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pe rcen tage  of I F  exc re ted  in to  t he  ur ine  wi th in  30 min  
(af ter  e m p t y i n g  a n d  w as h i ng  t he  b ladder)  were m e a s u r e d  
a n d  resul t s  are r epo r t ed  in t ab l e  1 as m e a n  4- S .E .  The  
s ta t i s t i ca l  s ignif icance of t he  difference was e v a l u a t e d  
accord ing  to  S t u d e n t ' s  t - tes t .  
I t  appea r s  t h a t  IF ,  once des ia ly la ted ,  r em a i ns  in the  
c i rcu la t ion  for a v e r y  s h o r t  t i m e  and  i n t a c t  i ts  half-l ife 
is a lmos t  ha lved .  Moreover ,  i t  is i n t e re s t ing  to no te  t h a t  
on ly  a negl igible  a m o u n t  has  been  excre ted  w i t h  t he  
urine,  sugges t ing  t h a t  t he  l iver  u p t a k e  m a y  h a v e  in- 
creased.  
Fo r  th i s  r eason  t he  role of the  l iver  has  been  t e s t ed  b y  
us ing  the  i so la ted  pe r fused  r a b b i t  l iver  p r e p a r a t i o n  25. 
The  v i ab i l i t y  of t h e  l iver  has  been  g rea t ly  i m p r o v e d  in 
compar i son  to our  p rev ious  s t u d y  ~~ b y  us ing  an  eff icient  
o x y g e n a t o r  a n d  f resh r a b b i t  b lood as per fus ion  med ium.  
As shown  in t a b l e  2, on ly  2 3 - 3 9 %  of n a t i v e  I F  d i sappears  
in  15 min  f rom the  r ec i rcu la t ing  pe r fusa te  whi le  t he  loss 
of des ia ly la ted  I F  is up  to  74-850/o . This  s t r ik ing  dif- 

te rence  suggests  t h a t  t he  fas te r  d i s a p p e a r a n c e  of desialyl-  
a ted  I F  f rom the  pe r fusa t e  is a t t r i b u t a b l e  to  t he  b ind ing  
of the  as ia lo in te r fe ron  to t he  liver. 
B o t h  t h e  resu l t s  in  v ivo  a n d  in v i t ro  s t rong ly  sugges t  
t h a t  t he  m e c h a n i s m  of I F  c a t a b o l i s m  is e q u i v a l e n t  to  
t h a t  r epo r t ed  for severa l  c i rcu la t ing  g lycopro te ins  2s. 
Des ia ly la t ion  o f  I F  is t he  p r e l i m i n a r y  essent ia l  s tep  27 
and  m i g h t  occur  in m i c r o e n v i r o n m e n t s  w i t h  sluggish 
c i rcu la t ion  or more  l ikely b y  m e m b r a n e - b o u n d  sial idase 
while  I F  is a t t a c h e d  to t he  cell m e m b r a n e  ~8. 
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Summary. Crea t ine  p h o s p h o k i n a s e  ac t i v i t y  was found  in h u m a n  lymphocy tes .  On ly  MM t y p e  of the  e n z y m e  was 
de tec ted  in l y m p h o c y t e s  and  p o l y m o r p h o n u c l e a r  leukocytes .  

Crea t ine  p h o s p h o k i n a s e  (CPK) p lays  a n  i m p o r t a n t  phys -  
iological role in  t he  ene rgy  m e t a b o l i s m  of ske le ta l  and  
cardiac  muscle ,  a n d  n e r v e  cells. I t  ca ta lyzes  the  r eac t ion :  
c rea t ine  p h o s p h a t e  + A D P  = A T P  + c rea t ine  2. C P K  ex- 
is ts  in mul t ip le  !orms.  I t  is a dimer ,  composed  of 2 types  
of subun i t s ,  de s igna t ed  M and  B. These  combine  to pro- 
duce  t h r ee  isozymes,  des igna ted  MI~, MB and  B B  3. 
MM type  is m a i n l y  found  in ske le ta l  muscle,  B B  type  
p r e d o m i n a n t l y  in  t he  ne r vous  sys t em and  MB t y p e  in 
card iac  muscle  3. S imi lar i t ies  be tween  con t rac t i l e  muscle  
and  mobi le  cells are wide ly  recognized.  H u x l e y  4 ha s  re- 
cen t ly  po in t ed  o u t  t h a t  ac t in -  and  myos in- l ike  p ro te ins  
are p re sen t  in  mot i le  n o n - m u s c u l a r  ceils, such  as amoeba ,  
a c a n t h a m o e b a  caste l lani i ,  and  blood platele'Ls. Tranie l lo  
e t  al.~ has  e x a m i n e d  h u m a n  p o l y m o r p h o n u c l e a r  leuko- 
cytes  (PMNL) a n d  found  t h a t  these  cells con t a i n  cyto-  
p lasmic  CPK.  However ,  no  m e n t i o n  was m a d e  as to  the  
isozyme of C P K  p r e s en t  in  t he  leukocytes .  Mel tzer  and  
G u s c h w a n  h a v e  p rev ious ly  r epo r t ed  B B - t y p e  C P K  in the  
p la te le t s  of r a t s  and  rabb i t s ,  a l t h o u g h  C P K  a c t i v i t y  was 
u n d e t e c t a b l e  in  h u m a n  p la t e l e t s  8. W e  the re fore  inves t i -  
ga ted  which  t y p e  of C P K  was p r e s en t  in l y m p h o c y t e s  and  
leukocytes:  W e  wish  to  r e p o r t  t h a t  C P K  a c t i v i t y  is also 
p r e sen t  in h u m a n  l y m p h o c y t e s  and  t h a t  on ly  MM t y p e  
of C P K  is p r e s e n t  in  l y m p h o c y t e s  and  leukocytes .  
Materials and methods. Leukocy tes  a n d  l y m p h o c y t e s  
were i so la ted  b y  a mod i f i ca t ion  of the  m e t h o d s  descr ibed  
b y  Mende l sohn  et  al. 7 a n d  t3oyum s. 20 ml  of venous  b lood 
were d r a w n  f rom each  of 4 n o r m a l  sub jec t s  in  hepa r in i zed  
non  steri le Vacu ta ine r s .  W i t h  the  V a c u t a i n e r s  o r i en ted  
a t  a 45 ~ angle,  b lood samples  were al lowed to  s t a n d  for 
1 h a t  37 ~ 
The  r e su l t i ng  uppe r  l aye r  of l eukocy te - r i ch  p l a s m a  was 
col lected a n d  d i lu ted  to twice  vo lume  w i t h  Ca-Mg-free 
(CMF) T y r o d e ' s  so lut ion,  p H  7.4. 20 ml, a t  most ,  of th i s  

d i lu ted  p l a s m a  were l ayered  over  9 ml  of the  fol lowing 
so lu t ion  in a 50 ml  conical  p las t ic  cent r i fuge  t u b e  (Fal- 
con):  1.8 ml  of 50% sod ium d ia t r i azoa te  (Hypaque ,  
"Winthrop Labs ,  New York,  New York) ,  6.35 ml  of 9% 
aqueous  Ficoll  (molecular  weight ,  a p p r o x i m a t e l y  400,000, 
S igma Chemical  Co., St. Louis,  Mo.) and  0.85 ml  of water .  
Cen t r i fuga t ion  was pe r fo rmed  a t  4~ a t  885 g for 15 rain. 
The  u p p e r m o s t  p l a s m a  layer  was r e m o v e d  w i th  a P a s t e u r  
p ipe t te .  The  whi t e  f luffy l y m p h o c y t e - r i c h  i n t e r p h a s e  
layer  or ig inal ly  be tween  t he  p l a s m a  layer  and  t he  Ficoll  
so lu t ion  was t h e n  col lected b y  a sp i r a t i on  in 15 ml  conical,  
p las t ic  cen t r i fuge  tubes .  Next ,  t he  r e m a i n i n g  Ficoll  layer  
was  carefu l ly  removed ,  leav ing  a l eukocy te - r i ch  Iayer  a t  
t he  b o t t o m  of t he  tube .  This  l eukocy te - r i ch  layer  was 
r e suspended  in 2 ml  of CMF and  col lected b y  asp i ra t ion .  
E a c h  l y m p h o c y t e - r i c h  f r ac t ion  a n d  each  leukocyte - r i ch  
f r ac t ion  were washed  twice  b y  resuspens ion  in 10 ml  
CMF a n d  cen t r i f uga t i on  a t  110 •  for 10 min  in o rder  to  
r e m o v e  pla te le ts ,  p l a s m a  and  Ficoll.  Af ter  washing ,  all 
l y m p h o c y t e - r i c h  f r ac t ions  were c o m b i n e d  in one 15 ml  
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Activity of CPK in the extracts of human lymphocytes, polymor- 
phonuclear leukoeytes, human skeletal muscle and brain 

CPK activity CPK activity* 
(mU/mg protein) (mU/108 cells) 

Hmnan lymphocytes 11.3 26 
Human PMN 11.4 112 
Human nmscle 68,000 - 
}{uman brain 6,100 - 

*CPK activity was estimated assuming 100% lysis after sonication. 

conical plast ic  centr i fuge tube  and all leukocyte-r ich  
fract ions in another .  The to ta l  cell con ten t  and pu r i ty  of 
each suspension were de t e rmined  by  cell counts  in a 
haemocy tome te r .  Only cell suspension of pu r i t y  > 94% 
were accepted  for fu r ther  s tudy.  The average pu r i t y  of 
ha rves t ed  cell suspensions was 96%. 
The 2 suspensions  were cent r i fuged at  250 • g for 10 rain 
and  the  CMF was removed.  Cells were then  resuspended 
in 0.5 0.7 ml of cold Gelman High Resolu t ion  Buffer  
( i r i s -barbi ta l -sodium barbi ta l ,  pt-I 8.8) conta in ing  4 mM 
mercap toe thano l ,  and lysed by sonicat ion for 20 sec wi th  
a Kon te s  cell d isrupter .  Cell debris  was  r emoved  by  cen- 
t r i fuga t ion  at  7700 •  and 4~ for 10 rain. Total  C P K  
ac t iv i ty  was measured  by  the  m e t h o d  of Rosalki"  wi th  
reagents  ob ta ined  f rom Calbiochem. Pro te in  concent ra-  
t ion of the  ex t rac t s  was assayed according to the  me t h o d  
of Lowry  et aI. *~. H u m a n  bra in  and  skeletal  muscle f rom 
au topsy  were homogenized  (1:10) in cold isotonic saline 
solut ion by  means  of Tr i -R teflon t issue homogenizer .  
The homogena tc  was cent r i fuged at  30,000 x g for 30 min 
to ob ta in  supe rna t an t .  Three  1 bd al iquots  of the ex t rac t s  
of whi te  blood cells and the  di luted t issue ex t rac t s  were 
e lec t rophoresed on agarose gels (Pfizer Pol-E-fi lm) for 

30 min.  Then  1 ml  of C P K  reagen t  (E.I. du P o n t  de 
Nemours  & Co., I n s t r u m e n t  P roduc t s  Division, Wil-  
ming ton ,  Delaware) was spread  over  t he  gel, followed by  
incuba t ion  of the  gel a t  37~ for 30 rain. The bands  of 
i soenzymes  of C P K  were de tec ted  under  UV light. 
Results  and discussion. As shown in the  figure only  a 
single b a n d  was p resen t  in the  ex t rac t s  of b o t h  poly-  
morphonuc l ea r  leukocytes  and  lymphocy tes .  This  band  
is located a t  the  same posi t ion as M M - t y p e  CPK.  Some 
non-specif ic  reac t ion  p robab ly  occurred at  the  origin. The 
l y m p h o c y t e  and  leukocyte  band  also p ro b ab l y  includes 
some non-specif ic  reaction.  However ,  since ' C P K  ac t iv i ty '  
in the  absence  of subs t r a t e  bu t  wi th  the  res t  of the  
Rosalki  reagents  was less t h a n  3% of the  C P K  ac t iv i ty  
of l ymphocy te s  and leukocytes  w h e n  measured  spect re-  
pho tome t r i ca l ly  by  the  comple te  Rosalki  m e t h o d  and 
since ne i ther  BB band  or MB band  was de t ec t ed  af ter  
electrophoresis ,  we conclude t h a t  the  C P K  of l ympho-  
cytes  and  leukocytes  is MM. 
Quan t i t a t i ve  es t ima t ion  of CPIK ac t iv i ty  in h u m a n  lym- 
phocy tes  and po lymorphonuc lea r  leukocytes  in compar i -  
son wi th  t h a t  of h u m a n  bra in  and skeletal  muscle was 
carried out.  The C P K  ac t iv i ty  per  108 cells was 4.3Iold 
grea te r  in leukocytes  than  in l ymphocy te s  (table). This is 
p ro b ab l y  re la ted  to  the  fact  t h a t  the  re la t ive cy toplasmic  
space and  the  average size of leukocytes  are grea ter  t h a n  
those  of lymphocytes~L The  C P K  act ivi t ies  per  mg prote in  
of the  cy top la sm of leukocytes  and l ymphocy te s  were 
comparable .  The C P K  ac t iv i ty  of bo th  of these  cell types  
were ex t r eme ly  low compared  wi th  h u m a n  bra in  and 
muscle (table). This does no t  necessar i ly  rule out  t h a t  
C P K  has s ignif icant  funct ion in the  energy  me tabo l i sm 
of leukocytes  and lymphocytes .  Cont rac t ion  of skeletal  
muscle involves changes  in its length  of 20% or more  in 
50 mill iseconds is. Conduct ion veloci ty  of mye l ina ted  
nerve  fibre ranges be tween  5 and 120 mete r  per  second ~a 
In compar ison  with these rapid physical  and  electroche- 
mical act ivi t ies  of muscle and nerve  fibres, which require 
rapid r ep l en i shmen t  of A T P  # o r e  creat ine  phospha te ,  
leukocytes  and l ymphocy te s  move by  the  process  of che- 
motax is  t h rough  tissue spaces only 3 t imes  the i r  own 
length,  each minute .  Fur the rmore ,  the  m o v e m e n t  of the  
leukocytes  to the  t a rge t  site largely depends  on the  
c i rculat ion of blood ra the r  t h a n  their  own locomotion.  
Thus,  these  cells do no t  require a large pool of reserve 
energy  for m o v e m e n t  and the  low C P K  ac t iv i ty  in the  
cy top la sm of leukocytes  may  be adequa te  for the  low- 
energy  r equ i r emen t s  of these cells. 

Electrophoretic mobilities of creatine phosphokinase in the extracts 
el polymorphonuelear Ieukocytes and lymphocytes. A A mixture of 
extracts of brain and cardiac muscle of humans. B Extracts of 
human lymphoeytes. C Extracts of human polymorphonuclear 
leukocytes. 
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