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ABSTRACT

The e l e c t r o k i n e t i c  p r o p e r t i e s  o f  f i v e  s u b - s t r a in s  o f  

M ycobacterium  b o v is  BCG w ere s tu d ie d  i n  an a t te m p t to  e x p la in  i n t e r - s t r a i n  

d i f f e r e n c e s  and th e  a g g re g a tio n  phenomena c h a r a c t e r i s t i c  o f  a l l  s t r a i n s  

d u r in g  g ro w th . C e l ls  o f  a l l  s t r a i n s  behaved  a s  a  t y p i c a l  m acro p o ly an io n . 

S tu d ie s  o f  th e  v a r i a t i o n  o f  c h a rg e  w ith  th e  pH and io n ic  s t r e n g th  o f  th e  

su sp e n s io n  medium b e fo re  and a f t e r  ch em ica l and enzym ic t r e a tm e n ts  

r e v e a le d  t h a t  th e  s u r f a c e  c h a rg e  o f  th e s e  o rg an ism s was due s o le ly  to  

io n i z a b le  p h o sp h a te  g ro u p s . A nion a d s o rp t io n  on th e  s u r f a c e  was 

n e g l i g i b l e  and no c a rb o x y l ,  amino o r  s u lp h y d ry l g roups c o u ld  be d e te c te d .

The c h a rg e  on c e l l s  o f  a l l  s t r a i n s  was c o n s ta n t  and in d e p e n d e n t o f  th e  

g row th  medium, th e  age o f  th e  c e l l s  up to  28 days and s to r a g e  o f  th e  

w ashed c e l l s  a t  4 °C . The la r g e  q u a n t i ty  o f  l i p i d  m a te r i a l ,  known to  

be p r e s e n t  i n  th e  c e l l  w a lls  o f  m y c o b a c te r ia , was n o t  d e t e c ta b le  a t  

e i t h e r  th e  in n e r  o r  o u te r  s u r f a c e s  o f  th e  c e l l  w a l l .  I t  was co n c lu d ed  

t h a t  th e  l i p i d  m ust be lo c a te d  in  th e  m id d le  r e g io n s  o f  th e  w a l l .

C e l ls  o f  M. u h l e i , M. sm egm atis and M. m ic r o t i  e x h ib i te d  s u r f a c e  

c h a rg e  p r o p e r t i e s  w hich  w ere i d e n t i c a l  to  th o s e  o f  a l l  s u b - s t r a in s  o f  

BCG. The r e s u l t s  a r e  d is c u s s e d  i n  th e  l i g h t  o f  p ro p o sed  c e l l  w a ll  s t r u c t u r e s  

o f  m y c o b a c te ria  and i t  i s  co n c lu d ed  t h a t  th e  p h o sp h a te  g ro u p s , w hich form  

th e  p red o m in an t c h a rg in g  s p e c ie s  and w hich  th e r e f o r e  o c c u r  a t  th e  s u r f a c e ,  

a r e  th e  p h o s p h o d ie s te r  g roups l i n k in g  th e  p e p t id o g ly c a n  backbone w ith  th e  

a r a b in o g la c ta n  o f  th e  c e l l  w a l l .

A " s l im e - l ik e "  amorphous m a te r ia l  w hich  c o a ts  a g g re g a te s  o f  c e l l s ,  

b u t  n o t  in d iv id u a l  c e l l s ,  was r e v e a le d  by s te r e o s c a n  e l e c t r o n  m ic ro sco p y .

T h is  s u b s ta n c e ,  w hich i s  e a s i l y  rem oved by m anual t i s s u e - g r i n d i n g ,  i s  b e l ie v e d  

to  be r e s p o n s ib le  f o r  th e  a g g re g a tio n  o f  m y c o b a c te r ia l  c e l l s  d u r in g  g row th ; 

p h y s ic o -c h e m ic a l f o r c e s  a r i s i n g  from  th e  ch a rg e d  s u r f a c e  g ro u p s p la y  no p a r t  

i n  t h i s  a g g re g a tio n  phenomenon.
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SUMMARY

From th e  o r i g i n a l  i s o l a t e  o f  Calmet t e  and G u erin  many s u b - s t r a in s  

o f  M ycobacterium  b o v is  BCG have a r i s e n ,  owing to  v a r i a t i o n s  i n  h a n d lin g  

and  c u l t u r e .  T hese s u b - s t r a in s  e x h i b i t  d i f f e r e n c e s  i n  t h e i r  b io l o g ic a l  

and p h y s ic a l  p r o p e r t i e s ,  e . g .  c o lo n ia l  m orphology , im m unizing p o t e n t i a l .  

H owever, a l l  s u b - s t r a in s  a r e  c h a r a c te r i s e d  by a  v e ry  low grow th  r a t e  and 

a  g r e a t  ten d en cy  to  a g g re g a te  d u r in g  g ro w th , m aking th e  p ro d u c tio n  o f  

a  homogeneous v a c c in e  d i f f i c u l t .  The ten d en cy  to  clump can  be s u p re s se d  

by th e  a d d i t io n  o f  n o n - io n ic  w e t t in g  a g e n ts  to  th e  g row th  medium, b u t  

t h i s  a l s o  d e c re a s e s  th e  t o t a l  g row th  y i e l d .

P a r t i c u l a t e  m ic r o e le c t r o p h o r e s is  was u se d  to  exam ine th e  s u r f a c e  

p r o p e r t i e s  o f  f iv e  s u b - s t r a in s  o f  BCG (G lax o , P a s te u r ,  J a p a n e s e ,  P rague  

and D a n is h ) , i n  o rd e r  to  i n v e s t i g a t e  th e  in ter> -strain  d i f f e r e n c e s  and th e  

a g g re g a tio n  phenomenon. C e l ls  o f  BCG grown a t  37 °C e x h ib i te d  a  

p H -m o b ility  cu rv e  c h a r a c t e r i s t i c  o f  a  s u r f a c e  w ith  a n io n ic  g ro u p s o n ly .  

The n e g a t iv e  ch a rg e  on th e  c e l l s  i n  su sp e n s io n  i n  b u f f e r  s o lu t io n s  

in c r e a s e s  r a p id ly  up to  pH 4*0 and th e n  more s lo w ly  i n  th e  ran g e  

pH 4jQ to  9*5* The s u r f a c e  g ro u p s had  a  pK o f  a p p ro x im a te ly  2 .9  w ith  an 

i s o p o t e n t i a l  p o in t  ( i . e .  z e ro  c h a rg e )  o f  a p p ro x im a te ly  2 .0 .  P o s i t i v e ly  

ch a rg e d  s u r f a c e  amino g ro u p s w ere n o t  r e v e a le d  by th e  r e v e r s a l  o f  ch a rg e  

a t  low p H -v a lu e s , by a  f u r t h e r  sh a rp  in c r e a s e  i n  c h a rg e  a t  h ig h  pH -v a lu es  

o r  a s  a  r e s u l t  o f  ch em ica l t r e a tm e n ts .

S p e c i f i c  ch em ica l and enzym atic  m o d if ic a t io n  o f  c e l l s  o f  BCG was 

c a r r i e d  o u t to  i d e n t i f y  th e  s u r f a c e  g roups g iv in g  r i s e  to  t h i s  n e g a t iv e  

c h a rg e . The ch a rg e  was due s o le ly  to  i o n i z a b le  p h o sp h a te  g ro u p s a t  th e  

c e l l  s u r f a c e .  The c h a rg e  was u n a f f e c te d  by th e  g row th  medium u s e d , 

f a i r l y  v ig o ro u s  ch em ica l t r e a tm e n ts  o r  by s to r a g e  a t  4°C and i t  

rem ain ed  c o n s ta n t  a t  a l l  ag es  d u r in g  a  28-day  grow th  c y c le .  A l l  th e



s u b - s t r a in s  o f  BCG exam ined , and a l s o  s e v e r a l  o th e r  s p e c ie s  o f  

m y c o b a c te r ia ,  e x h ib i te d  th e  same e l e c t r o k i n e t i c  p r o p e r t i e s .  T h is  in d ic a te d  

t h a t  th e  p h o sp h a te  g ro u p s  w ere p a r t  o f  th e  common m y c o b a c te r ia l  c e l l  w a ll  

s k e le to n .  From a  d e t a i l e d  e x a m in a tio n  o f  th e  p ro p o sed  ch em ica l s t r u c t u r e  

o f  m y c o b a c te r ia l  c e l l  w a l ls  i t  i s  a p p a re n t  t h a t  th e s e  p h o sp h a te  g roups 

a r e  th e  p h o s p h o d ie s te r  l in k a g e s  betw een  th e  p e p t id o g ly c a n  backbone and 

th e  a r a b in o g la c ta n  o f  th e  c e l l  w a l l .

No s u r f a c e  l i p i d  was d e te c te d  on th e  c e l l  s u r f a c e ,  o r  on th e  

o u te r  o r  in n e r  s u r f a c e s  o f  c e l l  w a ll s  o f  BCG, im p ly in g  t h a t  th e  l a r g e  

q u a n t i t i e s  o f  s o lv e n t - e x t r a c t a b le  l i p i d  known to  be p r e s e n t  i n  

m y c o b a c te r ia l  c e l l  w a l ls  a r e  lo c a te d  i n  th e  m idd le  r e g io n s  o f  th e  

s t r u c t u r e .  T h is  c o n c lu s io n  was su p p o r te d  by th e  e x p e r im e n ta l r e s u l t s  

o f  m o b i l i ty  m easurem ents made i n  S D S -b u ffe r s o lu t io n  o f  d e c re a s in g  io n i c  

s t r e n g t h .

The a g g re g a tio n  o f  c e l l s  o f  BCG d u r in g  g row th  i s  n o t  th e  r e s u l t  

o f  p h y s ic o -c h e m ic a l f o r c e s  a r i s i n g  from  th e  ch a rg e d  g roups on th e  c e l l  

s u r f a c e ,  b u t  a p p e a rs  to  be due to  th e  s e c r e t io n  o f  an  am orphous, 

" s l im e - l ik e "  m a te r ia l  by th e  c e l l s .  S can n in g  e l e c t r o n  m icroscopy  r e v e a ls  

t h a t  t h i s  su b s ta n c e  c o a ts  clum ps o f  c e l l s ,  b u t  n o t  s in g le  o rg a n ism s , and 

th e r e f o r e  h o ld s  them to g e th e r  i n  a g g re g a te s  d u r in g  g ro w th . The BCG 

o rg an ism  p r e f e r s  to  grow when c o a te d  by t h i s  am orphous m a t e r i a l ,  w hich  

can  be e a s i l y  s t r ip p e d  from  th e  c e l l s  by m anual t i s s u e - g r i n d in g .  Any 

in t e r f e r e n c e  w ith  th e  c o a t in g  o f  a g g re g a te s  w ith  t h i s  su b s ta n c e  by f a c t o r s  

such  a s  sh a k in g  d u r in g  grow th  o r  a d d i t io n  o f  w e t t in g  a g e n t to  th e  g row th  

medium r e s u l t s  i n  p o o re r  g row th  y i e l d s . I d e n t i f i c a t i o n  and 

c h a r a c t e r i z a t i o n  o f  t h i s  " s l im e - l ik e "  m a te r ia l  c o u ld  p ro v e  to  be o f  

g r e a t  im p o rta n c e .
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CHAPTER 1

INTRODUCTION
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1.1 C l a s s i f i c a t i o n  and H is to ry  o f  M ycobacterium  b o v is  BCG

M icroo rgan ism s a r e  d iv id e d ,  on th e  b a s i s  o f  c e r t a i n  d i s t i n c t  

c h a r a c t e r i s t i c s ,  in to  e ig h t  m ajo r g ro u p s : a lg a e ,  p ro to z o a ,  y e a s t s ,  

m ou ld s, b a c t e r i a ,  p ie u ro p n e u m o n ia - lik e -o rg a n ism s  (PPLO), r i c k e t t s i a  

and v i r u s e s .  H owever, th e  b o rd e rs  betw een  th e s e  g ro u p s a r e  d i f f u s e  

and s u b je c t  to  much d i s c u s s io n .

B a c te r i a  a r e  u s u a l ly  d iv id e d  in t o  te n  o rd e r s  (T a b le  1 .1 ) .

T hese a r e  th e n  d iv id e d  in t o  f a m i l i e s  on th e  b a s i s  o f  such  f a c t o r s  a s  

c e l l  sh a p e , r e a c t io n  to  th e  Gram s t a i n ,  p re se n c e  o r  ab sen ce  o f  f l a g e l l a ,  

g row th  r e q u ire m e n ts ,  optimum grow th  te m p e ra tu re  and th e  ty p e s  o f  

f e rm e n ta t io n  w hich th e  o rg an ism s a re  c a p a b le  o f  u n d e r  a e ro b ic  and 

a n a e ro b ic  c o n d i t io n s .

The m ost u s e f u l  p re l im in a ry  c h a r a c t e r i s a t i o n  i s  th e  Gram s t a i n  

te c h n iq u e .  O rganism s may be c l a s s i f i e d  a s  G ra m -p o s itiv e ,  G ram -n eg a tiv e  

o r  G ra m -v a ria b le  d ep en d in g  on t h e i r  a b i l i t y  to  r e t a i n  c r y s t a l  v i o l e t  dye 

a f t e r  m o rd an tin g  w ith  io d in e  s o lu t i o n .  T h is  s t a i n i n g  te c h n iq u e  i s  a l s o  

u s e f u l  i n  r e v e a l in g  b a c t e r i a l  m orphology such  a s  s iz e  and shape o f  

c e l l s  and t h e i r  s p o re -fo rm in g  a b i l i t y .  I n  th e  c a se  o f  th e  A c tin o m y c e ta le s  

a n o th e r  s t a i n  te c h n iq u e  i s  im p o r ta n t i n  c l a s s i f i c a t i o n ;  t h i s  i s  th e  a b i l i t y  

o f  th e  o rg an ism s to  r e t a i n  c a r b o l f u c h s in  dye a f t e r  w ash ing  w ith  a c i d i f i e d  

a lc o h o l .  Such o rgan ism s a re  c a l l e d  a c i d - f a s t .

The c l a s s i f i c a t i o n  o f  th e  o rd e r  A c tin o m y c e ta le s  i s  more co n fu sed  

and open to  more c r i t i c i s m  th a n  m ost o th e r  b a c t e r i a l  o r d e r s .  The o rd e r  i s  

d iv id e d  in t o  fo u r  f a m i l i e s ,  M y c o b a c te r ia c e a e , A c tin o m y c e ta c e a e , 

S tre p to m y c e ta c e a e  and A c tin o p la n a c e a e  (T a b le  1 .2 ) .



12

T ab le  1.1

C l a s s i f i c a t i o n  o f  b a c t e r i a  w ith  p a r t i c u l a r  r e f e r e n c e  

to  m y c o b a c te r ia .

O rder F am ily Genus

Ps eudom onadal e s

C la m y d o b a c te r ia le s

H yph o m ic ro b ia le s

E u b a c te r ia le s

A c tin o m y c e ta le s

C a ry o p la n a le s

B e g g ia to a le s

K y z o b a c te ra le s

S p ir o c h a e ta le s

M y cop lasm ata les

in c lu d in g

M y co b ac te riac eae

M ycobacterium  

[M ycelium  rudam en tary  

o r  a b s e n t .  No spores-]
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The fa m ily  M y c o b ac te riac eae  c o n ta in s  th e  n o n -sp o re -fo rm in g  

members o f  th e  o rd e r  A c tin o m y c e ta le s  and c o n ta in s  o n ly  one genus, 

M ycobacterium . T hese a r e  G ra m -p o s itiv e ,  a c i d - f a s t ,  s le n d e r  ro d s  

c h a r a c te r i s e d  p a r t i c u l a r l y  by t h e i r  slow  grow th  r a t e .  M y co b ac te ria  

may be d iv id e d  in to  two c l a s s e s ;  slow  g ro w e rs , w hich  ta k e  5 - 7  days 

f o r  a p p re c ia b le  g row th  a t  37 °C and w i l l  o n ly  grow a t  t h i s  te m p e ra tu re ,  

and f a s t  g ro w e rs , w hich show grow th  a f t e r  two days a t  37 °C and w i l l  

grow a t  o th e r  te m p e ra tu re s .

M ycobacterium  b o v is  BCG i s  one member o f  a  g roup  o f  m y c o b ac te ria  

w hich a r e  e x p e r im e n ta l ly  a lm o s t i d e n t i c a l .  T h is  c o n ta in s  M .ycobacterium  

tu b e r c u l o s i s , M. b o v is  and M. b o v is  BCG ( B a c i l lu s  o f  C a lm e tte  and G u e r in ) . 

C a lm e tte  and G u erin  c u l t i v a t e d  th e  v i r u l e n t  M. b o v is  o rg an ism , w hich  c a u se s  

b o v in e  tu b e r c u lo s i s  and a l s o  i n f e c t s  man, on a  medium c o n ta in in g  a  h ig h  

c o n c e n tr a t io n  o f  o x - b i l e  (C a lm e tte  and G u e r in , 1 9 0 8 ). E very  3 weeks 

th e y  s u b c u ltu re d  onto f r e s h  b i l e - c o n ta in in g  medium and 13 y e a r s  l a t e r  i n  

1921 o b ta in e d  an  a t t e n u a te d  form  o f  M. b o v is  w hich th e y  named BCG.

Animal t r i a l s  p roved  t h i s  o rg an ism  to  be s t a b l e  and no lo n g e r  v i r u l e n t  

f o r  g u in e a  p ig s .  S u c c e s s fu l  human t r i a l s  fo llo w e d  and i n  I 924 th e  

P a s te u r  I n s t i t u t e  was g iv e n  th e  go ahead  by th e  F ren ch  M in is try  o f  P u b lic  

H e a lth  to  b e g in  th e  p ro d u c tio n  o f  o r a l  BCG v a c c in e .

The same y e a r  t r i a l s  s t a r t e d  on a  new m ethod o f  v a c c in a t io n  

known a s  su b cu tan e o u s  v a c c in a t io n ,  th e  in t r o d u c t io n  o f  l i v e  BCG organ ism s 

below  th e  s k in .  T h is  m ethod was soon ad o p ted  i n  p r e f e r e n c e  to  o r a l  

v a c c in a t io n ,  b u t  h a s  now been  l a r g e ly  r e p la c e d  by in t r a d e rm a l  i n j e c t i o n  

(d e v e lo p e d  i n  Sweden) i n  w hich l i v e  o rg an ism s a r e  p la c e d  in t o  th e  e p id e rm is  

l a y e r s  o f  th e  s k in  (G u e r in , 1 9 4 8 ).



15

From th e  o r i g i n a l  BCG i s o l a t e  a  s e r i e s  o f  s u h - s t r a in s  have a r i s e n  

w hich  a l l  have c h a r a c t e r i s t i c  p r o p e r t i e s  and show c o n s id e ra b le  m o rp h o lo g ica l 

and b io l o g ic a l  d i f f e r e n c e s .  T h is  may be due to  random m u ta tio n  a f t e r  

i s o l a t i o n  b u t  i s  m ost p ro b a b ly  a  r e s u l t  o f  d i f f e r e n t  t r e a tm e n t  d u r in g  c u l tu r e ,  

T here  a re  fo u r  m ain s u b - s t r a i n s ;  th e  G laxo s u b - s t r a i n ,  w hich o r ig in a te d  from  

th e  1077^^ p a ssa g e  o f  th e  o r i g i n a l  B an ish  s u b - s t r a i n ,  th e  o r ig i n s  o f  w hich 

a r e  unknown; th e  D an ish  s t r a i n ,  w hich comes from  th e  1331 p a ssa g e  o f  th e  

o r i g i n a l  D an ish  s u b - s t r a in ;  and th e  P a s te u r  and Ja p a n e se  s u b - s t r a i n s ,  whose 

o r ig i n s  a re  n o t  c l e a r .  T hese fo u r  s u b - s t r a in s  and th e  P rague  s u b - s t r a in  

w ere u se d  i n  t h i s  i n v e s t i g a t io n ;  m ost em phasis was p la c e d  on th e  G laxo 

s u b - s t r a i n .

1 .2 .  B a c t e r i a l  Anatomy

The b a c t e r i a l  c e l l  i s  p ro k a ry o t ic  and a  c ro s s  s e c t io n  o f  a  t y p i c a l  

c e l l  i s  shown i n  F ig u re  1 .1 .  The cy to p lasm  i s  su rro u n d ed  by a  u n i t  membrane, 

th e  c y to p la sm ic  membrane, w hich i n  tu r n  i s  en v e lo p ed  by a  r i g i d  c e l l  w a ll  

w hich d e te rm in e s  th e  shape o f  th e  c e l l .  T h is  i s  som etim es su rro u n d ed  by 

a  c a p s u le ,  m ic ro c a p su le  o r  s lim e  l a y e r .

P ro k a ry o tic  c e l l s  la c k  a  d e f i n i t e  membrane-bound n u c le u s  and i n  

b a c t e r i a l  c e l l s  th e  n u c le a r  m a te r i a l ,  o r  n u c le o id ,  l i e s  f r e e  i n  th e  

c y to p la sm . On d iv i s io n  o f  th e  n u c le o id  th e  d a u g h te r  n u c le o id s  a r e  th o u g h t 

to  be s e p a ra te d  by m esosom es.

Mesosomes a r e  e x te n s io n s  o f  th e  c y to p la sm ic  membrane t h a t  r e a c h  in t o  

th e  cy to p lasm  o f  th e  c e l l .  E le c t r o n  m icroscopy  s tu d ie s  show t h a t  th e s e  

a p p e a r  to  be la m e l la  in v a g in a t io n s  o f  th e  c y to p la sm ic  membrane o r  s m a l le r  

membranous v e s i c l e s  w i th in  a  c o n t in u a t io n  o f  th e  membrane. T hese 

s t r u c t u r e s  a r e  th e  s i t e  o f  e l e c t r o n  t r a n s p o r t  i n  th e  b a c t e r i a l  c e l l ,  and
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i n  n i t r o g e n - f ix in g  and p h o to s y n th e t ic  b a c t e r i a ,  w here h ig h  energy  

c o u p lin g  r e a c t io n s  ta k e  p la c e ,  mesosomes can  re a c h  ex trem e p ro p o r t io n s  

o f  s i z e  and sh a p e . The m esosom es, a s  w e ll  a s  b e in g  im p lic a te d  i n  n u c le a r  

d i v i s i o n ,  a re  a l s o  im p o r ta n t i n  s e p ta t io n  on d iv i s i o n  o f  th e  c e l l  and 

p o s s ib ly  a l s o  i n  e x te n s io n  o f  th e  membrane.

The cy to p lasm  o f  th e  c e l l  i s  a  s l i g h t l y  v is c o u s  c o l lo id  complex 

o f  w a te r ,  a m in o -a c id s ,  p r o t e i n s ,  f a t s ,  c a rb o h y d ra te s  and in o rg a n ic  s a l t s .  

S to ra g e  v e s i c l e s  a re  n o t  form ed and any r e s e r v e  m a t e r i a l ,  such  a s  g ly c o g en , 

o c c u rs  f r e e  i n  th e  c y to p la sm . U nder th e  e l e c t r o n  m ic ro sco p e  th e  cy to p lasm  

a p p e a rs  g r a n u la r ;  t h i s  i s  due m a in ly  to  th e  p re se n c e  o f  f r e e  rib o so m e s , 

w hich  a r e  n e v e r  a s s o c ia t e d  w ith  membranes o r  endop lasm ic  r e t i c u lu m .

The rib o so m es o f  b a c t e r i a l  c e l l s  d i f f e r  from  th o s e  o f  e u k a ry o t ic  

c e l l s  in  t h e i r  s e d im e n ta t io n  v a lu e ,  h a v in g  a  v a lu e  o f  70S i n  c o n t r a s t  to  

th e  80S rib o so m es found  i n  e u k a ry o t ic  c e l l s .  T h is  d i f f e r e n c e  form s th e  

b a s i s  o f  s p e c i f i c i t y  o f  many a n t i b i o t i c s  f o r  b a c t e r i a l  c e l l s  o v e r  e u k a ry o t ic  

c e l l s .  The rib o so m es a r e  th e  s i t e  o f  p r o te in  s y n th e s i s ,  and many rib o so m es 

a re  o f te n  a t ta c h e d  to  one m o lecu le  o f  r ib o n u c le ic  a c id ,  i n  th e  form  o f  

a  polysom e ( S c h ie s s i n g e r , I 964 ) .

M o tile  b a c t e r i a  p o s se s s  f l a g e l l a  w hich p ro tru d e  from  th e  c e l l  

s u r f a c e ,  b u t  have t h e i r  a t ta c h m e n t s i t e  i n  th e  c y to p la sm ic  membrane. 

B a c t e r i a l  f l a g e l l a  c o n s i s t  a lm o s t e n t i r e l y  o f  a  p r o te i n  c a l l e d  f l a g e l l i n ,  

t h i s  i s  a  g lo b u la r  p r o t e i n  w ith  a  r e l a t i v e  m o le c u la r  w e ig h t o f  40 0 00 . 

However, th e r e  i s  s t i l l  c o n tro v e rsy  o v e r  th e  way th e s e  p r o te in  m o lecu le s  

a r e  a r ra n g e d  to  g iv e  th e  s t r u c t u r e  o f  th e  f la g e l lu m . F l a g e l l a  can  be 

e i t h e r  p o la r  o r  p e r i t r i c h o u s  and t h i s  i s  o f te n  u sed  a s  a  b a s i s  o f  

c l a s s i f i c a t i o n .  M y co b a c te ria  a r e  n o n -m o tile  and do n o t  ‘p o s se s s  f l a g e l l a .



18

S u rro im d in g  th e  c y to p la sm ic  membrane i s  a  r i g i d  c e l l  w a ll; th e  

ch em ica l s t r u c t u r e  o f  t h i s  w i l l  be d e a l t  w ith  i n  d e t a i l  l a t e r .  I n  

many m icroorgan ism s a  c a p s u le  o r  s lim e  l a y e r  l i e s  e x te r n a l  t o ,  b u t 

i n  c lo s e  c o n ta c t  w i th ,  th e  c e l l  w a l l .  The amount p roduced  depends on 

th e  n a tu r e  o f  th e  g row th  medium and th e  p ro d u c tio n  o f  th e s e  l a y e r s  

may be s t im u la te d  by u n fa v o u ra b le  c o n d i t io n s .  C ap su le s  a r e  o f te n  

c o r r e l a t e d  w ith  v i r u le n c e  i n  p a th o g e n ic  o rg an ism s; c a p s u la te d  c e l l s  

a r e  more c a p a b le  o f  r e s i s t i n g  p h a g o c y to s is  and th e r e f o r e  more v i r u l e n t  

th a n  n o n -c a p s u la te d  c e l l s  (K oen ig , 1962) .

W ilk in so n  (1958) c l a s s i f i e d  c a p s u le s  in t o  th r e e  m ain g ro u p s :

1 . m a c ro c a p su le s , a t  l e a s t  0 .2  pm t h i c k ,  h a v in g  a  d e f i n i t e  e x te r n a l

s u r f a c e ;

2 . m ic ro c a p s u le s ,  l e s s  th a n  0 .2  pm th i c k  and u s u a l ly  d e te c te d

im m u n o lo g ic a lly ; th e s e  a re  v e ry  d i f f i c u l t  to  d i s t i n g u i s h  from  

th e  c e l l  w a l l ;

3 . s lim e  l a y e r s ,  w hich accu m u la te  a t  th e  s u r f a c e  and have l i t t l e

d e f i n i t e  a n a to m ic a l s i g n i f i c a n c e .

C a p su la r  m a te r ia l  c o n s i s t s  o f  ab o u t 9 8̂ 0 w a te r  b u t  o th e r  com ponents 

such  a s  p o ly s a c c h a r id e s ,  h y a lu ro n ic  a c id  and p o ly g lu ta m ic  a c id  have been  

i d e n t i f i e d  and w e ll  s tu d ie d  i n  c e r t a i n  s p e c ie s .

1 . 3 . The M y c o b a c te r ia l C e ll  W all

T here  a r e  m arked d i f f e r e n c e s  betw een  th e  c e l l  w a lls  o f  G ra m -p o s itiv e  

and G ram -negative  b a c t e r i a  (T ab le  I . 3 ) .  T h is  i n v e s t i g a t io n  i s  co n ce rn ed  

w ith  m y c o b a c te ria  w hich a r e  c l a s s i f i e d  a s  G ra m -p o s itiv e . However, i t  

h a s  been  h e ld  t h a t  "m y c o b a c te r ia  can n o t be c l a s s i f i e d  a s  G ra m -p o s itiv e  

o r  G ram -n eg ativ e  by th e  Gram s t a i n i n g  te c h n iq u e  b eca u se  once th e y  have



T ab le  1 .3

A com parison  betw een th e  c e l l  v a i l s  o f  G ra m -p o s itiv e  

and G ram -n eg a tiv e  b a c t e r i a .

19

G ram --positive  

e . g .  S ta p h , am reus

1 . The c e l l  w a ll  p r e s e n ts  a  u n i f i e d  

w e ll  d e f in e d  s e p a ra te  s t r u c t u r e ,  

d i s t i n c t  from  th e  c y to p la sm ic  

membrane.

2 . H y d ro ly s is  y i e ld s  o n ly  a  l im i te d  

ra n g e  o f  amino a c i d s .  L i t t l e  

p r o te i n  and enzym ic a c t i v i t y .

3 . P e p tid o g ly c a n  may form  3O/0 o f  

c e l l  w a ll  m a te r i a l .  P ro b ab ly  

o rg a n is e d  a s  a  m u l t i l a y e r  n e tw o rk .

4 . * C o n ta in s  1 - ^ t  c e l l  w a ll  l i p i d .

5 . I f  p r e s e n t ,  c a p s u le  u s u a l ly  c o n s i s t s  

o f  s im p le  p o ly s a c c h a r id e s  and 

o c c a s io n a l ly  p o ly p e p t id e .

6 . C apab le o f  w ith s ta n d in g  an  o sm o tic  

p r e s s u re  o f  up to  30 a tm o sp h e re s .

G ram -n eg ativ e  

E s c h e r ic h ia  c o l i  

A v e ry  com plex o r g a n is a t io n  o f  

th e  o u te r  c e l l  l a y e r .  No c l e a r  

boundary betw een  th e  c e l l  w a ll  

and a d ja c e n t  s t r u c t u r e s .  C e l l  

w a ll  p o s s ib ly  la y e r e d .

H y d ro ly s is  y i e ld s  up to  21 amino 

a c id s  from  p r o t e i n  u n i t s  p r e s e n t ,  

Much enzym ic a c t i v i t y .

P e p tid o g ly c a n  o n ly  a c c o u n ts  

f o r  5-10% o f  c e l l  w a ll  m a te r i a l .  

P ro b ab ly  p r e s e n t  a s  a  m o n o lay er.

C o n ta in s  up to  20% c e l l  w a ll  

l i p i d .

C ap su le s  c o n s i s t  o f  com plex

p o ly s a c c h a r id e , p r o t e i n -

p o ly  s a c c h a r id e  and l i p o -  

p o ly s a c c h a r id e  com plexes.

O sm otic p r e s s u r e  a c ro s s

p ro to p la s m ic  membrane i s

g e n e r a l ly  ab o u t 12 a tm o sp h e re s .

* I n  M y c o b a c te ria  l i p i d  c o n te n t  20-40%.
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been  s ta in e d  by b a s ic  d y e s , th e y  c a n n o t be d e c o lo r iz e d  by a lc o h o l 

r e g a r d l e s s  o f  w h e th e r o r  n o t  th e y  have been  t r e a t e d  w ith  io d in e "  

(M id d leb ro o k , I 965 ) .  However, rem oval o f  th e  l i p o i d a l  p o r t io n  o f  

m y c o b a c te r ia l  c e l l  w a l l s  w ith  a l k a l in e  e th a n o l (1% KOH i n  a b s o lu te  

a lc o h o l ,  w t /v o l )  le a v e s  an  i n t a c t  b a c t e r i a l  c e l l  w hich h a s  l o s t  i t s  

a c i d - f a s t  p r o p e r t i e s  b u t w hich rem a in s  G ra m -p o s itiv e . As m y c o b a c te r ia l  

c e l l  w a l ls  c o n ta in  an  ab n o rm a lly  l a r g e  l i p i d  component com pared to  

o th e r  G ra m -p o s itiv e  o rg an ism s i t  a p p e a rs  t h a t  th e  rem oval o f  th e s e  

l i p i d s  ( p o s s ib ly  r e s p o n s ib le  f o r  a c i d - f a s tn e s s )  en ab le s  th e  in h e re n t  

G ra m -p o s i t iv i ty  o f  m y c o b a c te ria  to  be d e te rm in e d  (B a rk sd a le  and 

Kim, 1977)» As th e  b a c t e r i a l  c e l l  w a ll  o f  M. b o v is  BCG i s  th e  im m ediate  

s u r f a c e  component u n d e r s tu d y  i n  t h i s  i n v e s t i g a t i o n ,  d e t a i l e d  c o n s id e r a t io n  

w i l l  be g iv e n  to  th e  s t r u c t u r e  and ch em ica l c o m p o sitio n  o f  th e  c e l l  

w a l l s  o f  s t r a i n s  o f  t h i s  o rgan ism  and o f  th e  c e l l  w a lls  o f  th e  c lo s e ly  

r e l a t e d  M. tu b e r c u lo s i s  and M. b o v i s .

The s t r u c t u r e  o f  b a c t e r i a l  c e l l  w a l l s  h a s  been  s tu d ie d  f o r  many 

y e a r s  and w ith  im provem ents i n  c e l l  w a ll  i s o l a t i o n  m ethods (S a l to n  and 

H o m e, 1951) and much q u a n t i t a t i v e  work (S tro m in g e r , P ark  and Thomson, 1959; 

M andelstam  and R o g e rs , 1958; R ogers and P e rk in ,  1959; Hancock, I960 ; 

M andelstam  and S tro m in g e r , I 96 I )  th e  s t r u c t u r e  o f  a  po lym er w hich 

form s th e  fram ework o f  a l l  G ra m -p o s itiv e  c e l l  w a lls  was e l u c id a t e d .

T h is  was g iv e n  th e  t r i v i a l  name "m u co p ep tid e" , b u t  many o th e r  names 

have a l s o  been  s u g g e s te d  f o r  th e  p o lym er, in c lu d in g  g ly c o sa m in o p e p tid e , 

g ly c o p e p tid e ,  p e p t id o g ly c a n  and m u re in . The p e p t id o g ly c a n  com plex form s 

a  r i g i d  s k e le to n ,  g iv in g  m ech an ica l s u p p o r t and shape to  th e  c e l l ,  

to  w hich may be a t ta c h e d  o th e r  s h o r t  p o ly m ers , and i n  w hich may be 

embedded o th e r  m inor w a ll  com ponents.
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I n  m ost G ra m -p o s itiv e  b a c t e r i a l  c e l l  w a l l s  th e  backbone o f  th e  

p e p t id o g ly c a n  polym er i s  a  p o ly s a c c h a r id e  c o n s i s t i n g  o f  a l t e r n a t i n g  

(3-1,4 -N -a c e ty l-D -g lu c o sa m in e  (GNAc) and N -ace ty l-D -m uram ic  a c id  (M urM c) 

u n i t s ,  w ith  s h o r t  p e p t id e  c h a in s  a t ta c h e d  to  th e  MurNAc u n i t s ,  th e s e  

a r e  i n  tu r n  l in k e d  by p e n ta - g ly c y l  c ro s s  b r id g e s .  I n  m y c o b a c te ria  m ost 

o f  th e  N -ace ty l-m u ram ic  a c id  i s  r e p la c e d  by N -g ly co ly l-m u ram ic  a c id  

(MurNGlyc). The p o ly s a c c h a r id e  backbone c o n s i s t s  th e r e f o r e  o f  

a l t e r n a t i n g  u n i t s  o f  GNAc and MurNGlyc jo in e d  by a  (3 1 —> 4 l in k a g e  

a s  shown i n  F ig u re  1 .2  (L e d e re r ,  1971» 1975; B a rk s d a le ,  1 9 77 ).

FIGURE 1 .2 ; P o ly s a c c h a r id e  d im er fo rm in g  b a s ic  u n i t  f o r  p o ly s a c c h a r id e  

backbone o f  m y c o b a c te r ia l  m u c o p ep tid e .

O >HOHOH

tran*

N -a c e ty l-g lu c o sa m in e N -g ly co ly l-m u ram ic  a c id
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The p e p t id e  c h a in s  a re  a t ta c h e d  to  th e  MurNGlyc u n i t s  and i n  

m y c o b a c te r ia  a r e  known to  c o n s i s t  o f  D and L - a la n in e ,  D -g lu tam ic  a c id  

and m e so -2 ,6 -d ia m in o p im e lic  a c id .  A p ro p o sed  s t r u c t u r e  f o r  th e  

m ucopep tide  monomer o f  m y c o b a c te r ia l  c e l l  w a l l s  i s  shown i n  F ig u re  I . 3 . 

I n te r p e p t id e  l in k a g e s  i n  M. b o v is  BCG a r e  m e d ia te d  th ro u g h  

D -a la n y l-(D )-m e so -d ia m in o p im e lic  a c id  (L e d e re r ,  1971) and a l s o  th ro u g h  

m eso -d iam inop im ely l-m eso -d iam i n o p im e lic  a c id  l in k a g e s  o c c u r r in g  i n  a  

r a t i o  o f  ap p ro x im a te ly  2:1 (W ie tz e rb in , 1974; L e d e re r ,  1975)»

The m ucopep tide  o f  m y c o b a c te r ia l  c e l l  w a l l s  i s  l in k e d  to  a  

g ly c o l ip id  c o n ta in in g  m yco lic  a c id s  e s t e r i f i e d  to  an  a r a b in o g la c ta n .

M y c o b a c te r ia l m y co lic  a c id s  a r e  d e f in e d  a s  a -b ra n c h e d ,

(3-hydroxy a c id s  and ra n g e  from  T u b e rc u le  s t e a r i c  a c id

( 1 0 - m e th y l- s te a r ic  a c id )  i s  w id e ly  d i s t r i b u t e d  among th e  

A c tin o m y c e ta le s  b u t  th e  C - a lk y la t io n  r e a c t io n  g iv in g  r i s e  to  b ran ch e d  

c h a in  m yco lic  a c id s  seems to  be r e s t r i c t e d  to  m y c o b a c te r ia . M ycolic 

a c id s  o c c u r  n a t u r a l l y  e s t e r i f i e d  w ith  a  c a rb o h y d ra te  ; t h i s  c a rb o h y d ra te  

i s  a ra b in o s e  i n  th e  m yco lic  a c id s  o f  th e  c e l l  w a ll  and Wax; B, and t r e h a lo s e  

i n  th e  su b s ta n c e  known a s  ’’co rd "  f a c t o r  (A s s e l in e a u ,  1966 ; G oren , 19 7 2 ).

The a r a b in o g la c ta n  i s  th o u g h t to  be. a  b ran ch e d  s t r u c t u r e  

c o n s i s t i n g  m ain ly  o f  1 —> 5 l in k e d  B -a ra b in o fu ra n o se  u n i t s  and 

1 —> 4 l in k e d  B -g a la c to p y ra n o se  u n i t s  i n  a p p ro x im a te ly  5 :2  m o le c u la r  

p o r t io n s  w ith  some o f  th e  a ra b in o s e  u n i t s  fo rm in g  n o n -re d u c in g  te rm in a l  

e n d s . I t  i s  p o s s ib le  t h a t  th e  B -g a la c to s e  r e s id u e s  a r e  i n  th e  

fu ra n o se  fo rm , b u t  th e  r a t e  o f  h y d r o ly s is  o f  BCG a ra b in o g la c ta n  

s u g g e s ts  t h a t  th ey  o c c u r i n  th e  p y ran o se  form  (M isak i and Yukawa, I 966) .  

M is a k i,  S e to  and Azuma (1974) p ro p o sed  a  s t r u c t u r e  f o r  m y c o b a c te r ia l  

a r a b in o g la c ta n  (F ig u re  1 .4 )»  H owever, t h i s  p ro p o sed  s t r u c t u r e  does
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n o t  ta k e  in to  acc o u n t th e  g a la c to f u r a n o s y l  r e s id u e s  r e p o r te d  by

V ilk a s  e t  a l  (1975) on p a r t i a l  a c id  h y d r o ly s is  o f  th e  a ra b in o g la o ta n  o f

M. t u b e r c u l o s i s . B ran ch in g  o f  th e  a r a b in o g la o ta n  may o c c u r  a t  th e

o f  th e  a ra b in o s e  r e s id u e s  and p ro b a b ly  a t  th e  o f  th e  g a la c to s e  r e s id u e s

and i t  h as  been  su g g e s te d  t h a t  th e s e  g a la c to f u r a n o s y l  u n i t s  may a r i s e  from

seco n d ary  g a l a c to s id i c  l in k a g e s  (M isa k i, S e to  and Azuma, 1 9 7 4 ).

M ycolic  a c id  i s  e s t e r - l i n k e d  th ro u g h  i t s  c a rb o x y l to  th e  

5 -h y d ro x y l g roup  o f  one o f  th e  B -a ra b in o fu ra n o se  m o le c u le s  to  form  

th e  g ly c o l ip id  o f  th e  m y c o b a c te r ia l  c e l l  w a l l .  I t  i s  p ro b a b le  t h a t  th e  

l i p i d  m o ie ty  i n  th e s e  c e l l  w a lls  c o n s i s t s  e x c lu s iv e ly  o f  m y co lic  a c id s  

(L e d e re r ,  1971 ).

The g ly c o l ip id  form s a  com plex w ith  th e  p e p t id o g ly c a n  o f  th e  

c e l l  w a l l .  The n a tu r e  o f  th e  l in k a g e  i s  n o t  y e t  p e r f e c t l y  c l e a r ,  b u t 

th e  p re se n c e  o f  muramyl p h o sp h a te  s u g g e s ts  a  p o s s ib le  p h o s p h o d ie s te r  

l in k a g e  to  th e  p e p t id o g ly c a n  backbone . T here  i s  a l s o  some e v id en ce  

o f  a  g ly c o s id ic  l in k a g e  betw een th e  g ly c o l ip id  and p o s s ib ly  th e  

g lu co sam in e  o f  th e  p e p tid o g ly c a n  (L e d e re r ,  1 9 7 1 ). The m o le c u la r  w e ig h t 

o f  th e  p ro p o sed  monomer i s  a p p ro x im a te ly  3 200. The r e l a t i v e  m o le c u la r  

w e ig h t o f  th e  a ra b in o g la o ta n  o f  BCG i s  30 000 and 1 i n  ev ery  8 to  10 

m o lecu le s  o f  muramic a c id  i s  p h o s p h o ry la te d ; th e  s t r u c t u r e  o f  a  

p o s s ib le  "d ecam er" , p ro p o sed  by L e d e re r  ( l9 7 l )>  i s  shown i n  F ig u re  1 .5 .

A p art from  th e  m ain p e p tid o g ly c a n -g ly c o lip id  com plex w hich form s 

th e  b a s i s  o f  th e  m y c o b a c te r ia l  c e l l  w a l l ,  th e r e  a r e  s e v e r a l  o th e r  

g ly c o l ip id s  a s s o c ia te d  w ith  th e  w a l l .  Wax B can  be i s o l a t e d  a s  th e  

a c e to n e - in s o lu b le  f r a c t i o n  o f  a  c h lo ro fo rm  e x t r a c t  o f  m y c o b a c te r ia .

The p ro p o sed  s t r u c t u r e  (F ig u re  1 .6 )  shows c lo s e  an a lo g y  w ith  th e  

p e p tid o g ly c a n  o f  th e  c e l l  w a ll, and th e  i n h i b i t i o n  o f  s y n th e s is  o f  

Wax B by c y c lo s e r in e  ( a  c e l l  w a ll  i n h i b i t o r )  s u g g e s ts  a  common b io s y n th e t ic
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pathw ay f o r  c e l l  w a lls  and Wax D. The p ro p o sed  pathw ay i s ;

UDP-----------> p r e c u r s o r ------------> c e l l  w a ll  ------------ > Wax L .

Cord f a c t o r ,  a s  a  to x ic  g ly c o l ip id  c o n ta in in g  t r e h a lo s e ,  was 

f i r s t  d is c o v e re d  by B loch  (1950) i n  p e tro le u m  e t h e r  e x t r a c t s  o f  

M. tu b e r c u lo s i s  Rv. The s t r u c t u r e  (F ig u re  1 .7 . )  was e s t a b l i s h e d  

by N o ll and B loch  (1 9 5 5 , 1956) a s  a  t r e h a l o s e - 6 , 6 * -d im y co la te , a l k a l in e  

h y d r o ly s is  y i e ld in g  two m o lecu le s  o f  th e  d is a c c h a r id e  t r e h a lo s e .

I d e n t i c a l  r e s u l t s  w ere o b ta in e d  f o r  th e  co rd  f a c t o r  o f  BCG.

FIGURE 1 .7 ; 'C o rd ' f a c t o r ;  t r e h a lo s e -6 ,6 * -d im y c o la te  ( a f t e r  G oren , 1 9 7 2 ).

0
II

OHHO
OH OH

OH

H-CH-

C^.H
R; C60±

A w hole s e r i e s  o f  n a t u r a l  d i e s t e r s  o f  t r e h a lo s e ,  such  a s  co rd  

f a c t o r ,  e x i s t  and th e s e  may be e s s e n t i a l  f o r  th e  t r a n s f e r  o f  m yco lic  

a c id s  in t o  th e  m y c o b a c te r ia l  u l t r a s t r u c t u r e .  Cord f a c t o r s  behave a s  

d e te r g e n ts  and t h i s ,  to g e th e r  w ith  th e  f a c t  t h a t  th e y  a r e  lo c a te d  a b o u t th e  

s u r f a c e  o f  th e  o u te r  c e l l  w a l l ,  s u g g e s ts  t h a t  th e y  may p la y  a  r o l e  i n  

f a c i l i t a t i n g  th e  a b s o rp t io n  o f  m o lecu le s  such  a s  l i p i d s  i n t o  th e  c e l l  

(L e d e re r ,  1971 ; B a rk sd a le  and Kim, 1977 ).
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A n o th er g ly c o l ip i d  s p e c ie s  found  i n  m y c o b a c te r ia l  c e l l  w a l ls  

i s  th e  s u lp h o l ip id s ;  th e s e  a r e  a n io n ic  s u lp h u r - c o n ta in in g  l i p i d s  

(M idd leb rook  e t  a l ,  1959)* G oren (1972) p ro v id e s  a  p r o v is io n a l  s t r u c t u r e  

w hich  shows t h a t  th e  m o lecu le  h a s  f o u r  a c y l  r a d i c a l s  (F ig u re  1 . 8 . ) .

A t l e a s t  th r e e  o f  th e s e  a c y l  r a d i c a l s  d i f f e r  and a r e  known a s  a c id s  

A, B and C. A cid  B i s  p a lm i t ic  a c id  and a c id s  A and C a r e  m ix tu re s  

o f  homologous a c id s  g iv in g  a  new ty p e  o f  hydroxy a c id  (F ig u re  1 .9 . )

FIGIJHE 1 .8 ; S u lp h o lip id  I ;  p r o v is io n a l  s t r u c t u r e  o f  Goren ( 1972)

0

HO

C—R,

/

R^—C—0 —CHrt

FIGURE 1 .9 : A cid  C. (L e d e re r ,  1971)

OH

-  Ç -
H

ĈH -  OH A -  CÏÏ -  COOH 

CH  ̂ I  CH^

n  = 4 -7

A cid  A h a s  H a t  OH p o s i t i o n
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O th e r  p o s s ib le  com ponents o f  th e  c e l l  w a ll  a re  m ycosid.es, g ly c o l ip id s  o f  

m y c o b a c te r ia l  o r i g i n .  M ycoside B h a s  been  found  i n  M. tu b e r c u lo s is  

and c o n ta in s  a  l i p i d  ag ly co n e  w hich i s  p h e n o l-g ly c o l ,  th e  two a l i p h a t i c  

h y d ro x y l g ro u p s  o f  w hich a r e  e s t e r i f i e d  by two a c y l  r a d i c a l s .  The 

c a rb o h y d ra te  m o ie ty  i s  l in k e d  g ly c o s i d ic a l ly  to  th e  p h e n o lic  h y d ro x y l 

g ro u p . The a l i p h a t i c  m o ie ty  o f  th e  p h e n o l-g ly c o l i s  s t r u c t u r a l l y  

c lo s e ly  r e l a t e d  to  p h th io c e r o l ,  w hich i s  found  i n  M. tu b e r c u lo s i s  

m o s tly  a s  d im y c o c e ro sa te  (A s s e l in e a u ,  1966 ; L e d e re r  e t  s lI, 1 9 7 3 ).

A g lu c a n  h as  a l s o  been  lo c a te d ,  p ro b a b ly  on th e  c e l l  w a ll, and 

s e v e r a l  n o n -p e p tid o g ly c a n  a m in o -ac id s  have been  i d e n t i f i e d  i n  

h y d ro ly s a te s  o f  c e l l  w a l l s .  T hese may be p r e s e n t  i n  th e  c e l l  w a ll  

i n  th e  form  o f  l i p o p e t i d e s .  No te c h o ic  a c id s  have y e t  been  found  i n  

c e l l  w a l l s  o f  m y c o b a c te r ia .

The u l t r a s t r u c t u r e  o f  m y c o b a c te r ia l  c e l l  w a l ls  h a s  been  

i n v e s t i g a t e d  by t r a n s m is s io n  e l e c t r o n  m icroscopy  w ith  ex a m in a tio n s  

a f t e r  v a r io u s  ch em ica l e x t r a c t i o n s .  Im aeda (19&3) p ro p o sed  a  

h y p o th e t ic a l  th re e -d im e n s io n a l  r e c o n s t r u c t io n  o f  th e  c e l l  w a ll  

o f  m y c o b a c te r ia  (F ig u re  1 .1 0 .)  i n  w hich th e  o u te r  s u r f a c e  i s  e n c lo se d  

by a  f i b r i l l a r  l i p i d  su b s ta n c e  and th e  in n e r  c e l l  w a ll  c o n s i s t s  o f  a  

lip id -m u c o p o ly m er p o ly saccharide  com plex.

B oth  ch em ica l e l u c id a t io n  o f  th e  c e l l  w a ll  s t r u c t u r e  and 

com pounds, and  t r a n s m is s io n  e l e c t r o n  m icroscopy  s tu d ie s  o f  m y c o b a c te r ia l  

c e l l s  show t h a t  m y c o b a c te r ia l  c e l l  w a l l s  a r e  e x tre m e ly  com plex and 

c o n ta in  a  l a r g e  v a r i e t y  o f  s u b s ta n c e s .  T h is  i s  v e r i f i e d  by 

immunogenic s tu d ie s  w hich r e v e a l  a  l a r g e  number o f  s u r f a c e  a n t ig e n s ,  

s u g g e s t in g  a l s o  a  v e ry  com plex o u te r  s u r f a c e  (H arboe e t  a l ,  1 9 7 7 ).
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ê
1 .4 ' BCG as  an Im iPT m otheraputic A g e n t .

7v
BCG h as  been  u sed  to  p r o t e c t  a g a in s t  c h a l le n g e  by th e  v i r u l e n t  

tu b e r c u lo s i s  o rgan ism  f o r  o v e r  50 y e a r s .  I t  was n o t ic e d  v e ry  e a r ly  

a f t e r  th e  i n i t i a l  a t t e n u a t io n  o f  BCG t h a t  a  " p a r a - s p e c i f i c "  a c t io n  

o f  th e  o rgan ism  a g a in s t  seco n d ary  and h e te ro lo g o u s  i n f e c t io n s  c o u ld  be 

o b se rv e d ; t h i s  ap p ea red  to  be o f  a  c e l l u l a r  n a tu r e  (S iray am a , 19 3 0 ). 

T h is  a c t io n  h as  s in c e  been  w e ll  co n firm ed  i n  v i r a l  and b a c t e r i a l  

i n f e c t io n s  (F reu n d  e t  a l ,  1940; Bubos and S c h a e d le r ,  1957; Brown e t  a l ,  

1968 ; A nderson e t  a l ,  1 9 7 4 ).

An an tag o n ism  had  lo n g  been  s u s p e c te d  by e p id e m io lo g is ts  and

d o c to rs  betw een tu b e r c u lo s i s  and c a n c e r  ( P e a r l , 1929; C am pbell, I 96 I )

and r e c e n t ly  th e  n o n - s p e c i f i c  a c t i v i t y  o f  BCG was found  to  a p p ly  to

t r a n s p la n te d  tu m o u rs, mouse sp o n tan eo u s  le u k em ia  and p o lyom a-induced

tum ours i n  mouse and h a m ste r  (O ld e t  a l ,  I 96 I ;  Lemonde and C lode-H yde,

1962 ; Lemonde e t  a l ,  1971 ). M athe (1972) and h i s  co -w o rk ers  o b ta in e d

r e l a t i v e l y  lo n g  re m is s io n s  i n  c l i n i c a l  le u k em ia  o f  man; t h i s  work

gave th e  im p etu s  to  BCG—c a n c e r  immune th e ra p y  a s s a y s  i n  hum ans. V ario u s

e x t r a c t i o n s  o f  c e l l s  o f  BCG ( e . g .  Wax B) and c e l l - w a l l  p r e p a r a t io n s

a l s o  cau se  re m is s io n  o f  c a n c e r s ;  a d d i t io n  o f  p a r a f f i n  o i l  to  c e l l s

o f  BCG c o n s id e ra b ly  enhances th e  i n  v iv o  d is p e r s io n  and a c t i v i t y .
e

The p r e s e n t  s t a t e  o f  BCG a s  an  im m u n o th e ra ;^ tic  a g e n t i n  c a n c e r  h as  

been  r e c e n t ly  rev iew ed  (T e rry  and W in d h o rs t, 1 9 7 8 ).

Thus i t  can  be seen  t h a t  " th e  BCG o rgan ism  behaves a s  an  a g e n t 

o f  b o th  s p e c i f i c  and n o n - s p e c i f i c  c e l l u l a r  im m unity and o f  hom ologous 

and h e te ro lo g o u s  a n tib o d y  s t im u la t io n "  ( F r a p p ie r ,  1976 ).
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1.5* E le c tro p h o n e s  is

A t any s o l i d - l i q u i d  i n t e r f a c e  th e r e  e x i s t s  an  asym m etric  

d i s t r i b u t i o n  o f  io n s  such  t h a t ,  on a  tim e  a v e ra g e , io n s  o f  one s ig n  

a r e  p red o m in an tly  a s s o c ia te d  w ith  one p hase  and io n s  o f  th e  o p p o s ite  

s ig n  w ith  th e  o th e r  p h a se . T h is  r e s u l t s  i n  th e  fo rm a tio n  o f  an 

e l e c t r i c a l  dou b le  l a y e r  a t  th e  i n t e r f a c e .

H elm holtz  ( l8 7 9 )  pu-t fo rw ard  one o f  th e  f i r s t  th e o r i e s  o f  th e  

d o u b le  l a y e r  i n  w hich he p r e d ic te d  t h a t  two p a r a l l e l  l a y e r s  o f  c h a rg e s ,  

o f  u n ifo rm  d e n s i ty  b u t  o f  o p p o s ite  s ig n ,  w ere h e ld  a  s h o r t  d is ta n c e  

a p a r t  w ith  one l a y e r  f i rm ly  a t ta c h e d  to  th e  s u r f a c e  and th e  o th e r  i n  

th e  l i q u i d ;  th u s  th e  d oub le  l a y e r  c o n s i tu te d  a  p a r a l l e l  p l a t e  c o n d e n se r . 

Gouy ( 1910) su g g e s te d  t h a t  th e rm a l energy  w ould p re v e n t  th e  fo rm a tio n  

o f  such  a  com pact dou b le  l a y e r  and th e r e f o r e  m o d if ie d  th e  th e o ry ,  p ro p o s in g  

a  d i f f u s e  p a r t  to  t h i s  do u b le  l a y e r .  I n  t h i s  th e  p o t e n t i a l  d e c re a se d  

e x p o n e n t ia l ly  to  ze ro  o v e r  th e  d is ta n c e  I / k ,  th e  s t a t i s t i c a l  th ic k n e s s  

o f  th e  d o u b le  l a y e r ,  an  e q u i l ib r iu m  b e in g  m a in ta in e d  i n  th e  d i f f u s e  

l a y e r  betw een th e  o p p o sin g  f o r c e s  o f  th e  p o t e n t i a l  f i e l d ,  w hich te n d  to  

o r d e r  th e  io n s ,  and th e  f o r c e s  o f  th e rm a l m o tio n , w hich te n d  to  cau se  

random r e d i s t r i b u t i o n .

The s t r u c t u r e  o f  th e  do u b le  l a y e r  w hich  i s  now w id e ly  a c c e p te d  

i s  t h a t  p ro p o sed  by S te m  ( 1924) ,  w hich a l s o  a llo w s  f o r  th e  f i n i t e  s iz e  

o f  i o n s .  He showed t h a t  n e i t h e r  th e  sh a rp  n o r  th e  d i f f u s e  d oub le  l a y e r  

th e o r i e s  a lo n e  w ere a d e q u a te  and d ev e lo p ed  a  th e o ry  com bining  th e  tw o.

T h u s, th e  d o u b le  l a y e r  can  be d iv id e d  in t o  two p a r t s .  The f i r s t  l a y e r  

c o n s i s t s  o f  f ix e d  io n s  a t ta c h e d  to  th e  s o l i d  s u r f a c e ,  p a r t l y  by 

e l e c t r o s t a t i c  and p a r t l y  by van  d e r  V a a ls  f o r c e s ,  s t r o n g ly  enough to  

overcom e th e rm a l f o r c e s .  T h is  l a y e r  i s  a p p ro x im a te ly  a  s in g le  io n  i n  

th ic k n e s s  ( th e  S te m  la y e r )  and rem ain s  a lm o s t i n  c o n ta c t  w ith  th e  

s u r f a c e .  The second  l a y e r  i s  a  d i f f u s e  a tm osphere  i n  w hich th e
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Gouy-Chapman, th e o ry  i s  a c c e p ta b le .  The f a l l  i n  p o t e n t i a l  a c ro s s  th e  

d o u b le  l a y e r  can  th e r e f o r e  be d iv id e d  in to  two p a r t s , a  sh a rp  f a l l  

i n  p o t e n t i a l  a c ro s s  th e  S te m  la y e r  and an e x p o n e n t ia l  d e c re a se  to  

ze ro  o v e r  th e  d i f f u s e  l a y e r .  D i s t r i b u t io n  o f  th e  p o s i t i v e  and n e g a t iv e  

io n s  i s  n o t  u n ifo rm  as  th e  e l e c t r o s t a t i c  f i e l d  a t  th e  s u r f a c e  r e s u l t s  

i n  a t t r a c t i o n  o f  io n s  o f  p red o m in an tly  th e  o p p o s ite  s ig n  in to  th e  

S te m  l a y e r .  The p o t e n t i a l  change i n  th e  S te m  la y e r  in c r e a s e s  w ith  

th e  c o n c e n tr a t io n  and v a le n c e  ty p e  o f  th e  e l e c t r o l y t e ,  and w ith  

p o ly v a le n t  c o u n te r  iors i t  i s  p o s s ib le  to  o b ta in  r e v e r s a l  o f  ch arg e  

w i th in  th e  S te m  l a y e r .  The ch a rg e  on th e  s u r f a c e  i s  o f  e q u a l m ag n itu d e , 

a lth o u g h  o p p o s ite  i n  s ig n ,  to  th e  t o t a l  ch a rg e  o f  th e  f ix e d  and d i f f u s e  

p a r t  o f  th e  doub le  l a y e r ;  hence e l e c t r i c a l  n e u t r a l i t y  i s  m a in ta in e d .

The asym m etric  d i s t r i b u t i o n  o f  io n s  around  a  n e g a t iv e ly  ch arg ed  p a r t i c l e  

i n  su sp e n s io n  i s  shown i n  F ig u re  1 .1 1 .

Due to  t h i s  asym m etric  d i s t r i b u t i o n  o f  io n s  i t  fo llo w s  t h a t ,  

on a p p l i c a t io n  o f  an  e l e c t r i c  f i e l d ,  th e  ch a rg ed  s o l i d  p h ase  and th e  

l i q u i d  p hase  w i l l  move r e l a t i v e  to  each  o th e r  ab o u t t h e i r  p la n e  o f  s h e a r .  

T h is  i s  th e  phenomenon known a s  e l e c t r o p h o r e s i s .  The p o t e n t i a l  a t  t h i s  

p la n e  o f  s h e a r  i s  known a s  th e  z e t a  p o t e n t i a l  and th e  m agn itude o f  t h i s  

p o t e n t i a l  d e te rm in e s  p a r t i c l e  v e lo c i ty  u n d e r an a p p l ie d  e l e c t r i c  f i e l d .  

The z e t a  p o t e n t i a l  i s  l a r g e ly  r e s p o n s ib le  f o r  s t a b i l i z i n g  hyd ro p h o b ic  

c o l lo id s  and v a r i e s  m arkedly  w ith  th e  n a tu r e  o f  th e  s u r f a c e  and th e  

c o n c e n tr a t io n  and pH o f  th e  su sp e n d in g  e l e c t r o l y t e .

I n  su sp e n s io n  a t  pH 7 a l l  b io l o g ic a l  c e l l s ,  mammalian b lo o d  

and t i s s u e  c e l l s ,  and b a c t e r i a  c a r ry  a  n e t  n e g a t iv e  c h a rg e . T h is  ch a rg e  

o r ig i n a t e s  from  th e  i o n i z a t i o n  o f  g ro u p s such  a s  c a rb o x y l , p h o sp h a te  

and amino w hich a re  lo c a te d  a t  th e  c e l l  s u r f a c e .  A d so rp tio n  o f  io n s  

does n o t  o c c u r  on b a c t e r i a l  s u r f a c e s  ( G i t t e n s ,  1962 ).
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fig u r e
1.11. Schematic representation of charge distribution aroi^

c a r t i c l e  w ith  a  n e t  n e fra tiv e  ch arg e
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1*6. P a r t i c u l a t e  M ic ro e le c t ro p h o re s is

I n  t h i s  i n v e s t i g a t io n  a  m ethod b ased  on t h a t  d ev e lo p ed  by 

E l l i s  ( 1911) was u sed  to  m easure th e  e l e c t r o p h o r e t i c  m o b i l i ty  o f  

b a c t e r i a l  c e l l s .  An e l e c t r i c  f i e l d  i s  a p p l ie d  a c ro s s  a  s u sp e n s io n  

o f  b a c t e r i a  e n c lo se d  i n  a  g la s s  cham ber. The r e s u l t i n g  movement o f  

th e  b a c t e r i a l  su sp e n s io n  i s  o b se rv ed  w ith  a  m icro sco p e  and in d iv id u a l  

c e l l s  a r e  tim ed  moving a c ro s s  an  e y e p ie c e  g r a t i c u l e .

When an  e l e c t r i c  f i e l d  i s  a p p l ie d  i n  such  a  sy s tem , n o t  o n ly  

w i l l  th e  b a c t e r i a  move r e l a t i v e  to  th e  su sp e n s io n  medium, b u t  th e  

su sp e n s io n  medium w i l l  a l s o  move r e l a t i v e  to  th e  g la s s  s u r f a c e  o f  

th e  o b s e rv a t io n  cham ber a s  a  r e s u l t  o f  e le c t ro o s m o s is .  Thus th e  

o b se rv e d  v e lo c i ty  o f  th e  p a r t i c l e ,  v^ , i s  g iv e n  by th e  e x p re s s io n :

"o = ''l + "P

w here v i s  th e  v e l o c i ty  o f  th e  su sp e n s io n  medium r e l a t i v e  to  th e  g la s s  JL

s u r f a c e  and Vp th e  v e lo c i ty  o f  th e  b a c t e r i a  r e l a t i v e  to  th e  l i q u i d ,

t h i s  b e in g  c o n s ta n t  a t  a l l  d e p th s  w i th in  th e  cham ber. As t h i s  i s  a

c lo s e d  sy s tem , th e  l i q u i d  flo w s a lo n g  th e  two in s id e  f a c e s  o f  th e

o b s e rv a t io n  cham ber tow ards th e  n e g a t iv e  e le c t r o d e  and r e tu r n s  th ro u g h

th e  c e n t r e ,  c a u s in g  a  v a r i a t i o n  o f  and hence o f  w ith  d e p th .

As th e  l i q u i d  i s  b e in g  c o n tin u o u s ly  deform ed w i th in  a  c lo s e d  system

th e r e  m ust be a  p la n e  a t  w hich th e  l i q u i d  i s  s t a t i o n a r y .  Thus = 0

and V = a t  t h i s  l e v e l .  F o r th e  f l a t  c e l l  o f  r e c ta n g u la r  c ro s s  o P
s e c t io n  u s e d , t h i s  s t a t i o n a r y  l e v e l  i s  o b se rv ed  a t  two l e v e l s  e q u id i s t a n t  

from  th e  c e l l  c e n t r e .  An e x p re s s io n  f o r  th e  p o s i t i o n  o f  th e s e  s t a t io n a r y  

l e v e l s  h a s  been  derived (K om agata, 1933) f o r  a  c e l l  w ith  a  w id th / th ic k n e s s  

r a t i o ,  ^ , such  t h a t :

4 = 0.500 ± /0 .0833 + I L
d 1 5

n k
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w here s / d  i s  th e  f r a c t i o n a l  d e p th  m easured from  th e  i n s id e  s u r f a c e .

F o r  a  c e l l  w ith  a  k  v a lu e  g r e a t e r  th a n  20 , th e  s t a t i o n a r y  l e v e l s  a re  

a t  0 .2 1  and 0 .7 9  o f  th e  t o t a l  d e p th  from  th e  i n s id e  fa c e  (Abram son, 1934) 

and th e  mean p a r t i c l e  v e l o c i t y ,  v , may be d e te rm in e d  by th e  m ethod o f  

E l l i s ,  th u s

r̂ 1

V dx o

w here i s  th e  c e l l  d ep th  and th e  o b se rv ed  v e l o c i ty  o f  th e  

p a r t i c l e  a t  t h a t  d e p th . F o r a  sy m m etrica l cham ber th e  cu rv e  o f  

a g a in s t  x sh o u ld  be a  p a ra b o la  sy m m etrica l ab o u t th e  c e n t r e .

The d e s ig n  o f  b o th  c e l l  and e le c t r o d e  system  h a s  been  e x te n s iv e ly  

rev iew ed  (Jam es , 1957; Seaman, 1965; Jam es, 1979). The a p p a ra tu s  u sed  

i n  t h i s  i n v e s t i g a t io n  was t h a t  dev e lo p ed  by G it te n s  and Jam es ( I 960 ) 

i n  w hich th e  a p p l ie d  f i e l d  s t r e n g t h ,  X , i s  b e s t  c a lc u la te d  from  

co n d u c tan ce  and c u r r e n t  d a ta  by th e  e q u a t io n :

w here l /A  i s  th e  c u r r e n t ,  k th e  c o n d u c t iv i ty  o f  th e  su sp e n s io n  medium 

and q/m th e  c ro s s  s e c t i o n a l  a r e a  o f  th e  c e l l .  Moyer (1936) showed t h a t  

th e  u se  o f  a p p l ie d  v o l ta g e  to  m easure th e  f i e l d  s t r e n g th  may le a d  to  

e r r o r s  o f  up to  50^^, a s  s l i g h t  changes i n  th e  e l e c t r o d e s  can  r e s u l t  

i n  l a r g e  changes i n  th e  f i e l d  s t r e n g t h ,  w ith o u t a f f e c t i n g  th e  a p p l ie d  

v o l t a g e .
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1 *7• A p p lic a t io n  o f  M ic ro e le c t ro p h o re s is  to  th e  S tudy  o f  th e

B a c te r i a l  C e l l  S u r f a c e .

The a b s o lu te  m o b i l i ty  o r  z e ta  p o t e n t i a l  o f  a  p a r t i c l e  i n  a  g iv e n  

su sp e n s io n  a t  a  c e r t a i n  pH -value and io n ic  s t r e n g th  does n o t  

c h a r a c te r i z e  th e  n a tu r e  o f  th e  s u r f a c e .  The ch a rg e  on th e  s u r f a c e

i s  d ep en d en t on th e  n a tu re  and number o f  io n o g e n ic  g roups on th e

s u r f a c e  and a l s o  on th e  p r o p e r t i e s  o f  th e  su sp e n d in g  e l e c t r o l y t e  

( e . g .  pH, io n ic  s t r e n g t h ,  p re se n c e  o f  s u r f a c t a n t s ) .  I t  i s  e s s e n t i a l  

t h a t  e l e c t r o p h o r e t i c  m easurem ents be made on c e l l s  suspended  i n  a  

s o lu t io n  o f  known and d e f in e d  chem ica l c o m p o s itio n , pH and io n i c  s t r e n g t h .

V a r ia t io n  o f  th e  pH o f  th e  su sp e n d in g  e l e c t r o l y t e ,  m a in ta in e d  a t  

c o n s ta n t  io n ic  s t r e n g t h ,  can  p ro v id e  v a lu a b le  in fo rm a tio n  ab o u t th e  

n a tu r e  o f  th e  io n iz a b le  s u r f a c e  g roups on c e l l s  of. a  f ix e d  a g e .

F o r  exam ple, th e  io n o g e n ic  g roups o f  a  m ixed a m in o /c a rb o x y l- ty p e  s u r f a c e

w i l l  be  t i t r a t e d  a c c o rd in g  to  th e  e q u a t io n s :

RCOO” + H"̂  ----- ^  RCOOH
------

RHHg + H"̂    ^

The p r e d ic te d  v a r i a t i o n  o f  e l e c t r o p h o r e t i c  m o b i l i ty  w ith  pH 

f o r  s u r f a c e s  possessing a n io n ic  and c a t io n ic  g roups i s  shown i n  F ig u re  1 .12 , 

As a l l  b io l o g ic a l  c e l l s  c a r ry  p re d o m in an tly  n e g a t iv e  c h a rg e s  i t  i s  

custom ary  to  p l o t  th e  n e g a t iv e  m o b i l i ty  v a lu e s  above th e  h o r iz o n ta l  

a x i s  and th e  p o s i t i v e  m o b i l i ty  v a lu e s  below . I n  s o lu t io n s  o f  low 

pH c a rb o x y l g ro u p s w i l l  be p ro to n a te d  and so n o t  c o n t r ib u te  to  th e  

s u r f a c e  c h a rg e , a t  h ig h e r  pH -values d i s s o c i a t i o n  and io n i z a t i o n  o c c u rs  and 

th e  c a rb o x y l g roups w i l l  c o n t r i b u te .  Curve 1 (F ig u re  1 .1 2 ) i s  a
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FIGURE 1 .1 2 . T h e o r e t ic a l  p H -m o b ility  c u rv e s  f o r  s u r f a c e s  c o n ta in in g  

th e  fo l lo w in g  ^ o u p s ;

1 . c a rb o x y l

2 . cairboxyl/a jn ino

3 . amino

•H
I—I•H
O
a

+
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t y p i c a l  t i t r a t i o n  cu rv e  f o r  a  s u r fa c e  w ith  c a rb o x y l g ro u p s o n ly . T h is  

c h a r a c t e r i s t i c a l l y  s im p le  ty p e  o f  pH m o b i l i ty  cu rv e  was o b ta in e d  f o r  

th e  p o ly s a c c h a r id e  s u r fa c e  o f  c e l l s  o f  K l e b s i e l l a  ae ro g e n es  (Lowick and 

Jam es, 19 5 7 ), due to  th e  p re se n c e  o f  p o ly g lu c u ro n ic  a c id ,  and f o r  

human e r y th r o c y te s  (Seam an, 1965), due to  th e  p re se n c e  o f  n eu ram in ic  

a c i d .

F o r a  mixed am in o -carb o x y l s u r f a c e  a  s ig m o id a l- ty p e  cu rv e  i s  

o b ta in e d  a s  i n  Curve 2 (F ig u re  1 .1 2 ) .  A t low pH -v a lu es  th e  amino g roups 

w i l l  be p ro to n a te d  and c o n t r ib u t in g  to  th e  c h a rg e , w h i l s t  th e  c a rb o x y l 

g ro u p s  w i l l  be u n d is s o c ia te d  and thennty n o t  c o n t r ib u t in g ;  th u s  th e  

s u r f a c e  ch a rg e  w i l l  be p o s i t i v e .  As pH in c r e a s e s  (h y d ro g en  io n  

c o n c e n tr a t io n  d e c r e a s e s ) ,  th e  p o s i t i v e  ch a rg e  becomes red u ce d  and th e  

n e g a t iv e  ch a rg e  in c r e a s e s  a s  th e  c a rb o x y l g roups i o n i z e .  An i s o p o t e n t i a l  

p o in t  o c c u rs  betw een pH 4 and 5 , th e  e x a c t v a lu e  b e in g  d ependen t on th e  

r e l a t i v e  num bers o f  c a rb o x y l and amino g roups p r e s e n t  and t h e i r  r e s p e c t iv e  

p K -v a lu e s . Between pH 5 and 9 a, p la te a u  r e g io n  ( o r  r e g io n s )  o c c u rs  

w here b o th  th e  c a rb o x y l and amino g roups a r e  f u l l y  io n i z e d .  The t o t a l

c h a rg e  in c r e a s e s  due to  th e  s u p re s s io n  o f  th e  amino group i o n i z a t i o n .  

M ixed ami n o /c a rb o x y l- ty p e  c u rv e s  have been  o b ta in e d  f o r  c e l l s  o f  

S tre p to c o c c u s  pyogenes ( Plummer e t  a l ,  1961; H i l l  e t  a l ,  1963)»

Some p H -m o b ility  cu rv es  o b ta in e d  can n o t be e x p la in e d  i n  te rm s 

o f  s im p le  t i t r a t i o n  o f  th e  s u r f a c e  io n o g e n ic  g roups a s  no d i s t i n c t  

p la t e a u  r e g io n  i s  o b se rv e d . T h is  h a s  been  seen  f o r  th e  p H -m o b ility  

c u rv e s  f o r  c e l l s  o f  Pseudomonas a e ru g in o s a  (Pechey  and Jam es, 1974) 

and can  be r e l a t e d  to  g e n ta m ic in  r e s i s t a n c e  o f  th e  c e l l s ,  and f o r  c e l l s  

o f  S ta p h , a u re u s  due to  th e  p re se n c e  o r  ab sen ce  o f  t e i c h o ic  a c id
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( H i l l  end Jam es , 1 9 72 ).

When th e  pH o f  th e  su sp e n d in g  s o lu t i o n  i s  v a r i e d  c a re  m ust be 

ta k e n  t h a t  no i r r e v e r s i b l e  changes to  th e  c e l l  s u r f a c e  have o c c u r r e d .  

A f te r  su sp e n d in g  c e l l s  a t  h ig h  o r  low p H -v a lu e s , th e  r e v e r s i b i l i t y  

m ust be checked  by rew ash in g  and m e asu rin g  th e  m o b i l i ty  o f  th e  c e l l s  a t  

pH 7• I f  th e  m o b i l i ty  v a lu e  does n o t  r e t u r n  to  th e  v a lu e  c h a r a c t e r i s t i c  

o f  pH 7 th e n  t h i s  i n d i c a t e s  t h a t  th e  c e l l  s u r f a c e  h a s  undergone change 

w hich  w i l l  make u s e f u l  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  d i f f i c u l t .  I n  a l l  

th e  work r e p o r te d  p H -m o b ility  c u rv e s  w ere o n ly  p l o t t e d  o v e r  a  pH -range 

w h ich  d id  n o t  cau se  i r r e v e r s i b l e  damage o f  th e  c e l l  s u r f a c e .

The v a r i a t i o n  o f  m o b i l i ty  w ith  pH w i l l  o n ly  g iv e  i n d i c a t i o n s  

a s  to  th e  n a tu r e  and q u a n t i ty  o f  s u r f a c e  io n o g e n ic  g ro u p s . S p e c i f i c  

c h em ica l a n d /o r  en zym atic  t r e a tm e n t  o f  b a c t e r i a l  c e l l s  can  be c a r r i e d  

o u t  to  m odify s u sp e c te d  s u r f a c e  g ro u p s b e fo re  m easurem ent o f  p H -m o b ility  

c u rv e s .  T h is  e n a b le s  s p e c i f i c  s u r f a c e  g ro u p s to  be i d e n t i f i e d .

Some o f  th e  e a r l i e s t  work on ch em ica l m o d i f ic a t io n  o f  b a c t e r i a l  

c e l l s  was d e s c r ib e d  by Cohen (1945) on c e l l s  o f  B a c i l l u s  p r o t e u s .

C e l l s  t r e a t e d  w ith  benzene su lp h o n y l c h l o r i d e ,  w hich was known to  r e a c t  

w ith  amino g ro u p s u n d e r w eakly a l k a l in e  c o n d i t io n s ,  had a  h ig h e r  n e g a t iv e  

c h a rg e  th a n  th e  c o n t r o l  c e l l s .  T h is  in d i c a te d  th e  p re s e n c e  o f  amino 

g ro u p s  on th e  s u r f a c e .  O th e r  compounds such  a s  p - to lu e n y l  su lp h o n y l 

c h lo r id e  (PTSC) (D o u g la s , 1959; G i t te n s  and Jam es , 1963) and 

d in i t r o f lu o ro b e n z e n e  (FDNB) ( G i t t e n s ,  1962) have  been  u se d  to  b lo c k  

s u r f a c e  amino g ro u p s on b a c t e r i a l  c e l l s .

C odding ton  and P e rk in s  ( 196I )  and G i t t e n  (1962) t r e a t e d  b a c t e r i a l  

c e l l s  w ith  m e th a n o lic  hydrogen  c h lo r id e  to  e s t e r i f y  s u r f a c e  c a rb o x y l 

g ro u p s . C e l l s  o f  K le b s i e l l a  ae ro g e n es  w ere found  to  be u n a f f e c te d  by



42

FDKB, i n d i c a t i n g  no s u r fa c e  amino g ro u p s , b u t th e  n e g a t iv e  s u r fa c e  

c h a rg e  was red u ce d  to  ze ro  on tre a tm e n t w ith  m e th a n o lic  SCI show ing 

th e  c h a rg e  to  a r i s e  s o le ly  from  io n iz e d  s u r fa c e  c a rb o x y l g ro u p s .

S u rfa c e  l i p i d  on b a c t e r i a l  c e l l s  h as  been  d e te c te d  by m easu rin g  

th e  m o b i l i ty  o f  c e l l s  i n  th e  p re se n c e  o f  sodium  dodecy l s u lp h a te  (SD S),'

I f  s u r f a c e  l i p i d s  a r e  p r e s e n t  th e r e  i s  an  in c re a s e d  n e g a t iv e  m o b i l i ty  

due to  th e  i n t e r a c t i o n  o f  th e  h y d rophob ic  h y d ro ca rb o n  c h a in  o f  th e  

s u r f a c t a n t  w ith  th e  l i p i d - m a t e r i a l , l e a v i n g  th e  p o la r  s u lp h a te  g roups 

o r i e n t a t e d  in t o  th e  medium. T h is  method h as  been  u sed  to  d e t e c t  

s u r f a c e  l i p i d  on c e l l s  o f  S ta p h , au reu s  (Hugo and S t r e t t o n ,  I 966 ) ,

K. a e ro g e n e 3 r e s i s t a n t  to  c r y s t a l  v i o l e t  (Lowick and Jam es, 1957) and 

P . a u e ru g in o sa  (P ech ey , Jam es and Yau, 1974)»

In o rg a n ic  c a t io n s  cau se  s p e c i f i c  r e v e r s a l  o f  ch a rg e  sequences  

f o r  v a r io u s  c o l lo id s  and t h i s  h as  been  ex ten d ed  to  th e  s tu d y  o f  b a c t e r i a l  

s u r f a c e s  (B ugenberg  de Jo n g , 1949)- U sing  t h i s  m ethod th e  p r in c i p a l  

io n o g e n ic  s p e c ie s  on th e  s u r f a c e  o f  sp o re s  o f  B a c i l lu s  m egatherium ,

B. c e re u s  and B. s u b t i l i s  was found  to  be c a rb o x y l (D ouglas and P a rk e r ,  1957 ), 

th e  s u r f a c e  o f  c e l l s  o f  M. p h le i  was found  to  be composed p red o m in an tly  

o f  p h o sp h a te  g roups (Adams and S id e a l ,  1958) and c e l l s  o f  

E . c o l i  w ere found  to  be c o a te d  w ith  a c id ic  p o ly s a c c h a r id e  (D a v ie s ,

Haydon and R id e a l ,  1956 ).

1 .8 .  O b.jects o f  th e  P r e s e n t  I n v e s t i g a t io n

The s u r f a c e  o f  c e l l s  o f  M. bo v i s  BCG h a s  n e v e r  been  s tu d ie d  

u s in g  p a r t i c u l a t e  m ic ro e le c t ro p h o re s is  to  d e te rm in e  th e  ch a rg ed  s p e c ie s  

p r e s e n t  a t  th e  c e l l  s u r f a c e .  A lthough  th e  ch em ica l s t r u c t u r e  o f  th e  

c e l l  w a ll  h a s  been  w e ll  c h a r a c te r i s e d  by many w o rk ers  and co m p reh en sib ly
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rev iew ed  by P e t i t  and L e d e re r  (1 9 7 8 ) , th e  a c tu a l  p h y s ic a l  

a rran g em en t o f  th e  chem ica l com ponents w ith in  th e  c e l l  w a ll  s t iru o tu re  i s  

unknown. C e l ls  o f  BCG show a  g r e a t  tendency  to  a g g re g a te  d u r in g  g row th ; 

t h i s  m ust l i m i t  th e  p a ssag e  o f  n u t r i e n t  and oxygen to  in d iv id u a l  c e l l s  

and c o u ld  be a t  l e a s t  p a r t i a l l y  r e s p o n s ib le  f o r  th e  veiry slow  grow th  

r a t e s  o f  t h i s  organism , a s  w e ll a s  m aking homogeneous v a c c in e  p ro d u c tio n  

d i f f i c u l t .

From th e  o r ig i n a l  BCG i s o l a t e  many s u b - s t r a in s  have a r i s e n  w hich 

d i f f e r  i n  t h e i r  p h y s ic a l  and b io c h e m ic a l p r o p e r t i e s  and m igh t p o s s ib ly  d i f f e r  

i n  t h e i r  s u r f a c e  p r o p e r t i e s .

The o b je c ts  o f  t h i s  i n v e s t i g a t io n  w ere:

1 .8 .1 .  To e s t a b l i s h  th e  s u r fa c e  p r o p e r t i e s  o f  c e l l s  o f  BCG 

u s in g  th e  te c h n iq u e  o f  p a r t i c u l a t e  m ic r o e le c t r o p h o r e s is .  To 

exam ine th e  shape and p o s i t i o n  o f  th e  p H -m o b ility  cu rv e  f o r  c e l l s  o f  

BCG a f t e r  grow th  on d i f f e r e n t  m edia and d u r in g  th e  grow th  c y c le  to  

se e  i f  changes i n  th e s e  s u r fa c e  p r o p e r t i e s  w ere o b se rv e d .

1 .8 .2 .  To c a r ry  o u t s p e c i f i c  chem ica l and enzym atic  m o d if ic a t io n  o f  

th e  c e l l  s u r f a c e  to  i d e n t i f y  s u r fa c e  ch arg ed  g roups on c e l l s  o f  BCG.

1 . 8 . 3 . To compare th e  p H -m o b ility  c u rv e s  f o r  c e l l s  o f  5 s u b - s t r a in s  

o f  BCG to  see  w h e th e r i n t e r - s t r a i n  d i f f e r e n c e s  i n  b io l o g ic a l

and p h y s ic a l  p r o p e r t i e s ,  such  a s  co lony  fo rm , a re  r e l a t e d  to  

d i f f e r e n c e s  i n  s u r fa c e  c h a rg e .

1 . 8 . 4 . To com pare th e  s u r f a c e  p r o p e r t i e s  o f  BCG w ith  th o s e  o f  

o th e r  m y c o b a c te r ia l  s p e c ie s .

1 . 8 . 5 . To exam ine th e  s u r f a c e  p r o p e r t i e s  o f  c e l l  w a ll  p r e p a r a t io n s  

o f  BCG.

1 .8 .6 .  To exam ine th e  s u r f a c e  o f  c e l l s  o f  BCG u s in g  e l e c t r o n  m icroscopy .
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M ost em phasis h as  been  p la c e d  on th e  u se  o f  p a r t i c u l a t e  

e l e c t r o p h o r e s i s  to  d e t e c t  ch a rg e s  on th e  b a c t e r i a l  c e l l  s u r f a c e ,  

b u t  o th e r  te c h n iq u e s  such  a s  scan n in g  and t r a n s m is s io n  e l e c t r o n  

m icroscopy  have a l s o  been  u se d .
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CHAPTER 2

EXPERIMENTAL TECHNIQUES
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2 .1 .  B a c te r io lo g ic a l  T ec h n iq u es

2 .1 .1 ,  S t r a in s

The b a c t e r i a l  s t r a i n s  u sed  i n  t h i s  work a re  l i s t e d  i n  

T a b le s  2 . 1 . ,  2 .2 .  and 2 .3 .

T ab le  2 .1 .

S u b - s t r a in s  o f  M ycobacterium  b o v is  BCG

S t r a i n C ountry  o f  o r ig i n U sua l c u l tu r e  m a in ta in a n c e

G laxo (1077)

P a s te u r  (1173)

D an ish  ( 133I )

P rague

Ja p a n e se

U.K.

F ran ce

Denmark

C zec h o slo v ak ia

Ja p a n

D isp e rse d  c u l tu r e  i n  th e  

p re se n c e  o f  w e t t in g  a g e n t .  

As s u r f a c e  p e l l i c l e  orv  

S au t on medium.

T ab le  2 .2 .

I s o l a t e s  o f  G laxo M. b o v is  BCG

Code num ber D e s c r ip t io n

1077 R

1077 S 

INDR

"Rough" i s o l a t e  o f  1077 BCG 

"Smooth" i s o l a t e  o f  1077 BCG 

Is o n ia z id  r e s i s t a n t  s t r a i n  o f  1077 BCG.
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O th e r b a c t e r i a l  s p e c ie s
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Species S ource

Mycobacterium smegmatis Glaxo R e se a rc h , G reen fo rd

Mycobacterium phlei II

Mycobacterium microti It

Klebsiella aerogenes NCTC

(NCTC 418)

The m y c o b a c te r ia l  s t r a i n s  w ere a l l  p ro v id e d  a s  f r e e z e - d r i e d  

am poules by Glaxo R esea rc h  L t d . ,  G re e n fo rd , M idd lesex  and w ere a s  c lo s e  

to  th e  m asteræ ed  o f  each  c o u n try  o f  o r ig i n  a s  p o s s i b le .

The s t r a i n  o f  K le b s i e l l a  ae ro g e n es  (NCTC 418) u sed  f o r  

c a l i b r a t i o n  o f  th e  e l e c t r o p h o r e t i c  a p p a ra tu s  was s to r e d  i n  50 cm^ o f  

n u t r i e n t  b r o th  i n  a  t i g h t l y  capped  100 cm^ m e d ica l b o t t l e  a t  4 C.

T h is  was r o u t in e ly  m a in ta in e d  by b i-m o n th ly  s u b c u l tu r e  in t o  f r e s h  n u t r i e n t  

b r o th .

2 .1 .2 .  M edia

The com positions o f  th e  c u l tu r e  m edia u sed  f o r  g row th  o f  th e  

m y c o b a c te r ia l  s t r a i n s  a re  shown i n  T a b le s  2 .4»  and 2.5*

N u tr ie n t  b ro th  was p re p a re d  by ad d in g  13 g  o f  O xoid N u tr ie n t  B ro th  

(CMl) powder to  1 dm^ o f  d i s t i l l e d  w a te r .  T h is  was th e n  d i s t r i b u t e d  

in t o  f i n a l  c o n ta in e r s  i n  a p p ro p r ia te  volum es ( u s u a l ly  50 cm o f  b ro th  

i n  a  100 cm^ m ed ica l b o t t l e )  and s t e r i l i z e d  by au to  s la v in g  a t  15 lb  in c h  ^ 

f o r  20 m in u te s .
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T ab le  2 .5 .

S o l id  IXibos medium f o r  c u l tu r e  o f  M ycobacteria

AGO complex

1• G lucose 

NaCl

25 g 

5 g
i n  500 cm s t e r i l e  w a te r

2 . 0 .6  cm o l e i c  a c id

0 .2 5  cm^ NaOH (0 .0 5  mol dm

i n  50 cm s t e r i l e  w a te r

26.65  cm^ o f  ( 2 ) w ere added to  ( I )  and th e n  25 g  

o f  b o v in e  serum  a lb u m in .

S t e r i l i z e d  by f i l t r a t i o n  th ro u g h  a  m i l l i p o r e  f i l t e r .

Dubos O le ic  A cid  Af^ar (DOA)

10 cm AGO com plex and 5 cm o f  h o rs e  b lo o d  w ere added to  

100 cm^ o f  !DOA b ase  (H ifc o )  w hich had  been  s t e r i l i z e d  by 

a u to c la v in g .
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N u tr ie n t  a g a r  was p re p a re d  by th e  a d d i t io n  o f  28 g  o f  

pow dered O xoid N u tr ie n t  A gar (CM3) to  1 dm^ o f  d i s t i l l e d  w a te r .  The 

s o lu t i o n  was h e a te d  to  b o i l in g  p o in t  to  e n su re  t h a t  a l l  th e  a g a r  was 

d is s o lv e d  and th e n  d i s t r i b u t e d  i n  350 cm^ l o t s  i n  500 cm^ screw  to p  

b o t t l e s  and s t e r i l i z e d  by a u to c la v in g .

A gar p l a t e s  w ere p re p a re d  by m e lt in g  th e  s to c k  a g a r  i n  an  

a u to c la v e  and p o u r in g  a p p ro p r ia te  volum es in to  s t e r i l e  p l a s t i c  p e r t r i  

d i s h e s .  T hese p l a t e s  w ere d r ie d  f o r  10 m in u tes  a t  55 b e fo re  u s e .

S t e r i l i z a t i o n  o f  m edia by a u to c la v in g  was a t  1 5 lb  inch""^ f o r  20 m in u te s .

2 . 1 . 3 . Growth o f  s t r a i n s  f o r  e x p e rim e n ta l u s e .

An am poule o f  a  f r e e z e - d r i e d  s t r a i n  o f  m y c o b a c te ria  was 

r e c o n s t i t u t e d  w ith  1 cm^ o f  s t e r i l e  d i s t i l l e d  w a te r  and c u l tu r e d  

i n  one o f  th e  m edia; th e  grow th  c h a r a c t e r i s t i c s  a re  d e s c r ib e d  in  

T a b le  2 .6 .

T a b le  2 .6 .

Growth c h a r a c t e r i s t i c s  o f  m y c o b a c te r ia l s t r a i n s  i n  d i f f e r e n t  m ed ia .

Medium Growth c h a r a c t e r i s t i c s

Dubos \ B oth  c o n ta in  n o n - io n ic  w e t t in g  a g e n t .

P ro d u c tio n  ( C e l ls  grow a s  w e ll  d is p e r s e d  c u l t u r e s .

S au to n No w e t t in g  a g e n t .  C e l ls  grow a s  a

s u r f a c e  p e l l i c l e .

Dubos O le ic  A cid  A gar S o l i d i f i e d  Dubos medium. C u ltu re s  grow

a s  c lu s t e r e d  c o lo n ie s .
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A ll  c u l tu r e s  w ere in c u b a te d  f o r  7-21 days a t  37 u n d e r  s t a t i c  

c o n d i t io n s .

C u ltu r e s  grown i n  Dubos medium o r  on DCA a g a r  w ere in o c u la te d  

s t r a i g h t  from  th e  r e c o n s t i t u t e d  am poule. C u ltu re s  grown on S au to n  medium 

w ere s u b c u ltu re d  once i n  Dubos medium and th e n  t r a n s f e r r e d  to  S au to n  medium. 

Cn in c u b a t io n  a t  37 C th e  c e l l s  ro s e  to  th e  s u r f a c e .  C e l l s  grown i n  

P ro d u c tio n  medium w ere a ls o  i n i t i a l l y  s u b c u ltu re d  i n  Dubos medium.

C u ltu r e s  i n  Dubos medium w ere m a in ta in e d  by b i-w e e k ly  s u b c u ltu re  o f  

1 cm^ o f  14-day o ld  c u l tu r e  i n to  2C cm^ o f  f r e s h  Dubos medium. A f te r  1C 

s u b c u l tu r e s  th e s e  c u l tu r e s  w ere d e s tro y e d  and new ones s t a r t e d  by 

r e c o n s t i t u t i o n  o f  a  new am poule.

C u ltu re s  on S au ton  medium w ere a l s o  m a in ta in e d  by t r a n s f e r  o f  

some o f  th e  s u r f a c e  p e l l i c l e  to  f r e s h  medium u s in g  a  s t e r i l e  p la tin u m  lo o p .

C e l ls  o f  th e  G laxo s u b - s t r a in  o f  BCG to  be exam ined a f t e r  p a ssag e  

th ro u g h  an  an im al w ere g iv e n  a s  a  5 Q& inoculum  in t o  th e  th ig h  m uscle 

o f  a  g u in e a  p ig .  A f te r  6 weeks th e  o rgan ism s w ere r e i s o l a t e d  on to  BOA 

a g a r  from  p u ss  i n  th e  th ig h  l e s i o n  and from  th e  s p le e n .  The DCA p la t e s  

w ere in c u b a te d  f o r  8 weeks a t  37 °C .

C e l ls  o f  K le b s ie l l a  ae ro g e n es  r e q u i r e d  f o r  c a l i b r a t i o n  o f  th e  

e l e c t r o p h o r e s i s  a p p a ra tu s  w ere in o c u la te d  from  th e  s to c k  p a r e n t  c u l tu r e  

i n t o  f r e s h  n u t r i e n t  b ro th  u s in g  a  s t e r i l e  p la tin u m  lo o p  and in c u b a te d  f o r  

18 h a t  37 °C .

2 . 1 . 4 . S t e r i l i t y  ch ec k in g  o f  m y c o b a c te r ia l s t r a i n s

The s t e r i l i t y  o f  th e  s low -grow ing  m y c o b a c te r ia l  s t r a i n s  was 

checked  a f t e r  a  few days in c u b a t io n  by t r a n s f e r  o f  some o f  th e  c u l tu r e  

to  n u t r i e n t  b ro th  and n u t r i e n t  a g a r  u s in g  a  s t e r i l e  p la tin u m  lo o p .

Any grow th  o b se rv ed  a f t e r  o v e rn ig h t  in c u b a t io n  a t  37 °C in d i c a te d  

c o n ta m in a tio n  by n o n -m y c o b a c te r ia l s p e c ie s .
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2»1«5« C le a n in g  and s t e r i l i z a t i o n  o f  a p p a ra tu s

C on tam ina ted  d is p o s a b le  a p p a ra tu s  was im m ersed i n  1^ l y s o l  

s o lu t i o n  b e fo re  d i s p o s a l .  C ontam inated  a g a r  p l a t e s  w ere im m ersed i n  th e  

l y s o l  s o lu t io n  f o r  s e v e ra l  weeks b e fo re  d i s p o s a l .

C on tam ina ted  g la ssw a re  was a u to c la v e d  b e fo re  w ash in g . C on tam inated  

g la s s  p i p e t t e s  w ere im mersed i n  a  s o lu t io n  o f  M ilto n  im m ed ia te ly  a f t e r  

u se  and p r i o r  to  a u to c la v in g .

A ll  g la ssw a re  was washed and sc ru b b ed  i n  h o t  ta p  w a te r ,  r in s e d  

tw ic e  i n  d i s t i l l e d  w a te r  and d r ie d  i n  an  oven a t  100 °C . Sometimes 

a  sm a ll q u a n t i ty  o f  Decon was r e q u ir e d  to  remove a l l  t r a c e s  o f  Dubos 

c u l tu r e s  a f t e r  a u to c la v in g ; g la ssw a re  was th e n  r in s e d  v e ry  th o ro u g h ly  

i n  ta p  w a te r  and tw ic e  i n  d i s t i l l e d  w a te r .

2 .2 .  M ic ro e le c t ro p h o re t ic  T echn iques

2 . 2 .1 .  G en era l d e s c r ip t io n  o f  a p p a ra tu s

A Rank B ro s . P a r t i c u l a t e  M ic ro e le c t ro p h o re s is  A ppara tu s  

Mark I I  was u sed ; t h i s  in c lu d e d  a  sm a ll w a te r  b a th  and c i r c u l a t i n g  pump 

to  m a in ta in  th e  e l e c t r o p h o r e t i c  c e l l  a t  25.0  ^  0 .0 5  °C , an e l e c t r i c a l  

c i r c u i t ,  a  m icroscope  u n i t  and an e le c tro m a g n e tic  t im e r .  The c e l l  and 

e l e c t r o d e  com partm ents u sed  w ere th o se  d ev e lo p ed  by G it te n s  and Jam es 

( i 960 ) .  The a p p a ra tu s  i s  shown i n  F ig u re  2 .1 .

An e l e c t r i c  f i e l d  was a p p l ie d  a c ro s s  a  su sp e n s io n  o f  b a c t e r i a l  

c e l l s  c o n ta in e d  i n  th e  g la s s  o b s e rv a t io n  cham ber A. T h is  r e c ta n g u la r  

g l a s s  cham ber was made from  two o p t i c a l l y  f l a t  H y s i l  p l a t e s  

(40  X 25 X 0 . 5  mm) fu se d  to  g iv e  a  s e p a r a t io n  o f  0 .5  nnn. G lass  ro d s  

s e a le d  a round  th e  o u ts id e  o f  th e  c e l l  gave p r o te c t io n  and s tr e n g th e n e d  th e  

s t r u c t u r e .  The c e l l s  w ere o b se rv ed  u n d e r a  m icro sco p e  and th e  v e l o c i ty  o f  

th e  c e l l s  due to  th e  known e l e c t r i c  f i e l d  m easured  by th e  tim in g  o f
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in d iv id u a l  c e l l s  a c ro s s  an  e y e p ie c e  g r a t i c u l e .

The o b s e r v a t io n  cham ber was co n n e c te d  to  th e  e l e c t r o d e  

com partm ents v i a  s id e  arms c o n s tr u c te d  by s e a l i n g  10 mm b o re  P y rex  

tu b in g  d i r e c t l y  to  th e  cham ber ( a ) . T hese w ere b e n t  i n  th e  p la n e  o f  

th e  c e l l  so t h a t  th e  cham ber c o u ld  be c o m p le te ly  im m ersed i n  th e  w a te r  

b a th .  C o n n ec tio n  o f  th e  s id e  arms to  th e  e l e c t r o d e  com partm ents was 

by h e m is p h e r ic a l  g la s s  g round  j o i n t s  (B and C ) . T hese w ere g re a s e d  and 

m e ta l c l i p s  a t ta c h e d  to  e n su re  le a k - p r o o f  s e a l s .  B a c t e r i a l  su sp e n s io n s  

w ere in t ro d u c e d  in t o  th e  c e l l  from  th e  r e s e r v o i r  (B) by o p e n in g  ta p s  

1 and 1 ’ .

A c o n s ta n t  e l e c t r i c  f i e l d  was a p p l ie d  be tw een  th e  Ag. AgCl/KCl 

e le c t r o d e  sy stem s i n  th e  com partm ents E and P . The e l e c t r o d e s  c o n s i s te d  

o f  25 cm le n g th s  o f  2 mm d ia m e te r  s i l v e r  w ire  c o i l e d  and m ounted i n  th e  

com partm ents by means o f  ru b b e r  b u n g s , th ro u g h  w hich  th e  w ire  p a s s e d ,  

fo rm in g  a  w a t e r - t i g h t  s e a l .  I n i t i a l l y  th e  s i l v e r  w ire  was th o ro u g h ly  

c le a n e d  by a b r a s io n  w ith  f i n e  s a n d p a p e r , c o i le d  and th e n  im m ersed i n  

c o n c e n tra te d  ammonia s o lu t i o n  and th e n  i n  50^o ( v /v )  n i t r i c  a c i d .  The
_3

e le c t r o d e s  w ere th e n  a n o d ise d  i n  s e r i e s  i n  0 .1  mol dm h y d r o c h lo r ic  a c id  

u s in g  a  p la tin u m  c a th o d e , u n t i l  a  p u rp le -g re y  c o a t in g  o f  s i l v e r  c h lo r id e  

was d e p o s i te d  on each  e l e c t r o d e .  The e le c t r o d e s  w ere th e n  p la c e d  i n  t h e i r  

com partm ents (E and P) w hich  w ere f i l l e d  w ith  p o ta ss iu m  c h lo r id e  s o lu t i o n  

( 5 .5  mol dm ^ ) . E l e c t r i c a l  c o n ta c t  w ith  th e  b a c t e r i a l  su sp e n s io n  was 

made th ro u g h  th e  s i n t e r e d  g la s s  d i s c s  (G and H ) . The e l e c t r o d e  com partm ents 

w ere r e f i l l e d  d a i ly ,  b e fo re  u se , w ith  f r e s h  e l e c t r o l y t e  s o lu t i o n  from  

r e s e r v o i r s  v i a  ta p s  2 and 5 and 2 ' and 3 '*

The e l e c t r i c a l  c i r c u i t  i s  shown d iag ram m atic  a l ly  i n  P ig u re  2 .2 .

The m ains v o l ta g e  was r e c t i f i e d  and th e  DC v o l ta g e  c o n t r o l l e d  by a  

v a r i a b le  r e s i s t a n c e .  The a p p l ie d  p o t e n t i a l  c o u ld  by r e v e r s e d  u s in g  

th e  sw itc h  K*, w hich  a l s o  a llo w ed  th e  e l e c t r o d e s  to  be s h o r te d  when n o t
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FIGURE 2 .2 .

The e l e c t r i c a l  c i r c u i t  f o r  th e  m ic ro e le c t ro p h o re s is  a p p a ra tu s

MA

e l e c t r o d e s
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i n  use» th u s  p re v e n t in g  p o l a r i s a t i o n .  A m illiannDeter was u se d  to  m easure 

th e  c u r r e n t  f lo w in g  th ro u g h  th e  e l e c t r o p h o r e s is  cham ber. The tim e 

ta k e n  by a  b a c te r iu m  to  c ro s s  a  g iv e n  number o f  sq^uares on th e  ey e p ie c e  

g r a t i c u l e  o f  th e  m icroscope  was re c o rd e d  u s in g  an  e le c tro m a g n e tic  t im e r ,  

o p e r a t in g  from  th e  m ains f re q u e n c y .

I t  i s  e s s e n t i a l  to  m a in ta in  th e  b a c t e r i a l  su sp e n s io n  a t  a  

c o n s ta n t  te m p e ra tu re  d u r in g  m easurem ents s in c e  th e  v i s c o s i t y  and 

c o n d u c t iv i ty  o f  th e  b u f f e r  s o lu t io n s  and hence th e  e l e c t r o p h o r e t i c  m o b i l i ty  

a r e  te m p e ra tu re  d ep e n d e n t. T h is  was a ch iev ed  by im m ersion  o f  th e  

o b s e rv a t io n  cham ber i n  a  smaill w a te r  b a th  w hich was m a in ta in e d  a t  

25*̂ -  0 . 5  °C by w a te r  c i r c u l a t e d  from  a  la r g e  w a te r  b a th .  The l a t t e r  

was m a in ta in e d  a t  th e  r e q u ir e d  te m p e ra tu re  by a  Shandon h e a t in g  and 

s t i r r i n g  u n i t .  The sm a ll p e rsp ex  w a te r  b a th  had  a  c i r c u l a r  w e ll  a t  th e  

f r o n t  to  accommodate th e  o b je c t iv e  le n s  o f  th e  m ic ro sc o p e . The 

m ic ro sco p e  u se d  gave an  o v e r a l l  m a g n if ic a tio n  o f  X 6OO and a  low -pow er 

d a rk  g round  i l lu m i n a t i n g  co n d en se r was em ployed. The l i g h t  so u rc e  was 

a  12 V, 100 w a tt  lamp and to  p re v e n t th e  in te n s e  l i g h t  so u rc e  from  

c a u s in g  te m p e ra tu re  r i s e s  and c o n v e c tio n  c u r r e n t s  i n  th e  o b s e rv a t io n  

cham ber a  q u a r tz  d i s c  and g la s s  h e a t  f i l t e r  w ere p la c e d  i n  f r o n t  o f  th e  lam p.

The o b s e rv a t io n  cham ber was mounted i n  th e  w a te r  b a th  i n  th e  l a t e r a l  

p o s i t i o n  betw een  th e  co n d en se r and o b je c t iv e  le n s  o f  th e  m ic ro sc o p e .

B o l ts  a t ta c h e d  to  p e rsp e x  b a r s  h e ld  th e  cham ber f i rm ly  i n  th e  w a te r  b a th ; 

c a re  was ta k e n  to  e n su re  t h a t  th e  c e l l  was h o r iz o n ta l  when v iew ed from  

th e  f r o n t ,  v e r t i c a l  when v iew ed from  th e  s id e  and a t  r i g h t  a n g le s  to  th e  

o p t i c a l  a x is  o f  th e  m ic ro sco p e . P r o te c t iv e  sponge foam was w rapped around  

th e  arm s b e fo re  t ig h te n in g  th e  b o l t s .  B e fo re  assem bly, c e l l s  o f  

K. a e ro g e n e s  w ere d r ie d  o n to  th e  in n e r  s u r f a c e s  o f  th e  o b s e rv a t io n  cham ber 

p r o v id in g  r e f e r e n c e  p a r t i c l e s  f o r  fo c u s in g  on th e  in n e r  s u r f a c e s  f o r  th e  

l o c a t io n  o f  th e  s t a t i o n a r y  l e v e l s  o f  th e  c e l l .
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2 .2 .2 .  Node o f  o p e ra t io n

To e n su re  good and re p ro d u c ib le  e l e c t r i c a l  c o n n e c tio n s  t h r o u ^  

th e  s i n t e r e d  g la s s  d is c s  th e  fo llo w in g  p ro ced u re  was c a r r i e d  o u t each  tim e 

b e fo re  th e  u se  o f  th e  a p p a ra tu s .

50 cm^ o f  KCl s o lu t io n  (3*5 mol dm was f lu s h e d  th ro u g h  th e  

e l e c t r o d e  com partm ents by open in g  ta p s  3 and 2 and 3 ’ and 2* . Taps 

2 and 2 ’ w ere th e n  c lo se d  and ta p  1* opened c a u s in g  KCl s o lu t io n  to  

be fo rc e d  th ro u g h  th e  s in te r e d  g la s s  d is c s  so s a tu r a t i n g  them . The 

o b s e r v a t io n  cham ber was th e n  f lu s h e d  t h r o u ^  w ith  a  l a r g e  volume 

(50  cm^) o f  d i s t i l l e d  w a te r  to  remove a l l  e l e c t r o l y t e  w hich had been  

fo r c e d  th ro u g h  th e  d i s c s .  The o b s e rv a tio n  cham ber was th e n  f i l l e d  w ith  

b u f f e r  s o lu t i o n  a t  th e  c o r r e c t  te m p e ra tu re , pH and io n ic  s t r e n g th  o f  

th e  s u sp e n s io n  to  be exam ined. G re a t c a re  was ta k e n  th ro u g h o u t to  

e n su re  t h a t  no a i r  b u b b le s  became tra p p e d  i n  th e  c lo s e d  system  and to  

p re v e n t  th e  i n t r o d u c t io n  o f  g re a s e  in to  th e  o b s e rv a tio n  cham ber.

The m ic ro sco p e  was th e n  fo c u se d ,b y  movement o f  th e  o b je c t iv e  by 

c o a rs e  and f i n e  m icro m ete r screw s, o n to  th e  r e f e r e n c e  b a c t e r i a  c o a te d  

on th e  f r o n t  and back  in n e r  s u r f a c e s  o f  th e  cham ber. T h is  a llo w ed  th e  

d e p th  o f  th e  cham ber to  be re c o rd e d  from  th e  c a l i b r a t i o n  on th e  f in e  

a d ju s tm e n t sc rew . I n  p r a c t i c e  l i t t l e  v a r i a t i o n  i n  th e  cham ber d e p th  

was o b se rv e d  from  day to  d ay . T h is  s c a le  was a ls o  u se d  to  lo c a te  b a c t e r i a  

i n  fo c u s  a t  th e  e x p e r im e n ta lly  d e te rm in e d  s t a t io n a r y  l e v e l s  w i th in  th e  

c e l l ;  a l l  m o b i l i ty  m easurem ents w ere made a t  th e  f r o n t  s t a t io n a r y  l e v e l .

The c e l l  s u sp e n s io n  u n d er i n v e s t i g a t io n  was th e n  in t ro d u c e d  in t o  th e  

o b s e rv a t io n  cham ber and a llo w ed  to  come to  th e rm a l e q u i l ib r iu m . The 

v e l o c i ty  o f  c e l l s  s e l s c t e d  a t  random and i n  fo c u s  a t  th e  s t a t io n a r y  

l e v e l  was m easured  by r e c o rd in g  th e  tim e ta k e n  f o r  th e  c e l l s  to  c ro s s  a  

g iv e n  num ber o f  sq u a re s  on th e  e y e p ie c e  g r a t i c u l e .  A tim e  o f  2 — 4 s 

was c o n s id e re d  s u i t a b l e  and th e  a p p l ie d  e l e c t r i c  f i e l d  was a d ju s te d
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a c c o r d in g ly .  F o r each  su sp e n s io n  a t  l e a s t  48 c e l l s  w ere tim e d ,

20 i n  each  d i r e c t i o n .  Change o f  d i r e c t io n  was a c h ie v e d  by r e v e r s in g  

th e  p o l a r i t y  o f  th e  a p p l ie d  f i e l d  u s in g  r e v e r s in g  sw itc h  R ' . The p o t e n t i a l  

was n e v e r  a p p l ie d  f o r  lo n g  p e r io d s  o f  tim e i n  e i t h e r  d i r e c t i o n  i n  

o r d e r  to  m in im ise  e le c t r o d e  p o la r i s a t i o n  and g a s s in g  d u r in g  o p e r a t io n .

The su sp e n s io n  was th e n  f lu s h e d  o u t w ith  d i s t i l l e d  w a te r  th ro u g h  

th e  ru b b e r  tu b in g , u s in g  ta p  V , in to  a  r e s e r v o i r  c o n ta in in g  ly s o l ,  and 

th e  cham ber was l e f t  f i l l e d  w ith  d i s t i l l e d  w a te r .  The cham ber was fe d  by 

g r a v i t y ,  b u t  to  remove any a i r  b u b b le s  a  p a r t i a l  vacuum c o u ld  a ls o  be 

a p p l ie d .

2 .2 .3 . Calibration of the apparatus

The symmetry o f  th e  o b s e rv a tio n  cham ber was checked by 

d e te rm in in g  th e  v e lo c i ty - d e p th  cu rve  u s in g  washed c e l l s  o f  

K. ae ro g e n e s  ( 2 .2 .5 ) *  F o r a  sym m etrica l cham ber th e  cu rv e  sh o u ld  be a  

p a r a b o la  sy m m e trica l ab o u t th e  c e n t r e .

B a c t e r i a  i n  fo c u s  w ere tim ed  a t  v a r io u s  known c e l l  d e p th s  a c ro s s  

a  f ix e d  d i s ta n c e  i n  th e  e y ep iece  g r a t i c u l e  a t  a  c o n s ta n t  f i e l d  s t r e n g t h .  

The f r a c t i o n a l  cham ber d e p th  from  th e  c e n t r e  o f  th e  cham ber was p lo t t e d  

a g a in s t  th e  r e c i p r o c a l  o f  th e  e x c u rs io n  tim e o f  th e  b a c t e r i a l  c e l l s .  

T y p ic a l r e s u l t s  o b ta in e d  f o r  th e  c e l l  u sed  a re  shown i n  F ig u re  2 . 3 .

The e q u a t io n  o f  th e  v e lo c i ty - d e p th  p a ra b o la  i s  o f  th e  form :

= a  + bx + cx^ 2 . 1 .

w here x d e n o te s  th e  f r a c t i o n a l  d ep th  from  th e  c e n t r e  o f  th e  

c e l l  and t  th e  e x c u rs io n  tim e m easured a t  t h i s  d e p th .

The e q u a t io n  o b ta in e d  f o r  th e  c e l l  i n  u se  w as:

1  = 0.842 -  0.0188X -  2.599x^ 2 .2 .



FIGUBE 2 .3 .

Velocl_ty_~iüepth cu rv e  f o r  c e l l s  o f  K. ae ro g en es  m easured a t  23 in

v e ro n a l  a c e t a t e  b u f f e r  s o lu t io n  ( l  = 0 .0 2  mol ôirT^, pH = 7 ,0)
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The low v a lu e  o f  th e  c o e f f i c i e n t  o f  x  in d i c a te s  t h a t  th e  

c a l c u la te d  and g e o m e tr ic a l c e n t r e s  a re  v e ry  c lo s e  and th e r e f o r e  th e  

cham ber can  be  a c c e p te d  a s  sy m m etrica l « I n te g r a t i o n  o f  e q u a tio n

2 .2 .  o v e r  th e  com ple te  chamber d ep th  g iv e s  th e  mean r e c ip r o c a l  tim e  as 

0.621  8 . S u b s t i t u t i o n  o f  t h i s  tim e back in to  e q u a t io n  2 .2 .  g iv e s

v a lu e s  o f  x c o r re sp o n d in g  to  th e  p o s i t io n s  o f  th e  two s t a t i o n a r y  l e v e l s ;  

i n  t h i s  c a se  0 .2 8 8  and -0 .2 9 5  from  th e  c e n t r e  o f  th e  cham ber. T h e re fo re  

th e  s t a t i o n a r y  l e v e l s  a r e  a t  f r a c t i o n a l  d e p th s  o f  0 .2 1 2  and 0 .7 9  from  th e  

f r o n t  in s id e  s u r f a c e  o f  th e  cell%  th e s e  p o s i t io n s  a r e  i n  c lo s e  agreem ent 

w ith  th o s e  p r e d ic te d  t h e o r e t i c a l l y  f o r  a  c e l l  o f  th e  same s iz e  

(A bram son, 1934) w hich a re  a t  f r a c t i o n a l  d ep th s  o f  0 .21  and 0 .7 9  from  

th e  in s id e  f a c e .

The electrophoretic mobility of a particle, v/m^ s  ̂V \  is 
defined as the particle velocity, v/m s ^, per unit potential gradient, 
X/V m ^. It is given by the expression;

V =  _v =  n L  q k = n L  q J G 2 . 3 .
X t I t I

where nl/m is the distance travelled (n is the number of squares of 
side L/m) in time t/s, q/m  ̂is the cross sectional area of the chamber 
and i/a is the current flowing. k/ohm~** m"** is the conductivity of the 
buffer solution obtained from the measured conductance, G/ohm \ and the 

cell constant, j/m \ of the conductance cell.
The values of G, I and t are obtained experimentally. However, 

since it is not possible to determine accurately the cross sectional area 
(q) of a rectangular observation chamber, a standard particle of known 

absolute mobility (v^) was used. Standard particles in suspension were 

timed and an apparatus constant k » which included the cell constant J 

of the conductance cell, was obtained*; \C is given by;
K = L q J = v  t  I  2 . 4 .^ s

n  G
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S u b seq u en t tim in g s  ( f )  on b a c t e r i a l  c e l l s  u n d e r e x am in a tio n  w ere 

c o n v e r te d  to  m o b i l i ty  v a lu e s  u s in g  th e  r e l a t i o n s h ip ;

K n G»
t '  I

2 .5 .

w here th e  p rim ed  v a lu e s  a re  th o se  o b ta in e d  f o r  c e l l s  i n  t h a t  p a r t i c u l a r  

s u s p e n s io n .

The s ta n d a rd  p a r t i c l e s  u sed  i n  t h i s  i n v e s t i g a t io n  w ere w ashed

c e l l s  o f  K. ae ro g e n es  grown f o r  18 h  i n  n u t r i e n t  b ro th  a t  37 °C ( 2 .2 . 5 ) .

U nder th e s e  s ta n d a rd  c o n d i t io n s  th e  c e l l s  have an  a b s o lu te  m o b i l i ty  o f

-1 .6 7  X 10 ^ m s  ̂ V  ̂ a t  25 °C . T h is  v a lu e  was o b ta in e d  from

e x te n s iv e  c a l i b r a t i o n  s tu d ie s  o f  su sp e n s io n s  o f  K. ae ro g e n es  a g a in s t

human e r y th r o c y te s  a s  s ta n d a rd  ( G i t t e n s ,  1 9 62 ). k was d e te rm in e d  b e fo re

each  s e t  o f  e l e c t r o p h o r e t i c  m easurem en ts, to  en su re  th e r e  w ere no changes

in  m o b i l i ty  w hich c o u ld  be due to  changes o f  th e  a p p a ra tu s  c o n s ta n t .

I n  q u o tin g  m o b i l i ty  v a lu e s ,  10 ^ and th e  u n i t s  a r e  n o t  e x p re s se d  and

e l l  v a lu e s  a r e  n e g a t iv e  u n le s s  p r e f ix e d  by + . A v a lu e  o f  1 .5 , f o r

exam ple, means t h a t  th e  p a r t i c l e  i s  n e g a t iv e ly  ch a rg ed  w ith  an
•"3  /  2  * 1e l e c t r o p h o r e t i c  m o b i l i ty  o f  1 .5  x 10 /m  s 7  .

2 . 2 . 4 . B u f f e r  s o lu t io n s

B a r b i tu r a t e - a c e t a t e  b u f f e r  s o lu t io n s  w ere u sed  a s  th e  su sp e n d in g

e l e c t r o l y t e  (M ic h a e l is ,  1931) f o r  m o b i l i ty  d e te rm in a t io n s .  AnalaR g rad e

5ch e m ic a ls  w ere u sed  and d is s o lv e d  i n  g l a s s - d i s t i l l e d  w a te r .  2 dm o f

s to c k  s o lu t i o n  ( l  = 0 .5  mol dm ^) c o n ta in e d ;

0 . 1 5  mol dm ^ sodium b a rb i to n e  61 .854  S

0 . 1 5  mol dm"*̂  sodium a c e ta t e  4O.824  g
( t r i h y d r a t e )

0 .2 0  mol dm ^ sodium  c h lo r id e  23 .376  g



62

The s to c k  s o lu t io n  was s to r e d  a t  4 °C . The b u f f e r  s o lu t io n s  

r e q u i r e d  f o r  e l e c t r o p h o r e t i c  d e te rm in a tio n s  w ere p re p a re d  by d i l u t i n g  

w ith  d i s t i l l e d  w a te r  to  th e  r e q u ir e d  io n ic  s t r e n g t h .  The pH 

( ra n g e  2 .5  -  1 0 .5 )  was a d ju s te d  by th e  a d d i t io n  o f  e i t h e r  HCl ( l  mol dm” ^) 

o r  NaOH ( 1 mol dm ^ ) .  A g la s s /c a lo m e l  e le c t r o d e  assem bly  was u se d  to  

m easure th e  pH i n  c o n ju n c tio n  w ith  an E . l . L .  (Model 23A) pH m e te r .

The co n d u c tan ce  o f  each  b u f f e r  s o lu t io n  was m easured i n  a  b o t t l e - t y p e  

c o n d u c t iv i ty  c e l l  a t  25 u s in g  a  V ayne-K err (B8221) U n iv e rs a l  B r id g e .

Some s p e c i f i c  chem ica l t r e a tm e n ts  o f  th e  c e l l s  were c a r r i e d  o u t 

i n  p h o sp h a te  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm pH = 7 •4)» Each dm^ 

o f  t h i s  s o lu t i o n  c o n ta in e d  6 .3672  g  d isod ium  hydrogen  p h o sp h a te  (h y d ra te d )  

and 0 .9 0 4 8  S  p o ta ss iu m  d ih y d ro g en  p h o sp h a te .

2 . 2 . 5 . P r e p a r a t io n  o f  c e l l  su sp e n s io n s  f o r  e le c t r o p h o r e s i s

As p a r t i c u l a t e  m ic ro e le c t ro p h o re s is  had  n e v e r  been  c a r r i e d  o u t 

on c e l l s  o f  M ycobacterium  b o v is  BCG b e fo re , a  s e t  o f  s ta n d a rd  c o n d i t io n s  

had  to  be e s t a b l i s h e d  f o r  th e  p r e p a r a t io n  o f  th e  c e l l s  f o r  e le c t r o p h o r e s i s  

( 4 . 1) and th e s e  w ere ad h ered  to  f o r  a l l  m easurem en ts.

C e l l s  o f  K. ae ro g e n es  grown f o r  18 h i n  n u t r i e n t  b ro th  a t  37 °  

w ere h a rv e s te d  by c e n t r i f u g a t io n ,  w ashed tw ic e  i n  b a r b i t u r a t e - a c e t a t e  

b u f f e r  s o lu t io n  ( l  = 0 .0 2  mol dm"^, pH = 7 .0 )  and re su sp en d ed  i n  t h a t  

s o lu t i o n .

M o b il i ty  m easurem ents w ere g e n e r a l ly  made a s  soon a s  p o s s ib le  a f t e r  

p r e p a r a t io n  o f  th e  c e l l  s u sp e n s io n s . However, some lo n g e r  chem ica l 

t r e a tm e n ts  r e q u i r e d  th e  c e l l s  to  be s to r e d  o v e rn ig h t a t  4 0 .  S to ra g e

a t  4 °C f o r  up to  48 h d id  n o t  have any e f f e c t  on th e  m o b i l i ty  v a lu e s  

o f  th e  c e l l s .
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M o d if ic a t io n  o f  t he B a c t e r i a l  C e l l  S u rfa c e  to  D e te c t S u rfa c e  Groups 

2 . 3 . 1 * D e te c t io n  o f  c a rb o x y l groups

F o r d e t e c t io n  o f  io n iz a b le  s u r fa c e  ca rb o x y l g roups th e  c e l l s  

o f  BCG w ere t r e a t e d  w ith  m e th a n o lic  hydrogen c h lo r id e  (C odd ing ton  and 

P e r k in s ,  I 9 6 I ;  G i t t e n s ,  1962 ). In  t h i s  way f r e e  c a rb o x y l g roups were 

e s t e r i f i e d  and hence p re v e n te d  from  c o n t r ib u t in g  to  th e  t o t a l  c h a rg e .

\
COOH -h MeOH +  >

y
h “ COOMe + H^O +

M e th a lo n ic  hydrogen  c h lo r id e  was p re p a re d  by p a s s in g  HCl gas  

t h r o u ^  AnalaH m e th a n o l. The r e s u l t i n g  s o lu t io n  was t i t r a t e d  a g a in s t  

sodium  h y d ro x id e  s o lu t io n  and th e  c o n c e n tr a t io n  o f  HCl a d ju s te d  

a c c o rd in g ly  to  0 .2  mol dm ^ by d i l u t i o n  w ith  m e th an o l.

21- d a y - o ld  c e l l s  o f  BCG (G laxo s u b - s t r a in )  w ere h a rv e s te d  by 

c e n t r i f u g a t i o n ,  w ashed once i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  

( l  = 0 . 0 5  mol dm pH = 7*0) and tw ic e  i n  0 . 8 ^  HaCl s o lu t io n  (pH = 2 .5 )  

to  e n su re  any c a rb o x y l g roups w ere i n  th e  p ro to n a te d  fo rm . The c e l l s  were 

su sp e n d ed , by t i s s u e - g r i n d i n g , i n  m e th a n o lic  HCl s o lu t io n  ( 0 .2  mol dm ^) 

and shaken  a t  40 °C . F u r th e r  sam ples w ere suspended  i n  th e  m e th a n o lic  

HCl s o lu t i o n ,  s t i r r e d  and r e f lu x e d  a t  60 °C . C o n tro l sam ples w ere 

su spended  i n  m ethano l a lo n e  u n d e r th e  same c o n d i t io n s .

Sam ples w ere removed a t  v a r io u s  t i m e - i n t e r v a l s ,  w ashed tw ic e  i n  

b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm ^) and t h e i r  

e l e c t r o p h o r e t i c  m o b i l i ty  v a lu e s  m easured a t  pH 3 s^ d  6 .

A lo w e r in g  o f  n e g a t iv e  s u r fa c e  ch a rg e  com pared to  u n t r e a te d ,  

c o n t r o l  sam ples i s  i n d i c a t i v e  o f  io n o g e n ic  s u r f a c e  c a rb o x y l g ro u p s .

2 . 3 . 2 . D e te c t io n  o f  amino g ro u p s .

The p re s e n c e  o f  io n iz a b le  s u r f a c e  amino g roups was in v e s t ig a t e d  

u s in g  a  m o d if ie d  v e r s io n  o f  th e  Ingram  and S a l to n  m ethod (1957) d e s c r ib e d

by G i t te n s  ( I 962 ) .  T h is  method depends on th e  b lo c k in g  o f  f r e e  amino
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groups to  g iv e  th e  d in i t r o p h e n y l  d e r iv a t iv e s ;  th u s  th e  amino groups 

ca n n o t io n i z e  and t h e i r  c o n t r ib u t io n  to  th e  t o t a l  ch a rg e  i s  removed,

m w
14 day o ld  c e l l s  o f  BCG (G laxo s u b - s t r a in )  w ere h a rv e s te d  and 

w ashed tw ic e  i n  p h o sp h a te  b u f f e r  s o lu t io n  ( l  = 0 ,5  mol dm"^, pH = 7 « 0 ). 

The c e l l s  w ere th e n  t r e a t e d  w ith  v a r io u s  am ounts o f  a  0.2% s o lu t io n  

o f  e th a n o l ic  2 , 4 -d in i t r o f lu o ro b e n z e n e  (FBKB) made up to  20 cm^ w ith  

e th a n o l and m ixed w ith  5 cm^ o f  h a l f  s a tu r a t e d  sodium b ic a rb o n a te  

s o l u t i o n .  C o n tro l sam ples w ere s e t  up u s in g  e th a n o l and sodium 

b ic a rb o n a te  a lo n e .  Sam ples removed a f t e r  5 h  a t  room te m p e ra tu re  w ere 

w ashed tw ic e  i n  a b s o lu te  a lc o h o l to  remove any e x c e ss  FDKB and th e n  

tw ic e  i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm ^) and 

t h e i r  m o b i l i ty  v a lu e s  d e te rm in e d  a t  pH 3 and 6 .

Any in c r e a s e  i n  th e  n e g a t iv e  m o b i l i ty  v a lu e  o f  th e  c e l l s  

com pared to  u n t r e a te d  c o n t r o l  sam ples in d i c a te s  th e  p re se n c e  o f  amino 

g ro u p s  a t  th e  s u r f a c e .

2 . 3 . 3 . D e te c t io n  o f  s u r f a c e  s u lp h y d ry l g ro u p s .

The m ethod f o r  d e t e c t in g  s u r fa c e  s u lp h y d ry l g roups i s  t h a t  

d e s c r ib e d  by M e h rish i and  G r a s s e t t i  (1969) i n  w hich th e  d is u lp h id e  bond 

o f  d i t h i o d i n i c o t i n i c  a c id  s p l i t s  up and one h a l f  form s a  d i  s u lp h id e  

b r id g e  w ith  th e  c e l l  s u r f a c e  su lp h y d ry l g ro u p ; t h i s  r e s u l t s  i n  th e  

i n t r o d u c t i o n  o f  one n e g a t iv e  ch a rg e  f o r  each  t h i o l  g roup  r e a c te d .



65

HOOC

SH

N S

COOH

\y

-S-S—
N

COOH HOOC

N W
14 day o ld  c e l l s  o f  ECO (G laxo sub—s t r a i n )  w ere h a rv e s te d  by 

c e n t r i f u g a t io n  and washed tw ic e  i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  

( l  = 0 . 0 5  mol dm pH = 7 « 0 ) . The c e l l s  w ere th e n  suspended  by t i s s u e -  

g r in d in g  i n  a  s o lu t io n  o f  6 , 6 '- d i t h i o d i n i c o t i n i c  a c id  

( c a rb o x y p y r id in e d is u lp h id e ,  CPDS) o f  c o n c e n tr a t io n  1 .1 2  x 10 ^ mol dm 

Sam ples w ere rem oved a f t e r  v a r io u s  t im e s ,  h a rv e s te d  and w ashed tw ic e  i n  

b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm pH = 7»0) and 

t h e i r  m o b i l i ty  d e te rm in e d  a t  pH 7 .0 .

T rea tm e n t o f  C P D S -trea ted  c e l l s  w ith  L -c y s te in e  r e v e r s e s  th e  

r e a c t io n  w ith  th e  s u lp h y d ry l g roups ; th e r e f o r e  two sam ples o f  c e l l s  

w ere rem oved a t  d i f f e r e n t  tim es  d u r in g  tre a tm e n t w ith  CPDS and t r e a t e d  

w ith  a  s o lu t i o n  o f  L -c y s te in e  (10 ^ mol dm ^) f o r  15 m in . The c e l l s  

w ere th e n  h a r v e s te d ,  w ashed w ith  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  and 

t h e i r  m o b i l i ty  d e te rm in e d .

An in c r e a s e  i n  n e g a t iv e  m o b i l i ty  com pared to  u n t r e a te d  c o n t ro l  

c e l l s  w ould i n d i c a t e  th e  p re se n c e  o f  s u r fa c e  su lp h y d ry l g ro u p s .
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2 .3 .4 *  D e te c t io n  o f  sijirface  l i p i d s .

S u rfa c e  l i p i d s  on any c e l l  can  be d e te c te d  by com paring  th e  

m o b i l i ty  o f  c e l l s  suspended  in  b u f f e r  s o lu t io n  w ith  th e  m o b i l i ty  

o f  c e l l s  o f  th e  same sam ple suspended  i n  th e  same b u f f e r  s o lu t io n  b u t 

c o n ta in in g  v a ry in g  c o n c e n tr a t io n s  o f  sodium  dodecy l s u lp h a te  (SDS).

I n  th e  p re s e n c e  o f  low c o n c e n tr a t io n s  o f  a n io n ic  s u r f a c ta n t s  any 

s u r f a c e  l i p i d  m a te r ia l  w i l l  i n t e r a c t ,  p ro b ab ly  by h y d ro g en -b o n d in g , 

w ith  th e  h y d ro p h o b ic  p o r t io n  o f  th e  s u r f a c t a n t .  I n  t h i s  way th e  

n e g a t iv e  c h a rg e  o f  th e  s u r f a c e  w i l l  be in c re a s e d  due to  th e  ch a rg ed  

p o la r  s u lp h a te  g roups o f  th e  SDS, w hich a r e  o r i e n t a t e d  in to  th e  medium.

The c e l l s  o f  BCG were h a rv e s te d  by c e n t r i f u g a t io n ,  washed i n  

b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm pH = 7 .0  and 4*0) 

and th e n  su sp en d ed  i n  b u f f e r  s o lu t io n s  c o n ta in in g  v a r io u s  c o n c e n tr a t io n s  

o f  SDS. The m o b i l i ty  v a lu e s  o f  th e s e  c e l l s  w ere com pared w ith  th o se  

o f  c o n t r o l  sam ples suspended  i n  b u f f e r  s o lu t io n  i n  th e  ab sen ce  o f  SDS.

An in c r e a s e  i n  n e g a t iv e  m o b i l i ty  g r e a t e r  th a n  10% i n  th e  p re se n c e  

o f  10 ^ mol dm ^ SDS i s  u s u a l ly  c o n s id e re d  s i g n i f i c a n t  and th e  s iz e  o f  

th e  in c r e a s e  ta k e n  to  be i n d i c a t i v e  o f  th e  amount o f  s u r f a c e  l i p i d  

p r e s e n t .

D e te c t io n  o f  s u r f a c e  l i p i d s  was a l s o  c a r r i e d  o u t i n  b u f f e r  

s o lu t io n s  o f  v a ry in g  io n i c  s t r e n g th s  to  d e t e c t  any l i p i d  lo c a te d  f u r t h e r  

in t o  th e  c e l l  w a ll  s t r u c t u r e .  C e l ls  w ere p re p a re d  and suspended  i n  

b u f f e r  s o lu t io n s  c o n ta in in g  SDS (10 ^ mol dm ^ , pH = 7) o v e r  th e  io n ic  

s t r e n g th —ra n g e  0 .0 2  to  0 .1  mol dm ^ . The m o b i l i ty  o f  th e s e  c e l l s  was 

com pared to  t h a t  o f  c o n t r o l  c e l l s  i n  b u f f e r  s o lu t io n  a lo n e .

2 . 3 . 5 . Extraction of cells with cold chloroform/methanol.
E x t r a c t io n  o f  m y c o b a c te r ia l  c e l l s  w ith  c o ld  c h lo ro fo rm /m e th an o l 

i s  known to  remove c e r t a i n  l i p i d s  ( e . g .  Wax D, co rd  f a c t o r )  from  th e  

c e l l  w a l l . T hese a re  known a s  " f r e e - l i p i d s " .
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S u r fa c e  grown c e l l s  o f  BCG (G laxo s u b - S t r a in )  w ere h a rv e s te d ,  

w ashed once i n  p h o sp h a te  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm"^, pH = 7 .0 )  

and tw ic e  i n  AnalaR m ethano l to  remove a l l  w a te r .  The c e l l s  w ere 

th e n  t i s s u e - g r o 'u id  in to  ch lo ro fo rm /m e th an o l ( 2 : 1 , v /v )  and k e p t 

i n  s u s p e n s io n  by sh a k in g  a t  room te m p e ra tu re  f o r  24 h .  The c e l l s  w ere 

th e n  h a r v e s te d ,  w ashed tw ic e  w ith  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  

( I  = 0 .0 5  mol dm ) and th e  m o b i l i ty  v a lu e s  d e te rm in e d . C o n tro l 

sam ples w ere shaken  in  b u f f e r  s o lu t io n  a lo n e  f o r  24 h  b e fo re  p r e p a r a t io n  

f o r  e l e c t r o p h o r e s i s .

2 . 3 . 6 . Enz:/m atic d e te c t io n  o f  p h o sp h a te  g ro u p s .

V a rio u s  enzymes w ere u sed  i n  an  a t te m p t to  d e t e c t  p h o sp h a te  

g ro u p s b e l ie v e d  to  be p r e s e n t  on th e  s u r f a c e  o f  c e l l s  o f  BCG. These 

w ere a c id  p h o sp h a ta se  (K o ch /L ig h t; ex w heat germ , f r e e z e - d r ie d )  

w hich  h y d ro ly s e s  phosphom onoesters w ith  th e  l i b e r a t i o n  o f  

o r th o p h o s p h a te ;  p h o s p h o d ie s te ra se  (BDH; f r e e z e - d r i e d  powder from  

c r o t a lu s  ad a n a n te u s  ( r a t t l e  snak e) venom) w hich h y d ro ly s e s  d i e s t e r i f i e d  

p h o sp h a te  w ith  th e  l i b e r a t i o n  o f  one o f  th e  a lc o h o l g roups to  le a v e  

a  phosphom onoester; and p h o sp h o lip a se  C (K o ch /L ig h t; ex C lo s tr id iu m  

p e r f r i n g e n s , s a l t - f r e e )  w hich c le a v e s  th e  p h o sp h a te  d i e s t e r  bond in  

p h o s p h o lip id s ,  l i b e r a t i n g  in o rg a n ic  p h o sp h a te .

S u rfa c e  grown c e l l s  o f  BCG (G laxo s u b - s t r a in )  w ere h a rv e s te d  

and w ashed i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n s  ( I  = 0 .0 5  mol dm ) 

a t  th e  optimum pH—v a lu e  f o r  th e  enzym ic t r e a tm e n t;  t h i s  was pH 7 .3  i o r  

th e  p h o sp h o lip a se  C, pH 8 .8  f o r  th e  p h o s p h o d ie s te ra se  and pH 4 -8  

f o r  th e  a c id  p h o s p h a ta s e .

The c e l l s  w ere th e n  suspended  i n  a  0.01% s o lu t io n  o f  th e  

enzym e, made up i n  b a r b i t u r a t e —a c e ta t e  b u f f e r  s o lu t io n  ( l  = 0 .0 5  mol dm ) 

o f  th e  optimum pH f o r  t h a t  enzym e, and in c u b a te d  f o r  24 h  a t  37 C. 

C o n tro l sam ples w ere in c u b a te d  i n  b u f f e r  s o lu t io n s  a lo n e  f o r  th e  

same p e r io d .
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F u r th e r  sam ples o f  c e l l s  w ere a u to c la v e d  f o r  15 min a t  
—2

15 lb  in c h  b e fo re  p r e p a r a t io n  and su sp e n s io n  i n  th e  enzyme s o lu t i o n s .

A f te r  24 h in c u b a t io n  th e  c e l l s  w ere h a rv e s te d  and washed 

tw ic e  i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n s  ( l  = 0 . 0 5  mol dm” ^ , 

pH = 5 ,5 ,7  and  9 ) and th e  m o b i l i ty  v a lu e s  d e te rm in e d .

Any change i n  th e  m o b i l i ty  v a lu e  o f  th e  e n z y m e -tre a te d  c e l l s  

com pared to  t h a t  o f  th e  c o n t r o l  c e l l s  w ould in d i c a te  t h a t  th e  enzyme 

had a f f e c t e d  th e  c e l l  s u r f a c e .  C o n tro l sam ples t r e a t e d  w ith  

h e a t - i n a c t i v a t e d  enzyme p r e p a r a t io n s  w ere in c lu d e d  to  show w h eth er 

any changes w ere due to  ad so rb ed  enzyme on th e  s u r fa c e  o r  to  th e  

h y d r o ly s is  o f  s u r f a c e  p h o sp h a te  g roups by th e  a c t iv e  enzyme.

2 . 5 . 7 . S p e c i f i c  sequence o f  r e v e r s a l  o f  ch arg e  by in o rg a n ic  c a t io n s  

In o rg a n ic  c a t io n s  w i l l  cau se  th e  r e v e r s a l  o f  ch arg e  o f  

v a r io u s  c o l lo id s ,  and s p e c i f i c  p a t t e r n s  to  th e  sequence o f  t h i s  charge  

r e v e r s a l  by a  v a r i e ty  o f  c a t io n s  c h a r a c te r i s e  th e  d i f f e r e n t  c o l lo id a l  

s p e c ie s .  F o r c a rb o x y l and s u lp h a te  c o l lo id s  s p e c i f i c  sequences among 

conpcoable io n s  a r e  o b se rv ed  and th e  h e x o l io n  shows an ex trem ely  low 

r e v e r s a l  o f  c h a rg e  c o n c e n t r a t io n ,  w liile  f o r  p h o sp h a tid e s  th e  u ra n y l 

io n  r e v e r s e s  c h a rg e  a t  a  much low er c o n c e n tr a t io n  th a n  th e  com parable 

d iv a le n t  c a t io n s  P b , Cu, Cd and Zn. T h is  e f f e c t  can  and h as  been  

ex te n d e d  to  b a c t e r i a l  c e l l s ,  th e  sequence o f  ch a rg e  r e v e r s a l  o b ta in e d  

b e in g  i n d i c a t i v e  o f  th e  charged  g roups p r e s e n t  on th e  c e l l  s u r fa c e  

(B ugenberg  de Jo n g , 1949)*

The m ethod u sed  was a d a p te d  from  t h a t  d e s c r ib e d  by S c h o tt  and 

Young ( 1977) i n  w hich th e  io n ic  s t r e n g th  o f  th e  c a t io n - c o n ta in in g  

s o lu t io n s  was h e ld  c o n s ta n t  by th e  a d d i t io n  o f  sodium n i t r a t e .

S o lu t io n s  o f  c o p p e r , l e a d ,  u r a n y l ,  cadmium and z in c  n i t r a t e s  

w ere u se d  and th e  io n ic  s t r e n g th  o f  th e s e  s o lu t io n s  made up to
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-3
0 .0 5  mol dm by th e  a d d i t io n  o f  sodium  n i t r a t e  (NaHO^). A s o lu t io n  

o f  NaîIO^ ( l  = 0 .0 5  mol dm was u se d  a s  a  c o n t r o l .

The s o lu t io n s  w ere u n b u f fe re d ,  a s  a d d i t io n  o f  a l k a l i  caused  

p r e c i p i t a t i o n  o f  h y d ro x id e s .  The pH o f  th e  s o lu t io n s  was i n  th e  

ra n g e  4-5* The s a l t s  o f  th e  p o ly v a le n t  c a t io n s  w ere d is s o lv e d  

im m ed ia te ly  b e fo re  t h e i r  a d d i t io n  to  th e  b a c t e r i a l  c e l l  su sp e n sio n  

to  m in im ise  h y d r o ly s i s .

Surface grown cells of BCG (Glaxo sub-strain) were harvested 
by centrifugation, washed in NaNO^ solution (l = 0.05 mol dm” ,̂ 

pH = 6 . 4 ) and resuspended in the appropriate cation solution 

immediately prior to electrophoretic mobility determinations.

2 . 4 . Preparation of C e l l  W all Suspensions

2 . 4 . 1 . Growth of cells for cell wall preparation
A h ig h  c o n c e n tr a t io n  o f  c e l l s  was r e q u ir e d  to  a c h ie v e  a  

r e a s o n a b le  sam ple o f  c e l l  w a l l s .  BCG was th e r e f o r e  grown on a  la rg e  

s c a le  by in o c u la t i o n  o f  a  Dubos-grown c u l tu r e  o f  BCG (G laxo s u b - s t r a in )  

in t o  P ro d u c tio n  medium c o n ta in e d  i n  l a r g e  c u l tu r e  v e s s e ls  (b e d -p a n s ) .  

100 cm^ o f  medium i n  each  v e s s e l  was in o c u la te d  w ith  1 cm^ o f  

D ubos-grow n c u l t u r e .

The c u l tu r e s  w ere in c u b a te d  a t  37 °C f o r  I 4 d a y s , h a rv e s te d  by 

c e n t r i f u g a t io n  and w ashed once i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t io n  

( l  = 0 . 0 5  mol dm” ^ , pH = 7 .0 )  p r i o r  to  d is r u p t io n  by u l t r a s o n ic  

v i b r a t i o n .

2 . 4 . 2 . Disruption of whole cells
The w hole c e l l  su sp e n s io n s  i n  ic e - c o o le d  b u f f e r  s o lu t io n  w ere 

s u b je c te d  to  u l t r a s o n i c  a t  io n  f o r  5 min i n  a  MSE s o n ic a to r  o p e ra t in g  

a t  maximum o u tp u t .
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The resulting whole cell/cell wall suspension was centrifuged 
at 2 500 X g for 30 min to remove whole cells* The supernatant was 
then centrifuged at 22 000 x g for 30 min, when the cell walls were 

sedimented out. The supernatant was discarded and the cell wall pellet 
washed in barbiturate-acetate buffer solution (l = 0 .0 5 mol dm~^, 

pH = 7 .0 ) and reclaimed by centrifugation at 22 000 x g.

Samples were removed at various intervals during this treatment 
and examined by transmission electron microscopy to check that the 
whole cells had been ruptured.

2 .4 .3 . Preparation of cell walls for mobility measurements.

The cell wall suspension in barbiturate-acetate buffer solution 

(pH 7 .0 ) was distributed into universal bottles and suspended in 

barbiturate-acetate buffer solutions (l = 0.05 mol dm of pH in 
the range 2.5 - 9. Control whole cell samples were grown in 
Production medium, harvested, washed twice in barbiturate-acetate buffer 
solution at pH 7*0 and prepared as for the cell wall suspensions. 

Mobility measurements were carried out as usual.

2 . 5 . P r e p a r a t io n  o f  C e l l s  f o r  E le c t ro n  M icroscopy

2 . 5 . 1 . S can n in g  e l e c t r o n  m icroscopy

Cells of BCG (all 5 sub-strains) were harvested by 
centrifugation, washed twice in distilled water and adjusted to a 

suitable density by suspension in distilled water.
A sterile platinum loop was used to transfer cells of each 

specimen to glass cover slips (10 mm diam.) which were then thoroughly 
air—dried. The resulting samples were mounted onto scanning electron 

microscope sample stubs and coated with a thin layer of gold to 

prevent the build up of any surface charges during scanning.



71

The sam ples w ere th e n  scanned  u s in g  a  Cam bridge S te re o sc a n  

e l e c t r o n  microsocpe (S 4 -1 0 ) o p e r a t in g  a t  20 kV.

2 . 5 . 2 . T ra n sm iss io n  e l e c t r o n  m icroscopy

C e l ls  o f  BCG w ere h a rv e s te d  by c e n t r i f u g a t io n ,  w ashed tw ice  

i n  d i s t i l l e d  w a te r  and re su sp e n d e d  to  a  s u i t a b l e  d e n s i ty  i n  d i s t i l l e d  

w a te r .

D rops o f  t h i s  su sp e n s io n  w ere p la c e d  on to  g o ld  e le c t r o n  

m ic ro sco p e  g r id s  and th o ro u g h ly  a i r - d r i e d .  The specim ens w ere th e n  

n e g a t iv e ly  s ta in e d  u s in g  u ra n y l a c e ta t e  and exam ined u n d e r th e  

t r a n s m is s io n  e l e c t r o n  m ic ro sco p e .

Sam ples ta k e n  d u r in g  th e  p r e p a r a t io n  o f  c e l l  w a l ls  by 

u l t r a s o n i c a t i o n  w ere a l s o  p re p a re d  and exam ined i n  th e  same way.
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CHAPTER 3

THE COLOOTAL MORPHOLOGY OP SOME SUB-STRAINS

OF M.BOVIS BCG
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The v a r io u s  s u b - s t r a in s  o f  BCG, d e r iv e d  from  th e  o r ig i n a l  

B a c i l l u s  C a lm e tte  and G uerin  and m a in ta in e d  i n  many la b o r a to r i e s  

f o r  o v e r  40 y e a r s ,  have undergone c e r t a i n  p h en o ty p ic  and g en o ty p ic  

changes i n  b io c h e m ic a l a c t i v i t y  (B o en ick e , 1957; G upta e t  a l ,  1959 

and 1963) ,  c o lo n ia l  m orphology (From an e t  a l ,  1955; P ie r c e  and Dubos,

1956 ; G u p ta , 1978) and i n  t h e i r  a b i l i t y  to  p r o te c t  a g a in s t  

c h a l le n g e  w ith  tu b e r c le  b a c i l l i  (M urohashi e t  a l ,  1952*, Dubos and 

P ie r c e ,  1956; L ad efo g ed , B u n ch -G h ris ten sen  and G uld , 1970 and 1976; 

F r a p p ie r  e t  a l ,  19 7 1 ).

E a r ly  w o rk ers  have s u g g e s te d  t h a t  co lony  form  was r e l a t e d  to  

s u r f a c e  p r o p e r t i e s  (R eed and G a rd in e r , 1932; . Choucrcun and P lo tz ,

1934) .  To reexam ine  t h i s ,  c e l l s  o f  th e  v a r io u s  s u b - s t r a in s  o f  BCG 

w ere p la te d  o u t  o n to  DCA a g a r  and t h e i r  c o lo n ia l  m orphology exam ined.

The c o lo n ia l  m orphology f o r  th e  5 s u b - s t r a in s  u s e d , G laxo , P a s te u r ,  

J a p a n e s e ,  P rag u e  end D a n is h ,d i f f e r e d  betw een s t r a i n s .  Two ex trem es 

o f  c o l o n ia l  m orphology w ere d is p la y e d :

(1 )  th e  G laxo s u b - s t r a i n ,  w hich h as  ro u n d ed , heaped-up  c o lo n ie s ;a n d

( 2 ) th e  P a s te u r  s u b - s t r a in  w hich h as  f l a t ,  s p re a d in g  c o lo n ie s  (F ig u re  3*1)* 

Colony form  such  a s  t h a t  d is p la y e d  by th e  Glaxo s u b - s t r a in  i s

te rm ed  "sm ooth" and t h a t  d is p la y e d  by th e  P a s te u r  s u b - s t r a in  a s  " ro u g h " . 

The o th e r  th r e e  sub—s t r a i n s  e x h ib i te d  c o lo n ia l  m orphology in te rm e d ia te  

betw een th e s e  two s u b - s t r a in s  (F ig u re  3 '2 . ) «  The Ja p a n e se  and P rague 

sub—s t r a i n s  w ere v e ry  s im i l a r  and te n d e d  more tow ards "sm ooth" co lony  

form  th a n  " ro u g h ", w h i l s t  th e  D an ish  sub—s t r a i n  had c o lo n ie s  m ain ly  

in te r m e d ia te  betw een  "rough" and "sm ooth" , b u t was c h a r a c te r i s e d  by 

10-20% o f  v e ry  "sm ooth" c o lo n ie s .

"Rough" and "sm ooth" i s o l a t e s  o f  th e  Glaxo s u b - s t r a in  o f  BCG 

w ere a l s o  exam ined (F ig u re  3 * 3 ). The d i f f e r e n c e  betw een th e  two 

i s o l a t e s  was o b v io u s !  th e  "rough" i s o l a t e  form ed c o lo n ie s  c lo s e ly  

re s e m b lin g  th o s e  d is p la y e d  by th e  P a s te u r  s u b - s t r a in  ( t y p i c a l l y  " rough") 

and th e  "sm ooth" i s o l a t e  c o lo n ie s  re se m b lin g  norm al Glaxo BCG.
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FIGURE 3.1; Colonial morphology of the Glaxo 
and Pasteur sub-strains of BCG (x 6)

Glaxo sub-strain

Pasteur sub-strain
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FIGURE 3.2; Colonial morphology of the Danish 
Japanese and Prague sub-strains of BCG (x 6)

Danish sub-strain Japanese sub-strain

Prague sub-strain
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FIGURE 3.3: Colonial morphology of "rough" and
"smooth" isolates of Glaxo BCG (x 6 y

"Rough" isolate

"Smooth" isolate
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CHAPTER 4

THE SUREACE PROPERTIES OF SUB-STRAINS OF M.BOYIS BCG
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The e x p e rim e n ts  d e s c r ib e d  i n  t h i s  c h a p te r  w ere u n d e r ta k e n  

to  i n v e s t i g a t e  th e  s u r f a c e  p r o p e r t i e s  o f  th e  5 s u b - s t r a in s  o f  

M.b o v is  BCG ( v iz  G lax o , P a s te u r ,  J a p a n e s e ,  B an ish  and P rag u e)b y  

exam in ing  th e  shape and p o s i t i o n  o f  t h e i r  p E -m o b ili ty  c u rv e s  u n d e r 

a  v a r i e ty  o f  c o n d i t io n s .  Such an  i n v e s t i g a t i o n  c o u ld  r e v e a l  any 

r e l a t i o n s h i p s  betw een  th e  d i f f e r e n t  p h y s ic a l  and b io l o g ic a l  p r o p e r t i e s  

e x h ib i te d  by th e  s u b - s t r a i n s , e . g .  c o lo n ia l  m orphology , and t h e i r  

s u r f a c e  c h a rg e  p r o p e r t i e s .

V ery l i t t l e  work h as  been  r e p o r te d  on th e  e l e c t r o p h o r e t i c  

p r o p e r t i e s  o f  m y c o b a c te r ia l  s p e c ie s .  Adams and R id e a l  ( l9 5 S )  

exam ined c e l l s  o f  M. p h l e i ; "rough" and "sm ooth" i s o l a t e s  o f  

M. le p r a e  (R eed and G a rd in e r ,  1 9 3 2 ), M. tu b e r c u lo s i s  and M. b o v is  BCG 

(C houcroun and P l o t z ,  1 9 3 4 ), have a l s o  been  in v e s t i g a t e d .  I t  was 

t h e r e f o r e  n e c e s s a ry  to  d e te rm in e  th e  o p tim a l c o n d i t io n s  f o r  th e  

m easurem ent o f  e l e c t r o p h o r e t i c  m o b i l i ty  o f  c e l l s  o f  BCG.

4 .1 .  E s ta b lis h m e n t o f  p ro c e d u re s  f o r  M easurem ent o f  C harge o f

M y c o b a c te r ia .

4 . 1 *1 . I o n ic  s t r e n g th  o f  b u f f e r  s o l u t i o n .

The optimum io n ic  s t r e n g t h  o f  th e  b a r b i t u r a t e - a c e t a t e  b u f f e r  

s o lu t i o n  u sed  to  d e te rm in e  th e  e l e c t r o p h o r e t i c  m o b i l i ty  o f  c e l l s  o f  BCG 

was d e te rm in e d  by p l o t t i n g  a  m o b i l i ty - c o n c e n t r a t io n  cu rv e  f o r  c e l l s  o f  

BCG i n  b u f f e r  s o lu t io n s  o f  v a ry in g  io n i c  s t r e n g t h  a t  c o n s ta n t  pH (7 * 0 ) .  

The c e l l s  w ere grown f o r  I 4 days on S au to n  medium (T a b le  2 . 4 - ) ;  

t y p i c a l  r e s u l t s  d e te rm in e d  on 4O m easurem ents ( 2 . 2 . 2 . )  a r e  shown i n  

F ig u re  4 .1 .

As th e  i o n i c  s t r e n g t h  o f  th e  b u f f e r  s o lu t i o n  d e c re a s e s  so th e  

th ic k n e s s  o f  th e  d o u b le  l a y e r  in c r e a s e s  a c c o rd in g  to  th e  e q u a t io n ;

T hickness/S  = ^ 4 . 1 .
0.327 X 10  ̂ I^/^
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w here I  i s  th e  io n ic  s t r e n g th  o f  th e  b u f f e r  s o lu t i o n  (m ol dm~^).

Thus th e  lo w er th e  io n i c  s t r e n g th  th e  g r e a t e r  w i l l  be  th e  number o f  

c h a rg e d  s p e c ie s  w hich w i l l  c o n t r ib u te  to  th e  t o t a l  c h a rg e .

From th e  r e s u l t s  o b ta in e d  an io n i c  s t r e n g th  o f  0 .0 5  mol dm~^ 

was chosen  a s  m ost s u i t a b l e  f o r  d e te rm in in g  e l e c t r o p h o r e t i c  m o b i l i ty  

v a lu e s  o f  c e l l s  o f  m y c o b a c te r ia .  T h is  v a lu e  la y  on th e  p la te a u  r e g io n  

o f  th e  m o b i l i ty - c o n c e n t r a t io n  cu rv e  and m o b i l i ty  v a lu e s  d e te rm in e d  

a t  t h i s  c o n c e n t r a t io n  w ere th e r e f o r e  l e s s  s u s c e p t ib le  to  e r r o r s  

a r i s i n g  from  any sm a ll v a r i a t i o n s  i n  th e  c o n c e n t r a t io n  o f  th e  

b u f f e r  s o lu t i o n .

4*1*2. Number o f  w ash ings r e q u i r e d  b e fo re  m o b i l i ty  d e te r m in a t io n s .

The i d e a l  number o f  tim es  th e  c e l l s  w ere washed i n  b u f f e r  s o lu t io n  

b e fo re  th e  ex a m in a tio n  o f  t h e i r  m o b i l i ty  was d e te rm in e d . The number 

o f  w ash in g s h a s  to  be s u f f i c i e n t  to  remove a l l  n u t r i e n t s ,  s a l t s  

and to x ic  p ro d u c ts  from  th e  g row th  medium w hich  w ould i n t e r f e r e  i n  

th e  d e te rm in a t io n  o f  s u r f a c e  c h a rg e , w h ile  a t  th e  same tim e  le a v in g  

th e  s u r f a c e  o f  th e  b a c t e r i a l  c e l l s  w ith  a l l  n a t u r a l l y  a r i s i n g  s u r f a c e  

com ponents s t i l l  p r e s e n t .

The m o b i l i ty  o f  c e l l s  o f  BCG was m easured  a f t e r  v a ry in g  

num bers o f  w ash ings i n  b a r b i t u r a t e - a c e t a t e  b u f f e r  s o lu t i o n  o f  

c o n s ta n t  io n i c  s t r e n g t h  and pH ( l  = 0 .0 5  mol dm pH = 7)*

The r e s u l t s  a re  sum m arized i n  T ab le  4*1*
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T ab le  4*1 «

E f f e c t  o f  w ash ing  on th e  m o b i l i ty  o f  c e l l s  o f  M. b o v is  BCG.

No. o f  w ash ings 10^ X e l e c t r o p h o r e t i c  m o b i l i ty

/m ^ s  V   ̂ a t  pH 7

1 1 .7 8

2 1 .80

5 1.77

4 1.81

To o b ta in  an  even s u sp e n s io n  o f  c e l l s  i t  was n e c e s s a ry  to  

m an u a lly  g r in d  th e  s u sp e n s io n  in  a  g la s s -g ro u n d  t i s s u e - g r i n d e r  

betv 'een  each  w ash in g . As no s i g n i f i c a n t  d i f f e r e n c e  i n  m o b i l i ty  o f  

th e  c e l l s  was o b se rv e d  on w ash ing  th e  c e l l s  s e v e r a l  tim e s , i t  was 

d e c id e d  to  wash th e  c e l l s  once o n ly  to  m in im ise  th e  amount o f  

t i s s u e - g r i n d i n g  r e q u i r e d  and th u s  re d u c e  th e  p o æ ib i l i t y  o f  s u r f a c e  

d i s r u p t i o n .  However c e l l s  grown i n  a  medium c o n ta in in g  a  

n o n - io n ic  w e t t in g  a g e n t w ere w ashed tw ic e  to  e n su re  com p le te  rem oval o f  

th e  w e t t in g  a g e n t .

From 100 m o b i l i ty  v a lu e s  m easured  o v e r  a  p e r io d  o f  2 y e a r s ,  th e  

day to  day r e p r o d u c i b i l i t y  a t  p = 0 .0 5  i s  -  1%. Any d i f f e r e n c e  

g r e a t e r  th a n  G)o i s  t h e r e f o r e  s i g n i f i c a n t  and i n d i c a t e s  changes on 

th e  c e l l  s u r f a c e .

4 . 1 , 3 . pH -range f o r  m easurem ent o f  m o b i l i t y .

The pH -range f o r  th e  m easurem ent o f  th e  m o b i l i ty  o f  c e l l s  

o f  BCG, o v e r  w hich th e  s u r f a c e  was n o t  i r r e v e r s i b l y  a l te r e d ,w a s  

d e te rm in e d  by m e asu rin g  th e  m o b i l i ty  o f  th e  c e l l s  a t  pH 7 a f t e r
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su sp e n s io n  i n  b u f f e r  s o lu t io n s  o f  h ig h e r  o r  lo w er p H -v a lu e s .

F a i lu r e  to  r e g a in  th e  o r i g i n a l  v a lu e  o b ta in e d  f o r  c e l l s  suspended  

d i r e c t l y  a t  pH 7 in d i c a te d  t h a t  i r r e v e r s i b l e  changes had  o c c u rre d  

to  th e  c e l l  s u r fa c e ,  and m o b i l i ty  v a lu e s  o b ta in e d  a t  th e s e  pH -v a lu es  

m ust be c o n s id e re d  i n v a l i d .

The pH -range f o r  c e l l s  o f  BCG was 2 .5  -  9 •5»

4 . 1 . 4 . C o n d it io n s  f i n a l l y  ad o p ted  f o r  th e  m easurem ent o f  m o b i l i ty  

o f  c e l l s  o f  m y c o b a c te r ia .

The c o n d i t io n s  f i n a l l y  a d o p te d  f o r  th e  m easurem ent o f  th e  

e l e c t r o p h o r e t i c  m o b i l i ty  o f  c e l l s  o f  m y c o b a c te ria  a re  sum m arized i n  

T ab le  4 . 2 .

The c e l l s  w ere m anually  t i s s u e - g r o u n d  betw een  each  w ash ing  

and d i r e c t l y  b e fo re  m o b i l i ty  m easurem ents w ere made.

T ab le  4 . 2 .

P r e p a r a t io n  o f  c e l l s  o f  m y c o b a c te ria  f o r  e l e c t r o p h o r e t i c  m o b i l i ty  

m easu rem en ts .

Io n ic  s t r e n g t h  o f  
b u f f e r  s o lu t io n  
/m o l dm"3

P re se n c e  o r  ab sen ce  
o f  w e t t in g  a g e n t 
i n  grow th  medium

No. o f  w ash ings 
b e fo re  m o b i l i ty  
m easurem ents

pH -range

0 . 0 5 P re s e n t 2 2 . 5- 9 .5

0 . 0 5 A bsen t 1 2 . 5- 9 .5

4 . 2 . S u r fa c e  .P ro p e r t ie s  o f  C e l ls  o f  BCG a f t e r  grow th  on 

S au to n  Medium.

S in c e  th e  y i e l d  o f  BCG c e l l s  g row ing  a s  a  s u r f a c e  p e l l i c l e  

on S au to n  medium was v e ry  good , and a l s o  s in c e  th e r e  was no w e t t in g  

a g e n t p r e s e n t  i n  t h i s  medium (w hich  may have a f f e c t e d  th e  s u r f a c e  

p r o p e r t i e s  o f  th e  c e l l s ) , th e  f i r s t  p H -m o b ility  m easurem ents w ere
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made on c e l l s  grown on S au to n  medium,

A t y p i c a l  p H -m o b ility  cu rv e  o b ta in e d  f o r  c e l l s  o f  th e  

G laxo s u b - s t r a i n  o f  BCG grown on S au to n  medium i s  shown i n  

F ig u re  4 «2. T h is  p H -m o b ility  cu rv e  i s  t y p i c a l  o f  a  s u r f a c e  w ith  

o n ly  a n io n ic  s u r f a c e  g ro u p s . T here  was no in d i c a t i o n  o f  c h a r g e - r e v e r s a l  

a t  low p H -v a lu es  o r  a  f u r t h e r  r i s e  i n  n e g a t iv e  m o b i l i ty  v a lu e s  a t  

h ig h e r  pH, e i t h e r  o f  w hich w ould in d i c a t e  th e  p re s e n c e  o f  c a t i o n i c  

g ro u p s i n  a  m ixed a n i o n ic / c a t i o n i c  c e l l  s u r f a c e .  The s u r f a c e  c h a rg e d  

g ro u p s have a  pK o f  a p p ro x im a te ly  2 .9  and th e  c h a rg e  ap p ro ch e s  ze ro  

a t  a p p ro x im a te ly  pH = 2 .

The p H -m o b ility  c u rv e s  o f  c e l l s  o f  th e  o th e r  f o u r  s u b -s tra in s  

o f  BCG (F ig u re  4 «5) s r e  a l l  c o in c id e n t  w ith  t h a t  o f  c e l l s  o f  th e  

G laxo s u b - s t r a in .

T hese r e s u l t s  show t h a t  th e  t o t a l  s u r f a c e  c h a rg e  c a r r i e d  

by c e l l s  o f  a l l  f i v e  s u b - s t r a in s  o f  BCG grown on th e  s u r f a c e  o f  

S au to n  medium i s  i d e n t i c a l .  A l l  f i v e  s u b - s t r a in s  have a  n e g a t iv e  

s u r f a c e  c h a rg e  a r i s i n g  from  th e  d i s s o c i a t i o n  o f  a n io n ic  s u r f a c e  

s p e c ie s ;  th e r e  i s  no in d i c a t i o n  o f  any c a t io n i c  s p e c ie s .

4 . 3 . S u r fa c e  P r o p e r t i e s  o f  C e l l s  o f  BCG a f t e r  Growth on o th e r  M ed ia .

I n  o th e r  s p e c ie s  o f  b a c t e r i a  th e  e l e c t r o p h o r e t i c  b e h a v io u r  o f  

b a c t e r i a l  c e l l s  h a s  been  shown to  v a ry  w ith  th e  n a tu r e  o f  th e  grow th  

medium. F o r exam ple c e l l s  o f  M icrococcus a u re u s  c u l t i v a t e d  in  

g lu c o s e - c o n ta in in g  medium show a  h ig h e r  m o b i l i ty  th a n  c e l l s  

c u l t i v a t e d  i n  o rd in a ry  b ro th  (D y a r , 1948); t h i s  h a s  been  a t t r i b u t e d  to  

a  h ig h e r  s u r f a c e  l i p i d  c o n te n t .

As c e l l s  o f  BCG a re  r o u t i n e ly  c u l tu r e d  i n  a  v a r i e ty  o f  m edia 

i t  was d e c id e d  to  i n v e s t i g a t e  t h e i r  s u r f a c e  p r o p e r t i e s  a f t e r  g row th  

i n  th e s e  o th e r  m ed ia .
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FIGURE 4 . 2 .

p H -m o b ility  cu rv e  f o r  c e l l s  o f  th e  G laxo s u b - s t r a i n  o f  BCG RTOwn 

on S au ton  medium

- 2.0
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FIGURE 4 . 5 .

p H -m o b ility  c irrves f o r  c e l l s  o f  th e  P a s te u r ,  D an ish , 

J a p a n e se  and P rag u e  s u b - s t r a in s  o f  BCG grown on S au to n  

medium com pared to  t h a t  f o r  c e l l s  o f  G laxo BCG.

O

O

P a s te u r  s u b - s t r a i n

D an ish  s u b - s t r a i n

P rague  s u b - s t r a i n

Ja p a n e se  s u b - s t r a i n

Glaxo sub-strain
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4 " 3 " 1 '  S u r fa c e  p r o p e r t i e s  a f t e r  grow th on Dubos O le ic  A cid  a ^ a x .

T y p ic a l r e s u l t s  f o r  th e  pH—m o b il i ty  c u rv e s  o f  c e l l s  o f  a l l  f iv e  

sub—s t r a i n s  o f  ECO grown on DOA a g a r  (T ab le  2 . 5 )  a re  shown in  F ig u re  

4 •4» T here  i s  no d i f f e r e n c e  i n  t o t a l  ch arg e  e x h ib i te d  by c e l l s  o f  th e  

f i v e  s u b - s t r a in s  o f  BCG grown on BOA agar, and f u r t h e r  th e  shape and 

p o s i t i o n  o f  th e  p H -m o b ility  cu rv es  o b ta in e d  i s  th e  same a s  t h a t  f o r  c e l l s  grown 

on S au to n  medium.

4«3*2.  S u r fa c e  p r o p e r t i e s  a f t e r  grow th i n  Dubos and P ro d u c tio n  mediA..

Dubos (T ab le  2 . 4* )  and P ro d u c tio n  (T a b le  2 . 4* )  m ed ia , u sed  to  grow 

c e l l s  o f  BCG a s  a  d is p e r s e d  c u l t u r e ,  c o n ta in  a  n o n - io n ic  w e t t in g  a g e n t 

to  keep  th e  c e l l s  i n  su sp e n s io n . I n  Dubos medium t h i s  i s  Tween 80 and 

i n  P ro d u c tio n  medium T r i to n .

The p H -m o b ility  c u rv e s  o b ta in e d  f o r  c e l l s  o f  th e  Glaxo 's u b - s t r a in  

o f  BCG grown i n  Dubos and P ro d u c tio n  medium a re  shown i n  F ig u re  4*5*

T here  i s  no d i f f e r e n c e  i n  shape o r  p o s i t i o n  o f  th e  p H -m o b ility  cu rv es  

o b ta in e d  f o r  c e l l s  grown in  th e  m edia c o n ta in in g  s u r f a c t a n t s .  F u r th e r  th e  

c u rv e s  f o r  c e l l s  o f  th e  G laxo s u b - s t r a in  o f  BCG grown i n  a l l  th e  m edia u sed  

i n  BCG c u l t i v a t i o n  a re  c o in c id e n t  (F ig u re  4*6)*

Thus i t  i s  e v id e n t t h a t  th e  e l e c t r o p h o r e t ic  m o b i l i ty  and th e  shape 

and p o s i t i o n  o f  th e  p H -m o b ility  cu rv e  o f  c e l l s  o f  BCG rem ain s  c o n s ta n t  f o r  

a  v a r i e t y  o f  grow th  m edia and i s  a l s o  i d e n t i c a l  f o r  a l l  f i v e  s u b - s t r a in s  

exam ined . T h is  su g g e s ts  t h a t  th e r e  i s  no c o r r e l a t i o n  betw een  th e  

o b se rv e d  d i f f e r e n c e s  i n  c o lo n ia l  m orphology betw een s u b - s t r a i n s  and th e  

s u r f a c e  c h a rg e .

4 . 4 * S u rfa c e  P r o p e r t i e s  o f  "Rough" and "Smooth" I s o l a t e s  o f  Glaxo BCG.

E a r l i e r  w o rkers (Reed and G a rd in e r , 1952; Choucroun and P lo t z ,  1934) 

r e p o r te d  d i f f e r e n c e s  i n  e l e c t r o p h o r e t ic  m o b i l i ty  betw een ’’rough" and 

"sm ooth" i s o l a t e s  o f  m y c o b a c te r ia l s p e c ie s .  The p r e s e n t  r e s u l t s  do n o t  

su p p o r t t h i s  a s  f a r  a s  d i f f e r e n c e s  i n  co lony  form  betw een sub—s t r a i n s
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FIGURE 4 . 4 .

pH-mobility curves for cells of the Glaxo, Pasteur, Danish,

Japanese and Prague sub-strains of BCG grown on Dubos Oleic 
Acid agar
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G laxo s u b - s t r a i n
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FIGURE 4 . 5 .

p H -m o b ility  c u rv e s  f o r  c e l l s  o f  th e  GIsdco s u b - s t r a i n  o f  BCG ,^ow n 

in  th e  p re se n c e  o f  a  n o n - io n ic  w e t t in g  af^ent

pH

O
©

Dubos medium

Production medium
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FIGURE 4.6.
pH-mobility curves for cells of the Glaxo Bub-strain of BCG prown 
in a variety of media
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a r e  c o n c e rn e d . T h e re fo re  by way o f  c o n f irm a tio n , pH—m o b i l i ty  cu rv es  

w ere d e te rm in e d  f o r  th e  " ro u g h ” and "sm ooth" i s o l a t e s  o f  G laxo BCG.

The r e s u l t s  (F ig u re  4«7) co n firm  th e  f in d in g s  t h a t  th e r e  i s  no 

r e l a t i o n s h i p  betw een e le c t r o p h o r e t i c  m o b i l i ty ,  and hence  s u r fa c e  

c h a rg e  o f  in d iv id u a l  c e l l s ,  and th e  c o lo n ia l, m orphology o f  c e l l s  o f  BCG.

I t  w ould th e r e f o r e  a p p e a r t h a t  th e  d i f f e r e n c e s  i n  co lony  form  

betw een  s u b - s t r a i n s  a r e  n o t  due to  p h y s ic a l  d i f f e r e n c e s  b u t  p o s s ib ly  

to  b io c h e m ic a l o n e s , w hich a llo w  th e  c o lo n ie s  to  heap  to  g iv e  "sm ooth" 

co lo n y  fo rm s , o r  p re v e n t  i t  to  g iv e  f l a t ,  s p re a d in g ,  "rough" c o lo n ie s .

Growth o f  BCG i n  a  medium c o n ta in in g  a  n o n - io n ic  w e t t in g  a g e n t 

i s  known to  in f lu e n c e  c o lo n ia l  m orphology tow ards th e  "sm ooth" co lony  

fo rm , b u t  th e  p r e s e n t  r e s u l t s  show no d i f f e r e n c e  i n  s u r fa c e  p r o p e r t i e s  

f o r  c e l l s  o f  BCG w hich  can  be r e l a t e d  to  d i f f e r e n t  grow th  m edia; t h i s  

a g a in  s u g g e s ts  t h a t  th e r e  i s  no r e l a t i o n s h i p  betw een  co lony  form  and 

s u r f a c e  c h a rg e .

4 .5 »  Effect of Age of a Culture on Surface properties of Cells of BCG.

The e l e c t r o p h o r e t i c  b e h a v io u r  o f  c e l l s  o f  some o th e r  b a c t e r i a l  

s p e c ie s  h a s  been  shown to  v a ry  w ith  th e  age o f  th e  c u l t u r e .  F o r 

exam ple , c e l l s  o f  E . c o l i  e x h i b i t  a  d e c re a se  i n  m o b i l i ty  d u r in g  th e  

e a r ly  p h ase  o f  g ro w th , b e fo re  a  s t a b l e  v a lu e  i s  re a c h e d  w hich i s  

m a in ta in e d  f o r  s e v e r a l  days (M oyer, 1936)»

C u l tu r e s  o f  BCG show v a r i a t i o n s  i n  t h e i r  tend en cy  to  a g g re g a te  

d u r in g  g ro w th . The c e l l s  a r e  f a i r l y  w e ll  s e p a ra te d  i n  th e  e a r ly  s ta g e s  

and  l a t e r  show an  in c r e a s in g  tendency  to  clump u n t i l  ab o u t 14 d a y s , 

a f t e r  w hich  th e  clum ps a p p e a r  to  b re a k  down. I t  was th e r e f o r e  d e c id e d  to  

i n v e s t i g a t e  any changes i n  s u r f a c e  ch a rg e  e x h ib i te d  d u r in g  grow th  

o f  a BCG c u l t u r e .



93

FIGURE 4.7.
p H -m o b ility  c u rv e s  f o r  "roii/?h" and "smooth"' i s o l a t e s  o f  th e  

G laxo s u b - s t r a i n  o f  BCG

2.0

-4->

•H

pH

o
0

"rcu ^h "  i s o l a t e  

"sm ooth" i s o l a t e
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F ig u re  4 »8* shows th e  p H -m o h ility  cu rv es  obtaJLned f o r  c e l l s  

o f  BCG m easured  a t  v a r io u s  s ta g e s  d u r in g  t h e i r  grow th  c y c le .  T here 

i s  no v a r i a t i o n  i n  th e  t o t a l  s u r fa c e  ch arg e  o r  i n  th e  d i s t r i b u t i o n  o f  

c h a rg e d  g ro u p s d u r in g  t h i s  g row th  o f  a  c u l tu r e  o f  BCG.

4 .6 .  S u r fa c e  P r o p e r t i e s  o f  I s o n ia z id  R e s i s ta n t  C e l ls  o f  th e  Glaxo 

S u b - s t r a in  o f  BCG.

R e s is ta n c e  o f  b a c t e r i a l  c e l l s  to  v a r io u s  a n t i b i o t i c s  h a s ,  i n  

c e r t a i n  s p e c ie s ,  been shown to  be accom panied by changes i n  th e  s u r f a c e  

p r o p e r t i e s .  C e l l s  o f  Pseudomonas a e ru g in o sa  w hich a re  s e n s i t i v e  to  

g e n ta m ic in  e x h i b i t  a  s in u s o id a l- s h a p e d  p H -m o b ility  c u rv e , w hereas 

r e s i s t a n t  c e l l s  show a  cu rv e  w ith  in c r e a s in g  n e g a t iv e  m o b i l i ty  o v e r 

th e  ra n g e  5 - 7 * 5  re a c h in g  a  maximum a t  pH 7 .5  -  8 .5  (Pechey and Jam es, 1974)' 

C e l l s  o f  BCG a re  ex tre m ely  r e s i s t a n t  to  m ost a n t i b i o t i c s ; o r  

ch em ica l com pounds, a s  a re  th e  v i r u l e n t  M. tu b e r c u lo s is  o rg an ism s.

Two main compounds a re  u sed  in  th e  tre a tm e n t o f  t u b e r c u lo s i s ,  th e s e  a r e  

s tre p to m y c in  and i s o n i c o t i n i c  a c id  h y d ra z id e , i s o n i a z id .  I s o n ia z id  i s  

b e l ie v e d  to  i n t e r f e r e  w ith  m yco lic  a c id  s y n th e s i s ,  w hich e v e n tu a l ly  le a d s  

to  m a lfo rm a tio n  o f  th e  c e l l  w a l l s .

The p H -m o b ility  c u rv e s  o f  14 d a y -o ld  c e l l s  o f  i s o n ia z id  r e s i s t a n t  and 

i s o n i a z i d  s e n s i t i v e  i s o l a t e s  o f  th e  Glaxo sub—s t r a i n  o f  BCG w ere 

m easured  (F ig u re  4 . 9 ) .  The cu rv es  f o r  th e  r e s i s t a n t  and s e n s i t i v e  c e l l s  

a r e  c o in c id e n t  show ing t h a t ,  i n  c e l l s  o f  BCG, i s o n ia z id  r e s i s t a n c e  i s  

n o t  accom panied  by a  change in  th e  shape o r  p o s i t i o n  o f  th e  pH—m o b ili ty  

c u rv e .
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FIGURE 4 .8 .

The e f f e c t  o f  a^e o f  c u l tu r e  on th e  p H -m o b ility  cuoTves o f

c e l l s  o f  G laxo BCG
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FIGURE 4.9.

_pH—mob i  1 i   c u rv e s f o r  isoniazid.—r é s i s t a n t  and i s o n ia z id —s e n s i t i v e

c e l l s  o f  th e  G laxo s u b - s t r a in  o f  BCG
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i s o n i a z i d - r e s i s t a n t  s t r a i n
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4 - 7 .  S u r fa c e  P ro p e r t i e s  o f  C e l le  o f  Glaxo ECO a f t e r  a  S in g le  

A jiim al Passap^e.

V/lien c e l l s  o f  BCG a r e  passaged, th ro u g h  a  g u in e a  p ig  and r e i s o l a t e d  

t h e i r  c o lo n ia l  m orphology alw ays becomes " ro u g h " . A lthough  no c o r r e l a t i o n  

betw een  c o l o n ia l  m orphology and pH—m o b il i ty  had  been  o b se rv ed  f o r  

j_n v i t r o  grown c e l l s ,  ex am in a tio n  o f  Jjn v iv o  grown and r e i s o l a t e d  c e l l s  

was made to  co n firm  i f  t h i s  s t i l l  h e ld  a f t e r  p a ssag e  th ro u g h  an a n im a l.

C e l l s  o f  th e  Glaxo sub—s t r a i n  o f  BCG w ere r e i s o l a t e d  a f t e r  one 

an im al p a s sa g e  o n to  DCA a g a r  ( 2 .1 .3 • )  and p re p a re d  f o r  e l e c t r o p h o r e s i s  

a s  u s u a l .  C e l l s  w ere i s o l a t e d  from  pus i n  a  l e s i o n  a t  th e  s ig h t  o f  

th e  inocu lum  ( th e s e  would n o t  have undergone t r u e  p assag e  th ro u g h  

th e  a n ima l )  and  from  th e  s p le e n  o f  th e  in f e c te d  an im al ( th e s e  had 

u n d ergone  t r u e  p a ssa g e  th ro u g h  th e  a n im a l) .  The r e s u l t s  a r e  shown 

i n  F ig u re  4*10 . The shape and p o s i t i o n  o f  th e  p H -m o b ility  cu rv es  

o b ta in e d  f o r  c e l l s  o f  th e  iri v iv o  i s o l a t e s  a r e  i d e n t i c a l  w ith  th o se  

o b ta in e d  f o r  i n  v i t r o  grown c e l l s ,  c o n firm in g  t h a t  changes i n  c o lo n ia l  

m orphology a r e  n o t  r e f l e c t e d  by changes i n  s u r fa c e  c h a rg e . The s u r f a c e  

p r o p e r t i e s  o f  c e l l s  o f  BCG a p p e a r  u n a l te r e d  by grow th m  v iv o .

4 . 8 . Summary

4 . 6 . 1 . The optimum c o n d i t io n s  f o r  th e  m easurem ent o f  e l e c t r o p h o r e t ic  

m o b i l i ty  o f  m y c o b a c te r ia l  c e l l s  w ere e s t a b l i s h e d .

4 . 6 . 2 . The c o m p o sitio n  o f  th e  grow th  medium u se d  i n  th e  c u l tu r e  o f  

BCG had  no e f f e c t  on th e  s u r f a c e  p r o p e r t i e s  o f  th e  c e l l s .

4 . 6 . 3 . The s u r f a c e  p r o p e r t i e s  o f  c e l l s  o f  th e  f iv e  sub—s t r a i n s  o f  BCG 

exam ined w ere th e  same f o r  a l l  th e  s t r a i n s  • T here was no change i n  th e  

shape  o r  p o s i t i o n  o f  th e  pH—m o b i l i ty  cu rv e  r e l a t e d  to  o b se rv ed  d if f e r e n c e s  

i n  th e  c o l o n ia l  morphology, a  f a c t  v e r i f i e d  by ex am in a tio n  o f  rough

and "sm ooth" i s o l a t e s  o f  th e  Glaxo su b —s t r a i n  o f  BCG.
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FIGURE 4.10.

pH—m o b i l i ty  c u rv e s  fo r  c e l l s  o f  Glaxo BCG a f t e r  one p a ssag e  th ro u g h

a pniinea pip:

•H

s

0
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o c e l l s  r e i s o l a t e d  from  pus • i n  th ig h  l e s i o n  

c e l l s  r e i s o l a t e d  from  s p le e n

c e l l s  o f  " in  v i t r o "  grown BCG
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4 . 8 .4 .  No changes i n  s u r f a c e  p r o p e r t i e s  o f  c e l l s  o f  BCG w ere o b serv ed  

d u r in g  28 days grow th  o f  a  c u l tu r e  o f  th e  o rg an ism .

4 . 8 . 5 . The s u r f a c e  p r o p e r t i e s  o f  c e l l s  o f  an i s o n ia z id  r e s i s t a n t  s t r a i n  

o f  BCG w ere i d e n t i c a l  to  th o se  o f  an  i s o n ia z id  s e n s i t i v e  s t r a i n .

4 . 8 . 6 . I n  v iv o  p assag ed  c e l l s  have i d e n t i c a l  s u r fa c e  p r o p e r t i e s  to  

th o s e  o f  c e l l s  grown m  v i t r o .
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CHAPTER 5

SPECIFIC CHEMICAL ANH3 EHZYMIC MODIFICATION

OF THE SURFACE OF CELLS OF M. BOVTS BCG
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5 .1 .  D e te c t io n  o f  C arbox :/! Grou-ps

A h ig h  p r o p o r t io n  o f  th e  n e g a t iv e  ch arg e  on b a c t e r i a l  c e l l s  

o f t e n  a r i s e s  from  th e  p re se n c e  o f  io n o g e n ic  c a rb o x y l g roups a t  th e  

c e l l  s u r f a c e .  Some s p e c ie s  o f  b a c t e r i a ,  f o r  exam ple K le b s ie l l a  a e ro g e n e s , 

have a  s u r f a c e  ch a rg e  composed e n t i r e l y  o f  io n iz e d  c a rb o x y l g roups 

(Plumm er and Jam es , 1961; G i t t e n s ,  1962).

C e l l s  o f  th e  G laxo s u b - s t r a in  o f  BCG w ere exam ined f o r  th e  

p re s e n c e  o f  s u r f a c e  c a rb o x y l g roups by tre a tm e n t w ith  m e th a n o lic  

hydrogen  c h lo r id e  to  e s t e r i f y  any s u r fa c e  c a rb o x y l g roups and th u s  to  

remove t h e i r  c o n t r ib u t io n  to  th e  t o t a l  s u r f a c e  ch a rg e  ( 2 . 3 . 1 . ) .

T h ere  was no s i g n i f i c a n t  d e c re a se  i n  th e  n e g a t iv e  e l e c t r o p h o r e t ic  

m o b i l i ty  o f  th e  c e l l s  even a f t e r  r e f lu x i n g  i n  m e th a n o lic  HCl f o r  28 h 

a t  60 °C (T a b le  5 .1 )  show ing t h a t  th e r e  a re  no io n o g e n ic  c a rb o x y l 

g ro u p s  on th e  s u r f a c e  o f  c e l l s  o f  BCG. The o b se rv ed  n e g a t iv e  ch arg e  

o f  th e s e  c e l l s  m ust th e r e f o r e  be due to  o th e r  a n io n ic  s p e c ie s  on th e  

c e l l  s u r f a c e .

5 .2 .  D e te c t io n  o f  Amino G roups.

P o s i t i v e l y  ch a rg ed  s p e c ie s  on th e  s u r f a c e  o f  c e l l s  o f  BCG w ere 

n o t  r e v e a le d  by th e  shape o f  th e  p H -m o b ility  c u rv e s  p r e v io u s ly  r e p o r te d  

(F ig u re  4 . 2 . ) .  However, to  co n firm  t h a t  th e r e  w ere no p o s i t i v e  amino 

g ro u p s  p r e s e n t ,  c e l l s  o f  BCG w ere t r e a t e d  w ith  e th a n o l ic  2 ,4 —d i n i t r o -  

f lu o ro b e n z e n e  (FDNB), w hich b lo c k s  amino g roups p re v e n t in g  t h e i r  i o n i z a t i o n  

and c o n t r i b u t i o n  to  th e  s u r f a c e  ch a rg e  ( 2 . 3 . 2 . ) .

^FDNB tr e a tm e n t  had no e f f e c t  on th e  m o b i l i ty  o f  th e  c e l l s  (T ab le  5 .2 )  

th e re b y  c o n f irm in g  t h a t  th e r e  w ere no d e te c ta b le  io n o g e n ic  s u r fa c e  amino

g ro u p s  on c e l l s  o f  BCG.

The s u r f a c e  ch a rg e  o f  c e l l s  o f  BCG th e r e f o r e  a r i s e s  p red o m in an tly

from  io n iz e d  a n io n ic  s u r f a c e  g ro u p s .
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Table 3«1»

E le c t r o p h o r e t i c  m o b i l i ty  o f  c e l l s  o f  BCG a f t e r  t r e a tm e n t w ith  

m e th a n o lic  hydrogen  c h l o r i d e .

T ab le  5 * 1 .1 » Shaken a t  40

Time o f  t r e a tm e n t  

/m in

_ 8
10 X e l e c t r o p h o r e t i  

pH 6 .0
c m o b i l i ty  /m^ s"^ 

pH 3 .0

0 1 .79 0 .7 0

50 1 .84 0 .7 5

60 1 .7 8 0 .6 8

120 1 .80 0 .6 5

240 1.71 0 .7 0

;60 1 .78 -

1260 1 .77 0 .6 8

1260 (MeOH a lo n e ) 1 .76 0 .71

T a b le  5 * 1 .2 . Reûuxed and shaken  a t  60 °C

Time o f  t r e a tm e n t 10^ X e le c t r o p h o r e t i c  m o b i l i ty  /m^ s  ̂ V ^

/ h pH 6 .0 pH 3 .0

0 1 .82 0 .7 0

2 1 .83 0 .7 9

4 1 .79 0 .7 2

9 1.62 0 .6 9

l6 1 .74 0 .7 2

28 1 .83 0 .8 2

28 (MeOH a lo n e ) 1 .82 0 .7 9
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Table 5.2.

E le c t r o p h o r e t ic  m o b i l i ty  o f  c e l l s  o f  BCG a f t e r  t r e a tm e n t  w ith  e th a n o l ic  

2 , 4 - d in i  t r o f lu o ro b e n z e n e .

Time o f  t r e a tm e n t
/ h

w /v FDNB 
i n  a lc o h o l

10^ X e l e c t r o p h o r e t i c  m o b i l i ty  /m^ s  ̂ V 
pH 6 .0  pH 3. 0

5 0 1.75 0 .8 3

0 .1 0 1.77 0 .8 7

0 . 1 5 1 .80 0 .7 9

0 .2 0 1.79 0 .8 2

24 0 1.77 -

0 .2 0 1.77 —

5 . 3 . D e te c t io n  o f  S u lp h y d ry l G ro u p s .

S u rfa c e  e u lp h y d ry l g ro u p s  do n o t  c o n t r ib u te  to  th e  s u r f a c e  c h a rg e  

b u t  can  be d e te c te d  by r e a c t i n g  th e  g ro u p s w ith  d i t h i o d i n i c o t i n i c  a c id ,  

r e s u l t i n g  i n  th e  in t r o d u c t io n  o f  one n e g a t iv e  c h a rg e  f o r  each  s u lp h y d ry l 

g roup  r e a c t e d .  C e l ls  o f  BCG w ere t r e a t e d  w ith  d i t h i o d i n i c o t i n i c  a c id  

( 2 . 3 . 3 . ) ;  th e  r e s u l t s  a r e  sum m arized i n  T ab le  5 .'3 .

T here  i s  no e v id en ce  f o r  th e  p re s e n c e  o f  s u r f a c e  s u lp h y d ry l  g ro u p s  

on c e l l s  o f  BCG.
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T ab le  5 .3 .

E le c t r o p h o r e t ic  m o b i l i ty  o f  c e l l s  o f  BCG a f t e r  t r e a tm e n t  w ith  

d i t h i o d i n i c o t i n i c  a c id .

Time o f  tr e a tm e n t  

/m in

10^ X e l e c t r o p h o r e t i c  m o b i l i ty  /m ^ s  ̂ V ^

pH 7 . 0

0 1 .89

1 1 .8 5

5 1 .87

10 1 .87

15 1 .8 7

60 1 .8 8

60 (+  L - c y s te in e )  1 .89

5 . 4 . D e te c t io n  o f  S u rfa c e  L i p id .

C e l l  w a l ls  o f  m y c o b a c te ria  c o n ta in  v e ry  l a r g e  am ounts o f  l i p i d  

(20  -  40% o f  th e  c e l l  w a ll  by w e ig h t)  com pared to  o th e r  Gram n e g a t iv e  

o rg an ism s ( 1 - ^ o ) .

I t  t h e r e f o r e  seemed h ig h ly  p ro b a b le  t h a t  l i p i d  m a te r ia l  w ould be 

a  com ponent o f  th e  s u r f a c e  o f  c e l l s  o f  BCG.

S u rfa c e  l i p i d  on b a c t e r i a l  c e l l s  i s  d e te c te d  by th e  m ethod o f  

D yar (19 4 8 ) i n  w hich  th e  m o b i l i ty  o f  c e l l s  su spended  i n  b a r b i t u r a t e - a c e t a t e  

b u f f e r  s o lu t i o n  (pH = ? .0 )  i s  com pared w ith  t h a t  o f  c e l l s  su spended  i n  

b u f f e r  s o lu t i o n  c o n ta in in g  sodium  d o d ecy l s u lp h a te ,  SDS, (10 mol dm ^ ) .  

From t h i s ,  S -v a lu e s  d e f in e d  (M a rs h a l l ,  1969) a s :

S = (^ S D S  -  100
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can  be c a l c u l a t e d ,  w here i s  th e  m o b i l i ty  v a lu e  i n  th e  p re se n c e  o f

SDS ( 10 mol dm and v th e  m o b i l i ty  v a lu e  i n  b a r b i t u r a t e - a c e t a t e  b u f f e r

s o lu t io n  a lo n e .  The S -v a lu e  g iv e s  a  m easure o f  th e  amount o f  s u r f a c e

l i p i d  p r e s e n t  on th e  c e l l  s u r f a c e .

A lth o u g h  s u r f a c e  l i p i d  h as  been  d e te c te d  by t h i s  m ethod on o th e r

o rg an ism s (Low ick and Jam es, 1957; Hugo and S t r e t t o n , 1966; P ech ey , Yau

and Jam es , 1974)» no d e t e c ta b le  l i p i d  was p r e s e n t  on c e l l s  o f  BCG.

In  view  o f  th e  l a r g e  q u a n t i t i e s  o f  l i p i d  i n  m y c o b a c te r ia l  c e l l

w a l l s  t h i s  was s u r p r i s i n g ,  th e r e f o r e  th e  m o b i l i ty  o f  c e l l s  o f  BCG was

m easured  o v e r  a  ran g e  o f  c o n c e n tr a t io n s  o f  SDS ( 2 . 5 . 4 . ) .  As p re v io u s

w o rk ers  (D yar and O rd a l,  1946) had o b se rv e d  an in c r e a s e  i n  n e g a t iv e

m o b i l i ty  o f  c e l l s  o f  M. sm egm atis and M. p h le i  on s u sp e n s io n  in  b u f f e r

s o lu t io n s  c o n ta in in g  SDS a t  pH 4 » b u t  n o t  a t  pH 7» m o b i l i ty - c o n c e n t r a t io n

c u rv e s  f o r  th e  5 s u b - s t r a in s  w ere d e te rm in e d  a t  pH 7 .0  and 4 .0  (F ig u re  5 .1 ) .

F o r c e l l s  o f  a l l  s u b - s t r a in s  th e r e  was a  s l i g h t  in c r e a s e  i n  m o b i l i ty  

-2  -5e x h ib i te d  a t  10 mol dm SDS a t  b o th  p H -v a lu e s . However t h i s  in c r e a s e  

was l e s s  th a n  1^6 and th e r e f o r e  n o t  i n d i c a t i v e  o f  l a r g e  am ounts o f  

s u r f a c e  l i p i d .  P l i r th e r ,  th e  o b se rv e d  in c r e a s e  sh o u ld  be t r e a t e d  c a u tio u s ly  

a s  i t  o n ly  o c c u rs  a t  h ig h  c o n c e n tr a t io n s  o f  SDS w hich c o u ld  a f f e c t  th e  

s u r f a c e  and even  e x t r a c t  l i p i d ,  u s u a l ly  r e s i d e n t  i n  lo w er l a y e r s  o f  th e  

c e l l  w a l l .  A lthough  c o n c e n tr a t io n s  o f  SDS h ig h e r  th a n  10 10 ^ mol dm ^

n o rm a lly  c a u se  l y s i s  o f  m ost b a c t e r i a l  c e l l s ,  m ic ro sc o p ic  e x a m in a tio n  o f

th e  BCG c e l l s  r e v e a le d  t h a t  th e  m a jo r i ty  o f  c e l l s  rem ain ed  i n t a c t  even

-1  -5a t  a  c o n c e n t r a t io n  o f  10 mol dm SDS.

To a s c e r t a i n  w h e th e r l i p i d  was lo c a te d  f u r t h e r  i n  th e  c e l l  w a ll  s t r u c t u r e

S -v a lu e s  o f  c e l l s  su spended  i n  b u f f e r  s o lu t io n s  ( l  i n  ra n g e  0 .0 0 2  to  0 .1  mol 

dm ^) c o n ta in in g  SDS w ere d e te rm in e d . I t  can  be se e n  (F ig u re  5 -2 ) t h a t  as



FIGURE 5 .1 .

M o b i l i ty - c o n c e n t r a t io n  c u rv e s  f o r  c e l l s  o f  5 s u b - s t r a i n s  o f  BCG

m easured  a t  pH 7 .0  and pH 4 .0  in  b u f f e r  s o lu t io n s  c o n ta in in g ' SUS
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th e  i o n i c  a tm o sp h ere  in c re a s e d  ( i . e .  a s  th e  i o n i c  s t r e n g t h  o f  th e  b u f f e r  

d e c re a se d ) so th e  amount o f  d e t e c ta b le  l i p i d  in c r e a s e d .  The l a r g e  

q u a n t i t i e s  o f  c e l l  w a ll  l i p i d s  p r e s e n t  i n  m y c o b a c te r ia l  c e l l s  a r e  th e r e f o r e  

lo c a te d  f u r t h e r  i n  th e  c e l l  w a ll  s t r u c t u r e  th a n  th e  r e g io n  u n d e r e x am in a tio n  

th ro u g h o u t t h i s  i n v e s t i g a t i o n .  Thus l i p i d  does n o t  c o n s t i t u t e  a  m a jo r 

com ponent o f  th e  c e l l  s u r f a c e  o f  BCG.

5«5« E x t r a c t io n  o f  C e l l s  w ith  C old  Ç h lo ro fo rm /K e th a n o l.

C e r ta in  l i p i d s ,  such  a s  Wax D and c o rd  f a c t o r ,  known a s  " f r e e - l i p i d s "  

aj?e rem oved from  m y c o b a c te r ia l  c e l l s  by e x t r a c t i o n  w ith  c o ld  o rg a n ic  

s o lv e n t s .  To c o n firm  th e  f in d in g  t h a t  s u r f a c e  l i p i d s  w ere n o t  p r e s e n t  

a t  th e  s u r f a c e  o f  c e l l s  o f  BCG th e  c e l l s  w ere e x t r a c te d  f o r  24 h  w ith

c o ld  c h lo ro fo rm /m e th a n o l ( 2 . 3 . 5 . ) .

F ig u re  5.3« shows t h a t  rem oval o f  th e  " f r e e - l i p i d s "  from  c e l l s  o f

BCG ca u se d  no change i n  th e  shape o r  p o s i t i o n  o f  th e  p H -m o b ility  cu rv e

c o n f irm in g  t h a t  th e s e  " f r e e - l i p i d "  m o ie t ie s  a re  n o t  p r e s e n t  a t  th e  c e l l

s u r f a c e .

5 . 6 . D e te c t io n  o f  P h o sp h a te  G roups.

I t  h a s  a l re a d y  been  co n firm ed  t h a t  th e  n e g a t iv e  c h a rg e  o f  c e l l s  

o f  BCG was n o t  due to  io n iz a b le  c a rb o x y l g ro u p s . S u lp h a te  g ro u p s  a r e  

p r e s e n t  i n  m y c o b a c te r ia l  c e l l s  a s  s u lp h o l ip id s  i n  v e ry  sm a ll c o n c e n t r a t io n s ;  

th e s e  c a n n o t be p r e s e n t  on th e  c e l l  s u r f a c e  a s  th e  l i p i d  c a n n o t be d e t e c te d .  

The m ost l i k e l y  a n io n ic  s p e c ie s  w hich c o u ld  g iv e  r i s e  to  th e  n e g a t iv e  ch a rg e  

was th e r e f o r e  p h o sp h a te ; t h i s  i s  known to  be p r e s e n t  i n  th e  c e l ]  w a ll  o f
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FIGURE 5 . 5 .

p H -m o b ility  c u rv e s  o f  c e l l s  o f  BCG b e fo re  and a f t e r  e x t r a c t i o n  w ith  

c o ld  c h lo ro fo rm /m e th a n o l
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m y c o b a c te r ia .  A lso  Adams and R id e a l  (1958) r e p o r te d  p h o sp h a te  g roups 

a s  th e  m a jo r s p e c ie s  on th e  s u r f a c e  o f  c e l l s  o f  M. p h l e i .

5 . 6 . 1 . E nzym atic d e t e c t io n  o f  p h o sp h a te  p ro u p s .

T h ree  enzymes w ere u sed  i n  an a t te m p t to  a t t a c k  and remove p h o sp h a te  

g ro u p s  on th e  s u r f a c e  o f  c e l l s  o f  BCG: a c id  p h o s p h a ta s e ,  p h o s p h o d ie s te ra s e  and 

p h o sp h o lip a se  C ( 2 . 3 . 6 . ) .  T ab le  5.-f- shows t h a t  none o f  th e s e  enzymes 

had any e f f e c t  on th e  s u r f a c e  ch a rg e  o f  c e l l s  o f  BCG m easured  o v e r  a  ran g e  

o f  p H -v a lu e8 . P h o sp h a te  g roups p r e s e n t  on th e  s u r f a c e  o f  l i v e  c e l l s  o f  

BCG may be immune to  enzym ic a t t a c k  b eca u se  o f  th e  p re s e n c e  o f  i n h i b i t o r s  

w hich p re v e n t  th e  enzym ic r e a c t i o n .  The same enzymes w ere t h e r e f o r e  

u sed  to  t r e a t  c e l l s  o f  BCG w hich had  f i r s t  been  a u to c la v e d .  A u to c la v in g  

f o r  15 min a t  15 lb  in c h  ^ had no e f f e c t  on th e  v a lu e  o f  th e  s u r f a c e  c h a rg e .

The r e s u l t s ,  sum m arized in  T ab le  5«^«> show a g a in  t h a t  th e s e  th r e e  

enzymes have no e f f e c t  on th e  s u r f a c e  c h a rg e  o f  BCG. T h is  means e i t h e r  

t h a t  th e  io n o g e n ic  g ro u p s on th e  c e l l  s u r f a c e  a r e  r e s i s t a n t  to  a t t a c k  

by th e s e  p h o s p h a ta s e s ,  on a c c o u n t o f  th e  h ig h ly  s p e c i f i c  n a tu r e  o f  th e s e  

enzymes o r  t h a t  th e  p h o sp h a te se  e s t e r s  a r e  n o t  p r e s n t  on th e  s u r f a c e  o f  

c e l l s  o f  BCG. C e l l  w a ll  p h o s p h o e s te rs  a r e  known to  be v e ry  r e s i s t a n t  

to  a t t a c k  by co m m erc ia lly  a v a i l a b l e  p h o s p h a ta s e s ;  th e s e  r e s u l t s  th e r e f o r e  

do n o t  d e m o n s tra te  c o n c lu s iv e ly  th e  p re se n c e  o r  ab sen ce  o f  p h o sp h a te  

g ro u p s  a t  th e  c e l l  s u r f a c e .

5 . 6 . 2 . S p e c i f i c  sequence  o f  r e v e r s a l  o f  c h a rg e  by in o rg a n ic  c a t i o n s .

I n o rg a n ic  c a t io n s  c a u se  s p e c i f i c  r e v e r s a l  o f  c h a rg e  seq u en ces

d ep en d in g  on th e  io n o g e n ic  g ro u p s p r e s e n t  a t  th e  s u r f a c e ;  f o r  p h o sp h a te s  

th e  u r a n y l  io n  r e v e r s e s  c h a rg e  a t  a  much lo w er c o n c e n t r a t io n  th a n  th e  

comparahLe d iv a le n t  io n s  c o p p e r , l e a d ,  cadmium and z in c .  T hese c a t io n s
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T ab le  5 ^

E le c t r o p h o r e t ic  m o b i l i ty  o f  c e l l s  o f  BCG b e fo re  and a f t e r  

enzym ic t r e a tm e n t .

Enzyme u sed  

0 .0 1 ^

pH o f

m easurem ent

10^ X e l e c t r o p h o r e t i c  m o b i l i ty  /m^ s  ̂ V  ̂

Normal c e l l s  E n z y m e -tre a te d  c e l l s

A cid  p h o sp h a ta se 9 2 .2 4 2 .2 0

7 1 .85 1 .8 8

5 1.71 ■ 1 .6 6

3 0 .6 8 0 .6 3

P h o s p h o d ie s te ra s e 8 2 .0 0 1 .99

6 1 .82 1 .80

4 1.41 1 .40

2 .5 0 .7 3 0 .7 3

P h o sp h o lip a se 9 2 .1 0 2 .09

7 1 .70 1 .7 5

5 1 .67 1 .6 5

3 0 .9 6 0 .9 3
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T ab le  3 » ^

E le c t r o p h o r e t ic  m o b i l i ty  o f  a u to c la v e d  c e l l s  o f  BCG b e fo re  and a f t e r  

enzym ic t r e a tm e n t .

Enzyme u sed pH o f 10^ X e l e c t r o p h o r e t i c  m o b i l i ty  /m ^ s  ̂ V ^

0.01% m easurem ent Normal c e l l s E nzym e-heated  c e l l s

A cid  p h o sp h a ta se 9 2 .19 2 .20

7 1 .87 1 .8 8

5 1 .70 1 .6 6

5 0 .5 9 0 .6 3

P h o s p h o d ie s te ra s e 9 2.21 2 .20

7 1 .88 1 .8 8

5 1.69 1 .6 6

3 0 .6 2 0 .6 3

P h o s p h o lip a se  C 9 2 .10 2 .2 0

7 1 .86 1 .8 8

5 1 .70 1 .6 6

3 0 .6 5 0 .6 3
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w ere th e r e f o r e  u sed  to  a s c e r t a i n  w h e th e r th e  a n io n ic  s p e c ie s  g iv in g  

r i s e  to  th e  n e g a t iv e  s u r f a c e  c h a rg e  o f  c e l l s  o f  BCG was p h o sp h a te  

( 2 . 3 . 7 . ) .  The m o b i l i ty - c o n c e n t r a t io n  c u rv e s  (F ig u re  5 « 4 .)  m easured  

a t  c o n s ta n t  io n ic  s t r e n g th  show t h a t  th e  u ra n y l io n  cau sed  ch a rg e  

r e v e r s a l  a t  a  te n  f o ld  lo w er c o n c e n tr a t io n  th a n  d id  th e  o th e r  d iv a le n t  

i o n s .

T h is  m ethod o f  ch a rg e  r e v e r s a l  i s  s u b je c t  to  many in a c u r a c i e s .  

I d e a l ly  th e  pH u sed  to  m easure a l l  th e  m o b i l i ty  v a lu e s  sh o u ld  l i e  on 

th e  p la te a u - r e g io n  o f  th e  p H -m o b ility  cu rv e  (pH 5*0 -  9 « 0 ) ;  how ever, 

ow ing to  some h y d r o ly s is  i t  was n e c e s s a ry  to  u se  a  pH -range o f  4 , 0  -  5 .0 ;  

t h i s  i s  n o t  q u i t e  on th e  p la te a u - r e g io n  and c o u ld  t h e r e f o r e  g iv e  r i s e  

to  some in a c c u r a c y . The e x t r a p o la t io n  o f  th e  m o b i l i ty - c o n c e n t r a t io n  

c u rv e s  to  o b ta in  th e  r e v e r s a l  o f  ch a rg e  c o n c e n tr a t io n  i s  a n o th e r  

p o t e n t i a l  so u rc e  o f  e r r o r .  H owever, c o n s id e r in g  th e s e  so u rc e s  o f  

e r r o r ,  th e  u ra n y l  io n  s t i l l  cau sed  c h a rg e  r e v e r s a l  a t  a  c o n s id e ra b ly  

lo w er c o n c e n t r a t io n  th a n  d id  th e  o th e r  d iv a le n t  io n s  u s e d .

F ig u re  5*5* shows a  com parison  o f  th e  c h a rg e  r e v e r s a l  s p e c t r a  

f o r  c e l l s  o f  BCG and o th e r  p h o sp h a te  b io c o l l o i d s .  The p r e s e n t  r e s u l t s  

c o n firm  th e  f in d in g s  o f  Adams and R id e a l  (1958) t h a t  th e  io n o g e n ic  

s p e c ie s  g iv in g  r i s e  to  th e  n e g a t iv e  s u r f a c e  c h a rg e  on m y c o b a c te r ia l  

c e l l s  i s  p h o s p h a te . F o r a l l  th e  s p e c t r a ,  th e  u ra n y l  io n  c o n c e n tr a t io n  

f o r  r e v e r s a l  i s  v e ry  much l e s s  th a n  t h a t  o f  th e  n e a r e s t  d iv a le n t  io n ,

P b , and th e  sequence  o f  io n s  i s  s i m i l a r .

5 . 7 . Summary.

5 . 7 . 1 . The n e g a t iv e  s u r f a c e  c h a rg e  o f  c e l l s  o f  BCG i s  n o t  due to  

io n iz e d  c a rb o x y l g ro u p s .

5 . 7 . 2 . T here  a r e  no d e t e c ta b le  amino g ro u p s on th e  c e l l  s u r f a c e  o f  BCG.

5 . 7 . 3 . L ip id s  do n o t  c o n s t i t u t e  a  m a jo r com ponent o f  th e  c e l l  s u r f a c e .  

Very l i t t l e ,  i f  an y , l i p i d  i s  p r e s e n t  on th e  s u r f a c e  o f  c e l l s  o f  BCG»
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FIGURE 5.4 .

The e f f e c t  o f  d iv a l e n t  in o rg a n ic  c a t io n s  on th e  e l e c t r o p h o r e t i c  

m o b i l i ty  o f  c e l l s  o f  BCG a t  c o n s ta n t  io n ic  s t r e n g th  ( l  = 0 .0 5  mol dm
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FIGURE 5.5.
C om parison o f  th e  r e v e r s a l  o f  ch a rg e  s p e c t r a  o b ta in e d  f o r  c e l l s  o f  

M. b o v is  BCG com pared w ith  th o s e  o f  o th e r  b io c o l lo id s
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th e  l a r g e  q u a n t i t i e s  o f  c e l l  w a ll  l i p i d  b e in g  lo c a te d  d e e p e r  i n to  

th e  c e l l  w a ll  s t r u c t u r e .

5 . 7 . 4 . T here  a r e  no s u r f a c e  s u lp h y d ry l g ro u p s  on th e  c e l l s  o f  BCG.*

5 . 7 . 5 . The n e g a t iv e  s u r f a c e  c h a rg e  o f  c e l l s  o f  BCG i s  due to  io n i z a b le  

p h o sp h a te  g ro u p s , p ro b a b ly  th o s e  p ro v id in g  p h o s p h o d ie s te r  l in k a g e s  i n  

th e  c e l l  w a ll  s k e le to n .  T hese p h o sp h a te  g ro u p s  a r e  r e s i s t a n t  to  

a t t a c k  by a c id  p h o s p h a ta s e ,  p h o s p h o d ie s te ra s e  and p h o sp h o lip a se  C.
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CHAPTER 6

PREPARATION AND SURFACE PROPERTIES OF CELL WALLS OF M. BOVIS BCG
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Whole c e l l s  o f  BCG a r e  n o t  o n ly  u se d  to  p r o t e c t  a g a in s t  T .B . 

b u t  r e c e n t ly  have beën  u sed  a s  an  e f f e c t i v e  in n n u n o p o te n tia to r  i n  th e  

im m unotherapy o f  c a n c e r .  V a rio u s  k in d s  o f  s i d e - e f f e c t s  r e s u l t  from  

such  th e ra p y , and so i n t e r e s t  h as  been  shown i n  th e  u se  o f  BCG c e l l  w a ll 

p r e p a r a t io n s  a s  im m u n o th e rap eu tic  a g e n ts  (Yamamura, 1978) b eca u se  

th e s e  do n o t  g iv e  r i s e  to  such  c o m p lic a t io n s .  The s u r f a c e  p r o p e r t i e s  o f  

a  c e l l  w a ll  p r e p a r a t io n  o f  th e  G laxo s u b - s t r a i n  o f  BCG w ere exam ined 

to  se e  i f  th e y  d i f f e r e d  from  th o s e  o f  th e  i n t a c t  c e l l s .

6 .1 .  C e l l  W all P r e p a r a t io n .

O th e r w o rk ers  p re p a re  t h e i r  c e l l  w a l ls  by d r a s t i c  t r e a tm e n ts  

( im aed a  e t  a l ,  1968; Yamamura, 1978) so t h a t  th e  c e l l  w a ll  w i l l  be  m a in ly  

fra g m e n te d . To e n a b le  e l e c t r o p h o r e t i c  m o b i l i ty  d e te rm in a t io n s  to  be 

c a r r i e d  o u t on th e  c e l l  w a lls  th e y  w ere r e q u i r e d  to  be b ro k en  o p en , b u t 

s t i l l  a s  i n t a c t  a s  p o s s i b l e .  A r e l a t i v e l y  g e n t le  m ethod f o r  b re a k in g  

th e  c e l l s  was t h e r e f o r e  r e q u i r e d ;  s o n ic a t io n  p ro v ed  to  be a  s u i t a b l e  

m ethod . Washed c e l l s  su spended  i n  i c e - c o o le d  b u f f e r  s o lu t i o n  w ere 

s u b je c te d  to  u l t r a s o n i c  v ib r a t i o n s  f o r  v a ry in g  tim e  p e r io d s  and  sam ples 

rem oved and  m o n ito re d  by t r a n s m is s io n  e l e c t r o n  m ic ro sc o p y . E x am in a tio n  

o f  th e  e l e c t r o n  m ic ro g rap h s  (F ig u re s  6 .1 .  and 6 . 2 . )  showed t h a t  a f t e r  

1 m in u te  o f  s o n ic a t io n  a p p ro x im a te ly  6^o  o f  th e  c e l l s  w ere s t i l l  i n t a c t ;  

a f t e r  2 m in u te s ,  5^o; a f t e r  5 m in u te s ,2% and a f t e r  10 m in u te s  th e r e  

w ere no i n t a c t  c e l l s .  The c o n t r o l  sam ple (F ig u re  6 . 1 . )  was composed 

e n t i r e l y  o f  i n t a c t  c e l l s .

C e l l  w a ll su sp e n s io n s  w ere th e r e f o r e  p re p a re d  by s o n ic a t io n  

f o r  3 m in u te s ,  . w ashed i n  b u f f e r  s o lu t io n  ( 2 .4 * 2 . )  and th e  w ashed 

c e l l  w a l l s  exam ined by t r a n s m is s io n  e l e c t r o n  m icro sco p y  (F ig u re  6 . 3 ) .

The sam ples o b ta in e d  c o n s is te d  o f  f a i r l y  i n t a c t  and  r e l a t i v e l y  " c le a n "  

c e l l  w a l l s .
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FIGURE 6.1: Transmission electron micrograph
of intact cells of the Glaxo sub-strain of BCG 
(control sample) (x 15,000)

O
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FIGURE 6 . 2 .

T ra n sm is s io n  e l e c t r o n  m ic r o ^ a p h s  o f  c e l l s  o f  BCG s u b je c te d  to  

vary lnp : p e r io d s  o f  s o n ic a t io n .

1 . 1 m in u te

2 . 2 m in u te s

3 . 5 m in u te s

4 .  10 m in u te s

(m a g n if ic a t io n  x 15 OOO)
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FIGURE 6 . 3 : T r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h
o f  a  w a s h e d  p r e p a r a t i o n  o f  c e l l - w a l l s  o f  t h e  
G la x o  s u b - s t r a i n  o f  BCG p r e p a r e d  b y  
s o n i c a t i o n  (x 3 0 ,0 0 0 )
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6 «2, pH M o b il i ty  C urves and S u rfa c e  L ip id  D e te rm in a t io n s .

C e l l  w a lls  w ere p repared , f o r  e l e c t r o p h o r e t i c  m easurem ents a s  

d e s c r ib e d  p r e v io u s ly  ( 2 . 4 . 5 » ) »  The c e l l  w a ll  s u sp e n s io n  e x h ib i te d  

a  d i f f e r e n t  p H -m o b ility  cu rv e  to  t h a t  o b ta in e d  f o r  w hole c e l l s  (F ig u re  6 . 4 » ) • 

The cu rv e  was c h a r a c t e r i s t i c  o f  a  m ixed a n i o n ic / c a t i o n i c  s u r f a c e , t h e  

p re s e n c e  o f  c a t i o n i c  (am ino) s u r f a c e  g ro u p s was shown by th e  ch a rg e  

r e v e r s a l  a t  p H -v a lu es  below  3*5 and in d i c a t i o n  o f  f u r t h e r  in c r e a s e  

i n  n e g a t iv e  m o b i l i ty  a t  pH 9*0.  C harges on b o th  th e  i n s id e  and o u ts id e  

s u r f a c e s  o f  th e  c e l l  w a lls  w i l l  be m easu red , due to  th e  c e l l s  b e in g  

b ro k e n . T h is  means t h a t  th e  p o s i t i v e l y  c h a rg e d  g ro u p s o b se rv e d  on 

c e l l  w a lls  b u t  a b s e n t  on w hole c e l l s ,  a r e  m ost p ro b a b ly  lo c a te d  on th e  

i n s id e  s u r f a c e  o f  th e  c e l l  w a ll  s t r u c t u r e .  T hese a r e  p ro b a b ly  th e  

i o n i z a b le  amino g ro u p s p r e s e n t  on th e  p e p t id e  m o ie ty  o f  th e  p e p t id o g ly c a n  

o f  th e  c e l l  w a l l .  A n io n ic  s u r f a c e  g ro u p s  a r e  a l s o  p r e s e n t  and th e s e  may 

c o n s i s t  o f  c a rb o x y l g ro u p s from  th e  in n e r  c e l l  w a ll  s u r f a c e  a s  w e ll  a s  

th e  p h o sp h a te  p r e s e n t  on th e  o u te r  s u r f a c e .

S u r f a c e - l i p id  d e te rm in a t io n  on th e  c e l l  w a ll s  by su sp e n s io n  and

*4 * 3m easurem ent o f  m o b i l i ty  i n  b u f f e r  s o lu t io n s  c o n ta in in g  10 mol dm 

SDS ( 2 . 3 . 4 . )  gave an  in c r e a s e d  m o b i l i ty  o f  14%, i n d i c a t i n g  th e  p re s e n c e  

o f  a  sm a ll amount o f  s u r f a c e  l i p i d .  T h is  s u g g e s ts  t h a t  th e  l a r g e  

q u a n t i t i e s  o f  l i p i d  m a te r i a l  p r e s e n t  i n  m y c o b a c te r ia l  c e l l  w a l l s  i s  

sandw iched  betw een  th e  o u te r  and in n e r  s u r f a c e s  o f  th e  c e l l  w a ll  s t r u c t u r e  

and th e r e f o r e  n o t  a  com ponent o f  e i t h e r  th e  in n e r  o r  th e  o u te r  s u r f a c e .

The in c re a se d  s u r f a c e  l i p i d  d e te c te d  c o u ld  be a c c o u n te d  f o r  by t h a t  

exposed  w here th e  c e l l  w a l ls  w ere b ro k e n .

I n o c u la t io n  o f  c e l l  w a ll  p r e p a r a t io n s  in t o  a n im a ls  w i l l  th e r e f o r e  

p r e s e n t  a  d i f f e r e n t  io n o g e n ic ,  and th e r e f o r e  im m unogenic, s u r f a c e  to  th e  

c h a l le n g e d  an im a l th a n  in o c u la t i o n  o f  w hole c e l l s .
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FIGURE 6.4.
•pH-mobllity curves of whole cells and cell vails of the Glaxo 
Bub-strain of BCG
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6.3» Summary

6.3*1» S u i ta b le  c o n d i t io n s  f o r  th e  p r e p a r a t io n  o f  c e l l  w a ll  su sp e n s io n  

o f  th e  G laxo s u b - s t r a i n  o f  BCG w ere a c h ie v e d .

6 . 3 * 2 .  The c e l l  w a lls  e x h ib i te d  d i f f e r e n t  s u r f a c e  p r o p e r t i e s  to  th o s e  o f  

w hole c e l l s ,  p o s s e s s in g  io n i z a b le  amino g ro u p s on th e  s u r f a c e  a s  w e ll  a s  

a n io n ic  s u r f a c e  g ro u p s

6 . 3 *3 * Only a  sm a ll amount o f  surface ILpid was o b se rv e d  s u g g e s t in g  t h a t  

th e  l a r g e  l i p i d  f r a c t i o n  o f  m y c o b a c te r ia l  c e l l  w a l l s  i s  sandw iched  

betw een  th e  o u te r  and in n e r  s u r f a c e s .
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CHAPTER 7

ELECTRON MLCROSCOFY OF CELLS OF M. BOVTS BCG
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The u l t r a s t r u c tu r e  o f  m y c o b a c te r ia , e x te n s iv e ly  s tu d ie d  by 

t r a n s m is s io n  e l e c t r o n  m ic ro sc o p y , TEM, (Y am aguchi, 1955» Takeya e t  a l ,  

1958» 1959 and 1961; Im aeda, 1965) r e v e a ls  t h a t  th e  m y c o b a c te r ia l  

s u r f a c e  i s  e n c lo se d  by a  f i b r i l l a r  l i p i d  s u b s ta n c e ;  th e  in n e r  c e l l  w a ll  

i s  b e l ie v e d  to  c o n s i s t  o f  a  lip id -m u c o p o lm e r p o ly s a c c h a r id e  com plex 

(T akeya e t  a l ,  I 965 ) .  C e l l  w a l l s  o f  m y c o b a c te ria  have a l s o  been  

exam ined by TEM (im aeda  e t  a l ,  I 968 ) .  Takayama e t  a l  (1973) 

exam ined c e l l s  o f  M. tu b e r c u lo s i s  by sc a n n in g  e l e c t r o n  m ic ro sc o p y , SEM, 

a f t e r  ex p o su re  to  i s o n i a z i d ,  b u t th e r e  i s  no r e p o r te d  SEM s tu d y  o f  

no rm al m y c o b a c te r ia l  c e l l s .

7*1* S can n in g  E le c t r o n  M icroscopy  o f  C e l l s  o f  BCG.

To e n su re  t h a t  th e  c e l l s  o f  BCG rem ain ed  a s  norm al a s  p o s s ib le  th e  

c e l l s  w ere s im p ly  a i r - d r i e d  o n to  c o v e r - s l i p s  and m ounted o n to  SEM 

s tu b s  f o r  e x a m in a tio n  ( 2 . 5 * 1 . ) .  The s u r f a c e  p e l l ic le  o b ta in e d  a f t e r  

g row th  on S au to n  medium (F ig u re  7*1*1*)* was c o m p le te ly  co v e re d  by 

an  am orphous s u b s ta n c e  (F ig u re  7*1*2.)* By s l i d i n g  o f f  th e  edge o f  th e  

s u r f a c e  p e l l i c l e  and fo c u s in g  c a r e f u l l y  i t  was p o s s ib le  to  o b se rv e  

s in g le  o rg a n ism s . T hese w ere sa u sa g e -sh a p e d  c e l l s ,  f r e e  o f  th e  

am orphous c o v e r in g  m a te r ia l  (F ig u re s  7*1*3 7*1*4*)* T here  was a l s o

e v id e n c e  o f  o rg an ism s a c t u a l l y  w i th in  th e  s u r f a c e  p e l l i c l e ,  s t i l l  co v ere d  

by th e  s t r u c t u r e l e s s  m a te r ia l  (F ig u re  7*1*5•• a r ro w e d ) .

C e l l s  grown a s  a  d is p e r s e d  c u l tu r e  i n  Dubos medium w ere o b se rv e d  

b e fo re  (F ig u re  7*2) and a f t e r  (F ig u re  7*3*)  m anual t i s s u e - g r i n d in g .

I n  unground  specim ens l a r g e  clum ps o f  c e l l s  w ere p r e s e n t  (F ig u re  7*^*1*)» 

a g a in  c o v e re d  by an  am orphous s u b s ta n c e  w ith  no v i s i b l e  s t r u c t u r a l

f e a t u r e s  (F ig u re  7 * ? * 2 . ) . A t th e  edges o f  th e s e  clum ps s in g le  o rgan ism s

w ere o b se rv e d  (F ig u re  7 *%*3 * )» th e s e  w ere s t i l l  c lo s e ly  a s s o c ia t e d  w ith

th e  am orphous m a te r ia l  (F ig u re  7 *%*4 *)*
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FIGURE 7.1.

Scanning e le c tr o n  micrographs o f  BCG grown as a 

su rface  p e l l i c l e  on Sauton medium.

1. Surface pellicle (x 22)

2. Surface pellicle (x 22 000)

3« Cells at the edge of the surface pellicle

(x  5 500)

4. Cells (x 11 000)



131

« f

i



132



FIGURE 7.2.

Scanning electron micrographs of BCG grown as a dispersed 

culture in Dubos medium, washed in distilled water.

1. "Clump" of cells (x 1 200)

2. "Clump" of cells (x 12 OGO)

3 . Group o f  c e l l s  (x  6 GOO)

4 .  Group o f  c e l l s  (x  14 OOO)
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E x am in a tio n  o f  th e  t i s s u e - g r o u n d  sam ples showed l i g h t  " p a tc h e s "  

on th e  c o v e r  s l i p  (F ig u re  7«3*l )»  m a g n if ic a t io n  o f  th e s e  " p a tc h e s "  

r e v e a le d  g lo b u le s  o f  an am orphous s u b s ta n c e  (F ig u re  7 «3• 2 . )  w ith  

e v id e n c e  o f  s in g le  o rg an ism s am ongst t h i s  m a te r i a l  ( a r ro w e d ) .  A t th e  

edges o f  th e  " p a tc h e s "  w ere w e ll  s e p a r a te d ,  s in g le  o rg an ism s (F ig u re  7«3*3»)* 

T hese w ere f r e e  o f  th e  c o v e r in g  m a t e r i a l .

SEM o f  w hole c o lo n ie s  o f  BCG (F ig u re  7 •4») c l e a r l y  showed th e  

d i f f e r e n c e  i n  h e a p in g  betw een "sm ooth" c o lo n ie s  (F ig u re  7 . 4*1»)  and 

"rough"  c o lo n ie s  (F ig u re  7 . 4 . 3 * ) .  The w hole c o lo n ie s  w ere a l s o  c o v e re d  

by am orphous m a te r ia l  (F ig u re  7 . 4 * 4 . ) .  A s e c t io n  c u t  th ro u g h  a  co lo n y  

showed a  random a rran g em en t o f  many s in g le  o rg an ism s a p p a re n t ly  f r e e  from  

t h i s  s t r u c t u r e l e s s  m a te r ia l  (F ig u re  7 * 4 . 2 . ) .

I t  a p p e a rs  t h a t  c e l l s  o f  BCG e x c r e te  am orphous m a te r ia l  a s  a  

c o v e r in g  f o r  b o th  c o lo n ie s  and clum ps o f  c e l l s .  The m a te r ia l  i s  

s im i l a r  in  ap p e ra n c e  to  a  p o ly s a c c h a r id e - ty p e  s lim e  l a y e r  on o th e r  

o rg a n ism s , b u t i s  n o t  a  t r u e  s lim e  l a y e r  i n  t h a t  i t  does n o t  c o v e r  each  

in d iv id u a l  o rg a n ism . I t  i s  a l s o  c o m p le te ly  s t r ip p e d  o f f  th e  c e l l s  by

m anual t i s s u e - g r i n d in g  to  le a v e  i n t a c t ,  " c le a n "  c e l l s  f r e e  o f  t h i s  

s l im e - l i k e  m a t e r i a l .

7*2.  T ra n sm is s io n  E le c t r o n  M icroscopy  o f  C e l ls  o f  BCG.

D e ta i le d  e x a m in a tio n  o f  th e  u l t r a s t r u c t u r e  o f  m y c o b a c te r ia  by 

TEM h a s  a l re a d y  been  r e p o r te d  (B a rk s d a le  and Kim, 1977) .  C e l l s  o f  

BCG w ere exam ined by TEM to  o b ta in  f u r t h e r  e v id e n c e  o f  th e  c o v e r in g  

" s l im e - l ik e "  m a te r ia l  o b se rv e d  i n  th e  SEM s t u d i e s .  F ig u re  7*5* shows a  

t y p i c a l  clump o f  BCG c e l l s  o b se rv e d  u n d e r  TEM. The shadow ing e f f e c t  

o b se rv e d  a ro u n d  and above th e  s in g le  c e l l s  i s  m ost p ro b a b ly  due to  th e  

p re s e n c e  o f  th e  am orphous c o v e r in g  m a te r ia l  p r e v io u s ly  o b se rv e d . The f a c t  

t h a t  th e  s in g le  o rgan ism s c o n s t i t u t i n g  th e  clump can  be c l e a r l y  seen  

a g a in  s u g g e s ts  t h a t  t h i s  m a te r i a l  c o v e rs  th e  e n t i r e  clump o f  c e l l s  

r a t h e r  th a n  c o a t in g  in d iv id u a l  o rg a n ism s .
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FIGURE 7.5.

Scanning e le c t r o n  m icrographs o f  BCG grown as a d is p e r s e d  

c u ltu r e  in  Dubos medium, washed in  d i s t i l l e d  w ater  and 

t i  s su e-g ro u n d .

1 . "P atch es on th e  specim en co v er  s l i p  (x  21)

2« M a g n if ic a t io n  o f  one o f  th e  "patches"  (x  5 500)

3 . C e l l s  (x  12 000 )

4 . S in g le  organism  (x  24 000 )
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FIGURE 7.4.

Scanning e le c t r o n  m icrographs o f  c o lo n ie s  o f  BCG i s o l a t e d  

onto f i l t e r s .

1 . T y p ic a l "smooth" co lo n y  o f  th e  Glaxo s u b - s t r a in

o f  BCG (x  240 ) .

2 .  Cut s e c t io n  o f  th e  same co lo n y  show ing random 

o r g a n is a t io n  o f  organism s (x  12 GOO)

3 . T y p ic a l "rough" co lo n y  o f  th e  P a ste u r  s u b - s t r a in  

o f  BCG (x  240) .

4 . M a g n if ic a t io n  o f  su r fa c e  o f  a co lo n y  o f  th e  P a ste u r  

s u b - s t r a in  o f  BCG (x  22 0 0 0 ) .
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FIGURE 7.5: Transmission electron micrograph
of the Glaxo sub-strain of BCG (x 15,000)

O
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7«3« E le c t r o n  M icroscopy  o f  C e l l  W all P r e p a r a t io n s  o f  BCG.

D e ta i le d  e x a m in a tio n  o f  m y c o b a c te r ia l  c e l l  w a l l s  by TEM 

h a s  been  c a r r i e d  o u t p r e v io u s ly  ( im a e d a , K an e tsu n a  and G a lin d o , I 968 ) .  

SEM re v e a le d  t h a t  th e  c e l l  w a ll  p r e p a r a t io n s  s t i l l  clum ped to  g iv e  

s t r u c t u r e s  co v e re d  w ith  am orphous m a te r ia l  (F ig u re  7 . 6 . 1 . ) .  The b ro k en  

c e l l  w a ll  p r e p a r a t io n s  ap p ea red  v e ry  a n g u la r  com pared to  i n t a c t  c e l l s ,  

and some f a i r l y  i n t a c t  c e l l s  w hich rem ain ed  re sem b led  d e f l a t e d  b a l lo o n s  

(F ig u re  7 . 6 . 2  and 7 . 6 . 3 . ) .  Much c e l l  d e b r is  was p r e s e n t .  E x am in a tio n  

o f  th e  c e l l - w a l l  p r e p a r a t io n s  by TEM re v e a le d  a n g u la r  b ro k en  c e l l  w a l l s ,  

some s t i l l  f a i r l y  i n t a c t  c e l l s  and a g a in  a  shadow ing e f f e c t  g iv in g  

e v id e n c e  o f  th e  p re se n c e  o f  th e  am orphous c o v e r in g  m a te r i a l  (F ig u re  7 . 7 . )

7 . 4 .  Summary.

7 . 4 . 1 . C e l l s  o f  BCG a p p e a r  to  s e c r e t e  a  " s l im e - l ik e "  su b s ta n c e  w hich 

c o m p le te ly  c o v e rs  c lu m p s, c o lo n ie s  and th e  s u r f a c e  p e l l i c l e  o f  c e l l s  

o b ta in e d  a f t e r  g row th  on S au to n  medium.

7 . 4 . 2 . T h is  am orphous m a te r ia l  does n o t  c o v e r  in d iv id u a l  o rg an ism s and 

can  be s t r ip p e d  o f f  c e l l s  by m anual t i s s u e - g r i n d i n g .

7 . 4 . 3 . T h is  s u b s ta n c e  i s  s e c r e te d  by c e l l s  grown on a l l  m edia and by 

a l l  th e  s u b - s t r a i n s  exam ined .

7 . 4 . 4 . C e l l - w a l l  p r e p a r a t io n s  o f  BCG a p p e a r  a b le  to  s e c r e t e  t h i s  

s u b s ta n c e ,  a l th o u g h  t h i s  c o u ld  be com ing from  th e  few i n t a c t  c e l l s  

w hich  s t i l l  rem a in ed  a f t e r  s o n ic a t io n .
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FIGUEE 7 . 6 .

Scanning e le c tro n  m icrograph o f c e l l  w all p re p a ra tio n s  o f 

the  Glaxo s u b - s t r a in  o f BCG.

1. "Cl-uinp" o f  c e l l  walls^ (x 2 000)

2. C e ll w a lls  (x  10 OOO)

3* M ag n ifica tio n  o f c e l l  w a lls  showing d e f la te d  c e l l s

(x  21 000)
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FIGURE 7.7: Transmission electron micrograph
of cell-wall preparation of the Glaxo sub
strain of BCG (x 30,000)
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CHAPTER 8

SURFACE PROPERTIES OF CELLS OF SOME

OTHER MYCOBACTERIAL SPECIES
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The n e g a t iv e  c h a rg e  on th e  s u r f a c e  o f  c e l l s  o f  M. b o v is  BCG, 

b e l ie v e d  to  be due to  io n iz a b le  p h o sp h a te  g ro u p s , was u n a f f e c te d  

by v ig o ro u s  ch em ica l t r e a tm e n ts ,  en zy m atic  a t t a c k  o r  th e  g row th  

m edia u s e d . The c h a rg e  was a l s o  common to  a l l  th e  s u b - s t r a in s  o f  

BCG exam ined . I t  th e r e f o r e  seemed p ro b a b le  t h a t  t h i s  c h a rg e  a ro s e  

from  p h o sp h a te  g ro u p s i n  th e  c o v a le n t ly  bound c e l l  w a ll  s t r u c t u r e .

As t h i s  b a s ic  c o v a le n t  c e l l  w a ll  s k e le to n  i s  common to  a l l  m y c o b a c te r ia l  

s p e c ie s  th e  s u r f a c e  p r o p e r t i e s  o f  some o th e r  m y c o b a c te r ia l  s p e c ie s  

w ere i n v e s t i g a t e d .

The p H -m o b ility  c u rv e s  f o r  7 - d a y -o ld  c e l l s  o f  M ycobacterium  p h l e i , 

M. sm egm atis and M. m ic r o t i  (F ig u re  8 .1 )  a r e  c o in c id e n t  w ith  th e  

p H -m o b ility  cu rv e  o f  c e l l s  o f  BCG. T h is  i s  f u r t h e r  e v id e n c e  t h a t  th e  

s u r f a c e  c h a rg e  on th e s e  c e l l s  i s  due to  a  common io n o g e n ic  s p e c ie s ,  

p o s s ib ly  th e  p h o sp h a te  g ro u p s c o v a le n t ly  bound to  th e  common c e l l  w a ll  

s t r u c t u r e .  The p h o sp h a te  g ro u p s  p ro b a b ly  a r i s e  from  th e  p h o s p h o d ie s te r  

l in k a g e s  betw een  th e  p e p t id o g ly c a n  backbone and th e  g ly c o l ip i d  o f  th e  

m y c o b a c te r ia l  c e l l  w s lL I .
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FIGURE 8 . 1 .

p H -m o b lllty  c u rv e s  f o r  c e l l s  o f  s e v e r a l  s p e c ie s  o f  m y c o b a c te ria

-  2.0

•H
rH

62 5 73 4 8 9

pH

—  c e l l s  o f  BCG

Q  c e l l s  o f  M. p h le i

Q  c e l l s  o f  M. sm egm atis

c e l l s  o f  M. m ic r o t i
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CHAPTER 9

DISCUSSION
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M ycobacterium  bov i s  BCG i s  c h a r a c te r i s e d  by a  v e ry  low grow th  

r a t e  (mean g e n e r a t io n  tim e  24 h )  and a  g r e a t  ten d en cy  to  a g g re g a te  

d u r in g  g ro w th , w hich makes th e  p ro d u c tio n  o f  a  homogeneous v a c c in e  

e x tre m e ly  d i f f i c u l t .  The a g g re g a t io n  o f  c e l l s  o f  BCG i s  m arked ly  

s u p re s se d  by th e  a d d i t io n  o f  a  n o n - io n ic  w e t t in g  a g e n t to  th e  g row th  

medium, b u t  th e  p re s e n c e  o f  such  a  s u r f a c t a n t  C auses a  d e c re a s e  i n  t o t a l  

y i e l d .  From th e  o r i g i n a l  i s o l a t e  o f  Cad m ette  and  G u erin  a  w hole s e r i e s  

o f  s u b - s t r a in s  o f  BCG have a r i s e n  due to  th e  d i f f e r e n t  h a n d l in g  o f  th e s e  

s u b - s t r a i n s  by d i f f e r e n t  l a b o r a t o r i e s .  T hese s u b - s t r a i n s  e x h i b i t  

d i f f e r e n t  b io l o g ic a l  and p h y s ic a l  p r o p e r t i e s .  I t  was c o n s id e re d  t h a t  

th e s e  d i f f e r e n c e s  and th e  ten d en cy  o f  a l l  BCG s u b - s t r a in s  to  a g g re g a te  

c o u ld  be due to  physico -chem ical f o r c e s  a r i s i n g  from  c h a rg e s  c a r r i e d  

by th e  c e l l s .  As th e  s u r f a c e  p r o p e r t i e s  o f  i n t a c t  c e l l s  o f  BCG h as  

n e v e r  been  exam ined i n  d e t a i l ,  an i n v e s t i g a t i o n  o f  th e s e  p r o p e r t i e s  was 

c a r r i e d  o u t .

The m ain te c h n iq u e  em ployed was t h a t  o f  p a r t i c u l a t e  m ic r o e le c t r o 

p h o r e s i s ,  w hich e n a b le s  i d e n t i f i c a t i o n  o f  th e  ch a rg e d  g ro u p s o f  

b a c t e r i a l  c e l l  s u r f a c e s  and e x a m in a tio n  o f  any changes i n  s u r f a c e  

p r o p e r t i e s  due to  f a c t o r s  such  a s  g row th  i n  d i f f e r e n t  m e d ia . The 

ch em ica l c o m p o s itio n  o f  m y c o b a c te r ia l  c e l l  w a l l s  i s  w e ll  e s t a b l i s h e d  

( P e t i t  and L e d e re r ,  1978) and s u g g e s t io n s  a s  to  th e  s t r u c t u r e  have been  

ad v an ced . T here  i s  no g u a ra n te e  t h a t  th e  m o le c u la r  s t r u c t u r e  o f  c e l l  w a ll  

com ponents i s  th e  same i n  th e  f r e e  s t a t e  a s  i n  th e  i n t a c t  c e l l  and 

th e r e f o r e  t h i s  p ro p o sed  a rran g em en t o f  th e  c e l l  w a ll  s t r u c t u r e  i s  

open to  d i s c u s s io n .  The m ain ad v a n ta g e  o f  p a r t i c u l a t e  e l e c t r o p h o r e s i s  

i s  t h a t  i t  a llo w s  th e  e x a m in a tio n  o f  undam aged, com p le te  c e l l s  i n  

s u sp e n s io n  i n  aqueous m e d ia . The r e s u l t s  o b ta in e d  from  s tu d ie s  u s in g  

t h i s  te c h n iq u e  have been  r e l a t e d  to  th e  p ro p o sed  c e l l  w a ll  s t r u c t u r e .
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U nder th e  e x p e r im e n ta l c o n d i t io n s  u se d  f o r  th e  m easurem ent 

o f  th e  e l e c t r o p h o r e t i c  m o b i l i t y ,  v , th e  z e t a - p o t e n t i a l ,  Ç , can  be 

c a l c u la te d  from  th e  Smoluchowski e q u a t io n ;

r i J l  9 .1 .

(w here r\ i s  th e  c o e f f i c i e n t  o f  v i s c o s i t y ,  th e  r e l a t i v e  p e r m i t t i v i t y  

o f  th e  medium and th e  p e r m i t t i v i t y  o f  f r e e  sp a c e )  and h ence  th e  

c h a rg e  d e n s i t y ,  o ^ , i n  th e  d i f f u s e  p a r t  o f  th e  d o u b le  l a y e r  from  

th e  e q u a t io n  f o r  n o n -p e n e t r a b le  s u r f a c e s :

D y S O O n l  I k l l

(w here N, i s  th e  Avogadxo c o n s ta n t ,  e th e  e l e c t r o n i c  c h a rg e ,  k  th e  

B o ltz m a m c o n s ta n t ,  c th e  c o n c e n t r a t io n  o f  th e  sy m m e tric a l e l e c t r o l y t e  

o f  v a le n c e  Z ) ,

F o r 1:1 e l e c t r o l y t e s  a t  25 °C , i n s e r t i n g  th e  v a lu e s  o f  

fu n d am en ta l c o n s ta n t s ,  th e s e  e q u a t io n s  become:

;  /mV = 12 .85  X V 9 . 3 .
and / .

a ^ c m  ^ = 3 .713  X 10~^ (c /m o l m"^)**'^^sinh j 9 .4 -

F o r p e n e t r a b le  s u r f a c e s , e .g .  b io l o g ic a l  c e l l s ,  i f  a  i s  th e

f r a c t i o n  o f  th e  t o t a l  sp ace  w i th in  th e  s u r f a c e  w hich  i s  n o t  a v a i l a b l e  

to  c o u n te r  i o n s ,  th e n  th e  v a lu e  o f  c a l c u la te d  from  e i t h e r  e q u a t io n s

9 . 2 , o r  9 . 4 . m ust be m u l t ip l i e d  by th e  f a c t o r  [ l  + ( l  -  o ) ^ / ^ ] .

T h is  c o r r e c t io n  f a c t o r ,  f i r s t  s u g g e s te d  by Haydon ( 196I ) , .  ta k e s  in t o  

a c c o u n t th e  p e n e t r a b le  r e g io n  o f  th e  c e l l .  F o r p e n e t r a b le  s u r f a c e s  

th e r e  w i l l  be f r e e  io n s  b o th  in s id e  and o u ts id e  th e  s u r f a c e ;  t h i s  means
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t h a t  th e  c h a rg e  d e n s i ty  may be h ig h e r  by a  f a c t o r  o f  up to  tw ic e

t h a t  c a l c u la t e d  by th e  o r i g i n a l  e q u a t io n  9«4« U n fo r tu n a te ly  in fo rm a tio n

on th e  v a lu e  o f  a. w i th in  th e  p e r ip h e r a l  zone o f  a  c e l l  and i t s

v a r i a t i o n  w ith  io n ic  s t r e n g th  i s  n o t  a v a i l a b l e  and so th e  c a l c u la te d  s u r f a c e

c h a rg e  d e n s i ty  and th e  t o t a l  number o f  c h a rg e s  p e r  c e l l  i s  l i a b l e  to

be i n  e r r o r  by a  f a c t o r  o f  up to  2 .

Many p re v io u s  w o rk ers  r e p o r te d  t h e i r  e x p e r im e n ta l r e s u l t s , from  

p a r t i c u l a t e  e l e c t r o p h o r e s i s ,  i n  te rm s o f  th e  z e t a - p o t e n t i a l  a t  th e  

c e l l - e l e c t r o l y t e  i n t e r f a c e .  T h is  p o t e n t i a l  i s  d e te rm in e d  p a r t l y  by 

th e  io n i c  s t r e n g th  and pH o f  th e  su sp e n d in g  e l e c t r o l y t e  and p a r t l y  by th e  

n a tu r e  and q u a n t i ty  o f  io n o g e n ic  s u r f a c e  g ro u p s . C a lc u la t io n  o f  th e  

z e t a - p o t e n t i a l  from  th e  e x p e r im e n ta lly  d e te rm in e d  m o b i l i ty  v a lu e s  

( e q u a t io n s  9*1• and 9*3«) assum es t h a t  th e  v i s c o s i t y  and r e l a t i v e  

p e r m i t t i v i t y  w i th in  th e  e l e c t r i c  d o u b le  l a y e r  have th e  v a lu e s  a p p r o p r ia te  

to  b u lk  w a te r ;  r e c e n t  work in d i c a t e s  t h a t  t h i s  may n o t  be so and 

th e r e f o r e  d i s c u s s io n  o f  v a r i a t i o n  o f  th e  z e t a - p o t e n t i a l  i s  open to  d o u b t.  

H owever, f o r  c e l l s  o f  a  f ix e d  age i n  s u sp e n s io n  m edia o f  f ix e d  pH and 

io n i c  s t r e n g t h ,  changes i n  th e  e x p e r im e n ta l ly  m easured  m o b i l i ty  v a lu e  

can  be i n t e r p r e t e d  i n  te rm s o f  changes i n  th e  n a tu r e  and q u a n t i ty  o f  

th e  ch a rg e d  s u r f a c e  g ro u p s . T hese c o n d i t io n s  w ere ad h e re d  to  i n  th e  

p r e s e n t  s tu d y .

I n  o r d e r  to  i n t e r p r e t  th e  r e s u l t s  o b ta in e d  from  p a r t i c u l a t e  

e l e c t r o p h o r e s i s  i t  i s  e s s e n t i a l  to  u se  e x p e r im e n ta l and e n v iro n m e n ta l 

c o n d i t io n s  such  t h a t  th e  c e l l  s u r f a c e  u n d e r i n v e s t i g a t i o n  i s  

r e p r o d u c ib le  and f r e e  from  a d so rb e d  m a te r ia l ,  e . g .  g row th  m a t e r i a l ,  to x in s  

and enzym es. W ith  BCG i t  was n o t  p o s s ib le  to  remove m a te r i a l  from  th e  

s u r f a c e  o f  th e  c e l l s  by r e p e a te d  w ash in g s  and th e r e f o r e  any changes 

o b se rv e d  i n  th e  m o b i l i ty  o f  c e l l s ,  w hich had  been  washed once o r  tw ic e  

i n  b u f f e r  s o l u t i o n ,  r e f l e c t e d  t r u e  changes i n  th e  s u r f a c e  p r o p e r t i e s
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o f  th e  c e l l s .  F o r m ost s tu d ie s  th e  optimum io n i c  s t r e n g t h  o f  th e

su sp e n d in g  b u f f e r  s o lu t i o n  was 0 .0 5  mol dm"^; a t  t h i s  c o n c e n tr a t io n

e r r o r s  due to  s l i g h t  v a r i a t i o n s  i n  th e  c o n c e n t r a t io n  o f  th e  b u f f e r

s o lu t i o n  w ere m in im ized  (F ig u re  4*1 • ) •

The symmetry o f  th e  o b s e rv a t io n  cham ber was checked  (F ig u re  2 .3 . )

and th e  a p p a ra tu s  c a l i b r a t e d  u s in g  10 h o ld  c e l l s  o f  K l e b s i e l l a  ae ro g e n es

( G i t t e n s  and Jam es, I 96O ). C e l l  s u sp e n s io n s  o f  BCG, h a rv e s te d  from

10 -  14 day o ld  c u l tu r e s  w ere p re p a re d  u s in g  th e  s ta n d a rd  te c h n iq u e  f o r

w ash ing  and re s u s p e n s io n  (T a b le  4 . 2 . ) .  A t pH 7 .0  th e  p o p u la t io n  was

alw ays e l e c t r o k i n e t i c a l l y  homogeneous and  th e  m o b i l i ty  v a lu e  was v e ry

re p r o d u c ib le .  The v a lu e  was in d e p e n d e n t o f  th e  age o f  th e  c u l t u r e ,

th e  n a tu r e  o f  th e  g row th  medium and th e  s u b - s t r a i n  u s e d . O ver a  p e r io d

o f  2 to  2 1 /2  y e a r s  th e  m o b i l i ty  o f  th e  c e l l s  su sp en d ed  i n  0 .0 5  mol dm ^

a c e t a t e - b a r b i t u r a t e  b u f f e r  s o lu t i o n  a t  pH 7 .0  was 1 .7 8  i  0 .0 2  x 10” ^

2 -1  -1
m s  V ; th e  c o n f id e n c e  l i m i t  f o r  a  s in g le  mean a t  p = 0 .0 5  was

-  Thus th e  s u r f a c e  o f  c e l l s  w ith  m o b i l i ty  v a lu e s  d i f f e r i n g  by

more th a n  6% can  be c o n s id e re d  to  be s i g n i f i c a n t l y  d i f f e r e n t ,  due e i t h e r  to  

d i f f e r e n t  s u r f a c e  com ponents o r  d i f f e r e n t  am ounts o f  th e  same com ponent.

P a r t i c l e s  o r  c e l l s  i n  su sp e n s io n  i n  e l e c t r o l y t e  s o lu t io n s  

a q u i r e  a  c h a rg e  f o r  one o r  more o f  th e  fo l lo w in g  r e a s o n s ;

(1 )  i o n i z a t i o n  o f  f u n c t io n a l  g ro u p s  w hich  form  an i n t e g r a l  p a r t  

o f  th e  s u r f a c e ;

( 2 ) io n  a d s o rp t io n  o r  d e s o r p t io n ,  due to  th e  r e d i s t r i b u t i o n  o f  io n s  

w i th in  th e  su sp e n d in g  medium a t  th e  p a r t ic le /m e d iu m  i n t e r f a c e ;

( 3 ) i n t e r a c t i o n  o f  th e  s u r f a c e  w ith  com ponents o f  th e  su sp e n s io n  

medium; e . g .  by s p e c i f i c  io n  a d s o r p t io n .

F o r b io l o g ic a l  c e l l s  th e  c h a rg e  i s  due to  th e  d i s s o c i a t i o n  o f  

io n o g e n ic  g ro u p s ( e . g .  c a rb o x y l ,  p h o s p h a te , am ino)* io n  a d s o rp t io n  

makes l i t t l e  i f  any c o n t r ib u t io n  to  th e  t o t a l  c h a rg e  ( G i t t e n s ,  I 962 ) .
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The n a tu r e  and d i s t r i b u t i o n  o f  s u r f a c e  g ro u p s may be i n v e s t ig a t e d  

by s tu d y in g  th e  dependence o f  th e  e l e c t r o p h o r e t i c  m o b i l i ty  on 

( a )  th e  pH o f  th e  su sp e n s io n  medium; (b )  th e  i o n i c  s t r e n g t h  o f  th e  

su sp e n s io n  medium; ( c )  th e  in f lu e n c e  o f  a  s e r i e s  o f  p o ly v a le n t  c a t io n s ;

(d )  th e  p re s e n c e  o f  s u r f a c t a n t s  i n  th e  su sp e n s io n  medium; ( e )  ch em ica l 

tr e a tm e n t  o f  th e  c e l l s  and ( f )  t r e a tm e n t  w ith  enzym es.

The shape  and p o s i t i o n  o f  th e  p H -m o b ility  c u rv e s  w ere c o n s ta n t  

f o r  c e l l s  o f  a l l  ag es  from  7 to  28 days and in d e p e n d e n t o f  th e  n a tu r e  o f  

th e  g row th  medium and th e  s u b - s t r a i n  u s e d .  S to ra g e  o f  c e l l s  i n  b u f f e r  

s o lu t i o n  f o r  up to  48 h  a t  4 *̂ C had  no e f f e c t  on th e  s u r f a c e  p r o p e r t i e s  o f  

th e  c e l l s .  A ll  p H -m o b ility  c u rv e s  re c o rd e d  w ere c o in c id e n t  w i th in  

th e  l i m i t s  o f  e x p e r im e n ta l e r r o r .  The pH -range 2 .5  -  9*5 was ad o p ted  

s in c e  o v e r  t h i s  ra n g e  th e r e  w ere no d e te c ta b le  i r r e v e r s i b l e  changes i n  

th e  s u r f a c e  p r o p e r t i e s .

A ty p i c a l  p H -m o b ility  cu rv e  f o r  c e l l s  o f  BCG i s  shown i n  F ig u re  

The n e g a t iv e  c h a rg e  in c r e a s e s  s h a rp ly  u n t i l  pH 4*0 and th e n  more s lo w ly  to  

pH9«0. T h is  c u rv e  i s  t y p i c a l  o f  a  s u r f a c e  w ith  a n io n ic  g ro u p s  o n ly  

(F ig u re  1 .1 2 ) .  T here  i s  no in d i c a t i o n  o f  th e  p re s e n c e  o f  p o s i t i v e  s u r f a c e  

g ro u p s , e i t h e r  by th e  r e v e r s a l  o f  c h a rg e  a t  low p H -v a lu e s , o r  by a  f u r t h e r  

sh a rp  in c r e a s e  i n  m o b i l i ty  a t  h ig h e r  p H -v a lu e s . The s u r f a c e  ch a rg e d  

g ro u p s  have a  pK o f  a p p ro x im a te ly  2 .9  and th e  c h a rg e  a p p ro ac h es  ze ro  a t  

a p p ro x im a te ly  pH = 2 .0 .

The p H -m o b ility  c u rv e s  o b ta in e d  f o r  c e l l s  o f  a l l  f i v e  s u b - s t r a in s  

exam ined w ere c o in c id e n t ,  show ing t h a t  o b se rv e d  d i f f e r e n c e s  i n  th e  

c o lo n ia l  m orphology d is p la y e d  betw een  s u b - s t r a i n s  was n o t  r e f l e c t e d  i n  

d i f f e r e n c e s  i n  t h e i r  s u r f a c e  c h a rg e . F u r th e r  c o n f irm a tio n  o f  t h i s  

o b s e rv a t io n  was o b ta in e d  from  an  e x a m in a tio n  o f  c e l l s  o f  "rough" and 

"sm ooth" i s o l a t e s  o f  th e  G laxo s u b - s t r a i n  w hich  gave p H -m o b ility  c u rv e s  

w hich w ere a g a in  c o in c id e n t  w ith  th o s e  o b ta in e d  f o r  th e  o th e r  c e l l s .
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FIGURE 9.1.

A ty p i c a l  pH -m oU ility  cu rv e  f o r  c e l l s  o f  M. b o v is  BCG
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The shape  and p o s i t i o n  o f  th e  p H -m o b ility  CTirve f o r  c e l l s  o f  

BCG rem ain ed  c o n s ta n t  th ro u g h o u t a  28 day g row th  p e r io d ,  c o n f irm in g  

th e  f in d in g s  o f  Choucroun and P lo tz  (1954)*  T h is  i n d i c a t e s  t h a t  th e  

n a tu r e  and number o f  s u r f a c e  io n o g e n ic  g ro u p s  does n o t  depend on th e  

tim e  o f  h a r v e s t in g  o r  th e  age o f  in d iv id u a l  c e l l s .  The s u r f a c e  p r o p e r t i e s  

o f  th e  c e l l s  w ere a l s o  unaffected by th e  g row th  medium u se d  f o r  t h e i r  

c u l t u r e .  The a d d i t io n  o f  n o n - io n ic  w e t t in g  a g e n ts  to  th e  medium had 

no e f f e c t  on th e  s u r f a c e  c h a rg e  p r o p e r t i e s ,  d e s p i t e  th e  f a c t  t h a t  th e  

p re s e n c e  o f  such  s u r f a c t a n t s  s u p re s s e s  th e  a g g re g a t io n  o f  c e l l s  d u r in g  

g ro w th . The c lum ping  c h a r a c t e r i s t i c  d is p la y e d  by BCG, and o th e r  

m y c o b a c te r ia ,  d u r in g  grow th  i s  th e r e f o r e  n o t  due to  p h y sico -ch em ica l 

f o r c e s  a s s o c ia t e d  w ith  th e  s u r f a c e  c h a rg e d  g ro u p s .

C e l ls  o f  BCG a f t e r  one v iv o  p a s sa g e  th ro u g h  a  g u in e a  p ig  

showed i d e n t i c a l  s u r f a c e  p r o p e r t i e s  to  c e l l s  grown v i t r o . T h is  

s u g g e s ts  t h a t  d ra m a tic  m o d if ic a t io n  o f  th e  c e l l  s u r f a c e  i s  n o t  c a r r i e d  

o u t by th e  h o s t ,  a l th o u g h  h o s t  a n t ib o d ie s  c o u ld  have been  p r e s e n t  on 

th e  c e l l s  w hich  e i t h e r  had  no e f f e c t  on th e  s u r f a c e  c h a rg e  o r  w ere 

rem oved d u r in g  p r e p a r a t io n  f o r  e l e c t r o p h o r e t i c  s t u d i e s .  Thus i t  can 

be co n c lu d ed  t h a t  in. v i t r o  c u l tu r e  o f  BCG, f o r  v a c c in e  p ro d u c t io n ,  

p ro d u ces  an  o rg an ism  w h ich , i n  i t s  s u r f a c e  p r o p e r t i e s  a t  l e a s t ,  i s  

i d e n t i c a l  to  any o rg an ism  i s o l a t e d  from  a n im a ls .  D if f e r e n c e s  d is p la y e d  

betw een  s u b - s t r a in s  i n  t h e i r  im m unizing  p o t e n t i a l  a r e  n o t  due to  

d i f f e r e n c e s  i n  th e  o u te r  s u r f a c e  o f  th e  c e l l s ,  b u t  m ust be due to  

b io c h e m ic a l o r  s t r u c t u r a l  d i f f e r e n c e s  a t  d e e p e r  l e v e l s  i n  th e  c e l l  

w hich  a r e  n o t  r e f l e c t e d  by changes i n  th e  s u r f a c e  c h a rg e .  As a l l  th e  

s u b - s t r a in s  o f  BCG exam ined p r e s e n te d  such  a  r e p r o d u c ib le  c e l l  s u r f a c e  

i t  i s  m ost l i k e l y  t h a t  i n t e r - s t r a i n  d i f f e r e n c e s  a r i s e  from  b io c h e m ic a l 

p r o p e r t i e s  r a t h e r  th a n  from  d i f f e r e n c e s  i n  th e  s u r f a c e  p r o p e r t i e s .
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The g e n e ra l  shape  o f  th e  p H -m o b ility  c u rv e s  s u g g e s ts  t h a t

th e  BCG c e l l  i s  a  m a cro p o ly an io n . A t an  i o n i c  s t r e n g t h  o f  0 .1 0

mol dm th e  th ic k n e s s  o f  th e  io n ic  a tm o sp h ere  i s  10 2 ,  th u s  th e

m o b i l i ty  v a lu e  m easured  i n  such  su sp e n s io n s  i s  due to  ch a rg e d  g ro u p s

lo c a te d  i n  th e  to p  10 -  12 2 o f  th e  p e r ip h e r a l  r e g io n  o f  th e  c e l l .

A t t h i s  io n i c  s t r e n g th  th e  m o b i l i ty  i s  1 .5 8  x 10 ® m^ s ”  ̂ t h i s

g iv e s  a  z e t a - p o t e n t i a l  o f  2 0 .3  mV ( e q u a t io n  9 «3) and a  ch a rg e  d e n s i ty ,  
—2 —2

o f  1 .506  X 10 C m  ( e q u a t io n  9 «4)* A ssum ing t h a t  a  t y p i c a l

BCG c e l l  i s  0 .5  pm i n  d ia m e te r  and 3 pm i n  l e n g th ,  th e  a r e a .  A,

o f  th e  c e l l  (assum ed to  be a  s o l i d  c y l in d e r  w ith  a  h em isp h ere  a t  each

end and m aking no a llo w a n c e s  f o r  th e  p o ro u s  n a tu r e  o f  th e  c e l l )  i s  
2

3*9 pm . Assum ing t h a t  ad so rb ed  a n io n s  make no c o n t r ib u t io n  to  th e  

t o t a l  c h a rg e  th e  number o f  n e g a t iv e ly  c h a rg e d  g ro u p s  p e r  c e l l  i s  

g iv e n  by;

aj, A

w here e i s  th e  e l e c t r o n i c  c h a rg e ,  1 .6 0 2  x  10~ C. U sin g  th e
5

e x p e r im e n ta l d a t a ,  th e  num ber o f  ch a rg e d  g ro u p s  p e r  c e l l  i s  3*7 x 10 , 

g iv in g  an  a r e a  o f  a b o u t 1 000 2^ p e r  c h a rg e . T h is  p re c lu d e s  c h a rg in g  

o f  th e  s u r f a c e  by a n io n  a d s o rp t io n ,  on a c c o u n t o f  l i m i t e d  sp ace  and 

th e  l a r g e  f o r c e s  o f  r e p u ls io n  betw een  th e  n e g a t iv e ly  c h a rg e d  s u r f a c e  

and  n e g a t iv e  io n s  a p p ro a c h in g  from  s o l u t i o n .  T h is  c o n c lu s io n  i s  

su p p o r te d  by th e  shape o f  th e  p H -m o b ility  c u rv e ;  a t  low p H -v a lu e s , 

w here th e  n e g a t iv e  g ro u p s a r e  c o m p le te ly  p r o to n a te d ,  th e  m o b i l i ty  

a p p ro ac h es  z e ro  r a t h e r  th a n  a t t a i n i n g  a  low p la te a u  v a lu e  w hich  c o u ld  

r e p r e s e n t  r e d id u a l  c h a rg e  from  ad so rb e d  io n s .
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So f a r  th e  e x p e r im e n ta l r e s u l t s  have o n ly  b een  i n t e r p r e t e d  

i n  te rm s o f  u n i d e n t i f i e d  n e g a t iv e  s u r f a c e  g ro u p s . I n  an  a t te m p t 

to  e l u c id a t e  th e  n a tu r e  o f  th e s e ,  s p e c i f i c  ch em ica l and en zym atic  

t r e a tm e n ts  o f  th e  c e l l  s u r f a c e  w ere c a r r i e d  o u t .  A t f i r s t  s i g h t  th e  

p H -m o b ility  cu rv e  a p p e a re d  to  be t y p i c a l  o f  a  s u r f a c e  c o n ta in in g  o n ly  

c a rb o x y l g ro u p s (p K '^ 2 .9 ;  p l '^ 2 . 0 ) ;  th e  s u r f a c e  was th e r e f o r e  e x te n s iv e ly  

exam ined f o r  th e  p re se n c e  o f  io n i z a b le  c a rb o x y l g ro u p s . No c a rb o x y l 

g ro u p s w ere d e te c te d  by th e  s ta n d a rd  m ethods o f  e s t é r i f i c a t i o n  f o r  

s h o r t  and lo n g  p e r io d s .  T h is  i s  n o t  r e a l l y  s u p r i s in g  s in c e  i t  i s  w e ll  

e s t a b l i s h e d  t h a t  m y co lic  a c id s , th e  m ost l i k e l y  so u rc e  o f  c a rb o x y l g ro u p s , 

do n o t  e x i s t  i n  th e  f r e e  s t a t e  i n  th e  c e l l  w a l l s  o f  m y c o b a c te r ia  

b u t  i n  an  e s t e r i f i e d  fo rm .

S p e c i f i c  ch em ica l t r e a tm e n ts  (5 * 2 . and 5*5*) f o r  th e  p re s e n c e  

o f  amino and s u lp h y d ry l  g ro u p s f a i l e d  to  r e v e a l  th e  p re s e n c e  o f  e i t h e r  

o f  th e s e  a s  s u r f a c e  com ponents. The a b s e n c e , o r  low l e v e l ,  o f  amino 

g ro u p s co n firm ed  th e  g e n e ra l  shape o f  th e  p H -m o b ility  c u rv e . I f  amino 

g ro u p s  a r e  p r e s e n t  th e n  th e y  a r e  u n d e te c ta b le  by th e  e l e c t r o k i n e t i c  

m ethod; ta k in g  in t o  a c c o u n t th e  r e p r o d u c i b i l i t y  and a c c u ra c y  o f  th e  

m ethod i t  can  be c o n f id e n t ly  s t a t e d  t h a t  th e  u p p e r  l i m i t  o f  amino 

g ro u p s  i s  4 000 -  5 000 p e r  c e l l .

The o n ly  re m a in in g  a n io n ic  s p e c ie s  w hich  c o u ld  g iv e  r i s e  to  

th e  l a r g e  n e g a t iv e  c h a rg e  on th e  c e l l s  a r e  s u lp h a te  and p h o sp h a te .

S in c e  th e  amount o f  s u lp h a te ,  i n  th e  form  o f  s u l p h o l i p i d s , i n  

m y c o b a c te r ia  i s  sm a ll t h i s  g roup  was d is c o u n te d .  The d e t e c t io n  o f  

p h o sp h a te  g ro u p s on th e  s u r f a c e  o f  b a c t e r i a l  c e l l s  i s  d i f f i c u l t  

(N e ih o l and E c h o ls ,  1978) u n le s s  th e y  a r e  s u s c e p t ib le  to  enzym ic a t t a c k  

by c e r t a i n  v e ry  s p e c i f i c  p h o s p h a ta s e s .  C e l l s  o f  BCG w ere r e s i s t a n t  

to  a t t a c k  by s e v e r a l  p h o s p h a ta s e s .  U nder a  w ide ra n g e  o f  c o n d i t io n s .
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in c lu d in g  p r i o r  a u to c la v in g  o f  th e  c e l l  su sp e n s io n  to  d e s tro y  any 

i n h i b i t o r s  o f  th e  enzym es, th e r e  was no change i n  th e  shape  o r  p o s i t i o n  

o f  th e  p H -m o b ility  cu rv e  a f t e r  t r e a tm e n t  w ith  p h o s p h o d ie s te ra s e ,  

p h o sp h o lip a se  C o r  a c id  p h o s p h a ta s e .  I t  i s  w e l l  known t h a t  

p h o sp h a ta se s  a r e  h ig h ly  s u b s t r a t e  s p e c i f i c ;  a l l  th e  enzyme p r e p a r a t io n s  

u sed  w ere shown to  be a c t i v e  when t e s t e d  a g a in s t  th e  a p p r o p r ia te  

s u b s t r a t e .  F u r th e r ,  th e  i n t e r a c t i o n  betw een  th e  enzyme and th e  

s u b s t r a t e  on th e  c e l l  i s  a  h e te ro g e n e o u s  r e a c t io n  i n  w hich  th e  a c t iv e  

p a r t  o f  th e  s u b s t r a t e  i s  m ost p ro b a b ly  s t e r i c a l l y  p r o te c te d  by th e  

com plex n a tu r e  o f  th e  c e l l  w a ll  s k e le to n .  I t  i s  t h e r e f o r e  n o t  

u n re a s o n a b le  t h a t  th e  enzymes had  no e f f e c t  on th e  s u r f a c e  g ro u p s .

D e s p ite  th e s e  n e g a t iv e  r e s u l t s ,  p h o sp h a te  was s t i l l  c o n s id e re d  

to  be th e  m ost l i k e l y  s p e c ie s  g iv in g  r i s e  to  th e  n e g a t iv e  s u r f a c e  

c h a rg e . C harge r e v e r s a l  s p e c t r a ,  i . e .  s p e c i f i c  seq u en ces  o f  c a t io n  

r e q u i r e d  to  g iv e  z e ro  c h a rg e , have been  u sed  to  c h a r a c t e r i s e  s u r f a c e  

ch a rg e d  g ro u p s  on b a c t e r i a  and b lo o d  c e l l s ;  t h i s  te c h n iq u e  was a p p l ie d  

to  c e l l s  o f  BCG. The c o n c e n t r a t io n  f o r  c h a rg e  r e v e r s a l  by th e  u ra n y l  

io n  was 10 f o ld  lo w er th a n  t h a t  f o r  o th e r  com parab le  d iv a le n t  io n s  

(F ig u re  5*5*)î t h i s  i s  a  c h a r a c t e r i s t i c  o f  a  p h o sp h a te  c o l lo id  

(F ig u re  5»4»)* In  a d d i t io n  th e  sequence  o f  io n s  i n  th e  "sp ec tru m " 

o f  BCG i s  s im i l a r  to  t h a t  f o r  known p h o s p h a te - ty p e  c o l lo id s . Thus th e  

n e g a t iv e  s u r f a c e  c h a rg e  on c e l l s  o f  BCG a r i s e s  s o le l y  from  io n iz a b le  

p h o sp h a te  g ro u p s . T h is  c o n c lu s io n  i s  s u p p o r te d  by th e  pK o f  th e  

s u r f a c e  (pK = 2 .8 )  w hich i s  i n  th e  ra n g e  o f  v a lu e s  q u o te d  i n  th e  

l i t e r a t u r e  f o r  th e  p K -v a lu es  o f  o rg a n ic  p h o sp h a te s  ( e . g .  0 -p h o s p h o s e r in e , 

pK 2 .0 8 ,  0 -p h o s p h o ry ls e r in e  m e th y l e s t e r ,  pK 5*35)•

E x am in a tio n  o f  th e  p ro p o sed  s t r u c t u r e  o f  m y c o b a c te r ia l  c e l l  w a lls  

shows a  p h o s p h o d ie s te r  l in k a g e  betw een  th e  m y c o b a c te r ia l  p e p t id o g ly c a n  

and th e  a r a b in o g la c ta n  and i t  i s  p ro b a b le  t h a t  i t  i s  th e s e  l in k a g e s
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w hich  g iv e  r i s e  to  th e  s u r f a c e  p h o sp h a te  g ro u p s  d e te c te d  

e l e c t r o k i n e t i c a l l y .

M y c o b a c te r ia l  c e l l  w a l l s  a l s o  c o n ta in  a  l a r g e  amount o f  

s o lv e n t  e x t r a c t a b l e  l i p i d  (6 0 ^  w /v) com pared to  t h a t  o f  th e  w a l l s  o f  

o th e r  G ra m -p o s itiv e  o rg a n ism s . F o r many y e a r s  i t  was th o u g h t t h a t ,  

b eca u se  o f  t h e i r  h y d ro p h o b ic  h a n d lin g  p r o p e r t i e s ,  m y c o b a c te r ia l  c e l l s  

w ere su rro u n d ed  by a  l i p i d  l a y e r .  T h is  h a s  n o t  been  co n firm ed  by 

e l e c t r o n  m icroscopy  s tu d ie s  and no s u r f a c e  l i p i d  was d e te c te d  by 

m e asu rin g  th e  m o b i l i ty  o f  c e l l s  o f  BCG i n  s u sp e n s io n  i n  b u f f e r  s o lu t io n  

c o n ta in in g  SDS. The l a r g e  q u a n t i t i e s  o f  c e l l  w a ll  l i p i d s ,  p re d o m in a n tly  

composed o f  e s t e r s  o f  m y co lic  a c i d s ,  m ust t h e r e f o r e  be lo c a te d  d e e p e r  

i n  th e  c e l l  w a ll  th a n  th e  s u r f a c e  u n d e r  e x a m in a tio n . T h is  was co n firm ed  

by ex a m in a tio n  o f  th e  m o b i l i ty  o f  c e l l s  i n  b u f f e r  s o lu t io n s  o f  

d e c re a s in g  io n i c  s t r e n g t h ,  a l l  o f  w hich c o n ta in e d  SDS. As th e  io n ic  

s t r e n g th  d e c re a s e s  th e  io n ic  a tm o sp h ere  u n d e r  ex a m in a tio n  in c r e a s e s  

and ch a rg e d  g ro u p s d e e p e r  i n  th e  w a ll  w i l l  c o n t r ib u te  to  th e  t o t a l  

c h a rg e . T here  was a  c l e a r  i n d i c a t i o n  o f  an  in c r e a s e  i n  th e  S -v a lu e  

w ith  d e c re a s in g  io n i c  s t r e n g t h ,  show ing th e  p re s e n c e  o f  in c r e a s in g  

am ounts o f  l i p i d  a s  th e  c e l l  w a ll  s t r u c t u r e  was p e n e t r a te d .

I s o n ia z id  r e s i s t a n c e  o f  m y c o b a c te r ia  i s  known to  be r e l a t e d  to  

changes i n  t h e i r  l i p i d  c o m p o s itio n  (A lb e rg h in a , 1 9 7 6 ), b u t  i s o n i a z i d -  

r e s i s t a n t  and s e n s i t i v e  c e l l s  o f  th e  G laxo s u b - s t r a i n  o f  BCG have 

i d e n t i c a l  s u r f a c e  c h a rg e  p r o p e r t i e s  show ing a g a in  t h a t  l i p i d  i s  n o t  

lo c a te d  a t  th e  c e l l  s u r f a c e .

The b a s ic  ch em ica l s t r u c t u r e  o f  m y c o b a c te r ia l  c e l l  w a l l s  i s  

common to  a l l  s p e c ie s  o f  m y c o b a c te ria  and, a s  i t  was s u s p e c te d  t h a t  

th e  s u r f a c e  p h o sp h a te  g ro u p s  w ere a r i s i n g  from  t h i s  b a s ic  c e l l  w a ll 

s k e l e t o n , t h e  s u r f a c e  p r o p e r t i e s  o f  th r e e  o th e r  m y c o b a c te r ia l  s p e c ie s .
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M. sm eg m atis , M. p h le i  and M. m i c r o t i ,w ere  exam ined . The p H -m o b ility  

c u rv e s  o b ta in e d  f o r  c e l l s  o f  th e s e  o th e r  s p e c ie s  w ere i d e n t i c a l  to  

and c o in c id e n t  w ith  th o s e  o b ta in e d  f o r  a l l  s u b - s t r a in s  o f  BCG.

T h is  c o n firm s  t h a t  th e  ch a rg e  in  f a c t  a r i s e s  from  a  common, b a s ic  c e l l  w a ll 

s t r u c t u r e .

C e l l  w a ll p r e p a r a t io n s  o b ta in e d  by u l t r a s o n ! c a t io n  o f  c e l l  

su sp e n s io n s  e x h ib i te d  a  p H -m o b ility  cu rv e  c h a r a c t e r i s t i c  o f  a  m ixed 

a n i o n ic / c a t i o n i c  s u r f a c e  (F ig u re  1 .1 2 ) .  I n  t h i s  c a se  th e  c e l l s  w ere 

b ro k en  and th e r e f o r e  th e  c h a rg e  i s  a  mean v a lu e  o f  c h a rg e s  on b o th  

th e  in n e r  and o u te r  s u r f a c e s .  The n e g a t iv e  c h a rg e  i s  m a in ly  due to  

th e  p h o sp h a te  g ro u p s  on th e  e x t e r n a l  s u r f a c e  w ith  p o s s ib ly  some c a rb o x y l 

g ro u p s  on th e  in n e r  s u r f a c e  c o n t r i b u t i n g .  The p o s i t i v e  g ro u p s  now 

e v id e n t  from  th e  shape o f  th e  p H -m o b ility  cu rv e  m ust a r i s e  from  

io n iz a b le  amino g ro u p s  on th e  in n e r  s u r f a c e ,  m ost l i k e l y  th o se  o f  th e  

p e p t id e  m o ie t ie s  o f  th e  p e p t id o g ly c a n .

E x am in a tio n  o f  th e s e  c e l l  w a ll  p r e p a r a t io n s  f o r  s u r f a c e  l i p i d  

s t i l l  showed v e ry  l i t t l e  d e t e c ta b le  l i p i d ;  th e  sm a ll amount o b se rv ed  

p ro b a b ly  a ro s e  from  th e  r e g io n s  w here th e  c e l l - w a l l s  w ere b ro k en  

e x p o s in g  s p e c ie s  n o rm a lly  r e s i d e n t  i n  th e  m id d le  l a y e r s  o f  th e  c e l l  w a l l .  

T h is  la c k  o f  s u r f a c e  l i p i d  when b o th  in n e r  and o u te r  s u r f a c e s  o f  th e  

c e l l  w a ll  a r e  exposed  s u g g e s ts  t h a t  th e  a rran g em en t o f  th e  c e l l  w a ll  

com ponents i s  such  t h a t  th e  p h o s p h o d ie s te r  l in k a g e s  betw een  th e  

p e p t id o g ly c a n  and a r a b in o g la c ta n  a r e  a t  th e  o u te r  s u r f a c e .  T hese 

p h o sp h a te  g ro u p s g iv e  r i s e  to  th e  n e g a t iv e  c h a rg e , w h ile  th e  m y co lic  

a c id  e s t e r s  a t ta c h e d  to  th e  a r a b in o g la c ta n ,  w hich  c o n s t i t u t e  th e  

m a jo r l i p i d  com ponent o f  th e  c e l l  w a l l ,  a r e  fo ld e d  back  in t o  th e  

m id d le  l a y e r s  o f  th e  c e l l  w a l l  fo rm in g  th e  " f i l l i n g "  o f  a  "sandw ich" 

w ith  th e  p e p t id e  c h a in s  o f  th e  p e p t id o g ly c a n  g iv in g  r i s e  to  p o s i t i v e  

amino g ro u p s  a t  th e  in n e r  s u r f a c e  (F ig u re  9 * 2 . ) .
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The \ i l t r a s t r u c  t a r e  o f  m y c o b a c te ria  h a s  been  e x te n s iv e ly  s tu d ie d  

by t r a n s m is s io n  e l e c t r o n  m icroscopy  (TEM), b u t  v e ry  l i t t l e  work had 

been  r e p o r te d  w ith  s c a n n in g  e l e c t r o n  m icroscopy  (SEM). E x am in a tio n  

o f  c e l l s  and c o lo n ie s  o f  BCG u n d e r  SEM re v e a le d  t h a t  th e y  s e c r e t e  

a  " s l im e - l ik e "  s u b s ta n c e  w hich c o m p le te ly  c o v e rs  clum ps o f  c e l l s ,  

c o lo n ie s  and th e  s u r f a c e  p e llic le  o b ta in e d  a f t e r  g row th  on S au  to n  medium 

(F ig u re s  7*1 •» 7 .2 .  and 7 .4 * ) •  The c o v e r in g  m a te r ia l  was c o m p le te ly  

am orphous w ith  no v i s i b l e  s t r u c t u r e .  I t  d id  n o t  c o a t  in d iv id u a l  

o rg a n ism s , b u t  form ed a  c o a t  a ro u n d  a g g re g a te s  o f  c e l l s  from  w hich 

s in g le  o rg a n ism s , c o m p le te ly  f r e e  o f  th e  c o v e r in g  m a t e r i a l ,  c o u ld  be 

rem oved by m anual t i s s u e  g r in d in g .  The s u b s ta n c e  a p p e a re d  to  be 

s e c r e te d  by c e l l s  a f t e r  g row th  on a l l  th e  m edia u sed  and  a l s o  by a l l  

th e  s u b - s t r a i n s  exam ined , th e  b ro k en  c e l l  w a ll  p r e p a r a t io n s  a l s o  

a p p e a re d  c a p a b le  o f  s e c r e t i n g  i t .  D e ta i le d  e x a m in a tio n  o f  TEM 

p h o to g ra p h s  a l s o  r e v e a le d  th e  p re s e n c e  o f  t h i s  m a te r i a l  a s  a  

s h a d o w -e f fe c t a round  clum ps o f  c e l l s ;  t h i s  c o u ld  e a s i l y  be m is ta k e n  

f o r  an a r t i f a c t  o f  th e  n e g a t iv e  s t r a i n .

I t  i s  p o s s ib le  t h a t  th e  o rg a n ism s , on c o n ta c t  w ith  a i r ,  s e c r e t e  

t h i s  m a te r i a l  and th e re b y  p ro v id e  a  b a r r i e r  a b o u t th e m s e lv e s . I t  c o u ld  

be th e  s e c r e t io n  o f  t h i s  " s l im e - l ik e "  m a te r ia l  t h a t  r e n d e r s  m y c o b a c te ria  

so r e s i s t a n t  to  a t t a c k  by th e  immune sy stem  o f  th e  h o s t  and even  a llo w s  

d iv i s i o n  o f  c e l l s  w i th in  th e  h o s t  m acro p h ag es . M y c o b a c te r ia  a r e  

n o to r io u s ly  r e s i s t a n t  to  a t t a c k  by c h e m ic a ls  and a n t i b i o t i c s  and t h i s  

c o u ld  be due to  th e  s e c r e t i o n  o f  t h i s  " s l im e - l ik e "  l a y e r  a b o u t g ro u p s 

o f  c e l l s .

The a g g re g a t io n  o f  c e l l s  o f  BCG d u r in g  g row th  i s  n o t  due to  

e l e c t r o s t a t i c  f o r c e s ,  b u t  i s  m ost l i k e l y  due to  th e  s e c r e t i o n  and 

p re s e n c e  o f  t h i s  am orphous m a t e r i a l .  C o n s id e r in g  t h a t  c e l l s  o f  BCG 

grow w ith  t h i s  c o a t in g  o f  am orphous m a te r i a l  a ro u n d  a g g re g a te s  o f  c e l l s
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i t  i s  n o t  s u r p r i s i n g  t h a t  p rob lem s a r e  e n c o u n te re d  i n  u p ta k e  o f  

oxygen , n u t r i e n t s  e t c .  and t h i s  c o u ld  a c c o u n t,  a t  l e a s t  p a r t i a l l y ,  

f o r  th e  low grow th  r a t e  c h a r a c t e r i s t i c s  o f  th e s e  o rg a n ism s .

C e l l s  grow n i n  th e  p re s e n c e  o f  w e t t in g - a g e n t  do n o t  a g g re g a te  

so  b a d ly .  T h is  c o u ld  be due e i t h e r  ( a )  to  th e  i n h i b i t i o n  o f  p ro d u c tio n  

o f  t h i s  am orphous c o v e r in g  m a te r i a l ;  t h i s  i s  u n l ik e ly  a s  c e l l s  grown 

in  th e  p re se n c e  o f  w e t t in g - a g e n t  s t i l l  p o s se s  t h i s  m a te r ia l  (SEM); 

o r  (b )  to  a  s t r i p p i n g  e f f e c t  o f  th e  d e te r g e n t  w hich s to p s  th e  s l im e - l i k e  

m a te r i a l  from  p ro p e r ly  c o a t in g  th e  c e l l s .  C u ltu re s  o f  BCG grow much 

b e t t e r  when t h i s  s u b s ta n c e  i s  a llo w e d  to  c o a t  th e  c e l l s ;  c e l l s  grown 

i n  th e  p re s e n c e  o f  w e t t in g - a g e n t  g iv e  p o o re r  y i e ld s  th a n  th o s e  grown 

i n  i t s  a b se n c e . F u r th e r ,  c u l tu r e s  do n o t  grow w e ll  when s u b je c te d  

to  any form  o f  d is tu r b a n c e  d u r in g  g ro w th , such  a s  sh a k in g  o r  a e r a t i o n .  

T h is  c o u ld  be due to  in t e r f e r e n c e  w ith  th e  p ro c e s s  o f  s e c r e t i o n  o f  th e  

m a te r ia l  and c o a t in g  o f  th e  c e l l  a g g r e g a te s ,  s in c e  i t  h a s  been  

e s t a b l i s h e d  t h a t  th e  c o a t in g  m a te r i a l  i s  e a s i l y  s t r ip p e d  o f f  th e  c e l l s  

by p ro c e s s e s  such  a s  t i s s u e - g r i n d i n g .  Im aeda e t  a l  ( I 968 ) r e p o r te d  

a  m a te r ia l  w hich  o b sc u re d  t h e i r  o b s e rv a t io n  o f  f i b r i l l a r  s t r u c t u r e s  

on th e  s u r f a c e  o f  c e l l s  o f  m y c o b a c te ria  u n d e r TH4; t h i s  m a te r i a l  c o u ld  

be rem oved by s o n ic a t io n  and i s  m ost p ro b a b ly  th e  s t r u c t u r e l e s s  

m a te r i a l  seen  so c l e a r l y  u n d e r  SEM.

I t  h a s  been  c l e a r l y  d e m o n s tra te d  t h a t  c e l l s  o f  BCG a r e  

m acro p o ly an io n s  c a r r y in g  a  n e g a t iv e  c h a rg e  a t  t h e i r  s u r f a c e  due e n t i r e l y  

to  io n i z a b le  p h o sp h a te  g ro u p s  a r i s i n g  from  th e  p h o s p h o d ie s te r  l in k a g e s  

betw een  th e  p e p t id o g ly c a n  and a r a b in o g la c ta n  o f  th e  c e l l  w a l l .  The 

c o n s id e r a b le  q u a n t i ty  o f  m y c o b a c te r ia l  c e l l  w a l l  l i p i d  i s  lo c a te d  

f u r t h e r  in t o  th e  c e l l  w a ll  th a n  th e  s u r f a c e  u n d e r  ex a m in a tio n  and 

amino g ro u p s a r i s i n g  from  th e  p e p t id e  c h a in s  o f  th e  p e p t id o g ly c a n  

a re  lo c a te d  a t  th e  in n e r  s u r f a c e .
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A g g re g a tio n  o f  c e l l s  o f  BCG d u r in g  g row th  i s  n o t ,  a s  was 

o r ig i n a ly  s u s p e c te d ,  due to  p h y sico -ch em ica l f o r c e s  a r i s i n g  from  

th e  s u r f a c e  c h a rg e s  on th e  c e l l s ,  b u t i s  due to  s e c r e t i o n  o f  a  

" s l im e - l ik e "  m a te r i a l  a ro u n d  c e l l  a g g r e g a te s .
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