
sex c h r o m o s o m e s  f rom t h e  cy to logica l  s t a n d p o i n t L  As 
m a n y  a u t h o r s  2 h a v e  r epo r t ed ,  we h a v e  also o b t a i n e d  
m a n y  mic ro -o rgan i sms  wi th  coi led s t r u c t u r e  a n d  one  or  
a few flagellae (Fig. 1), a n d  s t a l ked  bac t e r i a  f rom the  

ca s t ing  we can easi ly  d e m o n s t r a t e  t he  coiled structure 
of me tabo l i c  c h r o m o s o m e  w i t h  t he  o r d i n a r y  l ight  micro- 
scope,  as is seen in F igure  2. 

Fo r  q u a n t i t a t i v e  ana lys i s  of me tabo l i c  chromosomes 
we h a v e  m e a s u r e d  a n d  c o m p a r e d  w i t h  t h e  metaphase  
p la t e s  p u b l i s h e d  by  MUCKERMANN 1 and  SATO 2. The 
m e t a b o l i c  c h r o m o s o m e  s h o w n  in F igure  3 a n d  the  long 
t y p e  in m e t a p h a s e  p la t e s  of ge rm cells are  ident ical  in 
shape  a n d  size. As a l r e a d y  s h o w n  in our  previous 
p ap e r s  3, t he  so-cal led  c h r o m a t i n - g r a n u l e s  (heterochro- 
m a t i n  ?) are  ahvays  de t ec t ed ,  a t t a c h i n g  to  t he  vertex 

Fig. 1.-Electronmicrographs of micro-organisms with coiled structure. 

d is t i l led  w a t e r  wh ich  h a d  been  lef t  in t h e  r o o m  for a long 
t ime .  In  t h e  p r e s e n t  p a p e r  we h a v e  e n d e a v o u r e d  to  
d i f f e r en t i a t e  t he  m e t a b o l i c  c h r o m o s o m e s  i so la ted  f r o m  
e r y t h r o c y t e  nuclei  of t r i t on  T r i t u r u s  pyrrhogas ter  f rom 
these  mic ro -o rgan i sms .  This  was  ca r r i ed  o u t  w i th  t h e  
SmMAZU'S m a g n e t i c  e lec t ron  microscope .  

W h e n  the  b lood cell nuclei  are d i s i n t e g r a t e d  b y  a 
b l endo r  (3,000 R.P.M.)  a t  3°C, a lot  of m e t a b o l i c  ch romo-  
somes  a p p e a r  in severa l  shapes ,  l engths ,  a n d  wid ths ,  b u t  
only  in the  s ame  coiled s t r u c t u r e .  By  m e a n s  of s h a d o w  
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Fig. 3.--Electromicrograph of +type metabolic chromosome attached 
to chromatin granule and nuclear membrane. 

of loop-angle  of me tabo l i c  ch romosomes ,  if the  nuclei 
are no t  m a r k e d l y  d e c o m p o s e d ,  as s h o w n  in F igures  2 and 
3. B u t  we c a n n o t  f ind  ev i d en ce  of a n y  connec t ion  be- 
t w e e n  m i c r o - o r g a n i s m s  a n d  c h r o m a t i n - g r a n u l e s .  

The coi led s t r u c t u r e  of  a m e t a b o l i c  ch romosome  is 
eas i ly  d e s t r o y e d  b y  m e c h a n i c a l  ag i t a t i on  a n d  uncoiled, 
so t h a t  i t  is s o m e t i m e s  d i f f icu l t  t o  o b t a i n  a complete 
me tabo l i c  c h r o m o s o m e .  E a c h  m e t a b o l i c  c h r o m o s o m e  is 
c o m p o s e d  of a pa i r  of c h r o m o n e m a t a  a n d  each  chro- 
m o n e m a  of a pa i r  of  ch romof ib r i l s  (Fig. 4). We  have 
been  able to  fol low the  severa l  degrees  of  d is in tegrat ion 
of c h r o m o s o m e s ,  t h o u g h  i t  is n o t  poss ible  to  show 
m a n y  m i c r o g r a p h s  in th i s  paper .  H o w ev e r ,  t h e  micro- 
o r g a n i s m s  offer  res i s tence  to  mechan i ca l  ag i ta t ion ,  as 
c o m p a r e d  wi th  me tabo l i c  c h r o m o s o m e s .  

The  mi c ro -o rg an i s ms  o b t a i n e d  f rom the  w a t e r  have 
o f t en  one  or a few flagellae,  whi le  t h e  me tabo l i c  chro- 
m o s o m e s  have  no flagella.  A f ibre  found  a t  t he  vertex 
of t he  m e t a b o l i c  c h r o m o s o m e  is an a r t i f ac t  p roduced  by 
mechan i ca l  ag i t a t ion ,  t h a t  is, an  e longa t ed  chromonema 
or chromof ib r i l .  

Fig. 2.--Light micrograph of metabolic chromosomes isolated from 
erythroeyte nuclei of Triturus pyrrhogaster. Chrom shadow casting. 
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Fig.4.--Electromicrograph of V -type metabolic chromosome partially 
decomposed. A Chromonema. a Chromofibril. 

We  h a v e  a l r e a d y  succeeded  in r evea l ing  the  existence 
of me tabo l i c  c h r o m o s o m e  in s i tu in t h e  e ry throcyte  
nuc leus  of Sebastodes ma/subarae ~. In  t he  t r i ton  ery- 
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th rocy te  n u c l e u s  t r e a t e d  w i t h  a m m o n i a ,  t h e  coi led s t ruc -  
ture ha s  b e e n  s h o w n  b y  m e a n s  of t h e  o r d i n a r y  l i gh t  
microscope 1. 

I t  will be  d i scussed  in t h e  n e a r  f u t u r e  h o w  t h e  f lagel-  
lata-l ike c h r o m o s o m e s  are  d i f f e r e n t  f rom the  s t a l k e d  
bacter ia .  

G. YASUZUMI a n d  Y. YAMAMOTO 

Anatomical Institute, Medical Faculty, University o/ 
Osaka, Japan, February 23, 1953. 

Zusammen[assung 

E l e k t r o n e n o p t i s c h  wi rd  die Di f fe renz  zwischen  den  
m e t a b o l i s c h e n  C h r o m o s o m e n  u n d  den  Mikroorgan i s -  
men, die d e n  e r s t e r e n  in m a n c h e r  H i n s i c h t  ~thnlich 
sind, n a c h g e w i e s e n .  D u r c h  die m e c h a n i s c h e  E i n w i r k u n g  
werden die m e t a b o l i s c h e n  C h r o m o s o m e n  le ich t  z e r s t 6 r t  ; 
so werden  C h r o m o s o m e n  in C h r o m o n e m a t a  u n d  w e l t e r  
zu Chromof ib r i l l en  zer legt .  Die  M i k r o o r g a n i s m e n  le i s ten  
der m e c h a n i s c h e n  E i n w i r k u n g  im Verg le i ch  m i t  den  
m e t a b o l i s c h e n  C h r o m o s o m e n  W i d e r s t a n d .  Die  q u a n t i -  
ta t ive  A n a l y s e  de r  m e t a b o l i s c h e n  C h r o m o s o m e n  is t  
durch Verg le ich  m i t  de r  ~ q u a t o r i a l p l a t t e  in de r  Me ta -  
phase m6gl i ch .  

1 y. KUWADA (Private communication). 

Notes  on  the C h r o m o s o m e s  of the P o r c u p i n e  
and  the Chinch i l la  

This  s h o r t  p a p e r  is a r e p o r t  on  t h e  c h r o m o s o m e s  of  
two i n t e r e s t i n g  fo rms  of r oden t s ,  t h e  N e w  W o r l d  
porcupine  a n d  t h e  ch inch i l l a ,  w h i c h  b e l o n g  to  t h e  
suborder  H y s t r i c o m o r p h a  of t h e  o r d e r  R o d e n t i a .  
Tes t icular  t i ssues ,  f ixed  w i t h  FLEMMING'S s o l u t i o n  w i t h -  
out ace t ic  ac id  a n d  s t a i n e d  w i t h  NEWTON'S g e n t i a n  
violet, were  used  for  s t u d y .  

Chromosomes o/ the New World Porcupine. T h e  por -  
cupine o c c u r r i n g  in  N o r t h  A m e r i c a  is r e p r e s e n t e d  b y  
only one species,  Erethizon dorsatum, in  t h e  f a m i l y  
E re th i zon t i dae .  T h i s  a n i m a l  is a c o m m o n  fores t  in-  
h a b i t a n t  d i s t r i b u t e d  t h r o u g h o u t  a l m o s t  t h e  who le  r a n g e  
of the  U n i t e d  S t a t e s .  

Based  o n  f ive  good  m e t a p h a s e  p l a t e s  of  t h e  s p e r m a t o -  
gonia, t h i s  a n i m a l  was  f o u n d  to  h a v e  t h e  d ip lo id  n u m b e r  
of 34 in t he  ma le  (Fig. 1). T h e  c h r o m o s o m e s  h a v e  m o s t l y  
s u b t e r m i n a l  a n d  s u b m e d i a n  c e n t r o m e r e s  a s s u m i n g  
dis t inct  J -  a n d  V - s h a p e .  A m o n g  t h e m ,  however ,  t w o  
ch romosomes  a re  p r o m i n e n t  because  of t h e i r  d i s t i n g u i s h -  
ing fea tures .  One  is a long  rod- l ike  e l e m e n t  w i t h  s lender ,  
somewha t  d i f fu sed  ou t l i ne .  T h e  o t h e r  is a s h o r t  rod-  
shaped one  h a v i n g  a t a p e r i n g  end .  E a c h  one  is w i t h o u t  
a p a r t n e r  c o r r e s p o n d i n g  in s h a p e  a n d  size. T h e r e  is t h u s  
suff icient  r e a s o n  t o  i n t e r p r e t e  t h e  l a rge r  one  as  t h e  X 
ch romosome  a n d  t h e  sma l l e r  as t h e  Y. 

Some f i r s t  s p e r m a t o c y t e s  were  f o u n d  in process  of 
division s h o w i n g  17 b i v a l e n t  c h r o m o s o m e s  cons i s t i ng  of 
16 a u t o s o m a l  b i v a l e n t s  a n d  a h e t e r o m o r p h i c  X Y -  
complex (Fig. 2). 

Accord ing  to  MULDAL 1 t he  Old  W o r l d  p o r c u p i n e ,  
Hystrix cristata (which  m a y  n o t  be  c losely  r e l a t e d  to  
Erethizon, a c c o r d i n g  to  ~,¥ooD~), h a s  48 c h r o m o s o m e s  in 

1 S. MULDAL, John Innes Horticultural Institution, 38th Annual 
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2 A. E. WOOD, Evolution 4, 87 (1950). 

t h e  d ip lo id  set .  W e  h a v e  n o t  h a d  access  to  a n y  d e t a i l e d  
a c c o u n t s  of t h e  c h r o m o s o m e s  of Hystrix  o t h e r  t h a n  t h e  
d ip lo id  n u m b e r .  T h e r e f o r e  we are  n o t  in  pos i t i on  to  
e n t e r  i n t o  a n y  d i scuss ion  of t h e  d i f fe rence  of t h e  ch ro -  
m o s o m e  n u m b e r  b e t w e e n  the se  two  forms,  a l t h o u g h  
b o t h  cy t o l o g i s t s  a n d  t a x o n o m i s t s  will be  i n t e r e s t e d  in 
t h i s  q u e s t i o n .  

×¥ 

Figs. 1-2.--Chromosomes of the porcupine (Erethizon dorsatum). 
1, spermatogonial metaphase. '2, first spermatocyte metaphase. 

Figs. 3-4.--Chromosomes of the chinchilla (Chinchilla laniger). 3, 
spermatogonial metaphase. 4, first spermatocyte spindle, metaphase 

side view. 

Chromosomes o/ the chinchilla. Chinchilla laniger is a 
la rge  S o u t h  A m e r i c a n  r o d e n t  b e l o n g i n g  to  t h e  Chin-  
ch i l l idae .  T h i s  a n i m a l  h a s  a t t r a c t e d  a t t e n t i o n  because  
of t h e  h i g h  v a l u e  of i t s  fur ,  a n d  h a s  been  la rge ly  b r ed  
a n d  d o m e s t i c a t e d .  

T h e  r e su l t s  of c o u n t i n g  t h e  c h r o m o s o m e s  of c lear  
m e t a p h a s e  p l a t e s  in  b o t h  t h e  s p e r m a t o g o n i a  a n d  two  
k i n d s  of t h e  s p e r m a t o c y t e s  r evea l ed  t h a t  t h e  c h r o m o s o m e  
n u m b e r  of t h i s  a n i m a l  w as  64 in d ip lo id  a n d  32 in 
hap lo id .  T h e  d ip lo id  c o m p l e m e n t  is p r o v i d e d  w i t h  t h e  
c h r o m o s o m e s  c a r r y i n g  s u b t e r m i n a l  a n d  s u b m e d i a n  
c e n t r o m e r e s ,  e a c h  one  h a v i n g  t w o  d i s t i n c t  a r m s  (Fig. 3). 
F u r t h e r ,  t h e  d ip lo id  c o m p l e x  is v e r y  r e m a r k a b l e  in 
s h o w i n g  t w o  c h r o m o s o m e s  w h i c h  a re  p r o m i n e n t  in s h a p e  
a n d  size. T h e  one  is a h u g e  V - s h a p e d  c h r o m o s o m e ,  l a rges t  
of a l l  in  size. T h e  o t h e r  is a lso a r e m a r k a b l e  V - s h a p e d  
e l e m e n t  c o m i n g  n e x t  in  size. B o t h  h a v e  s u b m e d i a n  
c e n t r o m e r e s  a n d  r e m a i n  u n p a i r e d  s ince  t h e r e  is n o  
h o m o l o g o u s  m a t e  c o r r e s p o n d i n g  in s h a p e  a n d  size. T h e r e  
is no  d o u b t  t h a t  t he se  t w o  p a r t i c u l a r  c h r o m o s o m e s  are  
to  be  r e g a r d e d  as t h e  X Y - c o m p l e x  (Fig. 3). 

P r i m a r y  s p e r m a t o c y t e s  show a t  m e t a p h a s e  31 au toso -  
m a l  b i v a l e n t s  a n d  a h e t e r o m o r p h i c  X Y - c o m p l e x  w h i c h  
c o n s i s t s  of a l a rge r  V - s h a p e d  X a n d  a s ma l l e r  V - s h a p e d  
Y c o m i n g  i n t o  c o n t a c t  b y  t h e i r  s h o r t e r  a r m s  (Fig. 4). 

L o o k i n g  o v e r  t h e  l i t e r a t u r e  1, t h e  c h r o m o s o m e s  of t h e  
a n i m a l s  b e l o n g i n g  to  t h e  s u b o r d e r  H y s t r i c o m o r p h a  h a v e  
b e e n  r e p o r t e d  in Myocastor coypus ( C a p r o m y d a e ) ,  
Cavia cobaya (Cavi idae)  a n d  Hystrix  cristata ( H y s t r i -  
c idae) .  T h e  n u t r i a ,  Myocastor coypus, was f o u n d  to  
possess  42 d ip lo id  c h r o m o s o m e s  w h i c h  are  of a t e l o m i t i c  
s t r u c t u r e  e x c e p t  t h r e e  do t - l i ke  ones.  I n  t h e  gu inea -p ig ,  
Carla cobaya, 64 c h r o m o s o m e s  were  k n o w n  in d ip lo id ,  
s h o w i n g  t h e  f o r m u l a  of 2V's  + 62r ' s .  T h e  c h r o m o s o m e  

1 R. MATTHEY, Chromosomes des Vertdbrds (Edit. S. Rouge, Lau- 
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