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SUMMARY 

Three different lines of evidence were obtained to show that  trypsin modifies 
the act in-myosin interaction: (I) At trypsin to actomyosin or myosin ratios between 
i to 3o0 and I to 5oo, 30 rain of trypsin t rea tment  causes an 8-fold increase in the 
Ca2+-modified ITPase act ivi ty of actomyosin but  has no effect on the Ca*+-modified 
ITPase act ivi ty of myosin alone. At these same trypsin to actomyosin ratios, the 
Mg 2+ + Ca~+-modified ATPase activi ty increases by  lO-3O% during the first i -2  
rain of trypsin digestion, and then decreases rapidly to less than 20 % of its original 
act ivi ty after 60 rain of digestion. Trypsin has no effect on the Mg *+ + Ca*+-modified 
ATPase activity of pure myosin, (2) The rate of turbidi ty response of reconstituted 
actomyosin suspensions is first increased and then decreased by  trypsin treatment.  At 
trypsin to actomyosin ratios of I to 3000, rate of turbidi ty response is maximal after 
5 rain of trypsin digestion and then decreases; after 60 min, the turbidi ty response is 
much slower than the response of the control actomyosin. (3) Supercontracted sarco- 
meres, shortened to less than 50 % of their initial length, are lengthened to 7 ° % of 
their initial length by  4 min of trypsin treatment.  Myosin B from such lengthened 
sarcomeres has less than 35 % of its myosin converted to light meromyosin and heavy 
meromyosin. 

These results show that  trypsin modifies the act in-myosin interaction in at least 
two ways: (I) a very rapid initial modification that  increases the Mg 2+ + Ca 2+- 
modified ATPase activity and the rate of turbidi ty increase, and (2) a slower modifica- 
tion that  decreases the Mg 2+ + Ca2+-modified ATPase activity and rate of turbidi ty 
response, and tha t  lengthens contracted sarcomeres. Tryptic  modification is not due 
to cleavage of myosin to light and heavy meromyosin. Since tryptic  modification 
occurs more rapidly than conversion of myosin to light and heavy meromyosin, all 
heavy meromyosin preparations will be modified. 

Abbreviations : EGTA, i, 2-bis- (2-dicarboxymethylaminoethoxy) ethane; myosin B, natural 
actomyosin or an actomyosin made by direct extraction of myofibrils. 
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** Present address: Muscle Biochemistry Group, i24 Animal Science Laboratory, University 
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INTRODUCTION 

The usefulness of proteolytic enzymes as probes of the molecular architecture 
of proteins has been well established 1-4. Among the muscle proteins, proteolytic en- 
zymes have been particularly beneficial in studies on the structure of myosin T M .  

For the most part, these studies have been based on the early finding of GERGELY ~1 
and PERRY 12 that  trypsin very rapidly lowered the viscosity of myosin solutions. It  
was subsequently shown that  myosin possesses two proteolytically labile areas, one 
near the center of the molecule and another near the junction between the "head" or 
globular portion of the molecule and the "tail" or rod portion of the molecule 1~-~6. 
Cleavage at the center of the molecule results in fission of myosin into two parts, 
called light meromyosin and heavy meromyosin 17. The heavy meromyosin fragment 
contains the "head" part of the parent myosin molecule together with a short section 
of the tail portion, whereas the light meromyosin fragment is composed only of the 
remaining tail portion of myosin ls,~9. Moreover, the ATPase and actin-binding 
properties of myosin remain with the heavy meromyosin fragment, which now differs 
from myosin by being water soluble. 

Tryptic cleavage at the second proteolytically labile site of myosin, near the 
junction between the head and tail sections of the molecule, ordinarily requires 
longer digestion times and higher trypsin-to-myosin ratios than cleavage into light 
and heavy meromyosin ~9-21. Recently, however, several different conditions have 
been discovered that  make it possible to cleave intact myosin between its head and 
tail portions before the molecule is split into light and heavy meromyosin. These 
coriditions include proteolytic digestion using an insoluble complex of papain with 
celluloseS5, ~2, 23 or tryptic digestion at an ionic strength of 0.02 in the presence of I0 mM 
CaC12 (refs. 24-26). Evidently, under these conditions; cleavage at the light mero- 
myosin-heavy meromyosin site is suppressed and the largest proportion of peptide 
bonds split are located near the head region of the myosin molecule. 

Extensive studies on the proteolytic dissection of myosin have shown that  each 
myosin molecule contains only one light meromyosin fragment and one heavy mero- 
myosin fragment ~6-28, and that  the heavy meromyosin portion of the molecule forms 
the cross-bridges extending from the surface of the thick (myosin) filament toward the 
thin (actin) filament TM. These findings have increased interest in the act in-heavy 
meromyosin interaction in the hope that  this interaction would possess all the charac- 
teristics of the actin-myosin interaction but in a simpler system. There have, however, 
been a number of studies indicating that the actin-heavy meromyosin interaction may 
differ subtly from the actin-myosin interaction. YAGI et al. 29 found that the complex 
of F-actin with heavy meromyosin was more easily dissociated by ATP than the 
complex of F-actin with myosin. This finding was supported by EISENBERG AND 
Moos 3° who have demonstrated that  raising either the ATP or KC1 concentration 
causes acto-heavy meromyosin to dissociate before any effect is noticed on actomyosin. 
EISENBERG AND MOOS 30 also confirmed an earlier report by LEADBEATER AND PERRY 31 

that  actin modified the ATPase activity of heavy meromyosin even when viscosity 
measurements indicated that  actin and heavy meromyosin had not physically com- 
bined. On the other hand, actin activation of myosin ATPase is always accompanied 
by (or the result of) a physical interaction between actin and myosin. Additional 
evidence that  the actin-heavy meromyosin interaction differs from the actin-myosin 
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interaction was provided by the report of PERRY AND COTTERILL 32 that  under selected 
conditions, phenylmercuric acetate treatment of heavy meromyosin causes a complete 
loss of ATPase activity without affecting the ability of heavy meromyosin to interact 
with F-actin; the same conditions, however, cause simultaneous loss of ATPase and 
actin-binding activities in purified myosin. This response of heavy meromyosin to 
phenylmercuric acetate is probably related to the finding that  maximal stimulation 
of the Ca2+-modified ATPase activity of myosin requires 3 times more phenylmercuric 
acetate on a molar basis than is needed to cause maximal stimulation of the Ca 2+- 
modified ATPase activity of heavy meromyosin under identical conditions 3a, even 
though myosin has a lower molar content of cysteine than heavy meromyosin. 

Collectively, these results suggest that  heavy meromyosin has undergone some 
conformational change during its proteolytic release and that  the actin-heavy mero- 
myosin interaction may differ subtly from the actin-myosin interaction. This hypothe- 
sis is supported by the finding of MARUYAMA et al. *t who concluded on the basis of 
ATPase activities, that  trypsin-treated myosin B (as distinguished from acto-heavy 
meromyosin) dissociated into actin and myosin at a lower KC1 concentration than did 
untreated myosin B. Consequently, we have studied the effects of very brief t ryptic 
digestion of different actomyosin-containing systems, using NTPase activities, rate 
of superprecipitation, and changes in contraction state as indices of the actin-myosin 
interaction. 

MATERIALS AND METHODS 

Prote in  preparat ions  
All preparations described in this paper were obtained from the back and leg 

muscles of rabbits; essentially identical results have been obtained with preparations 
from bovine or porcine skeletal muscle. All solutions were prepared with double- 
deionized, distilled water that  had been redistilled in glass and stored in polyethy- 
lene containers. Rabbits were handled as described by ARAKAWA et at. 3~. 

Myosin and ~-actinin-free actin were prepared as described by SERAYDARIAN et 
al. ~6, and reconstituted actomyosin (I part of actin to 2 parts of myosin by weight) was 
made within I h after fresh actin and myosin became available sS. Myosin B was made 
as described by ROBSON et al. s7 and myofibrils were made according to STROMER et al. ~ 
or by a modification of the method of PERRY AND GREY 39. All protein preparations 
were used within 7 days. Protein concentration was estimated by using the biuret 
method 4° as modified by ROBSON et al. ~1. 

T r y p s i n  treatment 
Both trypsin and trypsin inhibitor were the purest, crystalline, salt-free prepa- 

rations available from Sigma Chemical Co. Stock trypsin solutions were made by 
dissolving trypsin (2-5 mg/ml) in o.ooi M HC1. These solutions were stable for several 
months at 2 °. Soybean trypsin inhibitor (4-1o mg/ml) was dissolved in water. The 
activity of all trypsin preparations was rout'mely monitored by using rate of change 
of absorbance at 247 nm with p-toluenesulfonyl-L-arginine methyl ester as a substrate. 
All trypsin preparations used in this study had 14000-21000 p-toluenesulfonyl-L- 
arginine methyl ester units of activity 4~ per mg. Protein preparations (myofibrils, 
myosin B, reconstituted actomyosin, or myosin) were incubated with trypsin for 
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specified periods of time at 25 ° and pH 7.6, and the reaction stopped by addition of a 
4-fold excess of soybean trypsin inhibitor. The ionic composition and amount of 
trypsin used during trypsin treatment will be given in the individual experiments. 

NTPase and turbidity assays 
ATPase and ITPase activities were assayed immediately after trypsin treatment. 

After trypsin had been inactivated by soybean trypsin inhibitor, the protein in the 
digestion mixture was diluted to a concentration appropriate for NTPase assay, the 
specified modifiers added, and the assay conducted at 25 °. NTPase activity was 
measured according to the procedure of GOLL AND ROBSON 4s. Turbidity measurements 
were also made immediately after trypsin treatment and were done as described by 
ARAKAWA et al. 35. The electrolyte medium will be specified in the individual experi- 
ments. 

Analytical ultracentrifugation 
Analytical ultracentrifuge studies were conducted on a Spinco Model E ultra- 

centrifuge equipped with a phase plate and rotor temperature indicator control unit. 
All runs were done with Kel-F centerpieces, and the plates were measured with a 
Nikon 6C profile projector. 

Microscopy 
Phase microscopic observations were made with a Zeiss photomicroscope with a 

green interference filter and a iooX planapochromatic objective in the light path. 
After each treatment,  an aliquot of the myofibril suspension was removed, pelleted at 
2000 rev./min for IO min and the supernatant discarded. The pellet was covered with 
2.5 % glutaraldehyde until it could be removed intact from the tube for subsequent 
cutting into I-mm cubes. Glutaraldehyde--Os04 fixation was used for all samples. 
Sections mounted on uncoated grids were stained with uranyl acetate and lead 
citrate and examined in a RCA EMU-4 electron microscope. 

RESULTS 

NTPase experiments 
The conclusion that  trypsin modifies the actin-myosin interaction will be sup- 

ported in this paper by three lines of complementary evidence. The first of these is 
the effect of trypsin on the NTPase activities of actomyosin preparations (Figs. 1-3). 
When assayed at IO mM KC1, the I mM Ca2+-modified ATPase activity increases 
by 125-15o% during the first 30 rain of trypsin treatment (trypsin to actomyosin 
ratio of I to 300, by weight), whereas the I mM Mg 2+ + o.o5 mM Ca2+-modified 
ATPase activity decreases by approx. 30% during the same period of time (Fig. I). 
When the assays are done at 5O-lOO mM KC1, however, the I mM Ca*+-modified 
ATPase activity changes very little during 3o min of tryptic action (Fig. I) and the I 
mM Mg 2+ + 0.05 mM Ca2+-modified ATPase activity exhibits a biphasic response 
(Fig. 2). The I mM Mg *+ + 0.05 mM Ca*+-modified ATPase of reconstituted acto- 
myosin increases by lO-3O % during the first 1-2 mirL of tryptic digestion and then 
decreases rapidly (Fig. 2). After 60 min of tryptic treament, the specific activity is 
only 20 % as high as the initial activity before trypsin treatment. 
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The marked decrease that occurs in specific activity of the I mM Mg *+ + o.o5 
mM Ca2+-modified ATPase after 5-1o min of trypsin digestion is easily obtained 
under many different conditions of tryptic treatment and occurs in myofibril or myosin 
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Fig. i.  Effect of trypsin treatment on the ATPase activity of reconstituted actomyosin suspensions. 
Reconstituted actomyosin was incubated with trypsin (i part of trypsin to 30o parts of reconstitut- 
ed actomyosin, by weight) for the times shown on the abscissa. Control samples had water added 
in place of trypsin and trypsin inhibitor; zero-time samples had trypsin that had first been mixed 
with four parts (w/w) of trypsin inhibitor added to them. Conditions for trypsin treatment: 
2. 5 mg reconstituted actomyosin per ml, ioo mM KC1, 5 ° mM Tris -HCl  (pH 7.6) 25 °. Reaction was 
stopped by a 4-fold (w/w) addition of soybean trypsin inhibitor, the suspension diluted, and 
aliquots removed immediately for ATPase assay. Conditions of ATPase assay: o.2 mg actomyosin 
per ml, 20 mM Tris-HC1 (pH 7.6.), I mM ATP, 25 °, KC1 and activators as shown specifically by 
labels in the figure. 

B preparations as well as in reconstituted actomyosin (Fig. 2). However, the condi- 
tions of tryptic digestion must be more carefully controlled if the small increase in 
specific activity after 1-2 min of tryptic treatment is to be observed. When using 
reconstituted actomyosin, this increase is most easily detected if the tryptic digestion 
is done at ionic strengths below o.15 and in the presence of 6-1o mM Ca 2+. The in- 
crease is larger (30-50% higher than control activities, Fig. 2) and more easily 
detected at higher ionic strengths when myofibrils are used in place of reconstituted 
actomyosin (Fig. 2). Even when myofibrils are used, however, the I mM Mg 2+ + 
0.05 mM Ca2+-modified ATPase assay must be done immediately after tryptic diges- 
tion if the rapid initial increase in specific activity is to be observed. Assay immediately 
after trypsin treatment is necessary because the tryptic-induced increase in activity 
occurs very quickly, within the first 2-5 min of treatment at trypsin to actomyosin 
ratios as low as I to 3000 by weight. Furthermore, a 4-fold excess of soybean trypsin 
inhibitor does not completely stop tryptic proteolysis but instead lowers its rate 
approximately a ioo-fold (Table I). Evidently, even this markedly lower rate of 
hydrolysis is sufficient to cause an increase in I mM Mg 2+ + 0.05 mM Ca~+-modified 
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Fig. 2. Effect  of t r yps i n  on  t he  Mg 2+ + Ca2+-modified ATPase  ac t i v i t y  of r e cons t i t u t ed  a c t o m y o s i n  
a n d  myofibri ls .  Control  and  zero- t ime samples  h a n d l e d  as descr ibed in legend to Fig. I. Condi t ions  
for t r yps in  t r e a t m e n t  of r e c o n s t i t u t e d  a c t o m y o s i n :  a c t o m y o s i n  s u s p e n d e d  in 20 mM CaC12, 
5 ° m M  T r i s - H C l  (pH 7.6), 35 ° m M  KC1 a t  7.o m g  p ro te in  per  ml  and  o ° for 14 h ; t h e n  t r ea t ed  wi th  
i p a r t  of t r yps in  to 500 pa r t s  of a c t o m y o s i n  (w/w) in IOO m M  KC1, 5 ° m M  Tris-HC1 (pH 7.6), 
a n d  5.7 m M  CaCI~ a t  2.5 m g  p ro te in  per  ml  and  25 °. Reac t ion  s topped  by  a 4-fold add i t ion  of 
s o y b e a n  t r yps in  inhibi tor ,  and  s amp l e s  d i lu ted  for A T P a s e  assay .  Condi t ions  for ATPase  a s s a y  
of t r y p s i n - t r e a t e d  a c t o m y o s i n :  0.2 m g  a c t o m y o s i n  per  ml ,  50 m M  KC1, 20 m M  Tris-HC1 (pH 
7.6), I m M  MgCI~, 0.05 m M  CaCI~, I m M  ATP,  25 °. Condi t ions  for t r y p s i n  t r e a t m e n t  of myofibr i l s :  
2.8 m g  myofibr i l lar  pro te in  per  ml ,  i i o  m M  KC1, i i o  m M  Tris-HC1 (pH 7.6), I pa r t  of t r y p s i n  to 
ioo  pa r t s  of myofibr i l lar  pro te in ,  25 °, Reac t ion  s t opped  b y  4-fold add i t i on  of t ryps in  inhib i tor  
and  samples  d i lu ted  for AT P ase  assay .  Condi t ions  for ATPase  a s s a y  of myofibr i l s :  0.8 m g  myo-  
fibrillar p ro te in  per  ml ,  io8 m M  KC1, 46 m M  Tris-HC1 (pH 7.6), 5 m M  MgCI~, o. i  m M  CaC12, 5 mM 
ATP,  25 °. a - - A ,  t r yps i n - t r e a t ed  r econs t i t u t ed  a c t o m y o s i n ;  × - - X ,  t r y p s i n - t r e a t e d  myofibri ls .  

T A B L E  I 

A C T I V I T Y  OF T R Y P S I N  I N  T H E  P R E S E N C E  OF S O Y B E A N  T R Y P S I N  I N H I B I T O R  A N D  A F T E R  D E N A T U R A T I O N  

Condi t ions  for a s s a y  oi t r yps i n  ac t i v i t y  : o, 87 m M  p- to luenesu l fonyl -L-arg in ine  m e t h y l  ester ,  5 ° m M  
s o d i u m  p h o s p h a t e  (pH 8.o), 0. 5 #g  of t ryps in ,  25°; t o t a l  vo lume ,  3.o ml.  A un i t  of t r yps in  ac t i v i t y  
was  d e f n e d  as t h a t  a m o u n t  which  would  cause  an  increase  in A247 nm Of O.OOI per  m i n  a t  25 ° 
(of. ref. 56). In  t u b e  wi th  s o y b e a n  t r y p s i n  inhibi tor ,  2 .o/~g of inh ib i to r  were m i x e d  wi th  0. 5/~g of 
t r yps in  before add i t i on  to the  cuve t t e .  T r y p s i n  was  d e n a t u r e d  by  re f luxing  a t  ioo ° a t  p H  4.o for 3 
h, fol lowed by  freezing,  and  t h e n  re f lux ing  a t  IOO ° for 6 h. This  t r e a t m e n t  did n o t  cause  a n y  pre-  
c ip i ta t ion  so the  t r yps i n  so lu t ion  was d i lu ted  and  o. 5/~gof t he  d i lu ted  so lu t ion  added  d i rec t ly  to the  
cuve t t e .  

Treatment Units of tryptic activity 

U n t r e a t e d  t r y p s i n  15 4o0 (6) * 
T ryps in  + s o y b e a n  t r yps i n  inh ib i to r  13° (4) 
D e n a t u r e d  t ryps in  430 (I) 

* F igures  are averages  of d e t e r m i n a t i o n s  done  on severa l  d i f ferent  t ryps in  p repa ra t ions ,  
t he  n u m b e r s  in the  p a r e n t h e s e s  r ep r e sen t  the  n u m b e r  of different  p r epa ra t i ons  used  in ca lcu la t ing  
the  mean .  
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ATPase activity after 6o-9o min, since activity of control samples (when trypsin and 
trypsin inhibitor were mixed prior to addition to the actomyosin) was 20-50 % higher 
if assays were done several hours after addition of trypsin plus trypsin inhibitor than 
if assays were done within 15 rain after such addition. An indication of this rapid 
increase in specific activity can be observed in Fig. 2 where the control or zero-time 
samples had slightly higher specific activities than the samples that  received no 
trypsin or trypsin inhibitor addition. 

Although the increase in specific activity of the I mM Mg ~+ + o.o5 mM Ca 2+- 
modified ATPase is small, repeated experiments have left no doubt that  it occurs in 
all three contractile preparations that  we have tested (myofibrils, myosin B and recon- 
stituted actomyosin). The inclusion of o.I mM Ca 2+ in our assays of trypsin-treated 
myofibrils and myosin B (Fig. 2) eliminates the possibility that  tryptic digestion of 
troponin contributed to the results obtained with these preparations. The I mM EDTA 
modified ATPase activity is also changed by tryptic treatment, increasing gradually 
by 15-25 % during 30 rain of digestion (Fig. I). The I mM 1,2-bis-(2-dicarboxymethyl- 
aminoethoxy)ethane (EGTA)-modified ATPase activity (not shown here) exhibited 
nearly the same change during tryptic treatment as the EDTA-modified ATPase. 

The ITPase activities of reconstituted actomyosin preparations were also 
altered by trypsin treatment (Fig. 3). When ITPase assays were done at IO mM KC1, 
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Fig. 3. Effect of t ryps in  on the ITPase  act iv i ty  of reconst i tu ted ac tomyosin  suspensions.  Condi- 
t ions for t ryps in  t r e a t m e n t  and ITPase  assay were identical to those described in the legend to 
Fig. i except t h a t  i mM I T P  was  subs t i tu ted  for I mM ATP. KC1 concentrat ion and act ivators  
are indicated specifically by  the labels in the figure. 
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the i mM Mg 2+ + 0.05 mM Ca~+-modified ITPase increased nearly 2-fold and the 
I mM Ca2+-modified ITPase activity increased slightly. The very low specific activity 
of the I mM Ca~+-modified ITPase at IO mM KC1 made it difficult to quantitatively 
estimate the magnitude of the trypsin-induced increase in activity. When ITPase 
assays were done at IOO mM KC1, the I mM Ca~+-modified ITPase increased markedly 
with increasing time of trypsin treatment to a specific activity almost Io-fold the 
initial activity (Fig. 3). The I mM Mg ~+ + 0.05 mM Ca 2+ -modified ITPase activity, 
however, decreased with increasing time of trypsin treatment at IOO mM KC1, until 
after 30 rain of treatment, the specific activity was only 35-4 ° % as high as the initial 
activity. Tryptic digestion of myofibrils or myosin B produced changes in ITPase 
activities identical to those shown here for reconstituted actomyosin. 

To prove that  the tryptic-induced changes in NTPase activities of actomyosin 
preparations reflect an alteration in the actin-myosin interaction, it is necessary to 
demonstrate that  trypsin does not cause identical changes in the NTPase activity of 
myosin in the absence of actin. The results in Figs. 4 and 5 show that the tryptic-in- 
duced increase in I mM Ca~+-modified ATPase activity at Io mM KC1 occurs during 
digestion of pure myosin as well as during digestion of actomyosin (cf. Figs. I and 
4). However, none of the other tryptic-induced changes in actomyosin NTPase activity 
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Fig. 4. Effect  of t ryps in  on t he  AT P ase  a c t i v i t y  of  myos in .  Myosin  was  i n c u b a t e d  wi th  t r yps in  
(I pa r t  of t r yps in  to 500 pa r t s  of  myos in ,  by  weight) for the  t imes  specified on the  absc issa  and  the  
reac t ion  was t h e n  s topped  by  a 4-fold add i t i on  of s o y b e a n  t r yps in  inhibi tor .  Control  and  zero- 
t i m e  samples  were p repared  as descr ibed in legend to Fig. I. Condi t ions  for t r yps in  t r e a t m e n t :  
2.0 m g  m y o s i n / m l ,  ioo m M  KC1, 50 m M  T r i s - H C l  (pH 7.6), 25 °. Condi t ions  for ATPase  a s say :  
o.z m g  m y o s i n  per  ml ,  20 m M  T r i s -HC I  (pH 7.6) i m M  ATP,  25 °, KC1 and  ac t i va to r s  as ind ica ted  
specifically by  labels in t he  figure. 
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that  are shown in Figs. 1- 3 occur when myosin is substituted for actomyosin. There- 
fore with the exception of the I mM Ca~+-modified ATPase activity, the tryptic-induced 
changes in NTPase activity recorded in Figs. 1-3 occur only when myosin NTPase 
activity is modified by interaction with actin. I t  follows then that  these changes in 
NTPase activity reflect an effect of trypsin on the actin-myosin interaction. 

When myofibrils are treated with trypsin at low ionic strength, the myofibrils 
can be sedimented out of the incubation mixture, and the supernatant analyzed for so- 
luble protein released by tryptic hydrolysis. Since heavy meromyosin is water soluble, 
such an experiment affords an estimate of the amount of heavy meromyosin produced 
by tryptic hydrolysis under our experimental conditions. This estimate is a maximal 
estimate of heavy meromyosin production since it has been shown that  1-2 min of 
trypsin digestion under the conditions used in this study removes both the Z-lineSSm 
and troponin 45 from myofibrils. However, since heavy meromyosin is enzymatically 
active, ATPase assays of the supernatant protein may be used in conjunction with 
amount of soluble protein released to provide a reliable indication of heavy meromyosin 
release, even if troponin and Z-line protein are being solubilized at the same time. 
Such an experiment shows that  about 8% of total myofibrillar protein is solubilized 
after I min, about 22% after 5 rain, and about 58% after 15 rain of incubation with 
trypsin at trypsin to myofibrillar protein ratios of I to IOO, but that  the Ca~+-modified, 
ATPase activity of the supernatant protein does not increase markedly until after 
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ITPase  assay were identical to those described in the legend to Fig. 4 except  t ha t  I mM I T P  was 
subs t i tu ted  for I mM ATP. KC1 concentra t ions  and act ivators  are indicated specifically by  the 
labels in the figure. 

Biochim. Biophys. Aaa, 226 (1971) 433-452 



442 D.E. GOLL et al. 

TABLE II 

A M O U N T  A N D  E N Z Y M I C  A C T I V I T Y  O F  S O L U B L E  P R O T E I N  R E L E A S E D  B Y  T R Y P T I C  T R E A T M E N T  O F  

M Y O F I B R I L S  

Myofibrils were treated with trypsin (I part of trypsin to ioo parts of myofibrillar protein (w/w) 
at 25 ° for the indicated times. Conditions for trypsin treatment: I io mM KC1, i io mM Tris HC1 
(pH 7.6), 2.8o mg myofibrillar protein per ml. After treatment, the myofibrils were diluted with 
15o mM KC1, 3 ° mM Tris-HC1 (pH 7.6) to a concentration of 1.o mg/ml and then sedimented at 
IOOO × g for 2 rain. The supernatant solution was analyzed for protein concentration by biuret 
analysis and for ATPase activity. Conditions of ATPase assay: IiO mM KC1, 5 ° mM Tris-HC] 
(pH 7.6), o.8o mg myofibrillar protein per ml, 5 mM AT]?, activators as shown. 

Time of Protein concentration 
trypsin treatment in supernatant 
(rain) (mg/ml) 

d TPase activity* (pmoles Pi/ 
rain per mg of supernatant protein) 

5 m M  5 mM ~,Ig 2+ 
Ca 2+ 2 mM EGTA 

o 0.04 o.139 ±o.o13"* o. I27~-O.OlO 
I o,I2 o.115 ± o.o17 o.o41 xL 0.008 
5 0.26 o. I 4 4 i o . o i 2  0.o32 zk 0.006 

15 0.62 o.28o ±o.ooi  O.OlO~O.OOO 
3 ° 0.60 0.285 ~- o.oI 4 O.OLO i o.ooi 

* Since supernatant protein concentration of zero-time samples was very low, small differences 
between duplicate samples resulted in large relative errors and in considerable uncertainty in 
specific activities calculated from these protein concentrations. 

*" Means plus or minus standard errors of four determinations. 

5 min  of t rypt ic  digestion (Table II).  Although the results in Table I I  indicate  tha t  
no fur ther  release of soluble protein occurs between 15 and 30 min  of t rypt ic  hydrolysis, 
it  is probable tha t  addi t ional  proteolytic  release of soluble fragments  is offset by 
degradat ion of the previously solubilized protein into fragments too small to be 
detected by  the biuret  reaction. Under  the condit ions used in Table II, heavy mero- 
myosin  or other  enzymat ica l ly  active fragments  of myosin  are act ivated by  Ca 2+ 
but  inhibi ted  by  Mg 2+ in the absence of Ca ~+. Therefore, an increase in Ca2+-modified 
ATPase ac t iv i ty  or a decrease in Mg 2+ + EGTA-modified ATPase ac t iv i ty  indicates 
a release of heavy  meromyosin or other enzymat ica l ly  active proteolytic f ragments  
of myosin.  The da ta  in Table I I  indicate tha t  most  of the protein solubilized dur ing the 
first 5 min  of t rypt ic  digestion originates from the Z-line or other nonenzymat ica l ly  
active parts  of the myofibril, and tha t  under  our conditions,  extensive heavy mero- 
myosin  product ion from myofibrils does no t  occur unt i l  after 5 rain of t rypt ic  
digestion. This conclusion is supported by phase micrographs of t ryps in- t rea ted  
myofibrils (Fig. 6), showing tha t  the Z-line is removed within the first rain of t rypt ic  
digestion. Since the increase in I mM Mg 2+ + 0.05 mM Ca2+-modified ATPase 
ac t iv i ty  occurs in the first min  of t rypt ic  digestion (cf. Fig. 2), it is clear tha t  the t ryp t ic  
modification responsible for this increase in specific ac t iv i ty  occurs more rapidly 
t h a n  heavy  meromyosin production.  

Turb id i ty  experiments  

The second line of evidence tha t  t ryps in  modifies the ac t in -myos in  in teract ion 
involves t rypt ic- induced changes in the abi l i ty  of actomyosin suspensions to give a 
tu rb id i ty  response upon addi t ion of ATP. The tu rb id i ty  response has been interpreted 
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m 

Fig. 6. Phase  mic rographs  of myofibr i ls  a f te r  d i f ferent  t imes  of t r y p s i n  t r e a t m e n t .  Condi t ions  for 
t r yps in  t r e a t m e n t :  2~8 m g  myofibr i l lar  p ro te in  per  ml ,  I IO m M  KC1 i io  mM Tr is -HC1 (pH 7.6), 
i p a r t  of t r y p s i n  to ioo pa r t s  of myofibr i l lar  p ro te in  by  weight ,  25°; reac t ion  was  s t opped  by  a 
4-fold add i t ion  of s o y b e a n  t ryps in  inhibi tor .  (a) myofibr i l  before t r y p s i n  t r e a t m e n t .  (b) Myofibril  
a f te r  i m in  of t r yps i n  t r e a t m e n t .  (c) Myofibril  a f te r  5 m in  of t r y p s i n  t r e a t m e n t .  (d) Myofibril  a f t e r  
15 min  of t r yps in  t r e a t m e n t .  (e) Myofibril  a f te r  3 ° m in  of t r yps in  t r e a t m e n t .  Magni f ica t ion  for all 
myofibr i ls  115o × .  
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Fig. 7. Effect  of t r yps i n  on t he  supe rp rec ip i t a t ion  of r e c o n s t i t u t e d  ac tomyos in .  Control  a n d  zero- 
t ime  samples  p repa red  as descr ibed in t he  legend  to Fig. I. Condi t ions  for t r y p s i n  t r e a t m e n t :  
6.00 m g  r econs t i t u t ed  a c t o m y o s i n  per  ml ,  ioo m M  KC1, 5 ° m M  Tr i s -HCl ,  i p a r t  of t r yps in  to  
300o pa r t s  of r e cons t i t u t ed  ac t omyos i n ,  by  weight ,  25 °, t i m e  of t r yps in  t r e a t m e n t  indica ted .  
Condi t ions  for supe rp rec ip i t a t ion  a s say :  o. 4 m g  r e c o n s t i t u t e d  a c t o m y o s i n  per  ml ,  ioo  m M  KC1, 
2o m M  Tr is -HC1 (pH 7.6), I m M  MgCI~, o.o 5 m M  CaC12, i m M  ATP.  
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as a measure of contraction in actomyosin suspensions 4~, although the quantitative 
significance of such experiments remains unclear 47. Nonetheless, turbidity assays are 
easily repeatable and while their exact relationship to contraction must await further 
analysis, they are very useful for studying relative changes in the actin-myosin 
interaction. 

As in the NTPase assays of tryptic-treated actomyosin, it was necessary to do 
the turbidity experiments directly on the trypsin digests immediately after trypsin 
treatment. Results of such turbidity assays show that  the effect of trypsin on the tur- 
bidity response of reconstituted actomyosin suspensions parallels the effect of trypsin 
on the I mM Mg 2+ + 0.05 mM Ca 2+ ATPase activity (cf. Figs. 2 and 7). Tryptic 
digestion rapidly causes an initial increase in rate of turbidity development followed 
by a gradual decrease in rate of turbidity response. The trypsin to reconstituted acto- 
myosin ratio for the experiment shown in Fig. 7 was I to 3000, considerably less than 
the I to 500 or i to ioo ratios for the experiments shown in Fig. 2. Therefore, the 
rate of tryptic modification of the turbidity assay shown in Fig. 7 is slower than the 
rate of modification of the ATPase activities shown in Fig. 2. However, a number 
of other experiments have shown that rate of modification of the turbidity response is 
identical to rate of modification of the I mM Mg 2+ + 0.05 mM Ca2+-modified ATPase 
activity when tryptic digestion is done at identical trypsin to actomyosin ratios. The 
precautions listed in the preceding section as necessary to consistently observe the 
tryptic-induced increase in I mM Mg 2+ + 0.05 mM Ca2+-modified ATPase activity 
were also found necessary to detect the tryptic-induced increase in rate of turbidity 
response shown in Fig. 7. Since it is impossible to elicit clear turbidity responses in 
the absence of added Mg 2+ (cf. ref. I5), the turbidity experiments were limited to 
the conditions shown in Fig. 7. 

Ultracentrifugal studies were done on the same actomyosin preparations used 
in the exeriment shown in Fig. 7 by adding enough 3 M KC1 to the trypsin-treated 
suspensions immediately after treatment to raise the final KC1 concentration to 0.6 M, 
and then stirring briefly to dissolve the protein. These studies demonstrated that  very 
little light meromyosin or heavy meromyosin was present in these preparations after 
15 min of trypsin digestion, and that  even after 60 min of trypsin treatment, approx. 
50°./0 of the myosin remained intact (Fig. 8). Since it might be possible for heavy 
meromyosin to interact with actin to form a product ultracentrifugallyindistinguishable 
from actomyosin itself, 6 mM Mg2+-ATP was added to each of the trypsin-treated 
solutions to dissociate the actomyosin and permit inspection of myosin alone (Fig. 8, 
wedge cell patterns). Such experiments confirmed the conclusion that when tryptic 
digestion is done at trypsin to actomyosin ratios of I to 3000, light meromyosin and 
heavy meromyosin do not constitute an appreciable proportion of total  protein present 
until after 30 rain of digestion. This is well after the tryptic-induced increase in rate 
of turbidity development has occurred. Thus, these experiments demonstrate that 
the tryptic modification responsible for the increase in rate of turbidity development 
occurs more rapidly than heavy meromyosin production. 

A second important point that may be obtained from the turbidity and ultra- 
centrifugal experiments described in this section is that a considerable amount of 
ultracentrifugally normal actomyosin was present in the 6o-min trypsin-treated sam- 
ples even though ability of this actomyosin to give a turbidity response was greatly 
reduced (the 6o-min sample did not give a turbidity response after 12o rain under the 
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conditions shown in Fig. 7). Consequently, it may be concluded that  trypsin had reduc- 
ed the ability of this ultracentrifugally normal actomyosin to give a turbidity re- 
sponse. This reduced ability to produce a turbidity response, occurring subsequent 
to the trypsin-induced increase in rate of turbidity development, suggests that  trypsin 
has at least two separate effects on the actin-myosin interaction. These same two 
effects can also be seen in the biphasic response of I mM Mg 2+ + 0.05 mM Ca ~+- 
modified ATPase activity to trypsin (Fig. 2). 

"'Relaxation" experiments 
The third line of evidence that  trypsin modifies the actin-myosin interaction 

concerns the ability of brief tryptic digestion to lengthen contracted myofibrils in 

MINUTES AFTER REACHING ~ T S O  rev,/min 

4 IG 6 4  

O - M I N .  50OMM K C t ,  61111~1 Mg-ATP 

O-MIN, ~OOnlM K i t  

I-MIN, llO~l~ll~Al 

Fig. 8. Sedimentat ion of the same t ryps in- t rea ted  reconst i tu ted ac tomyosin  shown in Fig. 7. 
Conditions of t ryps in  t r ea tmen t ,  therefore, are the same as described in the legend to Fig. 7. 
Protein concentrat ion in all cases is 4.oo mg/ml.  Actomyosin is dissolved in 500 mM KC1, 4 ° mM 
Tris-HC1 (pH 7.6), 6 mM MgCI~, 6 mM ATP, or in 500 mM KCI, 4 ° mM Tris-HC1 (pH 7.6), as 
indicated. Times of t ryps in  t r e a t m e n t  indicated. For all runs  : phase  plate angle, 65 ° ; t empera ture ,  
2 0 . O  ° . 
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Fig. 9. Micrographs of untreated rabbit myofibrils. Myofibrils prepared by a modification of the 
method of PERRY AND COTTERILL 53 were suspended in ioo mM KC1, 20 mM Tris-HC1 (pH 7.6), 
o.oi mM CaCI2, 0.05 mM MgCI v Electron micrograph of a section through the myofibril pellet 
shows the relaxed appearance which is also seen in the phase microscope (inset). 20500 × ; inset 
2 0 0 0  X • 

the absence of ATP or other  interaction inhibitors 4s. Since sarcomere shortening or 
lengthening cannot  be measured in myosin B or reconst i tuted actomyosin systems, the 
experiments described in this section were done only with myofibrils. STROMER et al. zs 

reported tha t  t rypsin t rea tment  of rigor-shortened bovine myofibrils caused relative 
movement  among thick and thin filaments and tha t  this movement  resulted in an in- 
crease in sarcomere length. Consequently, an experiment was designed to test whether  
ATP-contrac ted  myofibrils could be lengthened by  short- t ime trypsin t reatment .  

Myofibrils in IOO mM KC1, 20 mM Tris-HC1 (pH 7.6) before the addit ion of 
ATP exhibited the banding pa t te rn  typical  of relaxed muscle (Fig. 9) As measured 
in the phase microscope, sarcomere lengths of these control myofibrils averaged 2.I/~. 
Phase microscopy showed tha t  addit ion of ATP to a final concentrat ion of o.I  mM 
caused severe contract ion of 90% or more of the sarcomeres in a myofibril prepara- 
tion. The only s tructure visible in the phase microscope after ATP addition was a 
pat tern  of al ternating light and dark bands (Fig. IO, inset). This appearance is due 
to either a crumpling of thick filaments against or the protrusion of thick filaments 
through the Z-line (Fig. I0). Sarcomere lengths after ATP addi t ion (I.O #) were 
shorter  than  thick filament lengths (1.2-1. 4 #), so distortion of the A-band and 
complete absence of the I -band are not  unexpected. 

The severely shortened myofibrils were sedimented, resuspended in fresh 12o 
mM KC1, 50 mM Tris-HC1 (pH 7.6), o.1 mM CaC12, and treated with trypsin at 25 ° 
and trypsin to myofibrillar protein ratios of I to 200 for varying periods of time. 
Trypsin hydrolysis was s topped by  addit ion of a 4-fold excess of soybean inhibitor, 
and the treated myofibrils again examined in the phase and electron microscope. 
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Fig. io. Micrographs of contracted rabbi t  myofibrils. Myofibrils were prepared and suspended in 
the same solution as in Fig. 9, bu t  containing o.I mM ATP in addit ion to the other  const i tuents .  
The ATP was added last  and 2 min after  ATP addit ion,  the myofibrils were sedimented at  2ooo x g 
for I rain and resuspended in 12o mM KC1, 5 ° mM Tris -HCl  (pH 7.6)- After this t r ea tment ,  the 
myofibrils are severely shor tened as is evident  bo th  in the electron micrograph (sarcomere lengths,  
o.95 p) of the sectioned pellet and in the phase microscope (inset). 17500 x ; inset, 2ooo x .  

Trypsin t reatment  caused the return of a distinct A-band, and a narrow I-band and 
H-zone (Figs. i I a  and I Ib) .  After I min of trypsin treatment,  about 20% of the sarco- 
meres displayed this "relaxed" banding pattern,  and if trypsin t reatment  was contin- 
ued for 4 min, about 80 % of the sarcomeres were "relaxed". Average length of the 
"relaxed" sarcomeres was 1.7/~, about 20-25% shorter than the average length of 
control sarcomeres before ATP contraction. Longer trypsin t reatment  caused no 
further increase in sarcomere length. Instead, it appeared that  length of trypsin 
t reatment  was related to the proportion of "relaxed" sarcomeres, and even those 
sarcomeres tha t  were "relaxed" after i min of trypsin t reatment  had average sarcomere 
lengths of 1. 7/~. Control samples, subjected to this same procedure, but  omitting the 
trypsin, remained supercontracted; this confirmed that  the observed "relaxat ion" 
was indeed due to trypsin. The electron micrographs in Figs. I I a  and I I b  demonstrate  
tha t  register and straightness of the thick filaments improves after trypsin t reatment  
(cf. Figs. io and i i ) .  Thin filaments are also cleally seen protruding from both sides of 
the A-band after trypsin t reatment  (Figs. I I a  and IIb) .  Since the thin filaments were 
completely drawn into the A-band during ATP shortening (Fig. io), their appearance 
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Fig. I I .  Micrographs  of r abb i t  myofibr i ls  a f te r  t r yps in  " r e l a x a t i o n " .  The  con t r ac t ed  myof ibr i l s  
shown  in Fig. IO were t r ea t ed  for 4 m i n  wi th  I pa r t  of t ryps in  to 20o pa r t s  of myofibr i l lar  p ro te in  
u n d e r  t he  following condi t ions :  12o mlVf KC1, 5 ° m M  Tris-HC1 (pH 7.6), o . i  mM CaCI2, 0.007 mM 
MgC12, 5.5 m g  myofibr i l lar  p ro te in  per  ml.  T ryps i n  d iges t ion  was s topped  by  a 4-fold add i t ion  of  
s o y b e a n  t r yps in  inhibi tor .  A l t h o u g h  Z-line d e n s i t y  has  been grea t ly  reduced,  a d i s t i nc t  A-band  
a n d  a na r row I -ba nd  and  H-zone  are ve ry  ev i den t  in the  phase  and  e lec t ron  microscope (sarcomere  
l eng th  is 1. 7 / ,  in a). a, 2140o × ; inse t ,  2o00 × .  125oo X. 

after trypsin treatment indicates that  some relative movement between the thick and 
thin filaments has occurred. Removal of the Z-line does not appear to be the primary 
cause of tryptic "relaxation" because occasionally a supercontracted fibril without 
Z-lines is observed. 

In order to estimate the proportion of myosin that  had been cleaved to light and 
heavy meromyosin during trypsin "relaxation", some of the "relaxed" myofibrils in 
Fig. I I  were dissolved in 500 mM KC1, 50 mM Tris-HC1 (pH 7.6), 0.05 mM CaC12 and 
5 mM ATP by gentle stirring for 14-16 h at 2 °. After clarification, the resulting acto- 
myosin was examined in the analytical ultracentrifuge (Fig. 12). As in the turbidity 
experiments (cf. Fig. 8), the actomysin solution from "trypsin-relaxed" myofibrils 
was sedimented both in 500 mM KC1, 50 mM Tris-HCl (pH 7.6), and in this solution 
plus IO mM Mg2+ATP to permit clear identification of any light and heavy meromyosin 
formed during the "relaxation" process. As determined by measuring areas under the 
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MINUTES AFTER REACHING 59780  rev.]min 

4,00rag MYOSIN B/ml, 500raM KCI, 

Fig. 12. Sedimentat ion of "trypsin-relaxed" myofibrils shown in Fig. i i. After " r e l axa t ion"  by  
4 rain of t ryps in  t r ea tmen t  as described in Fig. i i, the myofibrils were sedimented at  2ooo x g 
for io min, and enough 2 1VI KC1 and o.i  M ATP were added to bring the final concentrat ions  to  
o. 5 M and 5 raM, respectively. The myofibrils were dissolved by  st i rr ing gently for 14-16 h in 
500 mM KC1, 5 ° mM Tris-HC1 (pH 7.6), 0.05 mM CaC12 and 5 mM ATP at 2 °. This suspension was 
dialyzed against  several changes of 5oo mM KC1 for 24 h, then clarified at  15o00 X g for 20 min,  
and the supe rna t an t  examined in the ultracentrifuge.  Upper  (wedge) cell: 4.00 mg of ac tomyosin  
f r o m " t r y p s i n - r e l a x e d "  myofibrils per ml in 500 mM KC1, 5 ° mM Tris -aceta te  (pH 7.5), io mM 
MgCle, io mM ATP; lower cell: 4.00 mg of ac tomyosin  from "trypsin-relaxed" myofibrils per ml 
in 500 mM KC1, 5 ° mM Tris -aceta te  (pH 7-5). Phase plate angle, 65°; t empera ture ,  2o.o °. 

Schlieren diagrams 49, less than 35% of the myosin from 4-rain "trypsin-relaxed" 
myofibrils had been converted to light and heavy meromyosin, even though approx. 
80 To of the sarcomeres are "relaxed" by 4 min of trypsin treatment.We have consistent- 
ly observed in these experiments that  during the first 4-5 min of trypsin treatment,  
trypsin-relaxed myofibrils are present in quantitatively greater proportions than 
heavy meromyosin, I t  is also evident from Fig. 12 that  "trypsin-relaxed" myofibrils 
possess considerable amounts of ultracentrifugally normal actomyosin. 

DISCUSSION 

Together, the thlee lines of evidence presented in this paper show that  trypsin 
modifies the actin-myosin interaction in at least two ways: (i) a very rapid initial 
modification that  for purposes of the discussion here will be termed a "strengthening" 
of the interaction, since it is manifested by an increase in the Mg 2+ + Ca2+-modified 
ATPase activity and an increase in the rate of turbidity response; (2) a subsequent, 
slower modification that  will be called a "weakening" of the interaction since it is 
seen as a decrease in the Mg 2+ + Ca2+-modified ATPase activity, a decrease in the 
rate of turbidity development, and a lengthening of shortened myofibrils in the 
absence of ATP. The terms "strengthening" and "weakening" should not be interplet-  
ed in a strictly literal sense and are used here only for purposes of convenience. 

It  is clear that  our results are due to an effect of trypsin on the actin-myosin 
interaction and not solely to a tryptic modification of the active center of myosin 
NTPase. First, purified myosin does not give a turbidity response, and it is generally 
accepted that  the turbidity increase reflects some property of the actin-myosin 
interaction46, ~7. Therefore, that trypsin modifies the turbidity response of actomyosin 
suspensions shows that  trypsin is modifying the actin-myosin interaction. Second, 
although we have confirmed previous studies 5°, 51 that  trypsin can change the Ca 2+ 
and EDTA-modified ATPase activities of myosin alone when assayed under selected 
conditions, we have also shown that  trypsin causes large changes in certain NTPase 
activities of actomyosin without having any effect on the same NTPase activities 
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of myosin alone. This effect is particularly noticeable for the Ca2+-modified ITPase 
activity, where 30 min of trypsin treatment causes an 8-fold increase in the acto- 
myosin activity but has no effect on the myosin activity, and for the Mg 2+ + Ca ~+- 
modified ATPase activity, where trypsin causes a biphasic response in the actomyosin 
activity but has no effect on the myosin activity. Hence, although trypsin causes 
some changes in NTPase activity of myosin alone, it also causes other changes in 
NTPase activity that  are detected only when actin is present and that therefore must 
reflect alterations in the actin-myosin interaction. Since trypsin is able to alter cer- 
tain NTPase activities of actomyosin without altering the corresponding NTPase 
activities of myosin alone, our results confirm earlier findings52, a3 that the actin- 
binding site and the NTPase site are located in different parts of the myosin molecule. 
MARUYAMA AND NAGASHIMA 54 and CHAPLAIN 55 have recently reported that  trypsin 
changed some ATPase activities of myofibril or myosin B systems; however, these 
results were complicated by tryptic digestion of troponin and could not be interpreted 
as an effect of trypsin solely on the actin-myosin interaction. The use of reconstituted 
actomyosin in our study circumvented this problem. 

It is also well known that trypsin will cleave myosin into two subfragments, 
light meromyosin and heavy meromyosin. Our ultracentrifugal patterns demonstrate, 
however, that under the conditions used in this study only a small proportion of the 
total myosin is converted to light and heavy meromyosin during the first 4-5 min of 
trypsin treatment at trypsin to actomyosin ratios between I to 300 and I to 50o. Yet, 
our NTPase and turbidity results show that  the "strengthening" modification occurs 
within 1-2 min of trypsin treatment under these conditions, and our experiments 
with trypsin "relaxation" of contracted myofibrils show that weakening of the actin- 
myosin interaction can be detected before any substantial light and heavy meromyosin 
production has occurred. Consequently, it is clear that tryptic modification of the 
actin-myosin interaction is not due simply to cleavage of myosin to light and heavy 
meromyosin, but instead that  tryptic modification of the actin-myosin interaction 
normally occurs before cleavage to light and heavy meromyosin. Indeed, our ultra- 
centrifugal diagrams of trypsin-modified actomyosin indicate the presence of a trypsin- 
modified but ultracentrifugally normal myosin. 

Although a detailed mechanism for the two tryptic modifications that  we pro- 
pose here must await additional study, it may be suggested that the "strengthening" 
modification, at least, originates from a proteolytic cleavage in the "head" or sub- 
fragment i region of myosin. This suggestion is based on the observation that the 
"strengthening" modification is most easily detected when trypsin digestion is done 
at ionic strengths below o.15 and in the presence of Ca ~+. BIRO et al. 25, GRAF et al. 26 
and BRIO AND BALINT 56 have recently reported that  trypsin cleavage of myosin into 
light and heavy meromyosin is suppressed at low ionic strength or in the presence of 
Ca 2+, and that under these conditions, hydrolysis in the "head" or subfragment I region 
of myosin is favored. These observations indicate that  conditions favoring the "streng- 
thening" modification also favor proteolysis in the "head" region of myosin. Moreover, 
myosin is a rod-shaped molecule and both the light meromyosin portion and the light 
and heavy meromyosin cleavage site are physically separated from the actin-com- 
bining site in the "head" region of the molecule by 300 A or more. This is a considerable 
distance in molecular terms. It is easier to envision that  a trypsin-induced change in 
the actin-combining site would be caused by a direct effect of trypsin on a region 
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t h a t  is physical ly close to the  act in-combining site than  it is to suggest t ha t  such a 

change is caused by  an effect of t rypsin  on l ight meromyosin  or the light m e r o m y o s i n -  

heavy  meromyosin  cleavage region, both  of which are a considerable distance from 

the act in-combining site. 
Since t ryp t ic  modif icat ion of myosin  occurs before its conversion into l ight and 

heavy  meromyosin,  all heavy  meromyosin  preparat ions  will be modified. Therefore,  
our results provide  a simple explana t ion  for the  reports  2s-34 t h a t  the in teract ion of 

h e a v y  meromyosin  with act in differs from the in te rac t ion  of actin wi th  myosin  in 

several  respects. I t  is also possible t ha t  t ryp t ic  modificat ions of the kind we propose 

m a y  account,  at  least in part ,  for several  recent  observat ions tha t  in teract ion of 

myosin  with  ATP produces no, or only a ve ry  small, conformat ional  change in 

myosin  57-~s, whereas in terac t ion  of heavy  meromyosin  with ATP causes measurable  

changes in protein conformat ion 5s-6°. Consequently,  caut ion should be exercised in 

ex t rapo la t ing  exper imenta l  findings on t ryps in- t rea ted  actomyosin or heavy  mero-  

myosin  direct ly  to the  un t rea ted  actomyosin  or in tac t  myosin  systems. 
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