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Bridges Between Chromosomes  

Fine  s t rands  connec t ing  ch romosomes  have  been dem-  
o n s t r a t e d  wi th  the  e lectron microscope  in mate r ia l  sub- 
j ected unf ixed to  t r e a t m e n t  w i th  a h y p o t o n i c  solut ion and 
picked up off dist i l led wa te r  z, 2. The effects  of a hypo ton ic  
solut ion on m e t a p h a s e  chromosomes  are therefore  r epor ted  
here. 

Per ichondr ia l  and cardiac f ibroblas ts  of the  adul t  newt  
Tr i tu rus  cristatus were grown in hang ing-d rop  cul tures  a, 
which  were t h e n  immersed  for 10-12 min  in a hyp ton i c  
saline, Tyrode ' s  solut ion f rom which  sodium chloride had  
been  omi t t ed .  They  were f ixed for 10 min  in a 3:1 mix tu re  
of absolu te  e thanol  and  glacial acetic acid, and s ta ined  wi th  
1% aqueous  gen t ian  violet  d i f fe ren t ia ted  by  clove oil, and  
were m o u n t e d  whole. Abou t  200 mi to t i c  f igures were exa- 
mined  wi th  the  2 m m  lens (N.A. 1.3). 

At  all s tages of divis ion the  chromosomes  appeared  
rough  in outline. In  places th is  roughness  could be resolved 
as f ine  p ro t rud ing  whiskers .  In  m e t a p h a s e  it was fre- 
quen t ly  possible to  t race  the  con t inu i ty  of whiskers  to 
make  br idges  be tween  ch romosomes  (Figure). 

In  contro l  p repara t ions ,  f ixed wi thou t  prior  immers ion  
in hypo ton ic  saline, a s imilar  n u m b e r  of mi to t ic  figures was 
examined.  The chromosomes  of me taphase  and  all t h a t  
pa r t  of anaphase  before the  a p p a r e n t  c lumping  of chro- 
mosomes  were s mo o t h  in out l ine;  ne i ther  whiskers  nor  
br idges could be seen. The absence of br igdes  conf i rmed 
observa t ions  in a range of expe r imen t s  w i th  several  
f ixat ives  and  s ta ins  4-7, a l though  the  po in t  was no t  made  
explici t  in t he  pub l ica t ion  of those  studies.  

The br idges  m a y  be expla ined  in one of two ways.  They  
m a y  have  been always present ,  bu t  c lumped  by  the  hypo-  
tonic  saline in to  s t ruc tures  visible wi th  the  l ight  micro- 
scope. The connec t ions  seen by  the  electron microscope 
would then  cor respond to  s t ruc tures  p resen t  in life. The 
observed bridges,  however ,  connec t  not  only chromosomes  
bu t  s is ter  ch roma t ids  s, and  the i r  presence in life would 
thus  imply  the  rup tu re  or dissociat ion of the  cons t i tuen t  
c h r o m o n e m a t a  of ch romosomes  Jn early anaphase .  On the  
o ther  hand,  b o t h  l ight  and  electron microscopical  f indings 
are expl icable  if the  br idges  are p roduced  by  the  experi-  
men ta l  t r e a t m e n t .  Since a hypo ton ic  solut ion disorganizes 
the  spindle 9 and  renders  the  inner  cy top lasm fluid (as 
indica ted  by  Brownian  motion)10, ch romosomes  m a y  be 
expec ted  to  touch the i r  ne ighbours  before spreading,  and  
the i r  surface m a y  be changed  by  the  abnornla l  condi t ions  
to pe rmi t  adhesion,  so t h a t  th reads  are d rawn  ou t  dur ing  
separat ion.  (The ' s t ickiness '  of damaged  chromosomes  is 
well known to  radiobiologists .)  

DUPRAW n has  argued in favour  of i n t e rch romosomal  
br idges no t  only  f rom elect ron microscopical  f indings bu t  
also f rom HOSKINS'S expe r imen t s  z~, in which mater ia l  
l inking ch romosomes  broke on being pulled in the  presence 
of desoxyr ibunuclease .  DUPRAW rejects  HOSKINS'S own 
explanat ion ,  t h a t  DNA is a c o m p o n e n t  of spindle  fibres, 
because a chain  of chromomes ,  such as HOSKINS drew out  
of me taphase  figures w i th  a needle,  could no t  be l inked by  
a single spindle  fibre. The publ i shed  pho tog raph  shows a 
s t ruc ture  much  coarser  t h a n  a single spindle fibre, and it 
appears  t h a t  HOSKINS drew out  a bundle  of expe r imen ta l ly  
ex t ended  spindle  mater ia l  wi th  chromosomes  a t t ached  at  
var ious posi t ions  along it, bu t  no t  necessari ly in series on 
any  one fibre.  

I n t e r ch romosoma l  br idges  have  been seen in meiot ic  
p rophase  by  l ight  microscopy  af ter  f ixa t ion  and  s ta in ing 18 
and, in mitosis,  wi th  the  e lectron microscope af ter  t rea t -  
m e n t  wi th  hypo ton ic  fluids 1~. In  te lophase  these  connec-  
t ions  are visible no t  only in f ixed cells 15 b u t  also in life ~, 16. 

Unretouched photomicrograph of the central region of a cultivated 
newt fibroblast in early metaphase, treated by hypotonic saline be- 
fore fixation. Gentian violet. The pointer indicates interchromosomal 
bridges. • 3000. 
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Since in  m e t a p h a s e ,  however ,  i n t e r c h r o m o s o m a l  b r idges  
can  be  caused  or m a d e  a p p a r e n t  b y  h y p o t o n i c  saline,  a n d  
since h y p o t o n i c  f luids h a v e  i n v a r i a b l y  been  used to  
d e m o n s t r a t e  t h e m ,  i t  r em a i ns  a n  open  ques t ion  w h e t h e r  
m e t a p h a s e  ch romosom es  h a v e  these  connec t ions  in  l iv ing  
cells. 

Rdsumd. D a n s  les cu l tu res  de cellules du  t r i ton ,  les p o n t s  
i n t e r c h r o m o s o m a u x  p e n v e n t  se fo rmer  dans  les f igures  
m 6 t a p h a s i q u e s  sous l ' i n f luence  d ' u n e  so lu t ion  h y p o t o -  

n ique .  Ce r6sul ta t ,  o b t e n u  au  microscope  h la lumi~re  
ordinai re ,  pose la  ques t ion  de savo i r  si les p o n t s  d~js d6cr i ts  
d a n s  les mic rog raphes  61ectroniques son t  6ga l emen t  dus  
l ' emp lo i  des so lu t ions  h y p o t o n i q u e s .  
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T r a n s f o r m a t i o n  of a L y s - A u x o t r o p h  to  P r o t o t r o p h y  in Neisseria catarrhalis 

KINGSBURY 1 d e m o n s t r a t e d  b y  h y b r i d i z a t i o n  s tud ies  
t h a t  t h e  genus  Neisseria was he t e rogenous  in na t u r e ,  
fo rming  a t  leas t  t h r ee  d i s t i nc t  groups  : Group  I, N. menin- 
gitidis a n d  N. gonorrhoeae; G r o u p  I I ,  N. per]lava, N. sub- 
]lava, N. sicca a n d  N. /lava; Group  I I I ,  N. catarrhalis 
a n d  N. caviae. D r u g  r e s i s t an t  markers ,  especial ly  s t rep-  
t o m y c i n  res is tance,  h a v e  been  used as c r i t e r ia  to  d e t e r m i n e  
t he  genet ic  re la t ionship(s)  b e t w e e n  these  s a p r o p h y t i c  
a n d  p a t h o g e n i c  Neisseria 2-4. Never the less ,  i t  seems a p p a r -  
en t  to  seek f u r t h e r  i n f o r m a t i o n  us ing  a d i f fe rent  genet ic  
marke r ,  for examp le  for a n u t r i t i o n a l  marke r .  Thus ,  t h i s  
i nves t i ga t i on  deve loped  a m i n i m a l  m e d i u m  for N. catar- 
rhalis, t h e  p r o d u c t i o n  of a n u t r i t i o n a l  a u x o t r o p h ,  a n d  
e s t ab l i shed  c o m p e t e n c y  for in t raspec i f ic  t r a n s f o r m a t i o n .  

N. catarrhalis NC-19 used  in t h i s  i n v e s t i g a t i o n  was  
f rom the  U n i v e r s i t y  of M a r y l a n d  collection.  The  mor -  
phological ,  cu l tu ra l  a n d  b iochemica l  charac te r i s t i c s  of 
th i s  o rgan i sm were obse rved  per iodica l ly  a n d  were found  
to be  t yp i ca l  for th i s  species. 

The  m i n i m a l  n u t r i t i o n a l  r e q u i r e m e n t s  for N. catar- 
rhalis NC-19 were deve loped  f rom MARTIN et  al. 5 m e d i u m  
to  s u p p o r t  t he  g r o w t h  of N. per/lava 876. A f o r mu la  
d i f fer ing f rom MARTIN'S m ed i um ,  essent ia l ly  in  t he  inor-  
ganic  sa l t  compos i t i on  a n d  a m i n o  acid mix tu re ,  was  
e s t ab l i shed  t h a t  s u p p o r t e d  t h e  g r o w t h  of  N. catarrhalis 
NC-19. The  a m i n o  acid compos i t i on  cons is ted  of glycine,  
arginine ,  p ro l ine  a n d  g lu t amic  acid whereas  t he  sa l t  
so lu t ion  was composed  of NaC1, KC1, NaHPO4,  MgSO,  
a n d  CaC1 v This  m e d i u m  (MM) p r o p a g a t e d  a suspens ion  
of ceils of N. catarrhalis s imi la r  to  t h a t  o b t a i n e d  in  
t r y p t i c a s e  soy b r o t h  plus  0 .35% yeas t  ex t rac t .  

N i t r ous  a c i d  was used successful ly  b y  LIE 6 as a 
m u t a g e n  for N. meningitidis. A s imi la r  p rocedure  was  
emp loyed  in t h i s  s tudy .  T he  de tec t ion  of b iochemica l  
def ic ient  m u t a n t s  was  d e t e r m i n e d  b y  us ing  t he  v e l v e t  
repl ica  t e c h n i q u e  of LEDERBERG a n d  LEDERBERG 7. Only  
2 t ypes  of n u t r i t i o n a l  m u t a n t s  were o b t a i n e d  : lys ine (lys-) 
a n d  t r y p t o p h a n  ( t r yp t - )  auxo t rophs .  Only  t he  l y s -  
m u t a n t  was  used  in th i s  i n v e s t i g a t i o n  for  t r a n s f o r m a t i o a l  
s tudies .  The  m u t a n t s  were m a i n t a i n e d  on  CTA m e d i u m  
a n d  work ing  cu l tu res  were g rown on T S A  slants .  No 
revers ions  w i t h  t h e  l y s -  or t h e  t r y p t - m u t a n t s  were  
de tec ted .  The  compos i t i on  of t h e  lysine m e d i u m  (LM) 
cons is ted  of t h e  MM + lysine.  

The  wi ld - type  D N A  used  for t r a n s f o r m a t i o n a l  s tud ies  
in  t h i s  i n v e s t i g a t i o n  was e x t r a c t e d  b y  t he  use of CH 3 
(CH2)10CH2OSOaNa (5%, w/v)  a n d  s to red  in 2 M  NaC1. 
No dep ro t e in i za t i on  s teps  or R N A s e  t r e a t m e n t  were  
pe r fo rmed .  The  c o n c e n t r a t i o n  of D N A  was  d e t e r m i n e d  
b y  t h e  m e t h o d  of BURTON s. 

N. catarrhalis a u x o t r o p h i c  m u t a n t  cells ( l y s )  were 
p r e p a r e d  for t r a n s f o r m a t i o n  b y  growing t h e m  in t r y p -  
t icase  soy b r o t h  w i t h  yeas t  e x t r a c t  a n d  1.5% calf s e rum 
for 18 h on  a r o t a r y  s h a k e r  (200 rpm)  a t  37 ~ To o b t a i n  
ac t ive ly  d iv id ing  ceils a n  a l i quo t  was  r e m o v e d  a n d  added  
to f resh  b r o t h  and  s e r u m  a n d  g rown for a n  add i t i ona l  2 h. 
The  cells were t h e n  cen t r i fuged  a n d  w a s h e d  twice in MM 
and  r e suspended  in 9 ml  of same.  1 m l  of th i s  suspens ion  
was a d d e d  to  9 ml  of MM. 1.5 ml  q u a n t i t i e s  of suspens ion  
were t h e n  added  to  each  of severa l  t u b e s  con t a in ing :  
D N A  a n d  lys ine;  D N A s e  ( W o r t h i n g t o n  Biochemical ,  1 x 
c rys ta l l ized  a n d  0 . 0 0 2 M  M g S O 4 . 7 H 2 0 )  t r e a t e d  D N A  
a n d  lys ine ;  and  lys ine  only.  Tubes  were i n c u b a t e d  a t  
37~ a n d  s h a k e n  for  20 rain.  Af te rwards ,  100 ~g of 
D N A s e  was added  to  t h e  t u b e s  c o n t a i n i n g  D N A  a n d  
i n c u b a t e d  for 10 ra in  a t  r oom t e m p e r a t u r e .  0.1 ml  of 
a p p r o p r i a t e  d i lu t ions  m a d e  in sal ine were p l a t ed  o u t  on  
m i n i m a l  and  lysine aga r  (1.5% agar).  Controls  cons is ted  
of D N A s e  t r e a t e d  D N A  a n d  rec ip ien t  cells, and  rec ip ien t  
cells only.  P l a t e s  were i n c u b a t e d  for 72 h a t  37 ~ The  
n u m b e r  of t r a n s f o r m a n t s  was  d e t e r m i n e d  b y  t he  fol lowing 

Comparison of cell numbers from intraspecific auxotrophic trans- 
formational studies with N. catarrhalis NC-19 Lys-~ 

Experiment No. DNA donor E b T ~ % T 

1 NC-19WT 4.5 • 105 5.6 • 10 s 12.4 
2 NC-19WT 8.0 • 106 6.9 • 105 8.6 
3 NC-19WT 7.6 • 105 6.6 • 10 s 8.8 
4 NC-19WT 3.2 • 105 3.0 • 105 9.3 
5 NC-19WT 7.1 • 106 5.2 • 105 7.3 

Transformation system: As described in test. b Number of exposed 
organisms. ~ Number of transformants. 
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