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Fig. 1. a) A nucleus with the typical ehro- 
matin masses and 'mieropuff' (arrow). × 4,663. 
b) Part of a nucleus. 2 micropuffs (arrows), 
closely linked to the chromatin, can be 
observed. × 17,485. 
c) The relationship between the micropuff 
and the chromatin masses can be observed 
(arrows). × 32,500. 

m a t i o n s  w i t h  a d i a m e t e r  of 1 ~ m  w h i c h  a p p e a r e d  closely 
associa ted ,  a t  t he  s a m e  t ime ,  w i t h  a n u m b e r  of c h r o m a t i n  
masses  (Figure  1, a a n d  b). T h e  m o r p h o l o g y  of these  
f o r m a t i o n s  a p p e a r s  to  co r re spond  exac t l y  to  t h e  'mic ro-  
puf f s '  desc r ibed  b y  LAFONTAINE 1 a n d  LAFONTAINE a n d  
LoRD ~. T h e y  consis t ,  s t r u c t u r a l l y ,  of dense  e l e m e n t s  
f o r m i n g  f ine cords  of s t r i ngs  a p p r o x i m a t e l y  100 ]k t h i ck ,  
less dense  t h a n  t h e  c h r o m a t i n  a n d  e n v e l o p e d  in a f o r m a -  
t i o n  of  e v e n  lower  d e n s i t y  (F igure  1 c). T h e  c o n n e x i o n s  
b e t w e e n  the se  f o r m a t i o n s  a n d  t h e  a d j a c e n t  c h r o m a t i n  
masses  a re  a p p a r e n t l y  e s t a b l i s h e d  b y  m e a n s  of cords  
c o m i n g  o u t  f rom t h e  c h r o m a t i n  masses  (F igure  l c ) ,  a n d  
we m i g h t  deduce  f r o m  t h i s  t h a t  t h e  c h r o m a t i n  m a s s  
gives  r ise  to  d i f f e r en t i a t i ons  s imi la r  to  t h e  puf fs  in  
p o l y t e n e  chromosomesS,  4. On  t h e  bas i s  of t h i s  s i m i l a r i t y  
we m a y  c o n n e c t  t h e  ac t i v i t i e s  of b o t h  t ypes  of c h r o m o s o m e  
d u r i n g  t h e  i n t e rphase ,  r e su l t i ng  in t he se  closely s imi la r  
fo rma t ions .  

Resumen. E n  ndcleos  de mic ro spo ra s  de  Allium cepa 
se desc r iben  e s t r u c t u r a s  de 1 ~tm de diAmetro,  de  b a j a  
d e n s i d a d  y e s t r e c h a m e n t e  r e l ac ionadas  con  v a r i a s  m a s a s  

de c r o m a t i n a ,  las  que  se e q u i p a r a n  con  los d e n o m i n a d o s  
<~micropuff~> r e c i e n t e m e n t e  descr i tos .  
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E n c e p h a l o m y o c a r d i t i s  Vira l  Va lvu l i t i s  in N e w - B o r n  M o u s e  1 

I n f e c t i o n  w i t h  t h e  e n c e p h a l o m y o c a r d i t i s  (EMC) v i ru s  
h a s  n o t  b e e n  d e m o n s t r a t e d  in  m a n ,  a l t h o u g h  KOCH 2 ha s  
i so la ted  t h e  v i ru s  f r o m  ce reb rosp ina l  f luid,  ea rwash ings ,  
b lood  a n d  feces of 3 pa t i en t s .  M y o c a r d i t i s  3,4 a n d  m u r a l  
a n d  v a l v u l a r  e n d o c a r d i t i s  5 h a v e  b e e n  p r o d u c e d  in  mice  b y  
E M C  v i r u s  in  t h i s  l a b o r a t o r y .  KILHAM, MASON a n d  DAVIES e 
s h o w e d  t h a t  t h e  E M C  v i rus  c a n  p r o d u c e  v a l v u l i t i s  in  t h e  
mongoose .  

However ,  E M C  v i rus  h a s  n e v e r  b e e n  d e m o n s t r a t e d  pre-  
v ious ly  t o  lodge  d i r ec t ly  in  t h e  h e a r t  v a l v e s  of in fec ted  
an imals .  T h e  p u r p o s e  of t h i s  r e p o r t  is to  p r e s e n t  t h e  f ind ing  
of a n  EMC v i rus  c ry s t a l  in  a n  in fec ted  f i b r o b l a s t  of t h e  
m i t r a l  va lve  of a m o u s e  w i t h  t h e  use of t h e  e l ec t ron  micro-  
scope.  

EMC v i rus  s tock  was  o b t a i n e d  f rom GLASGOW T. Af te r  3 
passages  in  m o u s e  ca rd iac  cells a n d  3 passages  in  L-cells,  
t h e  c u l t u r e d  v i rus  f luid was  d e t e r m i n e d  to  h a v e  a t i t e r  of 

10 -8 TCIDso. Con t ro l  f luid was p r e p a r e d  f rom non- in fec t ed  
L-cells.  14 n e w - b o r n  H a M / I C R  mice  were  i n j ec t ed  i.p. 
w i t h  0.1 m l  v i r a l  cu l t u r e  f lu id  a n d  6 n e w - b o r n  mice  were  
i n j e c t e d  w i t h  v i rus - f ree  t i s sue  cu l t u r e  f luid.  A t  t h e  e n d  of 
24 h,  t h e  t i s sues  were  excised  a n d  f ixed  in  5 %  g l u t a r a l d e -  
h y d e  in  p h o s p h a t e  buf fe r  for  3 h.  Af t e r  a bu f f e r  r inse  of 
2 -3  h,  t h e  t i s sues  were  pos t f i xed  in  1 %  o s m i u m  t e t r o x i d e  
in  p h o s p h a t e  buf fe r  for  1.5 h.  T i ssues  were  t h e n  d e h y d r a t e d  
in  a g r a d e d  series of m e t h a n o l  a n d  e m b e d d e d  in  e p o x y  
resin.  T h i n  sec t ions  were  e x a m i n e d  w i t h  a S i emens  
E l m i s k o p  1 e l ec t ron  microscope  a f t e r  t h e y  were  s t a i n e d  
w i t h  u r a n y l  a c e t a t e  a n d  lead c i t ra te .  

A v i r a l  c ry s t a l  was  found  in t h e  va lve  of 1 of t h e  14 ani -  
ma l s  s tud ied ,  a n d  lesions in v a l v u l a r  f i b rob la s t s  were  found  
in  5 an imal s .  However ,  v i r a l  c rys ta l s  a n d  m y o c a r d i a l  le- 
s ions were  found  in t h e  m y o c a r d i u m  of al l  14 mice.  Be-  
cause  t h e  sec t ions  s tud ied  r e p r e s e n t  on ly  a Small p o r t i o n  of 
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Valvular tissue of a suckling mouse infected 
with EMC virus and sacrificed 24 h after 
i.p. inoculation. Note the vesiculation and 
vacuolation in the lower half of the fibro- 
blast. The damage is intimately associated 
with the viral crystal (V). The top portion 
of the cell appears normal, with well preserved 
rough endoplasmic reticutum (RER). The 
mitochondria (M) show only slight swelling 
of the cristae. × 27,500. 

the  valves,  i t  is qu i t e  l ikely t h a t  viral  c rys ta l s  were  pre-  
s en t  b u t  missed  in the  va lves  of more  of t he  infec ted  ani-  
mals.  Never the less ,  d e m o n s t r a t i o n  of t he  v i rus  in one such 
an imal  p roves  t h a t  t he  v i rus  can invade  h e a r t  va lves  and  
p roduce  va lvu la r  disease. The va lves  and  m y o c a r d i u m  of 
t he  con t ro l  mice were normal .  

The  u l t r a s t ruc tu ra l  lesions cons i s ted  of t he  fo rma t ion  of 
vacuoles  a n d  m e m b r a n e - b o u n d  vesicles wi th in  t he  cy to -  
p l a s m  of t h e  va lvu la r  f ibroblas t .  I n  t he  an ima l  in which  the  
v i ra l  c rys t a l  was  loca ted  (Figure 1), t h e  lesion cons i s ted  of 
ves icu la t ion  and  vacuo ta t ion  in  i n t i m a t e  associa t ion  w i t h  
t h e  vira l  crysta l .  I n  t h a t  po r t i on  of t he  cell in which  no 
vira l  c rys ta l  was  found,  t he  cy top l a sm appea red  essent ia l ly  
normal .  In  t h e  region in which  t h e v i r a l  c r y s t a l w a s  located,  
t h e  rough  endop lasmic  re t i cu lum (REt l )  was  genera l ly  
lacking, a l t hough  i t  was a b u n d a n t  in t he  unaf fec ted  area. 
The  m i t o c h o n d r i a  were  well  preserved,  w i th  only  s l ight  
swelling of t he  cristae.  

Based  on  t h e  fac t  t h a t  a vira l  c rys ta l  has  been  located  
w i th in  t h e  va lvu la r  f ib rob las t  of a mouse  in fec ted  w i t h  
EMC virus,  we  conclude  t h a t  t he re  is a d i rec t  infec t ion  of 
cardiac  va lvu la r  t i ssue  b y  t h e  EMC virus.  This  c rys ta l  is 
s imilar  in appea rance  to  t h a t  found  in t he  m y o c a r d i u m  3 of 
t he  mouse.  W e  fu r the r  bel ieve t h a t  t he  lesions found  in t he  

va lvula r  t i ssue  were  p roduced  by  infect ion wi th  EMC vi- 
rus. The adenov i rus  has  been  repor ted  to  p roduce  valvuli-  
t is  in miceS,L In  adenovi ra l  infection,  in t ranuc lear  virus  
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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 .  
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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. 

I ]q[. A. FINKELSTEIN, P. Z. SOBOCINSKI, P. ATTHASAMPUNNA and 
P. CHARUNMETHEE, J. IIIlmun. 97, 25 (1966). 
S. N. DE, Nature, Lond. 183, 1533 (1959). 

3 N. K. DUTTA, M. V. PANBE and D. R. KULKARNI, J. Bact. 78, 
594 (1959). 

4 R. A. FINKELSTEIN, H. T. NORRIS and N. K. DUTTA, J. infect. 
Dis. 77Z, 203 (1964}. 

5 j .  p. CRAm, Nature, Lond. 207, 614 (1965). 
6 C. BENYAJATI, Br. med. J. 1, 140 (1966). 

R. A. FINKELSTEIN, P. ATTHASAMPUNNA, M. CHULASAMAYA and 
P. CHARUNMETHEE, J. hnmun. 96, 440 (1966). 

s A. LINKER, Methods in EnzymoIogy (Academic Press, New York 
1966), vol. XI. 

O D. N. KRAMER and R. M. GAMSON, Analyt. Chem. 30, 251 (1958). 
10 G. T. BABKINA, Biochemistry 29, 230 (1964}. 
11 M. Ku•iwz, J. gem Physiol. 30, 291 (1947). 
is p. M. TOOM, T. N. SOLIE and A. T. Tu, J. biol. Chem. 2ff5, 2549 

(1970). 
is j .  A. GOLDSERG and A. M. RUTENBURG, Cancer 11, 283 (1958). 
14 A. T. Ttl and A. CHOA, Comp. Biochem. Physiol. 77, 297 (1966). 
15 A. T. TO, R. B. PASSEY and P. M. Too.a, Arch. Bi0chem. Biophys. 

140, 96 (1970). 


