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X-ray diffraction patterns from muscle 

A p re l im ina ry  s t u d y  of the  diffract ion p a t t e r n s  from lnuscles of a mar ine  inver teb ra te ,  us ing 
bo th  low and wide-angle  X- ray  d i f f r a c t i o n  techniques,  has  been under taken .  The inves t iga t ions  
were carr ied  out  on the  r e t r ac to r  muscle  of the  s ipuncul id  D e n d r o s l o m u m  c ) ,modoceae  I (a new 
species). The muscle  appeared  to conta in  only  Type  I I  fibrils 2 with an axial  period of 42o ..\ 
and  a t r ansve r se  per iod of 39o A. The wide angle p a t t e r n  gives the  usual  (z d iagram and, also, 
a series of mer id iona l  reflections which are very  well developed.  The spacings  of these reflections 
coincide wi th  those of F-ac t in  a. Crvstalline, ma te r i a l  wi th  imperfec t  o r i en ta t ion  poss ibly  re la ted  
to the  LOTMAR-PICKEN patterna,5,6,:  has been observed.  These reflect ions d i sappeared  af ter  the  
muscle  had  been ex t r ac t ed  wi th  water .  Similar  behav iour  of muscle  specimens  showing  the  
LOTMAR-PICKEN p a t t e r n  was found by  prev ious  invest igators6,L 

The diffract ion a p p a r a t u s  and  t echn ique  has been descr ibed in de ta i l  e lsewhere ~. The specimen 
to film d is tance  was 22 cm for low-angle  diffract ion and 4 cm for the  wide-angle  camera  which 
recorded spacings  from 2.8 A to 3 ° A on a f lat  p la te  film. The X- ray  specimen consis ted of a 
s ingle fibre as each of the two re t r ac to r  muscles are of o p t i m u m  th ickness  for X- ray  diffract ion 
us ing n icke l  f i l tered copper  rad ia t ion .  

The large ax ia l  and t r ansve r se  per iods  were first inves t iga ted .  The muscle  was washed  in 
dis t i l led  wa te r  for ½ hour  and  e x a m i n e d  in the  we t  s ta te .  A fibre axis  per iod of d = 14o A was  
ob ta ined  w i t h  an exposure  of 2 hours.  This reflection was qu i te  sharp  and free from the  b a c k g r o u n d  
sca t t e r  near  the  beam stop. This spac ing  agrees wi th  the ax ia l  per iod d -- 420 A given by  HUXLEY 9 
for l iv ing  frog sa r to r ius  muscle  a s suming  t h a t  the  d = i4o A reflect ion is the  3rd order of the  
accepted  ax ia l  period. The first order  of this  spac ing  would  have  been obscured by  the  r a the r  
in tense  b a c k g r o u n d  close to the  beam stop due to con t inuous  low angle  sca t t e r  from the  muscle.  
The first and  second orders  of the  t r ansve r se  per iod d = 39o A were resolved af ter  an exposure  
t ime  of th ree  hours.  The reflect ions in th is  case were c o m p a r a t i v e l y  diffuse diffract ion m a x i m a  
and the  large per iod d = 39 ° A was the  e s t i m a t e d  average.  This  va lue  agrees wi th  the  obse rva t ion  
of HUXLEY 9 t h a t  l iv ing muscle  consists  of long molecules,  a r r anged  in an hexagona l  array,  
45 ° A apa r t .  

W i d e  angle  p a t t e r n s  t a k e n  in the  wet  s t a t e  were s o m e w h a t  unsa t i s f ac t o ry  due to the  large 
a m o u n t  of w a t e r  present .  The muscle  was p inned  a t  no rma l  l eng th  (the u n c o n t r a c t e d  s ta te)  and  
washed  wi th  dis t i l led  wa te r  for a few seconds only  and then  air  dr ied which requi red  abou t  
th ree  days  to complete .  A t yp i c a l  p a t t e r n  is shown in Fig. i f rom muscle  which  has  been air  
dr ied for 2.5 hours.  In  add i t i on  to the  muscle  pa t t e rn ,  there  are a n u m b e r  of p a r t l y  o r i en ta t ed  
r ings  h a v i n g  a g r a iny  t e x t u r e  in which reflect ions due to i nd iv idua l  c rys ta l l i t e s  can be seen. 
All  the  reflect ions were to some e x t e n t  arced on the  mer id i an  wi th  the  excep t ion  of a s t rong  
equa to r i a l  arc a t  d = 4.86 A. This c rys ta l l ine  p a t t e r n  appea red  only  af ter  the  muscle  was dr ied 
and  the  o r i en ta t ion  con t inued  to develop  as the  muscle  dried. The o r i en ta t ion  in the  r ings va r i ed  
a t  different  s i tes  a long the  fibre a l though  the  same spacings  were a lways  observed.  The spacings  
and e s t i m a t e d  in tens i t i es  of the  reflect ions from this  c rys ta l l ine  m a t e r i a l  are g iven in Table  I. 

The spacings  5.97 A, 3.68 A, and  4.86 A also occur in the 
"FABLE I 

SPACINGS OF REFLECTIONS WITH 
ESTIMATED INTENSITIES 

Crystalline material i~luscle 
Meridional Arc Meridional A rc 

5 . 9 7  v w  26. 5 m 
4.59 In 18.o m w  
4.26 m w  13.4 m w  
3.68 s lO.8 s 
3.15 m 9.05 s 
3.o7 m 7-75 m w  
2.99 w 6.80 m 

5.76 v w  
Equatoriat A rc 5. I o v s 

4.86 s 4.53 m 
4 . 2 9  m w  
3.89 w 
3.57 w 

LOTMAR-PICKEN pa t t e rn .  However ,  the  first l aye r  line re- 
f lection 4.86 A of the  LOTMAR-PICKEN p a t t e r n  was on the  
e qua to r  whi le  the  equa to r i a l  ref lect ions occurred as meridi-  
onal  arcs. The  other  spacings  g iven in Table  I do not  agree 
wi th  the  LOT~tAR-PIcKEN X - r a y  pa t t e rn .  

The musc le  which gave  the  p a t t e r n  in Fig. r was  
washed  in dis t i l led  wa te r  for four hours  and  air  dr ied for 
four days.  I t  t hen  gave  the  di f f ract ion p a t t e r n  shown in 
Fig. 2. In  add i t i on  to the  usua l  a muscle  pa t t e rn ,  i t  has  
a n u m b e r  of mer id iona l  reflections. The mer id iona l  spacings  
and the i r  e s t ima ted  in tens i t i es  are g iven  in Table  I. These 
spacings,  wi th  the  excep t ion  of the  5 . lo  A reflect ion of the  
a pa t t e rn ,  agree closely wi th  those  g iven  by  ASTBURY 3 for 
F actin.  The only  differences are t h a t  a ve ry  weak  ref lect ion 
a t  5.97 A has been recorded, bu t  none a t  5.3 A and the  
ac t in  reflections 3.1 A and 2.8 A descr ibed as ve ry  weak  
have  not  been de tec ted  in this  muscle  pa t t e rn .  I t  m a y  be 

Spacings  g iven  in A n g s t r o m  units .  Le t t e r s  ind ica te  in tens i t i es  as follows: v s  ~ ve ry  s t rong;  
s = s t rong ;  m = m o d e r a t e ;  m w  = m o d e r a t e l y  w e a k ;  w = weak ;  v w  = ve ry  weak.  
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Fig. r. A typical  diffraction pa t t e rn  from air dried muscle (× 1.7). 

Fig. 2. Diffraction pa t t e rn  after extract ion with distilled water  (X t.7). 
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noted tha t  the s trong reflections corresponding to 9.05 A and lO.8 A occur [is more extended 
arcs merging into the equatorial spots. The observation of this series of meridional reflections 
in such detail war ran ts  fur ther  investigation and it is proposed to continue with this work. 

I am indebted to Mr. S. J. EDMONDS for the supply of the muscles and for his assistance 
in their preparat ion.  I t  is a pleasure to thank Dr. S. G. TOMLIN for his encouragement  and interest  
and Professor W. T. ASTBURY for a valuable discussion during his visit to this University. 
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Heat stable protein from skeletal muscle 

A substance having the general propert ies of a protein has been isolated from muscle by  the 
following method : 

Four -hundred  grams of ground beef are stirred with 32o ml of 2 M MgC12 and 88o ml of 
water  containing 12 ml of N HCI. The suspension, the p H  of which should be 4.5, is heated to 
9o ° and filtered hot. The filtrate is neutralized with NaOH and treated with i volume of methanol.  
The precipitate is sedimented and dissolved in 35o ml of o.4M MgC12 adjusted to p H  5.o. The 
solution is heated to 9 o°, the precipitate discarded. The superna tan t  is neutralized, the precipitate 
again discarded. The superna tan t  is dialyzed at 4 ° against 2o volumes of distilled water. The 
protein crystallizes in the form of thin needles or coarse sphenoids (Fig. 1). Crystallization is 
repeated by the same procedure. The yield is o. 4 g. The same method has yielded material  of 
the same crystalline appearance when applied to human  muscle. 

The extract ion of the protein was unsuccessful when NaCI or BaC12 was used instead of 
MgC12. Crystallization did not  take place in the absence of Ca, Ba or Mg. MnCI 2 and CoC12 dissolved 
the protein bu t  did not  promote  crystallization. Zn and heavy metals did not  dissolve it. 

I t s  solubility was approximate ly  as folh)ws: In the absence of salt, above pH 7 and below 
p H  4; in o .o2M MgC12, only below pH 4; in o .4M MgC12, only above pH 5- 

The crystalline preparat ions  yielded a high ash (6.i % when BaC12 was used for crystalli- 
zation). This decreased to o.25 % after dialysis against o.oi N HC1. Nitrogen content  was J 4.0 %, 
carbon 42.6 % ; phosphorus  and sugar  were not  detected. 

The viscosity of solutions in o.41tl MgC12, p H  7.o, was measured at 3 °°  in Ostwald type 
pipettes and yielded an intrinsic viscosity It/] = 0.38. Hence 1, Simha's  factor v = [~/] loo/~ = 5~ 
(assuming o.74 for the part ial  specific volume ~); hence 2, an axial ratio of 24: 1. 

The protein was homogeneous in the ultracentrifuge in o.4:~¢ MgC12, pH 7.o, and yieMed 
s = 2. 7" IO -13 at infinite dilution. F rom this and the axial ratio, with the help of the simplified 
form of Perr in 's  equat ion a, the following values were obtained : radius of an ellipsoid of revolution, 
b = 1.o 3 mt~; semi long axis, a = 25 m/~; molecular weight = 91,ooo. In  O.olN HC1, p H  2.5, 
ul tracentr ifugation revealed two components,  whose sedimentat ion rates at zero concentrat ion 
appeared to be of the order of magni tude of 2 and 3' lO 13 very approximately.  The curve relating s 
to concentrat ion was, however, so convex toward the origin tha t  no satisfactory extrapolation 
could be made. 

The substance shares with the other muscle proteins, myosin 4, actin 4, and the pepto- 
nlyosins*,5, 6, the proper ty  of being insoluble in high salt concentration at p H  below 4- I t  resembles 
peptomyosin  B 6 in molecular shape, being slightly less elongated. However, since the sedimen- 

" Peptomyosin  A also is insoluble below pH 4 in 31 NaC1. This fact was not stated i n  the 
original description. 


