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STUDIES ON HUMAN LEUKOCYTE NEURAMINIDASE

CHAPTER I

INTRODUCTION

One o f  the  c r i t e r i a  d i s t i n g u i s h i n g  v i r u s e s  from b a c t e r i a  b e f o r e  

1940 was t h a t  v i r u s e s  were devo id  o f  any i n t r i n s i c  enzyme a s  p a r t  o f  t h e i r  

p a r t i c l e  components. These v iew s changed when i n v e s t i g a t i o n s  on th e  

phenomenon o f  i n f l u e n z a  v i r u s - in d u c e d  h e m a g g lu t in a t io n  l e d  to  t h e  d i s c o v e r y  

o f  n e u ra m in id a se .

H i r s t  (1) and M cClelland  and Hare (2) r e p o r t e d  t h e  a g g l u t i n a t i o n  

o f  ch icken  e r y t h r o c y t e s  when a l l a n t o i c  f l u i d  from c h ic k  em bryos, i n f e c t e d  

w ith  i n f l u e n z a  v i r u s ,  were added to  c h ic k e n  b lo o d .  H i r s t ’ s  a ssum ption  

o f  the  e x i s t e n c e  of a  v i r a l  enzyme (3) was s u b s t a n t i a t e d  when i t  was shown 

t h a t  the h e m a g g lu t in a t io n  caused  by the  i n d i c a t o r  v i r u s  (4) can be 

i n h i b i t e d  by normal serum and by a number o f  b i o l o g i c a l  s u b s ta n c e s  o f  

mucoid n a tu r e  which l o s e  t h e i r  i n h i b i t o r y  p r o p e r ty  a f t e r  p r e t r e a t m e n t  

w i th  the a c t i v e  v i r u s  o r  w i th  a  s o lu b le  enzyme p r e s e n t  i n  t h e  f i l t r a t e s  

o f  V ib r io  c h o le ra e  c u l t u r e s  ( 5 ) .  The n a tu r e  o f  v i r a l  h e m a g g lu t in a t io n  

was f u r t h e r  s tu d ie d  by G o t t s c h a lk  (6) who o b se rv e d  t h a t  a  low m o le c u la r  

w eigh t compound was r e l e a s e d  from ovomucin c o n c o m i t ta n t  w i t h  th e  l o s s  o f  

th e  i n h i b i t o r y  p r o p e r t y .  Th is  sm a ll  m o lecu le  was l a t e r  i d e n t i f i e d  as



N -a c e ty ln e u ra m in ic  a c id  (NANA) ( 7 ) .  The enzyme, o r i g i n a l l y  b e l i e v e d  to  

be a t  th e  s u r f a c e  o f  i n f l u e n z a  v i r u s  p a r t i c l e  and l a t e r  found a l s o  i n  th e  

c u l t u r e s  f i l t r a t e s  o f  C lo s t r i d iu m  p e r f r i n g e n s  and V ib r io  c h o l e r a e , was 

g iv en  th e  name " n e u ra m in id a s e "  and i t s  a c t i o n  was d e f in e d  by G o t t s c h a lk  

(8) as  the  h y d r o l y t i c  c le a v a g e  o f  th e  g l y c o s i d i c  l in k a g e  j o i n i n g  the  k e to  

group o f  n e u ra m in ic  a c id  to  D - g a la c to s e  o r  D -g a la c to sa m in e  and p o s s ib l y  

to  o t h e r  s u g a r s .  N euram in idase  i s  now known t o  be p r e s e n t  i n  m yxov iruses  

and b a c t e r i a  (9) as  w e l l  as  in  mammalian and a v ia n  o rg a n s .

The p r e s e n c e  o f  n e u ra m in id a se  a c t i v i t y  in  mammalian plasm a was 

f i r s t  r e p o r te d  by Warren and S p e a r in g  (10) who found th e  enzyme b o th  i n  

b o v in e  and i n  human p r e p a r a t i o n s  o f  Cohn f r a c t i o n  VI u s in g  f e t u i n  as  th e  

s u b s t r a t e .  C a r u b e l l i ,  T rucco  and C aputto  ( 1 1 ) ,  u s in g  n e u ra m in o sy l  t r i ­

s a c c h a r id e s  as s u b s t r a t e s  (1 2 ) ,  d i s c l o s e d  the  p re s e n c e  o f  a s o lu b le  

n e u ra m in id a se  i n  th e  s u p e r n a t a n t  f r a c t i o n  o f  v a r i o u s  r a t  o rg a n s .  The 

enzyme l e v e l s  were h i g h e s t  i n  t h e  l i v e r ,  b r a i n  and mammary g la n d .  S h o r t l y  

a f t e r w a r d s ,  Morgan and L a u r e l l  (13) r e p o r t e d  n e u ra m in id a se  a c t i v i t y  in  th e  

whole homogenates o f  g u in e a  p i g ,  bov ine  and human b r a i n s ,  u s in g  endogenous 

s u b s t r a t e s .  The p re s e n c e  of a ly sosom al mammalian n e u ra m in id a se  was f i r s t  

d e s c r ib e d  by Taha and C a r u b e l l i  (14) who conduc ted  s t u d i e s  on t h e  i n t r a ­

c e l l u l a r  d i s t r i b u t i o n  o f  t h i s  enzyme i n  r a t  l i v e r  and showed t h a t  the  

ly so so m a l  f r a c t i o n  h a s  t h e  h i g h e s t  r e l a t i v e  s p e c i f i c  a c t i v i t y .  The f i n d i n g  

t h a t  n e u ra m in id a se  b e lo n g s  t o  t h e  group o f  a c id  ly sosom al h y d r o la s e s  was 

con firm ed  by Mahadevan, Nduaguba and Tappel (15) , who d e m o n s tra ted  n e u ra ­

m in id a se  a c t i v i t y  i n  i s o l a t e d  r a t  l i v e r  and k idney  ly sosom es. S tu d ie s  on 

th e  p a r t i c u l a t e  n e u ra m in id a se  o f  r a t  l i v e r  by H orvat and T o u s te r  (16) and 

by Aronson and De Duve ( 1 7 ) ,  which e s t a b l i s h e d  th e  s t r u c t u r e - l i n k e d  l a t e n c y



o f  n e u ra m in id a se  and i t s  r o l e  in  th e  d i g e s t i o n  o f  g l y c o p r o t e i n s ,  f u r t h e r  

s u p p o r te d  th e  ly sosom al n a tu r e  o f  t h e  p a r t i c u l a t e  l i v e r  n e u ra m in id a se .  

However, Schengrund, J e n se n  and Rosenberg  (18) have r e c e n t l y  r e p o r t e d  t h a t  

a  m ajor f r a c t i o n  o f  th e  n e u ra m in id a se  a c t i v i t y  tow ards  g a n g l lo s id e  s u b s t r a t e  

i s  l o c a l i z e d  in  th e  plasm a membrane o f  r a t  l i v e r  c e l l s ,  and t h a t  o n ly  a 

m inor p o r t i o n  o f  t h i s  enzyme a c t i v i t y  was d e t e c t a b l e  i n  the  ly so s o m e - r ic h  

f r a c t i o n .

D is c re p a n c ie s  between th e  p r o p e r t i e s  of th e  n e u ra m in id a se  p r e s e n t  

i n  the  s u p e r n a t a n t  f r a c t i o n  of hom ogenates i n  i s o t o n i c  KCl (11 , 14) and 

th e  enzyme p r e s e n t  in  ly sosom al f r a c t i o n  (15 , 16, 17) were i n v e s t i g a t e d  

i n  a r a t h e r  d e t a i l e d  manner by T u l s i a n i  and C a r u b e l l i  (1 9 ) .  A lthough t h e s e  

d i f f e r e n c e s  had p r e v i o u s ly  been a t t r i b u t e d  to  a l l o t o p y  (1 6 ) ,  p r e s e n t  e x p e r i ­

m en ta l  d a ta  i n d i c a t e  t h a t  in  r a t  l i v e r  t h e r e  a r e  a t  l e a s t  two d i f f e r e n t  

n e u ra m in id a s e s .  These two n e u ra m in id a se s  d i f f e r  in  i n t r a c e l l u l a r  l o c a l i z a ­

t i o n ,  i n  t h e i r  pH optim a and in  t h e i r  b e h a v io r  i n  th e  p re s e n c e  o f  c h l o r i d e s  

o f  v a r io u s  mono and d i v a l e n t  c a t i o n s  (1 9 ) .  On th e  i n t r a c e l l u l a r  l o c a l i z a ­

t i o n  o f  n e u ra m in id a se  a c t i v i t y  tow ards  g a n g l i o s i d e s ,  p r e l i m i n a r y  d a ta  o f  

T u l s i a n i ,  Bhavanandan and C a r u b e l l i  (20) were a g a in  c o n s i s t e n t  w i th  th e  

ly sosom al n a tu r e  o f  th e  p a r t i c l e - b o u n d  n e u ra m in id a se  a c t i v i t y  w he the r  

d i s i a l o g a n g l i o s i d e  o r  n e u ra m in - la c to s e  (NL) a r e  used  a s  s u b s t r a t e s .

E x p e r im e n ta l  r e s u l t s  from s e v e r a l  s o u rc e s  now i n d i c a t e  t h a t  b o th  

th e  p a r t i c u l a t e  and th e  s o lu b le  n e u ra m in id a s e s  e x i s t  i n  v a r io u s  anim al 

o rg a n s .  The p a r t i c u l a t e  n e u ra m in id a se  h a s  been  found i n  r a t  mammary g la n d s  

(2 1 ) ,  i n  th e  b r a i n s  o f  p ig s  (2 3 ) ,  c a lv e s  ( 1 3 ) ,  r a t s  ( 1 4 ) ,  c h ic k s  (24) and 

human b e in g s  ( 2 5 ) ,  and in  th e  k id n ey  o f  p ig s  (2 6 ) .  The s o lu b le  n e u ra m in i ­

dase  h as  a l s o  been d e t e c t e d  in  th e  b r a i n s  o f  r a t s  (27) , p ig s  ( 2 8 ) ,  and



human b e in g s  (2 5 ) ,  i n  t h e  k idney  o f  r a t s  (11) and r a b b i t s  (2 9 ) ,  On th e  

o t h e r  hand ; expe rim en ts  w i th  f r e e  c e l l s  such a s  HeLa c e l l s  (30) and 

E r l i c h  a s c i t e s  carc inom a c e l l s  (31) r e v e a le d  th e  p resence  o f  a  p a r t i c u l a t e  

n e u ra m in id a se  b u t  gave no  e v idence  f o r  a s o lu b le  n eu ram in id ase  i n  t h e s e  

c e l l s .

Work on th e  n e u ra m in id a se  a c t i v i t y  i n  v a r io u s  b lood  c e l l s  i s  

r e l a t i v e l y  r e c e n t .  G ie le n ,  E tz ro d t  and Uhlenbruck (32) have d e te c te d  a 

p a r t i c u l a t e - b o u n d  n e u ra m in id a se  i n  l y s e d  bov ine  p l a t e l e t s  and e r y t h r o ­

c y t e s .  G ie le n ,  Schaper and P ink  (33) r e p o r t e d  t h e  p resen ce  o f  n e u ra ­

m in id ase  a c t i v i t y  i n  b o v in e  l e u k o c y te s .  More r e c e n t l y ,  Cabezas (34) 

scanned  p l a t e l e t s  o f  v a r i o u s  a n im a ls  and found t h a t  neu ram in idase  i s  

p r e s e n t  i n  a l l  s p e c ie s  i n v e s t i g a t e d .  Bosmann ( 3 3 ) ,  working on th e  

e f f e c t  o f  s u r f a c e  s i a l i c  a c id  on p l a t e l e t  a g g re g a t io n ,  found t h a t  human 

p l a t e l e t s  c o n ta in e d  low n e u ra m in id a se  a c t i v i t y  which cou ld  r e l e a s e  s i a l i c  

a c id  r e s i d u e s  from the  s u r f a c e  o f  i n t a c t  p l a t e l e t s .

N euram inidase  a c t i v i t y  has  been found to  i n c r e a s e  i n  some p a th o ­

l o g i c a l  and e x p e r im e n ta l  c o n d i t io n s  such as in  a - to c o p h e r o l  d e f i c i e n c y  

(36) in  th e  l i v e r  o f  tu m o r -b e a r in g  m ice and r a t s  (37) and in  HeLa c e l l s  

t r e a t e d  w i th  h y d r o c o r t i s o n e  (3 0 ) .  More d e t a i l e d  s tu d i e s  on b o th  p a r t i c l e -  

bound and s o lu b le  n e u ra m in id a s e s  i n  th e  b r a i n  and l i v e r  o f  d e v e lo p in g  r a t s  

have  been conducted  by C a r u b e l l i  and T u l s i a n i  (2 7 ) .  I t  was found , in  b o th  

o rg a n s ,  t h a t  th e  p a r t i c u l a t e  n e u ra m in id a se  i s  f u l l y  a c t i v e  a t  b i r t h  and 

th e  s p e c i f i c  a c t i v i t y  i s  f a i r l y  c o n s t a n t  from a  week b e fo r e  b i r t h  to  abou t 

a  month o f  age . The s o l u b l e  n e u ra m in id a se  a c t i v i t y ,  however, was v e ry  

low i n  t h e  f e t u s  b u t  i n c r e a s e d  m arked ly  in  l a t e  p r e n a t a l  developm ent i n  

l i v e r  and i n  e a r l y  p o s t n a t a l  developm ent in  b r a i n .  A g e - re la te d  changes



o f  n e u ra m in id a s e  a c t i v i t i e s  i n  th e  l i v e r  o f  d e v e lo p in g  c h ic k s  have been 

r e c e n t l y  r e p o r t e d  (3 8 ) ;  a g a in  changes w ere  o b se rv e d  only  in  th e  s o lu b le  

enzyme. I t  i s  a l s o  o f  i n t e r e s t  to  m en tion  t h a t  i n t r a c e r e b r a l  i n n o c u la t io n  

o f  a  n o n - n e u r o t r o p i c  s t r a i n  o f  i n f lu e n z a  v i r u s  i n  e x p e r im e n ta l  mice l e d  

to  c o n v u ls io n  and t h a t  the  d e a th  of th e  an im al  was c o n c o m it ta n t  w i th  th e  

peak  o f  r e l e a s e  o f  f r e e  ne u ra m in ic  a c id  i n  th e  b r a i n  (3 9 ) .

The b i o l o g i c a l  r o l e  o f  ne u ra m in id a se  r e s t s  on th e  b io ch e m ic a l  

and b i o l o g i c a l  im portance  o f  neu ram in ic  a c i d .  N euram in ic  a c id  i s  an 

a c i d i c  s u g a r  w i th  pKa = 2 .6  (4 0 ) .  At p h y s i o l o g i c a l  pH, i t s  deg ree  of 

d i s s o c i a t i o n  i s  g r e a t e r  th an  0 .9 9 .  Whenever t h i s  su g a r  i s  p r e s e n t ,  i t  

i n v a r i a b l y  o c c u p ie s  th e  n o n -red u c in g  end o f  t h e  c o rre sp o n d in g  g ly c o p r o te in  

o r  g l y c o s p h i n g o l i p id .  ^  v i t r o  s tu d i e s  have shown t h a t  w i th  c e r t a i n  

s i a l o g l y c o p r o t e i n s  th e  t e r m in a l  NANA r e s i d u e  s e r v e  to  p re v e n t  o r  r e t a r d  

t h e i r  e n z y m a tic  breakdown (1 7 ) .  The n e g a t i v e l y  c h a rg e d  c e l l  s u r f a c e  

n e u ra m in ic  a c i d  h a s  been im p l ic a te d  in  i n t e r c e l l u l a r  r e p u l s io n .  Loss o f  

c o n ta c t  i n h i b i t i o n  i n  n e o p l a s t i c  c e l l s  (4 1 ) ,  d e c re a s e d  p l a t e l e t  agg rega­

t i o n  upon i n c o r p o r a t i n g  NANA onto  t h e i r  s u r f a c e  (4 2 ) ,  in c r e a s e d  p l a t e l e t  

a g g r e g a t io n  by removing s u r f a c e  NANA (35) and th e  heavy a g g re g a t io n  of 

n e u r a m i n i d a s e - t r e a t e d  p e r i p h e r a l  m y e lo b la s t s  i n  m y e lo b la s t i c  leukem ia  (43) 

a r e  known ^  v i t r o  examples o f  th e  r o l e  o f  NANA on c e l l u l a r  s u r f a c e  

p r o p e r t i e s .

Human m onocy tes , when t r e a t e d  w i th  n e u ra m in id a s e ,  i n c r e a s e  t h e i r  

p h a g o c y t ic  a c t i v i t y  due to  in c re a s e d  d e f o r m a b i l i t y .  I t  h a s  been s u g g e s te d  

t h a t  t h i s  i s  c a u se d  by a low ering  of t h e  energy  b a r r i e r  f o r  changes in  

membrane c o n fo rm a t io n  (44, 4 5 ) .  On th e  o th e r  h a n d ,  r e c e n t  s t u d i e s  i n d i c a t e  

t h a t  t h e  p h a g o c y t i c  a c t i v i t y  o f  human po lym o rp h o n u c lea r  le u k o c y te s  i s  n o t



a f f e c t e d  by n e u ra m in id a se  t r e a tm e n t  ( 4 6 ) .

S i a l i c  a c id  h a s  a ls o  been  shown t o  a c t  a s  a s p e c i f i c  r e c o g n i t i o n  

s i t e .  The ch a rg ed  t e r m in a l  n e u ra m in ic  a c i d  r e s i d u e  i s  known to  be th e  

e s s e n t i a l  component o f  human e r y t h r o c y t e  MN a n t i g e n i c  g ly c o p r o te in  (4 7 ,  4 8 ) .  

The homing p r o p e r t y  o f  r a t  lym phocytes can be a l t e r e d  by removing c e l l  s u r ­

fac e  neu ram in ic  a c id  r e s id u e s  (4 9 ) .  N euram in ic  a c id  can a l s o  se rv e  to  

b lo c k  th e  p e n u l t im a te  D -g a la c to s e  r e s i d u e  which i s  th e  r e c o g n i t i o n  s i g n a l  

in  th e  c a t a b o l i c  p r o c e s s  of some serum g ly c o p r o t e i n s  and hormones. Removal 

of s i a l i c  a c id  from orosom ucoid , f e t u i n ,  c e r u lo p la s m in ,  h a p to g lo b in ,  

a  2 -m a c ro g lo b u l in ,  t h j r o g l o b u l i n ,  human c h o r i o n i c  g o n a d o tro p in  and f o l l i c l e  

s t i m u la t i n g  hormone l e d  in  each c ase  t o  t h e i r  r a p i d  rem oval from c i r c u l a ­

t i o n  i n t o  l i v e r  pa renchym al, b u t  no t  i n t o  K u p f fe r  c e l l s  ( 5 0 ) ,  Tumor c e l l s  

t r e a t e d  w ith  n e u ra m in id a se  showed enhanced  im m unogenicity  and a n t i g e n i c i t y  

(51 , 52, 5 3 ) .  H e te ro a n t ig e n s  o f  human lymphoid t i s s u e  c u l t u r e d  c e l l s  and 

of f r e s h  human lym phocytes  a re  unmasked a f t e r  s u r f a c e  n e u ra m in ic  a c id  i s  

removed (5 4 ) .  N euram in ic  a c id  c o n te n t  h as  been  r e p o r t e d  t o  i n c r e a s e  i n  

human s o l i d  tumor t i s s u e  (5 5 ) ,  t o  rem ain  unchanged in  a s c i t e s  hepatoma c e l l s  

( 5 6 ) ,  and to  d e c re a s e  i n  the  g ly c o s p i n g o l i p id s  o f  v i r u s  t ra n s fo rm e d  f i b r o ­

b l a s t s  (5 7 ) .  Human lymphocyte c u l t u r e s  t r e a t e d  w ith  n e u ra m in id a se  have 

been shown to  respond  w ith  a  marked i n c r e a s e  i n  D N A -synthesis  (58 ) .

Human p e r i p h e r a l  b lood  le u k o c y te s  a re  known t o  c o n ta i n  g r a n u le s  

r i c h  in  a c id  and n e u t r a l  p r o t e o l y t i c  enzymes and v a r io u s  k in d s  o f  a c id  

h y d r o la s e s  (59) concerned  w ith  th e  d i g e s t i o n  o f  h e te r o lo g o u s  and a u to ­

logous  m a t e r i a l s .  T h e i r  im p o r ta n t  r o l e  i n  th e  p h a g o c y to s i s  and d i g e s t i o n  

o f  incoming m ic roorgan ism s a s  p a r t  o f  t h e  body d e fe n s e  mechanisms i s  w e l l  

e s t a b l i s h e d  ( 6 0 ) .  However, d i s c h a r g e  o f  t h e i r  ly sosom al c o n te n t s  has



been  shown i n  v a r i o u s  i n s t a n c e s  to  be th e  cause  o f  t i s s u e  i n j u r y .  In  immune- 

complex induced  g l o m e r u lo n e p h r i t i s ,  n e u t r o p h i l e s  have  been  s e e n  i n f i l t r a t i n g  

o n to  th e  basement membrane, r e l e a s i n g  ly sosom al enzymes t o  t h e  s u r r o u n d in g  

t i s s u e s ,  and cau s in g  th e  d i s s o l u t i o n  o f  th e  membrane (6 1 ) .  In  a r t e r i t i s ,  

n e u t r o p h i l e s  a re  c h e m o t a c t i c a l l y  a t t r a c t e d  toward th e  t a r g e t  s i t e ,  waging 

a s e r i e s  o f  a t t a c k s  a g a i n s t  th e  immune-complex, and r e s u l t i n g  i n  l o c a l  

l e s i o n s  o f  th e  b lo o d  v e s s e l  w a l l  by t h e  a c t i o n  o f  ly so so m al  enzymes (6 2 ) .  

C h e m o ta c t ic a l ly  a t t r a c t e d  po lym orphonuc lea r  l e u k o c y te s  have b een  o b se rv e d  

t o  be abundant in  t h e  s y n o v ia l  f l u i d  o f  p a t i e n t s  w i th  rh eu m ato id  a r t h r i t i s  

and o t h e r  forms of a c u te  j o i n t  d i s e a s e  (63 ) .  N e u t r o p h i l e s  and m ononuclear  

l e u k o c y te s  o f  j o i n t  f l u i d s  have been  obse rved  t o  e n g u l f  im m unoglobulin  

complexes i n  rheum ato id  a r t h r i t i s  (63 , 64) .

I t  has been p roposed  (65) t h a t  among th e  i n i t i a l  e v e n ts  t h a t  

s t a r t  th e  c y c le  of in f la m m atio n  and t i s s u e  d e s t r u c t i o n  in  rh eu m a to id  

a r t h r i t i s ,  some as y e t  u n i d e n t i f i e d  f a c t o r  o r  f a c t o r s  a l t e r  n o rm al  IgG.

The a l t e r e d  immunoglobulin th e n  forms complexes w i th  rh eum ato id  f a c t o r s  

IgCRp and IgM^p. The l a r g e  immune complex IgG-IgG^^ t e n d s  t o  f i x  comple­

m en t ,  form ing  s t i l l  l a r g e r  complex (IgG-IgG ) -C '  which can f u r t h e r  com­

p l e x  w i th  IgM^p ( 6 6 ) .  The h ig h  m o le c u la r  w e ig h t  immune complex p r e c i p i ­

t a t e s  on th e  membrane o f  th e  s y n o v ia l  c a v i t y .  As po lym orphonuc lea r  

l e u k o c y te s  a re  c h e m o ta c t i c a l l y  a t t r a c t e d  i n to  t h e  j o i n t ,  p h a g o c y to s i s  o f  

such complexes may l e a d  to  f u r t h e r  in f la m m atio n  by b r in g in g  a b o u t  th e  

r e l e a s e  o f  ly sosom al enzymes from th e  p h a g o c y t ic  c e l l s  (6 7 ) .

The u n d e r ly in g  mechanisms o f  th e  in f la m m a tio n  and t i s s u e  d e s t r u c ­

t i o n  obse rved  i n  rh eum ato id  a r t h r i t i s  a re  q u i t e  complex (68 , 69) and th e y  

in v o lv e  a  s e r i e s  o f  immune r e a c t i o n s  p lu s  complement a c t i v a t i o n .  A lthough



th e  i n i t i a t i o n  e v e n t  rem ains o b s c u r e ,  how ever, t h e r e  i s  a  p o s s i b i l i t y  t h a t

i t  m igh t b e  r e l a t i v e l y  s im p le .  The heavy c h a in s  o f  human immunoglobulin G

and im m unoglobulin  M a re  known to  c o n ta in  m annose, g a l a c t o s e ,  g lu co sam in e ,

L - fu c o s e  and s i a l i c  a c id  (70 , 7 1 ) .  The i n  v iv o  a l t e r a t i o n  o f  7s IgG o r

th e  f o rm a t io n  o f  IgG and IgM may r e s u l t  when t h e  n e g a t i v e l y  charged
Rr Rr

s i a l i c  a c id  of th e  n a t i v e  im m unoglobulins a r e  c le a v e d  o f f  by n e u ra m in id a s e .  

A l t e r n a t i v e l y ,  i f  d e s i a l i z a t i o n  by i t s e l f  does  n o t  d i r e c t l y  l e a d  t o  m acro- 

g l o b u l a r  a g g r e g a t i o n ,  i t  m igh t enhance o r  f a c i l i t a t e  f u r t h e r  d e g ly c o s y l a t i o n  

o r  p r o t e o l y t i c  d i g e s t i o n  o f  th e  im m unoglobulins  by ly sosom al enzymes and 

th u s  r e n d e r  th e  abnorm al im m unoglobulins f o r e i g n  t o  t h e  b o d y 's  immune 

m echanism s. The n e u ra m in id a se  a c t i v i t y  may presum ab ly  be  from t h e  

d i s c h a r g e d  ly so so m a l  c o n te n t s  a s  t h e  po lym orphonuc lea r  le u k o c y te s  a re  

c h a l l e n g e d  by a l t e r a t i o n  in  th e  s u r ro u n d in g  t i s s u e s  o r  by in v a d in g  

m ic ro o rg a n is m s .  I t  has been p ro p o sed  t h a t  t h e  t r i g g e r  f o r  rheum ato id  

a r t h r i t i s  m igh t  be  a  p h y s i c a l  i n j u r y ,  i n f e c t i o n  o r  a t o x i c  chem ica l  (6 5 ) .

A l l  t h r e e  a r e  known f a c t o r s  which m o b i l iz e  and a c t i v a t e  po lym orphonuclear  

l e u k o c y te s  to  v i o l e n t l y  engage in  e n g u l f in g  d eg rad ed  s u b s ta n c e s ,  m ic ro ­

o rg an ism s  and f o r e i g n  c h e m ic a ls ;  i n  th e  p r o c e s s ,  t h e i r  ly sosom al c o n te n t s  

a r e  o f t e n  r e l e a s e d .

I t  i s  p o s s i b l e  t h a t  unde r  c e r t a i n  c o n d i t i o n s  ly sosom al n e u ra m in i ­

dase  may b e  d e p re s s e d  o r  m is s in g  a s  a  r e s u l t  o f  in b o rn  e r r o r  o f  m e tab o lism . 

T h is  c o u ld  l e a d  to  a s  y e t  u n re c o g n iz e d  d i s e a s e  e n t i t i e s .  For exam ple, in  

G a u c h e r 's  d i s e a s e ,  le u k o c y te  g lu c o c e r e b r o s id a s e  a c t i v i t y  has been found to  

be  17% o f  t h a t  found in  norm al s u b j e c t s  ( 7 2 ) ;  i n  Niem an-Pick d i s e a s e ,  th e  

w h i te  b lo o d  c e l l ' s  sp h in g o m y e lin a se  a c t i v i t y  i s  o n ly  10% of t h a t  i n  con­

t r o l  l e u k o c y te s  (73) ; th e  l e u k o c y te s  o f  p a t i e n t s  w i th  s u l f a t i d e  l i p i d o s i s



(m etachrom atic  le u k o d y s tro p h y )  have been found to  c o n ta in  only 10% of 

the  a r y l s u l f a t a s e  A a c t i v i t y  found i n  normal i n d iv i d u a l s  (74 ) .  Leuko­

c y te  3 -g lu c u ro n id a s e  a c t i v i t y  has  been  known f o r  a long  t im e to  be a l ­

t e r e d  i n  v a r io u s  k in d s  of n e o p l a s t i c  d i s e a s e s  (7 5 ) .

The g o a ls  o f  t h i s  s tu d y  were to  i n v e s t i g a t e  n eu ram in id ase  

a c t i v i t y  i n  th e  mixed p o p u la t io n  o f  human p e r i p h e r a l  b lo o d  l e u k o c y te s ,  

in  the  f r a c t i o n a t e d  lym phocytes  and po lym orphonuc lea r  l e u k o c y te s .

D e ta i l e d  s t u d i e s  on th e  p r o p e r t i e s  o f  leu k o c y te -n e u ra m in id a se  and i t s  

s u b c e l l u l a r  d i s t r i b u t i o n  i n  lym phocytes and po lym orphonuclears  w ere to  

be c a r r i e d  o u t .  S in c e ,  up t o  1970, no s tu d i e s  c o n c ern in g  human p e r i p h e r a l  

leu k o c y te  n e u ra m in id a se  a c t i v i t y  had been r e p o r t e d  i n  th e  l i t e r a t u r e .

In  a d d i t i o n ,  t h e  l e v e l s  o f  n e u ra m in id a se  a c t i v i t y  were t o  be e s t a b l i s h e d  

in  le u k o c y te s  from h e a l th y  a d u l t  human be in g s  and p o s s i b l e  a l t e r a t i o n s  

of t h i s  enzyme a c t i v i t y  i n  d i s e a s e  were to  b e  i n v e s t i g a t e d .



CHAPTER II

MATERIALS AND METHODS

M a te r ia l s

Chemicals and S o lv e n ts  

A l l  c h e m ic a ls  and s o lv e n t s  u sed  f o r  t h i s  s tu d y  were o f  r e a g e n t  

g r a d e .  The p o ta s s iu m  s a l t s  o f  n e u ra m in - la c to s e  (NL) and n e u ra m in - la c to s e  

s u l f a t e ,  i s o l a t e d  from r a t  mammary g lan d  e x t r a c t s  and p u r i f i e d  as d e s ­

c r ib e d  ( 1 2 ) ,  were on hand in  our l a b o r a to r y .  Ovine s u b m a x i l la ry  g ly c o p ro ­

t e i n  was k in d ly  p ro v id e d  by Dr. A l f re d  G o t t s c h a l k ,  Max P la n ck  I n s t i t u t e  f o r  

V iru s  R e se a rc h ,  Tubingen , West Germany. S i a lo g l y c o p e p t id e s  were i s o l a t e d  

from p ro n ase  d i g e s t s  o f  ov ine  su b m a x i l la ry  g l y c o p r o t e i n  ( 7 6 ) .  Human 

and b o v in e  e r y t h r o c y t e  mucoids p rep a re d  by p h e n o l - s a l i n e  e x t r a c t i o n  o f  

th e  r e s p e c t i v e  e r y t h r o c y t e - g h o s t s  were p u r i f i e d  a s  d e s c r ib e d  by W in tzer  

and Uhlenbruck ( 7 7 ) .  C r y s t a l l i n e  s y n t h e t i c  NANA (Type IV ) ,  g a n g l io s id e s  

from bov ine  b r a i n  (Type I I I ) ,  and D ex tran  (Type 2 0 0 ) ,  were p ro d u c ts  o f  

Sigma Company. F e t u i n  (B g rade)  from f e t a l  c a l f  se rum , was pu rch ased  

from Calbiochem. Dowex 1-X 8 ( c h lo r id e  form) 200-400 mesh was pu rchased  

from J .T .  Baker Chemical Company.

10



11

Blood

Whole b lo o d  smear and d i f f e r e n t i a l  coun ts  o f  l e u k o c y te s  were 

c a r r i e d  o u t  u s in g  W rig h t’ s s t a i n  and a  L e i t z  D ia lux  R esearch  m ic ro ­

sc o p e .  T o ta l  w h i te  coun ts  were perfo rm ed  u s in g  d i s p o s a b le  w h i te  c o u n t  

U n o p e t te s ,  1:250 d i l u t i o n ,  o f  B ec ton -D ick in son  C o r p o r a t io n ,  and a  B r i g h t -  

L ine hem acytom eter o f  American O p t i c a l  Company, Sm all b lood  sam ples  (10 

ml) were drawn i n t o  h e p a r in iz e d  V a c u ta in e r  tubes  o f  B ec ton -D ick in son  

C o r p o r a t io n .  Large b lood  specim ens (1 p i n t )  were drawn i n t o  JH-1 B lood- 

Pack o f  Fenwal L a b o r a to r i e s  c o n ta in in g  2250 USP u n i t s  o f  h e p a r in .

The human b lo o d ,  u n l e s s  s p e c i f i c a l l y  s t a t e d ,  was f r e s h l y  drawn 

from f a s t i n g ,  h e a l t h y  a d u l t  d o n o rs .

The b o v in e  b lood  was a g i f t  from Wilson C e r t i f i e d  Foods, I n c .

The specim ens were c o l l e c t e d  d i r e c t l y  i n t o  p l a s t i c  b u c k e ts  c o n ta in in g  

a n t i c o a g u l a n t  o r  d e f i b r i n a t e d  by g e n t ly  shak ing  w i th  g l a s s  m a r b le s .

Rat b lo o d  was drawn by h e a r t  p u n c tu re  unde r  e t h e r  a n e s t h e s i a ,  

u s in g  a h e p a r i n i z e d  s y r in g e .

In s t ru m e n ts  and Equipment

S p e c tro p h o to m e tr ic  m easurem ents were perfo rm ed  u s in g  a Beckman 

DU S p e c tro p h o to m e te r  (Beckman In s t ru m e n ts  Company), and a  Cary Model 

14 R ecord ing  S p ec tro p h o to m e te r  (A pp lied  P h y s ic s  C o r p o r a t io n ) .  C e n t r i ­

f u g a t io n s  a t  low te m p e ra tu re s  were perfo rm ed  u s in g  an  I n t e r n a t i o n a l  

R e f r i g e r a t e d  C e n t r i fu g e  Model PR-2, w h i le  an I n t e r n a t i o n a l  C e n t r i f u g e  

Model V was u t i l i z e d  f o r  c e n t r i f u g a t i o n s  a t  room te m p e ra tu re .  U l t r a ­

c e n t r i f u g a t i o n s  were perfo rm ed  u s in g  e i t h e r  a  Spinco  Model L U l t r a c e n t r i ­

fuge  o r  a Beckman L2-65 U l t r a c e n t r i f u g e ,  Beckman In s t r u m e n ts  Company.
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Methods

A n a l y t i c a l  Methods 

N euram in idase  (EC 3 .2 .1 .1 8 )  a s s a y . N eu ram in idase  a c t i v i t y  was 

assay ed  by m easu r ing  th e  amount of NANA r e l e a s e d  from  s u i t a b l e  s u b s t r a t e s  

under th e  c o n d i t i o n s  of t h e  a s sa y .

P ro c e d u re ,  A t y p i c a l  i n c u b a t io n  sy s tem  c o n ta in e d  135 y l  o f  an 

aqueous le u k o c y te  s u s p e n s io n  ( c a .  10^ c e l l s ) , 15 p i  o f  1 M sodium a c e t a t e  

b u f f e r  pH 4 . 0 ,  and 50 y l  o f  s u b s t r a t e  s o l u t i o n  c o n ta i n in g  200 nm oles o f  

n e u r a m in - la c to s e .  The sy s te m  was in c u b a te d  in  a  w a te r  b a th  a t  37° C f o r  

3 h o u r s .  Water b la n k  and c o n t r o l  t u b e s ,  i n c l u d in g  enzyme w i th o u t  sub ­

s t r a t e  and s u b s t r a t e  w i th o u t  enzyme, w ere  in c u b a te d  c o n c u r r e n t l y .  The 

enzymic r e a c t i o n  was s to p p e d  by add ing  0 .1  ml o f  p e r i o d a t e  r e a g e n t  w hich  i s  

th e  f i r s t  s t e p  i n  t h e  t h i o b a r b i t u r i c  a c i d  method f o r  t h e  a s sa y  o f  f r e e  

NANA.

M odif ied  t h i o b a r b i t u r i c  a c id  method o f  Warren ( 7 8 ) . P e r io d a t e  

o x id a t io n  o f  f r e e  NANA a t  room te m p e ra tu re  in  a  s t r o n g l y  a c i d i c  medium, 

y i e l d s  f o rm y l-p y ru v ic  a c i d .  A f te r  re d u c in g  th e  e x c e s s  p e r i o d a t e  w i th  

a r s e n i t e ,  th e  f o rm y l - p y r u v ic  a c id  was condensed  w i th  t h i o b a r b i t u r i c  a c id  

to  y i e l d  a chromogen w hich  had a maximum a b s o r p t io n  a t  549 nm.

P e r io d a t e  r e a g e n t . This  r e a g e n t  i s  a  0 ,2  M s o l u t i o n  o f  sodium 

m e ta p e r io d a te  i n  9 M p h o s p h o r ic  a c id ,

A r s e n i t e  r e a g e n t . T h is  r e d u c in g  r e a g e n t  c o n s i s t s  o f  a 10% (w/v) 

s o l u t i o n  o f  sodium a r s e n i t e  in  a  s o l u t i o n  0 ,5  M i n  sodium s u l f a t e  and 

0 ,1  N in  s u l f u r i c  a c i d .
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T h i o b a r b i t u r i c  a c i d  s o l u t i o n . T h is  r e a g e n t  I s  a  0,6% (w/v) 

s o l u t i o n  o f  t h i o b a r b i t u r i c  a c id  in  0 ,5  M sodium s u l f a t e .

P ro c e d u re ,  For t h e  a s sa y  o f  NANA l i b e r a t e d  by  th e  enzym ic  

r e a c t i o n ,  0 ,1  ml o f  p e r i o d a t e  r e a g e n t  was added  t o  0 ,2  ml o f  I n c u b a t io n  

m ix tu re  a t  th e  end o f  I n c u b a t io n  t im e .  The tu b e s  were mixed and a llo w ed  

to  s t a n d  a t  room te m p e ra tu re  f o r  20 m in u te s .  At th e  end o f  p e r i o d a t e  

o x i d a t i o n ,  0 .5  ml o f  a r s e n i t e  r e a g e n t  was added t o  consume t h e  e x c e s s  

p e r i o d a t e  r e a g e n t .  The tu b e s  were v o r te x -m lx e d  tw ice  to  make s u r e  t h a t  

th e  l i b e r a t e d  Io d in e  was c o m p le te ly  r e d u c e d .  A f t e r  a d d in g  1 .5  ml o f  

t h i o b a r b i t u r i c  a c id  s o l u t i o n  and m ix ing  th o ro u g h ly ,  t h e  tu b e s  were p lac e d  

I n  a b o i l i n g  w a te r  b a th  f o r  15 m in u te s ,  c o o le d  I n  I c e  w a te r  f o r  5 m in u te s .  

The chromogen was th e n  e x t r a c t e d  w i th  2 ml o f  c y c lo h e x a n o n e , t h e  tu b e s  

were c e n t r i f u g e d  f o r  3 m in u te s  a t  1500 rpm t o  s e p a r a t e  t h e  o r g a n i c  and 

aqueous p h a s e s .  The u p p e r  l a y e r  (cyc lo h ex an o n e )  was t r a n s f e r r e d  t o  a 

c u v e t t e  w i th  a  P a s te u r  p i p e t t e  and th e  o p t i c a l  d e n s i t y  was r e a d  a t  549 nm. 

I n  t h i s  m o d if ie d  a s sa y  p ro c e d u re  th e  t o t a l  volume o f  t h e  r e a c t i o n  m ix tu re  

was 2 .3  ml I n s t e a d  of 4 ,3  ml and th e  chromogens were e x t r a c t e d  I n t o  2 ml 

o f  cyc lohexanone  I n s t e a d  o f  th e  4 ,3  ml u sed  I n  t h e  o r i g i n a l  W arren p ro c e ­

d u r e ,  These changes r e s u l t e d  In  h i g h e r  o p t i c a l  d e n s i t y  r e a d in g s  and 

B e e r ' s  law  was obeyed In  t h e  ra n g e s  o f  NANA c o n c e n t r a t i o n  from  5 t o  50 

n m o les .  The amount o f  f r e e  NANA can b e  d e te rm in e d  from  a  s t a n d a r d  c u rv e .  

A pproxim ate  v a lu e s  were c a l c u l a t e d  from th e  e q u a t io n :  nmoles NANA =

43 X O.D. 549 nm,

R e s o rc ln o l  method f o r  s i a l i c  a c id  ( 7 9 ) . T h is  method was used  

f o r  th e  q u a n t i t a t i v e  d e te r m in a t io n  o f  t o t a l  ( I . e .  bound and f r e e )  NANA,
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R e s o r c ln o l  r e a g e n t . Two hundred  mg o f  c r y s t a l l i n e  r e s o r c l n o l  

was d i s s o lv e d  In  a  m ix tu re  o f  10 ml o f  d i s t i l l e d  w a te r  and 80 ml o f  

c o n c e n t r a te d  HCl. Then, 0 .25  ml of 0 . 1  M CuSO^ was added , and th e  volume 

was made up to  100 ml w ith  d i s t i l l e d  w a te r .  The r e a g e n t  was p re p a r e d  a t  

l e a s t  4 hours  p r i o r  to  u se .

P r o c e d u r e .  Sample a l i q u o t s  c o n ta i n in g  about 50 to  100 nmoles 

o f  NANA I n  a f i n a l  volume o f  1 ml were mixed w i th  1 ml o f  r e s o r c l n o l  

r e a g e n t .  The tu b e s  were h e a te d  in  a b o i l i n g  w a te r  b a th  f o r  15 m in u tes  

and c o o le d  In  I c e  w a te r  f o r  5 m in u te s .  Two and f i v e - t e n t h s  ml o f  i s o ­

amyl a lc o h o l  were added to  th e  tubes  which were then  mixed and c h i l l e d  

a g a in  f o r  10 m in u te s  in  Ice  w a te r .  F o l lo w in g  c e n t r i f u g a t i o n  f o r  10 min­

u t e s  a t  1500 rpm, t h e  upper o rg an ic  p h a s e  was d e c an te d  and I t s  o p t i c a l  

d e n s i t y  a t  580 nm was m easured a g a i n s t  a  r e a g e n t  b l a n k .  S ta n d a rd s  con­

t a i n i n g  25 to  100 nm oles o f  NANA were a n a ly z e d  c o n c u r r e n t ly .

T o ta l  NANA d e te r m in a t io n  by t h i o b a r b i t u r i c  a c id  (TEA) m ethod. 

Bound NANA was r e l e a s e d  by m ild  a c id  h y d r o l y s i s  in  0 . 1  N HgSO^ a t  80° C 

f o r  2 h o u r s .  The l i b e r a t e d  NANA was th e n  q u a n t i t a t e d  by th e  m o d if ie d  

TEA method o f  W arren.

P r o t e i n  d e te r m in a t io n  (8 0 ) . The m ethod o f  Lowry, R osebrough, 

F a r r  and R a n d a l l  was used f o r  th e  q u a n t i t a t i v e  d e te r m in a t io n  o f  p r o t e i n s .

F o l in  p h e n o l  r e a g e n t . This r e a g e n t  was p u rch a se d  from  F i s h e r  

S c i e n t i f i c  Company,

Reagent A. This  r e a g e n t  was p r e p a r e d  by d i s s o l v i n g  NagCOg 

(2% w/v) i n  0 . 1  N NaOH.

Reagent B. This  r e a g e n t  was made by d i s s o l v i n g  CuSO^-bHgO 

(0.5% w/v) i n  a  1% s o l u t i o n  o f  sodium t a r t r a t e .
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R eagen t C. R eagen ts  A and B w ere m ixed i n  a  50 :1  (v /v )  r a t i o  

to  y i e ld  r e a g e n t  C w hich was f r e s h ly  p re p a re d  s h o r t l y  b e fo re  u s e .

P ro c e d u re . F iv e  to  f i f t y  yg o f  p r o te in  in  0 .2  ml o f  w a te r  was 

in tro d u c e d  in to  t e s t  tu b e s .  One ml o f  re a g e n t  C was added and th e  tu b e s  

w ere m ixed and s e t  a t  room te m p e ra tu re  f o r  10 m in u te s . O n e -te n th  ml o f 

2 N F o l in  r e a g e n t  was added to  e a ch  tu b e  and th e  tube  was r a p id ly  v o r te x -  

mixed and s e t  a t  room te m p e ra tu re  f o r  30 m in u te s . The o p t i c a l  d e n s i ty  

was re a d  a t  600 nm a g a in s t  a  b la n k  p re p a re d  w ith  d i s t i l l e d  w a te r .  Known 

c o n c e n t r a t io n s  o f  c r y s t a l l i n e  b o v in e  serum  a lbum in  were u sed  a s  th e  

s ta n d a r d .

A cid p h o sp h a ta se  (EC 3 . 1 . 3 . 2 . )  a s s a y . A cid  p h o sp h a ta se  was 

a ssa y e d  u s in g  g -g ly c e ro p h o sp h a te  a s  th e  s u b s t r a t e .  The m ethod o f  Lowry 

and Lopez (81) was used  f o r  th e  a s sa y  o f  th e  l i b e r a t e d  in o rg a n ic  p h o sp h a te .

P ro c e d u re . The in c u b a t io n  m ix tu re  c o n ta in e d , in  a  f i n a l  volume 

of 1 m l, 0 .1  ml o f 1% (w /v) T r i to n  X -100, 0 .2  ml o f  0 .2  M sodium  a c e ta te  

b u f f e r  pH 5 , 0 .2  ml o f  0 .2 5  M g -g ly c e ro p h o s p h a te  and enzyme p r e p a r a t io n .  

W ater b la n k ,  enzyme and s u b s t r a t e  c o n t r o l s  w ere ru n  c o n c u r r e n t ly .  A 

s o lu t io n  o f  in o rg a n ic  p h o sp h a te  (3 9 0 .4 4  nmole m l) was u sed  as

th e  s ta n d a r d .  The tu b e s  w ere in c u b a te d  f o r  30 m in u tes  a t  37° C. At th e  

end o f  t h e  in c u b a t io n ,  0 .3  ml o f  10% t r i c h l o r o a c e t i c  a c id  was added and 

th e  c o n te n ts  o f  th e  tu b e s  w ere m ixed and a llow ed  to  s ta n d  f o r  10 m in u tes  a t  

room te m p e ra tu re .  Two and tw o - te n th s  ml o f  0 .1  M sodium a c e t a te  was added 

to  each  tu b e ,  th e  tu b e s  w ere m ixed and c e n tr i f u g e d  a t  room te m p e ra tu re  

a t  3000 X g f o r  20 m in u te s . One and f i v e - t e n t h s  ml a l i q u o ts  o f  th e  

c l e a r  s u p e rn a ta n t  w ere t r a n s f e r r e d  to  c le a n  t e s t  tu b e s ,  0 .3  ml o f  a  f r e s h ly  

p re p a re d  r e a g e n t  c o n ta in in g  e q u a l volum es o f  1% a s c o rb ic  a c id  s o lu t io n
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and IZ ammonium m olybdate  In  0 .1  N s u l f u r i c  a c id  s o lu t io n  w ere added , 

and th e  tu b e  c o n te n ts  w ere im m edia te ly  v o r te x -m ix e d . The tu b e s  w ere 

a llow ed  to  s ta n d  fo r  10 m in u tes  f o r  c o lo r  developm ent and th e  o p t i c a l  

d e n s i ty  was re a d  to  650 nm. The fo rm a tio n  o f  phosphom olybdate com plex 

and th e  s o l u b i l i t y  o f  th e  complex a r e  h ig h ly  pH -dependent. The p ro ce d u re  

m entioned  above gave a f i n a l  pH o f  3 .5 - 3 .9 ,  which was w ith in  th e  pH ran g e  

(2 .8 -4 .7 )  recommended f o r  t h i s  a s s a y .

6 -G lu c u ro n id a se  (EC 3 .2 .1 .3 1 )  a s s a y . The method o f  G ia n e tto  and 

De Duve (82) was used f o r  th e  a s sa y  of 6 -g lu c u ro n id a s e . P h e n o lp h th a le in  6- 

g lu c u ro n id e  was u sed  a s  th e  s u b s t r a t e  and th e  amount o f p h e n o lp h th a le in  

l ib e r a t e d  was e s t im a te d  by a d ju s t in g  th e  pH to  th e  b a s ic  ran g e  w here 

p h e n o lp h th a le in  gave a re d  c o lo r  w ith  maximum a b s o rp t io n  a t  550 nm.

P ro c e d u re . The in c u b a t io n  m ix tu re  c o n s is te d  o f 0 .2  ml o f 0 .7 5  M 

sodium a c e t a te  b u f f e r  pH 5 .2 ,  0 .2  ml o f 1% T r i to n  X-100 and 0 .2  ml of 

0 .0125 M p h e n o lp h th a le in  B -g lu cu ro n id e  in  a f i n a l  volume o f  2 m l. W ater 

b la n k , enzyme and s u b s t r a t e  c o n t r o l s  and s ta n d a rd  p h e n o lp h th a le in  s o lu t io n  

(400 n m o le /0 .2  m l) w ere ru n  to g e th e r  w ith  th e  com plete  enzyme a s s a y .  The 

tu b es  w ere in c u b a te d  a t  37° C f o r  30 m in u te s  and th e  r e a c t io n  was s to p p ed  

by add ing  6 ml o f  g ly c in e -c a rb o n a te  b u f f e r  pH 1 0 .4 . A f te r  m ix in g , th e  

tu b e s  w ere c e n tr i f u g e d  f o r  20 m in u tes  a t  3000 x g , and th e  o p t i c a l  d e n s i ty  

o f th e  s u p e rn a ta n t  was re a d  a t  550 nm.

5 ’-N u c le o t id a s e  (EC 3 .1 .3 .5 )  a s s a y . 5 '-N u c le o t id a s e  i s  w id e ly  

a c c e p te d  a s  a m arker f o r  plasm a membranes (8 3 , 8 4 ) . Heppel and H ilm ore 

(85) co n d u c ted  th o ro u g h  s tu d ie s  o f t h i s  enzyme in  membranes from  b o v in e  

c e l l s .  B e l f i e ld  and G oldberg  (86) r e p o r te d  t h a t  a lk a l in e  p h o sp h a ta se  i s  

a ls o  a c t i v e  tow ard  2 ' - , 3 ' -  and 5 '- a d e n in e  m o n o n u cleo tid es  under th e
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in c u b a t io n  c o n d i t io n s  u t i l i z e d  f o r  th e  a s sa y  o f  5 '- n u c l e o t id a s e  a c t i v i t y .  

H ow ever, when b o th  3 -g ly c e ro p h o sp h a te  and a d e n o s in e  5 ' -m onophosphate a re  

p r e s e n t  in  th e  in c u b a t io n  m ix tu re , a lk a l in e  p h o s p h a ta s e  a c ts  more s e l e c ­

t i v e l y  a g a in s t  3 -g ly c e ro p h o s p h a te , le a v in g  th e  b u lk  o f  th e  a d e n o s in e  5 ' -  

m onophosphate u n h y d ro ly z e d . The p ro ce d u re  a p p l ie d  f o r  th e  a s sa y  o f  5 ' -  

n u c le o t id a s e  a c t i v i t y  i s  a co m b ina tion  o f  th o s e  o f  H eppel and H ilm ore 

(85) and B e l f i e l d  and G oldberg  ( 8 6 ) ,  in  o r d e r  to  c o r r e c t  f o r  th e  i n t e r ­

f e r e n c e  by a lk a l in e  p h o s p h a ta s e .

P ro c e d u re . The in c u b a t io n  m ix tu re  c o n ta in e d , in  a  f i n a l  volume 

o f  0 .5  m l, 0 .4 5  ml o f  enzyme p r e p a r a t io n  ( c a .  0 .1  mg t o  0 .5  mg o f  p r o te i n )  

and 0 .0 5  ml o f  s u b s t r a t e  in  a s o lu t io n  o f b u f f e r  and c o f a c to r s .  F o r  th e  

c o n t r o l  tu b e s ,  th e  g ly c in e  b u f f e r  (0 .5  M pH 8 .6 )  c o n ta in e d  MgClg ( 0 .1  M) 

and 3 -g ly c e ro p h o sp h a te  (1 M). F o r th e  e x p e r im e n ta l  tu b e s ,  th e  above b u f f e r  

a ls o  c o n ta in e d  th e  s u b s t r a t e  f o r  5 ’- n u c l e o t id a s e  a t  a  0 .0 5  M c o n c e n t r a t io n .  

The tu b e s  w ere in c u b a te d  a t  37° C f o r  20 m in u te s  and th e  r e a c t io n  was 

s to p p e d  by a d d in g  0 .2  ml o f  10% TCA. The tu b e s  w ere mixed and a llo w e d  to  

s ta n d  a t  room te m p e ra tu re  fo r  10 m in u te s . Two and t h r e e - t e n th s  ml o f  0 .1  M 

sodium  a c e t a te  was th e n  added to  each  tu b e . The tu b e s  were c e n t r i f u g e d  

a t  3000 X g f o r  20 m in u te s . One and f i v e - t e n t h s  ml a l i q u o t s  w ere t r a n s ­

f e r r e d  to  c le a n  tu b e s  and  th e  o r th o p h o s p h a te  was d e te rm in e d  by  th e  m ethod 

o f  Lowry and Lopez d e s c r ib e d  p r e v io u s ly .

L eukocyte  I s o l a t i o n  M ethods

I s o l a t i o n  o f  human le u k o c y te s . L eu k o cy te s  w ere i s o l a t e d  by  

s e v e r a l  d i f f e r e n t  m ethod depend ing  on th e  in te n d e d  u s e  o f th e  i s o l a t e d  

le u k o c y te s .
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a) Enzyme s tu d i e s  w ith  mixed le u k o c y te s  (F ig u re  1 ) .  One 

p i n t  o f  h e p a r in iz e d  o r  c i t r a t e  b lo o d  was c e n t r i f u g e d  a t  1 ,6 0 0  x g f o r  

4 m in u tes  a t  20° C, The s u p e rn a ta n t  was d e c a n te d  and u t i l i z e d  a s  a so u rc e  

o f p lasm a and p l a t e l e t s  r e q u i r e d  f o r  a n o th e r  p r o j e c t .  L eu k o cy te s  were 

th en  i s o l a t e d  from  th e  sed im en t by a  method b a se d  on th e  te c h n iq u e  o f 

Kampine and cow orkers (7 2 ) . The b lo o d  c e l l s  w ere su sp en d ed  in  300 ml 

o f a 1% s o lu t io n  o f  NajEDTA ( e th y le n e d ia m in e te t r a a c e t i c  a c id  d isod ium  

s a l t )  in  0.85% NaCl and th e  su sp e n s io n  was c e n t r i f u g e d  a t  400 x g f o r  

10 m in u te s . The s u p e rn a ta n t  was d ecan ted  and d is c a rd e d  and th e  sed im en t 

was s u b je c te d  to  a  second wash u n d er i d e n t i c a l  c o n d i t io n s .  T hese w ash ings 

w ith  N a^ED TA-saline se rv e  to  e l im in a te  m ost o f  th e  re m a in in g  p l a t e l e t s .  The 

c e l l s  w ere th en  suspended  i n  300 ml o f  a s o lu t i o n  c o n ta in in g  1.5% D ex tran  

and 0.85% N aC l. The su sp e n s io n  was d i s t r i b u t e d  in  f o u r  100 ml c y l in d e rs  

and a llow ed  to  sed im en t a t  room te m p e ra tu re . The l e u k o c y te - r ic h  su p e r­

n a ta n t  was removed a t  5 m in u te  i n t e r v a l s  o v e r  a p e r io d  o f  45 m in u te s . The 

f i n a l  sed im en t was re su sp en d ed  to  th e  i n i t i a l  volum e i n  d e x t r a n - s a l in e  

s o lu t io n  and s u b je c te d  to  a  second  s e d im e n ta tio n  u n d e r th e  same co n d i­

t i o n s .  The le u k o c y te  su sp e n s io n s  ( s l i g h t l y  c o n ta m in a te d  w ith  e r y th r o ­

c y te s )  w ere p o o le d , p la c e d  in  two 250 ml c e n t r i f u g e  f l a s k s ,  and c e n t r i ­

fuged  f o r  10 m in u te s  a t  700 x g . The c le a r  s u p e r n a ta n t  was d is c a rd e d  and 

th e  sed im en ted  c e l l s  were th e n  suspended  in  g l a s s - d i s t i l l e d  w a te r  (125 ml 

f o r  each  f la s k )  i n  o rd e r  to  hem olyze c o n ta m in a tin g  e r y th r o c y te s .  The 

su sp e n s io n  was s t i r r e d  w ith  a  g la s s  rod  f o r  90 s e c o n d s , fo llo w e d  by q u ick  

a d d i t io n  o f  1 2 .5  ml o f  9.35% NaCl s o lu t io n  to  each  f l a s k ,  i n  o r d e r  to  

r e s t o r e  i s o t o n i c i t y .  The c e l l  su sp en s io n  was c e n t r i f u g e d  f o r  6 m in u tes  

a t  700 X g ; th e  h em o ly sa te  and th e  la y e r  o f  e r y th r o c y te  g h o s ts  w ere c a re -
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I H e p a r in iz e d  b lood

S u p e rn a ta n t À
1600 X g

4 m in u te s , 20° C

Sediment

S u p e rn a ta n t y
/ 300 ml o f  1% NaaEDTA 

i n  0.85% NaCl s o lu t i o n  

400 X g , 10 m in u te s

Sedim ent

R epeat th e  above p ro c e d u re

Sedim ent

L e u k o c y te - r ic h

su p e rn a ta n t

S u p e rn a ta n t #

300 ml o f  1.5% d e x tr a n  

in  0.85% NaCl s o lu t io n  

se d im e n ta tio n  a t  room te m p e ra tu re  

Sedim ent

L e u k o c y te - r ic h  

f  s u p e rn a ta n t

Sedim ent (d isc a rd e d )

700 X g , 10 m in u tes

y R epeat th e  above s e d im e n ta tio n

L e u k o c y te - r ic h  p e l l e t

F ig u re  1 . P ro c ed u re  f o r  th e  i s o l a t i o n  o f  m ixed le u k o c y te s .
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L e u k o c y te - r ic h

p e l l e t

RBC ghost

and

h y p o to n ic  shock by s t i r r i n g  w ith  

c o ld  d i s t i l l e d  w a te r  f o r  90 seco n d s , 

i s o t o n i c i t y  r e s to r e d  by add ing  

o n e - te n th  volume o f  9.35% NaCl 

s o lu t i o n .

c e n t r i f u g e  a t  700 x  g 

f o r  6 m in u te s .

L eukocy te  p e l l e t

S u p e rn a ta n t
wash tw ice  by su spend ing  in  0.85% 

NaCl s o lu t io n  and c e n t r i f u g in g  a t  

400 X g f o r  5 m in u te s .

Washed le u k o c y te s

F ig u re  1 ( c o n t in u e d ) . P ro c e d u re  f o r  th e  i s o l a t i o n  o f m ixed 
le u k o c y te s .
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f u l l y  removed and d is c a r d e d .  The le u k o c y te s  from  b o th  f l a s k s  were th e n  

resu sp en d ed  i n  0.85% NaCl ( t o t a l  volume abou t 50 ml) and c e n tr ifu g e d  a t  

400 X g f o r  5 m in u te s . A f te r  an a d d i t io n a l  wash w ith  0.85% NaCl fo llo w in g  

th e  same c o n d i t io n s ,  th e  leu k o c y te  p e l l e t  was suspended  in  7 ml o f  i c e -  

c o ld ,  g l a s s - d i s t i l l e d  w a te r ,  and the su sp e n s io n  was u sed  f o r  th e  v a r io u s  

enzym ic s tu d ie s  d e s c r ib e d  be low . In  a t y p i c a l  e x p e r im e n t, th e  le u k o c y te  

co u n t o f  th e  i n i t i a l  b lo o d  was 8 ,500  c e l l s  p e r  y l ,  w h ile  th e  c e l l  coun t 

o f  th e  su sp e n s io n  o f p u r i f i e d  le u k o c y te s  was 87 ,500  c e l l s  p e r  y l .  The 

o v e r a l l  re c o v e ry  was abou t 15%.

b) Enzymic s tu d i e s  w ith  i s o l a t e d  lym phocy tes and polym orpho­

n u c le a r  le u k o c y te s  (PMN) (F ig u re  2 ) . F iv e  hund red  ml o f  venous b lo o d  

was drawn i n to  a  h e p a r in -c o n ta in in g  JH-1 B lo o d -P ack . A 200 ml p o r t io n  

was c e n tr if u g e d  a t  1000 x g f o r  30 m in u te s  in  o r d e r  to  o b ta in  th e  p lasm a 

w hich was d e c a n te d  in to  an e rlenm eyer f l a s k ,  and s to r e d  a t  room te m p e ra tu re . 

T h is  p lasm a was l a t e r  warmed to  37° C and u sed  f o r  th e  e lu t io n  o f  lym phocy tes 

from  th e  g la s s  bead  colum ns d e s c r ib e d  be low . The rem a in in g  300 ml o f  

b lo o d  was e q u a l ly  d i s t r i b u t e d  in to  th r e e  100 ml g ra d u a te  c y l in d e r s ,  each  

c o n ta in in g  10 ml o f 3% d e x tra n  in  0.85% NaCl. The b lo o d  was a llow ed  to  

sed im en t a t  room te m p e ra tu re  fo r  40 to  60 m in u te s . The s u p e rn a ta n t  was 

p ip e t te d  o u t a t  5 to  10 m inu te  i n t e r v a l s  d u r in g  th e  s e d im e n ta tio n  w ith  

la r g e -b o r e  s i l i c o n i z e d  p i p e t t e s .  The l e u k o c y te - r ic h  s u p e rn a ta n t ,  i n  50 ml 

p o ly c a rb o n a te  c e n t r i f u g e  tu b e s ,  was c e n t r i f u g e d  a t  150 x g f o r  10 m in u te s  

a t  room te m p e ra tu re .  The p e l l e t s  were th e n  re su sp e n d e d  in  a t o t a l  o f  30 

to  36 ml o f  th e  p lasm a and s to re d  a t  room te m p e ra tu re  in  p o ly c a rb o n a te  

tu b e s  s e a le d  w ith  P a r a f i lm . The d e x tr a n -c o n ta in in g  p lasm a was c e n tr i f u g e d  

a t  1000 X g f o r  20 m in u tes  and th e  c l e a r  s u p e rn a ta n t  (1 .1  volume) was
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300 ml 200 ml

Add 30 ml of 
3% d e x t r a n  in  
0.85% NaCl 
s o lu t io n

1000 X g

30 m in u te sL e u k o c y te - r ic h
s u p e rn a ta n t room

te m p e ra tu re

Sedim ent
150 X g f o r  

10 m in u te s  

a t  room
S u p e rn a ta n t

te m p e ra tu re

Sedim ent

1000 X g f o r  

20 m inu tes
d i lu t e d

w ith  0.85% 

NaCl s o lu ­

t i o n  ( 1 .1 :  

3 . 9= v/v)

a t  room

te m p e ra tu re

Sedim ent

H e p a r in iz e d  b lo o d

Plasm a -
d e x tra n
s u p e rn a ta n t

Plasm a
f o r
lym phocyte
e lu t io n

L e u k o c y te - r ic h

p e l l e t

P la s m a -s a l in e  
s o lu t io n  f o r  
P l a t e l e t  
w ashout

F ig u re  2 . P ro ced u re  fo r  th e  i s o l a t i o n  o f  m ixed le u k o c y te s  
and plasm a f r a c t i o n s  u t i l i z e d  in  th e  s e p a r a t io n  of lym phocy tes and 
PMN by g la s s  bead  colum n.



23

PRESSURE RELEASE 
C O N TR O L

o

TO FLASK W ITH 
ELUTING SOLUTION

POLYCARBONATE
TUBE

M IX E D
GLASS BEADS

> G L A S S  
FIBER

CELL ELUTION COLLECTED

F ig u re  3 . P ic tu r e  show ing th e  g l a s s  bead column used as 
d e s c r ib e d  under M ethods.
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d i lu t e d  w ith  0.85% NaCl (3 .9  volume) i n  o rd e r  to  p re p a re  th e  p la s m a -s a l in e  

s o lu t io n  w hich was e q u i l ib r a te d  to  37° C i n  a w a te r  b a th  and u t i l i z e d  f o r  

p l a t e l e t  w ash -o u t from  th e  g la s s  bead co lum ns.

The colum ns were fa sh io n e d  from  50 ml p o ly c a rb o n a te  c o n ic a l  

c e n t r i f u g e  tu b e s  as shown in  F ig u re  3 . In  o rd e r  to  m a in ta in  th e  d e s i r e d  

column flo w  r a t e  and to  have enough g l a s s  bead s u r f a c e  a r e a ,  two s i z e s  o f  

g la s s  b ead s  w ere a p p lie d  to  each  colum n. The l a r g e  g la s s  b ead s  o f  C o m in g  

G lass  Works a re  3 mm in  d ia m e te r ,  and t h e  sm a ll g la s s  beads o f  M atheson 

S c i e n t i f i c  a r e  0 .2  mm in  d ia m e te r . B o th  g la s s  b ead s  were w ashed w ith  

c o ld  n i t r i c  a c id  fo llo w ed  by r in s in g  w i th  ta p  w a te r  and d i s t i l l e d  w a te r  

t i l l  n e a r  n e u t r a l  pH. The colum ns, g l a s s  b e a d s , g la s s  f i b e r  and p i p e t t e s  

were s i l i c o n i z e d  w ith  1% S i l i c a d ,  r in s e d  w ith  d i s t i l l e d  w a te r  and d r ie d  

a t  37° C o v e rn ig h t .

The p ro c e d u re  (F ig u re  4) f o r  t h e  s e p a r a t io n  o f  lym phocytes and 

PMN u s in g  th e  g la s s  bead column was a d a p te d  from  t h a t  o f R ab inow itz  (8 7 ) .  

P r io r  to  p a c k in g , a  t h in - l a y e r  o f  g la s s  f i b e r  was p lac e d  a t  th e  t i p  o f 

th e  colum n. F i f t e e n  grams o f  th e  l a r g e - s i z e d  g l a s s  beads w ere f i r s t  

pou red  i n to  th e  column a f t e r  which 20 gram s o f  th e  s m a l l- s iz e d  g la s s  

beads w ere a l s o  poured  in to  th e  colum n. F i n a l l y ,  30 grams o f  th e  l a r g e ­

s iz e d  g la s s  b ead s w ere in tro d u c e d  in to  th e  colum n. The packed  colum ns 

w ere th e n  e q u i l i b r a t e d  in  a  37° C c o n s ta n t  te m p e ra tu re  warm room b e fo re  

le u k o c y te  s u s p e n s io n s  were t r a n s f e r r e d  i n to  i t .  A f te r  in t r o d u c in g  th e  

le u k o c y te  s u s p e n s io n , 4 .2  to  5 .0  x 10® c e l l s  in  12 ml o f p lasm a , th e  two 

upper o u t l e t s  w ere c lo se d  and th e  colum ns were k e p t  a t  37° C f o r  30 

m in u te s . At th e  end o f  th e  in c u b a tio n  p e r io d ,  th e  i n t e r n a l  p r e s s u r e  was 

r e le a s e d  th ro u g h  th e  p r e s s u re  r e l e a s e  o u t l e t .  The clamp on th e  l a t t e r
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L e u k o c y te - r ic h  p e l l e t s  re su sp en d ed

in  plasm a

g la s s  bead column e q u i l ib r a te d  

to  37° C

Suspension  t r a n s f e r r e d  to  th e

A ll o u t l e t s  t i g h t l y  clam ped 

and th e  column in c u b a te d  

a t  37° C f o r  30 m in u te s

Lymphocyte 

r i c h  e lu e n t

r e l e a s e  th e  p re s s u re  
dev e lo p ed  d u r in g  in c u b a tio n  
by lo o se n in g  th e  clamp on th e  
p r e s s u r e  c o n tr o l  o u t l e t

t i g h t e n  th e  p r e s s u re  c o n tr o l  
o u t l e t

e lu t e  lym phocytes w ith  15 ml 
p lasm a a t  37° C

G lass  bead column r i c h  

in  a d h e rin g  PMN

F ig u re  4 .  P ro c e d u re  f o r  th e  s e p a r a t i o n  o f  lym phocytes and PMN 
on g la s s  bead  colum n.
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G lass  bead column r i c h  

in  a d h e rin g  PMN and 

c o n ta m in a tin g  p l a t e l e t s

P l a t e l e t s  and

e r y th r o c y te s

p l a t e l e t s  w ashed ou t w ith  
80 ml o f a  m ix tu re  o f plasm a 
and 0.85% NaCl s o lu t io n  
a t  37° C

G lass  bead column r i c h  

i n  a d h e rin g  PMN

P olym orphonuclear 

le u k o c y te s

40 ml of 0.85% NaCl 
s o lu t io n  w ith  0.02% 
NagEDTA

G lass  bead column w ith  

r e s id u a l  le u k o c y te s

F ig u re  4 ( c o n t in u e d ) . P ro ced u re  f o r  th e  s e p a r a t io n  o f  lym phocytes 
and PMN on g l a s s  bead colum n.
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was t ig h t e n e d ,  t h e  o th e r  o u t l e t s  were opened and th e  lym phocyte f r a c t i o n  

was e lu t e d  w ith  15 ml o f  u n d i lu te d  p lasm a . A f t e r  th e  lym phocyte f r a c t i o n

was e lu t e d  from  th e  colum n, p l a t e l e t s  w ere w ashed o u t  by e lu t in g  th e

column w ith  80 m l o f a  0.85% NaCl s o lu t io n  c o n ta in in g  20% (v /v )  o f  p lasm a 

and a v e ry  low c o n c e n t r a t io n  (c a . 0.5%) o f  d e x t r a n .  The PMNs w ere th en  

e lu te d  w ith  40 ml of a 0.85% NaCl s o lu t io n  c o n ta in in g  0.02% d isodium  EDTA 

and a  few drops o f  p h e n o s u lfo n e p h th a le in . The e lu t io n  r a t e  was ab o u t

1 .5  m l/m in u te . The s e p a r a te d  lym phocytes and PMN f r a c t i o n s  were from  85%

to 92% p u re  (F ig u re  5 ) .

c) F o r th e  d e te rm in a tio n  o f le u k o c y te  n e u ra m in id a se  l e v e l s  in  

in d iv id u a l  b lo o d  sam p les . About 10 ml o f  b lo o d  was drawn in to  a  h e p a r i ­

n iz e d  v a c u ta in e r  and th e  specim en was c h i l l e d  in  c ru sh e d  i c e .  A ll  sub ­

se q u en t s te p s  w ere  co n d u c ted  a t  0° to  4° C. The b lo o d  was im m ed ia te ly  

t r a n s f e r r e d  to  a  50 m l p o ly c a rb o n a te  c o n ic a l  c e n t r i f u g e  tu b e  c o n ta in in g  

20 ml o f  a  1% s o lu t io n  o f  NagEDTA in  0.85% o f  NaCl. A f te r  thorough  

m ixing by g e n t le  s t i r r i n g  w ith  a  g la s s  ro d , th e  m a t e r i a l  was c e n tr if u g e d  

fo r  5 m in u te s  a t  400 x g . The s u p e rn a ta n t  f r a c t i o n  was d ecan ted  and 

d is c a r d e d . The e r y th r o c y te s  were then  hem olyzed by add ing  40 ml o f  

i c e - c o l d ,  g l a s s - d i s t i l l e d  w a te r to  th e  sed im en ted  b lo o d  c e l l s .  The 

h y p o to n ic  su sp e n s io n  was s t i r r e d  fo r  90 seco n d s  w ith  a  g la s s  ro d , and 

then  4 ml o f  i c e - c o l d ,  9.35% NaCl s o lu t io n  was added under co n tin u o u s  

s t i r r i n g  in  o r d e r  to  r e tu r n  th e  le u k o c y te s  t o  an i s o to n ic  en v iro n m en t.

The su s p e n s io n  was th en  c e n tr ifu g e d  f o r  10 m in u te s  a t  400 x g and th e  

c le a r  s u p e m a te ,  a s  w e ll  a s  th e  lo o s e ly  p ack ed  l a y e r  o f  e ry th r o c y te  g h o s ts ,  

were c a r e f u l l y  removed w ith  a  P a s te u r  p i p e t t e  and d is c a r d e d .  The le u k o ­

cy te  p e l l e t  was q u a n t i t a t i v e l y  t r a n s f e r r e d  to  a 12 ml c o n ic a l  c e n t r i f u g e



28

5 a . M ixed le u k o c y te s  in  th e  l e u k o c y te - r ic h  s u p e rn a ta n t  
o f  th e  h e p a r in iz e d  b lood  sedim ented  in  th e  p re s e n c e  o f  d e x tra n  (m a g n if i­
c a t i o n  2 5 0 x ) .

5b . P u r i f i e d  lym phocytes d e r iv e d  from  5a and e lu te d  on 
g la s s  bead colum n w ith  u n d i lu te d  p lasm a ( m a g n if ic a t io n  450x).

5 c . A g g reg a te s  o f p l a t e l e t s ,  some e ry th r o c y te s  and 
r e s i d u a l  lym phocy tes e lu te d  w ith  20% plasm a -  0.5% d e x tra n  in  0.85% 
NaCl s o lu t io n  (m a g n if ic a t io n  lOGOx).

5d . P u r i f i e d  PMN e lu t e d  on g l a s s  bead  column w ith  
0.02% NagEDTA i n  0.85% NaCl s o lu t io n  (m a g n if ic a t io n  2 5 0 x ) .
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i

F ig u re  5a F ig u re  5b

F ig u re  5c F ig u re  5d
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tube  w ith  s e v e r a l  s m a ll a l iq u o ts  o f  0.85% NaCl ( t o t a l  volume 5 m l) . The 

su sp en s io n  was c e n t r i f u g e d  f o r  4 m in u tes  a t  400 x  g , and th e  s u p e m a te  

and h u f fy  la y e r  w ere d e can ted  and d is c a r d e d .  The le u k o c y te s  w ere s u b je c te d  

to  a second  wash w ith  i s o to n ic  s a l i n e  and an a l i q u o t  o f 20 y l  o f  t h i s  

c e l l  su sp e n s io n  was tak en  and d i lu t e d  1 :2 5 0  f o r  c e l l  c o u n t. The r e s t  o f  

th e  w a s h e d -c e l l  su sp e n s io n  was c e n t r i f u g e d .  The le u k o c y te  p e l l e t  was 

then  u n ifo rm ly  suspended  in  0 .5  ml o f  i c e - c o l d ,  g l a s s - d i s t i l l e d  w a te r .

I s o l a t i o n  o f  bov ine  le u k o c y te s . Bovine b lo o d  le u k o c y te s  w ere 

o b ta in e d  e i t h e r  by h y p o to n ic  shock o f  th e  w hole b lo o d  o r  by  fo llo w in g  th e  

p ro ced u re  u sed  by  G ie le n , Schaper and P in k  (33) a s  d e s c r ib e d  below . F re sh  

bov ine  c i t r a t e d  b lo o d  (120 ml o f  0 .2 5  M c i t r a t e  b u f f e r  pH 6 .2  to  1000 ml o f 

bov ine b lo o d ) was d i lu t e d  1 :10  w ith  a s o lu t i o n  0.7% i n  NaCl and 1% in  

NagEDTA. The b lo o d  su sp en s io n  was th e n  c e n t r i f u g e d  a t  700 x g f o r  15 

m inutes and th e  b u f fy  c o a t was removed w ith  a P a s te u r  p i p e t t e  and sa v e d .

The sed im en ted  b lo o d  c e l l s  were re su sp e n d e d  a f t e r  add ing  a  volume o f  0.9% 

NaCl s o lu t io n  e q u a l  to  th e  amount o f  s u p e m a n t  t h a t  was d e c a n te d . The 

su sp e n s io n  was s u b je c te d  to  t h i s  t re a tm e n t  f o r  two more t im e s . A ll  

l e u k o c y te - r ic h  b u f fy  la y e r s  were combined and w ashed tw ice  by re su sp e n d in g  

in  0.85% NaCl and c e n t r i f u g in g  a t  700 x g f o r  10 m in u te s . The f i n a l  

l e u k o c y te - r ic h  p e l l e t  was exposed to  h y p o to n ic  shock  in  0 .0 0 1  M T ris -H C l 

b u f f e r ,  pH 7 .0  in  1% Na%EDTA f o r  20 m in u te s  and c e n tr i f u g e d  a t  35 ,000  x g 

f o r  30 m in u te s . The h y p o to n ic  shock was r e p e a te d  once more and th e  le u k o ­

cy te  p e l l e t s  w ere suspended  in  0 .1  M sodium  a c e t a t e  b u f f e r ,  pH 5 .5 ,  con­

ta in in g  1 mM CaClgand d ia ly z e d  a t  4° C f o r  16 h o u rs  a g a in s t  th e  same b u f f e r .  

A f te r  th e  d i a l y s i s ,  th e  su sp en sio n  was c e n t r i f u g e d  a t  65 ,000  x g f o r  25 

m inu tes and th e  p e l l e t ,  suspended  i n  0 .1  M a c e t a t e  b u f f e r ,  pH 5 .5 ,  was homo-
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g e n iz e d  w ith  a  Bounce hom ogenizer and th e  w hole hom ogenate used a s  a  

so u rc e  o f b o v in e  le u k o c y te  n e u ra m in id a se .

I s o l a t i o n  o f r a t  b lood  le u k o c y te s . Ten ml o f  r a t  b lood  was 

added to  a  tu b e  w ith  2 ml o f a  s o lu t io n  c o n ta in in g  14 mg o f  NaCl, 100 

mg o f  d e x tra n  and 1 mg o f sodium h e p a r in .  The tu b e  was allow ed  to  s ta n d  

a t  room te m p e ra tu re  f o r  45 m in u te s . The l e u k o c y te - r ic h  s u p e rn a ta n t was 

removed w ith  a  P a s te u r  p i p e t t e  and c e n tr i f u g e d  f o r  10 m in u te s  a t  500 x g. 

The s u p e rn a ta n t  was d is c a rd e d  and th e  p e l l e t  was resu sp e n d e d  in  5 ml o f  

i c e - c o ld ,  g l a s s - d i s t i l l e d  w a te r f o r  90 seconds fo llo w e d  by th e  a d d i t io n  o f 

5 m l o f  1.7% NaCl s o lu t i o n .  A f te r  c e n t r i f u g in g  a t  150 x g fo r  5 

m in u te s , th e  h e m o g lo b in -c o n ta in in g  s u p e rn a ta n t  and e ry th ro c y te  g h o s ts  

w ere g e n tly  rem oved w ith  a  P a s te u r  p i p e t t e .  The le u k o c y te  p e l l e t s  w ere 

th e n  washed tw ice  w ith  0.85% NaCl s o lu t io n  and f i n a l l y  suspended i n  i c e -  

c o ld  g l a s s - d i s t i l l e d  w a te r  to  be used  f o r  enzyme a s s a y .

P r e p a r a t io n  o f  e ry th ro c y te  s i a l o g ly c o p r o t e i n s . Human and 

bov ine e r y th r o c y te  g ly c o p ro te in s  were e x t r a c t e d  from  e ry th ro c y te  s tro m a  

by th e  p h e n o l- s a l in e  e x t r a c t io n  m ethod o f  W in tz e r  and  U hlenbruck (7 7 ) . 

P u r i f i c a t i o n  was c a r r i e d  o u t by i s o e l e c t r i c  f o c u s in g  o r  by p r e c i p i t a t i o n  

w ith  co ld  e th a n o l .

P ro c e d u re . Human o r  bov ine  b lo o d  was d i lu t e d  w ith  0.85% NaCl 

s o lu t io n  1 :2  ( v / v ) ,  and c e n tr ifu g e d  a t  700 x g f o r  10 m in u te s . The 

s u p e rn a ta n t  and b u f fy  c o a t were d is c a rd e d  and th e  sed im en ted  b lood  c e l l s  

w ere re su sp e n d e d  in  0.85% NaCl to  th e  o r i g i n a l  volum e and c e n tr ifu g e d  

under th e  same c o n d it io n s  to  remove p l a t e l e t s  and th e  le u k o c y te - r ic h  

b u f fy  l a y e r .  T h is  p ro ce d u re  was re p e a te d  4 t im e s .  The f i n a l  w ashed- 

e r y th r o c y te  sed im en t was suspended In  20 tim es  i t s  volume o f  c o ld  g l a s s -
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d i s t i l l e d  w a te r  and th e  su sp e n s io n  was a c i d i f i e d  w ith  g l a c i a l  a c e t i c  a c id  

(1 ml p e r  20 l i t e r  o f  e r y th r o c y te  s u s p e n s io n ) . The m a t e r i a l  was then  

a llow ed  to  s ta n d  a t  4° C o v e rn ig h t .  The h e m o g lo b in -c o n ta in in g  su p ern a­

t a n t  was c a r e f u l l y  rem oved and th e  m u c o id -ric h  bo tto m  p o r t io n  was c e n t r i ­

fuged  a t  1000 X g f o r  20 m in u tes  in  250 ml c e n t r i f u g e  f l a s k s .  Tlie mucoid 

p e l l e t  was w ashed tw ic e  w ith  c o ld  d i s t i l l e d  w a te r  and  th e n  suspended  in  

1% NaCl s o lu t io n  and s t i r r e d  o v e rn ig h t a t  4° C. The s u s p e n s io n  was th en  

m ixed w ith  an e q u a l volum e o f  90% p h en o l. The te m p e ra tu re  o f  th e  m ix tu re  

was r a i s e d  to  ab o u t 65° C by c o n s ta n t  s t i r r i n g  in  an  80° C w a te r  b a th . 

A f te r  re a c h in g  t h a t  te m p e ra tu re  (abou t 20 to  30 m in u te s )  th e  e x t r a c t io n  

m ix tu re  was s e t  o v e rn ig h t  in  a  4° C c o ld  room. A f te r  s e d im e n tin g  in  th e  

c o ld  room, th e  u p p e r aqueous p h ase  was t r a n s f e r r e d  i n t o  d i a ly z in g  tu b e s  

and d ia ly z e d  f o r  72 h o u rs  a g a in s t  4 changes o f  1000 volum es o f  d i s t i l l e d  

w a te r .  With b o v in e  m ucoid p r e p a r a t io n s ,  th e  d i a l y s a t e  was r o t a r y  evapo­

r a t e d  a t  37° C and ly o p h i l i z e d .  The c rude  p ro d u c ts  w ere  d is s o lv e d  in  

w a te r  and e i t h e r  p r e c i p i t a t e d  w ith  c o ld  e th a n o l  (65% f i n a l  c o n c e n tra t io n )  

o r  d ia ly z e d  a g a in s t  1% am p h o lin e , pH 6 .0 ,  a t  4° C o v e r n ig h t  and th en  

s u b je c te d  to  i s o e l e c t r i c  fo c u s in g  (7 7 ).

P r e p a r a t io n  o f  human leu k o c y te  s u b c e l l u la r  f r a c t i o n s .

P ro c ed u re  1 (F ig u re  6 ) .  The lym phocytes and PMN e l u t e d  from  th e  g la s s  

bead columns w ere s u b je c te d  to  h y p o to n ic  shock  in  o r d e r  to  e l im in a te  

c o n ta m in a tin g  e r y th r o c y te s  by su spend ing  them in  0.2% NaCi f o r  60 

seconds fo llo w e d  by r e s t o r a t i o n  o f  i s o t o n i c i t y .  A f t e r  c e n t r i f u g in g  a t  

150 X g f o r  10 m in u te s ,  th e  g h o s ts  and h em o ly sa te  w ere  d e c a n te d  and th e  

c e l l  p e l l e t s  w ere suspended  in  ic e - c o ld  0 .3 4  M s u c ro s e  a t  a  c o n c e n tra t io n  

o f abou t 2 X 1 0  ̂ c e l l s  p e r  ml o f  su c ro se  s o lu t io n .  The c e l l  su sp e n s io n s
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Lym phocytes o r PMN s e p a ra te d  

on g l a s s  bead column

h y p o to n ic  shock  fo llo w e d  by 
r e s t o r a t i o n  o f  i s o t o n i c i t y  
and c e n t r i f u g a t i o n  (150 x  g , 
10 m in u te s )

P u r i f i e d  c e l l  p e l l e t

Bounce h o m o g en iza tio n  o f  th e  
c e l l s  suspended  i n  0 .3 4  M 
s u c ro s e  (c a . 2 x 10^ c e l l s /m l )

Homogenate

|nuc

c e n t r i f u g a t i o n  a t  500 x  g , 
20 m in u te s

N u c le a r  f r a c t i o n O p a le sc e n t s u p e rn a ta n t

centrifugation 
at 1 7 ,000  X g, 
20 minutes

G ran u la r

f r a c t i o n

S o lu b le

f r a c t i o n

F ig u re  6 . P ro ced u re  1 fo r  t h e  p r e p a r a t io n  o f  s u b c e l lu la r  
f r a c t i o n s  on i s o l a t e d  lym phocytes and PMN.
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were hom ogenized w ith  a  Bounce hom ogenizer (30 to  40 s t r o k e s  w ere re q u ire d  

f o r  com plete  h o m o g e n iz a tio n ) .

The hom ogenates w ere d i l u t e d  to  35 ml in  a  50 ml c e n t r i f u g e  

tube  w ith  th e  same s o lu t io n  and c e n tr ifu g e d  a t  500 x g f o r  20 m in u te s .

The p e l l e t ,  d e s ig n a te d  th e  n u c le a r  f r a c t i o n ,  was s e p a r a te d  from  th e  

s u p e rn a ta n t  w hich was th e n  c e n tr i f u g e d  a t  17 ,000  x g f o r  20 m in u te s .

The s u p e r n a ta n t ,  d e s ig n a te d  th e  s o lu b le  f r a c t i o n ,  was d e c a n te d  and the  

u n d is tu rb e d  p e l l e t ,  d e s ig n a te d  th e  g ra n u la r  f r a c t i o n ,  was suspended  in  

c o ld , g l a s s - d i s t i l l e d  w a te r .

P ro ced u re  2 (F ig u re  7 ) .  The i s o l a te d  lym phocy tes and PMN 

were s u b je c te d  to  h y p o to n ic  shock as  d e s c r ib e d  in  P ro c e d u re  1 . The c e l l s  

were th en  washed once w ith  i c e - c o ld  0.85% NaCl and c e n t r i f u g e d  in  a 

r e f r i g e r a t e d  c e n t r i f u g e  (4° C) a t  150 x g f o r  10 m in u te s .  The p e l l e t s  

were resu sp e n d e d  i n  a b o u t 10 ml o f  0 .3 4  M su c ro s e  s o l u t i o n .  Tlie c e l l s  

were th en  hom ogenized w ith  a  Bounce hom ogenizer. The hom ogenate was then  

q u a n t i t a t i v e l y  t r a n s f e r r e d  to  a  50 ml c o n ic a l  c e n t r i f u g e  tu b e  and the 

f i n a l  volume made to  35 ml w ith  0 .3 4  M s u c ro s e  s o l u t i o n .  A 3 ml a l iq u o t  

was removed and sa v e d . The r e s t  o f  th e  hom ogenate was c e n tr i f u g e d  a t  500 

X g f o r  20 m in u te s . The o p a le s c e n t  s u p e rn a ta n t  was t r a n s f e r r e d  in to  a

38.5 ml th in - w a l le d  c e l l u lo s e  n i t r a t e  tu b e  and th e  lo o s e ly -p a c k e d  p e l l e t  

was w ashed w ith  1 ml o f  0 .3 4  M s u c ro s e  and c e n tr i f u g e d  a g a in  u n d e r th e  

same c o n d i t io n s .  The second  s u p e rn a ta n t  was c a r e f u l l y  removed w ith  a 

P a s te u r  p i p e t t e  and com bined w ith  th e  f i r s t  s u p e r n a ta n t ;  .h e  r e s u l t i n g  

p e l l e t  was d e s ig n a te d  th e  n u c le a r  f r a c t i o n .  The s u p e r n a ta n t  was th en  u l t r a ­

c e n tr if u g e d  in  a  Beckman Type 30 r o to r  a t  30 ,000  rpm f o r  1 h o u r  a f t e r  th e  

maximum speed  was re a c h e d . A c l e a r  s u p e rn a ta n t  and a p e l l e t  w ere o b ta in e d .
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I n i t i a l  s te p s  i d e n t i c a l  to  
th o se  in  F ig u re  6

re su sp e n d  i n  
1 ml 0 .3 4  M 
su c ro s e  s o lu t io n  
and c e n t r i f u g e  
500 X g f o r  
20 m in u tes

S u p e rn a ta n t

Combined s u p e rn a ta n t

c e n t r i f u g e a t
30 ,000  rpm fo r  
1 hour (Beckman 
30 r o t o r )

f r a c t i o n

S o lu b le

N u c lear

f r a c t i o n

N uc lear f r a c t i o n O p a le sc e n t s u p e rn a ta n t

C e l lu la r  o r g a n e l le s  

p e l l e t

Lym phocytes o r PMN 

s e p a r a te d  on g la s s  bead 

column

F ig u re  7. P ro c ed u re  2 f o r  th e  p r e p a r a t io n  o f  g r a n u la r  p e l l e t s  
from  i s o l a te d  lym phocy tes and PMN f o r  s u c ro se  d e n s i ty  g r a d ie n t  c e n t r i f u g a t i o n .
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The upperm ost p o r t i o n  o f  th e  p e l l e t  was a  la y e r  o f  f l u f f y ,  l ig h t - p in k  

membranous m a t e r i a l ;  b e n e a th  t h i s  l a y e r ,  th e  c o lo r  o f  th e  p e l l e t  changed 

from p a le  g re e n is h -y e l lo w  to  y e llo w is h -g re e n  a t  th e  bo tto m  o f  th e  tu b e .

P ro c e d u re  3 (F ig u re  8 ) .  The p e l l e t s  o b ta in e d  in  th e  c e n t r i f u g a ­

t io n  o f p o s tn u c le a r  s u p e rn a ta n t  (P rocedu re  2) a t  30 ,000  rpm f o r  1 hour 

w ere suspended  i n  6 sm a ll a l iq u o ts  o f 0 .3 4  M s u c ro s e  ( t o t a l  volume 6 ml) 

by g e n tly  s t i r r i n g  th e  c o n te n ts  o f  th e  tu b e  w ith  th e  p e s t l e  o f  a Bounce 

hom ogenizer fo llo w e d  by v o r te x -m ix in g  w ith  th e  p e s t l e  lo o s e ly  h e ld  in s id e  

th e  tu b e . The s u s p e n s io n  was t r a n s f e r r e d  to  an i c e - c o l d  Bounce hom ogenizer. 

S ince  th e  le u k o c y te  g ra n u le s  c l in g  ve ry  te n a c io u s ly  to  s t a i n l e s s  s t e e l  

s p a tu l a s ,  t h e i r  u se  m ust be  avo ided  in  th e  re s u s p e n s io n  and t r a n s f e r  o f  

th e  p e l l e t s .  The s u s p e n s io n s ,  hom ogenized f o r  5 o r  6 s t r o k e s ,  were 

la y e re d  on to p  o f  d is c o n tin u o u s  su c ro se  d e n s i ty  g r a d i e n ts  (F ig u re  8 ) .  

F r a c t io n a t io n  o f  human po lym orphonuclear le u k o c y te  hom ogenate on c o n tin ­

uous su c ro se  g r a d i e n t  have been  re p o r te d  by F o ld s , W elsh and S p itz n a g e l  

( 8 8 ) .  W ith th e  know ledge o f  th e  d e n s i t i e s  o f  th e  is o p y c n ic  b a n d s , d isc o n ­

tin u o u s  s u c ro s e  d e n s i ty  g r a d ie n t  system s (F ig u re  8) w ere e s ta b l i s h e d .

F or th e  f r a c t i o n a t i o n  o f  po lym orphonuclear le u k o c y te  o r g a n e l le s ,  th e  

g r a d ie n t  c o n s is te d  o f  6 ml o f  th e  hom ogenate in  0 .3 4  M (11.64% w /v) 

s u c ro s e  and 10 m l each  o f  su c ro se  s o lu t io n s ,  0 .8 8  M (30% w /v ) ,  1 .1 1  M 

(38% w/v) and 1 ,46  M (50% w /v ) .  The lym phocyte hom ogenate, a ls o  6 ml 

in  0 .34  M s u c ro s e  s o lu t i o n ,  was la y e re d  on a  g r a d ie n t  (F ig u re  8) con­

s i s t i n g  o f  10 ml each  o f  s u c ro s e  s o lu t io n s ,  0 .8 8  M (30% w /v ) , 1 .1 7  M 

(40% w/v) and 1 .6 9  M (58% w /v ) .  With b o th  g r a d i e n t s ,  th e  iso p y c n ic  

u l t r a c e n t r i f u g a t i o n  was c a r r ie d  o u t u s in g  a Beckman SW 27 r o t o r  a t
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C e l lu l a r  o r g a n e l le  

p e l l e t  (F ig u re  7)

Lymphocyte

g ra n u la r  f r a c t i o n  
suspended in  6 ml 
0 .34  N su c ro se

10 ml 0 .8 8  M 4
s u c ro se  s o lu t io n

10 ml 1 .17  M 
s u c ro se  s o lu t io n

10 ml 1 ,69  M 
s u c ro se  s o lu t io n  *

Homogenized in  
0 .3 4  M s u c ro s e

PMN

g ra n u la r  f r a c t i o n  
suspended  i n  6 ml 
0 .3 4  M s u c ro s e

10 ml 0 .8 8  M 
su c ro se  s o lu t io n

10 ml 1 .1 1  M 
su c ro se  s o lu t io n

10 ml 1 .4 6  M 
^  su c ro se  s o lu t io n

U l t r a c e n t r i f u g e d  in  SW 27 
r o t o r  a t  23 ,000  rpm f o r  
1 hour

3 ml f r a c t i o n s  c o l l e c te d  
u s in g  upward d isp la c e m e n t 
o f th e  g r a d ie n t

F ig u re  8 . D isc o n tin u o u s  su c ro se  d e n s i ty  g r a d ie n t  c e n t r i f u g a t i o n  
u t i l i z e d  f o r  th e  f r a c t i o n a t i o n  o f  th e  g r a n u la r  f r a c t i o n  o f  lym phocytes 
and PMN.
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23 ,000  rpm f o r  1 h o u r . S u c c e ss iv e  3 ml f r a c t i o n s  w ere c o l l e c t e d  from  th e  

to p . The g r a d ie n t  was d is p la c e d  w ith  60% s u c ro s e  f o r  PMN and 65% su c ro se  

f o r  lym phocyte g r a d ie n t .



CHAPTER III

RESULTS

I s o l a t i o n  o f L eukocy tes and S e p a ra t io n  o f  Lym phocytes 

from  Polym orphonuclear L eukocy tes

I s o l a t i o n  o f L eukocy tes  

Human l e u k o c y te s . In  th e  e a r ly  s ta g e s  o f  t h i s  s tu d y , th e  le u k o ­

c y te - r i c h  p e l l e t  was s u b je c te d  to  h y p o to n ic  shock  i n  i c e - c o ld ,  g l a s s -  

d i s t i l l e d  w a te r  f o r  90 seconds to  hem olyze c o n ta m in a t in g  e r y th r o c y te s .  

A lthough norm al le u k o c y te s  do n o t a p p e a r  to  be  a d v e r s e ly  a f f e c te d  by t h i s  

t r e a tm e n t ,  le u k o c y te s  from  p a t i e n t s  w ith  v a r io u s  d i s e a s e s  ( a l l e r g y ,  h e rp e s  

z o s t e r ,  some form s o f a r t h r i t i s ,  e t c . )  were found to  be  more f r a g i l e ;  

m ic ro sc o p ic  e x a m in a tio n  o f le u k o c y te  sm ears showed t h a t  a s i g n i f i c a n t  

p o r t io n  o f  le u k o c y te s  from  th e s e  p a t i e n t s  b u r s t  d u r in g  th e  h y p o to n ic  shock. 

S ince m inor dam age, n o t e a s i l y  d e te c te d  u n d er th e  m ic ro sc o p e , m ight 

a ls o  o c c u r  in  n o rm al le u k o c y te s ,  we d e c id e d  in  l a t e r  ex p e rim en ts  to  use  

0.2% NaCl s o lu t io n  in s te a d  o f  g l a s s - d i s t i l l e d  w a te r  t o  ly s e  th e  con tam i­

n a t in g  e r y th r o c y te s .

M ethods f o r  th e  i s o l a t i o n  o f  le u k o c y te s  from  w hole h e p a r in iz e d  

b lo o d  u s in g  d e x tra n  se d im e n ta tio n  (89) a r e ,  in  g e n e r a l ,  e f f e c t i v e  and

39
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s im ple t o  p e r fo rm .  However, i t  ap p ears  t h a t  many f a c t o r s  may in f lu e n c e  

th e  r a t e  o f  e r y t h r o c y t e  ro u le a u x  (adherence  o f  e r y t h r o c y t e s  a lo n g  t h e i r  

concave s u r f a c e s ,  th u s  form ing columns i n  rows l i k e  p i l e s  o f  c o in s )  

fo rm a tio n  s i n c e  a l i q u o t s  o f  th e  same b lo o d  specim en  p l a c e d  i n  d i f f e r e n t  

g rad u a ted  c y l i n d e r s  o f t e n  gave q u i t e  d i f f e r e n t  s e d im e n ta t i o n  r a t e s .

When m ixing  th e  b lo o d  w ith  d e x t r a n - s a l i n e  s o l u t i o n ,  t h e  g ra d u a te d  c y l i n d e r s  

must be i n v e r t e d  g e n t l y  to  avo id  t r a p p in g  a i r  b u b b l e s .  O c c a s io n a l ly ,  

l a r g e r  amounts o f  d e x t r a n - s a l i n e  s o l u t i o n  were n e e d ed  t o  h a s te n  t h e  

s e d im e n ta t io n  r a t e ,  o r  a second s e d im e n ta t io n  was r e q u i r e d  t o  i n c r e a s e  

t h e  leu k o c y te  y i e l d s .  In  m ost c a s e s ,  th e  m ethod l i s t e d  i n  F ig u re  2 gave 

about 55 t o  65% o f  le u k o c y te  recovery  from whole  b lo o d .  T h is  p e rc e n ta g e  

o f  r e c o v e ry  i s  com parable  to  t h a t  r e p o r t e d  by R a b in o w itz  (8 7 ) .  I n  our  

i n i t i a l  s t u d i e s  u s in g  packed blood  c e l l s  as  s t a r t i n g  m a t e r i a l ,  t h e  y i e l d s  

w ere c o n s id e r a b ly  lo w e r ,  runn ing  abou t  15%.

R at l e u k o c y t e s . H e p a r in ize d  r a t  b lo o d  gave c o n s i s t e n t l y  good 

s e d im e n ta t io n  r a t e s  when t r e a t e d  w ith  d e x t r a n - s a l i n e  s o l u t i o n  and no 

p roblem s w ere e n c o u n te re d  in  th e  c o u rs e  o f  l e u k o c y te  i s o l a t i o n .

Bovine l e u k o c y t e s . Bovine b lo o d ,  s u b j e c t e d  t o  th e  same d e x t r a n -  

s a l i n e  t r e a tm e n t  as  d e s c r ib e d  f o r  human b lo o d ,  gave  p r a c t i c a l l y  no s e d i ­

m e n ta t io n  upon s ta n d in g  up t o  12 h o u rs  a t  room te m p e ra tu re  o r  a t  37“ C. 

V arious  a n t i c o a g u l a n t s  and d i f f e r e n t  amounts and c o n c e n t r a t i o n s  o f  

d e x t r a n - s a l i n e  s o l u t i o n  were t r i e d  b u t  none o f  t h e  m ethods a p p re c ia b ly  

enhanced t h e  s e d im e n ta t io n  r a t e .  In  th e  c o u r s e  o f  t h e s e  e x p e r im e n ts ,  

i t  was o b s e rv e d  t h a t  when 1% NagEDTA i n  0.7% NaCl was u sed  a s  a n t i c o a g u ­

l a n t  (ap p ro x im a te  r a t i o  -  2 volumes o f  b lo o d  t o  1 volume o f  Na 2 EDTA- 

s a l i n e  s o l u t i o n )  and the  m ix tu re  was c e n t r i f u g e d  a t  1000 x  g f o r  20
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m in u te s ,  t h e  upper l a y e r  o f  th e  sed im en t was v e ry  r i c h  in  ly m p h o c y te s .

T h is  ly m p h o c y te - r ic h  l a y e r  was c a r e f u l l y  removed u s in g  a P a s t e u r  p i p e t t e .  

However, s in c e  t h e  u n d e r ly in g  l a y e r  was r i c h e r  in  g r a n u l o c y t e s ,  and th e r e  

was no c l e a r  b ounda ry , th e  com position  o f  t h e s e  leu k o c y te  m ix tu r e s  v a r i e d  

from one p r e p a r a t i o n  t o  a n o th e r .

S e p a ra t io n  o f  Lymphocytes from PMN 

L eukocy tes  were sed im ented  u s in g  3% d e x t r a n  i n  i s o t o n i c  s a l i n e  

s o lu t i o n  i n s t e a d  o f  5% d e x tra n  in  Hank’ s s o l u t i o n  a s  u t i l i z e d  by 

R abinow itz  ( 8 7 ) .  The e l u t i o n  p a t t e r n s  from th e  g l a s s  bead  column were 

s i m i l a r  to  th o se  r e p o r t e d  by R abinow itz .

The re c o v e ry  o f  l e u k o c y te s  from th e  g l a s s  bead  column ranged  

from 55 to  65%. Heavy e r y th r o c y te  c o n ta m in a t io n  s h o u ld  b e  a v o id e d ,  s in c e  

i t  ten d s  t o  red u ce  lymphocyte reco v e ry  and a f f e c t s  t h e  column f low  r a t e  

c a u s in g  some o p e r a t i o n a l  problems in  th e  c o u rs e  o f  e l u t i o n .

P r o p e r t i e s  o f  Human Leukocyte N euram in idase

U nless  s p e c i f i c a l l y  s t a t e d ,  a l l  s t u d i e s  were c o n d u c te d  u s in g  

aqueous s u s p e n s io n s  o f  mixed human leu k o c y te s  p re p a re d  as d e s c r i b e d  under 

Methods. Bounce hom ogen ization  o r  t r e a tm e n t  w i th  u l t r a s o u n d  (a  30 second  

b u r s t  d e l i v e r e d  by th e  m icroprobe o f  a  Bronson B io - S o n ic a to r  a t  70% 

e f f i c i e n c y )  d id  n o t  i n c r e a s e  th e  enzyme a c t i v i t y  o f  th e  s u s p e n s io n  o r  o f  

t h e  s u p e rn a ta n t  f r a c t i o n .

K in e t i c  S tu d ie s

O ptim al pH. Aqueous su sp en s io n s  o f  mixed human l e u k o c y te s  showed

o p t im a l  n e u ra m in id a se  a c t i v i t y  a t  pH 4 .0  (F ig u re  9 ) .  As can b e  se en  on
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100
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5 .2 5 .64.84 .0 4.43.6
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F ig u re  9. The pH v e r s u s  a c t i v i t y  cu rv e  o f  human le u k o c y te  
n e u ra m in id a s e .  The enzyme a c t i v i t y  was m easured w ith  n e u ra m in - la c to s e  
(200 nm oles) a s  t h e  s u b s t r a t e .  The enzyme p r e p a r a t i o n s  c o n s i s t e d  of an 
aqueous su s p e n s io n  o f  human l e u k o c y te s  (10^ c e l l s  pe r  tu b e )  and sodium 
a c e t a t e  -  a c e t i c  b u f f e r s  (75 mM f i n a l  c o n c e n t r a t i o n ) .
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th e  p H - a c t i v l t y  cu rv e  (F ig u re  9 ) ,  a  s m a l l  y e t  n o t i c e a b l e  hump was always 

o b se rv e d  a t  pH 4 .4 .  When le u k o c y te s  w ere  homogenized i n  d i s t i l l e d  w ater  

o r  i n  i s o t o n i c  KCl and u l t r a c e n t r i f u g e d  a t  105 ,000  x g f o r  1 h o u r ,  only  

15 t o  20% o f  th e  t o t a l  a c t i v i t y  was d e t e c t e d  i n  t h e  s u p e r n a t a n t  f r a c t i o n  

a s sa y e d  a t  pH 4 .0  and j u s t  t r a c e s  o f  n e u ra m in id a se  a c t i v i t y  cou ld  be 

d e t e c t e d  a t  pH 5 .8 .

Both b o v in e  and r a t  l e u k o c y te  n e u ra m in id a se s  showed o p t im al  

a c t i v i t y  a t  pH 4 .0  u s in g  n e u r a m in - la c t o s e  a s  s u b s t r a t e .  S ince  G ie le n ,  

Schaper and P ink  (33) a s sa y e d  bov ine  l e u k o c y te  n e u ra m in id a s e  a t  pH 5.5 

i n  th e  p re s e n c e  o f  1 mM C aC l 2 , th e  p o s s i b l e  e f f e c t  o f  CaClg on th e  pH 

optimum was s t u d i e d .  However, our d a t a  i n d i c a t e d  t h a t  th e  pH optimum 

o f  b o v in e  le u k o c y te  n e u ra m in id a se  rem ained  a t  4 .0  i n  th e  p re s e n c e  o r  i n  

th e  absence  o f  1 mM CaClg, u s in g  NL o r  human o r  b o v in e  e r y t h r o c y t e  mem­

b ra n e  s i a l o g l y c o p r o t e i n  a s  s u b s t r a t e s .  No s i g n i f i c a n t  amounts o f  enzyme- 

r e l e a s e d  s i a l i c  a c id  co u ld  be d e t e c t e d  even a f t e r  12 ho u rs  o f  in c u b a t io n  

a t  pH v a lu e s  r a n g in g  from 3 .6  to  5 .8 .  Both g ly c o p r o t e i n s  c o n ta in e d  s i a l i c  

a c id  which was e f f e c t i v e l y  h y d ro ly z e d  by C lo s t r id iu m  p e r f r i n g e n s  n e u ra -  

m in id a s e .  A f t e r  a  3 h ou r  i n c u b a t io n  a t  pH 5 .0  and 37° C, abou t  57% and 19% 

o f  th e  t o t a l  s i a l i c  a c id  was r e l e a s e d  from human and b o v in e  e r y th r o c y te  

membrane s i a l o g l y c o p r o t e i n ,  r e s p e c t i v e l y .  Under th e  same c o n d i t io n s ,

74% of th e  s i a l i c  a c id  from NL(2+3) was h y d ro ly z e d  by th e  b a c t e r i a l  enzyme.

P r o g r e s s  c u rv e s  o f  human l e u k o c y te  n e u ra m in id a s e . The r a t e  o f  

h y d r o l y s i s  o f  NL(2-+3) u n d e r  th e  s t a n d a r d  a s sa y  c o n d i t i o n s  i s  l i n e a r  f o r  a t  

l e a s t  3 h o u rs  ( F ig u re  1 0 ) .  A l i n e a r  r e l a t i o n s h i p  was a l s o  observed  betw een 

enzyme c o n c e n t r a t i o n  (human le u k o c y te  count from  5 t o  15 m i l l i o n )  and NANA 

r e l e a s e d  i n  a  3 h o u r  i n c u b a t io n  p e r i o d  (F ig u re  1 1 ) .
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F ig u re  10. P ro g re s s  cu rve  showing th e  l i n e a r  r e l a t i o n s h i p  
between NANA r e l e a s e d  and l e n g t h  o f  i n c u b a t io n .
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F ig u re  11. L in e a r  dependency of NANA r e l e a s e  on th e  c o n c e n t r a ­
t i o n  of human le u k o c y te  n e u ra m in id a se  i n  th e  in c u b a t io n  sys tem .
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Km f o r  n e u r a m in - la c to s e . The Km v a lu e  f o r  NL c a l c u l a t e d  from 

th e  [S]/V  v e r s u s  [S] p l o t  (90) i s  5 .6 2  x IQ"** M (F ig u re  1 2 ) ,  v e ry  s i m i l a r  

t o  t h e  v a lu e s  p r e v i o u s ly  r e p o r t e d  f o r  t h e  ly sosom al n eu ram in id ases  o f  r a t  

mammary g la n d s  (21) and H ela  c e l l s  (3 0 ) .

Enzyme s t a b i l i t y . S to ra g e  o f  t h e  l e u k o c y te  su sp en s io n  f o r  24 

h o u rs  a t  4° C i n  th e  r e f r i g e r a t o r  r e s u l t e d  i n  a  10 t o  15% l o s s  o f  n e u r a ­

m in id ase  a c t i v i t y ,  w h i le  f ro z e n  s to r a g e  f o r  th e  same l e n g t h  o f  tim e 

r e s u l t e d  in  a b o u t  8% l o s s  o f  enzyme a c t i v i t y .  At th e  end o f  1 hour  

o f  p r e i n c u b a t i o n  a t  37° C i n  d i s t i l l e d  w a t e r ,  l e s s  th an  60% o f  th e  

i n i t i a l  a c t i v i t y  cou ld  be  d e t e c t e d .  F re e z in g  and thaw ing a l s o  p roved  

to  b e  d e l e t e r i o u s  f o r  th e  n e u ra m in id a se  o f  human le u k o c y te s .  Four 

c y c le s  o f  f r e e z i n g  and thawing r e s u l t e d  i n  abou t  50% l o s s  o f  a c t i v i t y ;  

t h e r e a f t e r ,  t h e  l o s s e s  were l e s s  pronounced and a t  th e  end of 10 c y c l e s  

o f  f r e e z i n g  and thawing some 40% o f  th e  i n i t i a l  a c t i v i t y  was s t i l l  

p r e s e n t .  Exposure  to  s u c ro s e  o r  in c u b a t io n  i n  th e  p re se n c e  o f  s u c ro s e  

a t  c o n c e n t r a t i o n s  between 0 .24  M and 1 .1 4  M d id  n o t  i n h i b i t  le u k o c y te  

n e u ra m in id a se  a c t i v i t y .

E f f e c t  o f  d i v a l e n t  c a t i o n s . The e f f e c t  o f  s e v e r a l  d i v a l e n t  

c a t i o n s ,  Ca'*’^ ,  Mg"*"̂ , Zn^^, Cu’*’  ̂ and Hg^^, was s tu d i e d  by adding  th e  

r e s p e c t i v e  c h l o r i d e  a t  c o n c e n t r a t io n s  be tw een  1 x 10“  ̂ M and 1 x 10“ ® M. 

E xcep t f o r  Hg^^, which caused about 25% i n h i b i t i o n  a t  1 mM c o n c e n t r a t i o n ,  

t h e s e  c a t i o n s  had  l i t t l e  o r  no e f f e c t  on th e  enzyme a c t i v i t y .  A s i m i l a r  

p a t t e r n  was a l s o  obse rved  w ith  th e s e  d i v a l e n t  c a t i o n s  and r a t  l e u k o c y te  

n e u ra m in id a s e .

E f f e c t  of a n io n s . The e f f e c t  o f  L iC l ,  NaCl and KCl on le u k o ­

c y te  n e u ra m in id a se  was s tu d i e d  a t  c o n c e n t r a t i o n s  between 2 x 10”  ̂ M and
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F ig u re  12. E f f e c t  of s u b s t r a t e  c o n c e n t r a t io n  on t h e  r a t e  o f  
h y d r o l y s i s .  Assays conduc ted  a s  d e s c r ib e d  under  Methods e x c e p t  f o r  th e  
c o n c e n t r a t i o n  o f  n e u r a m in - la c to s e  which was v a r i e d  a s  shown.
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F ig u r e  13 . E f f e c t  o f  c h lo r i d e  c o n c e n t r a t i o n  on human le u k o c y te  
n e u ra m in id a s e .  The s a l t s  were added to  th e  enzyme sys tem  j u s t  p r i o r  to  
th e  s t a r t  o f  th e  in c u b a t io n  p e r io d .
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5 X 1 0 “  ̂ M. More than  50% i n h i b i t i o n  was o b s e rv e d  a t  2 x 10“  ̂ M concen­

t r a t i o n  o f  t h e s e  s a l t s .  When th e  in c u b a t io n  m ix tu re  c o n ta in e d  C aC l 2  a t  

t h e  same m o la r  c o n c e n t r a t io n s  o f  c h lo r i d e  i o n ,  s i m i l a r  d e g re e s  o f  i n a c t i ­

v a t i o n  were o b se rv ed  (F ig u re  1 3 ) .  These e x p e r im e n ts  i n d i c a t e  t h a t  th e  

i n h i b i t o r y  e f f e c t  o f  a l k a l i  c h l o r i d e s  i s  n o t  due to  th e  m onovalen t c a t i o n ,  

b u t  m igh t  e i t h e r  b e  due t o  a s p e c i f i c  e f f e c t  o f  th e  c h lo r id e  an io n  i n t e r ­

f e r i n g  w i th  th e  enzyme s u b s t r a t e  b in d in g  o r  t o  a  n o n - s p e c i f i c  e f f e c t  

b e c au se  o f  t h e  i n c r e a s e d  e l e c t r o l y t e  c o n c e n t r a t i o n  i n  t h e  i n c u b a t io n  sy s te m , 

s in c e  h ig h  i o n i c  c o n c e n t r a t io n s  may change th e  r a t e  c o n s ta n t s  by ch an g in g  

th e  a c t i v i t y  c o e f f i c i e n t s  o f  enzyme m acrom olecu le ,  s u b s t r a t e  and i o n i c  

s p e c i e s  o f  th e  b u f f e r .  When v a r i o u s  h a l i d e s  a t  a  f i n a l  c o n c e n t r a t i o n  o f  

0 .15  M were added to  th e  in c u b a t io n  system  i t  was o bse rved  t h a t  t h e  e x t e n t  

o f  th e  i n h i b i t i o n  in c r e a s e d  from 32% w i th  NaCl t o  49% w i th  NaBr and t o  79% 

w ith  N a l .  When c i t r a t e  b u f f e r  a t  a  f i n a l  c o n c e n t r a t i o n  o f  75 mM was used  

n e u ra m in id a se  a c t i v i t y  was o n ly  58% o f  t h a t  w i t h  a c e t a t e  b u f f e r .

E f f e c t s  o f  d e t e r g e n t s . Low c o n c e n t r a t i o n s  o f  T r i t o n  X-100 

caused s t r o n g  i n h i b i t i o n  of l e u k o c y te  n e u ra m in id a s e .  At 0.05% (v /v )  

of T r i t o n  X-100 o n ly  54% of th e  i n i t i a l  enzyme a c t i v i t y  was d e t e c t e d ;  

h ig h e r  c o n c e n t r a t i o n s  o f  d e te r g e n t  caused  a  p r o p o r t i o n a l l y  s m a l le r  

l o s s  o f  a c t i v i t y  (F ig u re  1 4 ) .  Loss o f  n e u ra m in id a se  a c t i v i t y  was 

a l s o  o b s e rv e d  upon a d d i t i o n  o f  sodium d e o x y c h o la te .  About 80% of 

th e  i n i t i a l  a c t i v i t y  was rec o v e red  in  th e  p r e s e n c e  o f  0.1% (w/v) 

o f  d e o x y c h o la te ;  h ig h e r  c o n c e n t r a t i o n s  o f  t h i s  b i l e  s a l t  f a i l e d  

to  cause  any f u r t h e r  l o s s  o f  a c t i v i t y  (F igu re  1 4 ) .
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F ig u re  14. E f f e c t  o f  T r i to n  X - 1 0 0  (O—'O) and of d e o x y c h o la te  
( # —^ )  on human le u k o c y te  n e u ra m in id a se .  I n c r e a s in g  c o n c e n t r a t i o n s  o f  
th e s e  compounds were added to  th e  enzyme p r e p a r a t i o n  and th e  m ix tu re s  
were k ep t  in  an i c e  b a th  f o r  15 m in u te s  p r i o r  to  th e  n eu ram in id ase  a s s a y .
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S u b s t r a t e  S p e c i f i c i t y  

The r a t e  o f  h y d r o ly s i s  o f  ten  d i f f e r e n t  s u b s t r a t e s  by th e  

n eu ram in id ase  o f  human l e u k o c y te s  i s  shown in  Table 1 ,  N e u ra m in - la c to se  

s u l f a t e  was h y d ro ly z e d  a t  a h ig h e r  r a t e  th an  NL(2-*-3) ( F ig u re  15) . Mixed 

b o v in e - b r a in  g a n g l i o s i d e s ,  NL(2->6) and o v ine  s u b m a x i l l a ry  g ly c o p r o t e in  

were c o m p a ra t iv e ly  p o o r  s u b s t r a t e s .  However, the  s i a l o g l y c o p e p t i d e s  

from p ronase  d i g e s t s  o f  th e  s a l i v a r y  g ly c o p r o te in  w ere  h y d ro ly z e d  a t  a 

ve ry  f a s t  r a t e .  L i t t l e  o r  no s i a l i c  a c id  was r e l e a s e d  when f e t u i n ,  

u r in a r y  s i a l o g l y c o p r o t e i n  o r  e r y th r o c y te  membrane s i a l o g l y c o p r o t e i n s  

were used as  s u b s t r a t e s .

L e v e ls  o f  L eukocyte  N euram inidase  A c t i v i t y  

i n  Normal and D iseased  S u b je c t s

L evels  o f  N eu ram in idase  A c t iv i t y  i n  Mixed L eukocy te s

P e r i p h e r a l  b lo o d  le u k o c y te  n eu ram in id ase  a c t i v i t y  was measured 

i n  a  l im i t e d  number o f  h e a l th y  a d u l t  m ales and f e m a le s .  The mean s p e c i f i c  

a c t i v i t y  (T ab le  2 ) ,  e x p re s s e d  as  nmoles NANA/3 hour/10® c e l l s ,  f o r  11 

young male a d u l t s  was 0 .6 5  w ith  a  s ta n d a rd  d e v i a t i o n  o f  + 0 .2 1 ,  the  wide 

range  o f  a c t i v i t i e s  from 0 .3 8  to  1 .01  i s  r e f l e c t e d  i n  th e  l a r g e  s ta n d a rd  

d e v ia t i o n .  F o r  5 young fem ale  s u b j e c t s ,  t h e  mean was 0 .44  w ith  a s ta n d a rd  

d e v ia t io n  o f  +  0 .0 7 .  S t a t i s t i c a l  e v a lu a t io n  o f  t h e  l e v e l s  o f  le u k o c y te  

ne u ra m in id a se  a c t i v i t y  in  a r t h r i t i c  p a t i e n t s  gave no  c o r r e l a t i o n  between 

th e  enzyme a c t i v i t y  and a g e ,  sex  o r  t r e a tm e n t  of t h e  p a t i e n t s .

L eve ls  o f  N eu ram in idase  A c t iv i t y  i n  Lymphocytes and PMN
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F ig u re  15. M olecu lar  s t r u c t u r e  o f  th e  t r i s a c c h a r i d e ,  N -A ce ty l-  
n e u r a m in o s y l la c to s e  [a -D -N -ace ty ln e u ra m in o sy l- (2 -» -3 )6 -D -g a la c to p y ra n csy l-  
( l -^ 4 ) -D -g lu c o p y ra n o se ] .
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•TABLE 1

HYDROLYSIS OF VARIOUS SUBSTRATES BY THE 
NEURAMINIDASE OF HUMAN LEUKOCYTES

S u b s t r a t e s * S p e c i f i c  A c t i v i t y

N e u ra m in - la c to se  (2->3) 0 .49

N e u ra m in - la c to se  (2^6) 0 .20

N e u ra m in - la c to se  s u l f a t e 1 .39

S ia lo g ly c o p e p t id e s  from  OSM 1.28

Ovine s u b m a x i l la ry  g l y c o p r o t e i n 0 .22

Bovine b r a i n  g a n g l i o s i d e s 0 .05

Human e r y t h r o c y t e  membrane

s i a l o g l y c o p r o t e i n t r a c e

Bovine e r y t h r o c y t e  membrane

s i a l o g l y c o p r o t e i n t r a c e

F e tu in t r a c e

Tamm and H o r s f a l l

u r i n a r y  s i a l o g l y c o p r o t e i n t r a c e

* nmoles NANA re le a s e d /1 0 ®  c e l l s  /3  h o u rs .
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TABLE 2

NEURAMINIDASE ACTIVITY IN LEUKOCYTES 
OF NORMAL HUMAN BEINGS

Male Donors Female Donors

No. Age S p e c i f i c No. Age S p e c i f i c
y e a r s A c t i v i t y  & y e a rs A c t i v i t y  ^

1 21 0 .45 1 23 0 .4 8

2 21 1.01 2 24 0 .3 8

3 22 0.38 3 26 0 .4 8

4 22 0.51 4 26 0 .5 2

5 22 0.78 5 26 0 .3 6

6 22 0.98

7 23 0.41

8 23 0.58

9 23 0.62

10 23 0.74

11 25 0.65

Mean SD: 0 .6 5 ^ -0 .2 1 Mean SD: 0 .4 4 ^ -0 .0 7

^ nmoles NANA r e l e a s e d  from NL p e r 10® o f c e l l s  in  3 h o u r s  in c u b a t io n
p e r i o d .

th e  d i f f e r e n c e  I n  t h e  means from male and fem a le  d o n o rs  were 
s t a t i s t i c a l l y  i n s i g n i f i c a n t .
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The n e u ra m in id a se  a c t i v i t i e s  i n  lym phocy tes  and PMN were d e t e r ­

mined in  m ale  s u b j e c t s  o n ly .  S im ila r  s p e c i f i c  a c t i v i t i e s ,  ex p re s se d  a s  

nmoles NANA r e l e a s e d / 3  hou rs /1 0 ^  c e l l s ,  were found  f o r  lym phocytes

0 .6 2  + 0 .1 3  (mean +  S .D . ,  n = 4) and f o r  PMN, 0 .5 0  + 0 .0 7 .  The s p e c i f i c

a c t i v i t i e s ,  when e x p re s s e d  as  nmoles NANA r e l e a s e d / 3  hours/m g p r o t e i n ,  

were 6 .72  + 1 .52  (mean + S.D. n = 4) f o r  lym phocytes  and 4 .8 0  + 0 .87  

f o r  PMN.

S u b c e l l u l a r  D i s t r i b u t i o n  o f  Leukocyte N eu ram in idase  A c t i v i t y

The i n t r a c e l l u l a r  l o c a l i z a t i o n  o f  n e u ra m in id a se  a c t i v i t y  was 

i n v e s t i g a t e d  in  human lymphocytes and g r a n u lo c y te s  i s o l a t e d  by g l a s s  

bead  columns as d e s c r ib e d  under Methods. The c e l l s  were suspended  i n  

0 .3 4  M s u c r o s e  and homogenized w ith  Bounce hom ogen izer ;  th e  com ple teness  

o f  ho m o g en iza t io n  was a s c e r t a i n e d  by p h a se  c o n t r a s t  m icroscopy . The

hom ogenates were t h e n  f r a c t i o n a t e d  by two d i f f e r e n t  p ro c e d u re s .

By th e  f i r s t  p rocedu re  (F igu re  6) o f  d i f f e r e n t i a l  c e n t r i f u g a t i o n

n u c le a r  f r a c t i o n  (500 x g f o r  20 m in u te s ) ,  g r a n u l a r  f r a c t i o n  (17 ,000  x  g

f o r  20 m in u te s )  and  th e  s o lu b le  f r a c t i o n  were i s o l a t e d .  N euram in idase

a c t i v i t y  as  w e l l  a s  th e  lysosom al marker enzymes, a c id  g ^ g ly ce ro p h o sp h a tase

and g - g lu c u r o n id a s e  a c t i v i t i e s  were m easured  in  e a c h  f r a c t i o n .  The 

average  o f  t h e  r e s u l t s  o b ta in e d  from t h r e e  e x p e r im e n ts  (T ab le  3) showed 

t h a t  16.30% of t h e  t o t a l  lymphocyte p r o t e i n  was r e c o v e re d  i n  th e  g r a n u l a r  

f r a c t i o n  w h i le  13.18% and 62.96% were re c o v e re d  i n  th e  n u c le a r  and 

s o lu b le  f r a c t i o n s ,  r e s p e c t i v e l y .  With g r a n u l o c y t e s ,  21.82% of t o t a l  

p r o t e i n  was found i n  th e  g r a n u la r  f r a c t i o n ,  w h i le  13.02% and 61.10% 

were found i n  t h e  n u c le a r  and so lu b le  f r a c t i o n s ,  r e s p e c t i v e l y .  P r a c t i ­

c a l l y  a l l  t h e  n e u ra m in id a se  a c t i v i t y  was found i n  th e  g r a n u la r  f r a c t i o n s
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TABLE 3

PROTEIN DISTRIBUTION IN SUBCELLULAR FRACTIONS ISOLATED FROM 
HUMAN LYMPHOCYTES AND POLYMORPHONUCLEAR LEUKOCYTES

C e l l  F r a c t io n s  ^ P e rc e n t  R e c o v e r ie s  ^

Lymphocytes PMN

N uclear  f r a c t i o n 13.18+1.96 13.02+4.05

G ranu la r  f r a c t i o n 16.30+0.91 21.82+3.09

S o lu b le  f r a c t i o n 62.96+2 .00 61.10+1.88

^ F r a c t io n s  p rep a re d  by s u b c e l l u l a r  f r a c t i o n a t i o n  p ro c e d u re  1 (F ig .  6) 

^ The r e s u l t s  show th e  Mean + SD from t h r e e  d i f f e r e n t  ex p e r im en ts .



TABLE 4

DISTRIBUTION OF ENZYME ACTIVITIES IN LYMPHOCYTE 
AND PO L Y M O R PH O N U C LEA R  LE U K O C Y T E  S U B C E L L U L A R  F R A C T IO N S

C e l l

F r a c t i o n s  &

P e r c e n t  o f  t h e  A c t i v i t y  P r e s e n t  i n  Whole Homogenates ^

3 - G lu c u r o n id a s e A c i d - 3 - g l y c e r o p h o s p h a t a s e N e u r a m i n i d a s e

Lym phocytes PMN Lym phocytes PMN Lym phocytes PMN

N u c le a r
F r a c t i o n 3 .7 6 + 1 .6 1 3 .5 0 + 1 .2 5 5 .0 0 + 0 .5 0 6 .5 6 + 3 .8 5 3 .9 8 + 1 .7 6 5 .9 2 + 2 .1 6

G r a n u la r
F r a c t i o n 8 1 .3 2 + 3 .0 0 8 1 .0 7 + 6 .7 3 7 0 .8 5 + 4 .0 5 72 .1 2 + 2 .7 7 105 .7 3 + 1 0 .1 9 9 8 .4 3 + 9 .5 0

S o lu b le
F r a c t i o n 9 .2 6 + 2 .5 0 7 .8 3 + 3 .5 1 1 4 .6 7 + 3 .3 6 1 0 .7 4 + 5 .0 0 0 0

' j

^  F r a c t i o n s  p r e p a r e d  by s u b c e l l u l a r  f r a c t i o n a t i o n  p r o c e d u r e  1 ( F ig .  6 ) .  

^ The r e s u l t s  show t h e  mean + S .D . from  t h r e e  d i f f e r e n t  e x p e r im e n t s .
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w ith  b o th  lym phocytes  and PMN (Table  4 ) .  The o t h e r  two h y d r o la s e s  showed 

some e x t r a g r a n u l a r  a c t i v i t y ,  b u t  the  b u lk  (70 to  80%) was r e c o v e re d  i n  

th e  g r a n u la r  f r a c t i o n  (T a b le  4 ) .  The R e l a t i v e  S p e c i f i c  A c t i v i t y  P r o f i l e s  

(F igu re  16) show s i m i l a r  p a t t e r n s  f o r  n e u ra m in id a se  an d  f o r  t h e  two 

lysosom al m arker enzym es.

A lthough t h e s e  f i n d i n g s  i n d i c a t e  t h a t  l e u k o c y t e  n e u ra m in id a se  

i s  p o s s ib l y  a  ly so so m a l  h y d r o l a s e ,  one must r e c o g n iz e  t h a t  t h e  g r a n u la r  

f r a c t i o n  o b ta in e d  by  th e  i s o l a t i o n  p rocedu re  ( F ig u re  6) i s  q u i t e  h e t e r o ­

geneous. P r e l im in a r y  e x p e r im e n ts  a l s o  showed t h a t  t h e  p o s tn u c l e a r  

p e l l e t s ,  sed im en ted  a t  17 ,000  x g fo r  20 m in u te s ,  c o n ta in e d  l a r g e  amounts 

o f  5 ' - n u c l e o t i d a s e  a c t i v i t y ,  a  m arker enzyme f o r  p lasm a  membrane. In  

view o f  some r e c e n t  r e p o r t s  s u g g e s t in g  th e  p re s e n c e  o f  a  n e u ra m in id a se  

a c t i v e  on s i a l o g l y c o l i p i d s  of plasm a menibrane from  r a t  l i v e r  (18) and r a t  

b r a in  synaptosom es (91) , f u r t h e r  f r a c t i o n a t i o n  o f  t h e  p a r t i c u l a t e  f r a c t i o n  

was im p e r a t iv e  i n  o r d e r  to  p in p o in t  w i th  some a c c u r a c y  t h e  i n t r a c e l l u l a r  

l o c a l i z a t i o n  o f  l e u k o c y te  n e u ra m in id a se .

For t h e s e  e x p e r im e n t s ,  th e  p o s tn u c l e a r  s u p e r n a t a n t  o f  homogenates 

in  0 .3 4  M s u c ro s e  was u l t r a c e n t r i f u g e d  f o r  1 h ou r  a t  78 ,500  x  g. The 

c l e a r  s u p e r n a t a n t  was saved  and th e  s e d im e n t ,  r e s u s p e n d e d  i n  0 .3 4  M 

s u c ro s e  s o l u t i o n ,  was l a y e r e d  on top o f  th e  d i s c o n t in u o u s  s u c r o s e  g r a d i e n t  

and c e n t r i f u g e d  as  d e s c r ib e d  i n  F ig u re  8. A f t e r  c e n t r i f u g a t i o n ,  th e  

PMN g r a n u l a r  f r a c t i o n  gave t h r e e  c l e a r l y  v i s i b l e  b a n d s .  The p r o t e i n  

d i s t r i b u t i o n  p r o f i l e  (F ig u re  17) showed th e  t h r e e  b a n d s  w i th  peaks  a t  

f r a c t i o n s  3 , 6 and 9 and a  p in k -c o lo re d  membranuous s e d im e n t  a t  th e  bo ttom  

o f  th e  t u b e .  The p r o f i l e s  o f  th e  d i s t r i b u t i o n  o f  enzyme a c t i v i t i e s  

(F ig u re  18) r e v e a le d  t h a t ,  a l th o u g h  t h e r e  i s  some o v e r l a p ,  5 ' - n u c l e o t i d a s e
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a c t i v i t y  I s  c o n c e n t r a te d  In  t h e  l i g h t e r  h a l f  o f  t h e  g r a d i e n t  w h ile  

3 -g lu c u r o n ld a s e ,  a c id  g -g ly c e ro p h o sp h a ta se  and n e u ra m in id a s e  a c t i v i t y  

appeared  c o n c e n t r a t e d  In  th e  h e a v ie r  h a l f  o f  th e  g r a d i e n t .  Some d i f f e r ­

ences  were o bse rved  I n  t h e  p a t t e r n s  o f  d i s t r i b u t i o n  o f  g -g lu c u ro n ld a se  

and a c id  6 -g ly c e ro p h o s p h a ta s e  a c t i v i t i e s .  T h is  I s  n o t  u n ex p ec ted ,  s in c e  

6 -g lu c u ro n ld a s e  has  been  found n o t  on ly  in  ly sosom es b u t  a l s o  In  endo­

p la s m ic  r e t i c u lu m  ( 9 2 ) .  The p a t t e r n  o f  th e  d i s t r i b u t i o n  o f  n eu ram in id ase  

a c t i v i t y  I s ,  to  a  l a r g e  e x t e n t ,  s i m i l a r  to  t h a t  o f  a c id  B -g lycerophospha-  

t a s e  e x c e p t  f o r  f r a c t i o n  1 ,  where ne u ra m in id a se  h a s  a  r e l a t i v e  s p e c i f i c  

a c t i v i t y  o f  about 1 . 6 ,  s u g g e s t in g  th e  p re s e n c e  o f  e i t h e r  some s o lu b i l i z e d  

n e u ra m in id a se  o r  a  v e ry  l i g h t  membrane f r a c t i o n  e n r i c h e d  In  n e u ra m in id a se .  

The d i s t r i b u t i o n s  o f  t h e s e  fo u r  enzymes p o in t  o u t  t h a t  most o f  the  PMN 

n e u ra m in id a se  b eh av es  a s  a  ly sosom al enzyme. However, th e  p o s s i b i l i t y  o f  

a m inor f r a c t i o n ,  o r  a  d i f f e r e n t  form, o f  n e u ra m in id a se  l o c a l i z e d  i n  th e  

p lasm a membrane can n o t  be r u le d  o u t .

When th e  f r a c t i o n a t i o n  system  u t i l i z e d  f o r  g ra n u lo c y te s  was 

t r i e d  on lym phocy tes ,  a  r a t h e r  l a r g e  p o r t i o n  o f  t h e  m a t e r i a l  sedim ented 

t o  t h e  bo ttom  o f  t h e  g r a d i e n t  a s  a  y e l lo w is h - g r e e n  p e l l e t ,  r i c h  In  

ly so so m al  enzymes. S ince  Welssmann, D ouglas , H l r s c h h o m  and B r l t t l n g e r  

(93) r e p o r t e d  t h a t  p r a c t i c a l l y  a l l  h y d r o l y t i c  a c t i v i t i e s  from human 

lymphocyte p o s tn u c l e a r  s u p e r n a t a n t  were r e c o v e re d  I n  a  d is c o n t in u o u s  

s u c r o s e - d e n s l ty  g r a d i e n t  a t  s u c ro s e  c o n c e n t r a t i o n s  betw een 1 .4  M and 

1 .7  M, a d i f f e r e n t  g r a d i e n t  was used  f o r  ly m p h o cy te s .  For t h e s e  e x p e r i ­

m en ts ,  th e  g r a n u l a r  f r a c t i o n ,  resuspended  I n  6 ml o f  0 .34  M s u c ro s e  was 

l a y e r e d  In  top  o f  a  d e n s l t y - g r a d l e n t  composed o f  t h r e e  l a y e r s  o f  10 ml 

each  o f  0 .8 8 ,  1 .1 7  and 1 .6 9  M s u c ro se  s o l u t i o n s ,  r e s p e c t i v e l y  (F igu re  8 ) .
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F ig u re  17. P r o t e i n  d i s t r i b u t i o n  p r o f i l e  o f  t h e  p o s tn u c l e a r  
p a r t i c u l a t e  f r a c t i o n  o f  ^^^^^M^l^ukoc^tes^^^i n  th e  d i s c o n t in u o u s  s u c ro s e  
g r a d ie n t  (F ig u re  8 ) .  The 3 ml f r a c t i o n s  w ere  c o l l e c t e d  by upward d i s ­
placem ent w i th  heavy s u c ro s e .  The d e n s i t y  i n c r e a s e s  from l e f t  to  r i g h t .  
The r e s u l t s  r e p r e s e n t  mean + S.D. of t h r e e  s e p a r a t e  e x p e r im e n ts .
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F ig u re  18. R e l a t i v e  S p e c i f i c  A c t i v i t y  p r o f i l e s  o f  5 ’ -N u c le o ­
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and n eu ram in id ase  (# ..... # )  o f  human polym orphonuclear l e u k o c y te  p o s t
n u c le a r  p a r t i c u l a t e  f r a c t i o n  (F ig u re  7) u l t r a c e n t r i f u g e d  on th e  d i s ­
c o n tin u o u s  s u c ro s e  g r a d i e n t  ( F ig u r e  8 ) .
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ï t ie  p r o t e i n  d i s t r i b u t i o n  p r o f i l e s  from two e x p e r im e n ts  (F ig u re  19) were 

v e ry  s i m i l a r .  S in ce  d i f f e r e n t  g r a d i e n t s  were u t i l i z e d ,  a d i r e c t  com pari­

son w i th  t h e  p r o f i l e s  o f  PMN i s  n o t  p o s s i b l e .  However, 5 ’- n u c l e o t i d a s e  

was a g a in  c o n f in e d  t o  th e  l i g h t e r  h a l f  o f  th e  g r a d i e n t  where th e  a c t i v i t i e s  

o f  t h e  o t h e r  h y d r o l a s e s  were lo w e s t .  S i m i l a r l y ,  0 -g lu c u ro n id a s e  and a c id  

3 - g ly c e ro p h o s p h a ta s e  and neuram indase  w ere  e n r i c h e d  i n  t h e  h e a v ie r  h a l f  

o f  t h e  g r a d i e n t .  I t  sh o u ld  a l s o  b e  n o t e d  t h a t  t h e  f i r s t  f r a c t i o n  a g a in ,  

h a s  a  h i g h e r  r e l a t i v e  s p e c i f i c  a c t i v i t y  f o r  n e u ra m in id a se  compared t o  

o t h e r  a c id  h y d r o l a s e s  (F ig u re  2 0 ) .
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F ig u re  19. P r o te in  d i s t r i b u t i o n  p r o f i l e  o f th e  p o s tn u c le a r  
p a r t i c u l a t e  f r a c t i o n  (F ig u re  7) o f lym phocytes in  th e  d is c o n t in u o u s  
s u c ro s e  g r a d ie n t  (F ig u re  8 ) .  The 3 ml f r a c t io n s  w ere c o l l e c t e d  by 
upward d isp la c em e n t w ith  heavy s u c ro s e .  The d e n s i ty  in c r e a s e s  from 
l e f t  to  r i g h t .  The r e s u l t s  r e p r e s e n t  th e  mean and th e  ra n g e  o f th e  
v a lu e s  o b ta in e d  in  two s e p a r a te  e x p e rim e n ts .
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F.L}',iira 20. R e la tiv e  S p e c if ic  A c t iv i ty  p r o f i l e s  of 5 '- n u c le o -  
t id a s e  ( □ “ * □ ) ,  B -g lu cu ro n id ase  (O— O) > a c id  6 -g ly c e ro p h o s p h a ta s e  
(Û T"Û ) and n eu ra m in id a se  (©-»••#) o f human lym phocyte p o s tn u c le a r  
p a r t i c u l a t e  f r a c t i o n  (F ig u re  7) u l t r a c e n t r i f u g e d  on d isc o n tin u o u s  
s u c ro s e  g r a d ie n t  (F ig u re  8 ) .



CHAPTER IV

DISCUSSION

I s o l a t i o n  o f L eukocy tes

Skoog and Beck (89) w ere th e  f i r s t  i n v e s t i g a t o r s  t o  u se  d e x tr a n  

to  enhance e r y th r o c y te  s e d im e n ta tio n  in  th e  i s o l a t i o n  o f  human b lo o d  

le u k o c y te s .  A lthough  th e  u n d e r ly in g  m echanism  o f  e r y th r o c y te  ro u le a u x  

fo rm a tio n  i s  n o t  y e t  f u l l y  u n d e rs to o d , th e  a u th o rs  o b se rv e d  t h a t  th e  

in c r e a s e  in  e r y th r o c y te  s e d im e n ta tio n  r a t e  i s  h ig h ly  d ep en d en t on b o th  

th e  m o le c u la r  w e ig h t and th e  c o n c e n tra t io n  o f  th e  d e x tr a n .

In  s e v e r a l  o f  o u r  t r i a l  e x p e r im e n ts , i t  was o b se rv e d  t h a t  th e  

e ry th r o c y te  s e d im e n ta tio n  r a t e  i s  a c tu a l l y  r e t a r d e d  to  a  v a r i a b l e  d e g re e  

by  d i l u t i n g  th e  b lood  w ith  d i f f e r e n t  amounts o f  0.85% NaCl o r  w ith  

s u c ro s e  s o lu t io n s  o f  v a r io u s  c o n c e n t r a t io n s .  T hese o b s e rv a t io n s  s u g g e s t  

t h a t  e ry th r o c y te s  w i l l  n o t  sed im en t sim ply  by d e c re a s in g  th e  b lo o d  v i s ­

c o s i t y ,  b u t  r a t h e r  t h a t  th e  i n i t i a l  e ry th r o c y te  a g g lo m e ra tio n  i n  th e  form  

o f  ro u le a u x  i s  e s s e n t i a l  f o r  th e s e  c e l l s  to  se d im e n t. B oth s u c ro s e  and 

d e x tra n  a re  p o ly h y d ro x y l, hydrogen-bond  fo rm ing  compounds; how ever, th e y  

d i f f e r  in  c o m p o s itio n , s t r u c tu r e  a n d , p e rh ap s  m ost s i g n i f i c a n t l y ,  in  

t h e i r  m o le c u la r  d im en sio n .
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I t  w ould a p p e a r  t h a t  in  th e  c o u rse  o f  ro u le a u x  fo rm a tio n , d e x tra n  

m o le c u le s  s e rv e  as  b r id g e s  betw een e r y th r o c y te s .  T h is  can b e  a ch iev ed  

e i t h e r  by s p e c i f i c  i n t e r a c t i o n s  betw een  d e x tra n  and  c e r t a i n  s a c c h a r id e s  

o f  th e  e r y th r o c y te  membrane o r  by n o n - s p e c i f ic  i n t e r a c t i o n s  such a s  

hydrogen  b o n d in g . S ince  i n te r - e r y t h r o c y t e  r e p u l s io n  f o r c e s  a re  a f f e c te d  

by th e  i n t e r c e l l u l a r  d i s t a n c e s ,  one m ig h t e x p e c t t h a t  th e  s t a b i l i t y  o f  

th e  b r id g e d  e r y th r o c y te s  w ould be  c o n s id e ra b ly  l e s s  w ith  th e  s m a l l- s iz e d  

s u c ro s e  m o le c u le  th a n  w ith  d e x tr a n .

The f a c t  t h a t  d e x tr a n  enhances human and  r a t  e ry th r o c y te  sedim en­

t a t i o n  r a t e s  w h ile  b e in g  c o m p le te ly  i n e f f e c t i v e  to w a rd s  b o v in e  e r y th r o c y te s  

seems to  s u p p o r t  th e  p o s s i b i l i t y  o f  s p e c i f i c  i n t e r a c t i o n s  betw een th e s e  

p o ly s a c c h a r id e s  and r e c e p to r  g roups on th e  e r y th r o c y te  s u r f a c e .  On th e  

o th e r  h a n d , th e  p o s s ib le  e f f e c t  o f  d i f f e r e n c e s  i n  th e  p lasm a g ly c o p r o te in s  

o r  in  th e  o r i e n t a t i o n  o f  th e  r e c e p to r  groups on  th e  b o v in e  e ry th r o c y te  

membrane, w hich m ig h t p re v e n t  n o n - s p e c i f ic  i n t e r a c t i o n s ,  can n o t b e  

r u le d  o u t .

P r o p e r t i e s  o f  Human L eukocyte N eu ram in id ase  

Human le u k o c y te  n e u ra m in id a se  i s  t i g h t l y  bound t o  th e  p a r t i c u l a t e  

f r a c t i o n  o f  th e  c e l l .  U n lik e  th e  o th e r  two h y d r o la s e s ,  g -g lu c u ro n id a s e  

and a c id  g -g ly c e ro p h o s p h a ta s e , no n e u ra m in id a se  a c t i v i t y  was re c o v e re d  

in  th e  n o n -se d im e n ta b le  f r a c t i o n s  o f  su c ro s e  hom ogenat.es (T ab le  4 ) .  Bounce 

h o m o g en iza tio n  o r  u l t r a s o n i c  t re a tm e n t  f a i l e d  t o  s o l u b i l i z e  t h i s  enzyme.

U sing NL a s  s u b s t r a t e ,  pH optimum o f  4 .0  was found w ith  p re ­

p a r a t io n s  o f  m ixed le u k o c y te s ,  i s o l a t e d  ly n ç h o c y te  and  PMN and w ith  t h e i r  

r e s p e c t iv e  g r a n u la r  f r a c t i o n s .  S ince  th e  p H - a c t iv i t y  cu rve  (F ig u re  9)
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alw ays shows a  hump a t  pH 4 .4 ,  i t  i s  q u i te  p o s s ib l e  t h a t  a t  l e a s t  two 

isoenzym es m ig h t e v e n tu a l ly  be fo u n d . The o p t im a l  pH o f  le u k o c y te  n e u ra ­

m in id a se  i s  s i m i l a r  t o  t h a t  o b se rv ed  in  th e  p a r t i c u l a t e  n e u ra m in id a se  

o f l i v e r  ( 1 9 ) ,  b r a in  (27) and mammary g la n d s  (21) o f  r a t s ,  i n  th e  l i v e r  

o f d e v e lo p in g  c h ic k s  (38) and i n  H e la  c e l l s  ( 3 0 ) .  A s o lu b le  n e u ra ­

m in id a se  w ith  a  pH optimum o f  5 .8 ,  such as th e  one p r e s e n t  in  th e  c y to s o l  

o f v a r io u s  r a t  o rg an s  (1 1 , 19-22) c o u ld  n o t b e  d e te c te d .  S ince  human 

plasm a c o n ta in s  a  s o lu b le  n e u ra m in id a se  (10) w i th  an  o p tim a l pH o f  5 .5 ,  

i t  i s  te m p tin g  to  s p e c u la te  t h a t  th e  l a t t e r ,  a l th o u g h  e x t r a c e l l u l a r ,  

m igh t f u l f i l l  t h e  b i o lo g i c a l  f u n c t io n s  p e rfo rm ed  by th e  c y to s o l  n e u ra ­

m in id a se  in  s o l i d  t i s s u e s .

In  r e c e n t  e x p e rim e n ts  w ith  r a t  p e r i t o n e a l  p o ly m orphonuc lea r 

n e u t r o p h i l e s , Je n se n  and B a in ton  (94) showed t h a t  upon p h a g o c y to s in g  

n e u t r a l  r e d - s t a i n e d  in a c t iv e  y e a s t ,  d e g ra n u la t io n  o f  th e  n e u t r o p h i le s  

o c c u rre d  w ith  a  co n c o m ita n t drop o f  i n t r a c e l l u l a r  pH t o  n e a r  3 .5  to  4 .5  

w i th in  7 to  15 m in u te s . These f in d in g s  seem to  s u p p o r t  th e  v iew  t h a t  

th e  ^  v i t r o  o p t im a l  pH o f  4 .0  o f  human le u k o c y te  n e u ra m in id a se  may a ls o  

be th e  in  v iv o  o p tim a l  pH f o r  t h i s  enzym e.

S in ce  i t  had  been  r e p o r te d  t h a t  b o v in e  le u k o c y te s  e x h ib i te d  

n e u ra m in id a se  a c t i v i t y  a g a in s t  b o v in e  e r y th r o c y te  membrane s ia lo g ly c o -  

p r o te i n  a t  pH 5 .5  in  th e  p re se n c e  o f  1 mM CaCl^ ( 3 3 ) ,  e x te n s iv e  com para­

t i v e  s t u d i e s  w ere con d u c ted  fo llo w in g  th e  p u b l is h e d  p ro c e d u re s  f o r  th e  

le u k o c y te  i s o l a t i o n .  U sing th e  same s i a lo g ly c o p r o te in  a s  s u b s t r a t e ,  

l i t t l e  o r  no n e u ra m in id a se  a c t i v i t y  co u ld  b e  d e te c te d .  I n s te a d ,  i t  was 

found t h a t  th e  b o v in e  leu k o c y te  n e u ra m in id a se  a c t i v i t y  a l s o  h as  an o p tim a l 

pH of 4 .0 .  Calcium  c h lo r id e ,  a t  a  f i n a l  c o n c e n t r a t io n  o f  1 mM, d id  n o t



70

a l t e r  th e  o p t im a l  pH o r  e x e r t  i n h ib i to r y  o r  a c t i v a t i o n  e f f e c t s  on b o v in e  

le u k o c y te  n e u ra m in id a se  a c t i v i t y  tow ard NL, human e ry th r o c y te  membrane 

s ia lo g ly c o p r o te in  o r  b o v in e  e ry th ro c y te  membrane s ia lo g ly c o p r o te in .  In  

a more r e c e n t  p u b l i c a t i o n  from th e  same r e s e a rc h  g ro u p  (9 5 ) , i t  was 

s t a t e d  t h a t  Ca+ 2  h a s  no e f f e c t  on e i t h e r  human o r  b o v in e  le u k o c y te  n e u ra ­

m in id a se  a n d , i n  th e  same p a p e r , a l l  th e  n e u ra m in id a se  a c t i v i t y  d e te rm in a ­

t i o n s  were p e rfo rm e d  a t  pH 4 .3 .  U n fo r tu n a te ly ,  no e x p la n a tio n s  a re  

o f f e r e d  f o r  th e  d i s c r e p a n c ie s  in  o p tim a l pH and Ca^^ re q u ire m e n t betw een  

t h e i r  p r e s e n t  and i n i t i a l  p u b l ic a t io n s  ( 9 5 , 3 3 ) .

B oth T r i to n  X-100 and sodium  d e o x y c h o la te  i n h i b i t  human le u k o c y te  

n e u ra m in id a se . T h is  i s  i n  c o n t r a s t  to  t h e i r  a c t io n  on a c id  g -g ly c e ro p h o s -  

p h a ta s e  and B -g lu c u ro n id a se  o f  PMN and ly m p h o cy te s , w hich p o s s e s s  a  s t r u c ­

tu re -b o u n d  l a t e n c y  t y p i c a l  o f ly so so m al enzymes (9 3 , 9 6 ) . W hether t h i s  

r e p r e s e n t s  a  s p e c i f i c  i n h ib i t i o n  o f  th e  bound enzyme o r  o f  th e  s o lu b i l i z e d  

neu ram indase  i s  n o t  c l e a r  a t  t h i s  tim e .

G ie le n  and  S chaper (95) r e p o r te d  t h a t  th e  p o o r  r e l e a s e  o f s i a l i c  

a c id  from le u k o c y te  endogenous s u b s t r a t e s  was s i g n i f i c a n t l y  in c re a s e d  

i f  T r i to n  X-100 i n  a  f i n a l  0.1% c o n c e n t ra t io n  was added  to  th e  in c u b a tio n  

sy stem  o r  when th e  leu k o cy te -h o m o g en a tes  w ere p r e t r e a t e d  w ith  t r y p s in  o r  

p ro n ase  to  s o l u b i l i z e  th e  p a r t ic le -b o u n d  n e u ra m in id a se . In  o u r la b o ra ­

to r y ,  th e  a c t i v i t y  o f  human le u k o c y te  neu ram in d ase  a g a in s t  endogenous 

s u b s t r a t e s  was t e s t e d  a t  pH v a lu e s  ra n g in g  from 3 .6  to  5 .8 .  A f te r  3 

and 1 2  h o u rs  o f  in c u b a t io n ,  th e  t h i o b a r b i t u r i c  a c id  r e a c t io n  p roduced  

a  s t r o n g  chrom ogen c o lo r .  When m easured a t  549 nm, th e  o p t i c a l  d e n s i ty  

was h ig h e s t  f o r  th e  tu b e  in c u b a te d  a t  pH 5 ,6 .  However, th e  s p e c t r a  o f  

a l l  in c u b a t io n  tu b e s  r e v e a le d  maximum a b s o rp t io n  a t  532 nm, and n o t even
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a sh o u ld e r  c o u ld  be d e te c te d  a t  549 nm. I t  would a p p e a r  t h a t  u n d e r t h e s e  

e x p e r im e n ta l  c o n d it io n s  em ployed, in s te a d  o f  a h ig h ly  a c t i v e  n e u ra m in id a se  

a c t i v i t y  a g a in s t  endogenous s u b s t r a t e ,  t h e r e  i s  a c tu a l l y  a v e ry  a c t i v e  

p ro d u c tio n  o f  m alo n d ia ld eh y d e  (97) in  th e  c o u rse  o f  t h e  in c u b a t io n .

The p re se n c e  o f  an a c t iv e  n eu ra m in id a se  i n  th e  in c u b a tio n  sy stem s was 

a s c e r ta in e d  u s in g  NL as  exogenous s u b s t r a t e .  In  v iew  o f  th e  r e s u l t s  

d e s c r ib e d  ab o v e , more d e t a i l e d  s tu d i e s ,  such  as  f r a c t i o n a t i o n  o f  th e  

in c u b a t io n  m ix tu re  by io n  exchange chrom atography p r i o r  to  th e  th io b a r ­

b i t u r i c  a c id  a s sa y  and a  c a r e f u l  e x a m in a tio n  o f  th e  s p e c t r a  o f  th e  

r e s u l t i n g  chrom ogens, w i l l  b e  n e c e s s a ry  in  o rd e r  to  c l a r i f y  t h i s  p o in t .

Under th e  a ssa y  c o n d i t io n s  d e s c r ib e d  under M ethods, th e  k i n e t i c  

b e h a v io r  o f  human le u k o c y te  n e u ra m in id a se  fo llo w s  th e  p a t t e r n  p r e d ic te d  

by th e  c l a s s i c a l  M ich ae lis-M en ten  e q u a tio n . The Km was d e tem ined  to  b e  

5 .6 2  X 1 0 " “* M (F ig u re  1 2 ) .  S ince o f  th e  i n i t i a l  1 mM NL c o n c e n t r a t io n  

in  th e  in c u b a t io n  system  l e s s  th a n  1 0 % o f  th e  s u b s t r a t e  was h y d ro ly z e d  

a t  th e  end o f  th e  in c u b a t io n ,  one can assum e t h a t  th e  e f f e c t  o f  pH on 

th e  enzyme r e a c t io n  r a t e  (F ig u re  9) was m easured a t  c o n d it io n s  o f  n e a r  

z e ro - o rd e r  k i n e t i c s .

I t  was o b se rv ed  t h a t  a t  eq u im o la r c o n c e n tra t io n s  o f  c h lo r id e  

a n io n , L iC l, N aC l, KCl a s  w e l l  a s  CaClg e x e r te d  ab o u t th e  same e x te n t  o f  

i n h i b i t i o n  (F ig u re  1 3 ) . The p o s s i b i l i t y  o f  n o n - s p e c i f ic  i n h i b i t i o n  due 

to  in c re a s e d  io n ic  s t r e n g th  i s  u n l ik e ly  s in c e  a t  e q u im o la r c o n c e n t r a t io n s  

o f  N aC l, NaBr and N a l, th e  i n h ib i to r y  e f f e c t s  were m arked ly  d i f f e r e n t .

I f  th e  i n h i b i t o r y  e f f e c t s  o f  NaCl, NaBr and Nal w ere n o n - s p e c i f i c ,  such  

l a r g e ,  d i f f e r i n g  d eg re e s  o f i n h ib i t i o n  sh o u ld  n o t b e  e x p e c te d  s in c e  th e  

a n io n s  C l" ,  B r" and I "  a t  s im i la r  io n ic  s t r e n g th  w ould  be  e x p e c te d  to



72

have abou t th e  same a c t i v i t y  c o e f f i c i e n t s  (9 8 ) .

EDTA h a s  been  r e p o r te d  to  I n h i b i t  v i r a l  ( 9 9 ) ,  b a c t e r i a l  (100) 

and mammalian (1 0 , 16) n e u ra m in id a se s . In  a d d i t io n  to  th e  s tr o n g  

c h e la t in g  p r o p e r ty  o f  NagEDTA, which m ig h t d e c re a s e  th e  a c t i v i t y  o f  

c e r t a i n  c a t io n s  th u s  i n d i r e c t l y  i n h ib i t i n g  th e  enzyme a c t i v i t y ,  one 

m ust a ls o  c o n s id e r  t h a t  such  i n h ib i t i o n  may b e  due to  th e  d i r e c t  e f f e c t  

o f th e  EDTA a n io n  on some c r i t i c a l  s i t e  o f  th e  enzyme. The p r e s e n t  

r e s u l t s  i n d i c a t e  t h a t  n o n -c h e la t in g  a n io n s  C l“ ^, B r ”  ̂ and I~^  a s  w e l l  a s  

th e  weak c h e l a t o r ,  c i t r a t e  a n io n , a l l  e x h ib i t  d i f f e r e n t  d e g re e s  o f  

i n h i b i t i o n ,  s u g g e s t in g  a  s p e c i f i c  a n io n ic  i n h ib i to r y  e f f e c t  a t  o r  n e a r  

th e  a c t iv e  s i t e  o f  human le u k o c y te  n e u ra m in id a se . The p o ten cy  o f  such 

an a n io n ic  i n h i b i t o r y  e f f e c t  seems to  b e  more d ep en d en t on th e  s iz e  

(and  hence th e  p o l a r i z a b i l i t y  o f  th e  h a l i d  a n io n s )  th a n  on th e  b a s i c i t y  

of th e  h a l id e  a n io n s  con cern ed  s in c e  th e  i n h ib i to r y  e f f e c t s  a r e  on th e  

same o rd e r  o f  th e  io n ic  r a d i i  (I~^>  B r“ ^> C l“ ^ ) , and p o l a r i z a b i l i t y  

( l " » B r " >  C l”) (1 0 1 ) , w h ile  th e  o rd e r  o f  b a s i c i t y  o f  th e  a n io n s  con­

c e rn e d  (102) i s  in  th e  o p p o s ite  d i r e c t i o n  ( i . e .  C l” > B r”  > I ”) .

R ole o f  th e  F u n c t io n a l  Groups o f  N eu ram in -L ac to se

in  th e  F o rm atio n  o f  th e  Enzyme-Subs t r a t e  Complex

The m echanism  o f  a c t io n  and th e  s p e c i f i c i t y  o f  n e u ra m in id a se  

have  been t e s t e d  by v a r io u s  i n v e s t ig a to r s  u s in g  a  number o f  s u b s t r a t e s .  

S y n th e t ic  s u b s t r a t e s  w ith  unm odified  g lycon  (N -A ce ty ln eu ram in o sy l g roup) 

su ch  as cx^methyl k e to s id e  (1 0 3 ) , a -b e n z y l  and a -p h e n y l k e to s id e s  (104) 

o f  NANA have been  r e p o r te d  to  b e  h y d ro ly z e d  by  b a c t e r i a l  n eu ra m in d a se , 

w h ile  a l l  8 -anom ers in v e s t ig a t e d  a re  n o t  a t t a c k e d .  M o d if ic a t io n  o f  th e
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c a rb o x y l group o f  t h e  g ly co n  by e s t é r i f i c a t i o n  (103) and  re d u c t io n  (105) 

o f  th e  oe-phenyl k e to s id e s  o r  c o n v e rs io n  o f  th e  c a rb o x y l group to  th e  

amide form  o f  th e  a -b e n z y l  k e to s id e  (105) have  been  r e p o r te d  to  y i e ld  

th e  p ro d u c ts  which a r e  n o t  s u s c e p t ib le  to  b a c t e r i a l  n e u ra m in id a se s . A ll  

th e s e  e x p e r im e n ta l  d a ta  in d ic a te  t h a t  th e  a -a n o m e ric  c o n f ig u r a t io n  and a 

f r e e  c a rb o x y l group a r e  e s s e n t i a l  f o r  th e  n e u ra m in o sy l group to  be  

e n z y m a tic a lly  h y d ro ly z e d .

The m o d if ic a t io n s  o f  th e  c a rb o x y l group d e s c r ib e d  above , 

r e s u l t i n g  in  e l im in a t io n  o f  th e  n e g a tiv e  c h a rg e , can a l s o  b r in g  ab o u t 

se co n d a ry  e f f e c t s .  T hese  in c lu d e  a l t e r a t i o n  o f  th e  m o le c u la r  vo lum e, 

change o f  th e  m o le c u la r  h y d r o p h i l ic i ty  o r  i n t r o d u c t io n  o f  new h y d ro g en - 

bonding  g ro u p s. A l l  th e s e  f a c t o r s  p la y  some r o l e  i n  enzyme a c t io n  and 

hence m ust b e  c a r e f u l l y  e v a lu a te d .

A nother way to  p ro b e  f o r  th e  r o l e  o f  th e  f u n c t io n a l  g roups 

in v o lv e d  in  th e  fo rm a tio n  o f  an enzym e-subs t r a t e  com plex would b e  to  

s tu d y  th e  e f f e c t  o f  v a r io u s  s a l t s  on th e  enzyme a c t i v i t y .  The pronounced  

in h ib i to r y  e f f e c t  o f  th e  Hg+%, f o r  exam p le , c o u ld  b e  due e i t h e r  to  th e  

b lo c k in g  o f  th e  d i s s o c i a t e d  c a rb o x y l group o f  NL by th e  weak Lew is a c id  

Hg'*'^, o r  to  b lo c k in g  o f  c a rb o x y l g roups o r  t h io  g roups on th e  enzyme 

m o le c u le . The v a r io u s  d e g re e s  o f  i n h i b i t i o n  o b se rv e d  w ith  d i f f e r e n t  

a n io n s  s t r o n g ly  s u g g e s ts  th e  p o s s ib le  in v o lv em en t o f  t h e  c a rb o x y l group 

o f  NL i n  th e  fo rm a tio n  o f  e n z y m e -s u b s tra te  com plex. The sh a rp  d e c re a s e  

in  enzyme a c t i v i t y  a t  pH v a lu e s  h ig h e r  t h a t  4 .0  s u g g e s ts  th e  p o s s ib le  

p re se n c e  o f  c e r t a i n  b a s ic  amino a c id s  i n  th e  a c t iv e  s i t e  o f  n e u ra m in id a se , 

m ost p o s s ib ly  h i s t i d i n e .  S in ce  th e  s id e  c h a in  o f  h i s t i d i n e  has  a  pKa o f  

6 .0 ,  a t  pH 4 .0 ,  th e  p ro to n a te d  h i s t i d i n e  s id e  c h a in  may e x e r t  a  coulom bic
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a t t r a c t i v e  f o r c e  tow ard th e  d i s s o c ia te d  c a rb o x y l g roup  on th e  s u b s t r a te  

m o le c u le  (pKa f o r  s i a l i c  a c id  = 2 ,5 ) .  The p o s i t i v e  c h a rg e  on th e  s id e  

c h a in  c o u ld  be s h ie ld e d  by a n io n s  and p re v e n te d  from  e x e r t in g  e l e c t r o ­

s t a t i c  i n t e r a c t i o n  o r charg e  t r a n s f e r  com plex w ith  th e  s u b s t r a t e .  The 

r e s u l t s  o f  th e  p re s e n t  s tu d ie s  u s in g  v a r io u s  s a l t s  su p p o rt th e  p o s tu la ­

t i o n  t h a t  t h e  n e g a t iv e  c h a rg e  o f  th e  c a rb o x y l  g roup  on  th e  s u b s t r a te  i s  

e s s e n t i a l  f o r  th e  NANA a - k e to s id e s  to  be  h y d ro ly z a b le  by n e u ra m in id a se  

(104 , 105) and p ro v id e s  an  e x p la n a tio n  f o r  th e  i n h ib i to r y  e f f e c t s  o f a n io n .

In  a d d i t io n  to  th e  f r e e  c a rb o x y l g ro u p , a  c o n t r ib u t io n  o f  h y d ro -  

g en -b o n d in g  fo rc e s  in  th e  fo rm a tio n  o f  t h e  t r a n s i t i o n - s t a t e  complex i s  

a lm o s t c e r t a i n  when one c o n s id e r s  th e  a v a i l a b i l i t y  of th e  C g-acetam ido 

g roup  and th e  h y d ro x y l g roups a t  Ci*, C7 , C@ and Cg of th e  s u b s t r a te  

m o le c u le . D ecreased  enzyme a c t i v i t y  a t  pH v a lu e s  low er th a n  4 ,0  may 

b e  due, a t  l e a s t  i n  p a r t ,  to  th e  d e c re a se d  a v a i l i b i l i t y  o f  th e  p o t e n t i a l  

h y d ro g en -b o n d in g  g roups on th e  s u b s t r a t e  and enzyme m o le c u le s .

N euram in idase  A c t iv i ty  L e v e ls  i n  L eukocy tes  

o f  Normal and D iseased  Human S u b je c ts

In  v iew  o f  th e  l im i te d  number o f  d e te r m in a t io n s  perform ed so 

f a r ,  no a t te m p t  was made to  i n v e s t ig a t e  p o s s ib l e  s t a t i s t i c a l  d i f f e r e n c e s  

betw een th e  l e v e l s  o f n eu ra m in id a se  a c t i v i t y  in  norm al m ale and fem ale  

d o n o rs . I t  i s  i n t e r e s t i n g  to  n o te  t h a t ,  w ith  norm al m ale a d u l t s ,  th e  

l e v e l s  o f  n e u ra m in id a se  a c t i v i t y  in  m ixed le u k o c y te s  c o v e r  a  f a i r l y  w ide 

ra n g e  o f  v a lu e s .  Both i s o l a t e d  lym phocy tes and PMN w ere found to  c o n ta in  

s im i la r  s p e c i f i c  a c t i v i t i e s  p e r  m i l l io n  c e l l s  o r  p e r  mg o f  p r o te in ,  w ith  

lym phocy tes showing s l i g h t l y  h ig h e r  v a lu e s  th a n  th o se  o f PMN. This
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f in d in g  i s  i n  c o n f l i c t  w ith  G ie le n  and S ch ap e r’ s rem ark  (95) t h a t  th e  

m ajo r n e u ra m in id a se  a c t i v i t y  o f  le u k o c y te s  s t a y s  i n  g ra n u lo c y te s  and 

m onocy tes. I t  i s  im p o ss ib le  to  d is c u s s  t h i s  d is c re p a n c y  any f u r t h e r  

a t  t h i s  tim e  s in c e  th e s e  a u th o r s  have n o t  p u b l is h e d  th e  e x p e r im e n ta l  d a ta  

on which th e y  based  th e  above comments.

S t a t i s t i c a l  e v a lu a t io n  o f  th e  le u k o c y te  n e u ra m in id a se  a c t i v i t y  

i n  a r t h r i t i c  p a t i e n t s  gave no c o r r e l a t i o n  betw een  n e u ra m in id a se  l e v e l s  

and a g e , se x  o r t r e a tm e n t  o f  th e  p a t i e n t s .  A d d i t io n a l  s tu d i e s  w ith  more 

s u i t a b l e  p a t i e n t s  ( i . e .  same t r e a tm e n t ,  s im i la r  s e v e r i t y  o f  symptoms, 

s e x ,  a g e , e t c . )  a s  w e l l  a s  s tu d i e s  w ith  e x p e r im e n ta l  an im al m odels w ould 

b e  d e s i r a b le  in  o r d e r  to  g a in  a d d i t i o n a l  in fo rm a tio n  on th e  p o s s ib le  r o le  

o f  le u k o c y te  n e u ra m in id a se  i n  th e  c o n c e p tu a l  m odel f o r  a r t h r i t i s  o u t l i n e d  

in  th e  I n tr o d u c t io n .

From th e  r e s u l t s  o f  th e  p r e s e n t  s t u d i e s ,  i t  seems c l e a r  t h a t  

i n t r a c e l l u l a r  d i s t r i b u t i o n  o f  human le u k o c y te  n eu ram in d ase  p a r a l l e l s  

f a i r l y  c lo s e ly  t h a t  o f  ly so so m a l enzym es. The s u b f r a c t io n a t io n  o f  th e  

p o s tn u c le a r  p a r t i c u l a t e  f r a c t i o n  o f  b o th  lym phocy tes and PMN by d i s c o n t in ­

uous d e n s i ty  g r a d ie n t  u l t r a c e n t r i f u g a t i o n  a f fo rd e d  th e  o p p o r tu n i ty  f o r  

a  d e t a i l e d  s tu d y  of th e  d i s t r i b u t i o n  p a t t e r n s  o f  p lasm a membrane and 

ly so so m al m arker enzym es. The d i s t r i b u t i o n  p r o f i l e s  s t r o n g ly  i n d i c a t e  

t h a t  lysosom es a r e  th e  i n t r a c e l l u l a r  s i t e s  o f  s to r a g e  f o r  m o st, i f  n o t  

a l l ,  o f  human le u k o c y te  n e u ra m in id a se . The sm a ll am ount o f  n e u ra m in id a se  

a c t i v i t y  found  i n  f r a c t i o n s  r i c h  in  th e  p lasm a membrane m arker enzyme 

c o u ld  be due to  i n s u f f i c i e n t  r e s o l u t i o n  o f  th e s e  f r a c t i o n s  w ith  t h e  m ethods 

u sed  in  t h i s  s tu d y ; on th e  o th e r  h an d , th e  p o s s i b i l i t y  t h a t  a  s m a ll  amount 

o f  n e u ra m in id a se  m ight b e  p r e s e n t  in  th e  p lasm a membrane d e s e rv e s  f u r t h e r
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e x p lo r a t io n .  I f  th e  l a t t e r  c a s e  w ere t r u e ,  i t  would b e  o f i n t e r e s t  to  

see  i f  i t  i s  th e  same enzyme o r  a  d i f f e r e n t  isoenzym e w ith  th e  p o s s ib i ­

l i t y  o f  a  d i f f e r e n t  m e ta b o lic  r o l e .  The p re se n c e  o f  n eu ra m in id a se  and 

ly so so m a l m arker enzyme a c t i v i t i e s  in  th e  l i g h t  d e n s i ty  f r a c t i o n s  o f  th e  

g r a d ie n t  a ls o  s u g g e s ts  p o s s ib l e  invo lvem en t o f  th e  G olg i a p p a ra tu s .  

N y q u is t and M o llen h au er (106) h av e  r e c e n t ly  shown th e  e x is te n c e  o f  a c id  

p h o sp h a ta se  a c t i v i t y  i n  th e  G o lg i a p p a ra tu s  o f  r a t  t e s t i s .  T h is  i s  n o t 

to o  s u r p r i s in g  s in c e  ly so so m es o r ig i n a t e  from  G olg i a p p a ra tu s .

H e te ro g e n e ity  o f  th e  I s o l a te d  Lymphocytes 

and P o ly m o rp h o n u c lea r L eukocy tes 

I t  sh o u ld  b e  n o te d  t h a t  th e  lym phocytes and PMN i s o l a t e d  f o r  

th e s e  s tu d i e s  do n o t  r e p r e s e n t  two homogeneous p o p u la t io n s  o f  c e l l s  

w ith  w e l l - d e f in e d  b i o l o g i c a l  f u n c t io n s .  Humoral immune re s p o n s e  and 

c e l l  m ed ia te d  im m unity a r e  known to  in v o lv e  f u n c t io n a l ly  d i f f e r e n t  

lym phocy tes (1 0 7 ). In  l i g h t  o f  th e  d e f i n i t e  r e l a t i o n s h ip  betw een  

c e l l u l a r  f u n c t io n s  and t h e i r  b io c h e m ic a l makeup, i t  would a p p e a r  p ro b a b le  

t h a t  n e u ra m in id a se  a c t i v i t y  m ig h t n o t b e  e q u a l ly  d i s t r i b u t e d  i n  B and T 

lym phocy tes (1 0 7 ). H e te ro g e n e ity  o f  5 '- n u c l e o t id a s e  a c t i v i t y  i n  lympho­

c y te s  o f  c h ro n ic  ly m p h o c y tic  leukem ia  (108) and d im in ish e d  a c id  phospha­

t a s e  a c t i v i t y  in  lym phocy tes o f  c h ro n ic  lym phocy tic  leukem ia (1 0 9 ) , have 

r e c e n t l y  been r e p o r te d .  The p o s s i b i l i t y  t h a t  n e u ram in id ase  m ig h t n o t  b e  

u n ifo rm ly  d i s t r i b u t e d  in  th e  p o lym orphonuclear n e u t r o p h i le s ,  b a s o p h ile s  

and e o s in o p h i le s  sh o u ld  a ls o  be g iv en  c a r e f u l  c o n s id e ra t io n  s in c e  t h i s  

p o in t  c o u ld  be o f g r e a t  im p o rta n c e  when s tu d y in g  a l t e r a t i o n s  o f  n e u ra ­

m in id a se  a c t i v i t y  u n d e r v a r io u s  p a th o lo g ic a l  c o n d it io n s .
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C lo s in g  Remarks 

F i n a l l y ,  one may a s k ,  w hat i s  th e  im p o rtan ce  o f  th e  f in d in g  

th a t  human le u k o c y te s  c o n ta in  n e u ra m in id a se  a c t i v i t y ?  N a tu r a l ly ,  t h i s  

q u e s tio n  w i l l  b e  answ ered g ra d u a l ly  i n  th e  y e a rs  to  come a s  a d d i t io n a l  

re s e a rc h  g iv e s  u s  a  c le a r e r  i n s i g h t  i n to  th e  m u l t ip le  f a c e t s  o f  t h i s  

prob lem . However, a  b r i e f  re v ie w  o f  o u r c u r r e n t  know ledge i n  th e  f i e l d  

of le u k o c y te  ly sosom al enzymes w i l l  shed  some l i g h t  on p o s s ib le  a re a s  

o f  b io c h e m is try  which may b e  a f f e c te d  by th e s e  f in d in g s .  H irsc h h o m  

and H irsc h h o m  (110) have p u b lis h e d  e x p e r im e n ta l  ev id e n c e  w hich s u g g e s ts  

t h a t  l a b i l i z a t i o n  o f  lym phocyte  lysosom es m ig h t be accom panied  by w id e ­

sp re a d  gene a c t i v a t i o n ,  T ch o rzew sk i, e t  a l .  ( I l l ,  112) have r e p o r te d  

th a t  an  enzym e, n o n - p r o te o ly t ic  in  n a tu r e ,  p re s e n t  I n  th e  e x t r a c t  o f  

g u in ea  p ig  PMN lysosom es can s t im u la te  i n  v i t r o  lym phocyte b ia s  t i c  

t r a n s fo r m a t io n . By ana logy  w ith  b a c t e r i a l  n e u ra m in id a se  w hich i s  known 

to  s t im u la te  lym phocyte d i v i s i o n  in  v i t r o  (5 8 ) ,  the  p o s s ib le  in v o lv e ­

ment o f  ly so so m a l n e u ra m in id a se  in  th e s e  p ro c e s s e s  a p p e a rs  a s  a 

re a s o n a b le  and l i k e l y  p o s s i b i l i t y .

C o n s id e rin g  th e  u n iq u e  p r o p e r t i e s  and the  to p o ch e m ic a l l o c a l i ­

z a t io n  o f  s i a l i c  a c id  w hich make i t  r e s p o n s ib le  fo r  m ost o f  th e  n e g a t iv e  

ch a rg es  on th e  s u r f a c e  o f  mammalian c e l l s ,  one would b e  in c l in e d  to  

s p e c u la te  t h a t  le u k o c y te  n e u ra m in id a se  m ig h t p la y  a  r o l e  i n  th e  r e g u la t i o n  

o f  th e  e l e c t r i c a l  c h a rg e  o f  th e  membranes o f  c i r c u l a t i n g  c e l l s ,  endo­

t h e l i a l  c e l l s  o f  b lo o d  v e s s e l s  and o f  th e  p lasm a membranes o f  le u k o c y te s  

th e m se lv e s . Changes in  th e  e l e c t r i c a l  ch a rg e  o f  th e  membranes w ould  le a d  

to  a new s t a t e  o f  d ip o le  o r i e n t a t i o n .  T hus, th ro u g h  th e  a c t io n  o f  n e u ra ­

m in id ase  on t h e i r  p lasm a membrane o r  n u c le a r  membrane c o n s t i t u e n t s ,  le u k o ­
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c y te s  c o u ld  n o t o n ly  en joy  th e  a b i l i t y  f o r  c e l l u l a r  c o n fo rm a tio n a l  ch an g es , 

b u t  a ls o  c o n tr o l  th e  com m unications betw een  i t s  n u c le a r  and  e x t r a n u c le a r  

com ponents. Among th e  la r g e  num ber o f  b i o lo g i c a l  phenomena a f f e c t e d  by 

rem oval o f  s i a l i c  a c id s  we can  m e n tio n , among o t h e r s ,  p e r m e a b i l i ty  o f  

th e  c e l l  membranes, th e  imm unogenic p r o p e r t i e s  o f  g ly c o p r o te in s  and th e  

r e g u la t io n  o f  th e  h a l f - l i f e  o f  p lasm a g ly c o p r o te in s .  T hese  p o in ts  

sh o u ld  s u f f i c e  to  g iv e  an overv iew  o f  th e  p o s s ib le  f a r  r e a c h in g  im p l i ­

c a t io n s  o f  f u tu r e  s tu d ie s  a lo n g  th e s e  l i n e s .



CHAPTER 5 

SUMMARY

Mixed le u k o c y te s  i s o l a t e d  from  p e r ip h e r a l  human b lo o d  c o n ta in  

n e u ra m in id a se  a c t i v i t y .  The enzym e, w hich i s  w h o lly  re c o v e re d  in  th e  

se d im e n ta b le  f r a c t i o n  o f  le u k o c y te -h o m o g en a te s , e x h i b i t s  maximum a c t i ­

v i t y  a t  pH 4 .0  and h a s  a  Km o f  5 .6 2  x 10” ** M w ith  n e u ra m in - la c to s e  as  

th e  s u b s t r a t e .  Hg"*"̂  a t  1 mM c o n c e n t r a t io n  i s  i n h i b i t o r y ,  w h ile  o th e r  

d iv a le n t  c a t io n s  (Ca"^^, Mg^^, Cu"^  ̂ and Zn+^) u n d e r i d e n t i c a l  e x p e r i ­

m en ta l c o n d i t io n s  d id  n o t s i g n i f i c a n t l y  a f f e c t  t h e  enzyme a c t i v i t y .  

C h lo r id e s  o f  a l k a l i  m e ta ls  a t ,  o r  n e a r ,  i s o to n ic  c o n c e n t r a t io n s  w ere 

i n h i b i t o r y .  S im i la r  i n h i b i t i o n  was o b ta in e d  w ith  CaCl2  a t  th e  same 

m o la r c o n c e n t r a t io n  o f  c h lo r id e  io n  r e l a t i v e  to  t h e  c o n c e n t r a t io n  o f  

a l k a l i  c h lo r id e .  U sing sodium  h a l id e s  (N aCl, N aB r, N a l ) ,  a  d i r e c t  

c o r r e l a t i o n  betw een  in h ib i to r y  power and th e  s i z e  o f  th e  a n io n  was 

e s t a b l i s h e d .  D e te rg e n ts  such  a s  T r i to n  X-100 and sodium  d e o x y c h o la te  

w ere i n h i b i t o r y  even a t  low c o n c e n t r a t io n s .  H ig h e r  h y d r o ly s i s  r a t e s  

w ere o b se rv e d  w ith  low  m o le c u la r  w e ig h t s u b s t r a t e s  (m ilk  t r i s a c c h a r i d e s  

and s ia lo g ly c o p e p t id e s )  th a n  w ith  g a n g l io s id e s  and  g ly c o p r o te in s .  A 

m ethod f o r  th e  i s o l a t i o n  o f  le u k o c y te s  from  sm a ll  sam ples o f  b lo o d , and 

a  s e n s i t i v e  m o d if ic a t io n  o f  th e  t h io b a r b i t u r i c  a c id  a s sa y  w ere  d e v e lo p e d . 

T h is  a llo w ed  th e  d e te rm in a tio n  o f  th e  norm al l e v e l s  o f  le u k o c y te  n e u ra ­
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m in id ase  a c t i v i t y  i n  noirmal human dono rs o f  b o th  s e x e s .  T h is  m ethod has 

a ls o  been  u t i l i z e d  in  i n i t i a l  s t u d i e s ,  now in  p r o g re s s ,  f o r  th e  d e te rm i­

n a t io n  o f  n e u ra m in id a se  a c t i v i t y  i n  le u k o c y te s  from  h'jman p a t i e n t s  a f f e c te d  

w ith  v a r io u s  d i s e a s e s .  I n i t i a l  s tu d ie s  o f  th e  n eu ra m in id a se  a c t i v i t y  

p r e s e n t  in  le u k o c y te s  from  b o v in e  and r a t  le u k o c y te s  have a l s o  been  

p e rfo rm e d .

S tu d ie s  co n d u c ted  w ith  i s o l a t e d  human lym phocytes and  PMN le u k o ­

c y te s  showed t h a t  th e  enzyme i s  p r e s e n t  in  b o th  c e l l s .  The p r o p e r t i e s  o f  

t h e i r  enzymes a re  i d e n t i c a l  to  th o s e  d e s c r ib e d  above f o r  m ixed le u k o c y te s .

No e v id e n c e  f o r  a  s o lu b le  n eu ra m in id a se  co u ld  b e  d e te c te d  in  

human le u k o c y te s .  The d i s t r i b u t i o n  o f  n e u ram in id ase  and s e v e r a l  m arker 

enzymes was in v e s t ig a t e d  in  p a r t i c u l a t e  s u b c e l lu la r  f r a c t i o n s  o b ta in e d  

by u l t r a c e n t r i f u g a t i o n  o f le u k o c y te  hom ogenates i n  a d is c o n t in u o u s  

s u c ro s e  g r a d ie n t .  W ith b o th  lym phocytes and PMN le u k o c y te s ,  m o st o f  

th e  n e u ra m in id a se  a c t i v i t y  fo llo w s  a  d i s t r i b u t i o n  p a t t e r n  s i m i l a r  to  

t h a t  o f  th e  a c id  ly so so m a l h y d r o la s e s .  The p o s s i b i l i t y  o f  some n e u ra ­

m in id a se  a c t i v i t y  bound to  p lasm a membranes can n e i t h e r  b e  a f f i rm e d  n o r  

r u le d  o u t a t  t h i s  t im e .
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