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Table I. Digestion experiments with pancreatic elastase 

Conditions adopted Enzyme activity 
(U/mg) 

0.01 M Tris + 0.1 M KC1; pH 8.0 
a) 25~ 5.3 
b) 37~ 7.6 
e) 37~ 2 M urea 5.0 

Protein concentration: 0.8 mg/ml. Ratio toxin to elastase: 10/1. 
Inenbation time: 180 min. 

Table II. Digestion experiments with papain 

Conditions adopted Enzyme activity 
(U/rag) 

0.4 M NaC1; 37~ 
a) pH 8.0 2.8 
b) pH 8.0; 2 M urea 2.0 

Protein concentration: 0.8 mg/ml. Ratio toxin to papain: 100/1. 
Incubation time: 180 rain. 

showed  a m a i n  b a n d ,  a c c o u n t i n g  for m o s t  of t he  p ro te in  
c o n t e n t  ; t h e  toxic  ac t iv i ty ,  as d e t e r m i n e d  b y  t he  ' b lue ing  
doses '  a s say  (skin test)  in the  r abb i t ,  was 700,000 b lue ing  
doses pe r  m g  of p ro te in .  

The  d iges t ions  were pe r fo rmed  a t  c o n s t a n t  pH,  u n d e r  
n i t r ogen  in a Combi -T i t r eu r  a p p a r a t u s  (Me t rohm AG, 
Swi tze r l and) ;  t h e  a lkal i  u p t a k e  ( index of e n z y m a t i c  di- 
gestion) was  recorded  au toma t i ca l l y .  P a n c r e a t i c  elestase 
(3.4.4.7, Serva,  Ge rmany)  and  P a p a i n  (3.4.4.10, Type  I I ,  
Sigma,  USA)  were t i t r a t e d  w i t h  t he  s y n t h e t i c  s u b s t r a t e s  
N-benzoyi -L-a lan ine  m e t h y l e s t e r  (BAME 5) a n d  N-ben-  
zoyI-L-arginine e thy l e s t e r  (BAEE6) ,  respect ively ,  before 

t he i r  use in t he  d iges t ion  expe r imen t s .  The  cond i t ions  
a d o p t e d  for t he  e n z y m a t i c  t r e a t m e n t s  are shown  in 
Tab les  I and  I I .  

Resul/s and discussion. None  of t he  d iges t ion  schemes  
a d o p t e d  showed ev idence  of a lkal i  u p t a k e  du r ing  t he  
t r e a t m e n t  of t he  t o x i n  w i t h  e i t he r  p a n c r e a t i c  e las tase  or 
papa in .  On t he  o t h e r  hand ,  i t  was  possible  to  evidence  
comple t e  a c t i v i t y  of t h e  enzymes  a t  t he  end  of each  single 
d iges t ion  e x p e r i m e n t  b y  t i t r a t i n g  a n  a l iquo t  of t he  di- 
ges t ion  m i x t u r e s  w i t h  t he  specific s y n t h e t i c  subs t ra t e s .  

Samples  of t he  t o x i n  i n c u b a t e d  w i t h  p a n c r e a t i c  e las tase  
a t  25 ~ and  37~ were also t e s t ed  in o rder  to assay  t he  
effect  of t he  e n z y m a t i c  i n c u b a t i o n  on t he  e lec t rophore t i c  
p a t t e r n ,  aga r  i m m u n o d i f f u s i o n  a n d  biological  toxic  act i -  
v i ty .  The  t ox in  did  no t  show a n y  changes  in these  para -  
meters ,  wh ich  were iden t ica l  to  those  found  in the  t ox in  
samples  m a i n t a i n e d  u n d e r  the  same  e x p e r i m e n t a l  con- 
d i t ions  b u t  in  t he  absence  of t h e  e n z y m e  (b lank  experi-  
ments) .  On t he  o the r  h a n d ,  the  enzymes  showed no effects 
in  a n y  of the  tests .  

The  b l a n k  e x p e r i m e n t s  for t he  samples  i n c u b a t e d  in 
2 M urea  showed a pa r t i a l  mod i f i ca t ion  of the  p roper t i e s  
of the  t o x i n ;  th i s  d e n a t u r a t i o n ,  however ,  was n o t  suf- 
f ic ient  to  al low the  Choleragen  to be a t t a c k e d  b y  the  two 
enzymes .  

The  resu l t s  of these  e x p e r i m e n t s  show t h a t  Choleragen,  
in t he  cond i t ions  adop ted ,  is r e s i s t a n t  to  t he  ac t ion  of 
p a n c r e a t i c  e las tase  and  papa in ,  and  t h e y  s u p p o r t  t he  
hypo thes i s  of a p a r t i c u l a r  molecu la r  s t r u c t u r e  as an  ex- 
p l a n a t i o n  of t he  a c t i v i t y  of t he  t o x i n  in t he  i n t e s t i na l  
lumen.  

More de ta i led  s tud ies  r ega rd ing  e n z y m a t i c  d iges t ion  
of Choleragen,  also in t he  presence  of d e n a t u r a n t s ,  could  
c lar i fy  t he  r e l a t ionsh ip  be tween  molecu la r  s t r u c t u r e  and  
m e c h a n i s m  of ac t ion  of the  toxin .  

5 I). ~V[. SHOTTON, in Methods in Enzymology (Eds. G. E. PERLMAN 
and L. LORANI); Aeadelnic Press, New York 1970), voI. 19, p. 113. 

6 R. ARNON, ill Methods in Enzymology (Eds. G. E. PERI.~IA~ and 
L. LORAND; Academic Press, New York 1970), vol. 19, p. 226. 

Loca l i za t ion  of P e r o x i d a s e  Act iv i ty  in Trypanosoma cruzi M i c r o b o d i e s  ~ 

•. 1)OCAMPO 2, J. F. DE BOlSO a, A. BOVERIS a a n d  A. O. M. STOPPANI 8 

Universidad de Buenos Aires, Facultad de Medicina, Instituto de Quimica Biologica, Paraguay 2155, Buenos Aires 
(Argentina), 12 January -/976. 

Summary. Elec t ron  microscopic  obs e r va t i on  of Trypanosoma cruzi ep imas t igo tes  reveals  t he  presence  of m i c r o b o d y -  
l ike s t ruc tu re s  (microperoxisomes)  in  which  3, 3 ' -d i aminobenz id ine  (DAB) is perox id ized  to e l ec t ron-opaque  mate r ia l .  
The  role of pe rox idase  in D A B  pe r ox i da t i on  is suppo r t ed  b y  t he  enzyme  d e m o n s t r a t i o n  in d i s rup ted  ep imas t igo tes  
and  t he  m i c r o b o d y - c o n t a i n i n g  cell f ract ions .  

Microbodies  ( 'peroxisomes ' ,  'mic roperoxisomes ' )  are 
def ined  as cy top l a smic  s t r u c t u r e s  cha rac t e r i zed  b y  t he  
assoc ia t ion  of one or more  h y d r o g e n  pe rox ide -p roduc ing  
oxidases  w i t h  ca ta lase ,  wh ich  des t roys  t he  h y d r o g e n  per-  
oxide 4 7. The  organel les  are recognized as ub iqu i tous  
s t r u c t u r e s  in l iv ing  cells s, inc lud ing  p ro tozoa  9. I n  t he  
b loods t r eam,  forms of Trypanosoma cruzi ( the a g e n t  of 
Chagas  disease),  ova l  bodies  h a v e  been  p o s t u l a t e d  to be  
pe rox i somes  10. I n c u b a t i o n  of a ldehyde- f ixed  cells in a lka-  
l ine 3, 3 ' - d i aminobenz id ine  (DAB) med ia  is a su i t ab le  
p rocedure  for d e m o n s t r a t i n g  perox isomes  since D A B  
p e r o x i d a t i o n  d e t e r m i n e s  t he  f o r m a t i o n  of e lec t ron-  

opaque  mater ia l ,  easi ly  v isual ized  b y  e lec t ron  micro-  
scopy11,12. I n  th i s  p a p e r  we d e m o n s t r a t e  t he  exis tence  of 
D A B  posi t ive,  mic robody l ike  s t r u c t u r e s  (microperoxi-  
somes) in  the  ep imas t igo t e  (culture)  fo rm of T. cruzi. 

Materials and methods. The  T u l a h u e n  s t r a i n  of T. 
cruzi was g rown in a d iphas ic  m e d i u m  a t  28~ as de- 
scr ibed beforela.  4 days  a f te r  inocu la t ion ,  t he  cells were 
col lected and  r e inocu la t ed  in a l iquid  m e d i u m  m a d e  of 
NaCI (9 g);  N a ~ H P O  4 (7.5 g); KC1 (0.4 g) ; glucose (4.0 g); 
t r y p t o s e  (Difco; 15 g); yeas t  e x t r a c t  (Difco; 5 g);  l iver  
e x t r a c t  (5 g) ; i n a c t i v a t e d  calf s e rum (5 ml) ; h e m i n  (Sigma 
Chemica l  C o m p a n y ;  20 rag, d issolved in  8 ml  of 0.1 N 
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13 R. DOCAt, IPO, J. F. DE Bolso  and A. O. M. STOPPANI, Rev ta  Asoc. 
argent.  Microbiol. 5, 117 (1973). 

Fig. 1. A) microbody  (M) in T. cruzi epimast igote .  Sect ion fixed wi th  g lu tara ldehyde ,  post f ixed wi th  osmium te t roxide  and eounters ta ined  
wi th  lead ci trate .  B) same in the 480 • g fract ion (fract ionation as described in the Table). C) sections of epimast igotes  previously  s ta ined  
wi th  DAB for peroxidase ac t i v i t y  (control specimen;  hydrogen peroxide onfitted). D) same as C) hydrogen peroxide added.  Note t h a t  
d a r k  nlicrobodies s tand  out  aga ins t  the other  organelles.  M, microbodies;  N, the nucleus;  DNA, the kinetoplas t .  Other exper imen ta l  
condi t ions  were as described in the text .  
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N a O H  c o n t a i n i n g  3.7 g t r i e t hano l am i ne - H CI )  ; a n d  w a t e r  
(11). The  l iquid  imedium was m a i n t a i n e d  in a wa te r -  
b a t h  a t  28 ~ w i t h  c o n s t a n t  shaking .  6 days  a f t e r  inocula-  
t ion,  ep imas t igo te s  were col lected b y  cen t r i fuga t ion  a t  
3000 • g for 10 min  a n d  w a s h e d  3 t imes  in t he  cent r i fuge  
w i t h  isotonic  (0.154 M) NaC1 solut ion.  

For  e lec t ron  microscopy,  ep imas t igo tes  were f ixed in 
3% g l u t a r a l d e h y d e  in 0.1 M p o t a s s i u m  p h o s p h a t e  buf fe r  
(pH 7.2), for 1 h, a t  22-24~ a n d  pos t f ixed  in 1.5% (w/v) 
o s m i u m  t e t r o x i d e  in 0.1 M p h o s p h a t e  buffer ,  in  t he  cold. 
Af te r  d e h y d r a t i o n  w i t h  e thanol ,  t he  m a t e r i a l  was  em-  
b e d d e d  in Epon ,  sect ions  were cu t  w i th  a P o r t e r - B l u m  
u l t r a m i c r o t o m e ,  s t a ined  w i t h  Reyno lds '  lead c i t ra te ,  and  
obse rved  in a S iemens  E l m i s k o p  101, as descr ibed in ref.X% 

S ta in ing  w i t h  DAB.  G l u t a r a l dehyde - f i xed  ep imas t igo t e  
were i n c u b a t e d  w i t h  t h e  D A B  m e d i u m  (prepared  i m m e -  
d i a t e ly  before  use) t h a t  c o n t a i n e d  D A B  (Sigma Chemical  
C o m p a n y ;  20 rag), 0.05 M p ropaned io l  buffer ,  p H  10; 
1% H 2 0  ~ (0.2 ml) and  0.22 M sucrose ( to ta l  vo lume,  10 
ml) 1~. The  p H  was a d j u s t e d  to 9.0 p r io r  to  a d d i t i o n  of the  
ep imas t igo tes .  Af te r  60 m i n  i ncuba t ion ,  t he  ep imas t igo tes  
were w a s h e d  severa l  t imes,  for 15-20 min,  w i t h  0.3 M 
sucrose-0.1 M p h o s p h a t e  buf fe r  (pH 7.2). Pos t f ixa t ion ,  

Peroxidase activity in T. cruzi fractions 

Fraction Peroxidase specific activity b 
(nmol ascorbate oxidized/rain/rag protein) 

Homogenate 1.5.8 
480 • g 41.2 
680 x g 26.2 
12,000 • g 4.4 
105,000 • 4.5 
Supernatant 5.7 

~The isolation medium was made of 0.25 M nlannitol, 10 mM mor- 
pholinopropane sulfonic acid; 2.0 g/1 polyvinylpyrrolidone, and 3.0 
g]l bovine serum albumin (fraction V, Nutritional Biochemicals 
Corp.); 4.5 mM ascorbate, 0.25 mM MgC12 and 0.25 inM EDTA; 
pH 8.0. Digitonin in dimethylformamide 40 mg/ml) was added to 
provide 6.0 mg/g cells. 
bPeroxidase assay was performed as described in Figure 2: 0.03- 
0.25 mg of protein/ml. 
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Fig. 2. Catatase and peroxidase assays in T. c~,uzi homogenates. Ceils 
disrupted by freezing and thawing. 

d e h y d r a t i o n ,  e m b e d d i n g  and  sec t ioning  were as descr ibed  
above .  

F r a c t i o n a t i o n  of ep imas t igo tes  was  pe r fo rmed  a f t e r  
cell d i s r u p t i o n  in a P o l y t r o n  b l endo r  (Bronwil l  Scient i f ic  
Company) ,  as descr ibed  b y  KUSEL and  S'roR~u 1~. F o r  
ca ta lase  and  perox idase  assays,  ep imas t igo tes  were dis- 
r u p t e d  b y  freezing (at  --16~ and  t h a w i n g  3 t imes .  The  
cell suspens ion  (0.1-0.2 ml) was  homogen ized  b y  severa l  
passages  t h r o u g h  a n a r r o w  h y p o d e r m i c  needle,  a t t a c h e d  
to a syr inge.  Cata lase  a c t i v i t y  was d e t e r m i n e d  spect ro-  
pho tomet r i ca l ly ,  b y  t he  decrease  in a b s o r b a n c e  of t he  
h y d r o g e n  perox ide  c o n t a i n i n g  reac t ion  m i x t u r e  a t  240 
n m  17. Pe rox idase  a c t i v i t y  was d e t e r m i n e d  using ascorbic  
acid (S igma Chemical  Company)  as h y d r o g e n  donor  is 
a n d  m e a s u r i n g  i ts  ox ida t i on  b y  h y d r o g e n  pe rox ide  a t  
265 n m  (EmM -- 16 cm t . mmol-1) .  

Catalase  as say  (CAT; lef t  t racing) .  The  reac t ion  m i x t u r e  
c o n t a i n e d  50 m2VI p h o s p h a t e  buffer,  p H  7.3, 2.0 m M  
H 2 0  ~ a n d  ep imas t igo te  h o m o g e u a t e  (0.48 (~); 0.24 (fi) 
and  0.12 (y) mg  p ro te in /ml )  ; f inal  vol. 3 ml.  Samples  were 
p laced  in t he  s p e c t r o p h o t o m e t e r  c u v e t t e  pos i t ioner  a n d  
a u t o m a t i c a l l y  s canned  a t  240 nm,  for 30 rain. 2 in i t i a l  
and  2 f inal  t r ac ings  are shown  in F igure  2. W h e r e  ind ica t -  
ed b y  t h e  a r row E, beef- l iver  ca ta lase  (10 ixl) was added  to 
sample  (final h e m a t i n  concen t r a t i on ,  0.6 riM). The  down-  
ward  def lec t ion ind ica tes  t he  ca ta l a t i c  decompos i t ion  of 
H 2 0  a. A con t ro l  (C) r eac t ion  mix ture ,  excep t  for homoge-  
n a t e  (H) was added  ca ta lase  as above.  Note  t he  s imi l a r i t y  
of t r ac ings  H and  C. 

P e r o x i d a s e  assay  ( P E R ;  r i gh t  t rac ing) .  The  reac t ion  
m i x t u r e  con t a ined  50 m M  Tr i s -HC1 buffer ,  p H  7.3, 
1 m M  E D T A ,  54 V.M Na asco rba te  (A) a n d  ep imas t igo t e  
h o m o g e n a t e  (H) (0.48 mg  protein/rot)  added  where  in-  
d ica ted  b y  ar rows A and  H, respec t ive ly ;  f inal  vol. 3 ml.  
The  f igures in p a r e n t h e s i s  ind ica te  a scorba te  d i sappear -  
ance  ( aM/min ) .  The  0.32 va lue  r ep resen t s  the  r a t e  of 
a sco rba te  au tox ida t i on .  Omiss ion of H202 d e t e r m i n e d  
t h a t  t he  r a t e  of a u t o x i d a t i o n  did  no t  increase  a f te r  h o m o -  
gena te  addi t ion .  V a r i a t i o n s  of a b s o r b a n c e  were recorded  
in t he  Gilford Model  2000 spec t ropho tome te r ,  a t  30~ 
O t h e r  e x p e r i m e n t a l  cond i t ions  were as descr ibed  in t he  
t ex t .  The  a b s o r b a n c e  scale is va l id  for ca ta lase  and  per-  
oxidase  t rac ings .  

Resu l t s .  Figure  1A and  B show microbodies  a b o u t  
0.15-0.10 Izm as t h e y  typ ica l ly  a p p e a r  in  ep imas t igo t e  
sect ions  (A) (or f rac t ions  (B)) fixed w i t h  g lu t a ra ldehyde ,  
pos t f ixed  w i t h  o s m i m n  t e t rox ide  and  c o u n t e r s t a i n e d  
w i t h  lead c i t ra te .  I n c u b a t i o n  of g lu t a r a ldehyde - f i xed  
ep imas t igo tes  in m e d i a  con ta in ing  D A B  a n d  h y d r o g e n  
perox ide  resu l ted  in p r o n o u n c e d  depos i t ion  of e lec t ron-  
opaque  ma te r i a l  w i t h i n  s t r u c t u r e s  c lear ly  recognizable  
as microbodies  (Figure  1D). The  e n h a n c e d  e lec t ron  
opac i ty  resu l t s  f rom the  depos i t ion  of a f inely g r a n u l a r  
p r o d u c t  of D A B  pe rox ida t ion .  I t  is r e m a r k a b l e  t h a t  D A B  
pe rox ida t i on  did n o t  occur  in t he  k ine top l a s t  m i t o c h o n -  
drion,  or in  the  genera l  cy top la smic  m a t r i x  (Figure 1 D). 
Omiss ion  of h y d r o g e n  perox ide  f rom the  r eac t ion  m i x t u r e  
s ign i f i can t ly  r e d u c e d  t he  s t a in ing  of mic robodies  (Figure  
1C). 

Since p e r o x i d a t i o n  of D A B  is i n t e r p r e t e d  as a d e m o n -  
s t r a t i o n  of the  presence  of ca ta lase  n,~9-2., t he  e n z y m e  

14 j .  F. DE BOISO, R. DOCAMPO and A. O. M. STOPPANI, Revta Asoc. 
argent. MicrobioL 6, 119 (1974). 

15 M. 1~. BEARD and A. 13. NOVIKOFF, J. cell. Biol. 43, 501 {1969). 
i6 j .  p. KusEI. and B. T. STOREY, Biochem. biophys. Res. Commun. 

46, 501 (1972). 
a7 B. CI~ANe~, in Methods o/ Biochemical Analysis (Ed. D. GLICK; 

Interseience l'ublishers, New York 1954), p. 412. 
18 B. CHANCE, Adv. Enzymol. 12, 153 (1951). 
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was di rec t ly  inves t iga ted  in d i s rup ted  epimast igotes .  
Figure 2 shows, however ,  t h a t  no catalase  ac t iv i ty  could 
be de tec ted  in the  ep imas t igo te  homogena te .  The possible 
exis tence of cataIase inhibi tors  in the  h o m o g e n a t e  m a y  
be excluded by  compar ing  the  ac t iv i ty  of beef  l iver cata-  
lase (Sigma Chemical  Company ;  C-100) in homogena te -  
con ta in ing  and  homogena te - f ree  react ion mixtures ,  
respec t ive ly  (Figure 2). In  con t ras t  to these  nega t ive  
results,  peroxidase  ac t iv i ty  could be d e m o n s t r a t e d  in the  
ep imas t igo te  homogena te  (Figure 2) and also in t he  par-  
t icu la te  f ract ions  ob ta ined  the re f rom (Table). Peroxi-  
dase ac t iv i ty  was closely associated wi th  the  par t i cu la te  
480 •  and 680 •  fract ions,  which  included the  micro- 
bodies  (Figure 1B). The non- sed imen tab le  f rac t ion at  
105,000 • g showed a significant,  t hough  lower, peroxidase-  
specific ac t iv i ty ,  which  migh t  reflect  the  release of enzyme 
f rom microbodies  b roken  dur ing  cell f rac t ionat ion .  In  
the  absence of ascorbate ,  the  ra te  of hydrogen  peroxide  
decompos i t ion  b y  the  mic robody-con ta in ing  f ract ions  
was negligible (0-3% of the  ra te  in the  presence  of 
ascorbate) .  

Discussion. DAB pos i t iv i ty  is s t anda rd  cytochemicaI  
evidence for the  ident i f ica t ion  of ca ta lase-conta in ing  
microbodies  ~ ,, 1,, 20 b u t  the  react ion is also posi t ive  wi th  
pe rox idase~-"a  and cy toch rome  oxidase~2,21,~. The 
presence  of peroxidase  in T. cruzi microbodies  is in good 
ag reemen t  wi th  a) tile p re fe ren t  d i s t r ibu t ion  of peroxi-  
dat ic  ac t iv i ty  in the  paras i te  h igh dens i ty  f ract ions 

(Table); b) the  fact  t h a t  peroxidases  select ively oxidize 
donors  hav ing  the  enediol s t ructure ,  such as ascorba te  ~s 
(Figure 2 and Table),  and  c) the  cy tochemica l  demons t r a -  
t ion of peroxidase  in T. cruzi by  KALLINICOVA 25. Par t ic i -  
pa t ion  of cy toch rome  oxidase in DAB perox ida t ion  m a y  
be excluded by  the  res t r ic ted  d i s t r ibu t ion  of the  electron-  
opaque  mater ia l  in Figure  1. The a p p a r e n t  absence of 
cata lase  in T. cruzi microbodies  recalls s imilar  nega t ive  
observa t ions  w i th  microbodies  f rom Trichomonas/oetus 26. 
Fur the rmore ,  inves t iga t ion  of cata lase  in o ther  Trypano- 
somatidae 27- ~, and  Trichomonas a0, w i th  m e t h o d s  di f ferent  
f rom the  one employed  by  us, failed to  d e m o n s t r a t e  
s ignif icant  amo u n t s  of enzyme in these  organisms.  T. 
brucei has no catalase,  bu t  shows peroxidase  ac t iv i ty  ". 

is H. D. I~'AHIMI, J.  cell. Biol. d3, 275 (1969). 
20 S. GOLDFISCHER, J.  His tochem.  17, 681 (1969). 
21 K. I. HIRAI, J. His tochem.  Cytochem. 79, 434 (1971). 
22 M. J. ]KARNOVSKY, J. Cell. Biol. 27, 49A (1965). 
ea R. C. GRAHAM JR. and M. J. KARNOVSKY, J. Histochem. Cytochem. 

1~, 291 (1966). 
e4 S. GOLDFISCHER, J.  cell. Biol. 34, 398 (1967). 
25 V. D. KALLINIKOVA, Ae ta  protozool.  6, 87 (1968). 
26 M. MOLLER, J. His tochem.  Cytochem. 21, 955 (1973). 
27 V~T. I. STRANGEWAYS, Ann. trop. Med. Parasi t .  31, 405 (1937). 
2s S. C. HARVEY, J.  biol. Chem. 779, 435 (1949). 
a9 j.  F. RYLEY, Biocheln. J. 59, 353 (1955). 
30 j.  F. RYLEY, Bioehem. J. 59, 361 (1955). 
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Summary. The t ryps in-sens i t ive  sites in the  labile hinge region of the  myosin  molecule are located wi th  he igh tened  
accuracy ( 4- 2 nm) by  electron microscopy as lying a t  70, 85, 95, and 103 n m  from the  C- terminus  of the  rod sect ion 
of the  molecule. 

A res t r ic ted  region wi th in  the  rod sect ion of the  myosin  
molecule lying at  70-110 n m  from the  C- terminus  shows 
special proper t ies  including high suscept ib i l i ty  to pro- 
teases  a-7 and  to t he rma l  dena tu ra t i on  ~. Fc has  been  
t e rmed  the  hinge region, and  a role in muscle shor ten ing  
has been  proposed  8-~~ The loci m u s t  suscept ible  to  
t r yp t i c  a t t ack  have  been inferred f rom the  molecular  
weights  of digest ion p roduc t s  or de t e rmined  in the  e lectron 
microscope 7, ~, ~2 I r epor t  here a more  accurate  mapp i n g  
of t he  sites of t ryp t i c  a t t ack  on myos in  t h a t  has  been 
aggrega ted  into segment  s t ruc tures  or on similar  arrays 
of l ight  meromyos in-C (LMM-C), which is a C- terminal  
f r agmen t  of myosin  t h a t  is l ibera ted  by  digest ion wi th  
BrCN ~a, and which conta ins  mos t  of the  hinge region. 
Advantageous ly ,  the  molecules in the  p lanar  a r rays  are 
held s t r a igh t  by  con tac t  wi th  neighbors,  and  posi t ions 
of digested margins  can be accura te ly  measured  in the  
e lectron microscope.  

Myosin and LMM-C were p repa red  ~a-~ and aggregates  
were grown by  dialysis-di lut ion ~6 to a final concen t ra t ion  
of 0.22 ~I  calcium acetate .  The resul t ing myos in  aggre- 
gates were al igned segments  16, and those  wi th  LMM-C 
were a segment  s t ructure ,  phase  F ' ,  w i th  an over lap 
w i d t h  of 88 • 4 n m  and a fringe w i d t h  of 12 • 2 n m  
(all l imits  of error are s t a n d a r d  deviat ions) .  LMM-C was 
also aggrega ted  by  dialysis-di lut ion f rom 0.7 M to 0.5- 
0.59 M calcium b u t y r a t e  to give a new segment  s t ructure ,  
phase  R, wi th  an over lap w i d t h  of 64 • 2 n m  and a 
fringe w i d t h  of 30 • 1 nm. 
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