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During the investigation of human, equine, bovine, and whale myoglobins by s t a rch-ge l  e l ec t rophor -  
e s i s  considerable  d i f ferences  were found in thei r  mobil i ty and mierohe te rogene i ty  of all the tested myo-  
globins was discovered.  During investigation of equine myoglobins by continuous paper e lec t rophores i s  5 
components were found. 

Previous  papers  [2-4] descr ibed  the resul ts  of a compara t ive  investigation of equine, bovine, human, 
and whale myoglobins by the peptide map method. Crystal l ine myoglobins are  known to possess  m ic ro -  
he terogenei ty  [8]. 

This paper  descr ibes  a compara t ive  investigation of mic rohe te rogene i ty  of equine, bovine, human, 
and whale myoglobins by s t a rch-ge l  e l ec t rophores i s  and fract ionat ion of equine myogiobin by continuous 
paper e lec t rophores i s .  

E X P E R I M E N T A L  M E T H O D  

The myoglobins were isolated as descr ibed  previously  [2]. All rnyoglobins were obtained in the 
crys ta l l ine  form.  

Starch-gel  e l ec t rophores i s  was ca r r i ed  out by Smithies '  method [10, 12] in t r i s - c i t r a t e  buffer ,  pH 
8.6, for  4 h (voltage 400 V, cu r r en t  10-20 mA, t empera tu re  4-5~ The gel was stained with a 2.5% solu- 
tion of amido black. After staining the gel was washed with a methanol - -  acetic ac id- -  water  (3 : 5 : 1) mix-  
ture .  

Continuous e l ec t rophores i s  was ca r r i ed  out on the apparatus const ructed by Mant 'ev [1] on slowly 
absorbing chromatographic  paper  (Leningrad) in veronal  buffer (pH 8.6, ionic s trength 0.015) for  64-66 h 
at 3-4 ~ (voltage 800-1000 V, cu r r en t  2-3 mA). A 2.5% solution of myoglobin was used for  e lec t rophores i s .  

E lec t rophores i s  in a Tise l ius  apparatus w a s c a r r i e d  out in 1.5 M phosphate buffer,  pH 8.0, with a 
cu r r en t  of 17 mA for  3-4 h. 

Analytical u l t racentr i fugat ion was ca r r i ed  out for  4 h in c i t ra te  buffer ,  pH 5.8, with a ro to r  speed 
of 61,000 rpm at 22 ~ 

N- terminal  groups were  de termined by Sanger 's  dini t rof luorobenzene method [11]. 

EXPERIMENTAL RESULTS 

The resu l t s  of s t a rch -ge l  e l ec t rophores i s  of equine, bovine, human, and whale myoglobins are  given 
in Fig. 1. It is c l ea r  f rom Fig. 1 that the investigated proteins differ  significantly in thei r  e lec t rophore t ic  
mobility.  During s t a rch -ge l  e l ec t rophores i s  bovine myoglobin moved more  rapidly than the res t ,  human 
and equine myoglobins somewhat more  slowly, and with almost  identical e lec t rophore t ic  mobil i ty,  while 
whale myogiobin moved the slowest  of all, its principal  component remaining almost  at the s tar t ing line. 
All myoglobins investigated by s t a rch-ge l  e l ec t rophores i s  (Fig. 1) separa ted  into severa l  components (one 
pr incipal  and severa l  minor) ,  the pr incipal  component not succeeding in dividing into two before the end 
and moving more  sIowly than the minor  components.  
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Fig.  1. E l e c t r o p h o r e s i s  of whale (A), human (B), 
equine (C), and bovine (D) rnyoglobins. S ta rch-ge l  
e l e c t r o p h o r e s i s  in i r i s - c i t r a t e  buffer ,  pH 8.6 400 
V, 10-20 mA. 

Fig. 2. E l e c t r o p h o r e s i s  of equine myoglobin. 
Continuous e l ee t ropho re s i s  in veronal  buffer ,  pH 
8.6, # =0.015, 1000 V, 2.9 mA. Duration of e l ec -  
t rophores i s  66 h. 

Equine myoglobin was also invest igated by con- 
tinuous pape r  e l ec t ropho re s i s .  As Fig. 2 shows, 
equine myoglobin divided into 5 components .  Two 
components ,  const i tut ing the main  m a s s  of the myo-  
globin, had not fully sepa ra ted  by the end of e l e c t r o -  
phores t s  and showed only sl ight  re la t ive  d i sp lace-  
men t  of the i r  s ta ins .  The remain ing  three  compon-  
ents ,  with a higher  negative charge ,  were  minor  com-  
ponents of myoglobin.  On the bas i s  of e a r l i e r  r e s u l t s  
[2] obtained by ch roma tog raphy  of equine myoglobin 
on a column of Amber l i te  IRC-50,  it can be pos tu-  
lated that the pr incipal  components  of equine myo-  
globin during continuous e l e c t r o p h o r e s i s  co r r e spond  
to the pr inc ipa l  peak during ch roma tog raphy  on the 
Amber l i t e  IRC-50 column, and the r ema in ing  three  
components  co r r e spond  to the minor  peaks.  T r a c e s  
of other  components  demons t ra t ed  by continuous 
e l e c t r o p h o r e s i s  evident ly  were  due to v e r y  sma l l  
amounts  of impur i t i e s  in the p repara t ion .  Sedimenta-  
tion analys is  of the equine myoglobin in the u l t r a -  
centr i fuge gave only one peak, and de te rmina t ion  of 
N- t e rmina l  amino acids by the dini t rof luorobenzene 
method revea led  only one N- t e rmina l  amino acid to 
be p re sen t ,  name ly  glycine. E l e c t r o p h o r e s t s  of the 
myoglobin in a Tise l ius  appara tus  gave only one, ve ry  
a s y m m e t r i c a l  peak. 

Mic rohe te rogene i ty  of the myoglobin was d is -  
cove red  to a var ied  degree  by the use of di f ferent  
e lec t rophore t i e  and ion-exchange chromatograph ic  
methods ,  but not by u l t racent r i fugat ton  nor by de t e r -  
ruination of N - t e r m i n a l  groups.  Dif ferences  between 
the individual components  of the myoglobins  a re  
evident ly  due to d i f fe rences  in the i r  cha rges  and not 
to d i f fe renees  in thei r  mo lecu la r  weight or  t e rmina l  
groups.  These  r e su l t s  a re  in ag reemen t  with those 
obtained by other  worke r s .  Akeson and Theore l l  [5, 
6], for  example ,  sepa ra ted  equine myoglobin on a 
CM-cel lu lose  column into three  components  and found 
no d i f fe rences  between these  components  e i ther  in 
mo lecu la r  weight or  in t e rmina I  amino acids.  

The r e su l t s  obtained by s t a r c h - g e l  e l ec t ropho re s i s  were  then compared  with r e su l t s  p rev ious ly  ob- 
tained using the peptide map method for  myoglobins of the s ame  spec ies  of animals  [4]. Invest igat ion of 
t ryps in  and chymot ryps in  hydro lysa t e s  of equine, bovine, human,  and whale myoglobins  showed that bovine 
and whale myoglobins  p o s s e s s  the sma l l e s t  number  of identical pept ides ,  obtained with both t ryps in  and 
chymot ryps in .  These  pro te ins  also show the g r e a t e s t  d i f fe rences  in mobi l i ty  during s t a r c h - g e l  e l e c t ro -  
phores i s .  Equine and human myoglobins  were  c loses t  in thei r  behavior  during s t a r c h - g e l  e l ee t rophores i s .  
They were  also the c loses t  as r ega rd s  the number  of identical  chymot ryps in  peptides.  As r e g a r d s  the 
number  of identical  t ryps in  pept ides ,  equine and whale myoglobins showed the c loses t  r e s e m b l a n c e .  How- 
eve r ,  the r e su l t s  obtained on peptide maps  of chymot ryps in  hydro lysa tes  re f lec ted  the s t ruc tu re  of the 
myoglobin molecule  m o r e  comple te ly  than the r e su l t s  obtained on t ryps in  hydro lysa te s ,  because  t ryps in  
does not spl i t  the whole myoglobin molecule .  Hudgins and c o - w o r k e r s  [9], who invest igated the myoglobins 
of var ious  spec ies  of p r i m a t e s ,  a lso found a co r r e l a t i on  between the r e su l t s  of s t a r c h - g e l  e l e c t ropho re s i s  
and the peptide composi t ion  of enzyme hydro lysa te s  of the myoglobins.  

Berna rd  and c o - w o r k e r s  [7] invest igated equine, bovine,  ovine, and porcine myoglobins  by s t a r c h -  
gel e l e c t ropho re s i s  and found that equine, bovine, and ovine myoglobins move at the s a m e  veloci ty,  and 
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porcine myoglobin somewhat slower. The present experiments revealed considerable differences in the 
velocity of movement of equine and bovine myoglobins during starch-gel electrophoresis, whereas Bernard 
and co-workers [7] found no such difference. This can presumably be attributed to the rather different 
conditions of electrophoresis in the present experiments. 

By starch-gel eleetrophoresis we demonstrated species differences in mobility between human, 
equine, bovine, and whale myoglob[ns and demonstrated microheterogeneity of the investigated myoglobins. 
During starch-gel electrophoresis we found not more than four components of the myoglobins, whereas, by 
continuous paper electrophoresis we found five distinct components, presumably because of the greater re- 
solving power of continuous paper electrophoresis. 
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