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PEEBLES 5, I~ALAMUTH 6, WEISZ~). This  would  exp la in  the  
fact ,  f i rs t  m e n t i o n e d  b y  BALBIANI 8, t h a t  m e r o t o m y  does  
n o t  i n t e r r u p t  t h e  phys ica l  c leavage  process  and  m a y  
resu l t  in t h e  p r o d u c t i o n  of unequa l  sized offspr ing.  
On t h e  basis  of ex t ens ive  o b s e r v a t i o n s  on Paramecium 
caudatum, CALKINS 4 p o s t u l a t e d  the  occur rence  of all 
i r revers ib le  d iv i s ion  p l ane  in t he  c e n t r e  of t h e  cell wh ich  
was  no t  r egu la t ed  to  su i t  any  g iven  exigency.  PEEBLES s 
and  CALKINS ~ e m p h a s i z e d  t h a t  in all cases the  o u t c o m e  
of m e r o t o m y  d e p e n d e d  on  the  phys io logica l  cond i t ion  
of t h e  an imal .  
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Division zone in Spirostomum ambiguum, a Animal in prefis~ion 
stage with condensed macronueleus. A transverse cut has separated 
a posterior fragment (B) from anterior portion (A). b 3 h later; frag- 
ment B dies. Cleavage furrow has appeared in d and separated it 
into two unequal parts, A 1 and de. c 48 h later; A 1 and A ~ have 

grown into normal vegetative animals. 

animal ,  a t  t he  pos te r io r  end,  was  cu t  off  (Fig. a). This  
sec t ion  (B) d id  n o t  c o n t a i n  a n y  mac ronuc l eus .  The  frag-  
m e n t  was  isolated,  b u t  failed to  r e g e n e r a t e ;  it  d ied 2 h 
la ter .  In  3 h t ime,  a c leavage fu r row a p p e a r e d  in (,4) a n d  
s e p a r a t e d  i t  in to  2 h igh ly  unequa l  p a r t s  (A t a n d  A 2), t he  
a n t e r i o r  of w h i c h  was  a b o u t  half  t he  size of t h e  or ig ina l  
a n i ma l  whi le  t he  pos te r io r  was a m u c h  s ma l l e r  b o d y  
(Fig. b). 

B o t h  were  k e p t  in the  n u t r i e n t  m e d i u m  a n d  grew in to  
no rma l  a n i m a l s  a t  t he  end of 48 h (Fig. c). The  s a m e  
resul t  was  o b t a i n e d  w h e n  the  an te r io r  f o u r t h  ( ins tead  
of t he  pos ter ior )  was  r e mo v e d .  

The a b o v e  e x p e r i m e n t  clear ly ind ica tes  t h a t  (a) a 
f r a g m e n t  w i t h o u t  t he  mac ronuc l eus  c a n n o t  survive ,  a n d  
(b) t he  " f i s s ion  z o n e "  is d e t e r m i n e d  by  the  t i m e  c o n d e n -  
sa t ion  of m a c r o n u c l e u s  occurs.  R e g e n e r a t i o n  e x p e r i m e n t s  
on an imal s  in t h e  v e g e t a t i v e  cond i t i on  (unrepor t ed  data)  
show t h a t  a t  th i s  s t age  the  " f i ss ion  zone"  is no t  ye t  
es tabl i shed.  The  p r e s e n t  s t u d y  on spirostomum ambiguum 
leads us to  conc lude  t h a t  t he  " f i ss ion  z o n e "  is laid d o w n  
dur ing  the  p rocess  of c o n d e n s a t i o n  of t h e  m a c r o n u c l e u s  
and  is no t  s u b j e c t  to  c h a n g e  la ter .  Accord ing  to WEIsz  2, 
the  divis ion process  in Stenor is found  to  pass  t h r o u g h  
an ear ly  revers ib le  a n d  a la te r  i r revers ib le  phase .  The  
fission line i tself  m a y  be t h e  expl ic i t  resu l t  of t h e  pos tu -  
lated physio logica l  b i sec t ion  of t he  indiv idual .  In  Spiro- 
stomum ambiguum, t h i s  b e c o me s  i r revers ib le  a f t e r  con-  
densa t ion  of the  mac ronuc l eus .  

P.  B. PADMAVATHI 

Department o[ Zoology, University of Mysore, Central 
College, Bangalore (India), Ju ly  10, 1956. 

Zusammen[assung 

R e g e n e r a t i o n s e x p e r i m e n t e  h a b e n  gezeigt ,  dass  bei  
Spirostomum ambiguum die Lage  der  E i n s c h n i i r u n g s -  
stelle schon  vor  der  Te i tung  fes tge leg t  wird.  Die De te r -  
m i n a t i o n  der  Fu r c h e  e r fo lg t  zur  Zei t  de r  K o n d e n s a t i o n  
des Makronukleus .  

STEVENS ~ a n d  WEISZ 1 in Stentor, a n d  FAURI~-FRE- 
M1E'r tO in Urostyla, h a v e  s h o w n  t h a t  b i n a r y  fission is a 
revers ib le  process  up  to  a ce r t a in  s tage.  M e r o t o m y  dur ing  
la te r  s tages  s h o w e d  t h a t  the  c leavage  p lane  h a d  become  
i r revers ible .  

E x p e r i m e n t s  on Spirostomum ambiguum p rov ide  a 
f u r t h e r  i n s igh t  in to  t he  p h e n o m e n o n  of d e t e r m i n a t i o n  of 
c leavage fu r row in th is  species.  P red iv i s ion  Spirostomum 
spec imens  in t he  p rogress  of b i n a r y  f ission were  se lec ted  
f rom s tock  cu l tu res .  A n i m a l s  w i t h  c o n d e n s e d  macro -  
nucleus  were  picked.  The  c o n d e n s a t i o n  of t h e  macro-  
nucleus  in to  a p o l y m o r p h i c  b o d y  r e p r e s e n t s  an ear ly  
s tage in d iv is ion  (BISHOP xl, PADMAVATH112, SESHACHAR 
and  PADMAVATHIla). VVith s teel  needles ,  a f ou r th  of t h e  
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W. BALAMUTU, Anat. Rec. 75, 86 (1939). 
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8 E. G. BALBIANI, Ann, Mierograph. 4, 369 (1882). 
9 N. M. STEVENS, Arch, Entwmech. Org. 16, 461 (1903). 
10 E. FAUR~-FREMIET, Bull, sci. Fr. Belg. 41, 215 (1900). 
1t A. BisHop, Quart. J. refer. SeL 67, 391 (1923). 
12 p. B. PAD~IAVATHL J. zooI. Soc. India 7, 91 (1955). 
ts B. R. S~SHACHAR and P. B. PAnMAVATm, J. Protozool. (in 

press). 

High Angle  X - R a y  Diffract ion and C h e m i c a l  
Studies  on the Nature  of F ibrous  Glia 1 

W i t h  a view to  t he  l imi t ed  a m o u n t  of knowledge  so far 
ava i lab le  on the  n a t u r e  of f ibrous  glia, we have  pe r fo rm-  
ed b iochemica l  and  b iophys ica l  i n v e s t i g a t i o n s  on the  so- 
called " c o r n e a l  l a m i n a e "  wh ich  m a y  be found  in t he  
l ining of t h e  h u m a n  cerebra l  v e n t r i c u l a r  cavi t ies .  These  
l aminae  are  th ick  in cases  of h y d r o c e p h a l u s  and  are  
c o m p o s e d  of pure  f ibrous  glia (BAIRATI, PANNESE'Z). 

Chemical Investigations.-- Tota l  l ipids h a v e  been  de- 
t e r m i n e d  by  the  m e t h o d  of FOLCH et al. 3. The  amino-  
acid  compos i t i on  of t he  p ro te ins  of f ibrous  gila has  been  

From the Institute of normal Anatomy, University of Milan, 
Italy (Director Prof. A, BAIRAT]), and the Clinic for Occupational 
Diseases, University of Milan (Director Prof. E. C. VmLtAI~Q. The 
Siemens I4-ristalloflex IlI X-ray apparatus, which has been used in 
this research, is part of the equipment of the Industrial Hygiene 
Laboratory of the Montecatini Co., attached to the Clinic for Occu- 
pational Diseases. 

2 A. BAIRATI, Boll. Soc. Ital. Biol. sper. 25,931 (1949}. - F.. PA~- 
•ESE, Z. Zellforseh. (in press]. 

3 j .  FoLctt, I. AscoLI, IV[. LEES, J. A. MEATH, and F. N. LE B.~- 
ttON, J. biol. Chem. 191,833 (1951). 
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d e t e r m i n e d  b y  t he  m e t h o d  of PERNIS a n d  WUNDERLY 4 
a n d  t h a t  of Mc FARREN a n d  MILLS 5, arid t h e  UV.  abso rp -  
t i on  s p e c t r u m  of t he  s a m e  p r o t e i n s  h a s  b e e n  e s t a b l i s h e d  
in  0.1 N N a O H  solu t ion ,  a c c o r d i n g  to  GOODW:N ~. T h e  
re su l t s  of the  UV. ana ly s i s  are  s h o w n  in  F i g u r e  1 ; t o t a l  
l ip ids  were  found  to  b e  a b o u t  153/  of d r y  t i ssue .  
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Fig. 1.--Speetrophotometrie UV. absorption curve of: o-o-o fibrous 
glia; -k-- t --+ human hair keratin; zx /x-zX fibrinogen. Fig. ~2. - X-ray diagram given by native fibrous glia. 

T h e  d i scuss ion  of c h e m i c a l  d a t a  m a y  be  s u m m a r i z e d  
as fol lows:  t h e  h y p o t h e s i s  (W:LKE a n d  KIRCHER 7) t h a t  
f ib rous  gl ia  is i d e n t i c a l  t o  f i b r i n  h a s  n o t  b e e n  c o n f i r m e d .  
As a m a t t e r  of fac t ,  t h e  a m i n o - a c i d  c o m p o s i t i o n  a n d  UV. 
a b s o r p t i o n  of gl ial  p r o t e i n s  a re  v e r y  d i f f e r e n t  I ron :  t h o s e  
of f i b r i n o g e n ;  moreove r ,  f i b r i n o g e n  a n d  f ib r in  q u i c k l y  
d i sso lve  in  bo i l ing  0.1 N N a O H ,  whi l e  t i b r o u s  gl ia  w i th -  
s t a n d s  t h i s  t r e a t m e n t .  

O n  t h e  c o n t r a r y ,  t h e  c h e m i c a l  i n v e s t i g a t i o n  b r i n g s  
o u t  s o m e  s imi l a r i t i e s  b e t w e e n  f ib rous  g l ia  a n d  k e r a t i n s .  
I n  t h i s  respec t ,  i t  a p p e a r s  t h a t  we m u s t  c lass i fy  f ib rous  
gl ia  a m o n g  sof t  k e r a t i n s  w i t h  low c y s t i n e  c o n t e n t  (MA- 
TOLSTYS), a n d  m o r e o v e r  we m u s t  p o i n t  o u t  t h a t  l ipo-  
phi l ic  a m i n o - a c i d s  a re  p r e s e n t  in  l a rge r  a m o u n t s  in  fi- 
b r o u s  gl ia  t h a n  in  m o s t  ke r a t i n s ,  whi le  t h e  r eve r s e  h o l d s  
t r u e  for  h y d r o p h i l i c  a m i n o  acids.  

.Physical lnvestigation.--High ang le  X - r a y  ana ly s i s  of 
s t r e t c h e d  glial  l a m i n a e  has  been  p e r f o r m e d  w i t h  a Sie- 
m e n s  Kr i s t a l lo f l ex  l I I  A p p a r a t u s .  

W e  h a v e  e x a m i n e d  n a t i v e  glia a t  r o o m  h u m i d i t y  
(Fig. 2) or  a i r  d r i ed  a f t e r  t r e a t m e n t  w i t h  f a t  s o l v e n t s ;  
m o r e o v e r  l ip id - f ree  gi la  was  s t r e t c h e d  in s t e a m  ( w h e r e b y  
.an inc rease  in l e n g t h  of a b o u t  80g,; t o o k  place)  a n d  t h e n  
s u b j e c t e d  to  X - r a y  ana ly s i s  (Fig. 3). T h e  F i g u r e s  give 
ev idence ,  for  u n t r e a t e d  glia, of a n  e q u a t o r i a l  r e f l ex ion  
a t  10-3 fk a n d  of t h r e e  m e r i d i o n a l  r e f l ec t ions  a t  5-t A 
( m o d e r a t e l y  s t rong},  a t  4.6 .& (ve ry  weak)  a n d  a t  4-2 
(s t rong) .  T h e  l a s t  r e f l ec t ion  d i s a p p e a r s  f r o m  f igures  of 
l ip id-f ree  glia. I n  t he  F i g u r e s  of l ip id-free ,  s t e a m - t r e a t e d  
glia t h e  m a i n  f e a t u r e  is t h e  p re sence  of a second  equa -  
to r ia l  r e f l ec t ion  a t  4.65 ]k. T h e  i n t e r p r e t a t i o n  of t he se  
f ind ings  m a y  b e  s u m m a r i z e d  as  io t tows:  in  the  n a t i v e  
s t a t e  f ib rous  gl ia  h a s  a n  ~ - c o n f i g u r a t i o n  (wi th  some  

4 B. PERSIS and Cm WUNDERLY, Biochim. biophys. Acta 11, 
209 (195a). 

E.  F .  Mc FARREN a n d  C. A. MILLS, A n a l y t .  Chem.  2t, 650 (1952). 
T. W. GOODWIN and R. A. MORTON, Biochem. J. 40, 628 (1946)o 
G. WILK~ and H. KIReH~R, Dtsch. Z. Nervenheilk. 167, 529 

(1952). 
s A. G. MA~OLSTY and C. A. BALSA~tO, J. biophys, biochem. 

Cytol. 1, 339 (1955), 

e v i d e n c e  of t h e  s u p e r c o n t r a e t e d  cross-f l -phase)  and,  
a f t e r  s t r e t c h i n g  in s t e a m ,  i t  u n d e r g o e s  a t y p i c a l  =-fi- 
t r a n s f o r m a t i o n .  

Conch~sions.--While h i g h  ang le  X - r a y  ana ly s i s  shows 
t h a t  t h e  p r o t e i n s  of f i b rous  gl ia  m u s t  b e  cons ide red  as 
a m e m b e r  of t h e  k -e -m-I  g roup ,  c h e m i c a l  d a t a  show t h a t  
i t  c a n  n o t  be  i den t i f i ed  w i t h  a n y  k n o w n  m e m b e r  of the  
class,  b u t  t h a t  i t  bea r s  some  r e s e m b l a n c e  to p r o t e i n s  cf 
t h e  k e r a t i n  g roup .  

T h i s  is, b y  t h e  way,  c o n s i s t e n t  w i t h  t h e  f ac t  t h a t  bo th  
g l iocy tes  a n d  k e r a t i n - p r o d u c i n g  cells a re  of e c t o d e r m a l  
or igin ,  a n d  s u p p o r t e d  b y  r e c e n t  e l ec t ron  microscopic  
o b s e r v a t i o n s  wh ich  we h a v e  p e r f o r m e d  on f ib rous  glia 
s h o w i n g  t h a t  gl ial  f ibe rs  are  c o m p o s e d  of pro tof ibr i l s  

Fig. 3.--X-ray diagram given by fibrous glia previously treated with 
fat solvents and then stretched in steam. 



h a v i n g  a n  ax ia l  p e r i o d i c i t y  of 200 ~ .  Th i s  is in  exce l l en t  
a g r e e m e n t  w i t h  t h e  ac ia l  p e r i o d i c i t y  of 198 A f o u n d  b y  
low-ang le  X - r a y  i n v e s t i g a t i o n  (Mc ARTHUIq BEAR 9) Of 
e -ke ra t i n .  

A. BAIRATI, B. PENNIS, a n d  
G. FRIGER~O 

Institute o/ Anatomy,  University o/ Milan, Italy,  
]'zdy 22, 1956. 

2 

Zusammen/assung 

G l i a f a s e r n  w u r d e n  c h e m i s c h  u n d  r g n t g e n o g r a p h i s e h  
n n t e r s u c h t .  Aminos{~ureana lyse  u n d  U l t r a v i o l e t t - A b -  
s o r p t i o n  e r l a u b e n  Io lgende  F e s t s t e l l u n g e n  : Die  y o n  \VIL- 
KE u n d  KIRCttEtz a n g e n o m m e n e  I d e n t i t g t  v o n  Glia-  
f a se rn  u n d  F i b r i n  k a n n  n i c h t  bes t~t t ig t  w e r d e n ;  die Glia  
w i d e r s t e h t  e iner  0,1 n N a O H  L 6 s u n g  bet  100°C, w i ih r end  
F i b r i n  u n t e r  d e n  g le i chen  B e d i n g u n g e n  r a sch  geli3st 
w i rd ;  a u s s e r d e m  s ind  Gl ia  u n d  F i b r i n o g e n  h i n s i c h t l i c h  
A m i n o s ~ i u r e k o m p o n e n t e n  u n d  U V . - A b s o r p t i o n  voll-  
s t~nd ig  v e r s c h i e d e n .  E s  b e s t e h e n  d a g e g e n  i n t e r e s s a n t e  
~a.hnlichkeiten zwi schen  Gl ia  u n d  K e r a t i n e n :  U V . - A b -  
s o r p t i o n  de r  Gl i a  u n d  des  m e n s c h l i c h e n  H a a r k e r a t i n s  
s ind  fas t  i den t i s ch .  G l i a f a se rn  e n t h a l t e n  v e r s c h i e d e n e  
A m i n o s / i u r e n  ( G l u t a m i n s g u r e ,  A s p a r a g i n s g u r e ,  Val in ,  
P h e n y l a l a n i n ,  Glycin)  in  ~ihnl ichen M e n g e n  wie die 
K e r a t i n e .  

F e r n e r  f i n d e n  s ich i m  G l i a g e w e b e  L ipo ide  zu e t w a  
15% des  T r o c k e n g e w i c h t e s .  Die  r 6 n t g e n o g r a p h i s e h e  
U n t e r s u c h u n g  b e s t g t i g t  die G e g e n w a r t  y o n  L i p o i d e n  
u n d  weis t  den  P r o t e i n e n  de r  Glia  die a - K o n f i g u r a t i o n  
de r  k - e - m - f - G r u p p e  de r  fase r igen  P r o t e i n e  zu. G l i a f a se rn  
e r le iden  d u r c h  S t r e c k u n g  im W a s s e r d a m p f  eine t y p i s c h e  
a - f l - U m w a n d l u n g .  

1. Me ARTliUR, Nature 15Z, 38 (1943). - R. S. B~.aR, J. Amer. 
chem. Soe. 65, 178.1 (1943). 

c o n t a i n s  a v e r y  m a r k e d  a m o u n t  of a l b u m i n - l i k e  p r o t e i n s  
(peak  5). T h e  p a t t e r n  of so lub le  c y t o p l a s m i c  p r o t e i n s  
f r o m  f a t t y  l ivers  looks s imple r  t h a n  t h o s e  f r o m  n o r m a l  
cells a n d  i t  o n l y  e x h i b i t s  t h r ee  peaks  (Fig. 3). 
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Hgure t, 
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T h e  resu l t s  o b t a i n e d  w i t h  n o r m a l  l ivers ,  p a r t i c u l a r l y  
t h e  v e r y  low a m o u n t  of a l b u m i n - l i k e  p ro te ins ,  are  in  
a g r e e m e n t  w i t h  t h e  f i nd ings  of p r e v i o u s  a u t h o r s  c o n c e r n -  
ing r a t  l iver  (GIGANTE et al.% I)EMLING 5, DEMLING8), 

P a p e r  E l e c t r o p h o r e s i s  o f  C y t o p l a s m i c  P r o t e i n s  
F r o m  N o r m a l  a n d  P a t h o l o g i c a l  L i v e r  C e l l s  ~ 

Thi s  r e p o r t  dea ls  w i th  t he  e l e c t r o p h o r e t i c  s e p a r a t i o n  
on p a p e r  of c y t o p l a s m i c  so luble  p r o t e i n s  f r o m  n o r m a l  
l iver  cells a n d  f rom cells a f f ec t ed  b y  v a c u o t a t i o n  or  f a t t y  
d e g e n e r a t i o n .  Cell v a c u o l a t i o n  of t h e  l iver  was  p r o d u c e d  
a c c o r d i n g  to  PmHOTKA-% F a t t y  l iver  was  i nduced  b y  
c a r b o n  t e t r a c h t o r i d e .  T h e  t e c h n i q u e  of ADJUTANTIS ~ for  
the  e x t r a c t i o n  of t h e  c y t o p l a s m i c  p r o t e i n s  was i m p r o v e d  
by  p e r f u s i n g  t h e  l iver  in o rde r  to  r e m o v e  c o m p l e t e l y  the  
b lood  p ro te ins ,  a n d  b y  us ing  u l t r a f i l t r a t i o n  u n d e r  a 
p ressure  of 6 -8  a r m  of n i t r o g e n  i n s t e a d  of t h e  d ia lys i s  
to  m i n i m i z e  p r o t e i n s  d e n a t u r a t i o n .  

F igure  1 shows  t he  e l e c ( r o p h o r e t i c  p a t t e r n  of so lub le  
p ro t e in s  f rom n o r m a l  l iver  cells. T h e  four  peaks  h a v e  
been  n u m b e r e d  in o rde r  of mob i l i t y .  S o m e t i m e s  t he  
p a t t e r n  shows  a new m o d e r a t e  peak ,  w h i c h  is to  be 
r e l a t ed  to  a n  a l b u m i n - l i k e  p ro t e in .  

P a t t e r n  of c y t o p l a s m i c  p r o t e i n s  e x t r a c t e d  f rom vac -  
uo la t ed  l ive r  cells is s h o w n  in F i g u r e  2. T h e  p a t t e r n  

7 

Figure 2. 

1 This investigation was aided by a grant from the "Consiglio 
Nazionale delle Rieerche". 
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