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electrophoresis in urea-starch gel. The electrophoretic 
patterns obtained with peptides from the 2 fl chains were 
essentially identical, confirming the impression obtained 
from electrophoresis of the whole chains. The difference 
in mobility of the whole hemoglobins (components A and 
B) is thus not  believed to represent a difference in amino 
acid sequence. 

The isolated fl chain of component C showed a major 
band with more cathodat mobil i ty in urea-starch gel than  
that  of component B (Figure 2), consistent with the 
mobility difference between the whole hemoglobins. The 
patterns obtained after cyanogen bromide cleavage of the 
fl chains of components B and C were markedly different 
suggesting tha t  there are multiple differences in their 
amino acid sequence, These findings are consistent with 
the results of HUTTON et a i s  who isolated 2 components 
from hemolyzates of the 'diffuse' type (AKR and FL 
mice) by Amberlite CG-50 column chromatography. 
These workers identified at  least 3 points of difference 
between the fl chains of these 2 components by 'finger- 
printing'  the soluble tryptic peptides. 

Despite the multiple banded nature  of the hemo- 
globin electrophoretic pat tern  obtained with hemolyzates 
from mice homozygous for 'diffuse', there apRear to be 

only 2 components with differing amino acid sequences. 
These components have identical ~ chains and vary only 
in their fl chains 18. 

Rdsumd. L'h~moglobine des souris de type DBA/1J 
apparait  A l'61ectrophor~se sous forme de 4 bandes. En 
les s6parant par l'41ectrophor~se en gel d'ur6e-amidon, 
on ne trouve qu 'une  seule ligne de globine x et deux lignes 
de globine ft. Les taches se mon t ran t  ~ l'6Iectrophor~se 
apr~s t ra i tement  au bromide cyanog%ne sur les cha£ues 
peptides fl sugg~rent plusieurs diff6rences entre les 2 
s4quences d'acides amin6s. 
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C o r r e l a t i o n  b e t w e e n  S e n s i t i v i t y  to  T r y p a f l a v i n e  
a n d  D N A  B a s e  C o m p o s i t i o n  in  M u t a n t s  of  

Bacterium paracoli 5099 

A few rare mutan t s  of Bacterium para¢oli with the 
hereditary impairment  of respiration were induced by  
urethane and by  UV-radiation. The functional in- 
efficiency of their respiratory system was accompanied 
by characteristic alterations in cytochromes of the mu tan t  
culturesL One of these mutan t s  was later studied in 
greater detail, and it  was observed tha t  guanine-cytosine 
content in DNA (% GC) of the mu tan t  at tained 70%, as 
compared with 55% of the parent  culture i. Some other 
mutants,  which form small colonies but  do not reveal any  
defects in respiration, also do not  reveal any alterations 
in GC content  of DIVA as compared with the parent  
strain. Another impor tant  observation is concerned with 
the fact that the mutant with altered GC content is about 
100 times more sensitive to the action of trypaflavine, 
whereas mutan ts  with small colonies and normal GC 
content do not  differ significantly from the parent  culture 
in their sensitivity to this aminoacridine 8. If this correla- 
tion between drastic increase of sensitivity to trypa- 

flavine and DNA base composition in mutan ts  of B. 
paracoli has some real significance, it  could then be ex- 
ploited for the development of a new technique for isola- 
t ion of mutan t s  with altered GC content, which represent 
extremely rare events. This possibility was explored by  
us in experiments described below. 

Mutants  with small colonies were induced by UV- 
radiation at  2540 ~,  with a radiation intensi ty of 11.53 
erg/sec t ransmit ted to each mm z. B. paracoti 5099 was 
obtained from Type Culture Collection of U.S.S.R. (State 
Control Ins t i tu te  of Medical Biological Preparations of 
the Ministry of Health, Moscow). Bacteria grown on 
nutr ient  agar at  37°C for 24 h were suspended in water 
to the density 10 ~ cells/ml, poured into dishes in layers 1 
mm thick, and irradiated for various intervals of time 
between 45 and 105 sec. Under given conditions the 
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Table I. Growth of some small colony mutants of B. paracoli 5099 on gradient agar plates with trypaflavine 

Strain Irradiation 
time (see) 

ConcentrationsoftrypafLavinelnthe upperlayerofgradient agarplate,~g]ml 

t000 500 250 125 62 31 16 8 4 2 1 

Parent None 

Mutants 
168 75 
975 45 

1008 75 
1041 90 
1055 60 

+ + + + + + + + + + 

-- + + 

+ + + 

-- + + 

-- -- + 

--  + + 
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Table II. The effect of addition of glucose (0.5%) upon respiration 
in the parent culture of B. paracoti 5099 and in small colony mutants 

susceptible to trypaflavine 

Strain Qo, Qo~ Increase 
(endogenous) (exogenous) in the 

presence 
of glucose 

Parent culture 13.1 54.9 4.2 
Mutant 168 27.0 55.9 2.1 
Mutant 975 20.5 60.7 2.9 
Mutant 1008 28.3 46.6 1,6 
Mutant 1041 22.9 23.1 1.0 
Mutant 1055 23.1 72.3 3.1 

t h e  o x i d a t i v e  r a t e  of m u t a n t s  is m o r e  r e f r a c t o r y  to  
s t i m u l a t i o n  b y  glucose, a n d  increases  on ly  1.0-3,1 t imes ,  
whi le  in  p a r e n t  cells u n d e r  s imi la r  c o n d i t i o n s  i t  increases  
4.2 t imes .  

A n  i n v e s t i g a t i o n  of  t h e  effect  of  va r i ous  i n h i b l t o r s  u p o n  
t h e  g r o w t h  of p a r e n t  a n d  m u t a n t  c u l t u r e s  of B. paracoli 
5099 in  t h e  n u t r i e n t  b r o t h  h a s  p r o d u c e d  resu l t s  w h i c h  
a re  s h o w n  in  T a b l e  I I I .  I t  is c lear  t h a t  sma l l  co lony  
m u t a n t s  suscep t ib le  to  t r y p a f l a v i n e  a re  also m o r e  sus- 
cep t ib l e  to  2 o t h e r  i n h i b i t o r s  a f f ec t i ng  D N A  (s t rep to -  
n ig r in  a n d  m i t o m y c i n  C), a n d  also t o  2 i n h i b i t o r s  of 
p r o t e i n  s y n t h e s i s  in  t h e  b a c t e r i a l  ceil ( c h l o r a m p h e n i c o l  
a n d  t e t r acyc l ine ) .  

F o r  t h e  e x a m i n a t i o n  of D N A  base  c o m p o s i t i o n  we 
i so la ted  D N A  f rom b a c t e r i a l  cells a c c o r d i n g  to  MAR~aUR'S 
p r o c e d u r e  4. B a s e  c o m p o s i t i o n  was  ca l cu l a t ed  f r o m  the  

Table III. Minimal inhibitor), concentrations in/zg]ml for growth in nutrient broth of various inhibitors for the parent culture B. paracoli, 
5099 and its mutants 

Inhibitor Parent culture Mutant 168 Mutant 975 Mutant 1008 Mutant 1041 Mutant 1055 

C C S C S C S C S C S 

Trypaflavine 250 0.5 500 0,6 416 0.5 500 0.4 624 0.6 416 
Streptonigrin 4,2 0.43 10 0.63 6.7 0.43 10 0.36 11.7 0.4 10.5 
Mitomycin C 10 2 5 3 3.3 2 5 0.2 50 2 5 
Chloramphenicol 10.5 1.9 5.5 2,2 4.8 2.3 4.6 2.3 4.6 2 5.2 
Tetracycline 15 0,6 25 0.9 17 0.8 19 0.6 25 1.1 14 

C, minimal inhibitory concentrations; S, increase of sensitivity. 

Table IV. GC content in DNA of the parent culture B. paracoli 5099 
and of small colony mutants susceptible to trypaflavlne as deter- 

mined from the melting temperature 

Strain Melting temperaturcs Average T m % GC 
(Tra) of various inde- 
pendently purified 
samples of native DNA 

Parent 88.9; 89.0; 89.0 89.0 48.0 
Mutant 168 97.1; 97.0; 97.2 97.1 67.8 
Mutant 975 97,8; 97.8; 97.6 97.7 69.3 
Mutant 1,008 97.6; 97.8 97.7 69.3 
Mutant 1041 97.7; 97.8 97.7 69.3 
Mutant 1055 97.7; 97.7 97.7 69.3 

s u r v i v a l  of b a c t e r i a  was  of t h e  o rde r  of 0 .01%.  Samples  
of i r r a d i a t e d  suspens ions  were  p l a t e d  u p o n  t he  n u t r i e n t  
a g a r  c o n t a i n i n g  1% glucose a n d  i n c u b a t e d  a t  37 °C for  7 
days .  

I n  t h e s e  e x p e r i m e n t s  1310 m u t a n t s  w i t h  sma l l  colonies  
were  i so la t ed  a n d  s t u d i e d  for  t h e i r  s e n s i t i v i t y  to  t r y p a -  
f l av ine  o n  g r a d i e n t  a g a r  p la tes .  I n  1305 m u t a n t s  t h e  
suscep t ib i l i t y  to  t r y p a f i a v i n e  d i d  n o t  differ  s ign i f i can t ly  
f rom t h a t  of t h e  p a r e n t  cu l tu re ,  b u t  in  5 m u t a n t s  t he  
s e n s i t i v i t y  to  t r y p a f l a v i n e  was  d ra s t i ca l l y  increased,  on  
t h e  a v e r a g e  b y  200 t imes ,  as  i t  c a n  be  seen  f r o m  t h e  d a t a  
g iven  in  T a b l e  I .  T h e s e  suscep t ib l e  m u t a n t s  a p p e a r  w i t h  
t h e  f r e q u e n c y  of 0 .4% a m o n g  smal l  co lony  m u t a n t s  of 
B. paracoli 5099, a n d  5 such  m u t a n t s  possess ing  yel lowish 
colonies (168, 975, 1008, 1041, 1055) wil l  b e  desc r ibed  in 
th i s  c o m m u n i c a t i o n .  

T h e  r e s p i r a t o r y  c a p a c i t y  of t h e  m u t a n t s  w i t h  smal l  
colonies  l i s t ed  in  T a b l e  I w as  s t u d i e d  w i t h  t h e  a id  of t h e  
W a r b u r g  t e c h n i q u e  a t  37°C, a n d  t h e  r e su l t s  of t he se  
m e a s u r e m e n t s  are  g iven  in  T a b l e  I I .  I t  c a n  be  seen  t h a t  

m e l t i n g  t e m p e r a t u r e  (Tin) of pur i f i ed  samples  of n a t i v e  
D N A  acco rd ing  to  t h e  fo rmula~ :  Tm-~ 6 9 . 3 + 0 . 4 1  
(G + C)%.  T a b l e  I V  gives  i n f o r m a t i o n  o n  GC c o n t e n t  
in  D N A  of t h e  p a r e n t  c u l t u r e  B. paracoli 5099 a n d  of 
sma l l  co lony  m u t a n t s  suscep t ib le  to  t r y p a f l a v i n e .  I t  is 
of cons ide rab le  i n t e r e s t  t h a t  in  m u t a n t s  GC c o n t e n t  in  
D N A  is inc reased  to  6 8 - 6 9 %  as c o m p a r e d  w i t h  4 8 %  of 
t h e  p a r e n t  cu l tu re .  

T h e  s t u d y  of a n t i g e n i c  r e l a t i o n s h i p s  h a s  s h o w n  t h a t  
t h e r e  is c r o s s - a g g l u t i n a t i o n  of p a r e n t  c u l t u r e  B. paracoti 
5099 a n d  of m u t a n t s  l i s t ed  in T a b l e  I V  b y  r a b b i t  sera ,  
i m m u n i z e d  e i the r  b y  p a r e n t  cu l t u r e  B. paracoli 5099 or  
b y  cu l tu re  of m u t a n t  168. I t  is t h e r e f o r e  poss ib le  to  
conc lude  t h a t  d ra s t i c  inc rease  of s e n s i t i v i t y  to  t r y p a -  
f l av ine  c a n  be  i n s t r u m e n t a l  in  t h e  i so la t ion  of some  v e r y  
r a r e  m u t a n t s  w i t h  a l t e r e d  GC c o n t e n t ,  w h i c h  a re  i n d u c e d  
b y  U V - r a d i a t i o n  in  cu l t u r e s  of B, paracoli 5099 s. 

B~BO~lbL BecbMa pe~l~ne MyTanTbl Bacterium paracoli 5099 
C H~hMeHeHHbIM HyKHe0TH~H~M C0¢TaBOM ~]~I-IK~ I4HKy~Hp0- 
BaHHble ny'reM BO3]~eI~CTB~WI y.rlbTpad~PlOaeTOBOl~ pa~mauH~, 
MoryT 61aTt, BmAeae~I c noM0m~m rpa/IHeHTHbtX arapossxx 
H/IaCTHHOK conep>xam~x vpHna~bnasHm 
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