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Table III. Means and standard errors of the surface to volume ratios for inner (S/V)mu and for the outer (S/V)~,o mitochondriaI membranes 
of T. brucei STIB 35 BF 

Series 1 2 3 4 5 6 7 
f(SF) 0~13 0,24 0,25 0,48 0,89 0,98 1,0 

(S/V)~u 18.0 + 0.8 16.0 :J: 0.8 20.5 :t: 1.3 20.8 ~: 0.6 20.1 :[: 0.6 21.0 ~ 0.9 19.7 ~- 1.0 

(S/V)~,o 10.7 =~ 0.7 9.3 =k 0.4 11.8 ~: 0.7 14.7 =~ 0.4 15.7 zk 0.4 17.9 -4- 0.7 16.7 :~ 0.8 

f(SF) = frequency of slender forms. 

are  h ighe r  a n d  differ  la rgely  w i t h  136 ~ m  ~ for  S~l,  and  
77 ~ m  2 for S~,o. Th i s  genera l  increase  a n d  t he  dif ference 
be tween  Smii a n d  Smio are exp la ined  b y  t h e  changes  
occur ing  in 3 p a r a m e t e r s :  Vcv*, Svmu and  Svm*o. 

3. Mitochondrial sur/ace to volume ratios (Table  I I I ) .  
Surface  to v o l u m e  ra t ios  can  be  ca lcu la ted  for t he  i nne r  
(S/V)mu a n d  ou te r  (S/V)mio m i t o c h o n d r i a l  m e m b r a n e s .  
W h e r e a s  (S/V) mu does no t  v a r y  s ign i f i can t ly  for t he  7 series, 
t he  (S/V)m,o is decreased  f rom 17.3 me/cm a for t he  s lender  
to  9.3 for t he  s t u m p y  form. These  va lues  c a n n o t  be  r ead  
f rom the  Tab le  ; t h e y  co r re spond  to t he  e x t r a p o l a t e d  d a t a  
o b t a i n e d  b y  t h e  ca lcu la t ion  of t he  regress ion l ine for  
(S/V)rnio, w h i c h  is: 

(S/V)m,o = 9.3 -~- 8.0 x f ( S F ) ;  

the  cor re la t ion  coeff ic ient  r is 0.94 and  t h e  a t t a i n e d  
s ignif icance level  for 2 P is b e t t e r  t h a n  0.005. 

Discussion. I n  t he  p re sen t  p a p e r  we found  h ighe r  va lues  
for Vvm**, Vw~*, and  Vvu* t h a n  those  g iven  in a p rev ious  
p u b l i c a t i o n  ". These  differences  are due to  t he  two  
magn i f i ca t ions  used for t h e  m o r p h o m e t r i c  eva lua t ion .  The  
h igh  magn i f i ca t i on  of 83,000 x al lows a good recogni t ion  of 
even  ind i s t i nc t  profi les  of mi toc t iondr ium,  vesicles a n d  
l ip id  inclusions.  At  t h e  lower magn i f i ca t i on  one p r o b a b l y  
missed  smal l  sect ions  of t h e  a b o v e - m e n t i o n e d  organel les  
because  of t h e i r  low c o n t r a s t  aga ins t  t he  cy top l a smic  
ma t r ix .  I t  is obv ious  t h a t  ' r a re '  organelles ,  such  as 
vesicles and  especial ly  l ip id  inclusions,  will  be  p a r t i c u l a r l y  
s t r i cken  w i t h  th i s  effect. On t h e  o the r  h a n d ,  one has  to  
keep in m i n d  t h a t  a n  i m p r o v e d  de tec t ion  of capsec t ioned  
organel les  leads to  an  o v e r e s t i m a t i o n  of t h e i r  vo lume  
dens i ty .  This  fac to r  alone, however ,  c a n n o t  a c c o u n t  for 
t he  whole  dif ference be t w een  t he  two es t ima t ions .  

The  fac t  t h a t  t he  use of a h ighe r  m a g n i f i c a t i o n  m a y  
of ten  yield h ighe r  v o l u m e  dens i t i es  on  t h e  same  p r e p a r a t i o n  
seems to  be  a genera l  p h e n o m e n o n  i n h e r e n t  to  m o r p h o -  
me t r i c  i nves t iga t ions  a n d  needs  f u r t h e r  c lar i f icat ion.  Th i s  
s y s t e m a t i c  abe r r a t i on ,  however ,  is of l i t t l e  consequence  for  
our  inves t iga t ions ,  s ince we are especial ly  i n t e r e s t e d  in t h e  
differences  b e t w e e n  t he  p l eomorph ic  forms of T. brucei. 
These  differences  are  no t  af fected b y  t he  choice of t he  
magni f i ca t ion .  

The  p re sen t  resu l t s  show t h a t  d u r i n g  t he  t r a n s f o r m a -  
t ion  of s lender  to  s t u m p y  forms,  t he  vo lume  dens i t y  of t he  
m i t o c h o n d r i u m  and  t he  surface dens i t i es  of m i t o c h o n d r i a l  
m e m b r a n e s  increase.  Th i s  t r e n d  is even  more  m a r k e d  for 
t he  abso lu te  va lues  of these  pa rame te r s ,  s ince s t u m p y  
t r y p a n o s o m e s  h a v e  a la rger  cy top l a smic  b o d y  t h a n  t h e  
s lender  ones. The  abso lu te  ou te r  m i t o c h o n d r i a l  m e m b r a n e  
surface  a rea  is a u g m e n t e d  b y  a fac to r  of 4.5 d u r i n g  t h e  
t r a n s f o r m a t i o n ,  t h e  i nne r  one b y  a f ac to r  of 7. Th i s  
h ighe r  r a t e  of increase  in S,~ii is also re f lec ted  b y  t he  r ise 
in  t h e  q u o t i e n t  Svmu/Sv,,~io. 

Analys i s  of t he  abso lu te  d a t a  of t he  m i t o c h o n d r i u m  
(surface areas  of m e m b r a n e s  and  volume)  reveals  t h a t ,  
d u r i n g  t r a n s f o r m a t i o n  of T. brucei f rom s lender  to  s t u m p y  
form, t h e  surface  to  v o l u m e  ra t io  of t h e  i n n e r  m e m b r a n e  
(S/V)m, r ema ins  p rac t i ca l ly  cons t an t ,  whereas  t h e  ou t e r  
m e m b r a n e  surface  to  vo lume  r a t i o  (S/V)mio shows a fall, 
w h i c h  cor responds  to  a surface  a rea  increase  a t  t h e  2/3 
power  of t h e  v o l u m e  increase.  Th i s  ind ica tes  t h a t  t he  
s t u m p y  fo rm m i t o c h o n d r i u m  is c e r t a in ly  la rger  b u t  is no t  
a l t e red  in  i ts  s t r u c t u r a l  compos i t ion .  This  large mi to -  
c h o n d r i u m  of t he  s t u m p y  fo rm m a y  be  expec ted  to  be  
p r e p a r e d  to t he  changes  k n o w n  to  occur  in i ts  r e s p i r a t o r y  
a c t i v i t y  4, 5, ~. 

Zusammen/assung. M o r p h o m e t r i s c h  wi rd  gezeigt,  dass  
die s t u m p f e  B l u t f o r m  (<(stumpy form~>) yon  Trypanosoma 
brucei ein gr6sseres M i t o c h o n d r i u m  bes i t z t  als die s ch l anke  
F o r m  (~(slender form~). Die s t r uk tu r e l l e  Z u s a m m e n -  
se t zung  des M i t o c h o n d r i u m s  b l e i b t  a n n ~ h e r n d  gleich. 
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E n z y m e s  of N o n - a g g l u t i n a b l e  Vibr ios  and T h e i r  P o s s i b l e  Role  in the  D e v e l o p m e n t  of 
E n t e r o t o x i c  Fac tor  

I t  is now bel ieved t h a t  t he  pa thophys io log i ca l  changes  
t h a t  occur  in  cho?~era are due  to  a n  exo tox in  e l abo ra t ed  
b y  V. cholerae c o n t a i n i n g  two  factors,  one en te ro tox ic  
f ac to r  (EF) respons ib le  for  t he  i n i t i a t i on  of f luid accumula -  
t ion  in t he  gu t  of b o t h  h u m a n  a n d  e x p e r i m e n t a l  animals ,  

a n d  t he  o the r  p e r m e a b i l i t y  f ac to r  (PF),  capab le  of pro- 
duc ing  increased  va scu l a r  p e r m e a b i l i t y  in  t he  skin  of 
e x p e r i m e n t a l  an ima l s  1, 3. I t  was  r epo r t ed  earl ier  t h a t  t he  
en te ro tox ic  f ac to r  could be  deve loped  in n o n - a g g l u t i n a b l e  
v ib r ios  (NAG) a f t e r  a n i m a l  passages  a. I t  is also k n o w n  
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Strains 

Enzyme activity Substrate NAG 108 No. of passage (NAG 108) In. Assam Kuki  
2 3 4 

Mucinase Ovomucin  16 

Protease Casein 2.9 

Leeithinase Egg yolk 16 

16 16 16 16 

2.3 2.4 1.5 1.7 

16 64 128 128 

Reciprocal of the highest dilution (detail in text). 

t h a t  the  virulence of a s t ra in  could be increased by  ani- 
mal  passage ~. However ,  the  mechan i sm by  which  the  
organisms acquire  factors  regula t ing  the  increased virul-  
ence, are no t  unders tood.  In  view of this,  s tudies  were 
undertaken to compare the differences, if any, in the 
enzymatic activity between NAG before and after animal 
passage in compar i son  wi th  agglut inable  vibrio. The re- 
sults  are r epor ted  in th is  p re l iminary  communica t ion .  

Material and method. The s t ra in  of non-agglu t inable  
vibrio, NAG. CRC 108/68, was isolated f rom a pa t ient .  
This  s t ra in  was passaged in the  l igated ileal loops of 
adul t  rabbi ts ,  t he  m e t h o d s  of which  are detai led in pre- 
vious communica t ion  a. V. cholerae, Inaba ,  Assam Kuki,  
the  s t anda rd  l abora to ry  s t ra in  w i th  known virulence, 
was also included in t h e  exper iment .  Sonicated ce l l J ree  
ex t rac t s  of the  t e s t  organisms f rom a 18 h surface cul ture  
were used for enzyme  assay. Procedure  for assay of 
mucinase  was according to KUSAMA and CRAIG 5, and of 
protease and lecithinase according to Lluet al. 6. 

Result. It is evident from the Table that there is no 
difference in mucinase and protease activity between 
the strains of non-agglutinable vibrio before and after 
animal  passage and  also be tween  s t ra ins  of non-agglut in-  
able and agglut inable  vibrios,  However ,  the re  is signif- 
icant  difference in the  leci thinase ac t iv i ty  be tween  the  
non-agglut inable  s t ra ins  before and af ter  an imal  passage 
as well as be tween  V. cholerae and pre-passaged  NAG 
vibrios. I t  was observed t h a t  the  leci thinase ac t i* i ty  is 
increased 4-fold a t  t he  3rd passage and reached  8-fold 
af ter  the  4 th  passage,  t he r eupon  the  leci thinase ac t iv i ty  
reached a level equi lavent  to leci thinase ac t iv i ty  pro- 
duced by  the  agglut inable  vibrio, V. eholerae; Inaba.  

Discussion. I t  has  been observed previously  t h a t  entero-  
toxic  f a c t o r  could be induced in non-agglu t inable  vibrios 
af ter  serial animal  passages s bu t  the  mechan i sm by  which 
the  en te ro toxic  factor  increased still remains  unknown.  
P resen t  inves t iga t ion  indicates  t h a t  leci thinase ac t iv i ty  
of non-agglu t inable  vibr ios  was increased in t he  passaged 
s t ra ins  up to  the  level of a known vi ru lent  s t ra in  of V. 
cho~erae. 

There are a n u m b e r  of s tudies  on the  enzymes  of V. 
cholerae, par t icu la r ly  on the  enzymat i c  make-up,  b u t  t he  
role of an enzyme  in virulence or in re la t ion  to pa tho-  
genici ty  has no t  been  worked outT, s. I t  was t h o u g h t  
previously  t h a t  mueinase  is p roduced  in low t i t re  by  non- 
agglut inable  vibr ios  t h a n  V. cholerae 9 and  it was fu r ther  
shown t h a t  virulence of V. cholerae is re la ted  to h igh  
t i t r e  of mucinase  n.  Bu t  i t  was also shown t h a t  mucinase  
does no t  bear  any  re la t ionship  to t he  virulence of the  
organism ~0, n .  P resen t  s t u d y  indicates  t h a t  the  mncinase  
ac t iv i ty  of non-aggln t inable  vibr ios  was the  same as 
agglut inable  s t ra ins  and no difference could be observed 
on animal  passage.  

Leci th inase  was t h o u g h t  to be character is t ic  for E1 Tor 
b io type  of V. cholerae, as its possible role in haemolys is ;  
however,  the i r  presence  was also found in classical 
cholera vibr ios  12. Repor t s  on the  presence  of leci thinase 
and  i ts  biologics1 ac t iv i ty  in NAG are lacking. Though  the  
p resen t  s tudy  does no t  deal w i th  t he  biological ac t iv i ty  of 
t he  NAG vibrios,  it  m a y  be p r e s u m e d  t h a t  increased 
leci thinase ac t iv i ty  in the  NAG s t ra ins  af ter  animal  
passage m a y  p lay  some role in the  deve lopmen t  of entero-  
toxic  factor  as observed earlier. E n z y m a t i c  role in the  
virulence,  e i ther  alone or in combina t ion  wi th  cell-free 
p ro te in  tox in  in vibrios,  remains  to be evaluated.  

Rdsumd. Sachan t  que le fac teur  en tdro tox ique  peu t  6tre 
d4velopp6 darts les v ibr ions  non-agglu t inables  par  
t ransfer  animal,  nous a r g u s  ddtermin6 les act ivi tds  
enzymat iques  (mucinase, protdase,  16cithinase) de ces 
vibrions.  Aprgs ce t r ans fe r t  l ' ac t iv i t6  16cithinasique a 
augment4,  et  ce t te  act ivi t6 est  semblable  ~ celle d ' un  
virus (V. cholerae). Nous supposons  que l ' au g men t a t i o n  
du fac teur  en tdro tox ique  est  causde par  celle de l ' ac t iv i t6  
de la 16cithinase. 
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