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c rys ta l s  were  f o u n d  in t h e  f i b rob l a s t s  of t h e  va lves .  Defi-  
n i t e  v i rus- l ike  pa r t i c les  a n d  v a l v u l a r  cell d a m a g e  h a v e  
b e e n  p rev ious ly  d e m o n s t r a t e d  b y  e l ec t ron  mic roscopy  in 
mice  in fec ted  w i t h  Coxsackie  B ,  v i ru s  ~°. These  s tud ies  
show v i ruses  to  be  p a t h o g e n i c  for  t h e  va lves  of t he  mouse  
a n d  ind ica t e  f u r t h e r  t h e  poss ible  role of v i ruses  in t he  pro-  
d u c t i o n  of v a l v u l a r  h e a r t  disease in  man .  

p a b l e  d ' e n v a h i r  des va lvu l e s  du  coeur e t  de p rodu i r e  la  
m a l a d i e  va lvu la i r e .  

G. E.  I3URCH a n d  J.  M. HARBll  
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Rdsumd. U n  cr is ta l  du  v i rus  EMC ru t  t r o u v 6  d a n s  le 
f i b rob la s t e  v a l v u l a i r e  d ' u n e  souris  a t t e i n t e  de la  m a l ad i e  
p r o v o q u 6 e  p a r  ce virus .  La  desc r ip t ion  de ce c r i s ta l  e t  des 
c h a n g e m e n t s  p a t h o l o g i q u e s  corr61atifs s u r v e n u s  d a n s  le 
t i ssu  v a l v u l a i r e  o n t  6 tabl i s  que  ce v i rus  es t  au  mo ins  ca- 
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E n z y m a t i c  a n d  B i o l o g i c a l  S t u d i e s  o f  C h o l e r a  ( V i b r i o  c h o l e r a e )  T o x i n  

I t  h a s  b e e n  wel l  recognized  t h a t  d e a t h  due  to  cho le ra  
(Vibrio cholerae or V. comma) i n fec t ion  is due  to  t h e  loss 
of e n o r m o u s  a m o u n t s  of f lu id  a n d  e lec t ro ly tes .  A r ecen t  
s t u d y  indica tes ,  t h a t  p a t h o g e n e s i s  is caused  b y  t h e  t o x i n  
p r o d u c e d  b y  t he  b a c t e r i u m  a n d  n o t  b y  t he  o r g a n i s m  
i tself  1-5. Chole ragen  was  i so la ted  f rom chole ra  t o x i n  
a n d  f o u n d  to  be  r e spons ib le  for cholera ic  d i a r r h e a  in 
i n f a n t  r a b b i t s  1, a n d  in h u m a n s %  Cholera  t o x i n  is a 
m i x t u r e  of d i f f e ren t  p r o t e i n s  of which  i d e n t i t y  a n d  func-  
t i on  h a v e  n o t  been  wel l  i nves t iga t ed .  I t  is, the re fore ,  
i m p o r t a n t  to  k n o w  n o t  on ly  t h e  cho le ragen  p r e s e n t  
in  t h e  t o x i n  b u t  also o t h e r  c o m p o n e n t s  w h i c h  m a y  
c o n t r i b u t e  to  t h e  p a t h o g e n i c  effect  in  cho le ra  infec t ion .  

I n  t h i s  s t u d y  t h e  i n v e s t i g a t i o n  of cho le ra  t o x i n  o t h e r  
t h a n  cho le ragen  was made .  Th i s  r e p o r t  wil l  descr ibe  t h e  
p resence  or  absence  of c e r t a i n  enzymes ,  h e m o l y t i c  
ac t iv i ty ,  a n d  cap i l l a ry  t u b e  p e r m e a b i l i t y  ac t iv i ty .  

Chole ra  t o x i n  was  p r e p a r e d  b y  t h e  m e t h o d  of FINI~EL- 
STEIN e t  a l :  a t  t h e  Merck,  S h a r p  a n d  D o h m e  C o m p a n y .  
T h e  lyoph i l i zed  t o x i n  was  generous ly  suppl ied  b y  Dr.  
JoHN R. SEAL, of t h e  N a t i o n a l  I n s t i t u t e  of Al le rgy  a n d  
In fec t ious  Diseases,  N a t i o n a l  I n s t i t u t e s  of H ea l t h .  Before  
t h e  i n v e s t i g a t i o n  was  made ,  t he  absence  of i n t a c t  bac t e -  

Enzyme or Substrate Presence or 
biological absence of 
activities activities 

r i u m  was  con f i rmed  b y  i n o c u l a t i n g  t h e  cho le ra  t o x i n  on  
aga r  p la tes .  

H y a l u r o n i d a s e  a c t i v i t y  was  fol lowed b y  m e a s u r i n g  t h e  
decrease  in t u r b i d i t y  of a h y a l u r o n i c  a c id -p ro t e in  com- 
p l ex  s. Ace ty locho l ine  es te rase  a c t i v i t y  was  a s sayed  b y  
fo l lowing t h e  hyd ro lys i s  of i n d o p h e n y l  a c e t a t e  as de-  
sc r ibed  b y  KRAMER a n d  GRAMSON 9. P h o s p h o d i e s t e r a s e  
a c t i v i t y  was s p e c t r o p h o t o m e t r i c a l l y  m e a s u r e d  b y  follow- 
ing  t he  h y d r o l y s i s  o1 t he  s u b s t r a t e  Ca-bis-(p-nitrophenyl)- 
p h o s p h a t e  xo. P r o t e o l y t i c  a c t i v i t y  us ing  case in  as t he  sub-  
s t r a t e  was  car r ied  ou t  fo l lowing t h e  m e t h o d  of KUNITZ n .  

Fo r  t h e  coagu l a t i on  tes t ,  90% c lo t t ab l e  f i b r inogen  was 
d i sso lved  in 10 ml  of 0 . 0 0 1 M  p h o s p h a t e ,  0 .8% NaC1 a t  
p H  6.2, 0.5 m l  of c lear  s u p e r n a t a n t  so lu t ion  a f t e r  cen t r i -  
fugatioI1 was  i n c u b a t e d  w i t h  0 . 5 m l  t o x i n  so lu t ion  
( 1 0 m g / m l ) .  H y d r o l y s e s  of N-benzoy l -L-a rg in ine  e t h y l  
ester ,  p - to luene-su l fony l -L-a rg in ine  m e t h y l  ester ,  a n d  
ace ty l -L- ty ros ine  e t h y l  es ter  were ca r r ied  ou t  as desc r ibed  
p rev ious ly  lz. Leuc ine  a m i n o p e p t i d a s e  a c t i v i t y  was de te r -  
m i n e d  b y  a modi f i ed  m e t h o d  of GOLDBARG a n d  ~UTTEN- 
BURG 13, Acid  a n d  a lka l ine  p h o s p h a t a s e  ac t iv i t i e s  were  
d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  on  t h e  s u b s t r a t e  
p - n i t r o p h e n y l  p h o s p h a t e  a n d  o - c a r b o x y p h e n y l  phos-  
p h a t e  1~. P h o s p h o l i p a s e  A was  m e a s u r e d  b y  t i t r a t i n g  
re leased  f a t t y  acids f rom lec i th in  1~. 

F o r  t h e  h e m o l y t i c  assay,  r a b b i t  e r y t h r o c y t e s  w e r e  
w a s h e d  f i r s t  w i t h  phys io log ica l  sa l ine  so lu t ion  t h e n  
fol lowed b y  2, 4, 6 - t r i m e t h y l  p y r i d i n e  c o n t a i n i n g  0 . 0 0 5 M  

Hyaluronidase 
DNase 
Acetylcholinesterase 
Phosphodiesterase 
Protcolytic enzyme 
Coagulation 
Amino acid esterase 

Leucine amino 
peptidase 
Acid phc/sphatase 
Alkaline phos- 
phatase 
RNase 
Phospholipase A 
Hemolysis 

Hyaluronie acid + 
DNA + 
Indophenyl acetate + 
Ca-bis-(p-nitrophenyl)-phosphate + 
Casein + 
Fibrinogen + 
N-benzoyl-L-arginine ethyl ester - -  
p-toluenesul fonyl-L-arginine 
methyl ester 
Acetyl-L-tyrosine ethyl ester 
L-luecyl-/5-naphthylamide 

o-carboxyphenyl phosphate 
p-nitrophenyl phosphate 
o-carboxyphenyl phosphate 
RNA 
Lecithin 

Capillary permeability + 

+ ,  presence of enzyme or biological activity; --,  absence of acti- 
vities. 
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CaCt 2 a n d  0 . 0 1 2 M  NaC1 a t  p H  6.5. T h e  e r y t h r o c y t e  
s u s p e n s i o n  in 0.5 m l  of t h e  b a r b i t u r a t e  bu f f e r  a t  p H  7 
was  m i x e d  w i t h  0 . 5 m l  cho le ra  t o x i n  (10 mg/ml )  for  
45 m i n  a t  37 °C. T h e  i n c u b a t i o n  m i x t u r e  was  cen t r i fuged  
a n d  t h e  s u p e r n a t a n t  l iqu id  was  r ead  a t  410 n m  for pos-  
s ible  re lease  9f hemog lob in .  

Fo r  t h e  cap i l l a ry  p e r m e a b i l i t y  e x p e r i m e n t ,  0.25 ml  
E v a n s  B lue  was  i n j e c t e d  i n to  t h e  t a i l  v e i n  of a mouse .  
0.05 m l  t o x i n  (30 mg]ml)  in  sa l ine  so lu t ion  was  i n j e c t e d  
s.c., i m m e d i a t e l y  a f t e r  t h e  i n j ec t i on  of E v a n s  Blue.  T he  
sk in  was r e m o v e d  6 h l a t e r  a n d  t h e  s t a i n e d  a rea  u n d e r  
t he  sk in  was  e x a m i n e d .  T h e  con t ro l  a n i m a l  w i t h o u t  t h e  
in j ec t ion  of t o x i n  was  also m a d e  for compar i son .  

T h e  resu l t s  of t he  i n v e s t i g a t i o n  are  s u m m a r i z e d  in 
t h e  TaMe.  The  t o x i n  c o n t a i n s  hya l u r on i da s e ,  DNase ,  
ace ty locho l ines te rase ,  phosphod ie s t e r a se ,  p r o t e o l y t i c  en-  
zyme,  a n d  coagu l a t i on  p r o m o t i n g  enzyme .  No  a m i n o  
acid  e s t e rase  a c t i v i t y  wag d e t e c t e d  us ing  3 d i f f e r en t  sub-  
s t ra fes .  Since t h e  a b o v e  c o m p o u n d s  a re  c o m m o n  sub-  
s t r a t e s  for  t h e  a s say  of t r y p s i n  a n d  c h y m o t r y p s i n ,  t h e  
p r o t e o l y t i c  e n z y m e s  p r e s e n t  in  t he  cho le ra  t o x i n  are  
d i f f e ren t  f rom t r y p s i n  a n d  c h y m o t r y p s i n .  T he  f ib r inogen  
coagu la t ed  in 10 m i n  as c o m p a r e d  to  1 m i n  for  0.5 ml  
t h r o m b i n  (1 mg/ml ) .  T h e  t o x i n  c o n v e r t e d  f ib r inogen  i n to  

a f i b r i n  l ike  clot .  However ,  t h e  e n z y m e  re spons ib l e  for  
coagu l a t i on  is n o t  i den t i ca l  to  t h r o m b i n  as  t h e  p - to luene -  
su l fony l - c - a rg in ine  m e t h y l  e s t e r  was  n o t  h y d r o l y z e d  b y  
t h e  tox in .  

The  t o x i n  does no t  c o n t a i n  leucine a m i n o p e p t i d a s e ,  
ac id  p h o s p h a t a s e ,  a lka l ine  p h o s p h a t a s e ,  RNase ,  or phos-  
pho l ipase  A. The  t o x i n  lacks  t he  a b i l i t y  to  h e m o l y z e  
e r y t h r o c y t e s .  However ,  t h e  t o x i n  c o n t a i n s  p o t e n t  capi l -  
l a r y  p e r m e a b i l i t y  p r o m o t i n g  fac to rs  x6. 

Z u s a m m e n / a s s u n g .  U n t e r s u c h u n g  de r  E n t e r o t o x i n e  y o n  
Vibrio cholerae auf  e ine Re ihe  v o n  E n z y m a k t i v i t i i t e n  u n d  
im H i n b l i c k  au f  die A u f k l g r u n g  des p a t h o g e n e t i s c h e n  
Mechan i smus .  
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E f f e c t  o l  I n s e c t  H o r m o n e s  o n  N e m a t o d e s  i n  A x e n i c  C u l t u r e  

I n s e c t  j uven i l e  h o r m o n e s  ( JH)  or  J H  m i m e t i c s  h a v e  
b e e n  s h o w n  to  a f fec t  d e v e l o p m e n t  of n e m a t o d e s :  Trichi-  
nella spiral is  l a r v a e  1 a n d  f o u r t h  s tage  Phocanema  deci- 
p iens  ~ were  inh ib i t ed ,  a n d  a b n o r m a l  m o r p h o l o g y  was 
seen in Heterodera schactii 8. T h e  effects  of insec t  h o r m o n e s  
a n d  ana logues  on  d e v e l o p m e n t  of severa l  f ree- l iv ing  a n d  
pa ra s i t i c  n e m a t o d e s  c u l t u r e d  axen ica l ly  a re  descr ibed  in 
t h e  p r e s e n t  paper .  

M e t h o d s  were  des igned  to  expose  n e m a t o d e s  to  hor -  
m o n e s  in  a g r o w t h - s u p p o r t i n g  m e d i u m .  To  grow t h e  
p a r a s i t i c  n e m a t o d e s  Aphe lenchus  avenae a n d  Strongy-  
loides/~tleborni ,  c h e m i c a l l y  def ined basa l  m e d i u m  CbMM 4 
s u p p l e m e n t e d  w i t h  25% fresh  ch ick  e m b r y o  e x t r a c t  p lus  
10% h u m a n  s e r u m  was used ;  CbMM c o n t a i n i n g  h e m i n  
a n d  s u p p l e m e n t e d  w i t h  y -g lobul in  5 was  used to  cu l tu re  
o t h e r  species. J u v e n i l e  h o r m o n e s  a n d  t h e i r  ana logues ,  
3 , 4 - m e t h y l e n e d i o x y p h e n y l  6 , 7 - e p o x y g e r a n y l  e t h e r  a n d  
e t h y l  6,7,  t0 ,  1 1 - t e t r a h y d r o f a r n e s o a t e ,  were  a d d e d  f r o m  
e t h e r e a l  so lu t ion  to  a sep t i ca l ly  lyoph i l i zed  y-g lobul in  or  
ch i ck  e m b r y o  ex t r ac t .  Af te r  e v a p o r a t i n g  t h e  e t h e r  a t  
r o o m  t e m p e r a t u r e ,  t h e  lyoph i l i zed  f r ac t ion  was sus- 
p e n d e d  in  w a t e r  a n d  t he  o t h e r  c o m p o n e n t s  of t he  m e d i u m  
added .  P r o n a s t e r o n e  A was a d d e d  in e t h a n o l  a n d  evap -  
o r a t e d  asep t i ca l ly  w i t h  n i t r o g e n ;  ecdysone  was  a d d e d  
in wa te r .  E t h e r ,  or  a l coho l - t r ea t ed  ),-globulin,  or  e t h e r  
t r e a t e d  ch ick  e m b r y o  ex t r ac t ,  a d d e d  to  o t h e r  c o m p o n e n t s  
of t h e  m e d i u m  w i t h o u t  a d d e d  h o r m o n e s  se rved  as con-  
t rols .  N e m a t o d e s  were inocu la t ed  a n d  o b s e r v e d  t h r o u g h o u t  
t h e i r  life cycles for poss ib le  h o r m o n e  i nduced  effects.  
Species e x a m i n e d  inc luded  t h e  f ree- l iv ing  Caenorhabditis 
briggsae a n d  Fanagrel lus  redivivus,  t h e  insec t  pa r a s i t e s  
Neoaplectana glaseri a n d  N .  carpocapsae DD136,  t h e  p l a n t  
p a r a s i t e  Aphelenchus  avenae a n d  t h e  a n i m a l  p a r a s i t e  
Strongyloides/ i i l leborni ,  s t e rco ra l  phase .  

T h e  cha rac t e r i s t i c s  obse rved  to  d e t e r m i n e  t he  effects  
of insec t  h o r m o n e s  on  n e m a t o d e  d e v e l o p m e n t  are  l i s ted  
in  T a b l e  I. W h i l e  P r o n a s t e r o n e  A a n d  ecdysone  h a d  no  
effect,  c o m p o u n d s  w i t h  J H  a c t i v i t y  h a d  m a r k e d  effect.  
T h e y  caused  a de lay  in  C. briggsae m a t u r a t i o n  w h i c h  was 

p r o p o r t i o n a l  to  t h e  h o r m o n e  c o n c e n t r a t i o n  in t h e  g r o w t h  
m e d i u m ;  a t  200 ~xg/ml, m a t u r a t i o n  was  p r e v e n t e d  a n d  
i n h i b i t o r y  effects  were seen to  a d i l u t i o n  of 50 vg /ml .  
W i t h  N.  carpocapsae DD136,  t h e r e  was  m a r k e d  t o x i c i t y  
to  y o u n g  l a r v a e  d u r i n g  a ho ld ing  pe r iod  of 24 h in 
7-globul in  s u p p l e m e n t e d  m e d i u m  w i t h  or  w i t h o u t  hemin .  

The  r e l a t i ve  ac t iv i t i e s  of some of t h e  J H  t y p e  com- 
p o u n d s  t es ted ,  us ing  p e r c e n t  s u r v i v o r s  of f i rs t  s t age  
N.  carpocapsae l a rvae  as  t h e  assay,  are  s h o w n  in T a b l e  I I .  
F o r  e a c h  h o r m o n e  level ,  d u p l i c a t e  t u b e s  c o n t a i n i n g  
0.20 m l  of CbMM w i t h  h e m i n  a n d  s u p p l e m e n t e d  w i t h  
y -g lobul in  p lus  h o r m o n e  were  i n o c u l a t e d  w i t h  5 l a r v a e  

Table I. The effects of insect hormone type compounds on nematode 
development 

Characteristic Species 
Affected Not affected 

Egg laying - C. briggsae 
A. avenae 
N. carpocapsae DD136 

Egg hatch - C. briggsae 
A .  ave~cae 

Viability N. carpocapsae C. briggsae 
DD136 P. redivivus 

S. ]uUeborni 
Exsheathment - N. carpocapsae DD136 

N. glaseri 
Sex development changes - A. avenae 
Maturation time and C. briggsae A. avenae 
population 

Nematodes were inoculated into 0.20 ml of medium in duplicate 
tubes and incubated at their optimum growth temperature. For 
Aphelenckus avenae and Strongytoides [ulleborni, the growth medium 
was CbMM supplemented with 25% fresh chick embryo extract and 
10% human serum; for the other nematodes, CbMM was supple- 
mented with y-globulin and heroin. Hormones were added to 
aseptically lyophilized 7-globulin or chick embryo extract. Periodic 
observations of the speeifie characteristics were made. 


