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In a previous paper 1 we have reported extraction experiments on muscle proteins 
f rom no r ma l  and vitamin-E-deficient rabbits. We stated there that,  in muscular dys- 
t r o p h y  produced by vitamin-E deficiency, there is a progressive decrease in the acto- 
myosin content of the muscle extract.  Myosin may completely disappear in the advanced 
states of dystrophy. In our opinion this is not  merely due to a decrease in extractibility, 
but  also to a real loss of such proteins. This opinion was supported by the study of the 
optical behaviour of both normal and dystrophic muscle fibres ~. On the contrary, actin 
was found to have undergone no significant quantitative changes during the dystrophic 
process. 

In the present paper we wish to report experiments on the qualitative changes of 
muscle proteins from dystrophic animals as shown by the study of the optical behaviour 
of protein solutions, namely their double refraction of flow (D.R.F.). 

MATERIALS AND METHODS 

Young rabbits (body weight 65o-700 g) were divided into three groups: the first group: Was 
kept on a normal diet of bread and green vegetables; the second group was fed the vitamin-E-deficient 
diet of HOUCHIN AND MATTILL n slightly modified*, the third one was kept on the same diet, supple- 
mented with vitamin E (2o nag given twice a week by mouth). 

The progress of the dystrophic process was estimated from the rapid loss of weight of the 
animals. On the average, dystrophic rabbits died 35-45 days after the beginning of the experiment. 
Animals of the third group showed curves similar to those of rabbits fed the normal diet (group I). 
Animals of the second group were killed i. towards the end of the dystrophic process when the 
rabbits became unable to right themselves when pushed over, 2. at intermediate stages of dystrophy. 
Animals of th~ :third group were killed after the same or longer experimental periods than animals 
of the second group. 

Extraction of the different muscle proteins was carried out according to the technique of 
SZENT-GY~RGY110 for myosin and actomyosin**, and of FEUER et aL Ii for actin. Myosin was purified 

* 20 % cellophane was substituted by io % homogenized filter paper, 9 % starch and 1% lard. 
~* Myosin is actin-free myosin and corresponds to L-myosin of SCHRAMM AND WEBER14. ' Acto- 

myosin is the fraction of myosin precipitated by actin during the preparation of myosin (1.5% 
actomyosin according to SZRNT-GY~RGyI10). 
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accord ing  to  SZENT-GYoRGYI I0 and  a c t o m y o s i n  reprec ip i ta ted  twice.  The  h o m o g e n e i t y  of our  pro te in  
f rac t ions  was  also oocas ional ly  checked  by  e lect ron microscopic  e x a m i n a t i o n s .  

The  compos i t ion  of t he  so lvents  of  the  pro te ins  will be found  a t  t he  head  of t he  t ab les  s u m m a -  
r izing our  expe r imen t s .  

The  D .R .F .  was  m e a s u r e d  u s i ng  a Gerend~s  glass cell m a d e  accord ing  to t h e  d imens ions  g iven  
b y  t h e  a u t h o r  xa *. This  cell was  m o u n t e d  on a Lei tz  polar izing microscope.  The  ve loc i ty  g r ad i en t  
(6,ooo) was  ca lcu la ted  accord ing  to  GERENDJ, S. This  is far  beyond  the  r ange  in wh ich  t h e  D . R . F .  
is  af fected b y  t e m p e r a t u r e  and  v iscos i ty  a- s. Oa r  m e a s u r e m e n t s ,  however ,  were a lways  carr ied ou t  a t  
4 ° C for m y o s i n  a n d  ac tomyos in ,  a n d  a t  x8 ° C for act in.  

E x c e p t  in those  e x p e r i m e n t s  in wh ich  p ro te in  concen t ra t ion  h a d  to be  var ied,  we tr ied to keep  
it  a t  t he  s a m e  level  (es t imated  as  I~ b y  t he  Kje ldah l  method) .  W i t h  dys t roph i c  rabb i t  musc les  th i s  
was  n o t  a lways  possible,  especial ly  for myos in .  

The  birefr ingence angle  ~v of each  p ro te in  solut ion as well as  t h e  r e t a rda t i on  R m e a s u r e d  wi th  
a 5 m m  Bereck  compensa t o r ,  were de te rmined .  I n  order  to m a k e  all m e a s u r e m e n t s  u n d e r  c o m p a r a b l e  
condi t ions  R was  e s t i m a t e d  a f te r  h a v i n g  measu red  t he  angle  ~ and  h a v i n g  ro t a t ed  t he  p lane  of  
po lar iza t ion  f rom the  posi t ion co r respond ing  to comple te  ex t inc t ion  to an  angle  of 45 ° . 

RESULTS AND DISCUSSION 

The values of ff for actomyosin and myosin solutions corresponding to normal and 
dystrophic rabbits  are reported in Tables I and III ,  Table I I  shows the values of ~b 
and R for actomyosin solutions at  different concentrations of protein. I t  can easily be 
seen tha t  the value of ~b for actomyosin are of the same order as those found by  YON 
MURALT AND EDSALL 7 for the then called "myosin"  extracted with Weber solution. 
The variations may  be due to different methods of extraction which may  yield acto- 
myosin of  different composition. 

T A B L E  I 
DOUBLE R E F R A C T I O N  OF  F L O W  OF  A C T O M Y O S I N  FROM N O R M A L  A N D  V I T A M I N - E . D E F I C I E N T  RABBITS.  

Values  of ~0 (:~ I °) of  a solut ion con ta in ing  i , ioo-- i ,2oo m g  N'[I. 
T e m p .  4 ° C; ve loc i ty  g r ad i en t  6,0o0. 

Rabbits on normal Rabbits on H. and M. Rabbits on 1t. and M. diet 
die~ diet + vitamin E 

No. ~ No. ~ No. 

I 72° I 720 I 720 
720 2 7 °0 2 09 ° 

3 68° 3 72° 5 7 °°  
4 71° 4 71° 6 720 
5 69 ° 5 68° 7 68° 
6 7 I°  6 67 ° 
7 7 °o 9 67 ° 

I I  69 ° 
I2 69 ° 
13 7 °0 
36 72° 

Actomyosin extracted from dystrophic rabbits, although considerably reduced in 
quantity 1, has the same optical properties as that from normal rabbits or from rabbits 
of group 3. 

When ~ and R were measured on actomyosin solutions o[ different concentration o[ 

* The  cell was  per fec t ly  m a d e  by  Mr,  E. NISTRI, Via La  Spezia 28, Rome.  
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protein (Table II) ,  i t  was found that ,  parallel  to the obvious fall in  R wi th  decreasing 
concentra t ion,  there is also a fall in  the angle $. This is ev ident ly  due to anomalies 
in the  law of birefr ingence of flow shown by  several organic substances (PETERLIN AND 
STUART0) .  

TABLE II 
DOUBLE REFRACTION OF FLOW OF ACTOMYOSIN FROM NORMAL RABBITS 

Effect of various concentrations of protein in 0.6 M KC1 on ~ (=k I °) and R (:k io). 
Temp. 4 ° C; velocity gradient 6,00o. 

Rabb#  no, 7.on normal diet Rabbit  no. 7 - on H .  and M .  
die* + vii. g 

Gonc, enlrat/on R Comemr~l~. 
of Act, o'myos'k4 ~., of  A a o m y o s i n  

m g N l l  t* p mg  N/1 

1,236 7 °° 175 1,138 68 ° 
988 68 ° 145 91o 68 ° 
865 67 ° 98 569 64 ° 
741 66° 74 455 62° 
494 65 ° 67 284 59 ° 
37 ° 63 ° 54 
312 59 ° 43 

When  myosin  was avai lable from vi tamin-E-def ic ient  rabbits ,  i t  showed the  same 
as tha t  from normal  rabbi t s  (Table III). I t  ma y  be necessary to recall t h a t  the 

dyst rophic  disease in  the r abb i t  is an  almost  acute process and  tha t  when i t  is possible 
to extract  a good a m o u n t  of myos in  from vi tamin-E-def ic ient  muscles this  is l ikely to 
be due to  the  i m m a t u r i t y  of the dyst rophic  process, the muscles no t  yet  being severely 
damaged.  

TABLE III  
VALUES OF ~0 (-4- I °) FOR AQUEOUS MYOSIN SOLUTION 

N Concentration: I,XOO-I,2oo mg]l. 
Temp. 4 ° C; velocity gradient 6,0oo. 

R ~ b ~  - o n  
Normal rabbits Rabbits - on H.  and M.  diet H.  and M .  d~et + vi~. E 

No. ~ No.  ~ No.  

I 85 ° I 85 ° I 85 ° 
2 85 ° 9 85 ° 2 83 ° 
3 85 ° 4 ° 85 ° 3 86° 
4 85 ° 41 and 45 85 ° 5 84 ° 
5 84 ° 6 84 ° 
6 85 ° 
7 84 ° 

The optical  behaviour  of myosin solutions at various concentration o/KCl both  from 
no rma l  and  v i tamin-E-def ic ient  rabbi ts ,  is shown in  Tables IV, V and  VI. 

The values of ~b fcr non-purif ied myosin  show a marked  fall when the concent ra t ion  
of KC1 reaches 0.3-o.35 M (Table IV). W i t h  purified myosin  the fall of $ corresponds 
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t o  a l ower  c o n c e n t r a t i o n  of  KC1 (0 .2-0 .3  M )  (Table  IV).  Th i s  ef fect  h a s  b e e n  a n a l y z e d  

b y  SZENT-GY~RGYI z° w i t h o u t  a n y  p a r t i c u l a r  c l a im  t o  prec i s ion .  I n  h i s  w o r k  (1945) he  

a p p a r e n t l y  fo l lowed  a r u d i m e n t a r y  t e c h n i q u e  a n d  s t a t e d  t h a t  a t  0. 4 M KC1 m y o s i n  loses 

al l  b i r e f r i n g e n c e  of  f low. O b v i o u s l y  t h i s  is n o t  t h e  ca se  a n d  whi le  we  f ind  a r a p i d  d r o p  

i n  ~ d o w n  to  a v a l u e  of  66 ° a t  t h e  c r i t i ca l  level ,  a b i r e f r i n g e n c e  of f low of t h e  m y c s i n  

s o l u t i o n  is s t i l l  p r e s e n t  b e y o n d  th i s  l imi t  a n d  t h e  v a l u e  of  ~ r e m a i n s  u n c h a n g e d  a t  

w h a t e v e r  c o n c e n t r a t i o n  of KC1. 

TABLE IV 
D O U B L E  R E F R A C T I O N  OF F L O W  OF N O N - P U R I F I E D  M Y O S I N  FROM N O R M A L  R A B B I T S  

Effect of various KC1 concentrations on tp (4- I°). For each experiment the concentration of 
myosin was kept constant. 

Temp. 4 ° C; velocity gradient 6,ooo. 

Rabbits on norm~ di*t 
Rabbits No. z - on 

Solvents H. and M. diet + Vii. E 
No. z No. 3 No. 4 ~o 

lp tp 

H~O 85 ° 85 ° 85 ° 85 ° 
o.I M KC1 86 ° 86 ° 86 ° 86 ° 
0.2 M KCI 86 ° 86 ° 86 ° 
0.3 M KCI 86 ° 86 ° 86 ° 84 ° 
o.35MKC1 760 73 ° 
0. 4 M KC1 68 ° 67 ° 7 o~ 
0. 5 M KC1 68 ° 69 ° 68 ° 
0.6 M K C I  68 ° 
0. 7 M KC1 68 ° 
o.8 M KC1 68 ° 
I M KC1 68 ° 

TABLE V 
D O U B L E  P ~ I ~ A C T I O N  OF  F L O W  O F  P U R I F I E D  M Y O S I N  FROM N O R M ~  R$LBBITS 

Effect of ~rarious KC1 concentrations on tp (4- x °) and R (4- IO). For each experiment the 
concentration of myosin was kept constant. 

Temp. 4 ° C; velocity gradient 6,ooo. 

Rabbits on ~ d~l 

Solvents No. 5 No. 6 No. 7 

Rafl~b~ N o .  a - o~  
H. and M. dia + vit. E 

HzO 84 ° 84 85 ° 84 84 ° 43 83 ° I75 
o.I M KC1 85 ° 273 85 ° 254 84 ° x2o 85 ° 235 
0.2 M KCI 85 ° 240 85 ° 2 5 2  83 ° I27 85 ° 199 
0. 3 M K C I  75 ° 99 80 ° 14 ° 7 °o 46 71° 98 
o.35MKC1 67 ° 85 66 ° 8o 60 ° 33 66° 98 
0. 4 M KCI 66 ° 85 67 ° 8o 6I ° 33 66° 98 
0,5 M KC1 67 ° 85 68 ° 8o 60 ° 33 65 ° 98 
o.8 M KC1 66 ° 85 68 ° 8o 
I.O M KC1 66 ~ 85 68 ° 80 
I .  5 M K C 1  66 ° 85 67 ~ 80 

P a s s i n g  f r o m  a s o l u t i o n  of m y o s i n  in  w a t e r  t o  a s o l u t i o n  in  KC1 (o.i--o.2 M)  t h e r e  

is a l a rge  i nc r ea se  in R ( i n t e n s i t y  in  b i r e f r i n g e n c e  of  f low o r  b i r e f r i n g e n c e  power )  w h i c h  

R e / e r e n c e s  p .  76 .  
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becomes three times higher. As the concentration of KC1 increases and reaches the same 
concentration at which ~b declines to its lowest values, R falls to about the same values 
as shown by aqueous solutions or to lower values. Concentrations of KC1 at which R 
shows its maximum values seem therefore to be the optimal ones for the fibrous aggre- 
gation cf myosin. Myosin extracted from rabbits of group 3 shows an optical behaviour 
analogous to that  of normal myosin. 

T A B L E  V I  

DOUBLE REFRACTION OF FLOW OF NON-PURIFIED MYOSIN FROM VITAMIN-E~DEFICIENT RABBITS 

E f f e c t  o f  v a r i o u s  KC1 c o n c e n t r a t i o n s  o n  ~ ( ±  I °) a n d  R ( ~  IO). F o r  e a c h  e x p e r i m e n t  t h e  
m y o s i n  c o n c e n t r a t i o n  w a s  k e p t  c o n s t a n t .  

T e m p l  4 ° C ;  v e l o c i t y  g r a d i e n t  6 , o o o .  

Rabbits  on  H .  and  M .  diet 

Solvents  N o .  9 No ,  z 2  No .  z 3 No .  4o N o .  4 x & 45 

H e O  85 ° 33 85':: 43 85 ° 98  
o , I  M KC1 85 ° 33 83 ° 67 85 ~ 82 84  ° I 9 9  
0 .2  M KC1 86  ° 33 83 = 84 ~ 98  84  ° zIO 
0.  3 M KC1 86  ° 25 81 ° 84 ~ ~4 ° r35  
o .35  M K C I  68 ° 14 
0. 4 M K C l  57 ~' 
0 .6  M KC1 64  ° 

When myosin was available from vitamin-E-deficient rabbits the above effects 
were also investigated (Table VI). Myosin could not be purified owing to its scanty 
amount. Owing to the difficulty of having available at the same time a sufficient number 
of animals showing an incomplete dystrophic condition, only in one case (rabbits 41 
and 45, Table VI) was i t  possible to collect the muscles 0f.more than one rabbit  and 
measure the optical properties of myosin at a concentration of  protein comparable with 
those used for myosin from normal rabbits. The values of R obtained in this case are 
obvi?usly more reliable than the others shown in Table VI, rince with myosin concen- 
trations Solow as to give initial values of R of 33 or 43 in aqueous solutions, the visibility 
is so reduced that  measurements become rather uncertain, Taking into account the 
above considerations we nevertheless may conclude that  in dystrophic rabbits the rise 
in birefringence of flow of a myosin solution in O.l-O.2 M KC1 is not abolished but  is 
apparently reduced. I t  should be interesting to establish whether this behaviour 
represents a change in the  ability of extracts from dystrophic rabbits to form K- 
myosinate. In this connection it  is also worth noting that  the gross appearance of myosin 
solutions from dystrophic rabbits is somewhat different from that  from normal rabbits, 
the viscosity and solubility of the latter being far more evident. 

The values of ~b for actin are shown in Table VII. As is already known, Table VII 
shows that  when activation occurs, i t  is equally carried out by  KCI, NaC1, LiC1 and NaI. 

Actin prepared from normal and vitamin-E-supplemented rabbits was always 
activated, whereas tha t  from dystrophic rabbits was only very seldom activated. 
Activation failed always in those cases in which myosin was also absent from the 
extracts, i.e. when the dystrophic process was very much advanced. 

Re/erences p. 7 6. 
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T A B L E  V I I  

D O U B L E  R E F R A C T I O N  O F  F L O W  O F  A C T I N  F R O M  N O R M A L  A N D  V I T A M I N - E - D E F I C I E N T  R A B B I T S  

Values of M (:}: I °) of aqueous  and various saline solutions. 
Concentrat ion of  actin 5oo- i ,ooo  mg  N/1. 
Temp. I8 ° C: velocity gradient  6,000. 

Rabbi t s  on  normal  d i a  

Aain in o.x M 
No. 

K C l  N a C I  L i C l  N a l  

2 86 ° 
3 85 ° 
6 85 ° 
7 87 ° 86 ~ 87 ° 83 ° 

Rabbi t s  - o n  H .  a n d  M .  die~ + eft. E Rabbi t s  - on  H .  a n d  M .  d ie t*  

~ A a i n  in  o . r  M y A a i n  i n  o .x  M 
, N o .  No .  

K C I  NaC1 L i C I  K C I  N a C l  L iCI  

I 87 ° 9 86° 
2 86 ° 84 ° 85 ° I2 86 ° 86 ° 87 ° 
3 87 ° 87 ° I3 85 ° 
5 84 ° 83 ° 84 ° 36 86 ° 
6 87 ° 87 c 4 ° 86 ° 86 ° 
7 86° 86° 87 ° 41 and 45 86° 

" On H. & M. diet no myosin  could be extracted and the actin could not  be act ivated from 
i o additional rabbits .  

Electron microscopic examinations of the actin solutions confirmed morphologically 
this optical behaviour 16. We may conclude that the process of polymerization of actin 
and of fibre formation from solutions of this protein, is severely impaired in the muscular 
dystrophy of vitamin-E deficiency. 
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SUMMARY 

I. The optical behaviour  (D.R.F.)  oI ac tomyosin ,  myosin  and actin prepared both from normal  
and  dys t rophic  rabbi t  muscles has  been invest igated.  Quant i ta t ive  est imations are reported. 

2. In  dys t rophic  muscle myosin  and ac tomyos in ,  as far as  these proteins could be extracted 
wi th  the  method employed,  do no t  show m arked  changes in the  optical behaviour  of their  solutions 
as  compared with normal.  The only notable  change  requiring fur ther  investigation is the reduced 
increase in birefringence shown by myos in  solut ion in o.I-O.2 M KC1. This phenomenon  m a y  be 
interpreted as a change in the  abili ty of myos in  f rom dyst rophic  muscles to form K-myosinates .  

3- In  advanced dys t rophy,  actin loses i ts  capaci ty  to be act ivated by  different salts. This m a y  
be interpreted as an inabili ty of actin to polymerize. 

References  p.  7 6. 
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R~SUM/~ 

I. Les auteurs ont 6tudi~ au point de vue quantitatif  la bir6fringence de flux de prot6ines 
musculaires (actomyosine, myosine, actine) provenant de lapins normaux et de lapins distrophiques 
par earence de vitamine E, 

2. Chez les lapins distrophiques, tant  que la myosine et l 'aetomyosine peuvent ~tre extraites 
en quantit6s suffisantes, celles-ei me pr6sentent pas de diff6renees remarquables, eomparativement 
aux prot6ines obtenues de lapins normaux. Le seul Iait b, noter, mais qui d'ailleurs doit ~tre 6tudi6 
ult6rieurement, est l 'augmentation minime de la bir6fringence de flux de la myosine lorsqu'elle eat 
dissoute en O.l-O.2 M KC1. Ce ph6nom~ne peut ~tre interpr6t6 comme une diminution de la capacit6 
de former des myosinates de potassium de la par t  de la myosine provenant de muscles distrophiques. 

3. Dans les Gas de distrophie avanc6e, l 'actine cesse de s'aefiver. Ceci est dO ~ l'incapacit~ de 
la part  de l 'actine h se polym6riser. 

ZUSAMMENFASSUNG 

I. Die Verfasser haben quantitative Bestimmungen der Str6mungsdoppelbrechung der Muskel- 
proteine (Aktomyosin, Myosin, Aktln) durehgefiihrt, die aus normalen Kaninchen und solchen in 
Dystrophie aus E-Avitaminose gewonnen wurden. 

2. In dystrophisehen Kaninchen weisen Aktomyosin und Myosin, soferne sie extrahierbar sind, 
keine merkbaren Ver~nderungen der Str6mungsdoppelbrechung gegenfiber den aus normalen 
Kaninchen gewonnen Proteinen auf. Das einzige bemerkenswerte Ergebnis, das jedoch noch welterer 
Prfifung bedarf, besteht in der geringen Vermehrung der Str6mungsdoppelbrechung der Myosin- 
L6sungen in o. i-o.2 M KC1. Dieses PhAnomen darf als eine verminderte KapazitAt des Myosins im 
dystrophischen Muskel aufgefasst werden, K-Myosinate zu bilden. 

3. In FAllen fortgeschrittener Dystrophie verliert das Aktin die F~ihigkeit der Aktivierung, 
sobald es mit Salzen versetzt wird. Diese Tatsache darf als UnfAhigkeit seitens des Aktins sich zu 
polymerisieren aufgefasst werden. 
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