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.% I.! 31M ,k R Y  

Wh e n  the  g!ycelSnated,  b lended  and  washed fibrils of the cross-s t r ia ted skeletal  muscle 
of Limulus polyphe~nus are e x t r a c t e d  wi th  solutions of high KCI concent ra t ions  
conta in ing  p y r o p h o s p h a t e  or  A T P  the  A bands  are removed.  The pro te in  r emoved  from 
the  fibrils ( a pp rox i m a t e l y  38 2~, from the washed or  -i2 % from the g lycer ina ted  un- 
washed  fibril) consists  p r edomi na t e l y  of ac tomyos in .  This is in con t ras t  to  the results 
of s imilar  t r e a t m e n t  of r abb i t  fibrils in which myosin  with t races  of aet in is ex t rac ted  
when the  A bands  are removed .  

I.~-rRODVCXIO,~ ~ 

The  present  revival  of in teres t  in the  corre la t ion of s t ruc tu re  and  funct ion focuses on 
the  molecular  r a the r  t han  t issue or  organ  level. In  muscle,  where considerable  is 
known a bou t  the  biochemical  mechanisms of con t rac t ion ,  an  a t t e m p t  has  been made  
to  establ ish the  precise locat ion of the  cont rac t i le  proteins  within the myofibr i | s  of 
s t r i a ted  muscle (see reviewst,a)- The  me thods  ins t i tu ted  by  HH;~S.%EI.~ACI~ s and refined 
by  I-ItrxLEY AND HANSON 4-7 and  o t h e #  -t° have made  it possible to  now s ta te ,  with 
reasonable  assurance,  t h a t  mammal i an  and  bird myosin  is localized in the  A (aniso- 
tropic)  ba nd  of skeletal,  c ross-s t r ia ted  muscle.  On the  basis of this localization a r a the r  
in teres t ing concep t  of con t rac t ion  has been deve loped  ~, n ;  t h a t  is, t he  myosin  of the  
A band  pulls in fur ther ,  by  a " s l i p  and  c a t c h "  mechanism,  the smaller  f i laments of the 
I region which a l r eady  e x t e n d  in to  the  "A band*, 1~. 

In  the  p reoccupa t ion  wi th  the  " w a r m - b l o o d e d "  s t r i a ted  skeletal  muscle o ther  
types  of muscle,  wi th  p r e s u m a b l y  a similar con t rac t ion  mechanism,  have  been largely 

: over looked.  Alf l lough frog skeletal  muscle exhibi ts  much  the same fine s t ruc tu re  a_s its 
warm-b looded  ve r t eb ra t e  coun te rpa r t s  TM v, the  localization of i ts cont rac t i le  proteins  
is unknown.  The  muscle, of insects and  o the r  a r th ropods  reveals a banded  pa t t e rn  

• similar to  t h a t  of ve r t eb r a t e  muscle ~a, ~*, ~ a l though  o the r  studies ~ t~ seem to indicate  
t h a t  it lacks an  I band.  A t t e m p t s  to localize the  cont rac t i le  prote ins  in this muscle 

/ h a v e  no t  been successfLtl 1~,18. 

i * C o n t r i b u t i o n  n o .  235  f r o m  t h e  D e p a r t m e n t  o f  Z o o l o g y ,  .%mith C o l l e g e .  
i: ** A p r e l i n f i n a r y  a e e o u l t t  o f  t h i s  w o r k  h a s  a p p e a r e d  i n  Biol .  Bu lL ,  i t5  ( 1958 ) .  

.i::. i Relere'aces p .  t 57 .  
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Another  ar thropod,  Limtdus  polyphemus, whose muscle is superficially similar to  
v~rtebrate  s t r iated muscle TM, has sufficient muscle, a r ranged in more or less parallel 
bundles;  so t h a t  it can be glycerinated and  t rea ted  in a manner  comparable  to  the 
psoas muscle of rabbit  2°, 2~. We have  confirmed S.XI~KAR'S findings of the  contrac t ion  of 
glycer inated preparat ions  of Li fmdus  muscle and  have fur ther  found tha t  the A band  
of such preparat ions can be easily removed. I t  is thus possible to compare  di rect ly  a 
cold-blooded, s tr iated,  inver tebrate  muscle with the classical warm-blooded,  s tr iated,  
vertebrate  muscle which has been used so successfuUy ~1. 

MATERIALS AND METHODS 

LimtdJrs polyphemzts were killed by  cu t t ing  off all the legs wi th  tin snips and  allowing .. 
the animal  to bleed. Muscle for the exper iments  here descrihed was ob ta ined  f rom 
the dorsal and  ventral  sets of muscles joining the cephalothorax to the  abdominal  
e.xoskeleton. The exoskeMton in this region was cut a w a y  and  the  muscles exposed. 
Muscles, still a t t ached  at  both  ends to the exoskeleton,  were separa ted  into small 
bundles and t ied to wooden splints a t  rest length. Bo th  ends, af ter  tying,  were cu t  and  
the muscle, with its splint,  was placed in ice cold 50 % aqueous glycerol a°,2t. The 
muscles, after  24 h a t  o% were then  stored for 6 to Io  days  in the deep freeze a t  
approx ima te ly  - -  2o °. 

Prepara t ion  of washed fiblils was cssentiaUy the same as t h a t  used by  SZ~NT- 
GYdRGYI et al. 8 and V1LLAFRANCA 9 for rabbi t  psoa~. ~undles  of fibers were cu t  f rom the  
splints,  p l a c e d  on absorbing paper  to  remove excess glycerol, weighed and  cut ,  
t ransversely,  into small pieces. T h e y  were then blended for x 1/, to  2 rain in a War ing  
Blendor  in o.o4 2]I KC1 and  o.oo67 2~I phosphate  buffer, pH  7.4 (here-after to be 
referred to as "wash  solution").  I t  had  been noted  tha t  horseshoe crab muscle blended 
in this manner  did not  sat isfactori ly disperse into smaller uni ts  (either fibrils or 
isolated myofibrils) but ,  rather ,  t ended  to separate  in to  thick sheets of mater ia l .  
I t  had  also been noted TM t h a t  a r th ropod  musclo seemed more resistant  t h a n  ver tebra te  
muscle to breakdown and  dis integrates  into units  about  IOO t~ wide, which are 
somewhat  coarse. I t  was found tha t  longcr blending t imes usual ly  resulted in much  
foam and made  the preparat ions  difficult to handle  with no improvement  in comminu-  
t ion. Glycerol (5 ° %), o.155 M KCI, and  o . I  M ethylene d iaminete t raace t ic  acid 
(EDTA) solutions were tested for efficacy of dispersion with  blending t ime held to 

~' rain. The most  effective solution, however,  seemed to bc the "wash  so lu t ion" :  I/.2_ 

EDTA, very  interest ingly,  caused a tota l  d is in tesra t ion of the fibers. I t  was subse- 
quent ly  noted  tha t  larger amoun t s  of muscle (6 g or more) ra ther  t han  the 2 to  4 g 
employed in preparat ions x through 4 seemed to favor more homogeneous suspensions. 

The blended mater ia l  was washed 7 times, or unt i l  very  little protein appeared in 
the superna tan t  after centr i fugat ion.  The final residue was then  ex t rac ted  with  o.48 M 
KCI, o.oi  M pyrophosphatc ,  o.I  M phosphate  buffer p H 6 . 5 ,  o.ooI M MgCl~ 
(HASSELBACH-SCHNEIDER solution as employed by  H~xso.~ ~x,~D HL~xnEY t) or, in one 
case, preparat ion 4, wi th  0.3/1I KC1, o.x5 M phosphate  buffe'r pH  6. 5 and  2. IO -a M 
ATP (GuBA-STRAUB solution also as used by  HANSON AND HUXLEy4) .  

Phase contrast  observations were made  with  either ~: : .ritz Or tholux or an  A/O 
microscope and  the photographs were t aken  on Kodak  M plates with a Makam 
camera.  Material for the electron microscope observat ions was fixed with  x % osmie 
Re[erences p. ~.57. 
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acid in "wash solut ion".  F ixed  material  was  dehydrated with isopropyl  Mcohol, 
countersta ined wi th  z % phosphotungst ic  acid in is.opropyI alcohol and embedded 
in methacrylate .  Sect ions of this material  were examined under an RCA model  
E M U - z B  Electron microscope.  

Protein was es t imated as 6.a t imes the a m o u n t  of  nitrogen determined b y  the 
semi-micro Kje!dahl procedure. Crystalline disodium A T P  was purchased from 
Pabst  Co. 

R E S U L T S  

Washing  the  blended fibers in the  buffered "wash solut ion" removed  approximate ly  
7o % of the protein originally present in the glycerinated fibers (Table I). This was  
calculated rather than directly determined and ~s, undoubted ly ,  higher than the tzue 
value  due to  some loss  of  smaLler fibrils when the washings were decanted.  This  
suggests  a higher concentrat ion of  "soluble" sareoplasmic protein in Limuhts m u s d d  
than in rabbit psoas  muscle.  The latter yields 42 % s 5o 0o 9, or 28 % 7 under comparable  
condit ions .  

When  the  washed residue was extracted with  the HASSELBACH-SCHNEIDER or the 

T A B L E  I 

AMOUNT OF M.~.Tl~gI.nxL R~MOVED FROM GL'YCERINATED L i ~ m l u s  MOSCL:E: PREPAR:%TIONS 
B~" WASHIN~ 7 TL~IES WITH c-.o 4 : t I  K C I  A~x~ o . o o 6 7 2 h  r t~HOSt '~ lA~ BUFFER, p H  7-4 

Protein in Protein ~ Prole in  le]~ 
homogcna&r in f inal  tv~¢st~ liT. l~brils /: '.erccv2 le f t  

Prep. belore wash in fibrils 
( ~8) (rag) (rag) 

t 555 -7  9 - 2 4  14 ~-.° z 5 . 7  
2 5 t 6 . 8  4 . 0  148-7  28 -7  
3 534 .2  o . o  x 5 4 - 4  28 .0  
4 2 a o . 2  5 - 4 4  -6o.8  2 8 . 9  
6 92. ' : .o  - -  2 5 7 . 0  27 .8  
8 5 6 7  .0 - -  2 o i . 5  35 .5  

T A B L E  I I  

A N A L ~ * ' S I S  OF M . . X T I ~ R I A L  ] K X T R A C T I g D )  * . V [ T H  H I G H  C O N C ~ - - N T R A T [ O ~ S  OF K C I .  
F R O b l  T H E  " ~ V A S H I ~ D  F I B R I L S ,  

Extract. l '~ te ia  Prot¢i~t Percent mg prol. h'eL vise. .4 I 'P  
~rcp.  l ime ~n fibrils i~ extract RCt. vi~e. ( , ) in)  (rag) Dug) fibril extrctc~ p~r mt A T P  sons. 

I i~. I 5 50 .4  13.4 2 6 . 6  1 .68  I .Ot~ I "34 74"7 
: b  30  50 .4  1 4 . 0  z 7 . 8  I .  75 1 .73  1 .39  7 z . 8  
~'~ 5 4 o . 6  14.5 3 5 . 7  1-53 • .46  I .  24 67.  3 
2 b  t o  4 0 . 6  16. 4 4 0 . 5  x -74 r .48  1.2 7 6 7 . 9  
2e  t 5 4 0 . 6  18.1 4 4 . 7  1 .92  ~ . 4 6  L 2 6  - 65.  r 
3 ,  t 5 E 2:6. 4 48 .3  38,  2: 2 . 4 6  2 . 3 2  r . 57  87 .2  
4 1t5 4 t . 7  t 7 - 8  4 " . 7  1-99 - -  1-58 - -  
5 a 3 1 9 . o  I z 8 . 2  4 o . z  3 . z  t 5- t o  i .85 1 6 5 . 0  
6 15 I 9 0  .0 9 3 - 3  4 6 . 9  x . 3 o  2 . 4 5  1 .65  78.2  
8 15 I o 4 - 5  4 o-1 38 -3  1-34 3 . 6 0  L 8 9  t o I  .o  

" E x t r a c t e d  w i t h  o, 3 ;W KC1, o . I  5 J I  

.:ii: R,~#yences p .  157. 

p h o s p h a t e  b u f f e r  p H  6.5 ,  a n d  2 - x o  -3 ~ I  A T P .  



15o  c . w .  D~ VII.~AFRANC~ at al. VOL. $ 4  ( I959)  

Fig. t, Phase coutrast  mlcrograph of mfis~i~:~,v~sh6~l!:~"~Jmes with "wash solution". Prep. 5. 
Magnification 682 x .  

l:ig. 2. Phase contrast  micrograph of the same fibrils as in Fig. t but  after  extraction with 
tD~SS~L~ACH-ScH.X'EI*o~'R solution. Photograph taken 2 rain af ter  flooding the slide with the 

extracting solution. Magnification 682 ×.  

GUBA-STRAUI~ s o l u t i o n s  a n  a v e r a g e  of 38,2 % of  t h e  f ibr i l  p r o t e i n  w a s  r e m o v e d  
(Table  I I ) .  T h e  a m o u n t  e x t r a c t e d  is i n c r e a s e d  s l igh t ly  w i t h  i n c r e a s e d  t i m e  of  e x t r a c t i o n  
a s  c a n  be  seen  in t h e  t a b l e  (preps .  In ,  b or  2a, b,  c), R e - e x t r a c t i o n  of t he  f ibr i ls ,  in  t h e  
one  case  a t t e m p t e d  (prep .  8), n e t t e d  o n l y  4-4 % a d d i t o n a l  m a t e r i a l ;  i .e. a t o t a l  of  
42.7 % of t h e  w a s h e d  fibri l .  F r o m  t h e  v i s c o s i t y  d a t a  ( A T P  sensi t ivi ty**)  i t  is r e a d i l y  
a p p a r e n t  t h a t  t h e  e x t r a c t e d  m a t e r i a l  r e p r e s e n t s  a p ro t e i~  s o l u t i o n  c o m p a r a b l e  to  
a c t o m y o s i n  f r o m  r a b b i t :  t h a t  is, w h e n  A T P  w a s  a d d e d  to  t h e  e x t r a c t  t h e r e  f o l l o w e d  
a p r o n o u n c e d  d r o p  in v i scos i ty .  I t  is, f u r t h e r m o r e ,  e v i d e n t ,  s ince  t h e  i n c r e a s e d  

Re[ere~wes p. Cq7" 
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i!i ! ! i 
Fig.  3- E l e c t r o n  m i c r o g r a p h  of  m u s c l e  w a s h e d  7 t i m e s  w i t h  " w a s h  s o l u t i o n " .  Ma te r i a l  t h e  s a m e  

as in  Fig. i (prep .  5}- l~lack l ine  is t m i c r o n :  m a g n i f i c a t i o n  18,5oo ~<. 

i ex t rac t ion  t ime does not  great ly  change the  ATP sensit ivi ty,  tha t  ac tomyosin  is 
)i ex t rac ted  as such, ra ther  than  first an ex t rac t ion  of myosin which is then followed by  a 
::i d is rupt ion of the fibri]s allowing more and  more act in to go into solution. When 

prep. 4 was dialyzed for 20 h against  o.o 4 3,I KC! tile precipitate exhibi ted an ATP 
• sens i t iv i ty  of 43 in o.6 M KCI. 

In an a t t e m p t  to assay the amount  of ac tomyosin  present and  to ascertain 
: whether  any  other  protein was ext racted from the fi bri|s, the ext rac t  of preparat ions 6 
:: and  8 were d i lu ted  with  IO vol. of ion-free cold water  and  the resulting precipitate 
! collected by centr i fugat ion.  The precipitate (67.5 and  74.3 % of the extract) ,  when 

dissolved in 0.6 , l l  KCI, exhibi ted tile typical  ac tomyosin  viscosimetric response upon ":! • 

: the addi t ion  of ATP (ATP sensitivities of ioo and 118 respectively). In o . I5 .1I  KC1 it 
:i exhibi ted  the  typical  superpreeipi tat ion reaction when ATP was added:  at  o.3 M KCI 

the  precipi tate  which was present appeared to go into solution in the presence of ATP. 
~: The ATPase ac t iv i ty  wa~ i2oo and  240o gamma P/rag protein/h at  pH 9.o, o.oo5 31 

CaC12 and  o.o6 M KC1. Al though the ATPase ac t iv i ty  and soluhil i ty properties ( that  
i s ,  soluble in high salt and  insoluble in low salt) cannot,  a t  this-t ime,  distinguish 

between aetomyo~in and myosin,  they  do, ho~'ever, le'nd -~upport to the view t h a t  
i myosin,  or actomyosin,  has been ex t rac ted  from the Iihrils. The ('i:~cosit~¢ response and  

:: Re/erences p. t57. 
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F i g .  4.  A s  i n  F i g .  3- C r o s s  s e c t i o n s  t h r o u g h  t h e  A b a n d ,  r e g i o n  i n  t h e  u p p e r  r i g h t  h a n d  c o r n e r  o f  
t h e  p h o t o g r a p h .  L i n e  i8 I m i c r o n :  m a g n i f i c a t i o n  4 8 ~ o o o  × .  

superprecipitation r ,~ct ion definitely indicate that it is aetomyosin rather than 
myosin.  

v~q~ether the material (about 3o %) which does not precipitate when the ionic 
strength of the extract is lowered with xo vol. of water is EPS, 9 cannot be definitely 
stated at this t ime. Ultracentrifugal analysis of the extract  itself (prep. 8) shows at  
least three distinct peaks with approximate sedimentation constants (Sao) oi 22.o2, 
II .33,  and 6.24. 

The striations of Li~u lus  muscle fibrils washed 7 times were completely  preserved 
through the wa_~hing.~ (Figs. r and 3), and the fibrils also retained their abil ity to 
contract upon the addition of ATP in o.o 4 M KC1 and o.4 lh r MgCI 2. No lengthy 
Re/erences p. i57.  
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• F ig .  5- E l e c t r o n  m i c r o g r a p h  o f  w a s h e d  m u s c l e  (p rep .  5) b u t  a f t e r  e x t r a c t i o n  w i t h  HASSELBACtt- 
SCU~rIDnR s o l u t i o n :  t h a t  is, t h e  ma te r i a J  is c o m p a r a b l e  t o  t h a t  in  Fig.  z. L i n e  ~s t m i c r o n :  

m a g n i f i c a t i o n  t8 ,ooo  × ,  

: discussion of the  fine s t ructure  of this  muscle will be included here*: i t  is sufficient 
• to point ou t  t ha t  the A, I, and  Z bands characterist ic of ver tebra te  muscle are also 

present  in L i m u l u s  muscle (Figs. I and  3). As in the Coleoptera TM no M line has ye t  
been observed. This is in cont ras t  to other a r thropod muscle la-la. I t  wiU be noted  t h a t  
the  A b a n d  consists of large fi laments about  r5o A in diameter .  The A band  also 
contains mater ia l  of smaller d iameter  (60 A) which either m a y  exist  in the  form of a 
ring a round  the  larger f i laments (as in Fig. 4, cross-section), or as cross-bridging 
" f i l aments"  between the large fi laments,  or as the secondary fi laments of HCXLEY ~z. 
The precise a r rangement  cannot  be definitely" s ta ted  at  this t ime.  Similarly, the Z band  
appears  to  be f i lamentous in s t ructure  (Figs. 3 and  5)- 

When  the  washed fibrils were ex t rac ted  with the " m y o s i n "  extracfives the  A 
b a n d  disappeared complete ly  leaving behind the Z bands (Figs. 2, 5, 6, and  7)- 
Fig. 2 shows the  same fibrils as in Fig, z but  af ter  tile ex t rac t ing  solution had  been 
drawn under  the cover slip of the phase contras t  microscope. Fig. 8 shows a similar, 

• b u t  longer (3o rain as opposed to 2 rain) t ime sequence of ext rac t ion  of ~ ing le f ib r i l .  
The electron micrographs were made from the residual plug af ter  the ext rac t ion  

mix ture  was centrifuged. The small  " f i l aments"  (Fig. 5) are apparen t ly  lined up, which 

* M. '*nuscript  on  t h e  fine s t r u c t u r e  ~f L 0mt lus  m u s c l e  is in p r e p a r a t i o n .  

Ret*un~es p. 1.57. 
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. Fig. 6. As in Fig. 5- Fibrils ,,'ere probably con~aeted befo~::~:~~ HASSELSACtI-SCH,'~I~DER extraction. 
Line is t micron: magnification 6,ooo ×. 

m a y  be due either to  the fact tha t  the fibers are more s t re tched than  in Figs. 6 and  7 
(sarcomere length 5.o/~ as opposed to 2. 7 t~) or, possibly, tha t  only  part  of the large 
f i laments have been ext racted.  The Z bands  (Fig. 5) can be seen as a parallel a r r ay  of 
in termedia te  sized filaments. In  Figs. 6 and  7 the f i laments of the  Z band,  or perhaps 
of contract ion bands,  run more or less t ransverse ly  to the  major  axis. The residual 
mater ia l  here is more disorganized t h a n  in Fig. 5: this is appa ren t ly  more typical .  
They  are probably not  act in f i laments since ex t rac t ion  of such fibrils (prep. 8) wi th  
a o.6 M K I  - 0.0005 M ATP mixture  yielded a low viscosity solution af ter  prolonged 
dialysis against  several changes of o.oo05 M ATP. The viscosi ty did not increase when 
KC1-MgCI 2 were added but ,  rather ,  decreased slightly.  

Whether  or not  the vesicular mater ia l  present in a lmost  all of the electron 
micrographs represents the endoplasmic re t iculum 2a is unknown:  it is, however,  
interest ing to note tha t  they  aggregate a round  the Z bands and  between myofibrils.  
They  m a y  represent a primitive conduct ing sys tem similar to the a r rangement  
pos tu la ted  f.or-:vertebrate muscle ~4. A few of them m a y  re.present mitochondriai  
mater ia l  with inner s t ructure  (see Fig. 6). 

1¢efer~mces p. 1.~7. 
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Fig .  7- As  in Fig .  6 b a t  a t  a h i g h e r  m a g n i f i c a t i o n  to  s h o w  t h e  f ine f i l a m e n t s  {about  60 A) lef t  a f t e r  
a c t o m y o s i n  e x t r a c t i o n .  L i n e  [s i m i c r o n :  m a g n i f i c a t i o n  42,5oo × .  

DISCUSSION 

I t  is of in teres t  to no te  tha t  the  s t r ia t ions of horseshoe crab muscle are quite  similar 
to  those  found in ve r t eb r a t e  skeletal  muscle. As prev ious ly  repor ted  by  JoRa}A.~ w, we 
also found a d is t inc t  I band,  as well as A and  Z bands.  This pa t t e rn  is similar to tha t  
r epo r t ed  for g lycer ina ted  prepara t ions  of blowfly musc!e m and  for the crab 
(Pa.ragrap~t~s) 13 a l though  the  horseshoe crab differs from the  bloodily in tha t  it 
a p p a r e n t l y  lacks an  M line. The L i m  ulus muscle pa t t e rn  differs f rom some insect muscle 
p repara t ions  ~5-~ which do not  show a dis t inct  I band  but  do exhibi t  M !ines. E v e n  
wi th in  the class Insec ta  there  are differences since the firefly m a y  weU be lacking an 
M line t~. I t  is po~ i b l e  tha t  different  me thods  of f ixat ion bring out  differences in the 
cross-s t r ia ted  pa t t e rns  and  tha t  the differences men t ioned  here might  not  be real. If, 
however ,  such real differences do exist  one mus t  procr.ed wi th  caution,  as in the  past ,  
in fo rmula t ing  theories  of con t rac t ion  on pure ly  morphological  grounds alone or on 
the  m o r p h o l o g y  of one specialized muscle. 

Whe n  t r e a t ed  in precisely the  same manne r  as rabbi t  psoasS, ° L i m u l u s  muscle 
yields subs tan t i a l ly  different  results. When ex t r ac t ed  with mammal ian  myosin  
e x t r a c t a n t s  the  A band  and its large f i laments d isappear  as they  d.o in the mammal ian  

Re/erences p, 157, 
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F i g .  8, Se r i e~  o f  p h a s e  c o n t r a s t  m i c r o g r a p h s  o f  t h e  s a m e  f ib r i l  d u r i n g  t h e  c o u r s e  o f  e x t r a c t i o n  w i t h  
HASSE, Lk;AGH-SCHNEIDER s o l u t i o n  u n d e r  t h e  m i c r o s c o p e .  T i m e  b e t w e e n  A a n d  D w a s  a p p r o x i m a t e l y  

3 ° r a i n .  M a g n i f i c a t i o n  845 >(. 

muscle but  instead of myosin,  wi th  traces of actin,  ac tomyosin  as such is ex t r ac t ed  
from the horseshoe crab. Apparen t ly  ac tomyosin  exists as a discreet en t i ty  in the 
L i m u b u s  muscle ra ther  than  in a par t ia l ly  dissociated form, actin and  myosin ,  or 
myosin  layered over act in as m a y  be the ease in rabbit  muscle xz. 

All a t t empt s  made to ext rac t  myosin,  direct ly  and  wi thout  actin,  from ar thropod  
muscle have failed 25-er. E i ther  ac tomyosin  is ex t rac ted  or else no contract i le  mater ia l  
is removed.  This appears to be t rue  of the amphibians~S, 2~ and m a y  be t rue  of cold- 
blooded animals in general. The work reported here thus  s t rongly  supports  a difference 
in protein binding in the cold-blooded vs. the warm-blooded animal.  

I t  is now general ly believed tha t  myosin  makes up the major  port ion of the lkrge 
(IIO ±~) fi laments lying in the A band  of ver tebrate  skeletal muscle, while act in  
filamealts run from Z band  to H zone TM. Where  E P  8, 9 ac tual ly  resides is, a t  the moment ,  
unset t led.  If  one, therefore, argues by analogy the  case of L i m ~ d u s  muscle, the d a t a  
presented here s t rongly support  the hypothesis  tha t  in the muscle of this animal  the  

Re]erences p.  2 57. 
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large  f i l a m e n t s  o f  the  A b a n d  are fo:'mcd of  a c t o m y o s i n  : the  a c t i n  mad m y o s i n  m o i e t i e s  
p r o b a b l y  b e i n g  m o r e  f i rmly  un i t ed .  If this  is true  t h e n  it b e c o m e s  m o r e  diff icult  to  
v i s u a l i z e  a "sl ip a n d  c a t c h  +" m e c h a m s m  of  c o + t r a c t i o n  in w h i c h  the  m y o s i n  pul l s  t h e  
a c t i n  in to  t h e  A b a n d  reg ion  z,-',ll ,  It is t rue  tha t  sma l l er  " f i l a m e n t s "  r e m a i n  a f t e r  
a c t o m y o s i n  e x t r a c t i o n  but  w h a t  t h e y  are,  m o r p h o l o g i c a l l y  o r  c h e m i c a l l y ,  ha,; no t  b e e n  
d e t e r m i n e d .  T h e  o n e  e x p e r i m e n t  repor ted  here  suggu.~ts tha t  t h e y  are n o t  ac t in  b u t  
m a y  be t r o p o m y o s i n .  I t  s e e m s ,  t h e r e f o r e ,  m o r e  probab le  t h a t  in Limtdus the  a c t o m y o s i n  
c o m p l e x  f u n c t i o n s  as  a un i t .  %Vo can  n e i t h e r  s u p p o r t  nor  d i s p r o v e  a "sl ip a n d  catch'" 
m e c h a n i s m  but ,  ra ther ,  s , lgges t ,  if th is  h y p o t h e s i s  be fo l l owed ,  t h a t  a n o t h e r  e l e m e n t  
(o ther  t h a n  act in)  m i g h t  s .  rvu as  tim " p a s s i v e "  f i l a m e n t  of  t h e  I b a n d .  

.%C KN()%VLI']  I)( ;I'] ,Mt" S T 5  
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