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M e m b r a n e  F r a c t i o n s  of  Rabbi t  G r a n u l o c y t e s .  1. 
and  the  E l e c t r o p h o r e t i c  P a t t e r n s  

S t u d y  of t he  cha rac te r i s t i c s  of t h e  g ranu locy te  surface  
m a y  p rov ide  a b e t t e r  u n d e r s t a n d i n g  of i ts  specific 
func t iona l  roles in m a r r o w  egress, t i ssue e n t r y  and  
mic rob ia l  par t ic le  ingest ion.  For  th i s  purpose,  i t  is 
essent ia l  to  pu r i fy  t he  p l a s m a  m e m b r a n e  us ing  some 
rel iable  m a r k e r s  such  as ouaba in - sens i t i ve  ATPase .  I t s  
p resence  in granulocytes ,  however ,  is n o t  well  defined.  

I n  t he  p r e sen t  paper;  we descr ibe t he  e x p e r i m e n t s  in 
wh ich  weak  b u t  def in i te  a c t i v i t y  of ouaba in - sens i t i ve  
A T P a s e  was c o n c e n t r a t e d  in one of two m e m b r a n e  
f rac t ions  isola ted f rom r a b b i t  g ranulocytes .  The  e l e c t r o -  
phore t i c  p a t t e r n s  and  t he  d i s t r i b u t i o n  of o the r  va r ious  
enzymes  in these  f rac t ions  were also shown.  

Materials and methods. G r anu l ocy t e s  w e r e  o b t i a n e d  
f rom the  pe r i tonea l  e x u d a t e  of r a b b i t s  (3-4 kg) a t  10 to 
12 h a f te r  in j ec t ion  of 1%/o ster i le  sod ium case ina te  solu- 
t i o n L  This  e x u d a t e  c o n t a i n e d  7 to 9 • 108 nuc lea ted  cells 
of wh ich  a b o u t  95% were g ranu locy te s  re la t ive ly  free of 
e ry th rocy te s .  Subcel lu lar  f rac t ions  were o b t a i n e d  b y  a 
p rocedure  essent ia l ly  iden t ica l  w i t h  t h a t  of WIEr~EKE and  
WOODIN 2. Shor t ly ,  t he  e x u d a t e  was washed  once w i t h  
cold sal ine a n d  twice  w i th  cold 11.6% (W/V) sucrose b y  
cen t r i fug ing  a t  250 g for 5 min.  H o m o g e n i z a t i o n  was 
car r ied  ou t  b y  v igorous  p i p e t t i n g  (40 strokes,  p ipe t  
open ing  3 m m  in d iameter )  in 10 vo lumes  of 11 .6% 
sucrose. This  p rocedure  lead to t he  p re fe ren t i a l  d i s rup t ion  
of t he  granulocytes .  E a c h  2 m l  of t h e  opa lescen t  super -  
n a t a n t ,  ob t a ined  b y  cen t r i fug ing  t he  h o m o g e n a t e  a t  400 g 
for 5 m in  was p laced  on t he  t op  of a d i scon t inuous  gra-  
dient ,  cons is t ing  of 1.5 ml  of 30% a n d  1.5 ml  of 40% 
sucrose. The  t ubes  were cen t r i fuged  a t  200,000 g for 90 
m i n  w i t h  H i t a c h i  R ST40 rotor .  The  f rac t ions  a t  t he  
in te r face  be tween  11.6% and  30% and  be tween  30% a n d  
40% were re fe r red  to B-1 a n d  B-11, respect ively .  E a c h  
of t h e m  and  the  pe l le t  were recovered  a n d  r e suspended  in 
5 m l  of 11.6% sucrose a n d  homogen ized  careful ly  w i t h  a 
P o t t e r - E l v e h j e m  homogen ize r  a n d  cen t r i fuged  a t  200,000 
g for  30 min.  E a c h  pel le t  was  r e suspended  in 11.6% 
sucrose. All t he  samples  were k e p t  ice-old du r ing  the  
procedure .  

Enzymic assays. A T P a s e  a c t i v i t y  was assayed  in the  
presence  and  t he  absence  of 0.5 m M  ouaba in .  The  
r eac t ion  m i x t u r e  c o n t a i n e d  5 m M  MgC12, 140 m M  NaC1, 
14 m M  KC1, 3 m M  A T P  and  0.1 M Tris-HC1 buffer ,  

T h e  P r e s e n c e  of O u a b a i n - S e n s i t i v e  A T P a s e  

p H  7.4 a. 5 ' -Nucleot idase  a c t i v i t y  was assayed w i t h  10 
m M  MgC12, 3 m M  Y - A M P  a n d  100 m M  g lyc ine -NaOH 
buffer ,  p H  8.5. The  i n c u b a t i o n  was car r ied  out  a t  37 ~ for 
10 m i n  and  t he  l i be ra t ed  Pi  was d e t e r m i n e d  b y  t he  
m e t h o d  of FISKE and  SUBBAROW 4 a f t e r  dep ro t e in i za t ion  
w i t h  perchlor ic  acid a t  a f inal  c o n c e n t r a t i o n  of 0.5 N. 
Alkal ine  a n d  acid p h o s p h a t a s e  ac t iv i t i es  were assayed,  
us ing  p - n i t r o p h e n y l p h o s p h a t e  as a subs t ra te .  The  fo rmer  
r eac t i on  m i x t u r e  c o n t a i n e d  0.1 M c a r b o n a t e  buffer ,  p H  
10.0, 5 m M  MgC12, 0.5 m M  ZnSO 4 a n d  3 m M  s u b s t r a t e L  
The  l a t t e r  reac t ion  m i x t u r e  c o n t a i n e d  50 m M  ace t a t e  
buffer ,  p H  4.5, 5 m M  MgC12 and  5 m M  subs t ra te .  The  
reac t ions  were al lowed to proceed a t  10 to 20 m i n  a n d  t he  
l i be ra t ed  p - n i t r o p h e n y l  was  d e t e r m i n e d  spec t ropho to -  
met r ica l ly .  Acid p h o s p h a t a s e  a c t i v i t y  was assayed  also 
w i t h  50 m M  f l -g lycerophosphate  as a subs t ra te .  Myelo- 
perox idase  a c t i v i t y  was assayed  w i t h  o-dianis idine as a 
subs t ra t e .  3 ml  r eac t ion  m i x t u r e  con t a ined  0 .016% 
o-dianisidine,  0.1 m M  H202 and  30 m M  p h o s p h a t e  
buffer  p H  7.0. After  a d d i t i o n  of t h e  e n z y m e  source, t h e  
r eac t ion  was followed for 3 m in  a t  420 n m  wi th  a H i t a c h i  
r ecord ing  spec t ropho tome te r ,  t y p e  124. 

Glucose 6 -phospha ta se  a c t i v i t y  was assayed  as descr ibed  
b y  H~BSCHER et  al. 6 a n d  succ ina te -cy tochrome-c  reduc-  
tase  a c t i v i t y  was assayed  b y  the  m e t h o d  of TISDALE 7. 
E a c h  f rac t ion  was d e t e r m i n e d  in dupl ica te .  P ro t e in  was 
d e t e r m i n e d  b y  the  m e t h o d  of LOWRY et  al. 8 us ing b o v i n e  
s e rum a l b u m i n  as a s t a n d a r d .  
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Specific ac t iv i t ies  of var ious marke r  enzymes in subcel lular  fract ions 

ATPase  5 '-nucleotidase Acid PNPase  Alkal ine  phosphatase  Peroxidase Protein 

Ouabain-sensi t ive  Ouabain- insensi t ive  

Homogena te  (q-)(0.1) ~ 1.0 •  ~ 0 .362~0.06 ~ 2 .73-  1,4 b 3 . 0 - = 0 . 9  b 0 . 2 9 •  ~ 220 - ~ 3  d 

Soluble n.d. 0.52 i 0.03 0.22 ~ 0.01 1.0 J_ 0.5 trace n.d. 22 3- 3 
(5.6) (6.9) (3,7) (11.2) 

B-I  t race 2.20 4- 0.46 , 0.50 ~ 0.05 9.5 3- 4.4 2.1 • 0,7 0.13 ~_ 0,04 0.7 i 0.2 
(0.7) (0.5) (1.1) (0.3) (0.2) (0.3) 

B-II 1.0 _4= 0.32 3.50 ! 0.88 0.52 ~ 0.02 10.2 :~ 6.7 4.2 • 1.4 0.19 3- 0.06 0.7 3- 0.3 
(1.2) (0.5) (1.2) (0.5) (0.2) (0.3) 

Pellet  n.d. 1.3 4- 0.46 0.81 ~= 0.03 6.2 ~ 3.0 9.9 • 3.4 0.95 ~_ 0.28 9.7 • 1.5 
(12.7) (10.1) (10.4) (18.6) (14.8) (4.5) 

Values g iven are means  ~ s t andard  deviat ion,  n,d. : no t  detected.  Those in parentheses  are percent  recoveries.  ~[xmoles of Pi -1 mg prote in  -1. 
b~tmoles of PNP h -1 mg protein -1. oAbsorbance change inin -1 mg protein -I. amg. 
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Sodium dodecyl  sulfate (SDS) po lyacry lamide  gel 
electrophoresis  was carried out  as described previouslyg.  
Short ly,  10 to 20 al of samples  conta in ing  50 or 100 gg 
pro te in  was mixed  and  boiled a t  80~ for 1 min wi th  
50 ~zl of the  solubilizing mix tu re  conta in ing  2 % SD S, 0.1% 
2-mercap toe thano l  and  20 m M  phospha te  buffer,  p H  7.1. 
Gel sys t em was made  up of 6.7% polyacry lamide  and  
0.09% methylenebisacry lamide .  Elec t rophores is  was 
carr ied out  wi th  a cur ren t  of 3 mA per  tube  at  room 
t e m p e r a t u r e  for abou t  5 h. The developed gels were 
s ta ined wi th  Amidoblack  10B and wi th  periodic acid- 
Schiff reagent  (PAS). 

Results and discussion. The d is t r ibut ion  of ouabain-  
sensit ive ATPase  and the  o ther  enzymes  in the  sub- 
cellular f ract ions  f rom more t h a n  5 expe r imen t s  are 
summar ized  in the  Table. Ouabain-sens i t ive  ATPase  
was obviously  concen t ra t ed  in B-I1 f ract ion wi th  specific 
ac t iv i ty  of abou t  1.0 mole Pi per  mg pro te in  per  hour. In  
the  homogena te  its level was too low to be de te rmined  
accurately.  These f indings suppor t  t h a t  the  g ranu locy te  
should possess a small  a m o u n t  ot this  ATPase  and t h a t  
its p lasma m e m b r a n e  should be concen t ra ted  in the  B-I I  
fraction.  Some authors  have  failed to de tec t  th is  act ivi ty ,  
even in the  subcellular f ract ion which was essent ial ly  iden- 
tical wi th  ours in. Al though  we cannot  give any  defini te  ex- 
p lana t ion  for this  discrepancy,  our modif icat ion,  such as 
induct ion  of granulocytes  wi th  sterile casein or careful 
washing of the  fraction,  migh t  account  for the  p resen t  
findings.  The specific act ivi t ies  of acid phospha ta se  and 
ouabain- insens i t ive  ATPase  were d is t inc t ly  higher  in 
b o t h  B-I and B-1I f ract ions a l though a considerable  
por t ion  of these act ivi t ies  was also found in the  pellet  and 

Origi ( 8 ) 

t '! B-I I I ] 

0.2 f~ 

,' i i 0.2 , 
I I I "I I 

0 0 

E 
~ \r, I \  I'1  o.2 

< / '" 0 0 ~ . . . . . .  

 ~ I 1 
i /./ 

(4) ~ I 1~  

0 20 40 60 80 mm 
Distance from origin 

The solid lines show the protein stains and the dotted ones 
carbohydrate stains. The reference proteins are bovine serum 
albulnin (BSA), ovalbumin (OVA) and cytochrome c (Cyt. C). 

the  soluble fraction.  Most  of myeloperoxidase ,  alkaline 
phospha t a se  and 5 ' -nucleot idase were concen t r a t ed  in the  
pellet.  The acid phospha t a se  of B-I  and B- I I  f ract ions had  
l i t t le ac t iv i ty  on f i -glycerophosphate.  Act ivi t ies  of succi- 
na te -cy tochrome-c  reduc tase  and  glucose 6-phospha tase  
were no t  de tec tab le  even in the  subcellular  fractions.  
E lec t ron  micrographic  s tudies  revealed t h a t  bo th  B-I  
and B-I I  f ract ions were ma in ly  composed  of v e s i c l e s .  
These of B-I  fract ion seemed to be more  homogeneous  in 
shape  and smaller in size, while those  of B- I I  f rac t ion 
were more diverse in b o t h  shape  and size. The pellet  was 
made  up essential ly of the  p r i m a r y  and the  secondary  
granules bu t  of ten c o n t a m i n a t e d  wi th  m e m b r a n o u s  
organelles as well as glycogen particles.  These morphologi-  
cal f indings were compat ib le  wi th  the  enzymat i c  s tudies .  

Represen ta t ive  p a t t e rn s  of SDS-po lyacry lamide  gel 
e lectrophoresis  are shown in the  Figure. Bo th  of B-I  and  
B- I I  f ract ions showed 10 to 11 bands  for pro te in  and 3 to 
4 bands  for ca rbohydra te .  The mos t  p r o m i n e n t  P A S  
posi t ive band  appeared  to be a glycolipid and the  o thers  
to be glycoproteins.  There  were no s ignif icant  differences 
be tween  these two m e m b r a n e  fractions.  In  sharp  cont ras t ,  
the  p a t t e r n  of the  pel le t  was re la t ively  simple wi th  only 5 
p r o m i n e n t  bands  of glycoprotein.  The e lec t rophore t ic  
p a t t e r n  of the  homogena t e  revealed decreasing in tens i ty  
a t  one po lypep t ide  b a n d  (M~vV 5 • 104) af ter  incubat ion  
at  37~ for 3 h, bu t  such effect  was no t  observed at  
ice-water  t empera tu re ,  even af ter  prolonged s tanding.  
We also found no evidence for any  changes  occurr ing in 
the  prote in  composi t ion  in each fract ions s tored at  ice- 
cold t empera ture .  For  fur ther  pur i f ica t ion  of the  p lasma 
m e m b r a n e  and for s tudy ing  the  differences be tween  the  
two memb ran e  fract ions,  the  phagosomal  m e m b r a n e s  
likely to be p resen t  in these fract ions would have  to be 
separa ted  from the  p lasma membranes .  

Summary. ]n one of two m e m b r a n e  fract ions isolated 
f rom the  homogena te  of casein- induced rabbi t  granulocytes  
ouabain-sensi t ive  ATPase  ac t iv i ty  was found definitely.  
E lec t rophore t ic  p a t t e rn s  of these  m e m b r a n e  f rac t ions  
showed no signif icant  differences in s ta in ing for carbo-  
h y d ra t e  and protein.  
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