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On incubation, mitochondria isolated from normal or cancer 

cells release a nucleotide and a protein factor into the medium. 

Separated from mitochondria, and added to the soluble cellular 

fraction (SF), these factors cause a marked intensification of 

glycolysis (Neifakh et a1.,1961,1962,1963). Analysis has shown 

the nucleotide factor to be chiefly ATP with slight admixture 

of otiher coenzymes of glycolysis. The presence of this factor 

in a mitoohondrial medium could be easily predicted. If is dif- 

ferent in the case of the protein factor - neither ilta nature, 

origin or mechanism of action had ever been referred to in the 

literature. 

We succeeded in obtaining this protein in pure state. As 

it was found to increase the activity of kinase in glycolytic 

oxidoreduction, the compound was given the name "kinasine". 

A suspension of rabbit myocardial mitochondria was pre- 

pared in a mixture of 0.25 M mannitol - 0.05 P Tris buffer, 

pH 7.4, at a concentration of 15-20 mg protein per 1 ml of the 

mixture. It was incubated for 30 minute6 at 30'C. After remo- 

Cal of mifochondria the supernatant liquid wae run Uhrough a 

gel column of Sephadex G-50 (Pharmacia, lJppsala),7.5x2.5 cm. 
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Then it was eluted with bi-distilled water. The effluent eon- 

tained two ffractions: nucleotide and protein. The protein 

fraction (0.5-0.7 mg/ml) was dried by lyophilisation. The ac- 

cumulated protein (175 mg) was dissolved in 5 ml of 0.05 BI me- 

dinal, PIE being adjusted to lo,5 with 1 N NaOH. The transpa- 

rent light-brown protein aolution was placed on a column of 

cellulose powder and tonal electrophoresis after Porath(1956) 

was performed in the LKB apparatus (Stockholm). The movement 

of the coloured protein zone could be observed visually. The 

separated zones were eluted from the column and passed through 

Wvicord". Three major peaks were recorded on the "Uvicordw 

tape, corresponding to the three protein fractions. Each frac- 

tion was tested for ability to stimulate Sl? glycolysis in a 

medium saturated with coenzymes. All &he stimulating activity 

was found to be concentrated in the third light-brown fraction 

(aliquots N 54-84) (Fig.1). 

Figure 1. 
Zone electrophoresis in packed 
column with cellulose powder. 
A potential gradient of 8volt/cm; 
Verona1 buffer pH 8.6;p = 0.05, 
time 12 hours. Shaded peak on the 
Wvicord" tape corresponds to the 
protein fraction stimulating gly- 
aolysis. 

14 41 54 74 84 
Fraction nr. 

Specific activity of this fraction (its capacity to enhance 

glycolysis in terms of fig of lactate per 1 mg protein) had 

increased to 100 of that of mitochondria (Table I). 
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Table 1 

Experimental data on purification of the mitochondrial 
glycolyais stimulating protein ("Kinasine") 

Fraction SpecifiQ activity Enrich- 
jug lactate/mg protein ment 

Suspension of myocardial 
mitochondria 
Mitochondrial medsum af- 
ter incubation 
Protein fraction after 
Sephadex, kyophilised 
Protein fraction isolated 
by means of elactrophore- 
sis ("kinasine") 

50 1 

136 2.7 

360 7.2 

5082 101.6 

Upon ultracentrifugation (centrifuge Phywe, G?%ingen) 

flkinasine" was found to be a perfectly homogenous protein 

(Fig.2). 

"imm 

Fig.2. Bedimentation patterns of "kPnasinen. Protein 
7 mg in I ml in Verona1 buffer pH 8.6; p = 0.05;50000 r.p,m. 
Temperature 17oC. Photographs taken in 5(l), 15(2) and 35(3) 
minutes after attaining the maximal rate. Bar angle 40'. 

Its sedimentation constant S20 = 2.8 WRBB almost invariable in 

the 3-7 mg/ml range of protein concentration, which indioates 

the absence of protein interaction in the solution. The diffn- 

siOn constant D20 determined with the aid of a polarization 

interferometer wa8 2.5"10~7cm2/seo. The molecular weight was 

calculated to be approximately 97000 assuming a partial speci- 

fic volume of 0.72. Electrophoreais of nkinasine" in the gra- 

dient of sucrose concentration according to Svensson (1960) 

revealed the presence of two components with almost similar 

electrophoretic mobility (Pig.3). 
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EZBD Figure 3. 
(050 Electrophoresis patterns of "kina- 
4040 sine" in the sucrose gradient. 

4030 
Protein 2.5 mg/ml in Verona1 buffer 

pH 8.6; p= 0.05. Sucrose gradient 
4020 from 0 to 20%. The mean potential gra- 
QOIO dient = '7 volt/cm, time of electropho- 

I21411820 24 ze 32 36 40 resis 2 hours. Volume of each fraction 
Fraction nr. 0.6 ml. 

A similar result was obtained from a study of moving bounda- 

ry electrophoresis after Tiselius in a Hilger apparatus (Lon- 

don) (Fig.4). 

Fig.4. Electrophoresis patterns of "kfnasine" after the 
method of moving boundary. 
buffer pH 8.6; p= 

Protein 2.5 mg/mE in Verona1 
0.09. The potential gradient = 8.5 v/cm. 

Photographs taken in I5(2) and 39(3) minutes after electro- 
phoresis was started. Bar angle 350. 

The electrophoretic mobility of the protein U = 

= 6.7 l 10-5c*2sec-'volt" . The protein solution stains light 

blue with Sudan black. Paper electrophoresis of "kinasinefi 

shows only one protein band, stained with bromphenol blue 

and showing the same mobility as the band stained with Sudan. 

Consequently, "kinasinelt proves to be a lipoprotein. The li- 

pid content of "kinasinell, determined by isooctane extraction 

was found to be about 200 pg/mg protein. 
Owing to this, ltkinasinel* is poorly soluble in water,but 

after alkalinizing of the medium it dissolves more readily 

and at pH 10.5 a solution can be prepared with a protein con- 

centration of about 3.5%. The absorption spectrum of "kina- 

sine" has a characteristic maximum in the 410 my range. On 
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the addition of dithionite to the solution this maximum shifts 

to the 425 rn/" region with a small peak appearing at 550 rnr 

The addition of ferricyanide results in a considerable de- 

crease in the 425 rnp maximum, while the 550 mp maximum 

disappears completely. 

At first sight some of the properties displayed by %i.- 

nasine" appear similar to those of the structural protein of 

heart mitochondria discovered by Griddle et al.(1962). How- 

ever molecular weight, electrophoretio mobility and spectrum 

of adsorption indicate that "kinasine" is not identical to 

any of the proteins hitherto detected in mitochondria. 

On the intact cell, when the ATP level is high, vkinasine" 

appears to be linked to actomyosin of mitochondrial membra- 

nes and is not likely penetrate into hyaloplasm (Neifakh and 

Kazakov8,1963). Reduction of ATP level may change the confi- 

guration of mitocfiondrial actomyosin, disrupting link bet- 

ween actomyosin and "kinasine n, The latter is them released 

into hyaloplasm, where it accelerates glycolysis. 
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