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C e l l u l a r  S o u r c e  in Hydroid Regeneration 

The question of the source of regenerating tissue is an 
unsolved issue. Whether  the differentiated cells come from 
the division of the existing differentiated cells, or from 
continuous differentiation of the interstitial cells, is an old 
and controversial problem of hydroid histogenesis. 
McCoN~EL x has shown tha t  the differentiated cells of 
hydra can divide mitotically; his figures are not  con- 
clusive to decide the issue, and the opinions of STREL1N ~ 
and many others tha t  none but  interstitial cells are able to 
divide are not yet  invalidated. The second view tha t  inter- 
stitial cells provide other cells is still current, as TARDENT a 
has recently shown tha t  in regenerating hydra the relative 
number of differentiated cells in the anterior region in- 
creases and that  of interstitial cells decreases. In this 
context, a survey of changes in the total  population of 
three cell-types viz. epitheliomuscular, intersti t ial  and 
cnidoblast, in the ectoderm of hydra during regeneration 
has been undertaken. 

Hydra  (Hydra vutgaris orientalis) were amputated just  
below the hypostome and were allowed to regenerate. The 
cut surface is first healed up and rounded; tentacle rudi- 
ments appear after 48 h and after 72 h fully formed 
hypostome and tentacles are seen. Numbers of epithelio- 
muscular, interstitial and cnidoblast cells in the ectoderm 
of hydra  after amputation,  and after 24, 48, and 72 h 
regeneration have been estimated by direct counting of 
alternate serial transverse sections of 8 ~ thickness after 
staining them in toluidine blue. Total  number of each cell- 
type in a regenerate was obtained by doubling the figures. 
Three individuals were examined in each case. 

A close proximity in the number of these cells is ob- 
served in the three cases presented (Table). In the ecto- 
derm of an amputated hydra, the aggregate varies from 
25 to 29 thousands, in which the interstitial cells con- 
sti tute the overwhelming majori ty  ranging from 19 to 21 
thousands. The epithetiomuscular and cnidoblast cells are 
much lower in number and range from. 3 to 5 thousands 
and from 2 to 3 thousands respectively. A huge fall in the 
aggregate of three cell-types is recorded after 24 h regener- 
ation. In a total  loss of cells, from 27 thousands after 
amputat ion to 15 thousands after 24 h, the interstitial 

Changes in the  to ta l  popu la t ion  of ep i the l iomuscula r ,  i n t e r s t i t i a l  and  
cnidoblwst  cel ls  du r ing  regenera t ion  of hydra .  

Hours of Serial Epithelio- Interstitial Cnidoblast 
regenera t ion  No. mnscu la r  

Af ter  1 3 754 19 69~ 2 490 
a m p u t a t i o n  2 5328 20678 3910 

3 3818 21264 ~416 
Meau 4300  20544 2938 

24 h 1 3 224 9 628 3 390 
~2 3038 10 03~ 3 656 
3 3 094 7 648 3 566 
Mean 3118 9 102 3537 

48 h 1 3052 7792 4136 
2 2314 5888; 3 144 
3 8098 6374 4 636 
Mean 2821 6 684 3 971 

72 h 1 2706 6406 3 t08 
2 2204 4 204 2754 
3 3194 9 322 4 450 
Mean 2701 6644 3437 

ceils are most a f fec ted  and are reduced to tess than haft. 
The number -caries from 7 to 10 thousands. But  the 
number of epitheliomuscular cells is only slightly lowered 
from 4 to 3 thousands on the average. In comparison, 
cnidoblast cells are slightly increased in number. Similar 
trends of cell changes are observed in 48 h regenerates, but  
to a much lesser extent, Further,  very little change is 
found in the cell population of 72 h regenerates. A notice- 
able difference is the decrease in number  of cnidoblasts 
which was so far on the increase. Epitheliomuscular  cells 
are very slightly lowered, the interstit ial  ceils remaining 
more or less constant. Morphological change of the re- 
generates during this period is restricted to the elongation 
of the tentacles. These latter being longer than the body 
column they were not enumerated throughout their 
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Showing the to ta l  n u m b e r  of cells in regenera t ing  h y d r a  at  different  
in tervals .  I, In te l~ t i t i a l  cel ls ;  E, Ep i the l iomnscu la r  celIs; C, Cnido- 

b las t  ceils. 

length, but  instead counts were made starting from the 
base of the tentacles. Thus it  is seen the cell population of 
the regenerates does not change appreciably after 48 h, 
i,e., after the tentacle rudiments have appeared; the 
slight loss of cells encountered is due to the omission of the 
excess length of the tentacles. This is further indicated by 
the constancy of intersti t ial  cells during this period, 
because these cells axe not present in tentacles. 

The above data  first show that  overall cell population 
in the ectoderm of hydra  does not increase during re- 
generation; on the contrary, there occurs a huge loss of 
ceils, most conspicuous in case of interstitial cells and also 
to some extent  in epitheliomuscular cells. Cnidoblast cells 
with their nematocysts gradually increase in number 
(Figure). I t  is reasonably clear tha t  during regeneration 
interstitial cells in hydra  do not differentiate to form 
epitheliomusculax cells, and hence possibly to other differ- 
entiated cells, except to cnidoblasts. However, possible 
transformation of interstitial cells to other types in the 
general mechanism of growth and histogenesis of hydra  4 
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c a n n o t  b e  ru led  out .  I t  m a y  be  conc luded  t h a t  fac to rs  of  
h y d r a n t h  r e g e n e r a t i o n  la rge ly  invo lve  r e o r i e n t a t i o n  of t h e  
ce l lu lar  con f igu ra t i on  in t h e  ava i l ab le  ma te r i a l .  A de ta i l ed  
r e p o r t  on  the  m a n n e r  of cell d i spos i t ion  a n d  i ts  r e l a t i on  to 
morphogenes i s  in h y d r a  will be p u b l i s h e d  e lsewhere  L 

Zusammen/assung. A n  regene r i e r enden  Stisswasser-  
p o l y p e n  (Hydra vulgaris orientalis) w u r d e  die G e s a m t -  
m e n g e  de r  Ep i the lmuske lze l l en ,  de r  i n t e r s t i t i e l l en  Zellen 
n n d  de r  C n i d o b t a s t e n  b e s t i m m t .  D a b e i  w u r d e n  s eh r  
grosse Zel lver lus te ,  speziel l  bei  d e n  in te r s t i t i e l l en  Zellen,  

in  ge r inge rem Masse bei  den  E p i t h e l m u s k e l z e l l e n  festge- 
s tel l t .  Die  Zah l  de r  Cn idob l a s t en  n a h m  dagegen  e twas  zu. 
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A P o s s i b l e  C o r r e l a t i o n  B e t w e e n  R e v e r s e  
M u t a t i o n  a n d  C o m p l e m e n t a t i o n  

Resu l t s  o b t a i n e d  in  Neurospora crassa (see FINCHAM x 
for references)  i nd i ca t e  t h a t  m u t a n t s  e x h i b i t i n g  in t ra - locus  
c o m p l e m e n t a t i o n  in a h e t e r o k a r y o n  fo rm a p r o t e i n  
(C.R.M.) r e l a t ed  serological ly  to  the  f u n c t i o n a l  e n z y m e  of 
t he  w i ld - type  s t ra in .  N o n - c o m p l e m e n t i n g  m u t a n t s  f o rm 
a p p a r e n t l y  no  C.R.M. R e c e n t l y  CRICK e t  at. 2 h a v e  sug-  
ges ted  t h a t  m u t a t i o n s  i n d u c e d  b y  p r o f l a v i n e  a n d  t h e  
m a j o r i t y  of s p o n t a n e o u s  m u t a t i o n s  (FREESE3) a re  d u e  to  
t h e  a d d i t i o n  or  s u b t r a c t i o n  of base  pa i r s  in t h e  DNA,  a n d  
resu l t  in t h e  f o r m a t i o n  of no  specific p r o t e i n  or  to  one  
g r ea t l y  d i f fe ren t  f rom the  wi ld- type .  

These  resu l t s  m a y  p e r h a p s  ind ica t e  t h a t  m u t a n t s  a r i s ing  
b y  a d d i t i o n - s u b t r a c t i o n  t y p e  m u t a t i o n  would  p r oduce  no  
C.R.M.,  a n d  h e n c e  be  n o n - c o m p l e m e n t i n g  w h e n  occur r ing  
a t  loci a t  wh ich  in t r a - locus  c o m p l e m e n t a t i o n  is k n o w n  to  
Occur, 

M u t a n t s  of t h e  c o m p l e m e n t i n g  t y p e  m i g h t  be  expec t ed  
to  be  due  to  t r a n s i t i o n  t y p e  m u t a t i o n s ,  a f fec t ing  o n l y  one  
base  pa i r  of one  t r i p l e t  (FREESE3), a n d  h a v i n g  on ly  one 
a m i n o  acid d i f ference  b e t w e e n  C.R.M. a n d  t h e  wi ld - type  
e n z y m e  (WITTMANN4). I f  t h i s  h y p o t h e s i s  is t rue ,  com- 
p l e m e n t i n g  m u t a n t s  would  r e v e r t  o n  t r e a t m e n t  w i t h  
m u t a g e n s  caus ing  t r ans i t i ons ,  such  as  ba se - ana logues  a n d  
n i t r o u s  acid.  

T r u e  n o n - c o m p l e m e n t i n g  m u t a n t s ,  bes ides  p r o d u c i n g  
no  C.R.M., m i g h t  b e  e x p e c t e d  n o t  to  r e v e r t  w i t h  m u t a g e n s  
caus ing  t r ans i t i ons .  F u r t h e r ,  if no, or  on ly  a grossly a l t e red  
p r o t e i n  is p r o d u c e d  t h e y  would  no t  be e x p e c t e d  to  be  
l eaky  or  t e m p e r a t u r e - s e n s i t i v e  m u t a n t s .  Resu l t s  o b t a i n e d  
b y  LEUPOLD (~ a n d  pe r sona l  c o m m u n i c a t i o n )  for t h e  ad-1 
a n d  ad-6  loci of Schizosaccharomyces pombe show a t  l eas t  
38 of  t h e  40 i n c o m p l e t e l y  b locked  m u t a n t s  t e s t e d  to  b e  of 
t he  c o m p l e m e n t i n g  type .  

P r e l i m i n a r y  re su l t s  o b t a i n e d  w i t h  t en  m u t a n t s  a t  the  
a d d  locus of Schiz. pombe i nd i ca t e  t h a t  a t  l eas t  five of six 
c o m p l e m e n t i n g  m u t a n t s  will r e v e r t  a f t e r  t r e a t m e n t  wi th  
n i t r ous  acid.  T h r e e  of t h e  four  n o n - c o m p l e m e n t i n g  mu-  
t a n t s  will no t  do so. The  f o u r t h  n o n - c o m p l e m e n t i n g  
m u t a n t  r e sponds  to  n i t r ous  acid t r e a t m e n t .  I t  shou ld  be 
p o i n t e d  out ,  however ,  t h a t  c lass i f ica t ion of a m u t a n t  as 
n o n - c o m p l e m e n t i n g  is to  some e x t e n t  u n c e r t a i n ,  s ince a 
g iven  m u t a n t  m a y  c o m p l e m e n t  w i t h  v e r y  few o the r  
m u t a n t s  a t  t h e  same  locus  (CATCHESIDE6). 

Th i s  hypo thes i s ,  t h a t  n o n - c o m p l e m e n t i n g  p o i n t  mu-  
t a t i o n s  p r o d u c i n g  no  C.R.M. wil l  n o t  give t r u e  back-  
m u t a t i o n  on  t r e a t m e n t  w i t h  n i t r o u s  acid,  a n d  o the r  
t r a n s i t i o n - t y p e  m u t a g e n s ,  is open  to  t e s t  a t  a n u m b e r  of 
loci in  N e u r o s p o r a  (CATCHESIDE 7) Sch izosaccha romyces  
and Salmonella (I-IARTblAN, HARTMAN and SERMAN8). 

Rdsumd. Les m u t a n t s  p r 6 s e n t a n t  la  c o m p M m e n t a t i o n  
in t ra-a l l61ique son t  p r o b a b l e m e n t  suscep t ib les  auss i  de  mu-  
t a t i o n  reve r s6  v ra ie  sous  l ' e f fe t  de  l ' ac ide  n i t r eux .  
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P r e s y n a p t i c  Inh ib i t i on  in the  L u m b a r  Cord  
E v o k e d  f r o m  the  B r a i n  S t e m  

I t  h a s  r ecen t l y  b e e n  s h o w n  t h a t  t h e  p r e s y n a p t i c  t e r -  
mina l s  of p r i m a r y  a f f e r en t s  m a y  b e  depo la r i zed  t h r o u g h  
sp ina l  ref lex ac t ions  a n d  t h a t  s y n a p t i c  ac t ions  to  mo to -  
neurones  b y  th i s  m e c h a n i s m  m a y  be  i n h i b i t e d  1. I a  affer-  
en t s  are depolar ized  f rom group  I a f fe ren t s  p r e d o m i n a n t l y  
of f lexor  muscles,  t he  f lexor  ref lex a f fe ren t s  (FRA),  on  t h e  
o t h e r  h a n d ,  f rom group  I a f fe ren t s  a n d  t h e  F R A .  P r i m a r y  
a f f e ren t s  m a y  also be  depolar ized  f rom h i g h e r  cen t res ,  
vol leys  in  t h e  p y r a m i d a l  t r a c t  depolar ize  i b ,  c u t a n e o u s  
a n d  h i g h  t h r e s h o l d  muscle  a f fe ren t s  b u t  no t  I a  a f f e ren t s  2. 

T h e  p r e s e n t  e x p e r i m e n t s  dece rebra te ,  u n a n a e s t h e t i z e d  
cats)  h a v e  revea led  t h e  ex i s tence  of a b r a i n  s t e m  cen t re  
f r o m  w h i c h  depo l a r i z a t i on  c a n  be  evoked  n o t  on ly  in  t he  
a b o v e  m e n t i o n e d  ca tegor ies  of a f fe rents ,  w h i c h  are  in- 
f luenced  f rom t h e  p y r a m i d a l  t r ac t ,  but also in Ia a[ferents. 
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