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A Method of Crystallization of Human Myoglobin." (26157) 

Myoglobin was first crystallized by Theo- 
rell( 1 ) using material of equine origin. Hu- 
man niyoglobin was first crystallized by 
Drabkin(2).  Additional methods of crystal- 
lizing human myoglobin have been described 
by Theorell and de Duve(3) and by Rossi- 
Fanelli (4) .  In these methods hemoglobin 
and other proteins are salted out of aqiieous 
extracts of muscle by lead acetate, phosphate. 
or ammonium sulfate. Concentration of 
phosphate or sulfate is then gradually in- 
creased by dialysis ( 3  ) against concentrated 
solutions of these salts or by evaporation (4  ) 
and crystallization is thereby induced. These 
steps are performed a t  a constant hydrogen 
ion concentration near pH 6.6, the iso- 
electric point of human myoglobin ( 5 ) .  

l ye  have had difticulty in regularly obtain- 
ing crystalline human myoglobin by these 
methods. Mie have developed a simple 
method of isolation and crystallization of hu- 
man myoglobin that depends on precipitation 
of contaminating proteins from aqueous ex- 
tracts of muscle a t  pH 8 by saturation with 
ammonium sulfate. Myoglobin remains in 
solution under these conditions. After pre- 
cipitation of these contaminating proteins 
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and adjustment of the pH to 7 ,  myolglobin 
crystallizes out of solution. 

Procedwc.  Skeletal muscle from surgical 
or autopsy sources was frozen within one 
hour of operative removal or post mortem ex- 
amination, and stored a t  -60°C. Cases with 
a post mortem interval before autopsy of 
more than 4 hours or with debilitation were 
avoided. IThile still frozen, samples weighing 
approximately 100 g were chopped into small 
pieces and mixed in an electric blender with 
2 ml of distilled water per gram of tissue. 
These and all subsequent steps were per- 
formed a t  4°C. After blending, the mixture 
was adjusted to pH 8 with 2N sodium hy- 
droxide and extracted for one hour with con- 
stant stirring. Insoluble materials were then 
removed by centrifugation at 16,000 g for 30 
minutes and the supernate filtered through 
coarse filter paper. 

The  filtrate was then made 80% saturated 
by addition of solid ammonium sulfate, C. P. 
grade. During this and subsequent additions 
of ammonium sulfate, the solution was main- 
tained a t  pH 8 * 0.05 by additions of 2N 
sodium hydroxide or 2% acetic acid. The  
material was then centrifuged at  16,000 g 
for 30 minutes. 

The  supernatant fluid was brought to 
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100% saturation by addition of excess am- 
monium sulfate and allowed to stand over- 
night with constant stirring. The material 
was centrifuged a t  39,000 g for 30 minutes, 
precipitate discarded and supernate again 
stirred for 4 to 8 hours with excess ammonium 
sulfate. Centrifugation was repeated for 30 
minutes a t  39,000 g and any precipitate dis- 
carded. 

The supernate was adjusted to pH 7.0 with 
2 %  acetic acid and allowed to1 stand in beak- 
ers a t  4°C. Crystallization began after 24 
to 48 hours or occasionally longer. The ini- 
tial precipitates were sometimes amorphous 
and were discarded after separation by cen- 
trifugation. The resultant supernate was 
again allowed to stand in beakers a t  4OC. 
The crystals were collected by centrifugation 
or filtration. 

Results. The resultant crystals were 
needle-shaped and doubly refractile. Crys- 
tals were dissolved in distilled water or phos- 
phate buffer, pH 7, 0.1 ionic strength. The 
solutions were reduced with sodium hydro- 
sulfite and converted to carboxymyoglobin. 
Absorption maxima in the 540 mp and 580 
mp regions were determined in a Beckman 
DU spectrophotometer and were compared 
to a carboxyhemoglobin standard. The peaks 
corresponded to those given in the literature. 

Discussion. Morgan(6) in his studies of 
the solubility of equine myoglobin in concen- 
trated ammonium sulfate solutions and in 
concentrated phosphate buffers noted that at 
p H  6.6 myoglobin is much more soluble than 
hemoglobin and that ammonium sulfate or 
phosphate solutions may be utilized €or quan- 
titative separation of these proteins a t  this 
pH. Previous methods( 3,4) for purification 
of human myoglobin have utilized unsatu- 
rated phosphate or ammonium sulfate solu- 

tions to precipitate hemoglobin from myo- 
globin solutions a t  a constant pH of abolut 7. 
I n  Theorell’s method (3) proteins other than 
hemoglobin and myoglobin were first preci- 
pitated by basic lead acetate. In these meth- 
ods (2,3,3) myoglobin was crystallized after 
removal of hemoglobin by gradually increas- 
ing ammonium sulfate or phosphate concen- 
tration at constant pH. In Theorell’s meth- 
od (3) additional purification by electropholre- 
sis was required before crystallization was ac- 
complished. 

The present method of purificatioln and 
crystallization depends on our observation 
that human myoglobin is soluble in saturated 
ammonium sulfate a t  pH 8 and that hemo- 
globin is insoluble under these conditions. 
After removal of other proteins, including he- 
moglobin, and adjustment to pH 7, myo- 
globin crystallizes out on standing. In our 
hands this method has proved simple and 
effective. 

Sumwary. A method of purifying and 
crystallizing human myoglobin is described. 
This method depends on the observation that 
myolglo bin is soluble in saturated ammonium 
sulfate solutions a t  pH 8. 
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