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INTRODUCTION 

The muscle proteins can be divided into three groups1: 
I. Corpuscular proteins soluble in dilute salt solutions (about o.I 5 M) at neutral 

or weakly alkaline PH (myogen, giobulin-X). These are the proteins, existing in the free 
state or only bound by very weak forces to the proteins responsible for the rigidity 
of the muscle. 

2. Fibrous proteins, consisting of interlinked peptide chains (myosin, actomyosin). 
They can only be dissolved by rupture of part of these links by treatment of the muscle 
with salt solutions of much higher concentration, e.g.o. 5 M KC1 solution of PH 7.5 to 9.5. 

3. Proteins, insoluble even at these salt concentrations at pH 6.0 to lO.O (stroma 
proteins). 

In this paper electrophoresis experiments of the proteins soluble in dilute salt 
solutions, mentioned sub (I), are described, and the quantitative aspect of the problem 
is stressed in particular. They are part of investigations aiming at the characterization 
of muscle in health and disease, started in this laboratory. 

These proteins have also been investigated with the electrophoresis technique by 
JACOB I. 

E X P E R I M E N T A L  PART 

METHODS 

I. Extraction 
L Striated muscle. The rabbit  was injected intraperitoneally with o.o6o g penthot,~-sodium 

(Abbott) per kg body weight. In about three minutes it was in deep narcosis. The abdomen was 
opened and the animal bled by the aorta. After evisceration and removal of the skin from the hind 
legs the carcass was placed in a refrigerated room (2 ° C). All further manipulations for extraction 
were carried out in this room. After one h o u r - - b y  far too short a time for the development of rigor 
morris s, but  sufficient for causing a very strong decrease of the excitability of the musc les - - the  
hind legs were cut off and the muscles most suitable for investigation were isolated. 

The M. vastus lateralis was chosen as a representative of the white muscles, the M. glutaeus 

* This work forms part  of the investigations on the chemistry of muscle diseases by H. G. K. 
WESTENBRINK and collaborators, supported by a grant from the Netherlands Organisation for Pure 
Research (Z.W.O.). Requests for reprints should be addressed to Prof. WESTENBRXNK. 
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minimus, M. vastus medialis, M. vastus intermedius, M. semitendinosus and M. soleus as repre- 
sentatives of the red muscles. Most experiments were, however, carried out with the mixed white 
muscles of the upper par t  of the legs. 

Fat,  nerves, tendons and connective tissue were removed. The muscles were then weighed, 
minced with scissors and ground in a mortar with an equal weight of sand. After a few minutes' 
grinding some solution used for extraction was added in order to prevent the PH from dropping 
too much. Gradually more solution was added, until after a quarter of an hour the total amount 
necessary for extraction had been added (if not stated otherwise z ml per g of muscle). 

T h e  fo l lowing  s o l u t i o n s  were  u s e d  for  e x t r a c t i o n  (/~ = ionic  s t r e n g t h )  : 

Solution I (see JACOB 2) 

0.048 M N a ~ H P O  4 z a q  + 0.006 M K H ~ P 0 4  

Pri = 7.7 ° t~ ~-~ o . I5  

Solution I I  (see GREENSTEIU AND EDSALL 4) 

O. 5 M KCI + o.o3 M N a H C O s  

PH = 8.1o p = o.53 

Solution 111 

o.o 5 M KC1 + o.o23 M Na~HPO4 9 a q  + o . o i  M KH~PO~ 

PH = 7 . I5  t* = O'13 

The muscle debris and the sand were spun down by 5 minutes'  centrifuging at  6oo X g, in 
earlier experiments about one hour after grinding, in later ones immediately. The very viscous 
supernatant was dialyzed (see also Discussion). 

2. Smooth muscle (stomach). Immediately after bleeding the rabbit, while the leg muscles were 
allowed to cool,  the stomach was isolated and opened, the contents removed, and the inner wall 
cleaned and dried by means of plugs of cotton wool. The mucous membrane was then removed by 
rubbing cautiously with sand, after which the muscle surface was cleaned and dried again with 
cotton wool. The muscular tissue was further treated as described for the striated muscles. 

1I. Dialysis 
20 to 4 ° ml of extract  in cellophane tubing (Kalle and Co, Wiesbaden, Germany) were dialysed 

at  3 ° C against 4oo ml of one of the following solutions: 

Solution XII 
For composition see above 

Solution 1 V 
o.x M KC1 + o.ox 7 M NatHPO 4 z aq + o.oi 7 M KHzPO ~ 

PH ---- 6.80 p = o.I 7 

A protein precipitate, separating in the first few hours of dialysis was removed by 5 minutes' 
centrifuging at  xo,ooo × g. The supernstant,  about half the initial volume, had lost the initial high 
viscosity of the extract  and was much more suitable for dialysis. Dialysis was resumed for at least 
i2 hours, against fresh solution until  the extract  was used for electrophoresis. If  the dialysis was 
continued for several days the outer solution was renewed every day. 

The dialysed extract  was centrifuged 15 minutes a t  xo,ooo × g just before electrophoresis. 

I l I .  Elearophomsis 

The electrophoresis was carried out in a TISELIU$ apparatus with the optical equipment of 
PHILPoT-SVENSSON, aS manufactured by Striibin and Co., Basle, Switzerland. The high cell type 
with 84 mm effective height was used in all experiments. If  necessary the protein solutions w e r e  

diluted by adding a salt solution of the same composition as used in dialysis, so that  the protein 
concentration never exceeded 2.3~/o. This salt solution was also used as a supernatant in the electro- 
phoresis cell. 

The following abbreviations will be used: 
i :  strength of the current passing through the cell in Amperes 

E :  potential applied to the electrodes in Volts 
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K :  c o n d u c t i v i t y  of a so lu t ion  in  O h m  -1 c m  -1 
: ang le  of inc l ina t ion  of t he  second s l i t  

t :  t i m e  in  seconds,  du r ing  wh i ch  t h e  boundar i e s  h a v e  m o v e d  u n d e r  inf luence of t he  electric field. 

The  po t en t i a l  difference E a t  t h e  electrodes,  wh i ch  showed  a t e n d e n c y  to  change  a l i t t le  (about  
5 V) in  t he  course  of a n  expe r imen t ,  was  a d j u s t e d  so as  to  m a i n t a i n  t he  cu r r en t  i a t  a c o n s t a n t  level.  
The  d a t a  pe r t a i n ing  to  t he  e x p e r i m e n t s  carr ied  ou t  w i t h  Solu t ions  I I I  and  IV are  t h e  following: 

i E Ei  K 
SMt so lu t ion  I I I .  o.o35 A 225 V 7.9 W o.oo623 O h m  -1 c m  -1 
Sal t  so lu t ion  IV. o.o38 A I 7 o V  6.5 W o.oo948 O h m  -1 cm - t  

W i t h  t he se  va lue s  for Ei no  la rge  convec t ion  d i s tu rbances ,  as  descr ibed  b y  ALVAm~Z TOSTADO 5, 
were observed.  

The  f o r m a t i o n  of gas  a t  t he  e lec t rodes  could  be  p r e v e n t e d  b y  u s ing  t h e m  a l t e rna t i ve ly  as  anode  
a n d  ca thode .  I l ford  P a n  F F i lm,  35 m m ,  25 ° S, was  used  a n d  a red  filter was  m o u n t e d  to p r e v e n t  
t he  pas sage  of r a y s  of a wave  l e n g t h  shor te r  t h a n  6o0/~m.  

The  d i a g r a m s  were a n a l y s e d  accord ing  to  PEDERSEN'S e m e t h o d  by  p ro jec t ing  t h e m  on  paper ,  
d r awing  a penc i l l i ne  t h r o u g h  t h e  midd le  of t he  pro jec ted  cu rves  a n d  f i t t ing  in, i f  poss ible  s y m m e t r i c a l ,  
Gaus s - cu rves  b y  t r ia l  a n d  error  emp l oy i ng  t he  s t a n d a r d  Gauss -cu rves  of WXEDEMANN T. The  a rea  of 
each  g r ad i en t  was  ca lcu la ted  a n d  expressed  as  a pe rcen tage  of t he  to t a l  a rea  of t he  d iag ram,  wh ich  
was  m e a s u r e d  b y  m e a n s  of a p l an ime te r .  

RESULTS 

Reproducibility 
As will be demonstrated below the protein pattern of an extract  alters during 

storage at 2 ° C. Hence in controlling the accuracy with which a diagram of a muscle 
extract can be reproduced electrophoresis experiments should be made at the shortest 
possible intervals of time. Fig. x shows an example of two diagrams obtained on subse- 
quent days with samples of one batch of dialyzed extract in Solution IV. If these 
diagrams are projected onto a sheet of white paper (magnification IO x to a basis length 
of 34.5 era) they can be made to cover each other so completely that  no differences 
can be detected by  visual inspection. 

This similarity is not observed on subsequent days when Solution I I I  is used, in 
which the diagrams show more details. Diagrams in Solution I I I  are only identical by 
visual inspection of the superposed projections when they have been obtained on the 
same day. The identity, in Solution IV as well as in Solution III ,  is of course only 
observed when t, O and i are identical in the corresponding experiments. 

No differences can be detected either between diagrams of extracts prepared with 
Solution I I I  from various samples of one batch of minced muscle, if the extracts are 
prepared and the diagrams are made under conditions, as similar as possible. Fig. z 
gives two examples of these diagrams in Solution III .  

All diagrams have been recorded 3 to 5 minutes after interruption of the current. 
If they were made without interruption of the current (the time of exposure was 3 ° 
seconds or less) or immediately after its interruption slight irreproducible irregularities 
in the curves of the type as shown in Fig. 3, were observed. 

We have further studied the variation in the area attr ibuted to the different 
components as expressed in percentages of the total area of the diagram (the "protein- 
percentages") and the variation of the mobilities of the components as calculated from 
diagrams which are identical on superposed projection, and from the diagrams of exp. 
No. 148, which have been obtained with the same material but  with another time of 
development of the pattern. 
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T A B L E  

NUMERICAL EVALUATION OF DIAGRAMS IDENTICAL UPON 

a. The area of the Gauss-curves fitted in the 

Rabbi t  
No. 

I I I  
I I I  
I l l  

Exp.  Solution 
No. No. 

148" IV  
149 IV  
15o IV  

mean  (A) 
I ( A - - . ) *  

I I I  
I I I  

V I I I  
V I I I  
V I I I  
V I I I  

155 IV 
156 IV  

mean (A) 
I (A--x)* 

262 [ I I I  
263 I I I  
264 I I I  
265 I I I  

mean  (A) 
I (A--x)' 

t 
(sec) 

21000 
22100 
22100 

22000 
22010 

13000 
13000 
13ooo 
13ooo 

I I I  
I I I  
I I I  

I48"  IV 
149 IV  
15° I IV 

mean  (A) 
I(A--x)* 

I I I  I55 IV  
I I I  156 I V  

V I I I  
V I I I  
V I I I  
V I I I  

mean (A) 
I (A--xp 

262 
263 
264 
265 

I I I  
I I I  
I I I  
I I I  

2100O 
21900 
2195o 

22000 

22OIO 

13000 
13000 
I3OOO 
13000 

mean (A) 
I (A--x)* 

For  components  2, 3, 4, 5, 6: S tandard  deviat ion = 

For  components  7, 8, 9: 

Re/erences p. 86. 

Standard  deviat ion = 

2 3 

5.2 2.3 
4-9 5.3 
4 .0 3.9 

4.7 3.8 
0.8 4.5 

4.3 2-7 
4.4 2.6 

4-4 2.7 
O.O O.O 

3.5 
2.9 
2.9 
2.5 

3.0 
0.5 

5.I 2. 5 
4 .1 3.3 
5 .0 3.7 

4.7 3.2 
0. 7 0.8 

4.I 2.7 
3.6 2.5 

3.9 2.6 I4. 4 
o.I  o,o 0. 9 

3.4 7.3 
2. 9 IO. 7 
3.6 1o.6 
2.6 lO. 3 

9.7 
8.o 

3.I 
0.6 

VII (A- -x )2_  1/ 37.6 
74--1 

Component  

4 5 

I I .  9 7.2 
I3.7 6.7 
13.o 8.4 

12.9 7.4 
1.6 1.5 

11.5 8.3 
lO. 5 6.8 

11.o 7.6 
0.5 1.1 

6.3 7.7 
7.7 8.7 
6.8 9.4 
7.5 8.9 

7.1 8.7 
1.3 2.5 

F rom diagrams of 

12.5 8.0 
12.6 8.3 
12.6 1o. 4 

12.6 8.9 
o.o 3.4 

15.o 8.4 
13-7 9-3 

8.9 
0.4 

8.8 
IO.I 
IO.7 
8.4 

9.5 
3.I 

~ / l l  _ 1.6% (A--x)' 
r 44--1 = 

F rom diagrams of 

- -  = 0.7% 
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I 
VISUAL INSPECTION OF SUPERPOSED PROJECTIONS 

d i a g r a m s  expressed  in  pe rcen tages  of t he  to t a l  a rea  

descend ing  bounda r i e s  

C o m p o n e n t  

4.8 27.8 25.0 
5.0 29.4 26.0 
6.o 26. 4 26.8 

5.3 27.9 25.9 
0.9 4.5 1.6 

5.2 37.0 22.8 
4.8 34.6 18.5 

5.0 35.8 20.7 
o.I 2.9 9.2 

2.9 3 ° .0  
4.2 26.8 
3.0 21.9 
4.8 28.0 

3.7 26.7 
2.6 35.6 

20.6 
22.8 
25.5 
27.2 

24.0 
25.5 

19.6 
15.1 

9.2 
11.7 

17-3.** 
10. 5 
13.2 

S u m  of 
c o m p o n e n t s  

88.6 
91.o 
88.5 

89.0 

91.5 
82.2 

86.9 

90.6 
88.2 
95.o 
9o.6 

~ o r  e 
g rad i en t  

13.9 
12.5 
14.o 

13.5 

6.9 
6.9 

Tot .  a rea  
(cm') 

lO9 

75 
78 

IOI 

III 

Age of 
ex t r ac t  
(days) 

IO 

II 

6.9 

85 
92 
83 
88 

5.7 
6.5 
5.9 
5.6 

91.1 5.9 

See Fig. Ia  
See Fig. Ib  

See Fig. 2 
See Fig. 2 

a scend ing  bounda r i e s  

7.I 
7.0 
7.1 

7.1 
0.0 

5.6 
6.1 

5.9 
O.I 

5.2 
4.2 
4.6 
5.9 

5.0 
1.6 

31.8 
28.6 
27.4 

29.3 
6.4 

33.4 
34.6 

34.0 
0.7 

25.1 
26.6 
26.3 
25.9 

25.8 
25.9 
26.2 

26.0 
o . i  

26.3 
25.2 

25.8 
0. 4 

27.6 
30.8 
30.0 
29.8 

I5.O 
13.1 
I2.3 
12.6 

92.8 
89.8 
92.4 

9 1 . 7  

19.4 
14.o 

t 20.0 

17.8 

lO3 
77 
77 

95.5 II.O lO 7 IO 
95.0 11. 4 lO 3 I I  

95.3 11.2 - -  

8.3 
10.2 

8.6 
8.2 

92.4 
98.4 
98.1 
95.5 

89 
86 
88 
8o 

14.1 
26.0 29.6 12.5"** 96.I  8.8 - -  

1.3 5 .6 3 .0 ! 

* E x p e r i m e n t  pe r fo rmed  wi th  s ame  ex t r ac t  as  used  in exp.  I49 a n d  i5o. On ly  as  a consequence  
of a shor te r  t i m e  of e lec t rophores is  t he  d i a g r a m s  were no t  ident ica l  w i th  t he  d i a g r a m s  of exp.  i49  and  
15 ° upon  v i sua l  inspec t ion  of the  superposed  project ions .  

** Age of ex t r ac t s  2 days .  
*** Age of e x t r a c t s  3 days .  
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T A B L E  I 

b. Mobilities in 

F r o m  diagrams of 

Component  Rabb i t  
No. 

Exp.  
No. 

Solution 
No. 

t 
(sec) 

2 3 4 

I I I  148 IV  2iooo 4.8 2. 4 2.o 
I I I  149 IV  221oo 4.7 2.8 1.9 
I I I  I50 IV  221oo 4.8 2.5 1.9 

mean (A) 4.8 2.6 1.9 
I (A--x)= o.oi  o.o9 o.oi 

I I I  155 IV  
I I I  156 IV  

mean (A) 
Z(A--x)* 

22000 

22010 

4.8 
4.7 

4.8 
O.OI 

2.4 
2.3 

2.0 

1.9 

2. 4 2 .0  
O.OI O.OI 

v i i i  262 I I I  130oo 6.5 2.9 
v n I  263 n i  i3ooo 6. 4 2.8 
v i i i  264 I I I  13000 6.3 2.7 
V I I I  265 n i  13000 6.6 2.9 

mean (A) 6. 5 2.8 
2~ (A- -x)  I 0.06 0.03 

F r o m  diagrams of 

I I I  148 I V  2 iooo 5. I 2.9 2.4 
I I I  I49 IV 2 I9oo 5.o 3.o 2.4 
I I I  i 5 o  I V  2 1 9 5  ° 5 .0 3" I 2. 4 

mean (A) 5.o 3.0 2. 4 
X (A - -x )  B o . o z  0 . 0 2  o . o o  

I I I  155 IV  22ooo 4.9 2.9 2.3 
n I  156 I V  22OLO 5.0 2.8 2.3 

mean (A) 5-0 2.9 2.3 
2: (A- -x)  s o.oi O.OI 0.00 

V I I I  262 I I I  13000 6.5 3.2 
V I I I  263 I I I  I3ooo 6. 4 3.2 
V I I I  264 I I I  I3ooo 6.2 3.2 
V I I I  265 I I I  I3ooo 6. 4 3.2 

mean  (A) 6.4 3.2 
T, (A--x) 2 0.05 o.oo 

Standard d e v i a t i o n =  ~ / X ' ~ ' ( A - x ) s -  ] ~  I°-1°  • - - I  V 12~---1 = 0"07" I ° -~  cmt V°It-t sec-I 

Re/erences p. 86. 
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(Cont inued)  
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descending  bounda r i e s  

Componen t  ~ o r  
g r a d i e n t  

Age of 
e x t r a c t  
(days} 

5 6 7 8 9 

I. 7 1.2 0.8 0. 5 + o.2 3 
1 .6  I . I  o . 8  0. 5 O.O 4 
1.6 I . I  0 . 8  0. 5 + 0 . 4  5 

1 .6  I . I  0 . 8  0. 5 ! -- -- I 
o.oi  o .o i  o.oo o.oo I 
1. 7 [ I .  3 0 . 8  0.  5 o . o  I o  S e e  Fig.  I~ 
x.6 I 1.2 0.8 0. 5 + 0.2 I I  See Fig .  xt 

I. 7 1. 3 0.8 0. 5 
o .o i  o .o i  o.oo o.oo 

2. 5 2.1 1 .6  1.2 0 .8  + o . I  2 S e e  Fig.  2 
2. 4 1.9 1.5 I.O 0. 7 + 0.2 2 See Fig.  2 
2. 4 I .  9 1. 5 I .O  0 . 6  + o . 6  3 
2. 5 1. 9 1 .6  I . I  0 . 6  "q- 0 . 7  3 

2. 5 1. 9 1 .6  I . I  0. 7 - -  - -  
o.oz 0.0 4 o.o2 0.0 3 0.0 3 

a scend ing  boundar i e s  

1.9 x.4 0.9 0.6 o.o 4 
1.9 1.3 o.9 o.5 + o.3 5 

1.9 1-4 0.9 0.5 - -  -- 
0.00 O.OI 0.00 O.OI 

1.8 

1.9 

1.9 
O.OI 

2.7 
2.6 
2.5 
2.6 

2.6 

0.02 

1.4 

1. 4 

x.4 
0.0o 

2.2 

2.I 

2.0 

2.0 

2. I  

0.03 

0.9 
0.9 

0.9 
0.00 

1.7 
1.6 
1.6 
1.6 

1.6 
O,OI 

0.5 
0.5 

0.5 
0 . 0 0  

I . I  
I .O 
I .O 
I .O  

I .O 
O.OI 

0 . 0  
+ 0.3 

0.7 + o.I 
0.5 + 0.2 
0.6 + 0.5 
0.6 + 0.7 

o . 6  
0 . 0 2  

I 0  
I I  
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6 9 8  7 6 5  4 3  2 

). 

Ascending boundar ies  

*~'~ ' - -  i I i I I I 
2 3 4 5 6 7 8 9  

Descending boundaries  

Fig. 4. Number ing  of prote in  components  

We believe that  the differences between results calculated from various diagrams, 
identical upon superposed projection, must be attr ibuted to the difficulty in drawing 
a pencil line exactly through the middle of the projected curves and to the arbitrariness 
inharent in the choice of the Gauss curves. 

The results of the calculations are given in Table I (for numbering of components 
see Fig. 4). 

Regarding the protein-percentages it should be kept in mind that  PEDERSEN's 
method for analysis of the diagrams has been used. If the diagrams had been analyzed 
according to TISELIUS AND KABAT'S method 8 somewhat different values would probably 
have been obtained (see LONGSWORTH0). 

Componeut x, having the highest mobility (c. 6.8. IO -s cm 2 Volt -x sec -x in Solution 
III) was always present, but  in too small an amount (it occupied less than 1% of the 
total area of the diagram) for exact numerical evaluation. For this reason the numbering 
of components in Table I begins with 2. The evaluation of the 3 and e gradients in the 
diagrams obtained with Solution IV is difficult as they are not sufficiently separated 
from the neighbouring protein gradient. 

The overlapping of gradients 2, 3, 4, 5 and 6 by neighbouring gradients is smaller 
than in the case of gradients 7, 8 and 9. Therefore standard deviations have been 
calculated for both groups separately. The mobilities have been calculated with respect 
to the 3 (or e) gradient. The apparent mobilities of the 3 and e gradients with respect 
to the initial boundaries (caused by a movement of the liquid in the cell as a whole) 
are also listed in Table I. 

In the case we wish to establish the identity or non-identity of two diagrams 
obtained under identical conditions the most suitable method is superposed projection, 
as demonstrated above. However it is not always possible to obtain diagrams under 
the chosen conditions. In that  case we can only establish the identity or non-identity 
of diagrams with a certain probability by means of the calculated standard deviations. 

INFLUENCE ON THE ELECTROPHORESIS DIAGRAMS OF THE SALT SOLUTION 

USED FOR DIALYSlS AND ELECTROPHOm~SIS 

In order to obtain the diagrams most suitable for the characterization of extracts 
of striated muscle the influence on the diagrams of the composition of the salt solution 
used for dialysis and electrophoresis was studied. 

A large amount of extract was prepared using Solution I. It  was dialyzed against 
Solution IV for four days. The protein precipitate formed was separated by 5 minutes' 

Re/evences p. 86. 
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< < 

a b 

Fig. I. Examples  of d iagrams obtained wi th  various samples  of one ba tch  of ext rac t  
Rabb i t  I I I .  Musc. vas ths  lateralis. Ext rac t ive  : Solution I. Dialysis and electrophoresis wi th  

Solution IV. E = 17o V; i ~-~ o.o38 A; 6} = 55 ° Desc. 

a. t ---- 22,ooo sec. Age of extract :  i i  days. Table I, exp. I55. 
b. t -~ 22,OLO sec. Age of extract :  12 days. Table I, exp. i56. 

< < 

a b 

Fig. 2. Examples  of d iagrams obtained wi th  various samples of one ba tch  of ext rac t  
Rabb i t  V I I I .  Mixed white  muscles. Extract ion,  dialysis and electrophoresis wi th  Solution I I I .  
E = 225 V; i = o.o38 A; t = I3,OOO sec; @ = 55 ° Desc. Age of extract :  2 days. Table I, exp. 262, 263. 
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Fig. 3. Diagram obtained wi thou t  in te r rup t ion  of the cur rent  
To be compared  wi th  Fig. 2b. Legend: see Fig. 2. 
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centrifuging at IO,OOO × g. Of the supernatant eight portions of 15 ml each were 
dialyzed against one of the following salt solutions, until the moment they were sub- 
jected to electrophoresis in the following order: 

Solution A 

0.025 M verona/-Na + o.125 M NaC1 + 0.0229 M HC1 
PH = 6.8o /* = o.15 

Solution B 

0.034 M Na2HPO 4 2 aq + 0.034 M KH2PO * 
PH = 6.80 ~ = o.14 

Solution C 

o.o257 M veronal-Na + o.o257 M Na-acetate 3 aq + o.o5 M NaC1 + o.o234 M HC1 
Pn = 6.8o ~ = o.Io 

Solution D 

o.o 3 M KC1 + o.o17 M Na2HP04 2 aq + O.Ol 7 M KH2PO ~ 
p~ = 6.8o t~ = o.Io 

Solution E [= Solution I V) 

o.I M KC1 + O.Ol 7 M Na2HPO * 2 aq + O.Ol 7 M KH~PO4 
Pn = 6.8o t~ = o.17 

Solution F (= Solution I) 

o.o48 M Na~HPOI 2 aq + o.oo6 M KHzPO4 

PH = 7.7o p = o.15 

Solution G 

o.o15 M Na4P20I IO aq + o.oo6 M HC1 
Pn = 8.64 /~ = o.13 

Solution H 

o.o286 M verona/-Na + 0.0286 M Na-acetate 3 aq + 0.09 M NaCI + 0.0036 M HC1. 
PH ---- 8.60 ~ = o.15 

When subjected to electrophoresis the age of the extracts varied from IO (diagrams 
in buffer A) to 18 days (diagrams in buffer H). As aging of the extract only influences 
component 9 and that mainly during the first week after extraction of the proteins 
from muscle (see following section), the differences between the diagrams obtained in 
the Solutions A to H must be ascribed to the different compositiou of these salt solutions. 

The diagrams obtained are shown in Fig. 5a-h.  From these diagrams it may be 
observed that the addition of acetate to a verona/ solution has little or no influence 
upon the diagram (compare Fig. 5a and 5c). 

The diagrams obtained in verona/solution show marked differences as compared 
to those obtained in phosphate solution of approximately the same Prx and/z. 

Further it has been demonstrated that by adding KC1 to a solution of buffer salts 
small details are lost (compare Fig. 5b, 5d and 5e) and that many details are lost when 

Re/erences p. 86. 
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a b 

< < 

c d 
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e Fig.  5 f 
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Asc.  g Desc .  

< 

h 

Fig .  5 ( c o n t i n u e d ) .  T h e  in f luence  on  t h e  e l e c t r o p h o r e s i s  d i a g r a m s  of  t h e  s a l t  s o l u t i o n  u s e d  for  d i a l y s i s  
a n d  e l e c t r o p h o r e s i s  

R a b b i t  IV .  M i x e d  w h i t e  musc l e s .  E x t r a c t i o n  a n d  d i a ly s i s :  see t e x t .  

a.  V e r o n a l - N a C 1  PH ~ 6.80, /z = o.15 

b .  

c .  

d. 

e .  

f. 

g. 

h.  

E =  1 8 4 V ,  = o . o 4 o A ,  t =  

P h o s p h a t e  pH = 
E =  2 4 o V ,  = 0.025 

V e r o n a l - a c e t a t e - N a C 1  
E =  1 9 5 V ,  = o .o4o 

P h o s p h a t e - K C 1  
E = 2 2 o V ,  ~ 0.025 

P h o s p h a t e -  KC1 
E =  1 7 6 V ,  = 0 .040 

P h o s p h a t e  

2o ,5oo sec, 6) ~ 55 ° Desc .  

6.80, /~ = o.14 
A, t =  i 3 , 6 3 o s e c ,  O =  55 o Desc .  

PH = 6.80, /z = o .1o  
A, I ~ 19,ooo sec, O ~ 5 °o Desc .  

PH = 6.80, /z = o . i o  
A, t =  15,6oo sec, O ~  55 ° Desc.  

PH = 6.80, /~ = o.17 
A, t =  2 1 , 6 5 o s e c ,  O ~  5 °o Desc.  

PH = 7.7 o, /* = o.15 
E = 24 ° V, = 0 .025 A, t = i i , o o o  sec, 6} ~ 55 ° Desc .  

P y r o p h o s p h a t e - N a C 1  PH = 8.64, /~ = ° . 13  
E =  3 2 o V ,  = o . o 2 o A ,  t =  5 , 2 2 o s e c ,  O =  45 ° Asc.  a n d  desc.  

V e r o n a l - a c e t a t e - N a C l  PH = 8.60, # ~ o.15 
E =  1 9 4 V ,  = o . o 3 5 A ,  t =  1 2 , 8 o o s e c ,  ( 9 =  5 °o Desc .  

Re/erences p. 86,  
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the PH is shifted to a higher value (compare Fig. 5b and 5f). The diagrams in the pyro- 
phosphate solution G are very asymmetrical. Although the ionic strength is within the 
normal range (~ -- o.I3) the low molarity (M = o.o2I) does not appear to be completely 
compensated in electrophoresis by the high charge of the pyrophosphate ions (P~O~ +4 
and HPaO~+*). It is surprising how similar the figures are for the protein-percentages 
calculated from these diagrams (see Table II). 

Solution H is frequently used for serum and plasma analysis; for these protein 
solutions it has definite advantages over other salt solutions (LoNGSWORTHg). In our 
case, however, the patterns obtained with this salt solution are very poor in detail 
(Fig. 5h). 

On the strength of these experiments we decided that a salt solution of the fol- 
lowing composition would have the most favourable properties for the detection of 
differences between muscle protein extracts: 

Solution I I I  

0.05 M KCI + o.023 M Na2HPO 4 2 aq + o.oI M KH2PO 4 
Pn = 7.I5 /z = o.13 

This solution was then used for all our further experiments, except for those at 
higher ionic strength. 

A phosphate buffer was preferred to a veronal buffer as the larger veronal ion, by 
combining with the proteins, probably influences the properties of these proteins to 
a greater extent than the smaller phosphate ions (see PEI~MAN AND LONGSWORTH10). 
A PH of 7.I5 is a compromise between better separation of ~ and e gradients at higher 
and more details at lower Pn. 

The time required to develop the pattern along the whole length of the basis line 
now proved to be c. I3,OOO seconds. So two experiments could be performed on one day. 

As a m a t t e r  of  f ac t  t hose  p a r t s  of t h e  d i a g r a m s  wh ich  can  st i l l  be  recorded  a f te r  c. 30,000 s e c  

show st i l l  more  de ta i l s  (see Fig.  7). B u t  t h e n  i t  is imposs ib le  to r u n  two  e x p e r i m e n t s  on one day .  

Fig. 6b shows the diagrams obtained in this solution with an 8 days old extract 
of white muscle. They can be compared with the diagrams of Fig. 5a-h (of extracts 
IO--I8 days old) in order to compare Solution III with Solutions A to H. 

That the differences between the diagrams of Fig. 6b and of Fig. 5a-h must indeed 
be attributed to the influence of the salt solution on the separation of the protein 
components is demonstrated by Figs. 8 and 9. Fig. 8 shows the diagrams of the same 
extract with which the diagrams of Fig. 6b were obtained after dialyzing the extract 
for a second time, now against Solution E. By comparison with Fig. 5e it is apparent 
that the protein composition of our extracts was materially the same in both cases. 
As the diagrams of Fig. 5e and 8 were developed at x75 Volts it remained to be 
demonstrated that the improved separation of the components in the diagrams of 
Fig. 6b is not due to the higher voltage used. This is shown by the diagrams of Fig. 9 
developed at I7O Volts, which are materially the same as the diagrams of Fig. 6b, 
developed at 225 Volts. 

Aging o] the, extract 

Fig. 6a shows the diagrams obtained with a one day old extract. Another portion 
of the same extract, now 8 days old, gave us the diagrams reproduced in Fig. 6b. The 

Re]erenves p. 86. 
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Rabbit 
No. 

IV 

IV 

Exp. 
No. 

I79 

179 

TABLE 

NUMERICAL E V A L U A T I O N  OF T H E  DIAGRAMS OBTAINED IN T H E  

The area of the Gauss curves fitted in the diagrams (Fig. 5g) expressed in percentages 

Solution t 
(sec) 

5220 

5220 

desc. 

a s c .  

pCt 
m 
pCt 
m 

G 

G 

4.4 
6.8 
5.9 
7.0 

Component 

4 5 

14.2 15.9 
3.9 3.0 

I5. 3 I1. 7 
4.7 4.z 

Rabbit 
No. 

V 

V 

V 

V 

Exp. 
No. 

186 

i86 

192 

192 

Solution 

I I I  

I I I  

I I I  

I I I  

t 
(sec) 

14000 

14000 

I31OO 

131oo 

desc. 

a s c .  

desc. 

asC. 

TABLE 

NUMERICAL E V A L U A T I O N  OF T H E  DIAGRAMS 

For abbreviations pCt 

pCt 

pCt 

pCt 
m 

pCt 
m 

4.3 
5.8 
4.8 
6.0 

4.1 
6.2 
4.8 
6.5 

Component 

4 

7.2 
2.7 
9-7 
3.3 

7.3 
2.8 
9.2 
3.4 

9.0 
2.3 
8.i 
2.6 

9.9 
2.4 

12. 4 
2.6 

difference be tween  these  two pa i rs  of d iag rams  mus t  be a t t r i b u t e d  to  the  different  ages 
of the  two por t ions  of the  ex t rac t .  The difference only appea r s  to  be  caused b y  the  
conversion of componen t  9 in to  a less soluble form dur ing  aging. As a m a t t e r  of fact  
in the  course of severa l  days '  s t and ing  in the  re f r igera tor  a t  2 ° C the ex t r ac t  becomes 
s l igh t ly  more opalescent .  A smal l  q u a n t i t y  of p ro te in  can then  be s epa ra t ed  b y  5 minu tes '  
centr i fuging a t  io ,ooo  × g. Our  d i ag rams  indica te  t h a t  th is  p ro te in  p rec ip i t a t e  ma in ly  
consists  of  componen t  9. 

The formation of this precipitate has first been noted by VON FORTH. WEBER AND STOVER 11 
reported the formation of 3-5 nag of precipitate ("myogen-fibrin") per g of protein present. Diagrams 
obtained by us indicate that component 9 is also removed from the extract, and then completely 
and along with part of component 4, when the extract is dialyzed against distilled water until all 
the salt h a s  b e e n  completely removed (see, however, DtmUISSONlS). This precipitate has been called 
globulin-X by WEBER AND M E Y E R  TM. 

JACOB s could de tec t  changes in his d iag rams  af te r  an  aging of 5 days .  However  
the  d iminishing of componen t  9 could a l r eady  be  de tec ted  b y  us  be tween d i ag rams  of 
ex t rac t s  resp.  one and  two days  old. This  conclusion can only  be d rawn when the  dia-  
g rams  are compared  b y  v isua l  inspect ion  upon  superposed  projec t ion ,  and  not  on the  
s t r eng th  of the  figures for the  p ro te in  percentages  and  the  s t a n d a r d  devia t ions .  F r o m  
th is  the  a d v a n t a g e  of the  first me thod  can again  be  seen. 

Relerences p. 86. 
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II 

PYROPHOSPHATE SOLUTION G OF PH = 8.64 AND /~ = O.13 

of the total area (pCt) and mobilities of the components (m), in lO -5 cm ~ Volt -1 sec -1. 

75 

4.4 
3.6 

Component 

7 8 

31.o 13.o 
z.4 r,8 

32.4 8.2 
3.a z.8 

4.7 
2.3 

Sum of 
components 

78.5 

82.6 

~5 or 
gradient 

5.2 
~- 0.2 

21.6 
o .o  

Tot. area 
(cm a) 

72 

73 

Age of 
extract 
(days) 

17 

17 

III  

(FIG. 6) OBTAINED IN SOLUTION III 

and m see Table II. 

3.8 
1.7 
4.2 
2.I 

Component 

7 8 

22.1 27.6 
r.5 x.x 

2o.1 27. 4 
x.6 x.z 

19.3 27.2 
x.5 x.x 

21. 4 3o.1 
r.6 x.x 

17.2 
0.8 

15. 5 
0.5 

i i. 9 
0.7 

II.7 
0.6 

Sum of 
components 

91.2 

89.8 

79.7 

89.6 

~or 6 
gradient 

4.2 
0.0  
4.9 
0.0 

2 .0  
+ 0.5 

8.o 
+ 0.4 

Tot. area 
(om~) 

96 

IO0 

lO3 

lO5 

Age of 
extract 
(days) 

By dialyzing for a few hours at  room tempera ture  instead of at 2 ° C it  was possible 
to obta in  diagrams on the very day  on which the extract ion of the muscle was per- 
formed. These diagrams, however, are of the aged type. Component  9 is very  much 
diminished as compared to the diagrams obta ined on the following day after 12 hours '  
dialyzing at  2 ° C. 

Sal t  solution u s e d / o r  extraction 

In  our first experiments  we used Solut ion I, as recommended by  JACOB ~, to extract  
the proteins soluble in dilute salt solutions. The extract ion was followed by  dialysis 
against  Solution IV. This solution was also used as the supe rna tan t  in  electrophoresis. 
After having  adopted Solution n I  for dialysis and  electrophoresis, we decided to use 
Solution I I I  also for the extraction.  F rom the symmetr ical  character  of the diagrams 
of Fig. 6a and  from the conduct iv i ty  of the extract  when compared with the conduct iv i ty  
of the pure Solution n I  it can be concluded tha t  12 hours '  dialysis at  2 ° C was now 
sufficient. This t ime is much shorter t han  tha t  needed when different solutions are used 
for extract ion and  dialysis + electrophoresis (at least 36 hours). 

Therefore Solution n I  was also used for extract ion in all our  fur ther  experiments ,  
except for those performed at  higher ionic s t rength  (see below). 

We have fur ther  been able to demonst ra te  tha t  none  of the proteins soluble in  

Re]erences p. 86. 
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dilute salt solutions remains occluded in structures consisting of myosin chains and still 
left intact after extracting the tissue with Solution III .  Muscle was treated with the 
solution of GREENSTEIN AND EDSALL (our Solution II), which also dissolves myosin. 
The very viscous extract was dialyzed against Solution III.  The myosin now precipitates 
together with the proteins always precipitating during the first few hours of dialysis. 
Upon superposed projection the diagrams of the supernatant proved to be identical to 
those obtained when Solution I I I  was used both for extraction and dialysis. 

To decide whether the quanti ty of Solution I I I  used for extraction (I ml per g of 
muscle) guaranteed complete extraction of all proteins indicated by the diagrams some 
experiments were carried out in which 2 ml of Solution I I I  was used per g of muscle. 
The diagrams obtained in this way (Fig. ion) proved upon superposed projection, to 
be very similar to those obtained with I ml of Solution III  per g of the same muscle. 
(Fig. lob). The only difference was that the 2 ml/g extract contained a little less of 
component 9. The contrary would be expected if the I nll/g extract should be saturated 
with this component. As the diagram of the 2 ml/g extract was made two days later 
than the I ml/g extract the difference must certainly be ascribed to the aging of the 
extract, as described above. I t  was also demonstrated that the protein precipitate 
formed during the first few hours of dialysis did not occlude our proteins in different 
relative quantities. 

Hence we feel justified to conclude that  the diagram obtained with extracts prepared 
by treating muscle with I ml of Solution I I I  per g indicates the true ratios of the muscle 
proteins studied by us. 

INFLUENCE OF INCREASING THE IONIC STRENGTH OF TIIE SALT SOLUTION 

USED FOR EXTRACTION AND DIALYSIS 

In order to demonstrate that the muscle proteins studied represent a sharply 
defined fraction of the proteins present in muscle it must still be shown that a small 
increase of the ionic strength (~) does not produce any gradual changes in the diagrams. 

We extracted muscle with the following solutions: 

Solution K 

0.05 M KC1 + 0.046 M Na~HPO4 2 aq + o.020 M KHzPO4 
PH = 7.15 ~ ---- 0.21 

Solution L 

0.05 M KC1 + 0.069 M Na~HP04 2 aq + 0.030 M KHzPO 4 
Pn = 7-15 /z = 0.29 

These solutions were also used for dialysis and electrophoresis. 
The diagrams obtained (Fig. IZ) show much less detail than the diagrams obtained 

with Solution I I I  and do not permit to conclude that  other proteins are present in these 
extracts next to those found in the extracts prepared with Solution III .  Table IV 
shows the data obtained upon analysis of the diagrams of Fig. I I  and of the diagrams 
obtained from white muscles of the same rabbit with Solution III .  

This leads us to the conclusion that  the proteins present in our extracts constitute 
a sharply defined class, for which the diagrams obtained with Solution I I I  may be 
considered to be representative. 

Re/erences p. 86. 
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> ( 

Asc. a Desc. 

> < 

Asc. b Desc. 

Fig. 6. Electrophoresis  in Solution I I I  

Rabb i t  V. Mixed white  muscles. Extract ion,  dialysis and electrophoresis wi th  Solution I I I .  
E ---- 225 V, i = o.o35 A, 0 = 55 ° Asc. and desc. 

a. Age of extract :  I day, t = I4,OOO sec, Table I I I ,  exp. I86. 

b. Age of extract :  8 days, t = I3,ooo sec, Table I I I ,  exp. I92. 

> < 

Asc. Desc. 

Fig. 7- Diagrams of ascending and descending boundar ies  recorded after 3o,ooo sec (O = 6o °) 
Same exper iment  as Fig. 6a. 

Re/erences p. 86. 
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<__~- -  

Fig. 8. Diagram obtained after  dialyzing the 
ext rac t  used in exper iments  referred to in Fig. 6 

against  Solution E 

E =  I75 V, i =  o.04o A, t =  19,5oo sec, 6 } ~  55 ° 
Desc. Age of extract :  i2 days. 

Fig. 9. Electrophoresis  in Solution I I I  at  17o V 
of ex t rac t  of which diagrams developed a t  225 ¥ 

in Solution I I I  are shown in Fig. 6b 

E =  I 7 o V ,  i =  o.o25 A, t =  I 8 , i i o  sec, ~}=  55 ° 
Desc. Age of extract :  9 days. 

_ _ _ _ >  < - - - - -  

Asc. a Desc. 

_ _ >  < - - - - -  

Asc. b Desc. 

Fig. io, Ext rac t ion  with different quant i t ies  of Solution I I I  
Rabb i t  VI.  Mixed white  muscles. Dialysis and electrophoresis wi th  Solution I I I .  E = 225 V, 

i -~ 0.035 A, O = 55 ° Asc. and desc. 
a. 2 ml per  g of muscle. Age of extract :  3 days. t ~--- 12,5oo sec. 

b. I ml per  g of muscle. Age of extract :  I day. t = I3,OOO sec. 

Re/erences p. 86, 
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i 
m - - +  < 

Asc .  a D e s c .  

i ~ . ~  ~ I ~  ~ ¸ . . . . . . . . . . . .  

> < 

Asc .  b D e s c .  

F i g .  i i .  I n f l u e n c e  o f  i n c r e a s i n g  t h e  i o n i c  s t r e n g t h  o f  t h e  s a l t  s o l u t i o n  u s e d  f o r  e x t r a c t i o n ,  d i a l y s i s  
a n d  e l e c t r o p h o r e s i s  

R a b b i t  I X .  M i x e d  w h i t e  m u s c l e s .  

a .  S o l u t i o n  K ,  /~ = o .21  
E ----- 2 o o  V,  i = o . o 4 o  A,  t = 1 4 , o o o  sec ,  O = 55 ° Asc ,  a n d  dese .  A g e  of  e x t r a c t :  3 d a y s .  
T a b l e  I V ,  e x p .  272 .  

b .  S o l u t i o n  L ,  /~ ---- o . 2 9  
E = I 6 5  V,  i = o . 0 4 o  A,  t = 1 8 , o o o  sec ,  O = 55 ° Asc .  a n d  dese .  A g e  of  e x t r a c t  = 2 d a y s .  
T a b l e  I V ,  e x p .  271 .  

C O M P A R I S O N  O F  V A R I O U S  P A R T S  O F  T H E  W H I T E  M U S C L E  SYSTEM O F  O N E  R A B B I T  

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

Various white muscles of one rabbit appear to differ very slightly as regards the 
proteins studied. This has been shown by making extracts from various samples of 
randomly chosen white muscles of a rabbit. The differences can only be detected by  
visual inspection of the superposed projected diagrams. Analysis of the diagrams does 
not demonstrate significant differences. 

As has been described above, no differences can be detected by visual inspection, 
if the diagrams are made with various samples of one extract or with extracts from 
various samples of one muscle pulp. 

References p. 86. 
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T h e  di f ferences  b e t w e e n  t h e  w h i t e  musc les  of d i f fe ren t  r a b b i t s  a re  m u c h  m o r e  

e v i d e n t  t h a n  t h e  sca rce ly  o b s e r v a b l e  d i f ferences  b e t w e e n  va r i ous  s amples  of wh i t e  

musc les  of one  r abb i t .  See Fig .  13 a n d  T a b l e  V, c o m p a r e  also Fig .  2, 6 a n d  IO. 

COMPARISON OF WHITE AND RED SKELETAL MUSCLE AND SMOOTH MUSCULAR 

TISSUE OF THE STOMACH OF ONE RABBIT 

Fig .  xob a n d  12 show t h e  d i a g r a m s  o b t a i n e d  for  wh i t e  a n d  r ed  s t r i a t e d  musc le  and  

for  t h e  s m o o t h  m u s c u l a r  t i ssue  of t h e  s t o m a c h  of one  r abb i t .  (The large  a m o u n t  of r e d  

p i g m e n t  p r e sen t  in t h e  e x t r a c t s  p r e v e n t s  t h e  s t u d y  of h e a r t  musc le  b y  the  s a m e  

m e t h o d ) .  W h i t e  a n d  r e d  musc le  differ o n l y  v e r y  s l i gh t ly ;  t h e  o n l y  di f ference of a n y  

i m p o r t a n c e  appea r s  to  be  t h e  d i f fe ren t  shape  of c o m p o n e n t  5. 

Asc. a Desc. 

> < - - m  

Asc. b Desc. 

Fig. 12. Comparison of white and red skeletal muscles and smooth muscular tissue of the stomach 
Rabbit VI. Extraction, dialysis and electrophoresis with Solution III .  E = 225 V, i = o.o35 A, 
Asc. and desc. 

a. Red muscle t = lO,5OO sec, (9 = 55 ° 
b. Stomach muscle t = 6,5oo sec, O = 45 ° 
For white muscle see Fig. lob. 
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T h e  d i a g r a m s  o b t a i n e d  w i t h  s t o m a c h  musc l e  s h o w  an  en t i r e ly  d i f fe ren t  p a t t e r n ,  

as  is d e m o n s t r a t e d  b y  Fig.  I2b .  I t  wi l l  be  o b v i o u s  t h a t  a r e a sonab l e  ana lys i s  b y  m e a n s  

of  Gauss  c u r v e s  of  t h e  d i a g r a m s  as g i v e n  in th i s  f igure  is imposs ib le .  These  p a f f e r n s  

a re  a l w a y s  f o u n d  for  t h e  m u s c u l a r  t i ssue  of r a b b i t  s t o m a c h .  

A 

L<! 
J /  

Ascending boundaries 

. 

Descending boundaries 

. . . . .  rabbit V 
- -  rabbit VI 
. . . . . .  rabbit  VII  
. . . . . .  rabbit IX  

(see Fig. 6a) 
(see Fig. lob) 

Fig. 13. Superposed projections of mixed white muscles of different rabbits 

Extraction, dialysis and electrophoresis with Solution III .  E = c. 225 V, i = o.035 A, t ~ c. I3,OOO 
sec, O = 55 ° Asc. and desc, 
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Rabbit  
No. 

IX 

IX 

IX 

IX  

IX 

IX 

Exp. 
No. 

269 

269 

272 

272 

271 

27I 

Solution 

I n  

I i i  

K 

K 

L 

L 

TABLE 

NUMERICAL EVALUATION OF THE DIAGRAMS OBTAINED 

For abbreviations pCt 

Ionic 
strength 

o.13 

o.13 

o.21 

0.21 

0.29 

0.29 

t 
(sec) 

13000 

13000 

14000 

14000 

18ooo 

2 0 0 0 0  

desc. 

a s c .  

desc. 

asc. 

pCt 
~n 

pCt 

pCt 

pCt 
m 

desc. pCt 
m 

asc. pCt 

4.8 
6.3 
5.7 
6.3 

5.5 
6.0 
4.7 
5.6 

4.6 
5.6 
5.9 
5.4 

Component 

I 3 4 

9.2 
z.8 
9.0 
3-3 

4.8 Io.8 
3.2 a.8 
4.8 Io. 7 
3.3 2.8 

4.3 14.2 
3.2 2.7  
3.7 15.3 
3.5 2.9 

TABLE 

NUMERICAL EVALUATIONS OF THE DIAGRAMS OF THE MIXED 

a. The area of the Gauss curves fitted i n  the 

Rabbit 
No. 

Exp. 
No. Solution I t 

(sec) 

Component 

I 4 [ ] 
From diagrams ot 

V 
VI 

VII 
IX 

i86 
224 
256 
269 

III  
I I I  
I I I  
I I I  

14000 
13000 
13000 
13000 

4.3 
6.4 
6.8 
4.8 

7 . 2  

8.9 
lO.6 

9 . 2  

9 . 0  

7.9 
7.7 
7.8 

From diagrams ot 

V 
VI 

V I I  
I X  

186 
224 
256 
269 

I I I  
I I I  
I I I  
I I I  

14000 
13000 
1300o 
13000 

4 .8  
2 .4  
4.5 
5.7 

9.7 
8.3 

12.7 
9.o 

8 . I  

7.8 
9.0 
9.8 

V 
VI 

VII 
IX  

186 
224 
256 
269 

I I I  
I I I  
I I I  
I I I  

14000 
I3OOO 
13ooo 
I3OOO 

b. M o b i l i f i e s i n l o ~ c m a V o l ~ l s e c - I  
~ o m  d i ~ r a m s o t  

5.8 2. 7 2. 3 
5.2 2. 5 2.2 
5.7 2.7 2.2 
6.3 2.8 2. 5 

V 
VI 

VII 
IX  

186 
224 
256 
269 

I I I  
I I I  
I I I  
I I I  

14000 
13000 
I3OOO 
I3OOO 

6 . 0  

6.3 
5.9 
6.3 

3-3 
3.5 
3.4 
3.3 

From diagrams oJ 

2.6 
2. 9 
2. 4 
2.7 
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IV 

WITH SALT SOLUTION OF HIGHER IONIC STRENGTH 

and m see Table  I I  

7.8 
~,5 
9.8 
2.7 

8.0 

~.4 
8.9 
a.4 

8.8 
.~.3 
9.8 
2.5 

4.0 
2 . I  

2 . 9  
2 . 2  

3.6 
2.0 

Component  

7 8 

25.4 22.2 18. 4 
z.6 z.2 0.9 

" 24.2 27.1 16.1 
x.7 z.x 0.5 

29.0 
1.6 

31.4 
1.4 

59.4 
2.5 

56.6 
r.6-z.5 

34.0 
1.4 

30.5 
I . I  

Sum of 
c o m -  

p o n e n t s  

91.8 

94.8 

92.1 

94.6 

98.4 

91.9 

d o r e  
gradient  

4.5 
0.0 

9.7 
0.0 

5.8 
+ x.4 

10. 5 

+ x.4 

7.1 
+ 0.3 

I1.8 
+ 0 3  

Tot.  area 
(cm ~) 

119 

117 

I I  3 

IO9 

Ill 

120 

Age of 
extraSt  
(days) 

See 
Fig.  I i a  
See 
Fig.  I I a  

See 
Fig. l i b  
See 
Fig.  i i b  

V 

WHITE MUSCLES OF DIFFERENT RABBITS (SEE ,FIG. 13) 

diagrams expressed in percentages  of the  to ta l  area 

Component  

6 7 ] 

descending boundar ies  

3,8 22.1 
6.0 24. 5 
2.8 22.6 
4.o 25.4 

• scending boundar ies  

Sum of 
componen t s  

(~or E 

gradient  
Tot.  area  

(cm ~) 

Age of 
ex t rac t  
(days) 

27.6 [ 17.2 
37.4 

27"4 I 14"4 
22.2 18. 4 

87.4 
91.1 
92.3 
91.8 

4.2 
7.8 
2. 4 
4.5 

96 
116 
I I9  
119 

4.2 
4.6 
2.8 
2.9 

20.1 

21.8 
25.0 
24.2 

27.4 
25.6 
27.0 
27.1 

15.5 
20. 4 
13.4 
16.1 

89.8 
91-5 
94.4 
94.8 

4.9 
8.3 
3.7 
9.7 

IO0 

IlO 

If4 

II 7 

descending boundar ies  

I "7 1-5 
1.7 1.3 
1.8 1.5 
2.1 1.6 

~scending boundar ies  

I. I II 0.8 
0.9 

I.I ] 0. 5 
1.2 0.9 

0 . 0  

+ 0.3 
~ - O . I  

0.0 

2.1 

2.3 
1.9 
2 . 2  

1.6 

1.8 

1.5 
I. 7 

I.I 

1.2 

I.O 

I.I 

0.5 
0.6 
0 . 2  

o.5 

0 . 0  

0 . 0  

0 . 0  

0 . 0  
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DISCUSSION 

The experiments described have shown that visual inspection of superposed 
projections of diagrams provide a means to detect very small differences between these 
diagrams. Adopting this procedure no difference could be demonstrated between protein 
solutions prepared from one batch of muscle, while the differences between various parts 
of the skeletal muscle system of one rabbit were only very small. The differences between 
muscles of various rabbits, however, were much more pronounced. Hence samples of 
one mass of muscle pulp or, if necessary, samples of muscles of one rabbit, but not 
homologous muscles of various rabbits, should be used if one wants to study the influence 
of various extraction methods, the influence of the salt solution, etc. on the diagram. 

We are not yet able to connect the nine protein components, as indicated by 
our diagrams, with proteins, e.g. enzymes, isolated or postulated by other investigators. 

We have been wondering, whether component 2 might be identical with plasma 
albumin, as both have the same mobility in Solution III.  Though the concentration of 
component 2 in our extracts is low (ca 5%) and the concentration of albumin in the 
blood plasma of the rabbit is high (ca 75%) 1., we do not believe component 2 to be 
plasma albumin, as there can only be very little blood present in the exsanguinated 
muscle and interstitial fluids only contain a very small amount of protein. 

Our extracts contain the proteins which have been termed Myogen and Globulin-X. 
Our diagrams show, however, that  these names do not refer to two individual proteins, 
but to mixtures of at least seven and two components respectively. 

I t  is impossible at present to maintain the old definition of myosin, viz. the protein 
of muscle soluble in 0.5 M KCI solution at Pn 7.5, (compa rOS' 1, 18). As a matter  of fact 
our extracts when freshly prepared contain a protein which in the course of time only 
remains in the dissolved state if the salt concentration is increased to about 0. 5 M KC1. 
When the muscle is ground in a mortar  with a more dilute salt solution (e.g. Solution III), 
and sand, a very viscous extract is obtained, from which no protein can be separated 
by centrifuging even at IO,OOO g. In the course of a few hours' standing at 2 ° C, however, 
a very voluminous protein precipitate is formed, which can easily be spun off at 600 g. 
The supernatant has then lost the original high viscosity. We believe the sedimented 
protein, which can be dissolved again in 0. 5 M KC1 solution, to be identical with the 
myosin commonly studied. This is prepared in many cases by a lengthy procedure in 
which it is alternatively dissolved in 0.5 M KC1 solution and precipitated by dilution. 
I t  seems possible that  this dilution of the 0.5 M KC1 solution causes the same alterations 
resulting in a decreased solubility of the myosin as occur in our extracts. In cor~clusion 
we believe the myosin present in muscle to be soluble in dilute salt solution (of an 
ionic strength of c. o.I5), but to undergo an intramolecular rearrangement in these 
solutions resulting in the formation of a less soluble form. As a matter  of fact we ob- 
tained identical protein solutions, whether we carried out the extraction by 0. 5 mol KCI 
or by Solution III ,  in both cases followed by dialysis against Solution III. 

The case of component 9 is complicated. I) It  precipitates during aging of the 
extracts. 2) I t  appears to be a component of the globulin-X (see p. 14). 3) The diagrams 
of the protein solutions, prepared by extracting the lipids from the highly viscous fresh 
muscle extracts according to BLIX x~ and extracting the dry powder obtained in this 
way with Solution III ,  indicate the presence of a large amount of a protein, whose 
gradient is situated at the same place as component 9. This extract is rather viscous. 
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In the course of a few days protein precipitates and can be removed by centrifuging. 
The supernatant of low viscosity provides a diagram, which shows the gradient of com- 
ponent 9 of the usual magnitude. The behaviour of this component suggests identity 
with STRAUB'S actin x8. 
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SUMMARY 

The quantitative aspects of the electrophoresis of the muscle proteins of the myogemglobulin-X 
group, soluble in dilute salt solutions, were studied. 

The most sensitive method of detecting differences between diagrams appears to be visual 
inspection of superposed projections (magnification Io-fold to a base length of 34.5 cm). 

With respect to symmetry of the diagrams, the number of details detectable in the diagrams 
and the t ime required for full development along the basis of the diagrams, a KCl-phosphate solution 
of PH 7.15 and ionic strength o.i 3 appeared to have most adequate properties. 

As the diagrams change upon aging of the extracts this solution was also used for extraction 
in order to shorten the time required for dialysis. With  i2 hours' dialysis at 2 ° C and 13,ooo seconds 
of electrophoresis diagrams could thus be obtained within 24 hours after the animal was bled in 
narcosis. 

I ml of this solution per g of muscle was shown to provide complete extraction of the group 
of proteins studied. 

Skeletal muscle of the rabbit  gave after 13,ooo seconds of electrophoresis patterns in which 
nine protein components could be detected, eight of these occurring in concentrations sufficiently 
high to permit  their numerical evalution from the diagrams. The protein components do not gradually 
change in number and amounts upon increasing the ionic strength of the solution used for extraction, 
dialysis and electrophoresis. Thus the proteins studied constitute a sharply defined class, for which 
the diagrams obtained may be considered to be representative. 

While diagrams of extracts of various samples of one batch of muscle pulp appeared to be 
quite identical upon visual inspection of the superposed projections, small differences could be 
detected between extracts of randomly chosen different parts of the white muscle system of one 
rabbit. More pronounced differences appeared to exist between white muscles of different rabbits. 
The differences between white and red muscles of one rabbit  are only small, while the smooth muscular 
tissue of the stomach gives a completely different pattern. 

RI~SUM]~ 

Noms avoms 6tudi6 les aspects quantitatifs de l'61ectrophor~se des prot6ines musculaires du 
groupe myog~ne-globuline-X, solubles darts les solutions salines dilu6es. 

Nous avoms trouv6 que la m6thode la plus sensible pour d~celer des diff6rences entre diagrammes 
est l'imspection, ~ l'ceil, de projections superpos~es (agrandissement: IO lois, jusqu'g une longueur 
de base de 34.5 cm). 

Pour l 'obtention de diagrammes sym6triques, pour d6celer le plus grand hombre possible de 
d6tails dams les diagrammes et pour atteindre un d~veloppement complet des diagrammes le long 
de la ligne de base en un temps aussi court que possible, une solution de KCl-phosphate de PH 7.15 
et de force ionique o.13 est la plus ad6quate. 

Puisque les diagrammes changent lorsque les extraits vieiUissent, nous avons employ6 cette 
mgme solution pour l 'extraction, afin d'abr6ger le temps n~cessaire pour la dialyse. Par une dialyse 
de i2 heures & 2 ° et  une filectrophor~se de I3,OOO secondes nous avons obtenu aimsi des diagrammes 
en moins de 2 4 heures apr~s la saign6e de l 'animal sons narcose. 

Nous avons montrfi que I ml de cette solution par gramme de muscle permet d'extraire com- 
pl~tement le groupe de prot6ines 6tudifies. 

Des muscles du squelette de Lapin ont donn6, apr~s 13,ooo secondes d'~lectrophorSse, des images 
permet tant  de d~celer neuf fractions de prot6ines. Huit &entre elles apparaissent en des concentrations 
suffisamment 61eyries pour fitre 6valu6es d'apr~s les diagrammes. Les fractions de prot6ines ne 
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changent pas graduellement en nombre et en quantit6 lorsque la force ionique employ6e pour l'ex- 
traction, la dialyse et l'61ectrophor~se augmente. Les prot6ines @tudi6es constituent donc une classe 
bien d6finie pour laquelle les diagrarnmes obtenus peuvent @tre consid6r6s cornme repr6sentatifs. 

Tandis que diff6rents 6chantillons d'une m@rne pate de muscle se rev~lent tout-A-fait identiques 
lors de l 'inspection A l'ceil des projections supevpos@es, de petites diff6rences ont pu ~tre distingu6es 
dans les extraits de diff@rentes parties choisies au hasard du syst~me rnusculaire blanc d 'un re@me 
lapin. Nous avons montr@ que des diff@rences plus prononc6es existent entre les muscles blancs de 
lapins diff6rents. Les diff6rences entre les muscles blancs et rouges du m6me lapin ne sont que petites, 
tandis que le tissu musculaire lisse de l'estornac donne une image compl~tement diff6rente. 

ZUSAMMENFASSUNG 

Die quantitative Seite der Elektrophorese der Muskeleiweisskbrper der Myogen-Globulin-X- 
Gruppe, die in verdfinnten SalzlOsungen 16slich sind, wurde studiert. 

Die empfindlichste Methode, urn Unterschiede zwischen Diagramrnen zu entdecken, ist, wie 
sich heransstellte, die visuelle Betrachtung superponierter Projektionen (zehnfache Vergrbsserung 
zur BasislAnge 34.5 crn). 

Zur Erzielung syrnrnetrischer Diagramme und einer maximalen Anzahl merkbarer Einzelheiten 
und urn in der kleinstrnbglichen Zeit volle Entwicklung entlang der Basislinie der Diagramrne zu 
erreichen, erwies eine IZC1-Phosphatlbsung yon PH 7.15 und einer Ionenstiirke yon o.I 3 sich als die 
geeignetste. 

Da die Diagramme sich bei Altern der Extrakte i~ndern, wurde diese L0sung auch fiir die 
Extraktion benutzt, um die fiir die Dialyse nbtige Zeit zu verkiirzen. Bei zw~Ifstiindiger Dialyse 
bei + 2 ° C und I3,OOO Sekunden Elektrophoresedauer konnten auf diese Weise Diagramrne innerhalb 
24 Stunden, nachdem das Tier unter Narkose leergeblutet wurde, erhalten werden. 

I ml dieser Lbsung per g 1V[uskel geniigt, wie gezeigt wurde, zur vollstAndigen Extraktion der 
untersuchten Eiweissgruppe. 

Kaninchenskelettmuskel ergab nach 13,ooo Sekunden Elektrophorese Bilder, in denen neun 
Eiweisskomp0nenten entdeckt werden konnten. Davon kommen acht in Konzentrationen vor, die 
hoch genug sind, urn sie aus den Diagrammen auszurechnen. Die Eiweisskornponenten iindern sich 
nicht allrni~hlich, was ihre Anzahl und Menge betrifft, wenn die Ionenstiirke der I~sung, die zur 
Extraktion, Dialyse und Elektrophorese benutzt  wird, gesteigert wird. Die untersuchten Eiweiss- 
k6rper bilden also eine gut definierte Klasse, ffir die die erhaltenen Diagramme als repriisentativ 
betrachtet  werden k6nnen. 

Wiihrend die Diagramme verschiedener Proben aus einer Menge Muskelbrei sich bei visueller 
Betrachtung der superponierten Projektionen als vollst~indig identisch erwiesen, konnten zwischen 
Extrakten yon willkiirlich gewi~hlten Teilen des weissen Muskelsystems desselben Kaninchens ldeine 
Unterschiede entdeckt werden. Ausgesprochenere Unterschiede bestehen, wie sich herausstellte, 
zwischen den weissen Muskeln verschiedener Kaninchen. Die Unterschiede zwischen den weissen 
und den roten Muskeln desselben Kaninchens sind nut gering, aber die glatte Mnskulatur des Magens 
ergibt ein vollkommen abweichendes Bild. 
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