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Opt ica l  dens i t y  of t h e  f r ac t ions  was r ead  spec t ropho to -  
m e t r i c a l l y  ( s p e c t r o p h o t o m e t e r  SFD-2,  U S S R )  a t  a wave-  
l e n g t h  of 280 n m ;  b lue  d e x t r a n  was a d d i t i o n a l l y  r ead  a t  
625 nm,  a n d  c y t o c h r o m e  c a t  412 nm.  

2-ml sample  of t h e  c o n c e n t r a t e d  i n t e r f e ron  p r e p a r a t i o n ,  
c o n t a i n i n g  b lue  d e x t r a n  a n d  c y t o c h r o m e  c was  l ayered  
on  t op  of t he  co lumn.  I n t e r f e r o n  t i t r e  in i n t e r f e ron  un i t s  
(IU) pe r  ml  of t he  4-ml  e f f luen t  f r ac t ions  was d e t e r m i n e d  
accord ing  to  C P E  i n h i b i t i o n  m e t h o d  in t u b e  m o n o l a y e r  
T G K  cell cul tures ,  us ing  ves icu la r  s t o m a t i t i s  virus, s t r a in  
I n d i a n a ,  as cha l lenge  v i rus  ~. 
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The  resu l t s  of t he  c h r o m a t o g r a p h y  on  S e p h a d e x  G-100 
co lumn  of t h e  in t e r f e ron  p r e p a r a t i o n ,  o b t a i n e d  f rom S F V  
infec ted  T G K  cells, are p r e sen t ed  in t h e  Figure .  As can  
be  seen, a single peak  of i n t e r f e ron  a c t i v i t y  was es tab-  
l ished.  A molecu la r  we igh t  of 33,500 -4- 4.5 % of t h e  virus- 
i nduced  to r to i se  i n t e r f e ron  was ca lcu la ted  b y  p l o t t i n g  
t he  e lu t ion  v o l u m e  of t he  in t e r f e ron  p e a k  on  t h e  cali-  
b r a t i o n  cu rve  of t he  co lumn.  

E v i d e n t l y ,  t he  d e t e r m i n e d  molecu la r  we igh t  of t he  
i n t e r f e ron  of tor toise ,  class Rept i l i a ,  is w i t h i n  t h e  25,000-  
38,000 r a n g e  found  b y  o the r  a u t h o r s  for v i rus - induced  
in t e r f e rons  in cell cu l tu res  of b i rds  4-6 and  m a m m a l s  7-9. 

B y  us ing  isoelectr ic  focus ing  in  po lyac ry l amide  gels 
for pu r i f i ca t ion  of mouse  a n d  h u m a n  in ter ferons ,  CARTXR ~~ 
o b t a i n e d  a d issoc ia t ion  of t h e  n a t i v e  in t e r f e ron  molecule  
w h i c h  he  assumes  to  be  a d i m e r  of s imi la r  or iden t i ca l  
s u b u n i t s  (wi th  molecu la r  w e g h t  of 19,000 or 12,000, 
respect ively) .  Our  s t u d y  on  t he  to r to i se  in t e r f e ron  b y  t he  
same  t e c h n i q u e  is in  progress.  

Zusammenfassung.. Das Moleku la rgewich t  des I n t e r -  
ferons, d u r c h  Se lmiki  Fo res t  Vi rus  in  Ze l lku l tu ren  yon  
Sch i ldk r6 t enn ie re  induz ie r t ,  wurde  m i t t e l  Ge lch roma to -  
g raph ie  m i t  S e p h a d e x  G-100 b e s t i m m t  u n d  es e rgab  s ich 
ein W e f t  yon  33,500. 
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Chromatography of SFV-induced tortoise interferon on Sephadex 
G-100 column. A) Calibration curve with use of reference proteins 
(standard markers). 13) Elution profile of 1 ml concentrated interferon 
preparation. 
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Quantitative Ultrastructural  Differences in the Mi tochondr ium of P l eomorph ic  B l o o d f o r m s  
of T r y p a n o s o m a  bruce i  1,2 

I n  a p rev ious  s t u d y  3 we i n v e s t i g a t e d  t he  q u a n t i t a t i v e  
a l t e r a t i ons  oceur ing  in  t he  organel le  c o n t e n t  of a pleo- 
m o r p h i c  s t r a i n  of Trypanosoma brucei ( S T I B  33) d u r i n g  
t h e  t r a n s f o r m a t i o n  of t he  s lender  to. t he  s t u m p y  form. I n  
t h i s  con tex t ,  d i s t i nc t  d i f ferences  in  t he  v o l u m e  d e n s i t y  of 
t h e  m i t o e h o n d r i u m  ( V v ~ )  were s h o w n  to  ex i s t  b e t w e e n  
s lender  a n d  s t u m p y  forms.  The  inc reased  Vvm, for t he  
s t u m p y  forms  was found  to  cor re la te  w i t h  morpho log ica l  
a n d  b iochemica l  obs e r va t i ons  on  t h e  m i t o c h o n d r i a l  
changes  in bloods~:ream t r y p a n o s o m e s  a, 5. 

The  p r e sen t  p a p e r  descr ibes  our  i nves t i ga t i ons  of t he  
changes  in  t he  surface  dens i t i es  of t h e  i nne r  (Sv~u) a n d  
ou te r  (Svmio) m i t o c h o n d r i a l  m e m b r a n e s .  

Material and methods. The  s t r a i n  of T. brucei ( S T I B  33) 
and  t he  p r e p a r a t i o n  m e t h o d s  for e lec t ron  mic roscopy  h a v e  
a l r eady  been  descr ibed  a. The  same  7 series w i t h  d e t e r m i n e d  
f r equency  of s lender  fo rms  (I(SF), Tab le  I) were used for 
t he  p r e sen t  s tudy .  I n  each  series, 4 b locks  were r a n d o m l y  
chosen  a n d  t h i n  sect ions  cu t  in  1 sec t ion  plane.  F r o m  1 

sec t ion  pe r  b lock  40 mic rog raphs  were t a k e n  b y  sys tem-  
a t ic  r a n d o m  s a m p l i n g  on  35 m m  rol l f i lm a t  a p r i m a r y  
m a g n i f i c a t i o n  of 7 ,300•  in  a Ph i l ips  E M  300. The  
r e su l t i ng  160 mic rog raphs  pe r  series were c o n t a c t - p r i n t e d  
a n d  t h e  pos i t ive  f i lms p ro jec ted  on  t he  screen of a t a b l e  
p ro jec to r  s a t  a f ina l  m a g n i f i c a t i o n  of a b o u t  83,000 •  The  
screen c o n t a i n e d  a square  la t t i ce  t e s t  sys tem,  t he  d i s t ance  
be tween  t he  po in t s  m e a s u r i n g  2 cm (equ iva len t  to  0.241 ~xm 
on t he  sect ion).  

1 This  work  has  pa r t l y  been suppor ted  b y  the Schweizerischer 
Nat ional fonds  zur  FSrderung der  wissenschaf t l ichen Forschung.  
The authors  wish to t h a n k  Professor E. R. WE1BEL for his in te res t  
in this  work.  We also t h a n k  Miss S. BLEIKER and Mr. K. BABE for 
the i r  ski l l ful  technical  assistance.  
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Table 1. Means and standard errors of VVm** , Vv,** and Vvu* at 2 different magnifications (33'000 • 83"000 • ) of T. brucei STIB 33 BF 

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

Vvm~* 

33'000 • 0,095 -4- 0,009 0,084 4- 0,004 0,067 4- 0,006 0,057 4- 0,002 0,036 i 0,002 0,024 4- 0,001 0,027 4- 0,002 
83'000 • 0,123 4- 0,009 0,143 4- 0,011 0,103 4- 0,006 0,078 4- 0,002 0,055 4- 0,002 0,051 4- 0,003 0,044 4- 0,003 

Vv~e* 

33'000 • 0,039 • 0,002 0,045 • 0,003 0,043 :JZ 0,003 0,050 4- 0,002 0,053 4- 0,003 0,045 -1}- 0,003 0,039 4- 0,002 
83'000 • 0,076 4- 0,008 0,074 4- 0,005 0,082 4- 0,003 0,080 4- 0,004 0,089 4- 0,006 0,098 4- 0,003 0,064 -1- 0,003 

33'000 • 0,012 4- 0,001 0,009 4- 0,001 0,010 4- 0,0005 0,011 + 0,001 0,020 4- 0,003 0,009 i 0,001 0,011 4- 0,001 
83'000 X 0,020 • 0,002 0,021 4- 0,003 0,021 • 0,0004 0,021 4- 0,002 0,025 • 0,002 0,024 4- 0,003 0,015 4- 0,001 

I(SF) = frequency of slender forms. 

The volume densi t ies  were e s t ima ted  wi th  respec t  to  
the  cy top lasm of the  cell body  (wi thout  f lagel lum = Vv*). 
The re la t ive volumes  of the  mi tochond r ium (Vv,~i*), t he  
vesicles (Vv~*) and the  l ipid inclusions (Vvu*) were 
ob ta ined  by  po in t  count ing.  6 samples  were eva lua ted  for 
each series. Each  sample  represen ted  an area of t rypano-  
some-cy top lasm covered by  1,000 points ,  cor responding  
to  an area of abou t  60 ~m = per  sample.  

The surface densi t ies  of the  inner  (Sv~,,) and outer  
(Svm*o) mi tochondr ia l  m e m b r a n e s  were e s t ima ted  by  
in te rsec t ion  count ing  be tween  the  m e m b r a n e s  and  the  
t e s t  lines. This was done in 2 di rect ions  perpendicu la r  to  
each other.  Surface densi t ies  (Sv) were calculated accord- 
ing to the  basic formula :  Sv = 2-Ic 6. F u r t h e r m o r e  the  

Table ii. Absolute surface area of the inner and outer mitochondrial 
membranes in the slender and stumpy blood form of T. brucei 
STIB 33 

Slender form Stumpy form 

Inner membrane (Srnil) [zm e 19 136 
Outer membrane (Smlo) [zm ~ 17 77 
(Absolute volume of cytoplasmic 
cell body without flagellum [zm 3) (21) (55) 

ra t io  of the  inner  to the  outer  mi tochondr i a l  m e m b r a n e s  
Svmu/Svr~io and the i r  surface to  vo lume rat ios  (S/V) were 
calculated.  Knowing  the  a p p r o x i m a t e  absolute  vo lume 
of the  cy toplasmic  cell body  (wi thout  f lagel lum = Vcy*) 
for t he  s lender  and  s t u m p y  blood form ~, t he  absolu te  
Surface of the  inner  and  outer  mi tochondr ia l  m e m b r a n e s  
could be der ived for these  two types  of T. brucei. 

Results.  1. Volume densities (Table I). A l though  the  
vo lume densi t ies  of the  mi tochondr ium,  the  vesicles and  
the  lipid inclusions have  been  de t e rmined  in a previous  
paper  3, t h e y  were again eva lua ted  in the  p resen t  s tudy  at  
a h igher  magnif icat ion.  This p e r m i t t e d  the  der iva t ion  of 
the  surface to vo lume ra t ios  for t he  mi tochondr ium.  As a 
whole, t he  volume densi t ies  ob ta ined  a t  a magni f ica t ion  
of 83,000 • were sys temat ica l ly  higher  t h a n  those  ob ta ined  
at  33,000 x .  

2. Sue/aces o/ mitoehondrial  membranes. The surface 
dens i ty  of t he  inner  mi tochondr ia l  m e m b r a n e  (Svr~i) 
increases s ignif icant ly  f rom 0.93 m~/cm 3 for s lender  forms 
to  2.47 for s t u m p y  forms (Figure 1). The oute r  mito-" 
chondr ia l  m e m b r a n e  surface dens i ty  (Sv~lo) increases a t  a 
less s teep ra te  f rom 0.81 to 1.39 m2/cm a (Figure 1). The 
s teeper  increase in Svmu wi th  decreas ing f(SF) is also 
ref lected by  the  rat io Svm**/Sv~io, which  is 1.18 for s lender  
and 1.84 for s t u m p y  forms (Figtire 2). W h e n  absolute  sur- 
faces are calcula ted for these  pa rame te r s  (S~i, and  S~,o), i t  
appears  t h a t  t h e y  do no t  differ ma rk ed l y  in the  s lender  
form (Table II).  The values for t he  s t u m p y  form, however ,  

T, b ruce i  STIB 33 BF 

SVmi i  - - - o - -  Svmi i  = 2 . 4 7  - 1 . 5 5 -  f ( S F )  

S v m i o  ~ r = - o . g g  2 P < 0 , 0 0 1  
/ 

(rn~/cma)] . . . . . .  SVmio = 1.3g - 0 ,59  �9 f ( S F )  
/ 

0:2 o:, 0:6 0:8 ~.o 
f ( S F )  

Svmii 
SVmio 

2.0- 

1.0- 

b r u c e i  STIB 33  BF 

Svrni i  = 1 .84  - 0 . 6 6  - f ( S F )  
SVmio 

r = - 0 .g7  2P <=0.001 

d2 o14 o'.8 o'8 i,o 
f ( S F )  
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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  


