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The level  of superoxide d i smutase  (SOD) act ivi ty calculated re la t ive  to prote in  tn the var ious  
human blood ce l l s  falls  in the following order :  p la te le t  > e ry th rocy te  > lymphocyte > granulo-  
cyte.  During e l ec t ropho re s i s  in homogeneous po lyacry lamide  gel of homogenates  of granulo-  
c y t e s ,  lymphocytes ,  and pla te le ts  three  zones of SOD activi ty were  identified. Two f ract ions  
of the enzyme,  d i sappear ing  af ter  t r ea tmen t  with cyanide, were  found in lysa tes  of e ry th rocy te s  
af ter  r e m o v a l  of the hemoglobin.  Of the two SOD f rac t ions  of p la te le ts ,  lymphocytes ,  and 
granulocytes  migra t ing  rapidly  toward the anode, the f i r s t  co r r e sponds  in its abili ty to be in-  
hibited by cyanide or organic solvents  to the cytosol  i sozyme,  the second to the mt tochondr ia l  
i sozyme.  The third cathode f ract ion was not identified. The functional ro le  of SOD in spec ia l -  
ized blood cel ls  and the cause of he terogenei ty  of the enzyme are  d iscussed .  
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The intensity of f ree  rad ica l  p r o c e s s e s  in the cell  depends on var ious  fac tors ,  among which enzyme s y s -  
t ems  are  pa r t i cu l a r ly  important .  Superoxide d i smutase  (SOD), catalyzing the reac t ion  O~ + O~ + 2H +---H~O~ + 
O~, has been shown to p ro tec t  cel ls  against  oxidative injury [11]. Repor t s  have a lso  been published rega rd ing  
the role  of SOD and the superoxide anion in metabo l ic  p r o c e s s e s  [9].  Data  on the level  of act ivi ty and the l so-  
zyme composi t ion  of SOD tn human blood cel ls  a re  incomplete  and contradic tory .  

This  paper  d e s c r i b e s  a study of the d is t r ibut ion  of act ivi ty and the e lec t rohpore t tc  spec t rum of SOD in 
the var ious  human blood cel ls .  

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

Human blood cel ls  were  obtained by methods desc r ibed  previous ly  [2]*. The ce l l s  were  washed with 
0.14 M NaC1 and the cell  res idue  was suspended in 5 mM T r i s - H C l  buffer (pH 7.8) and d is in tegra ted  by t r e a t -  
ment  with 0.1-~ Tr i ton  X-100 under hypotonic conditions or by f reez ing  three  t imes  followed byhomogenizat ion .  
The hemolysa te  of the e ry th rocy t e s  was obtained without t r ea tmen t  by de te rgen t  and the hemoglobin was p r e -  
cipi tated [12] before  de te rmina t ion  of the SOD activity.  SOD activi ty was de te rmined  by inhibition of auto- 
oxidation of adrenalin,  s t imula ted  by ad renochrome  [ 3], with continuous r ecord ing  of the reac t ion  velocity on 
the Specord UV VIS spec t ropho tomete r  (East  Germany) .  The prote in  content was de te rmined  by Lowry ' s  
method and hemoglobin by the acetone ' -cyanhydrin  method. E l ec t ropho re s i s  of SOD was ca r r i ed  out in homo-  
geneous 7.5% po lyac ry lamtde  gel us ing T r i s - b o r a t e  e lec t rode  buffer (pH 8.3). SOD in the gel was detected with 
nttro--BT under conditions of photochemical  generat ion of O~ [51 �9 I soe lec t rode  focusing in po lyacry lamide  gel 
(PAG) was ca r r i e d  out in the Multiphor appara tus  (LKB, Sweden), using pla tes  of 5-~ gel containing Ampholtnes 
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TABLE I .  SOD Activity in Various  Human 
Blood Cells  (M ~: m) 

Number of SOD activity, 
Cells experiments un}ts/mg pro- 

Item 

Erythroeyte~* 
Platelets 
Lymphoeytes 
Granulocytes 

l 
16 [ 1,3+_0,22 
5 1 1,9--~-_0,25 5 0,564-_0,02 
5 0,13_0,04 

*Activity calculated per  mi l l i g r am hemo-  
globin. 

Fig. 1 Fig. 2 

Fig. 1. D e n s i t o g r a m s  of SOD in e r y t h r o c y t e s  and pla te le ts  af ter  f ract ionat ion in po lyacry lamide  
gel. a) Lysa te  of e ry th rocy t e s ;  b) homogenate of pla te le ts ;  c) homogenate of pla te le ts  t rea ted  with 
mix ture  of ch lo ro fo rm and ethanol; d) homogenate of pla te le ts  incubated with KCN at 22~ for 
5 rain. 

Fig. 2. I s o e l e c t r i c  focusing of SOD f rom var ious  blood cel ls  in po lyac ry lamide  gel. a) Hemoly-  
sa te ;  b) hemolysa te  a f te r  t r ea tmen t  with mix ture  of ch lo ro fo rm and ethanol; c) homogenate of 
p la te le ts ;  d) homogenate of lymphocytes ;  e) homogenate of granulocytes .  

with pH range  3.5-9.5. The gels  were  scanned on an a t tachment  to the Gilford model  240 spectrophotomeLer 
(USA). 

EXPERIMENTAL RESULTS 

The level  of SOD act ivi ty in the var ious  blood cel ls  was found to dec rea se  in the following order :  p la te-  
let > e ry th rocy te  > lymphocyte  > granulocyte  (Table 1). Low SOD activi ty in the granulocytes  was r a the r  
unexpected, consider ing that phagocytic cel ls  can genera te  the superoxide anion, by means  of which they evi -  
dently p e r f o r m  their  bac te r ic ida l  function. High SOD activity would prevent  their  function, but the mechanism 
of protection of the [eukocytes themselves against O~ under these conditions remains unexplained~ SOD in- 
hibits the bactericidal activity of leukocytes, but in a model myeloperoxidase system containing xanthine oxi- 
dase as the source of OF, SOD weakly inhibited the bactericidal action of myeloperoxidase [ 9]. It has been 
suggested that SOD regulates the pathway of the superoxide anion during phagocytosis, directing it to the cyto- 
chrome c acceptor or converting it into H202, the substrate for myeloperoxidase. The high level of SOD activity 
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in the pla te le ts  is difficult to explain at p r e sen t  on the grounds of functional necess i ty ,  for ~he metabol ic  ro le  
of f r e e - r a d i c a l  r eac t ions  in these ce l l s  has not been investigated.  Never the less  it should be noted that agglu- 
t ina t ingagents  ( thrombin and adrenalin) s t imula te  the f r e e - r a d i c a l  oxidation of pla te le ts  [ 8, 10]. It s e e m s  
probable  that SOD par t i c ipa tes  in the mechan i sm of p la te le t  function in blood clotting. SOD of e ry th rocy t e s  
has r ece ived  much more  detai led study than in other cel ls  and its pro tec t ive ,  antioxidative function, produced 
by dif ferent  mechan i sms ,  has been demons t ra t ed  [1, 7, 11]. Allowing for  the re la t ive  numbers  of the di f ferent  
blood cel ls ,  the r e su l t s  indicate that changes in the level  of enzyme activi ty d i scovered  in whole blood in 
pathological  p r o c e s s e s  [3, 14] r e f l ec t  chiefly the s tate  of SOD in the e ry th rocy tes .  

The r e s u l t s  of e lec t rophore t i c  f ract ionat ion and i soe lec t r i c  focusing of SOD f rom var ious  blood cel ls  in 
PAG are  given in F i g s .  1 and 2. After  e l ec t ropho re s i s  of the lysate  of e ry th rocy te s  two bands of SOD activi ty 
can be seen, the slowly migra t ing  f rac t ion  being much s t ronger .  T r e a t m e n t  of the hemolysa te  with organic 
solvents  [12] to r em ove  hemoglobin did not change the e lec t rophore t ic  spec t rum of the SOD f rom the e r y t h r o -  
cytes .  Meanwhile the addition of 3 mM KCN led to d i sappearance  of both bands of enzyme.  The e lec t rophore t ic  
s p e c t r a  of SOD f rom plate le ts ,  lymphocytes ,  and granulocytes  were  identical.  SOD of these ce l l s  fo rmed  three 
achromat ic  zones, that at the cathode end of the gel s o m e t i m e s  consis t ing of two bands. The achromat ic  zone 
at the cathode was absent  on e l ec t ropho re s i s  of e ry th rocy te  lysate and did not d i sappear  following t r ea tmen t  of 
the ex t r ac t s  with organic solvents  and cyanide. Sinet et  al. [13] r ega rded  this f rac t ion  of SOD as being rnito- 
chondrial  and concluded that SOD in the rnitochondria of human t i ssues  d i f fers  f rom the enzyme in other 
sources  in i ts  r e s i s t a n c e  to t r e a t m e n t  with a mix ture  of ch lo ro fo rm and ethanol. However,  one of the bands of 
SOD from pla te le ts ,  lymphocytes ,  and granulocytes  located in the middle pa r t  of the gel d i sappeared  af ter  such 
t r ea tmen t  (Fig. lc) ,  so that the middle f rac t ion  of SOD can be r ega rded  as mi tochondr ia l  and the  more  rapidly  
migra t ing  f rac t ion  as belonging to the cytosol ,  for  it is inhibited by cyanide (Fig. ld). This  conclusion is sup-  
ported by the re la t ive  width of the achromat ic  zones, for the propor t ion  of the cytosol  enzyme in the ce l l s  is 
much l a rge r  [4, 13]. The  na tu reo f  the cathodic achromat ic  zone r equ i r e s  spec ia l  study. 

Under the conditions of e l e c t r o p h o r e s i s  used, the e ry th rocy t i c  SOD cons is ted  of two components ,  both of 
which were  inhibited by cyanide. The mechan i sm of the heterogenei ty  of e ry th rocy t i c  SOD is unknown. The 
e ry th rocy t e s  are  known to contain one SOD isozyme [6]. In fact, during i soe lec t r i c  focusing of SOD f rom e r -  
y th rocy tes  i n p o l y a c r y l a m i d e g e l  one f rac t ion  with an i soe lec t r ic  point of 4.65 was d i scovered  (Fig. 2). In this 
r e s p e c t  SOD f rom pla te le ts ,  lyrnphocytes,  and granulocytes  does not differ  f rom the e ry th rocy t i c  enzyme.  It 
can be concluded f rom the identity of the i soe lec t r i c  point that the e l ec t rophore t i c  mult ipl ici ty is due to d i f fe r -  
ences  in the s ize and shape of the molecules  of the SOD fract ions .  SOD f rom the mi tochondr ia  and cytosol  of 
chicken l iver  a re  known to differ  in molecu la r  weight [ 15]. 
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