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Reversal of sulphonamide action in Escherichia coli 
(Bx2 auxotroph) by vitamin Bz2 

Sulphonamides are known to block sequentially the synthesis  in Escher ich ia  coli of methio- 
nine, xanthine,  serine, thymine,  valinO, 2 and glycine 3. At each of these steps, the inhibition 
index is increased in presence of vi tamin B122,3. Since the requirement  of vi tamin B12 for growth 
of E.  coli BI2 auxot roph  can be met  completely by  methioninO, it was of interest  to s tudy  the 
growth inhibition by  sulphanilamide (SA) in this m u t a n t  as influenced by  the two metabolites. 

The m u t a n t  strain 4 of the organism was grown in the medium of GREEN AND SEVAG 5 with 
additions as shown (Table I). Growth was measured after 24 hours incubation at 3 °°  and expressed 
in terms of galvanometer  deflections in a Klet t -Summerson photoelectric colorimeter at 660 m/t. 

TABLE I 

COMPARATIVE ACTIVITY OF METHIONINE AND VITAMIN B12 IN OVERCOMING S~\ 
GROWTH INHIBITION OF E.  coli ~12 AUXOTROPH 

mg SA added 

Additions to to ml basal medium o 0.5 0.7 r.o 
Growth at 24 hours 

I. None o o o o 
2. Methionine, ioo/2g 48 o o o 
3. Methionine, I m g  48 o o o 
4- Vitamin B12, 2 nl/~g 47 46 17 io 
5- Vitamin Bla , 20 m/*g 49 48 39 23 
6. As in (3) + xanthine  0.25 Ing 48 3 ° 17 14 
7. As in (6) + serine 0.2 mg 5 ° 49 36 19 

I t  is observed (Table I) that,  in presence of vi tamin Blz , a higher concentrat ion of SA is 
required to inhibit growth than  when methionine is used. The protective effect of v i tamin Blz 
is more pronounced at the higher concentrat ion of the v i tamin and can be simulated by a combi- 
nat ion of methionine, xanth ine  and serine. 

These observat ions suggest that ,  a l though methionine could, interchangeably wi th  v i tamin 
BI2, serve the requirement  for growth of the mutan t ,  this v i tamin assumes additional functions 
in a condition of stress caused by  SA bacteriostasis analogous to its p-aminobenzoic acid po- 
tent ia t ing action already observed 2 with the wild strain under  similar conditions. Tha t  the 
requirements  for growth and for metabolic activity wi th  respect to specific systems need not 
necessarily be the same is known ~. 
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Relationship between skew diffusion gradient curves and 
axial ratios of rod-shaped particles 

I t  is a well-known phenomenon tha t  from experiments  with filamentous molecules skew 
diffusion gradient  curves are obtained, in contras t  to the symmetr ical  curves obtained from those 
with spherical particles. Thus  POLSON 1, GRALI~N 2 and JULLANDER 3 found tha t  in plot t ing diffusion 
curves of cellulose derivatives, which are known to be filamentous, the curves obtained are 
asymmetrical .  KAHLER 4 made similar observat ions in his diffusion exper iments  on solutions of 
sodium thymontrcleate,  and NEURATH AND SAUM 5 obtained skew diffusion curves in their  work 
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~,n t o l ) ac (o  ln()saic v i rus .  (;RALEN ~ s h o w e d  t h a t  t he  diffusi(m cons t :an t  ()f lO(l-s[lat)cll pa r t i c le>  
c , luld l)e c a l c u l a t e d  f rom the  f (d lowing  s e m i - e m p i r i c a l  e q u a t h m :  

1),. D 0 (I / ( V  ) 

w h e r e  D o is t he  d i f fus ion  L'()nst~lnt a t  i>ll inite d i l u t i o n ,  /(  1 is a cons t~ln t  an(l  (7 is l h e  c o m : e n t r a t i o n .  
JULLANDER a s h o w e d  \~ith n i t r o c e l l u l o s e  in a c e t o n e  or a m y l a c e t a t e  t h a t  IC 1 is p r o p o r t i o n a l  t() 
t i l e  m o l e c u l a r  w e i g h t .  S o l u t i o n s  of s m h  rod  s h a p e d  p a r t i c l e s  a lso  t>ehave a n o m a l o u s l y  in o s m o t i c  
p r e s s u r e  n le~/sure l l l en ts  ill  t h a t  t he  r a t i o  b e t w e e n  t h e i r  osnn) t i c  p r e s s u r e  an(l  Ci)llCe>ltraIi(li> does  
n()t fo lh )~  t he  v a n  ' t  H o f l ' s  lnw e x c e p t  a t  i n f in i t e  d i l u t i o n .  In gene ra l  t h e  e q u a t i ( m  

l? 7"~ 
h ~ 5 /  (~ / , ' c M )  (~l 

] lo lds  for suci~ s u b s t a n c e s ,  in  th i s  e q u a t i o n  /5 is t he  o s m o t i c  p ressure ,  A' is the  ga s  c o n s t a n t ,  T is 
t h e  a b s o l u t e  t e m p e r a t u r e ,  3 /  is t h e  m o l e c u l a r  w e i g h t  a n d  t] is a c o n s t a n t  r e l a t e d  to  t he  p a r t i c l e  
d i m e n s i o n s .  F()r a n  u n c h a r g e d  r ig id  r o d - s h a p e d  p a r t i c l e  i t  e q u a l s  

.V ~ (11 e 

4 "II~ 

See OSrER ~, ZIMML In this equation N is :Xvogrado's numlmr, d is the diameter and I is the 
length of the particle. This equation is related to the covolume i.e. the volume swept through 
t i le  l i q u i d  w h e n  a r o d - s h a p e d  p a r t i c l e  is r o t a t e d  t h r o u g h  an ang le  of 30o r o u n d  i ts  sh~)rt axis .  
The  o s m o t i c  p r e s s u r e  ciln alsl) 1)e e x p r e s s e d  by  t i le  e q u a t i o n :  

l?'l'c D,  
/~ = . i i  1-),) (2) 

i )OLSON b, T h i s  e q u a t i o n  w a s  d e r i v e d  f rom the  a s s u m p t i o n  t h a t  s o m e  of the  r ( ) t a t i o n a l  [Srowuian 
m o t i o n  r o u n d  t he  s h o r t  a x i s  is t r a n s f e r r e d  to  t r a n s l a t o r y  m o t i o n  t h r o u g h  i m p a c t s  w i t h  m o l e c u l e s  
of s i m i l a r  s ize  a i m  s h a p e  m h i g h e r  c o n c e n t r a t i o n .  T h i s  t r a n s f e r  of r o t a t i o n a l  i n t o  t r a n s l a t o r y  
m o t i o n  w o u l d  t a k e  p l ace  less f r e q u e n t l y  in d i l u t e  so lu t ions ,  h e n c e  t he  i n c r e a s e  in d i f fus ion  con-  
s t a n t s  a t  h i g h e r  c o n c e n t r a t i ( m s  a n d  tlne s k e w  di f fus ion  cu rves ,  l : rom e q u a t i ( m s  i a n d  2 i t  fo l lows 
t h a t  1), 

I Hc.l l  
1) o 

S u b s t i t u t i n g  the  v a l u e  f()r 1~ in th i s  e q u a t i o n  a n d  e x p r e s s i n g  the  i>n)le(-ular \~e ight  in l m ) n s  ,)t 
nn ) l ecu l a r  di>ne>lsions, i.e. 

d'al A ,) 
31 . . . . . .  

-t 
whe re  h is the  d e n s i t y  ()f t he  m a t e r i a l ,  we h a v e  

l ) ,  / c  /< 1 
= J {:;) 

l )  o d ¢~ (/ 

l ' i s  t he  p a r t i a l  s p e c i l k  \ ' () lume. 
[ l s i n g  e q u a t i o n  3 t he  a x i a l  r a t i o s  (l/d) of m o l e c u l e s  in d i f t e r e n t  p r e p a r a t i o n s  ()f n i t r o c e l l u l o s e  

h a v e  been  c a l c u l a t e d .  T h e s e  r e s u l t s  a re  r e c o r d e d  in T a b l e  I t o g e t h e r  w i t h  t hose  c a l c u l a t e d  f rom 
se ( l ime>a ta t ion  ~111(1 di|]-usioI1 l l l e a s u r e m e u t s  by  J ULLANDER a. [Per t i l e  c a l c u l a t i o n  of t he  a x i a l  r a t i o s  
the  \ ' a l u e s  of 1( I as d e t e r m i n e d  1> 3, J UI.LAND~:R were  used.  

T h e  a x i a l  r a t i o s  l / d  c a l c u l a t e d  f rom N l v a l u e s  as d e t e r m i n e d  by  (;RALgX as  well its t h e  
a x i a l  r a t i o s  c a l c u l a t e d  l'ron/ t he  d i l f u s ion  a n d  s e d i t n e n t a t i o n  c o n s t a n t s  a n d  t he  p a r t i a l  spcc i i ic  
v( ) lmne as d e t e r m i n e d  b y  t he  s a m e  a u t h o r  are  recor ( led  in T a b l e  l I .  In  Fig.  i t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  v a l u e s  as  ca lcu la te ( [  by  J ULLANI)ER AND GRALEN f rom s e d i m e n t a t i ¢ ) n  an(I d i f fus ion  
m e a s u r e m e n t s  u s i n g  HERZOG, ILLIG AND ~ UDAR'S '~ e q u a t i o n  a n d  t h o s e  c a l c u l a t e d  f r o m  e q u a t i o n  3 
are  r e c o r d e d  g r a p h i c a l l y .  T h r e e  ()f GRALfN'S v a l u e s  w h i c h  s h o w e d  a b n o r m a l l y  l a rge  d e v i a t i o n ~  
were  o m i t t e d  as were  t w o  ()f JUI.LANDER'S w h i c h  s h o w e d  n e g a t i v e  / (  1 va lues .  JULLANI)ER r e g a r d e d  
t h e s e  t w o  v a l u e s  as  due  to  a r t i f a c t s  r e s u l t i n g  f rom p o o r  i n i t i a l  b o u n d a r y  f o r m a t i ( m  in his  di l l :usion 
e x p e r i l n e n t s .  C o n s i d e r i n g  t he  d i i t i cu l t i e s  i n v o l v e d  in t h e  c a l c u l a t i o n  of t(> va lues ,  l h e  o v e r a l l  
a g r e e m e n t  b e t w e e n  t h e  a x i a l  r a t i o s  c a l c u l a t e d  b y  t h e  t w o  d i f f e r e n t  m e t h o d s  m u s t  be  c o n s i d e r e d  
good.  V e r y  good  a g r e e m e n t  is s l l own  b e t w e e n  t i le  a x i a l  r a t i o s  for  s o d i u m  t h y m o n u c l e a t e  ca lcu la te ( I  
f rom e q u a t i o n  3 a n d  f rom d i f fus ion ,  s e d i m e n t a t i o n  a n d  p a r t i a l  speci f ic  v o l u m e  m e a s u r e m e n t s  
Of KAHLJER 4. I~AHLEI ¢. c a l c u l a t e d  a n  a x i a l  r a t i o  l / d  of 284 w h i l e  e q u a t i o n  3 y i e ld s  a v a l u e  of 257. 
U n f o r t u n a t e l y  the  t o b a c c o  mosa i c  v i r u s  p r e p a r a t i o n  i n v e s t i g a t e d  b y  ~N,rEURATH AND ~AITM :) x, vas  
to() i n h o m o g e n e o u s  in p a r t i c l e  size to  a l l o w  a c a l c u l a t i o n  of t he  a x i a l  r a t i o  for t h i s  v i rus .  

I t  m u s t  be  n o t e d  t h a t  t i le  good  a g r e e m e n t  b e t w e e n  t h e  t w o  m e t h o d s  of e s t i m a t i o n  ()f a x i a l  
rati~)s is m p a r t  due  to  the  fact  t h a t  in b o t h  m e t h o d s  t he  p a r t i c a l  speci f ic  VOhlme is used.  (2(ml- 
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p a r i s o n  b e t w e e n  t h e s e  a x i a l  r a t i o s  a n d  t h o s e  o b t a i n e d  f r o m  X - r a y  m e a s u r e m e n t s  m i g h t  g i v e  
a m e a s u r e  of t h e  e x t e n t  to  w h i c h  a f i l a m e n t o u s  m o l e c u l e  is h y d r a t e d .  

T A B L E  I 80~ 

AXIAL RATIOS l i d  OF D I F F E R E N T  PREPARATIONS OF o o 

NITROCELLULOSE AS CALCULATED FROM EQUATION 3 ~ 0 0 ~  

AND K 1 VALUES COMPARED TO THOSE CALCULATED FROM N o o o 
SEDIMENTATION AND DIFFUSION MEASUREMENTS 

c = o .o i  g / m l  ~-" = 0.576 m l / g  40G o 

l d / t o m  I d / t o m  S and  D ~-~ * ° ° 
Material  K t  equation 3 J ULLANDER 

20C 

e h i .08 187 230 
V f l ~  ~ 0.68 I I 8  11o { ~ t 
V F a O.IO 17 42 t 200 4~0 J I 600 8~0 
V F ½  0.22 37 24 ~ lr0r0 S arm 0 

L n t 1.o 5 182 ~3° Fig,  i .  A x i a l  r a t i o s  l/d c a l c u l a t e d  f r o m  
H n t 0.54 94 t IO t he  a s y m m e t r y  of d i f fus ion  c u r v e s  com-  
M p t 1,28 1.75 304 230 p a r e d  to  t h o s e  c a l c u l a t e d  f r o m  s e d i m e n -  
F K 2 o.35 6o 19°  t a t i o n  a n d  d i f fus ion  m e a s u r e m e n t s .  T h e  
F K 3 1.o3 179 21o p o i n t s  a re  f r o m  J U L L A N D E R ' S  a n d  t h e  
F K 6 I.OI 175 19° c i rc les  f r o m  GRAL1~N'S w o r k  on  n i t roce l -  
F K 9 3.87 668 6.50 lulose.  T h e  t r i a n g l e  is KAHLER'S r e s u l t  

on  s o d i u m  t h y m o n u c l e i c  acid.  

T A B L E  I I  

AXIAL RATIOS l/d OF D I F F E R E N T  PREPARATIONS OF NITROCELLULOSE AS 

CALCULATED FROM EQUATION 3 AND FROM S AND D VALUES OF GRALI~N 

c = o .o i  g / m l  V = 0.576 m l / g  

l 'rd ]rom 1 d / t o m  S and  D 
Material  equation 3 GRAL~N 

U n b l e a c h e d  A m e r i c a n  l i n t e r s  4.2 729 87o 
B l e a c h e d  A m e r i c a n  l i n t e r s  2. 4 417 67o 
C h l o r i t e  b l e a c h e d  l i n t e r s  4.5 780 780 
S u l p h a t e  ce l lu lose  5.6 97 ° 55 ° 
S u l p h i t e  ce l lu lose  5-3 920 55 ° 
H o l o c e l l u l o s e  s p r u c e  3-5 607 250 
Ce l lu lose  f r o m  ho loce l l u lo se  1.3 225 360 
R a y o n  p u l p  No. i 3.6 624 41o 

No. 2 3.5 607 55 ° 
No. 3 2.0 347 380 
No. 4 4.7 815 220 
No. 5 1.8 312 32o 
No. 6 2.8 490 400 
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