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la tera l  a s y m m e t r y  in mouse  embryo  chromosomes .  A 
possible  exp lana t ion  for our observat ions ,  which  is 
cons i s t en t  wi th  cu r r en t  theories ,  is t h a t  la teral  a s y m m e t r y  
m a y  occur t h rough  the  process  of s is ter  c h r o m a t i d  
exchange  which  m a y  involve unequa l  crossing over.  Such 
an e v e n t  would  occur wheneve r  an unequa l  n u m b e r  of 
base pairs  are exchanged  be tween  sister  ch roma t ids  
dur ing  a crossing over  event .  Indeed ,  a t heo ry  p roposed  b y  
S m i t h  1~ suggests  t h a t  the  evolut ion  of r epea ted  D N A  

sequences  could have  deve loped  by  the  mechan i sm of 
unequa l  crossing over  while Bos tock  and Christ ie 8 
have  sugges ted  t h a t  unequa l  sister ch roma t id  exchange  
could also be impl ica ted  in the  occurrence of a symmet r i c  
b an d i n g  in mi to t ic  chromosomes .  The deve lopmen ta l  
significance of our obse rva t ion  remains  to  be de te rmined .  

10 G.P. Smith, Science 191, 528 (1976). 

I n h e r i t a b l e  p r e c o c i o u s  o p e n i n g  of  t h e  v a g i n a  in  l a b o r a t o r y  r a t s  e x p o s e d  to  300 R a n d  200 R 
of  X - r a y s  on  d a y  6 o f  t h e i r  i n t r a u t e r i n e  l i fe  
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Summary. A highly  s ignif icant  inher i tab le  a d v a n c e m e n t  in opening  of t he  vagina  in l abo ra to ry  ra t s  has  been induced  
b y  the  X - r a y  appl ica t ion  to  p r e g n a n t  females  of d i f fe rent  filial genera t ions  or ig ina t ing  f rom the  X- i r rad ia ted  F 0 
embryos .  The reac t ion  to  X- rays  has  so far been  fol lowed t h r o u g h  9 filial genera t ions .  

As far as we know the re  are no da t a  to  show how X-  
i r rad ia t ion  acts  on the  factors  control l ing the  onset  of 
p u b e r t y  in filial genera t ions  of l abora to ry  animals ,  as 
measured  by  opening  of the  vaginal  orifice. Mandel  and  
Griesewood 1 have  c la imed t h a t  the  vag ina  of ra t  opened  
precociously  af ter  i r rad ia t ion  of the  ovar ian  region, b u t  
B e a u m o n t  * has  failed to  conf i rm this  f inding. On the  
o the r  hand ,  we know t h a t  advanced  opening  of t he  
vag ina  can be effected by  more  t h a n  one expe r imen ta l  
approach ,  b u t  the  p h e n o m e n o n  is no t  t r a n s m i t t e d  to  
filial genera t ions  3-6. 
Material and methods. The animals  used in th is  exper i -  
m e n t  belonged to a s t ra in  of close-bred Wis ta r  rats ,  in 
our  possession since 1929. All ma t ings  were carr ied out  
be tween  animals  belonging to  the  same li t ter .  The X-i r ra-  
d ia t ion  was pe r fo rmed  on e ther ized animals  w i th  the  use 
of a Siemens set  under  t he  following condi t ions :  200 kV, 
14 mA, Cu 0.5 m m  filter, 42 cm FSD,  dose ra te  100 R/min .  
The region of t he  u te rus  of no rma l  p r e g n a n t  females was  

exposed  to 300 R of X - r ay s  on day  6 of pregnancy .  The 
young  of these  animals  r epresen ted  F 0 generat ion.  All 
memb er s  of the  F ,  genera t ion and  a n u m b e r  of F 5 
offspr ing were also exposed  to  X- rays  a t  day  6 of the i r  
in t rau te r ine  life, using th is  t ime dose of 200 R. The 
opening  of t he  vaginal  orifice was followed in all an imals  
t h r o u g h  9 filial genera t ions ,  s t a r t ing  f rom F 0. Only those  
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Opening of the vagina in experimental rats through a number of filial generations 

F~ E 1 F1 F2 E~ F3 
�9 f O @ /  �9 
1" 5* 16" 17" 

I 42.0-t-1.3 35.54-0.9 34.34-1.1 

II 38-46 30-40 28-41 

III 0.00 18.75 41.18 

F 4 F 5 F e F 7 F 8 F~ 

0 .0 0 O ,O O 

50" ~ , ~  91" 114" 109" 129" 60* 

34.0 4- 0.9 40.4 4- 0.6 34.7 4- 0.5 31.6 4- 0.4 31.4 4- 0.5 31.0 4- 0.6 

22-53 27-59 24-52 23-46 22-48 21-39 

40.00 6.59 36.84 63.30 59.69 60.00 

�9 .o o o, o 

13" 19" 41" 37* 20* 

I 35.9 4- 1:4 31.5 4- 1.2 31.9 4- 0.7 28.9 4- 1.0 27.2 4- 1.1 

II 30-45 23--42 24-40 19-37 20-37 

III 38.46 57.89 63.41 72.97 80.00 

F0_9, Filial generations; �9 E t, E~, E3, exposure to X-rays. *No. of rats; I, vaginal opening - days (mean 4- SE); II, range; III, percent of 
rats with advanced opening of the vagina. 
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animals  in which  the  vag ina  opened  on day  32, assumed 
to  be ex t r em e  lower t ime  l imit  charac ter i s t ic  of our  
s t ra in ,  or before t h a t  day,  were considered to  show an 
a d v a n c e d  opening  of the  vagina.  
Results. As can be seen f rom the  figure, i t  is clear t h a t  
a d v a n c e d  opening  of the  vagina,  appear ing  af ter  the  

Mean values for the first litter size of animals belonging to all filial 
generations 

Vaginal opening No. of Litter size Range 
rats (mean 4- SE) 

Advanced 114 7.0 -9 0.2 2-14 
Littermates within 
the normal values 122 7.0 4- 0.2 2-13 
Controls 620 7.0 • 0.1 2-12 

exposure  of F 2 embryos  to  X-rays ,  has  p roved  to be 
(figure, E2) and inher i tab le  p h e n o m e n o n  which  for 7 sub- 
sequen t  generat ions ,  so far s tudied,  showed no signs of 
even gradual  r e tu rn  to  the  s ta te  charac ter i s t ic  of normal  
animals .  Af te r  t he  3rd exposure  (figure, E3) the  mean  
values  for opening  of t he  vagina  shi f ted  for a 2nd t ime  in 
the  same di rec t ion  to  a new pos i t ion  and  the  precoc i ty  
reached  w h a t  appea red  to be its ex t r eme  t ime  limit,  i.e., 
day  19, recorded in 2 animals.  At  the  same t ime,  cases of 
ex t r eme  precoc i ty  of opening  of t he  vag ina  (days 22, 21, 
20, 19) increased in number .  The m e a n  age at  vaginal  
opening of 540 no rma l  rats,  recorded  in our s tock over  a 
per iod of the  last  6 years,  was found to  be 41.5 • 0.9 days,  
ranging f rom 33 to  66 days.  
The b .wt  of ra t s  in which  the  vag ina  opened precociously,  
as would be expected ,  was below normal ,  b u t  wi th  aging 
i t  reached its n o rma l  value.  I t  is wor th  not ing  t h a t  
r epea ted  exposure  to  X- rays  on the  whole  in no w a y  
affected the  reproduc t ive  capac i ty  of animals  wi th  pre-  
coci ty  or the i r  l i t ter  ma tes  (table). 

Purification and immobil izat ion of human carbonic anhydrase B by using polyacrylamide gel 
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Summary. H u m a n  e ry th rocy t e  carbonic  anhydrase  B was purif ied and immobi l ized  in po lyac ry lamide  gel. As compared  
to  t he  soluble enzyme,  the  immobi l ized  enzyme  was cons iderab ly  more  r e s i s t an t  to  h e a t  and su lphani lamide  act ion.  

R e c e n t l y  t he  s t u d y  of the  theore t ica l  and  prac t ica l  
aspec t s  of m a t r i x  bound  enzymes  has gained a lot  of 
in t e res t  2-4. A n u m b e r  of enzymes  and i soenzymes  have  
been  puri f ied by  biospecific a f f in i ty  c h r o m a t o g r a p h y  by  
using d i f ferent  t ypes  of ma t r ixes  a. Because of the  non-  
ava i lab i l i ty  of p reex is t ing  func t iona l  groups,  the  use of 
po lyac ry l amide  gel ma t r i x  has  been  limited~. Fa lkbr ing  
e t  al. ~ pur i f ied  carbonic  anhydra se  B and C by  using 
su lphany lamide - l inked  Sepharose  as the  specific matr ix .  
I t  is k n o w n  t h a t  the  ra te  of the  ca ta ly t ic  react ion of 
e r y t h r o c y t e  carbonic  anhydrase  is h igh af ter  isolat ion 
f rom the  cells. Chang f irs t  no t ed  tha t ,  a f ter  encapsula t ion,  
t h e  enzyme  in ny lon  microcapsules  the  ra te  can be 
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Effect of heat on soluble and immobilized carbonic anhydrase B 
activity. The soluble and immobilized enzymes were preincubated 
at different temperatures for 90 min prior to incubation at 25~ 
for 10 min. Enzymatic activity was expressed as percentage of the 
respective controls (5~ preincubation for 90 min). O--�9 soluble 
enzyme; Q--O immobilized enzyme. 

ma in t a ined  as h igh  as in t he  i n t ac t  cells 7. The p resen t  
inves t iga t ion  deals  wi th  the  af f in i ty  ch romatograph ic  
pur i f icat ion and  immobi l iza t ion  of carbonic  anhydrase  B 
by  using po lyac ry lamide  gel. 
Materials and methods. P-Ni t ropheny lace t a t e  was pre-  
pa red  by  ace ty la t ion  wi th  acetic a n h y d r i d e  in pyr id ine  
and recrysta l ized f rom dilute alcohol s. Po lyacry lamide  
gel beads  were p repa red  9, pulver ized and  100-200 mesh  
sieved mater ia l s  were used as the  ma t r i x  for a f f in i ty  
ch roma tog raphy .  The beads  were ac t iva t ed  to  acyl azide 
der iva t ive  and  coupled  wi th  su lphan i lamide  at  0-5 ~ for 
30 min.  Par t i a l ly  pur i f ied enzyme was ob ta ined  b y  
e thanol -ch loroform ex t rac t ion  m e t h o d  s and  dia lyzed 
agains t  0.1 M Tr is -su lpha te  buffer,  p H  7.5, pr ior  to  couple 
w i th  su lphani lamide- l inked po lyacry lamide  gel. The 
coupl ing was conduc ted  a t  20~ for 0.5 h and  washed  
w i t h  the  same buffer  unt i l  no pro te in  was de tec ted  in t he  
washings.  Carbonic anhydra se  B was  e luted wi th  buffer  
conta in ing  0.2 M K I  and dialyzed aga ins t  0.05 M Tris- 
su lphate  buffer,  p H  7.5. In  all these  cases, soluble 
pro te in  was e s t ima ted  according to Lowry  et  al. 11 
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