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A b s t r a c t

PHAGOCYTIC COMPETENCE AND C3-MEDIATED CYTOADHERENCE:
DISTINCTIONS BETWEEN ADHERENT AND SUSPENSION 

HUMAN NEUTROPHIL POPULATIONS

by

Linda P h a i r e  Washington 

A d v is e r :  J .  Michael  Kehoe

Human n e u t r o p h i l s  were shown t o  p o s s e s s  d i s t i n c t  d i f f e r e n c e s  in  

t h e i r  p h a g o c y t i c  c a p a c i t i e s  f o r  S t a p h y lo c o c cu s  a u r e u s , depend ing  upon 

whe the r  t h e y  were m a i n t a i n e d  in  s u s p e n s io n  o r  monolayered  on g l a s s  s u r ­

f a c e s  d u r in g  p h a g o c y t o s i s .  In t h e  absence  o f  s p e c i f i c  opson in  su s p en ­

s i o n  n e u t r o p h i l s  d e m o n s t ra t ed  n e g l i g i b l e  l e v e l s  o f  i n g e s t i o n .  Suspen­

s io n  c e l l s  phagocy to sed  th e  b a c t e r i a  t o  a s i g n i f i c a n t  e x t e n t  o n ly  i n  t h e  

p r e s e n c e  o f  a n t i - s t a p h y l o c o c c a l  ops o n ic  a n t i b o d y .  T h i s  augmented phago­

c y t o s i s  o r  o p s o n i z a t i o n  was i n h i b i t a b l e  by p r e i n c u b a t i o n  o f  t h e  n e u t r o ­

p h i l s  w i th  a s t r u c t u r a l l y  homogeneous IgG3 myeloma p r o t e i n  o r  i t s  Fc com­

ponen t .  Th i s  im p l ie d  t h a t  in  s u s p e n s io n  n e u t r o p h i l s ,  membrane bound Fc 

r e c e p t o r  s i t e s  were a c c e s s i b l e  f o r  myeloma IgG3 to  s u c c e s s f u l l y  compete 

w i th  a n t i - s t a p h y l o c o c c a l  IgG opso n in s  f o r  Fc r e c e p t o r  b i n d in g .

In c o n t r a s t ,  monolayered  n e u t r o p h i l  p o p u l a t i o n s  a c t i v e l y  phagocy­

t o s e d  v a r i o u s  p a th o g e n i c  S. au re u s  s t r a i n s  i n  t h e  a b s en c e  o f  s t a p h y l o ­

cocca l  o p s o n i n s .  In t h e  p r e s e n c e  o f  a n t i - s t a p h y l o c o c c a l  o p s i n i n s  a sub ­

s t a n t i a l  i n c re m e n t  o f  t h e  i n g e s t i o n  e f f i c i e n c y  o c c u r r e d ,  b u t  t h i s  opson ic  

e f f e c t  cou ld  n o t  be blocked  by p r e i n c u b a t i o n  o f  t h e  n e u t r o p h i l s  w i th  IgG3 

o r  i t s  Fc f r a g m e n t .  The f a i l u r e  o f  myeloma IgG3 t o  e f f e c t i v e l y  compete
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f o r  Fc b ind ing  s i t e s  was e v i d e n t  w i t h  both una gg re ga te d  and h e a t  a g g r e ­

g a te d  myeloma IgG3. Th i s  f i n d i n g  l e d  t o  t h e  p o s t u l a t e  t h a t  d u r in g  neu­

t r o p h i l  adhe re nc e  t o  g l a s s  s u r f a c e s  i n  v i t r o  ( o r  t o  inflammed t i s s u e  

s u r f a c e s  i n  v i v o ? ) a dynamic r e o r i e n t a t i o n  and t o p o g r a p h i c a l  r e d i s t r i b u ­

t i o n  o f  Fc r e c e p t o r  s i t e s  o c c u r  such  t h a t  t h e y  become o p e r a t i o n a l l y  i n ­

a c c e s s i b l e  f o r  i n h i b i t i o n .  Th i s  r e d i s t r i b u t i o n  o f  membrane components 

cou ld  r e s u l t  i n  t h e  masking o f  e x i s t i n g  r e c e p t o r s  ( u n l i k e l y ) ,  t h e  exposu re  

o f  new r e c e p t o r s ,  o r  t h e  l o c a l  m ic r o a g g r e g a t i o n  ( c l u s t e r i n g )  o f  e x i s t i n g  

a n d / o r  newly exposed r e c e p t o r  s i t e s .  Although p r o o f  o f  t h i s  h y p o t h e s i s  

c ou ld  b e s t  be s u b s t a n t i a t e d  by e l e c t r o n  m ic r o s c o p ic  s t u d i e s  a n a l y z i n g  th e  

d i s t r i b u t i o n  and t h e  e x t e n t  o f  b in d in g  o f  f e r r i t i n - l a b e l l e d  a n t i g e n - a n t i -  

body-complement  complexes on a d h e r e n t  and s u s p e n s io n  n e u t r o p h i l s ,  a d d i ­

t i o n a l  f i n d i n g s  r e p o r t e d  i n  t h i s  t h e s i s  l end  i t  f u r t h e r  s u p p o r t .

A d d i t io n a l  d i s t i n c t i o n s  were found i n  s t u d i e s  con c e rn in g  t h e  C3 

o p son ic  r e c e p t o r .  Both p o p u l a t i o n s  were c h a l l e n g e d  w i t h  C3 opson ized  

sheep  red  blood c e l l s .  Only n e u t r o p h i l  monolayers  ( a d h e r e n t )  demon­

s t r a t e d  an a p p r e c i a b l e  a b i l i t y  t o  bind  and i n g e s t  t h e s e  EAC3 immune com­

p l e x e s .  Th is  s p e c i f i c  l i g a n d - r e c e p t o r  b i n d in g  was i n h i b i t e d  by p r e i n c u ­

b a t i o n  o f  t h e  EAC complexes w i th  a n t i - C 3  a n t i s e r a  b e f o r e  p r e s e n t a t i o n  t o  

n e u t r o p h i l s .  In c o n t r a s t ,  i n  s u s p e n s i o n  p o p u l a t i o n s  t h e  b in d in g  o f  C3 

opson ized  e r y t h r o c y t e s  was n e g l i g i b l e .  The a c t i v a t i o n  o f  n e u t r o p h i l  

monolayers  i s  p o s t u l a t e d  t o  o c c u r  th rough  p e r t u r b a t i o n s  and a l t e r a t i o n s  

o f  t h e  c e l l  membrane d u r in g  t h e  a d h e re n c e  phenomenon t o  a c c o u n t  f o r  t h e  

obse rved  d i f f e r e n c e s  in  p h a g o c y t i c  competence and C3 c y to a d h e re n c e  be­

tween a d h e r e n t  and s u s p e n s i o n  n e u t r o p h i l  p o p u l a t i o n s .



6

ACKNOWLEDGEMENTS

I wish  t o  e x p r e s s  my s i n c e r e s t  g r a t i t u d e  and a p p r e c i a t i o n  to  

Dr. J .  Michael  Kehoe f o r  h i s  s u p e r v i s i o n  and g u idanc e  d u r in g  my g r a d u ­

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

t h i s  d i s s e r t a t i o n .

I am de e p ly  o b l ig e d  t o  my c o - s u p e r v i s o r ,  Dr. S. D. Douglas f o r  h i s  

comments, s u g g e s t i o n s ,  and s u p e r v i s i o n  f o r  v a r i o u s  exp e r im e n ta l  d e s ig n s  

and methodology a t  d i f f e r e n t  s t a g e s  o f  t h i s  work.

I wish  t o  thank  Dr. J .  D. Capra f o r  g r a c i o u s l y  su p p ly in g  s e r a  

from h i s  p a t i e n t s  w i th  m u l t i p l e  myeloma and c h r o n i c  o s t e o m y e l i t i s .

Dr. S h a e f l e r ,  a t  t h e  New York Department  o f  H e a l th ,  p rov ide d  me 

w i t h  t h e  S ta p h y lo c o c c a l  a u re u s  organ isms  o f  phage ty p es  8 0 / 8 1 ,  52, 52A 

and t h e  Cowan s t r a i n .  His c o o p e r a t i o n  i s  g r a t e f u l l y  acknowledged.

I am g r a t e f u l  t o  Dr. E. B e t to n e  f o r  k i n d ly  s u p p ly ing  t h e  en c ap s u ­

l a t e d  K. pnemoniae and S.  pnemoniae o rgan isms .

Thanks a r e  a l s o  due t o  Dr. G. Keusch f o r  p ro v id i n g  a d v i c e  and 

f a c i l i t i e s  f o r  t h e  hexose monophosphate s h u n t  a s s a y s .

I wish  t o  thank  Ms. Kaye L e i t z i n g e r  f o r  he r  e x c e l l e n t  t e c h n i c a l  

a s s i s t a n c e  i n  b l e e d i n g  human blood do n o r s .

F i n a l l y ,  I wish t o  e x p re s s  my s i n c e r e s t  g r a t i t u d e  and d e e p e s t  a p ­

p r e c i a t i o n  t o  my husband Sonny, my m o the r ,  f a t h e r ,  s i s t e r s  and b r o t h e r s  

f o r  t h e i r  c o n s t a n t  i n s p i r a t i o n  and encouragement .  T h e i r  c o n t i n u a l  con­

f i d e n c e  and f a i t h  i n  me gave me t h e  t e n a c i t y ,  m o t i v a t i o n  and p e r s e v e r a n c e  

which were c r i t i c a l  f o r  t h e  com ple t ion  o f  my g r a d u a t e  s t u d i e s .  I am 

g r e a t l y  i n d e b te d  t o  them f o r  p ro v id i n g  t h e  s p i r i t u a l  e d i f i c a t i o n  and 

i n n e r  s t r e n g t h  n e c e s s a r y  f o r  t h e  com ple t ion  o f  t h i s  d i s s e r t a t i o n .



7

TABLE OF CONTENTS

Page

ABSTRACT............................................................................................................................................ 4

ACKNOWLEDGEMENTS.......................................................................................................................... 6

LIST OF ABBREVIATIONS..........................................................................................................10

I .  GENERAL INTRODUCTION: THE PHAGOCYTIC DEFENSE SYSTEM................. 13

A. The P h a g o c y t i c  C e l l s ................................................................................. 13

1. N e u t r o p h i l s :  Ontogeny and M a tu r a t i o n  .................................  14

2. Monocytes-Macrophages:  Ontogeny and M a tu r a t i o n  . . .  17

B. S t a g e s  o f  P h a g o c y t o s i s ..................................................................................18

1. Chem otax is ...............................................................................................18

2. O p s o n i z a t i o n .......................................................................................... 20

3. I n g e s t i o n ............................................................................................... 27

4. D e g r a n u l a t i o n ......................................................................................28

5. A n t i m i c r o b i a l  Mechanisms in  N e u t r o p h i l s  ...........................  31

C. Membrane Dynamics and R e g u la t i o n  in  P ha goc y t i c  C e l l s .  . . 38

1. I n t r o d u c t i o n .......................................................................................... 38

2. Modula t ion o f  Membrane Topography During I n g e s t i o n

and MT I n v o lv e m e n t ............................................................................. 41

3. MT Membrane Dynamics During D e g r a n u l a t i o n ,  Chemotax is ,

Sp re ad ing  and At tachm ent  t o  G las s  .............................................  42

D. O b j e c t i v e s  o f  t h e  P r e s e n t  S t u d y .......................................................... 45

I I .  DIFFERENTIAL PHAGOCYTIC CAPACITIES OF ADHERENT AND SUSPENSION

HUMAN NEUTROPHIL POPULATIONS..............................................................................46

A. I n t r o d u c t i o n ......................................................................................................... 46

B. M a t e r i a l s  and M e t h o d s ................................................................................. 47

1. I s o l a t i o n  o f  N e u t r o p h i l s .............................................................. 47

2. B a c t e r i a l  P r e p a r a t i o n s ...................................................................48

a .  Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  b a c t e r i a ..................... 49

b. D e t e r m in a t io n  o f  c o a g u la s e  p r o d u c t i o n  ........................ 58

3. O p s o n iz a t io n  P ro c ed u re s  .................................................................  58

4.  a .  P h a g o c y t i c  a s s a y  w i th  a d h e r e n t  n e u t r o p h i l s .  . . .  59
b. P h a g o c y t i c  a s s a y  w i th  su s p e n s io n  n e u t r o p h i l s .  . . 60

5. I s o l a t i o n  o f  Homogeneous IgG3 .................................................... 63

6.  P r e p a r a t i o n  o f  Fc and Fab from I g G 3 ...................................64



8

I I I .

7. F i x a t i o n  and S t a i n i n g ....................................................................... 69

8.  Assay o f  Hexose Monophosphate Shunt  (HMS) A c t i v i t y .  69

9. Double D i f f u s i o n  A na lyses  ........................................................  71

10. A ggre ga t ion  o f  IgG........................................................................... 71

11. P r o t e i n  C o n c e n t r a t i o n  D e t e r m i n a t i o n s ................................. 71

C. R e s u l t s ................................................................................................................ 72

1. P h a goc y t i c  E f f i c i e n c i e s  i n  t h e  Absence o f  S p e c i f i c  

O p s o n i n ........................................................................................................72

2. P h a goc y t i c  E f f i c i e n c i e s  i n  t h e  P r e se n c e  o f  A n t i s t a -  

phy lococca l  Opsonin ....................................................................... 79

3.  A b i l i t y  o f  a Homogeneous Human IgG3 Myeloma P r o t e i n  

and i t s  Fc Fragment t o  Block Opsonic  I n g e s t i o n  o f

S. a u re u s  by S uspens ion  N e u t r o p h i l s  ................................  86

4.  E f f e c t  o f  a Human IgG3 Myeloma P r o t e i n  and i t s  Fc 

Fragment  on Opsonic  I n g e s t i o n  by Adheren t  N eu t ro ­

p h i l s  .............................................................................................................91

5. E f f e c t  o f  Al lowing N e u t r o p h i l s  t o  Monolayer f o r  

Varying Time P e r io d s  on I n g e s t i o n  E f f i c i e n c y .  . . .  96

6. E f f e c t s  o f  Allowing N e u t r o p h i l s  t o  Monolayer  i n  t h e  

Absence o f  FCS.......................................................................................... 99

7.  I n t e r a c t i o n  o f  Adheren t  N e u t r o p h i l s  w i th  Unopsonized 

E n c a p s u la te d  B a c t e r i a  .................................................................. 103

8 .  P h a g o c y t i c  C a p a c i ty  o f  Adheren t  N e u t r o p h i l s :  Dose

Dependency on F C S ...............................................................................103

9.  C h a r a c t e r i z a t i o n  and I s o l a t i o n  o f  IgG from F e ta l

C a l f  Serum (FCS)................................................................................... 108

10.  E f f e c t  o f  FCS-IgG on t h e  I n g e s t i o n  o f  Unopsonized 

B a c t e r i a ......................................................................................................108

11.  Comparison o f  Hexose Monophof, ' a t e  Shunt  (HMS) 

A c t i v i t i e s  in  Both N e u t ro p h i l  P o p u l a t i o n s  ...................  115

D. D i s c u s s i o n .......................................................................................................... 118

INTERACTION OF ADHERENT VERSUS SUSPENSION NEUTROPHILS WITH

IgG-COATED AND COMPLEMENT-COATED ERYTHROCYTES ................................. 125

A. I n t r o d u c t i o n ......................................................................................................125



9

B. M a t e r i a l s  and M e t h o d s ................................................................................... 126
1.  I s o l a t i o n  o f  N e u t r o p h i l s .....................................................................126

2.  I s o l a t i o n  o f  T o ta l  WBC......................................................................... 126

3.  P r e p a r a t i o n  o f  EA and EAC Immune Complexes ..............................127

4.  I n h i b i t i o n  S t u d i e s  w i th  An t i -C 3 :  P r e p a r a t i o n  o f  EAC-

Anti-C3 Complexes ...............................................................................  128

5. P hagocy t i c  Assays ...............................................................................  129

C. R e s u l t s .................................................................................................................... 130

1. I n t e r a c t i o n  o f  Adheren t  and S uspens ion  N e u t r o p h i l s

w i th  IgG Coated E r y t h r o c y t e s  (EA-7S Complexes . . . . 1 3 0

2.  D i f f e r e n t i a l  C a p a c i ty  o f  A dheren t  and Suspens io n  

N e u t r o p h i l s  t o  Bind and I n g e s t  Complement-Coated 

E r y t h r o c y t e s  (EAC Complexes) ............................................................130

D. D i s c u s s i o n ................................................................................................................137

GENERAL DISCUSSION................................................................................................................... 147

SUMMARY.......................................................................................................................................... 151

BIBLIOGRAPHY................................................................................................................................. 154



10

ABBREVIATIONS 

FCS F e ta l  c a l f  serum.

Med 199 T i s s u e  c u l t u r e  medium 199 + Hanks s a l t s .

The symbol f o r  r a d i o i s o t o p i c  ca rb o n .  In g l u c o s e - l ^ C  

t h e  number 1C was p r e f e r e n t i a l l y  l a b e l l e d .

EA Sheep e r y t h r o c y t e s  imm uno lo g ica l ly  c o a t e d  w i t h  IgG a n t i b o d y .

EAC Sheep e r y t h r o c y t e s  imm uno lo g ica l ly  c o a te d  w i th  a n t i b o d y

(IgG + IgM) and human complement .

PMN Polymorphonuclear  l e u k o c y t e s  c o n s i s t i n g  o f  n e u t r o p h i l s ,

e o s i n o p h i l s ,  and b a s o p h i l s .

RBC Sheep r ed  blood c e l l s .

CFU Colony forming u n i t s .

HMS Hexose monophosphate s h u n t .

PBS Phospha te  b u f f e r e d  s a l i n e .

MF M ic r o f i l a m e n ts

MT M ic ro tu b u le s

C' The symbol f o r  serum complement  p r o t e i n s .

Ig s  Immunoglobul ins

MPO Myeloperox idase



11

LIST OF ILLUSTRATIONS

Fig u re
Number T i t l e  Page

1. S t a phy loc oc cus  a u r e u s , t y p e  52: R e l a t i o n s h i p  o f  T u r b i d i t y

t o  t h e  Number o f  V ia b le  C o lon ies  .............................................................  50

2. S t a phy loc oc cus  a u r e u s , Cowan S t r a i n :  R e l a t i o n s h i p  o f

T u r b i d i t y  t o  t h e  Number o f  V i a b le  C o lo n ie s  ....................................  52

3.  K l e b s i e l l a  pneumoniae: R e l a t i o n s h i p  o f  T u r b i d i t y  t o  t h e

Number o f  V i a b le  C o l o n i e s ....................................................................................54

4.  S t r e p t o c o c c u s  pnemoniae : R e l a t i o n s h i p  o f  T u r b i d i t y  t o  t h e

Number o f  V ia b le  C o l o n i e s ...............................................................................

5. Equipment  U t i l i z e d  f o r  t h e  P h a g o c y t i c  Assays w i th  Suspens ion

and Adherent  N e u t r o p h i l s  ................................................................................ 61

6. Ouch te r lony  Double D i f f u s i o n  A n a l y s i s :  P u r i t y  o f  Fc I s o l a t e d

from Homogeneous IgG3.............................................................................................65

7. Ouch te r lony  Double D i f f u s i o n  A n a l y s i s :  P u r i t y  o f  Fab I s o l a t e d

from Homogeneous IgG3............................................................................................ 67

8.  P h a g o c y t i c  C a p a c i t i e s  o f  A dheren t  and Suspens io n  N e u t r o p h i l s

Cha l lenged  w i th  Mock Opsonized S. a u r e u s ..............................................73

9a .  L i g h t  Micrograph o f  A dheren t  N e u t r o p h i l s  C ha l lenged  wi th

Mock Opsonized S. a u re u s  ...........................................................................

9b. L i g h t  Micrograph o f  Suspe ns ion  N e u t r o p h i l s  C ha l lenged  w i th

Mock Opsonized S. a u re u s  ...........................................................................

10. P h a g o c y to s i s  o f  S. a u r e u s - A n t i - S t a p h y l o c o c c a l  Opsonic  Com­

p l e x e s  by Adheren t  and Suspens io n  N e u t r o p h i l s ............................

11a. L i g h t  Micrograph Showing Opsonic  Enhancement  by Adherent

N e u t r o p h i l s ...................................................................................................................82

l i b .  L i g h t  Micrograph Showing Opsonic  Enhancement  by Suspens ion

N e u t r o p h i l s ...................................................................................................................84

12. A b i l i t y  o f  an IgG3 Myeloma P r o t e i n  t o  I n h i b i t  I n g e s t i o n  o f

Opsonized S. a u re u s  by Suspens io n  N e u t r o p h i l s ..................................87

13a. L i g h t  Micrograph Showing Opsonic  I n g e s t i o n  o f  S. a u re u s  by

Suspens ion  N e u t r o p h i l s  ............................................... .   89

13b. L i g h t  Micrograph Showing t h e  A b i l i t y  o f  IgG3 t o  Block

Opsonic  I n g e s t i o n  o f  S. a u re u s  by Suspe ns ion  N e u t r o p h i l s  . . 8^



12

14. F a i l u r e  o f  IgG3 t o  Block Opsonic  I n g e s t i o n  o f  S. a u re u s  by

Adherent  N e u t r o p h i l s ................................................................................................  92

15a. L i g h t  Micrograph Dem ons tr a t ing  Opsonic  I n g e s t i o n  o f  S. a u re u s

by Adherent  N e u t r o p h i l s  .......................................................................................  94

15b. L ig h t  Micrograph Dem ons t ra t ing  t h e  F a i l u r e  o f  IgG3 to  I n h i b i t

Opsonic  I n g e s t i o n  o f  S. a u re u s  by Adheren t  N e u t r o p h i l s  . . . .  94

16. E f f e c t s  o f  Allowing N e u t r o p h i l s  t o  Monolayer  f o r  Var ious  Time 

P e r io d s  on t h e  E f f i c i e n c y  o f  I n g e s t i o n ....................................................... 97

17. E f f e c t s  o f  Allowing N e u t r o p h i l s  t o  Monolayer i n  t h e  Absence

o f  F e t a l  C a l f  Serum ( F C S ) ....................................................................................100

18. I n a b i l i t y  o f  FCS t o  S t i m u l a t e  I n g e s t i o n  o f  Unopsonized Encapsu­

l a t e d  B a c t e r i a  by A dheren t  N e u t r o p h i l s ........................................................^ 4

19. P hagocy t i c  C a p a c i ty  o f  A dheren t  N e u t r o p h i l s :  Dose Dependency

on FCS.................................................................................................................................. 106

20a. Ouch te r lony  Double D i f f u s i o n  A n a l y s i s  Demons tra t ing  the

P resence  o f  IgG in  FCS............................................................................................. 109

20b. Chromatographic  E l u t i o n  P r o f i l e  o f  F r a c t i o n a t i o n  o f  IgG from

F C S ....................................................................................................................................... H I

20c. Ouch te r lony  Double D i f f u s i o n  A n a l y s i s  Demons tra t ing  the

P u r i t y  o f  IgG I s o l a t e d  from F C S ...................................................................... 113

21. F a i l u r e  o f  FCS-IgG I s o l a t e s  t o  S t i m u l a t e  I n g e s t i o n  o f  Mock 

Opsonized S. a u re u s  by A dheren t  N e u t r o p h i l s .......................................... H 6

22. Comparison o f  Hexose Monophosphate Shunt  (HMS) A c t i v i t i e s  in  

Adherent  and Suspens ion  N e u t r o p h i l s .............................................................H 9

23. I n t e r a c t i o n  o f  Adheren t  and S uspens ion  N e u t r o p h i l s  w i th  IgG- 

Coated and Complement-Coated E r y t h r o c y t e s  (EA and EAC). . . .  131

24. L ig h t  Micrographs Dem ons tr a t ing  t h e  F a i l u r e  o f  Suspens ion  

N e u t r o p h i l s  t o  Bind IgG-Coated E r y t h r o c y t e s  (EA)................................... I 33

25. L ig h t  Micrographs  Showing t h e  F a i l u r e  o f  Adherent  N e u t r o p h i l s

t o  Bind IgG-Coated E r y t h r o c y t e s  (EA)............................................................. l 3^

26.  L ig h t  Mic rographs  Dem ons tr a t i ng  EAC R o s e t t e  Formation Around 

Adherent  N e u t r o p h i l s ...................................................................................................l 3^

27. L i g h t  Micrograph Dem ons tr a t ing  I n h i b i t i o n  o f  EAC Binding t o  

Adherent  N e u t r o p h i l s  by Anti -C3 Anti  s e r u m ................................................140

28. L i g h t  Micrographs  Dem ons tr a t i ng  t h e  F a i l u r e  o f  Suspens ion 

N e u t r o p h i l s  t o  Bind EAC C o m p l e x e s .................................................................. 142



13

I .  GENERAL INTRODUCTION: THE PHAGOCYTIC DEFENSE SYSTEM

A. The P h a goc y t i c  C e l l s : On t h e  b a s i s  o f  g ro s s  n u c l e a r  morphology 

c i r c u l a t i n g  WBC a r e  g e n e r a l l y  d i v i d e d  i n t o  po lymorphonuc lea r  and mono­

n u c le a r  l e u k o c y t e s .  Po lymorphonuclear  l e u k o c y t e s  (PMN) a r e  composed o f  

n e u t r o p h i l s ,  e o s i n o p h i l s ,  and b a s o p h i l s ,  whe reas  mononuclear  c e l l s  a r e  

composed o f  monocytes  and lymphocytes  as  s c h e m a t i c a l l y  i l l u s t r a t e d  

below:

WBC

/ n e u t r o p h i l s /

e o s i n o p h i l s

b a s o p h i l s

Mononuclear C e l l s

lymphocytes

/ monocy tes /

Monocytes ,  which have t h e  p o t e n t i a l  t o  d i f f e r e n t i a t e  i n t o  t i s s u e  

macrophages ( 1 ) ,  and n e u t r o p h i l s  a r e  t h e  two m ajo r  c e l l  p o p u l a t i o n s  

whose p r im a ry  f u n c t i o n  i s  e n d o c y t o s i s ,  an e l a b o r a t e  d e f e n s e  mechanism 

whereby invad ing  microbes  and o t h e r  d e l e t e r i o u s  m o le c u le s  a r e  i n g e s t e d ,  

d i g e s t e d ,  and removed from t h e  body. E n d o c y to s i s  i s  t h e  ge n e ra l  term 

which i n c l u d e s  p h a g o c y to s i s  ( i n g e s t i o n  o f  p a r t i c l e s  1 m i l l i m i c r o n s  o r  

l a r g e r  i n  s i z e ) ,  m a c r o p in o c y t o s i s  ( u p ta k e  o f  f l u i d  o r  p a r t i c l e s  abou t  

.1 to  1 m i l l i m i c r o n s  in  s i z e ) ,  and m i c r o p i n o c y t o s i s  (u p ta k e  o f  m a t e r i a l  

.05 m i l l i m i c r o n s  o r  l e s s  i n  d i a m e t e r )  ( 2 ,  3 ) .

Two major  p r o p e r t i e s  o f  t h e s e  phagocy te s  e x p l a i n  t h e i r  u l t i m a t e  

r o l e s  a s  m ic r o b ia l  k i l l e r s :  t h e i r  a r s e n a l  o f  lysosomal  enzymes and

o t h e r  a n t i - m i c r o b i a l  c o n s t i t u e n t s  which a r e  packaged i n t o  1° and 2° 

membrane bound g r a n u l e s ;  and t h e i r  membrane s t r u c t u r e  which i s  ex t r e m e ly
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p l a s t i c  and d e fo rm ab le  ( 4 ,  5 ,  6 ) .  C h a r a c t e r i s t i c a l l y  t h e i r  membranes 

a r e  wel l  s u i t e d  f o r  t h e  a c t i v e  pseudopod f o r m a t i o n  and e x t e n s i v e  mem­

brane  e v a g i n a t i o n s  which a r e  i n t e g r a l  a s p e c t s  o f  p a r t i c l e  engu l fm en t .

1. N e u t r o p h i l s :  Ontogeny and M a t u r a t i o n : N e u t r o p h i l s  o r i g i ­

n a t e  in  t h e  bone marrow from p l e u r i p o t e n t i a l  s tem c e l l s .  Al though d i f ­

f e r e n t i a t i o n ,  m a t u r a t i o n ,  and t h e  k i n e t i c s  o f  g r a n u l o p o i e s i s  a r e  p o o r ly  

u n d e r s t o o d ,  i t  a p p e a r s  t h a t  r e g u l a t i o n  i s  governed by o r  dependen t  upon 

hormonal i n f l u e n c e s  ( g r a n u l o p o i e t i n s )  and m ic roenv i ronm en ta l  f a c t o r s  ( 7 ,  

8 ).

One a s p e c t  o f  t h e  k i n e t i c s  o f  g r a n u l o p o i e s i s  i s  i t s  enormous and 

r a p i d  t u r n o v e r  which has been e s t i m a t e d  t o  be i n  t h e  r ange  o f  1 . 6  x 10^ 

c e l l s / k g / d a y  ( 9 ) .  In t h e  bone marrow f u l l  m a t u r a t i o n  from commit ted 

m y e l o b la s t  to  a m a tu re  segmented PMN i s  comple ted w i t h i n  10-12 days ;  

d u r in g  t h i s  p ro longe d  p e r i o d  n e u t r o p h i l s  a c q u i r e  a f u l l  armamentar ium 

o f  lysosomal  enzymes and a n t i - b a c t e r i a l  g r a n u l e  c o n s t i t u e n t s ,  c h a r a c ­

t e r i s t i c  membrane d e f o r m a b i l i t y  and p h a g o c y t i c  compe tence ,  a l l  o f  which 

a r e  c r u c i a l  i n  s u p p o r t i n g  t h e  n e u t r o p h i l ' s  d e f e n s e  f u n c t i o n ,  b e g inn ing  

w i th  t h e  commit ted s tem c e l l ,  s u c c e s s i v e  s t a g e s  i n  d i f f e r e n t i a t i o n  a r e  

s c h e m a t i c a l l y  i l l u s t r a t e d  a s  f o l l o w s :  m y e l o b l a s t  p romyelocy te  my­

e l o c y t e  4- metamyelocy te  -*• band form -+ mature  m u l t i l o b e d  n e u t r o p h i l .

In  t h e  bone marrow v a r i o u s  p oo l s  can be d i s t i n g u i s h e d :  a stem

c e l l  p o o l ,  a pool  o f  p r o l i f e r a t i n g  c e l l s ,  a m a t u r a t i o n  p o o l ,  and a 

s t o r a g e  p oo l .  The p r o l i f e r a t i n g  ( m i t o t i c  po o l )  c o n s i s t s  o f  t h r e e  t y p e s  

o f  c e l l s  a r i s i n g  s u c c e s s i v e l y :  m y e l o b l a s t s ,  p r o m y e lo c y te s ,  and myelo­

c y t e s .  In t h i s  compartment  c e l l u l a r  d i v i s i o n  and m a t u r a t i o n  o c c u r  and,  

under  normal c o n d i t i o n s ,  t h e  t r a n s i t  t im e  from stem c e l l  t o  m ye locy te  

i s  5-6 d a y s .  A f t e r  t h e  l a s t  d i v i s i o n ,  f o l l o w i n g  pa s sa g e  th ro u g h  t h e  

m i t o t i c  p o o l ,  n e u t r o p h i l s  e n t e r  a n o n - p r o l i f e r a t i n g  m a t u r a t i o n  s t o r a g e
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compar tment ,  which c o n s i s t s  o f  c e l l s ,  m o r p h o l o g i c a l l y  r e c o g n i z a b l e  as  

m e ta m ye locy te s ,  band fo rm s ,  and m atu re  m u l t i l o b e d  n e u t r o p h i l s .  Th is  non­

p r o l i f e r a t i v e  m a t u r a t i o n  (no f u r t h e r  m i t o s i s )  from metamyelocy te  t o  

m a tu re  n e u t r o p h i l  t a k e s  5 -6  d a y s .  C onse que n t ly ,  10-12 days a r e  r e q u i r e d  

b e f o r e  t h e  d e s c e n d e n t s  o f  a commit ted s tem c e l l  emerge in  c i r c u l a t i o n  as  

m a tu re  segmented n e u t r o p h i l s  (3 ,  10,  11) .

Var ious  o t h e r ,  l e s s  wel l  u n d e r s t o o d ,  biochemica l  and s t r u c t u r a l  

a l t e r a t i o n s  o c c u r  d u r in g  m a t u r a t i o n  to  a c c o u n t  f o r  a c q u i r e d  p h a g o c y t i c  

competence.  For example,  n e u t r o p h i l  p r e c u r s o r s  r e l a t i v e  t o  m atu re  b’ ood 

n e u t r o p h i l s  a r e  r i g i d ,  immobile ,  and u n a b le  t o  i n g e s t  p a r t i c l e s  (12 ,  13) .  

Even m o r p h o l o g i c a l l y  m atu re  band and segmented n e u t r o p h i l s ,  t h a t  c o n s t i ­

t u t e  r e s e r v e  s t o r a g e  p oo l s  i n  t h e  marrow, i n g e s t  p a r t i c l e s  l e s s  e f f i ­

c i e n t l y  t h a n  blood n e u t r o p h i l s  (1 3 ,  14) .  R e le as e  o f  m atu re  g r a n u l o c y t i c  

e l e m en t s  i n t o  t h e  p e r i p h e r a l  b lood  a p p e a r s  t o  be d e pe nden t  upon c e l l  

s t i c k i n e s s  and d e f o r m a b i l i t y  and upon a g r a n u l o c y t e  r e l e a s i n g  f a c t o r  

which may a c t  upon bone marrow s i n u s o i d s  ( 1 1 ) .

N e u t r o p h i l s  have a r e l a t i v e l y  s h o r t  l i f e  span in  c i r c u l a t i o n  and 

l e a v e  t h e  blood in  random f a s h i o n  w i th  mean h a l f  t ime  o f  6-7 h o u r s .  They 

th e n  m i g r a t e  i n t o  t i s s u e s  where s u r v i v a l  i s  v a r i a b l e  up t o  4 -5  days  ( 3 ,  

10, 11).

( a )  O r i g in  o f  g r a n u l e  c o n s t i t u e n t s :  During d i f f e r e n t i a t i o n

in  t h e  marrow,  two t y p e s  o f  c y to p la s m ic  g r a n u l e s  a r e  s y n t h e s i z e d  and 

packaged ,  t h e  p r im ary  o r  a z u r o p h i l  g r a n u l e s  and t h e  se conda ry  o r  s p e c i f i c  

g r a n u l e s .  These two d i s t i n c t  t y p e s  o f  g r a n u l e s  d i f f e r  i n  s i z e ,  d e n s i t y ,  

a n t i - m i c r o b i a l  chemical  c o n s t i t u e n t s  ( 1 5 - 2 0 ) ,  and th e  t ime  and mode o f  

o r i g i n  d u r i n g  d i f f e r e n t i a t i o n  ( 2 1 ) .

Accord ing  to  t h e  deve lopm enta l  s e q u en c e ,  t h e  m y e l o b l a s t  i s  a r e l a ­

t i v e l y  u n d i f f e r e n t i a t e d  embryonic  c e l l  w i th  a l a r g e  ova l  n u c le u s  and a
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cy top la sm  l a c k i n g  g r a n u l e s  b u t  c o n t a i n i n g  abundan t  r ib o s o m e s ,  numerous 

m i t o c h o n d r i a ,  and a small  unde rdeve lo ped  Golgi complex. The promyelo­

c y t e  and m yelocy te  a r e  s t a g e s  o f  i n t e n s e  p r o t e i n  s y n t h e t i c  and s e c r e t o r y  

a c t i v i t y  a s s o c i a t e d  w i th  t h e  f o rm a t i o n  o f  a z u r o p h i l  and s p e c i f i c  g r a n u l e s ,  

r e s p e c t i v e l y .  The l a r g e  (800 m i l l i m i c r o n s )  dense  a z u r o p h i l  g r a n u l e s  

a ppe a r  e a r l y  in  deve lopment  d u r in g  t h e  p rom yelocy te  s t a g e  and a r e  formed 

by c o n d e n s a t io n  o f  s e c r e t o r y  m a t e r i a l  a lo ng  t h e  proximal  f a c e  o f  t h e  

wel l  deve lo ped  Golgi  o f  t h e  p romyelocy te  ( 2 2 -2 4 ) .  C o n s t i t u e n t s  o f  

a z u r o p h i l  g r a n u l e s  o r  p r im ary  lysosomes i n c l u d e  a number o f  a c i d  hydro­

l a s e s ,  m y e l o p e ro x i d a s e s ,  lysozyme,  hydrogen p e ro x i d e  and b a c t e r o c i d a l  

c a t i o n i c  p r o t e i n s  (18,  19 ) .  The p romyelocy te  has a z u r o p h i l s  e x c l u s i v e l y .  

Sm a l le r  (500 m i l l i m i c r o n s ) ,  l e s s  d e n s e ,  s p e c i f i c  g r a n u l e s  a r e  formed by a 

s i m i l a r  c o n d e n s a t io n  p r o c e s s  o c c u r r i n g  a long  t h e  d i s t a l  f a c e  o f  t h e  Golgi  

complex o f  t h e  m yelocy te  ( 2 1 - 2 4 ) .  Var ious  c o n s t i t u e n t s  o f  s p e c i f i c  

g r a n u l e s  i n c l u d e  a l k a l i n e  p h o s p h a ta s e ,  lysozyme ( 2 /3  t o t a l  c e l l  c o n t e n t ) ,  

l a c t o f e r r i n ,  and o t h e r  a n t i m i c r o b i a l  a g e n t s  (18 ,  19 ) .  The m yelocy te  has 

bo th  s p e c i f i c  and a z u r o p h i l  g r a n u l e s ,  bu t  i n  v a ry i n g  p r o p o r t i o n s .  In 

c o n t r a s t ,  t h e  band and segmented forms a r e  n o n - s e c r e t o r y  s t a g e s  d u r in g  

which t h e r e  i s  a p r o g r e s s i v e  d e c r e a s e  i n  c e l l  s i z e ,  a s s o c i a t e d  w i th  

changes  i n  t h e  shape o f  t h e  n u c le u s  and a g radua l  d i m i n u t i o n  o f  most  

c y to p la s m ic  o r g a n e l l e s .  Band and segmental  forms c o n t a i n  75-90% s p e c i ­

f i c  g r a n u l e s  and 10-25% a z u r o p h i l  g r a n u l e s  ( 2 1 ) .  C o n s e q u e n t ly ,  t h e  f i n a l  

p r o d u c t  o f  t h e  m a t u r a t i o n  p r o c e s s ,  t h e  m atu re  c i r c u l a t i n g  n e u t r o p h i l  (11-  

14 m ic rons )  w i th  a c h a r a c t e r i s t i c  m u l t i l o b e d  segmented n u c l e u s ,  r e p r e ­

s e n t s  an expendab le  s h o r t - l i v e d  end c e l l  produced in  huge numbers (60-70% 

o f  t h e  t o t a l  c i r c u l a t i n g  WBC) and c o n t a i n i n g  t h e  f u l l  complement  o f  a n t i ­

m ic r o b ia l  g r a n u l e s  c o n s t i t u e n t s ,  few m i t o c h o n d r i a ,  b u t  l a r g e  d e p o t s  o f  

g lycogen  ( 2 5 ) .  F i n a l l y ,  i t  i s  r e l e a s e d  i n t o  c i r c u l a t i o n  a s  a m o t i l e  and
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com peten t  p h a g o c y t i c  c e l l .

2. Monocytes-Macrophages:  Ontogeny and M a tu r a t i o n :  Monocytes

(and i n d i r e c t l y  macrophages)  a l s o  o r i g i n a t e  in  t h e  bone marrow; however 

t h e  p a t t e r n  o f  c e l l  p r o l i f e r a t i o n  and m a t u r a t i o n  in  mononuclear  phago­

c y t e s  i s  d i f f e r e n t  from t h a t  in  n e u t r o p h i l s  and can be s c h e m a t i c a l l y  

i l l u s t r a t e d  a s  f o l l o w s :  m onob la s t  -*■ promonocyte -*■ monocyte -*■ macrophage.  

A f t e r  t h e  commit ted s tem c e l l ,  t h i s  l i n e  has o n ly  two s u c c e s s i v e  p r o l i ­

f e r a t i n g  c e l l s :  t h e  m onob la s t  and t h e  promonocyte .  Monocytes a r i s e  f rom

p r o l i f e r a t i n g  promonocytes  and a r e  r e l e a s e d  i n t o  c i r c u l a t i o n .  Under 

normal c o n d i t i o n s  monocytes and macrophages a r e  n o n - p r o l i t e r a t i v e  c e l l s .  

N o n e th e le s s  th e y  c o n t a i n  t h e i r  f u l l  complement  o f  a z u r o p h i l  and s p e c i f i c  

g r a n u l e s .  During c h r o n i c  in f l a m m a t io n ,  however ,  they  can p r o l i f e r a t e  

g i v in g  r i s e  t o  new c e l l s .  In c o n t r a s t  t o  n e u t r o p h i l s ,  monocytes  do no t  

pas s  t h ro u g h  a t o t a l  m a t u r a t i o n  phase  i n  t h e  marrow a f t e r  t h e  l a s t  c e l l  

d i v i s i o n ,  nor  i s  t h e r e  a l a r g e  r e s e r v e  o r  s t o r a g e  marrow pool o f  mature  

monocytes ( 1 ,  3 ,  2 6 - 2 8 ) .  A l s o ,  in  c o n t r a s t  t o  n e u t r o p h i l s ,  monocytes 

remain  i n  c i r c u l a t i o n  1-3  days  ( a c c o r d in g  t o  t h e  s p e c i e s ) .  They then  

e m i g r a t e  i n  random f a s h i o n  t o  v a r i o u s  t i s s u e s  where ,  under  l o c a l  i n f l u ­

e n c e s ,  t h e y  d i f f e r e n t i a t e  and m atu re  i n t o  l a r g e r ,  a c t i v e l y  more phago­

c y t i c  macrophages w i t h  i n c r e a s e d  amounts o f  lysosomal  enzymes. F u r t h e r ­

more, macrophages a r e  c a p a b l e  o f  m a t u r a t i o n  and m o d u la t i o n ,  depend ing  on 

l o c a l  c i r c u m s t a n c e s  and can form new s econda ry  ly sosom es ,  t h e r e b y  meet ­

ing t h e  need f o r  new enzymes a r i s i n g  d u r i n g  t h e i r  long  l i f e  span  in  

t i s s u e s  (on t h e  o r d e r  o f  months t o  y e a r s ,  depending  on t h e  p a r t i c u l a r  

t i s s u e )  ( 2 ) .  In c o n t r a s t  t o  t h e  r e l a t i v e l y  low numbers o f  c i r c u l a t i n g  

blood monocytes (3-7% t o t a l  WBC), t h e  macrophages a r e  numerous and w id e ly  

s c a t t e r e d  th rough  c o n n e c t i v e  t i s s u e s  ( h i s t i o c y t e s )  and t h e  e n d o t h e l i a l
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l i n i n g  o f  small  blood v e s s e l s .  La rger  and more c o n c e n t r a t e d  c e l l s  a r e  

p r e s e n t  i n  l i v e r  s i n u s o i d s  a s  Kupf fer  c e l l s ,  in  t h e  lung a s  a l v e o l a r  

m acrophages ,  and in  t h e  s p l e e n  and lymph nodes as  d e n d r i t i c  macrophages.  

C o n se que n t ly ,  monocytes  do n o t  l ea v e  t h e  bone marrow f u l l y  matu red  a s  do 

n e u t r o p h i l s .  Ra the r  t h e i r  m a t u r a t i o n  i s  i n i t i a t e d  in  t h e  marrow b u t  com­

p l e t e d  in  t h e  t i s s u e s .  During t h e i r  r e l a t i v e l y  long l i f e  span  in  t h e  

t i s s u e s ,  t h e y  have t h e  c a p a c i t y  t o  s y n t h e s i z e  new lysosomal enzymes 

(whereas  n e u t r o p h i l s  c a n n o t )  in  r e s p o n s e  t o  r e p e a t e d  p h a g o c y t i c  s t i m u ­

l a t i o n  ( 3 ,  1 3 ) .

B. S t a g e s  o f  P h a g o c y t o s i s : The p h a g o c y t i c  p roce s s  may be c o n v e n i e n t l y  

d i v i d e d  i n t o  f i v e  d i s c r e t e  b u t  i n t e r r e l a t e d  s t a g e s :  c h e m o ta x i s ,  o p s o n i ­

z a t i o n ,  i n g e s t i o n ,  d e g r a n u l a t i o n ,  and m ic r o b ia l  i n a c t i v a t i o n  ( k i l l i n g ) .

For  t h e  sake  o f  c l a r i t y ,  each  s t a g e  w i l l  be d i s c u s s e d  s e p a r a t e l y .

1. Chem otax i s : Any i n j u r y  t o  t i s s u e ,  such as  t h a t  f o l l o w i n g  t h e  

e s t a b l i s h m e n t  and m u l t i p l i c a t i o n  o f  m ic r o b e s ,  s t i m u l a t e s  a sequence  o f  

d e f e n s e  o r i e n t e d  e v e n t s  g e n e r a l l y  r e f e r r e d  t o  as  t h e  " in f lam m ato ry  r e ­

s p o n s e . "  During t h e  a c u t e  s t a g e s  o f  in f l am m at ion  ( w i th in  15 -30 m inu te s  

a f t e r  t h e  i n i t i a l  i r r i t a n t )  n e u t r o p h i l s  l e a v e  t h e  c i r c u l a t i o n  v i a  d i a p e -  

d e s i s  and a ccum ula te  a t  t h e  e x t r a v a s c u l a r  s i t e s  o f  t i s s u e  i n j u r y  w i th  

d e f i n e d  k i n e t i c  p a t t e r n s  ( 2 9 ) .  L a t e r  ( a b o u t  4 h o u r s ) ,  mononuclear  phago­

c y t e s  i n f i l t r a t e  t h e  inflammed l e s i o n  and a r e  t h e  p redom ina te  p h a g o c y t i c  

c e l l s  found in  t h e  l a t e  and c h r o n i c  s t a g e s  o f  in f l am m at ion .  The r e a s o n s  

f o r  t h i s  s e q u e n t i a l  m i g r a t i o n  o f  t h e  two c e l l  t y p e s  a r e  n o t  e n t i r e l y  

c l e a r  b u t  i s  t h o u g h t  t o  be p a r t i a l l y  a t t r i b u t e d  t o  a number o f  f a c t o r s :

( a )  t h e  p r o d u c t i o n  o f  c e l l  s p e c i f i c  c h e m o t a c t i c  f a c t o r s ,  e . g . ,  l eu k o -  

e g r e s s i o n  i s  a powerful  c h e m o t a c t i c  s t i m u l u s  s p e c i f i c  f o r  t h e  m o b i l i z a ­

t i o n  o f  n e u t r o p h i l s ;  and C5a i s  s p e c i f i c  f o r  e o s i n o p h i l s  and n e u t r o p h i l s
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( 3 0 ) ;  (b )  t h e  g r e a t e r  m o t i l i t y  o f  n e u t r o p h i l s  i s  though t  t o  e x p l a i n  t h e i r  

prompt  r e s p o n s i v e n e s s  t o  c h e m o t a c t i c  m o le c u le s  and c o n s e q u e n t ly  t h e i r  

e a r l y  i n f l u x  i n t o  inflammed f o c i  (13 ) .

T h i s  v e c t o r i a l ,  m o t i l e  r e s p o n s e  o r  d i r e c t e d  m i g r a t i o n  o f  phagocy te s  

i n t o  in f l am m ato ry  l e s i o n s  i s  o f t e n  a t t r i b u t e d  t o  c h e m o t a c t i c a l l y  a c t i v e  

m o le c u le s .  The p r i n c i p a l  mechanism by which m ic roorgan ism s  g e n e r a t e  

s o l u b l e  c h e m o t a c t i c  m olecu le s  i s  th rough  complement  a c t i v a t i o n .  The 

m o le c u le s  C5a and C3a r e p r e s e n t  t h e  most  powerful  s t i m u l i  t o  chem o tax i s .  

There  a r e  v a r i o u s  ways in  which C3a and C5a can be g e n e r a t e d .  Ant ibody  

can r e a c t  w i th  t h e  m ic r o b ia l  s u r f a c e  a n t i g e n s  and t h i s  Ag-Ab complex 

i n i t i a t e s  t h e  s e q u e n t i a l  a c t i v a t i o n  o f  C l ,  C4, and C2 to  fo rm th e  a c t i ­

v a te d  C l42 complex.  Th i s  Ag-Ab Cl42 and C l423 a t t a c k s  n a t i v e  C3 and C5, 

r e s p e c t i v e l y ,  i n  serum t o  y i e l d  t h e  low m o l e c u l a r  weight  p e p t i d e s  C3a 

and C5a. A d d i t i o n a l l y ,  a t r i m o l e c u l a r  complex o f  C567 a c t i n g  l a t e r  i n  

t h e  c l a s s i c a l  complement sequence  as sem bles  and a l s o  has c h e m o t a c t i c  

e f f e c t s .  C3a and C5a can  a l s o  be g e n e r a t e d  th ro u g h  the  a l t e r n a t e  p a t h ­

way o f  C' a c t i v a t i o n ,  t h e r e b y  byp a s s in g  t h e  r e q u i r e m e n t  f o r  a n t i b o d y  and 

Cl ,  C4, and C2. Th i s  i s  p o s s i b l e  because  C5 and e s p e c i a l l y  C3 a r e  e x ­

t r e m e l y  s e n s i t i v e  t o  p r o t e o l y s i s  and s e r v e  as  s u b s t r a t e s  f o r  a wide 

v a r i e t y  o f  enzymes, i . e . ,  p l a s m in ,  t r y p s i n ,  Cl42 (C3 c o n v e r t a s e ) ,  t i s s u e  

p r o t e a s e s ,  and lysosomal  p r o t e a s e s  (31,  3 2 ) .  C o n s e q u e n t ly ,  s t u d i e s  have 

shown t h a t  n o n s p e c i f i c  p r o t e a s e s  r e l e a s e d  from b a c t e r i a  a n d / o r  damaged 

t i s s u e  can c l e a v e  C3 and C5 d i r e c t l y  t o  y i e l d  c h e m o t a c t i c a l l y  a c t i v e  C3a 

and C5a (33 ,  4 4 ) .  A d d i t io n a l  c h e m o t a c t i c  s t i m u l i  may be r e l e a s e d  from 

a c t i v e l y  p ha goc y to s ing  n e u t r o p h i l s  t h a t  w i l l  a t t r a c t  o t h e r  macrophages 

and n e u t r o p h i l s ,  i n  t h e  absence  o f  serum ( 3 4 ) .  Thus,  t h e r e  e x i s t  

v a r i o u s  i n  v i t r o  methods t o  g e n e r a t e  c h e m o t a c t i c  s t i m u l i  w i t h  con s eq u e n t  

m o b i l i z a t i o n  o f  p h a g o c y te s .  Whether a l l  mechanisms o p e r a t e  concomi­
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t a n t l y  in  vivo  o r ,  w he the r  one mechanism may be f av o r e d  ov e r  t h e  o t h e r  

depend ing  upon t h e  t y p e  o f  o rg an i s m ,  t h e  s t a g e  o f  i n f e c t i o n ,  o r  t h e  a b ­

sence  o f  s p e c i f i c  a n t i b o d y  remain  to  be d e te r m in e d .  Whatever  t h e  a c t u a l  

s i t u a t i o n  in v i v o , one can s e e  t h e  obv ious  a d v a n ta g e s  i n  having a v a r i e t y  

of  mechanisms by which p h a g o c y t i c  c e l l s  a r e  a t t r a c t e d  t o  inflammed f o c i .  

Once phagocy te s  have been a t t r a c t e d  and m i g r a t e  i n t o  a l e s i o n ,  o t h e r  

types  o f  chemica l  s u b s t a n c e s  a r e  produced which cance l  t h e i r  u n i d i r e c ­

t i o n a l  movement and m a i n t a i n  them in  t h a t  g e n e ra l  i n f e c t e d  a r e a .  Cand i­

d a t e s  f o r  such a phenomenon a r e  v a r i o u s  lymphokines which a r e  produced 

by s t i m u l a t e d  lymphocytes  ( 1 3 ) ,  i . e . ,  l e u k o c y t e  im m ob i l iz ing  f a c t o r ,  

m i g r a t i o n  i n h i b i t o r y  f a c t o r ,  and n e u t r o p h i l  im m ob i l iz ing  f a c t o r  (LIF ,  MIF, 

NIF).

I t  i s  now g e n e r a l l y  a c c e p t e d  t h a t  t h e  a c t i v a t i o n  o f  a p r o e s t e r a s e  

to  an e s t e r a s e  o c c u r r i n g  a t  t h e  c e l l  membrane (35) i s  a s s o c i a t e d  w i th  

the  c o n t r a c t o r  mechanism t o  m o b i l i z e  l e u k o c y t e s  ( 3 0 ) .  The mechanism o f  

c h e m o ta c t i c  m o b i l i z a t i o n  has  s t r u c t u r a l  and m o le c u la r  s i m i l a r i t i e s  to  

a c t i n -m y o s in  dynamics o c c u r r i n g  in  musc le  c o n t r a c t i o n .  Myosins w i th  

s t r u c t u r a l  and enzym at ic  s i m i l a r i t i e s  t o  muscle  myosin and w i th  ATP hy­

d r o l y z i n g  a c t i v i t y  has been i s o l a t e d  from PMN and macrophages  ( 1 3 ) .

Gene t ic  d e f e c t s  i n  phagocy te  m o b i l i t y  have been d e s c r i b e d .  The 

" l a z y  WBC" syndrome i s  c h a r a c t e r i z e d  by r e c u r r e n t  i n f e c t i o n s ,  and p e r i ­

phera l  n e u t r o p e n i a  bu t  normal bone marrow s t o r e s .  These  n e u t r o p h i l s  show 

normal p h a g o c y to s i s  and b a c t e r i o c i d a l  a c t i v i t i e s ;  however ,  t h e y  a r e  

g r o s s l y  d e f i c i e n t  in random m o b i l i t y  and c h e m o t a c t i c  r e s p o n s e s  (11 ,  3 0 ) .

2. O p s o n i z a t i o n : Over 70 y e a r s  ago i t  was r e a l i z e d  t h a t  p a r t i c l e s

(m ic robes )  t h a t  a r e  c o a t e d  w i th  s p e c i f i c  a n t i b o d y  o r  t h a t  have i n t e r a c t e d  

with f r e s h  serum were more r a p i d l y  and e f f i c i e n t l y  phagocy to sed  than  un-
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c o a t e d  p a r t i c l e s  ( 3 6 ) .  T h i s  c o a t i n g  o f  p a r t i c l e s  w i th  serum p r o t e i n s  

( o p s o n i n s )  r e s u l t i n g  in  a c c e l e r a t e d  e n d o c y t o s i s  has been termed o p s o n i ­

z a t i o n  and comes from Greek meaning " t o  p r e p a r e  f o r  d i n i n g . "  Moreover ,  

i n  t h e  a bsenc e  o f  o p s o n in ,  many v i r u l e n t  a n d / o r  e n c a p s u l a t e d  organ isms  

r e s i s t  o r  e sca pe  p h a g o c y to s i s  and t h i s  may a c c o u n t ,  in  p a r t ,  f o r  t h e i r  

p a t h o g e n i c i t y .

Q u i t e  o f t e n  p h a g o c y to s i s  p l a y s  a d e c i s i v e  r o l e  in  t h e  d e l i c a t e  ba­

l a n c e  between h o s t  and pa th o g e n ic  b a c t e r i a .  E f f e c t i v e  p h a g o c y to s i s  e a r l y  

i n  t h e  c o u r s e  o f  b a c t e r i a l  i n v a s i o n  may l i m i t  t h e  sp re a d  o f  b a c t e r i a  and 

p r e v e n t  ongoing i n f e c t i o n .  A l t e r n a t i v e l y ,  i n e f f e c t i v e  p h a g o c y to s i s  may 

l e a d  t o  u n c o n t r o l l e d  b a c t e r i a l  m u l t i p l i c a t i o n  and overwhelming i n f e c ­

t i o n .  In t h i s  r e s p e c t ,  o p s o n ic  p r o t e i n s  p l a y  a c r i t i c a l  r o l e  i n  e n s u r ­

ing t h a t  p h a g o c y to s i s  ( i n g e s t i o n )  i s  e f f i c i e n t  and r a p i d  because  t h e y  

m e d ia te  and e x p e d i t e  t h e  ad h e re n c e  t o  and s u b s e q u e n t  i n t e r i o r i z a t i o n  o f  

m ic roorgan ism s  by p h a g o c y t i c  c e l l s .  The c a p a c i t i e s  o f  opso n in s  t o  con­

c o m i t a n t l y  bind  microbe  and phagocy te  a f f o r d  them t h e  p o t e n t i a l  o f  b r i n g ­

ing t h e s e  two e n t i t i e s  t o g e t h e r  and t r i g g e r i n g  e n gu l fm en t .  C o n c e p t u a l ly ,  

t h e y  a c t  a s  ' l i a i s o n s '  o r  ' b r i d g e s '  between in vad ing  mic robe  and phago­

c y t e .  However, t h i s  i s  on ly  a c o n c e p t  and must  be i n t e r p r e t e d  w i th  

c a u t i o n .  The f u n c t i o n  o f  opson in  i s  more t h a n  m ere ly  m e d ia t i n g  membrane 

c o n t a c t  o f  mic robe  and phagocy te .  Although a t t a c h m e n t  i s  a p r e r e q u i s i t e  

f o r  e n g u l f m e n t ,  a t t a c h m e n t  does n o t  a lways l e a d  t o  e n g u l f m e n t .  For  e x ­

ample ,  mycoplasmas a d h e re  s p o n ta n e o u s ly  and q u i t e  a v i d l y  t o  macrophage 

membranes, b u t  t h e y  a r e  n o t  i n g e s t e d  u n l e s s  s p e c i f i c  an t imycop lasma a n t i ­

b o d ie s  a r e  p r e s e n t  ( 3 7 ) .  Th i s  i s  an i m p o r t a n t  f i n d i n g  because  i t  s u g g e s t s  

t h a t  a s  a consequence  o f  s p e c i f i c  l i g a n d - r e c e p t o r  b i n d i n g ,  s i g n a l s  a r e  

t r a n s m i t t e d  t o  t h e  i n t e r i o r  o f  t h e  c e l l  which t r i g g e r  t h e  engu lfm en t
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p ha se .  These " s i g n a l s "  a r e  s p e c i f i c  and i n i t i a t e d  a t  t h e  c e l l  s u r f a c e  

and d e t e r m i n e  i f  i n g e s t i o n  i s  t o  f o l l o w .  C o n se que n t ly ,  adhe re nc e  i s  n o t  

i n v a r i a b l y  a s s o c i a t e d  w i th  i n g e s t i o n  u n l e s s  i t  i s  m ed ia ted  th rough  com­

p lem e n ta ry  l i g a n d - r e c e p t o r  i n t e r a c t i o n .

A v a r i e t y  o f  serum p r o t e i n s  w i th  ops o n ic  a c t i v i t y  have been r e ­

p o r t e d ,  i . e . ,  t u f t s i n  (38),  C - r e a c t i v e  p r o t e i n  ( 3 9 ) ,  and C5 ( 4 0 ) .  How­

e v e r ,  t h e  two most  abundan t  and wel l  c h a r a c t e r i z e d  opso n in s  a r e  C3 ( h e a t  

l a b i l e )  and immune IgG ( h e a t  s t a b l e ) .  O p s o n iz a t io n  m ed ia te d  by C3 a n d /o r  

IgG p r o t e i n s  may o c c u r  by t h r e e  d i f f e r e n t  mechanisms: (1)  S p e c i f i c  a n t i ­

body (IgM and IgG) may a c t  a s  opson in  in  c o n c e r t  w i th  complement  by a c t i ­

v a t i n g  C3 th rough  t h e  c l a s s i c a l  pathway o f  C' a c t i v a t i o n .  (2)  C3 may be

a c t i v a t e d  th rough  t h e  a l t e r n a t e  pathway o f  C1 a c t i v a t i o n ;  i t  can t h e r e ­

f o r e  f u n c t i o n  as  opson in  w i t h o u t  t h e  r e q u i r e m e n t s  f o r  a n t i b o d y  a n d / o r  C l ,  

C4, and C2. (3)  S p e c i f i c a l l y  immune IgG a lo n e  may a c t  as  ops o n in .

(a )  C3b o p s o n i n s : G e n e r a l l y  t h e  p r o t e i n  components o f  t h e

complement  system (Cl th rough  C9) e x i s t  i n  serum in  i n a c t i v e  form and

may undergo s e q u e n t i a l  a c t i v a t i o n .  T y p i c a l l y ,  t h e  p r o d u c t  o f  one r e a c ­

t i o n  i s  t h e  c a t a l y s t  o f  t h e  n e x t ,  p roducing  a c h a r a c t e r i s t i c  enzymatic  

c a s c a d e .

N e u t r o p h i l s ,  monocy tes ,  and macrophages p o s s e s s  membrane bound 

r e c e p t o r s  f o r  C3 (41 ,  42) and s p e c i f i c i t y  f o r  C3b has been dem o n s t ra t ed  

( 4 3 ) .  However, s i n c e  C3b o pson in s  do n o t  e x i s t  i n  serum in  a c t i v e  form,  

th e y  must  be e n z y m a t i c a l l y  g e n e r a t e d .  T h i s  i s  e f f e c t e d  by two major  

pathways:  ( a )  v i a  C3 c o n v e r t a s e  (C142) which in v o lv e s  t h e  c l a s s i c a l

pathway o f  C' a c t i v a t i o n  and (b)  v i a  C3 a c t i v a t o r  enzyme which bypasses  

t h e  r e q u i r e m e n t  f o r  C l ,  C4, and C2 and involves t h e  a l t e r n a t e  pathway o f  

C' a c t i v a t i o n .  The manner i n  which C3b i s  g e n e r a t e d  i s  d i s c u s s e d  in  t h e  

hope o f  shedd ing  l i g h t  on t h e  v a r i o u s  pathways i n  which C3 a n d / o r  a n t i -
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body m ed ia ted  o p s o n i z a t i o n  can o c c u r .

C3b g e n e r a t i o n  v i a  C3 c o n v e r t a s e : C3, a g l y c o p r o t e i n  w i th

a m o le c u la r  w e ig h t  a round 2 0 0 ,000 ,  i s  t h e  most  abundan t  component  o f  t h e  

complement sys tem w i t h  a serum c o n c e n t r a t i o n  o f  1 .2  mg/ml ( 4 4 ) .  I t s  

g e n e r a t i o n  v i a  C3 c o n v e r t a s e  (C142) r e q u i r e s  t h e  p a r t i c i p a t i o n  o f  a n t i ­

body ( s p e c i f i c a l l y  IgM, IgGl ,  IgG2, o r  IgG3),  C l ,  C4, and C2. The 

t r i g g e r i n g  e v e n t  h e re  i s  t h e  b in d in g  o f  a n t i g e n  (mic robe )  t o  s p e c i f i c  

a n t i b o d y  ( th r o u g h  i t s  Fab r e g i o n ) .  Th is  Ag-Ab b ind ing  r e s u l t s  i n  a con­

f i g u r a t i o n a l  change and exposes  s i t e s  on t h e  Fc r e g i o n  in  t h e  CHg do­

main (45 ,  4 6 ) ,  c a p a b l e  o f  b i n d in g  t o  Clq and a c t i v a t i n g  t h e  CT complex 

(44,  4 7 ) .  The a c t i v a t e d  complex,  C l ,  a c t i v a t e s  t h e  f o u r t h  (C4) and 

second (C2) components  which f u n c t i o n  a s  a m o le c u la r  complex a t t a c h e d  

t o  t h e  c e l l  s u r f a c e .  Th is  a c t i v a t e d  complex Cl42 i s  a l s o  termed C3 

c o n v e r t a s e  because  i t s  n a t u r a l  s u b s t r a t e  i s  C3. Th i s  newly g e n e r a t e d  

enzyme c l e a v e s  C3 i n t o  a minor  7000 m o l e c u l a r  we igh t  f r a g m e n t ,  C3a, 

which has  c h e m o t a c t i c  and a n a p h y l a t o x i n  a c t i v i t i e s ,  and a major  f r a g ­

ment ,  C3b, which i s  a b l e  t o  b ind  t o  s p e c i f i c  r e c e p t o r s  on p h a g o c y t i c  

c e l l s  and lymphocytes  (41 ,  47 ,  4 8 ) .  The g e n e r a t i o n  o f  C3b th rough  

t h i s  pathway i s  i l l u s t r a t e d  below ( 4 7 ) :

Ag + s p e c i f i c  IgGl ,  IgG2, IgG3, o r  IgM 

1
C l - ^ - »  C l

+C4-------> C14

+C2------- » Cl42 (C: c o n v e r t a s e )

1(C3a c h e m o t a c t i c  and a n a p h y la to x i n  a c t i v i t i e s )

\

(C3b o p s o n ic  a c t i v i t y )
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In t h i s  manner p a r t i c u l a t e  m a t t e r  (mic robe )  i s  opson iz e d  th ro u g h  t h e  com­

bined  a c t i o n  o f  s p e c i f i c  a n t i b o d y  and complement . C l e a r l y  one can v i s u a ­

l i z e  t h e  " b r id g e d "  manner i n  which mic robe  and phagocyte  a r e  b ro u g h t  t o ­

g e t h e r  w i th  c o n s e q u e n t  membrane a c t i v a t i o n ,  i . e . ,  t h e  opson iz e d  Ag-Ab 

Cf423b complex can be d e p o s i t e d  on t h e  phagocy te  membrane th ro u g h  s p e ­

c i f i c  l i g a n d - r e c e p t o r  b i n d i n g .

Moreover ,  t h i s  pathway a f f o r d s  e f f i c i e n t  a m p l i f i c a t i o n  be c ause  s t u ­

d i e s  u t i l i z i n g  RBC, anti -RBC a n t i b o d i e s ,  C l ,  C4, and C3 (EAC complexes)  

have dem o n s t ra t ed  t h a t  a f t e r  a s i n g l e  immune a n t i b o d y  b inds  t o  a RBC 

and i n t e r a c t s  w i t h  C l ,  C4, and C2, t h i s  EAC142 complex c a t a l y z e s  t h e  

b in d in g  o f  s e v e r a l  hundred C3 m o le c u le s  t o  t h e  RBC membrane (50 ,  51 ) .

C3b g e n e r a t i o n  v i a  C3 a c t i v a t o r  s y s te m : C3 i s  ex­

t r e m e l y  s e n s i t i v e  t o  p r o t e o l y s i s  and i t s  i n i t i a l  p r o d u c t s  (C3a + C3b) 

a p p e a r  t o  be t h e  same whe the r  c l e a v a g e  i s  b rough t  a b o u t  by C3 c o n v e r t a s e ,  

lysosomal  enzymes, t r y p s i n ,  p l a s m in ,  o r  C3 a c t i v a t o r  enzyme (44 ,  48 ,  4 9 ) .

In t h e  second mechanism o f  o p s o n i z a t i o n ,  C3 may a c t  a s  opson in  

a l o n e  because  C3b g e n e r a t i o n  v i a  C3 a c t i v a t o r  enzyme u t i l i z e s  t h e  a l t e r ­

n a t e  pathway o f  C' a c t i v a t i o n  and bypasses  t h e  r e q u i r e m e n t s  f o r  immune 

a n t i b o d y ,  C l ,  C4, and C2.

The C3 a c t i v a t o r  system has a number o f  components and i s  g e n e r a l l y  

i n i t i a t e d  upon c o n t a c t  o f  serum w i th  c e r t a i n  p o l y s a c c a r i d e  a n t i g e n s  such 

a s  e n d o t o x i n s ,  y e a s t  c e l l  w a l l s ,  i n u l i n ,  o r  a g g r e g a t e d  IgGl ,  IgG2, IgG3, 

and IgA immunog lobu l ins .  Th is  a l t e r n a t i v e  mechanism o f  C3 a c t i v a t i o n  i s  

i n i t i a t e d  when C3 p r o a c t i v a t o r  enzyme (C3PA), an i n a c t i v e  80 ,000  molecu­

l a r  w e ig h t  g l y c o p r o t e i n ,  i s  e n z y m a t i c a l l y  c l e a v e d  by C3PA c o n v e r t a s e .  

Th is  enzymatic  c l e a v a g e  o f  C3PA produces  an e n z y m a t i c a l l y  a c t i v e  60,000 

m o le c u la r  w e ig h t  component  termed t h e  C3 a c t i v a t o r  enzyme, C3A, which
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has t h e  p o t e n t i a l  t o  c l e a v e  C3 i n t o  C3a and C3b components ,  a p p a r e n t l y  

w i th  t h e  same s p e c i f i c i t i e s  a s  C3 c o n v e r t a s e  (44 ,  47 ,  4 9 ) .  Th i s  a c t i ­

v a t i o n  scheme i s  n o t  as  wel l  c h a r a c t e r i z e d  as  t h e  c l a s s i c a l  pathway,  b u t  

a t e n t a t i v e  scheme i s  i l l u s t r a t e d  below (47) :

The b in d in g  o f  C3b t o  p h a g o c y t i c  c e l l s  i s  f i r m  and hydrophobic  in  

n a t u r e  ( 1 3 ) .  In a d d i t i o n  t o  i t s  c a p a c i t y  t o  bind  t o  p h a g o c y te s ,  C3 

p r o t e i n s  have been r e p o r t e d  t o  d i r e c t l y  b ind b a c t e r i a l  c e l l s  i n  t h e  

a bsence  o f  immune a n t i b o d y ;  however ,  t h e  e x a c t  mechanism i s  unknown a t  

p r e s e n t  (13 ,  4 4 ) .  N e v e r t h e l e s s ,  t h e s e  f i n d i n g s  d e m o n s t r a t e  t h a t  C3 may 

a c t  a lo n e  as  opson in  w i t h o u t  t h e  p a r t i c i p a t i o n  o f  a n t i b o d y ,  C l ,  C4, and

i n i t i a t o r  in  t h e  c l a s s i c a l  pathway o f  C' a c t i v a t i o n ,  s p e c i f i c a l l y  immune 

IgG ( b u t  n o t  IgM o r  IgA) can o p s o n iz e  and m e d ia te  m ic robe -pha gocy te  b i n d ­

ing and membrane a c t i v a t i o n  w i th  con s eq u e n t  en g u l fm en t  w i t h o u t  t h e  p a r -

e n d o to x i n ,  y e a s t  c e l l  
w a l l s ,  a g g re g a te d  IgG o r  IgA

I n a c t i v e
P r e c u r s o r C3PA Conver ta se

( ? )

C3PA— 
(80 ,000)

a c t i v a t o r  enzyme (60 ,000)

f ragm en t
( 20 , 000)

C3a

C3 <
C3b

C2.

(b)  Immune IgG as  o p s o n i n : In a d d i t i o n  t o  i t s  r o l e  as
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t i c i p a t i o n  o f  C3b opson ins  ( 5 3 ) .  S p e c i f i c  r e c e p t o r s  f o r  t h e  Fc r e g i o n  

o f  IgGl and IgG3 s u b c l a s s e s  have been de m ons t ra ted  on phagocy te  mem­

b ranes  (42,  55 ) .

In IgG m ed ia te d  o p s o n i z a t i o n ,  t h e  e n t i r e  m ole cu le  must  be i n t a c t  

f o r  e x p r e s s i o n  o f  opson ic  a c t i v i t y  (5 3 ,  54 ) .  The F ( a b ' )g r e g i o n  o f  t h e  

immunoglobul in  m o le c u le  b i n d s  s p e c i f i c a l l y  t o  a n t i g e n i c  d e t e r m i n a n t s  on 

t h e  m ic r o b ia l  s u r f a c e ,  whereas  t h e  Fc r e g io n  a t t a c h e s  t o  t h e  phagocy te  

membrane by s p e c i f i c  l i g a n d - r e c e p t o r  b i n d in g .  P r e l i m i n a r y  s t u d i e s  sug ­

g e s t  t h a t  t h e  CH^ domain o f  IgG-Fc i s  r e s p o n s i b l e  f o r  t h i s  c y t o p h i l i c  

b in d in g  p r o p e r t y ( 5 6 ) .

Three  mechanisms o f  o p s o n i z a t i o n  m edia ted  by C3 a n d / o r  IgG have 

been d i s c u s s e d  and a r e  p r i m a r i l y  based  on a n a l y s e s  o f  i n  v i t r o  s t u d i e s .  

What i s  a c t u a l l y  o c c u r r i n g  i n  vivo i s  s t i l l  s p e c u l a t i v e .  P o s s i b l y  C3 

and IgG opso n in s  may have d i f f e r e n t  f u n c t i o n a l  r o l e s ,  may a c t  s y n e r g i s -  

t i c a l l y  a n d / o r  a s  "backup" sys tems i f  one o r  more systems a r e  d e f e c t i v e .  

Moreover ,  one mechanism may be f av o re d  ove r  t h e  o the r ,  depending  on t h e  

t y p e  o f  o rgan ism ( e n c a p s u l a t e d  o r  u n e n c a p s u l a t e d ) ,  t h e  s t a g e  o f  i n f e c ­

t i o n ,  and t h e  p r e s e n c e  o r  ab senc e  o f  s p e c i f i c  a n t i b o d y .

( c )  Phys iochemica l  d i s t i n c t i o n s  between IgG and C3b 

o p s o n ic  r e c e p t o r s : The IgG and C3b r e c e p t o r s  a r e  d i s t i n c t  s t r u c t u r a l

m o i e t i e s  a s  shown by d i f f e r i n g  phys iochemica l  r e q u i r e m e n t s  and p r o p e r ­

t i e s .  These a r e  t a b u l a t e d  below:

C3b R e c e p to r  (41)  IgG R ecep to r

1. Mg++ d e p e n d e n t ,  i n h i b i t e d  EDTA 1. Ca++ dependen t

2. I n h i b i t e d  by a n t i - C 3  a n t i s e r a  2.  I n h i b i t e d  by IgGl and IgG3 mye­
loma p r o t e i n s  (54)

3.  Not i n h i b i t e d  by serum IgG 3.  I n h i b i t e d  by a n t i - I g G  a n t i b o d i e s
d i r e c t e d  a g a i n s t  Fc d e t e r m i n a n t s ,
i . e . ,  rheumato id  f a c t o r s .  Thus,  
Fc n o t  a v a i l a b l e  f o r  r e c e p t o r  
b in d in g  (53)
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4. T r y p s in  s e n s i t i v e  4.  Binding enhanced w i t h  small
amounts o f  t r y p s i n  (57)

5. 2 x 10® IgG s i t e s / m a c r o p h a g e
(57 ,  58)

In a d d i t i o n  t o  t h e s e  d i f f e r i n g  phys iochemica l  p r o p e r t i e s ,  in  v i t r o  

s t u d i e s  s u g g e s t  d i f f e r i n g  f u n c t i o n a l  r o l e s  f o r  t h e s e  r e c e p t o r s  du r ing  

p h a g o c y t o s i s .  I t  has been p o s t u l a t e d  t h a t  t h e  C3b r e c e p t o r  i s  p r i m a r i l y  

i n vo lve d  in  t h e  a t t a c h m e n t  p ha se ,  whereas  p a r t i c i p a t i o n  o f  t h e  IgG r e c e p ­

t o r  i s  n e c e s s a r y  f o r  i nduc ing  i n g e s t i o n  in  macrophages (59)  and n e u t r o ­

p h i l s  ( 6 0 ) .

3. I n g e s t i o n : Once t h e  opson ized  p a r t i c l e  i s  a t t a c h e d  to  t h e

phagocy te  s u r f a c e  membrane and t h e  p r o p e r  i n t r a c e l l u l a r  s i g n a l s  have 

been t r a n s m i t t e d  and t r a n s l a t e d  as  a r e s u l t  o f  s p e c i f i c  l i g a n d - r e c e p t o r  

i n t e r a c t i o n ,  t h e  i n g e s t i o n  phase i s  p rompt ly  s t i m u l a t e d .  Upon p a r t i c l e  

c o n t a c t ,  t h e  membrane deforms and t h e  h y a l i n e  e c top la sm  e x te n d s  t o  form 

pseudopod ia .  Pseudopod ia  c o n t a i n  dense  meshworks o f  m ic r o t u b u l e s  (MT) 

and m i c r o f i l a m e n t s  (MF) and some glycogen  p a r t i c l e s  -  bu t  a r e  devo id  o f  

1° and 20 g r a n u l e s  and o t h e r  c y to p la s m ic  o r g a n e l l e s  ( 1 3 ) .  The s p re a d in g  

movement o f  t h e  pseudopod ia  i s  s i m i l a r  t o  t h e  s p r e a d i n g  o f  phagocy te s  

on s u r f a c e s  (6 , 13,  61 ,  62) .

The pseudopod ia  f u s e  a t  t h e  d i s t a l  s i d e  o f  t h e  p a r t i c l e ,  t h e  con­

sequence  be ing t h e  encasement  o f  t h e  p a r t i c l e  w i t h i n  a p h a g o c y t i c  

v e s s i c l e  o r  phagosome, t h e  l i n i n g  o f  t h e  phagosome be in g  an i n v e r t e d  

plasma membrane. S u b s e q u e n t l y ,  t h e  phagosome p in c h e s  o f f  f rom t h e  c e l l  

p e r i p h e r y  and m i g r a t e s  c e n t r i p e t a l l y  away from t h e  h y a l i n e  e c to p la s m  i n t o  

t h e  cy top lasm  ( 1 3 ) .

( a )  Metabol ism d u r in g  i n g e s t i o n : Engulfment  i n  an  energy
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dependen t  e p i s o d e  and a c t i v a t e s  ATP g e n e r a t i n g  phenomena, s p e c i f i c a l l y  

g l y c o l y s i s  and g l y c o g e n o l y s i s  ( 6 4 ) .  During i n g e s t i o n  a s u b s t a n t i a l  p o r ­

t i o n  o f  t h e  plasma membrane i s  i n t e r n a l i z e d  ( 6 5 ) .  The e x t e n s i v e  membrane 

movements and d e f o r m a t io n s  a s s o c i a t e d  w i t h  i n g e s t i o n  depend on t h e  p r o ­

v i s i o n  o f  m e t a b o l i c  ene rgy .  In n e u t r o p h i l s  and p e r i t o n e a l  macrophages ,

most  o f  t h i s  energy  i s  d e r i v e d  from g l y c o l y s i s ,  which depends  e i t h e r  on

exogeneous g l u c o s e  o r  on t h e  l a r g e  s t o r e s  o f  g lycogen  i n  t h e  n e u t r o p h i l  

c y top la sm .  In c o n t r a s t ,  in  a l v e o l a r  m acrophages ,  most  o f  t h e  energy  

comes from o x i d a t i v e  p h o s p h o r y l a t i o n  and r e s p i r a t i o n  (64 ,  66 ) .

In  n e u t r o p h i l s  and mononuclear  phagocy te s  some o f  t h e  m e t a b o l i c  

conc o m i ta n t s  o f  p h a g o c y to s i s  may be s e q u e l s  o f  t h e  i n g e s t i o n  s t a g e ,  w h i l e  

o t h e r s  may be r e q u i r e d  f o r  t h e  a c t  i t s e l f .  E x p e r im e n t a l l y  i t  i s  d i f f i ­

c u l t  t o  d i s c e r n  a c l e a r  c u t  d i s t i n c t i o n  between t h e s e  two a l t e r n a t i v e s .  

These  m e t a b o l i c  conc o m i ta n t s  a r e :

1. r e s p i r a t o r y  b u r s t  i n  Og consumpt ion  ( 6 4 ) .

2 . i n c r e a s e d  g l u c o s e  u t i l i z a t i o n  and l a c ­
t a t e  p r o d u c t i o n  (64 ) .

3. t h e  amount o f  g l u c o s e  m e ta b o l i z e d  th rough  
t h e  hexose  monophosphate  s h u n t  (HMS) i n c r e a s e s  from 1% 
in  r e s t i n g  t o  10% in  phago c y to s in g  c e l l s  ( 6 4 ) .

4 .  I^Op.  and a c t i v a t e d  oxygen s p e c i e s ,  i . e . ,  
s i n g l e t  oxygen ana s u p e ro x i d e  a n io n  (0? )  a r e  produced 
d u r in g  t h e  r e s p i r a t o r y  b u r s t  ( 6 7 ,  68 ) .

5. i n c r e a s e d  s y n t h e s i s  o f  membrane phospho­
l i p i d s  ( 6 9 ) .

4 .  D e g r a n u l a t i o n : S e l e c t i v e  d e g r a n u l a t i o n  i s  a complex p r o c e s s

whereby s p e c i f i c  and a z u r o p h i l  g r a n u l e s  d i s c h a r g e  t h e i r  c o n t e n t s  i n t o  t h e  

phagosome ( p h a g o c y t i c  va c u o le  and i n g e s t e d  p a r t i c l e )  forming a phago ly so ­

some,  w i t h o u t  s u b j e c t i n g  t h e  cy top la sm  o f  t h e  phagocy te  t o  t h e i r  p o t e n ­

t i a l l y  i n j u r i o u s  e f f e c t s .  D e g r a n u la t i o n  o c c u r s  i n  c o n c e r t  w i th  i n g e s t i o n ,  

s u g g e s t i n g  s i m i l a r  t r i g g e r i n g  mechanisms.  In  an e x p e r im e n ta l  system where
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e n gu l fm en t  was o p e r a t i o n a l l y  e l i m i n a t e d  ( i . e . ,  c e l l s  a t t a c h e d  t o  non-  

p h a g o c y to s a b le  s u r f a c e s ) ,  i t  was shown t h a t  a g g re g a t e d  IgG and C3 i n ­

duced enzyme r e l e a s e  (70 ,  71,  7 6 ) .  Thus,  t h e  i n t e r a c t i o n  o f  l i g a n d  w i t h  

IgG a n d / o r  C3 membrane r e c e p t o r s  e f f e c t s  two c l o s e l y  i n t e g r a t e d  e v e n t s :  

engu l fm en t  and s u b s e q u e n t  d e g r a n u l a t i o n .

U l t r a s t r u c t u r a l  a n a l y s e s  and c inem atography  have r e v e a l e d  t h a t  

once t h e  p a r t i c l e  i s  t a k e n  up i n t o  t h e  c e l l  (phagosome),  t h e  1°  and 2°  

g r a n u l e s  f u s e  w i t h  t h e  membrane o f  t h e  phagosome and d i s c h a r g e  t h e i r  

g r a n u l e  c o n s t i t u e n t s .  Only t h o s e  g r a n u l e s  s i t u a t e d  n e a r  t h e  va c u o le  d e -  

g r a n u l a t e  i n t o  i t  (16,  17 ,  72 ) .  H is tochem ica l  d a t a  have de m ons t ra ted  

t h a t  s p e c i f i c  g r a n u l e  f u s i o n  w i th  t h e  p h a g o c y t i c  v a c u o le  p rec e d e s  a z u r o ­

p h i l  g r a n u l e  f u s i o n  ( 7 3 ) .  The c o n c l u s i o n  i s  t h a t  s e l e c t i v e  d e g r a n u l a ­

t i o n  i s  s e q u e n t i a l  w i th  s p e c i f i c  g r a n u l e s  p rec e d in g  a z u r o p h i l  g r a n u l e s .

An i m p o r t a n t  consequence  o f  s e q u e n t i a l  d e g r a n u l a t i o n  i s  t h a t  t h e  c o n t e n t  

and pH o f  t h e  phagolysosome changes  w i th  t im e .

Two mechanisms have been d e s c r i b e d  whereby n e u t r o p h i l s  s e l e c t i v e l y  

r e l e a s e  l y s o s o m a l ,  bu t  n o t  c y to p l a s m i c  enzymes from t h e  c e l l  i n t e r i o r  

t o  t h e  e x t e r n a l  e nv i ronm en t  (70 ,  71,  7 4 - 7 6 ) .  The f i r s t  model examines 

s i t u a t i o n s  whereby n e u t r o p h i l s  e n c o u n te r  immune complexes on pha g o c y to s -  

a b l e  s u r f a c e s ,  i . e . ,  i n  s u s p e n s i o n .  In t h i s  model te rmed  " r e g u r g i t a t i o n  

d u r in g  f e e d i n g "  (76)  o r  " e x o c y t o s i s "  (70 ,  7 1 ) ,  p h a g o c y t i c  v a c u o le s  formed 

t o  e n c l o s e  p a r t i c l e s  ( l a t e x ,  zymosan,  immune complexes)  remain open to  

t h e  e x t e r n a l  medium w h i l e  lysosomes a r e  s t i l l  i n  t h e  p r o c e s s  o f  merging 

w i th  t h e  in n e rm o s t  f a c e  o f  t h e  c a v i t y .  C o n s e que n t ly ,  d u r in g  d e g r a n u l a ­

t i o n  i n t o  t h e  p h a g o c y t i c  v a c u o l e ,  r e g u r g i t a t i o n  c h a n n e l s  a r e  formed 

th rough  which lysosomal enzymes a r e  e x t r u d e d  w i t h o u t  t h e  c o n c o m i ta n t  e s ­

cape  o f  non- lysosomal  enzymes o f  t h e  c y to s o l  (70 ,  71 ,  7 6 ) .  In  s u p p o r t
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o f  t h e  h y p o t h e s i s ,  t h e  r e l e a s e  o f  enzyme p a r a l l e l s  t h e  u p t a k e ,  n o t  o f  

t h e  f i r s t ,  b u t  o f  s u bseque n t  immune complexes .  A c o r o l l a r y  o f  t h i s  hy­

p o t h e s i s  would be t h a t  t h e  l a r g e r  t h e  p a r t i c l e  t h e  g r e a t e r  t h e  r e l e a s e  

o f  enzymes,  because  l a r g e r  p a r t i c l e s  would be more l i k e l y  t o  be t aken  

i n t o  t h e  v a c u o le  b e f o r e  t h e  c e l l  had c lo s e d  behind a s  compared t o  p a r ­

t i c l e s  o f  s m a l l e r  s i z e  (70 ,  71 ) .

The second model examines s i t u a t i o n s  i n  which n e u t r o p h i l s  en­

c o u n t e r  p h a g o c y t i c  s t i m u l i  on n o n - p h a g o c y to s a b le  s u r f a c e s ,  e . g . ,  Mi 11i - 

po re  f i l t e r s ,  and has been termed " f r u s t r a t e d  p h a g o c y to s i s "  (70 ,  71) o r  

" r e v e r s e  e n d o c y to s i s "  ( 7 6 ) .  I t  was found t h a t  lysosomal  h y d r o l a s e s ,  

b u t  n o t  c y to p la s m ic  enzymes were s e c r e t e d  on to  s o l i d  s u r f a c e s  ( M i l l i p o r e  

f i l t e r s )  p r e v i o u s l y  c o a t e d  w i th  Ag-Ab complexes o r  a g g r e g a t e d  IgA and 

IgG, b u t  no t  a g g r e g a t e d  IgD o r  IgM (70 ,  7 1 ) .  U l t r a s t r u c t u r a l  a n a l y s e s  

(70 ,  71,  76) d e m o n s t ra t ed  t h a t  e x t r u s i o n  o f  g r a n u l e s  o c c u r s  a long  th e  

plasma membrane which i s  i n  c o n t a c t  w i th  s u r f a c e  bound immune complexes 

and n e v e r  on t h e  s i d e  which was n o n - a d h e r e n t  ( 7 1 ) .  In o t h e r  w ords ,  l y s o -  

somes f u s e d  d i r e c t l y  w i th  t h a t  s e c t i o n  o f  t h e  plasma membrane t h a t  i s  i n  

c o n t a c t  w i th  t h e  p h a g o c y t i c  s t i m u l i  and l i t e r a l l y  e x t r u d e d  g r a n u l e  e n ­

zymes i n t o  what  would no rmal ly  be a p h a g o c y t i c  v a c u o l e ,  b u t  which ,  in  

t h i s  c a s e ,  was t h e  e x t e r i o r  o f  t h e  c e l l .  P h a g o c y t i c  s t i m u l i  employed 

were a g g r e g a t e d  IgA and IgG immunoglobul ins .  Aggrega ted  IgD and IgM 

were i n e f f e c t i v e ,  i n d i c a t i n g  t h a t  t h e  Fc r e g i o n s  o f  IgA and IgG c l a s s e s  

a r e  c r i t i c a l  f o r  t h e  s i g n a l  t r a n s m i s s i o n ,  p r o b a b ly  due t o  i n t e r a c t i o n  

w i th  s p e c i f i c  membrane r e c e p t o r s  ( 7 1 ) .

The in  v iv o  c o r r e l a t e  o f  enzyme r e l e a s e  on n o n - p h a g o c y to s a b le  s u r ­

f a c e s  c ou ld  be when n e u t r o p h i l s  r e a c t  w i th  a n t i - t i s s u e  a n t i b o d i e s  o r  

immune complexes which have been d e p o s i t e d  a lo ng  a s u r f a c e  such a s  g l o ­
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m e r u l a r  and v a s c u l a r  basement  membranes,  which th e y  c a n n o t  p h a g o to s e .  

N e v e r t h e l e s s  t h e y  a r e  s t i l l  c a p a b l e  o f  induc ing  t i s s u e  i n j u r y  and e v i ­

dence  o f  enzyme r e l e a s e  under  t h e s e  c i r c u m s t a n c e s  has been r e p o r t e d  ( 7 7 ) .

D e fe c t s  in  d e g r a n u l a t i o n  r e s u l t s  i n  syndromes whereby m ic robes  a r e  

r e s i d e n t ,  v i a b l e ,  and c a p a b l e  o f  m u l t i p l y i n g  w i t h i n  t h e  phagocy te  be ­

c a u se  d e f e c t i v e  d e g r a n u l a t i o n  c o n t r i b u t e s  t o  im pa i red  i n t r a c e l l u l a r  

k i l l i n g .  Chediak-H igash i  (CH) d i s e a s e  i s  a r e c e s s i v e l y  t r a n s m i t t e d  

syndrome c h a r a c t e r i z e d  by p a r t i a l  a l b i n i s m ,  pho tophob ia  and i n c r e a s e d  

s u s c e p t i b i l i t y  t o  pyogenic  i n f e c t i o n s .  C H -n e u t ro p h i l s  have m u l t i p l e  

f u n c t i o n a l  d e f e c t s  one o f  which i s  d e f e c t i v e  d e g r a n u l a t i o n  ( 7 8 ) .  More 

p r e c i s e l y ,  i n e f f i c i e n t  f u s i o n  o f  lysosomes w i th  t h e  phagosome i s  s e co n ­

d a ry  t o  d e f e c t i v e  m i c r o t u b u l e  f u n c t i o n  and assembly in  C H -n e u t roph i l s  

(79 ) .

5. A n t i m i c r o b i a l  Mechanisms in  N e u t r o p h i l s : Within  30-60 min­

u t e s  a f t e r  e n g u l fm en t ,  most  m ic robes  a r e  i n a c t i v a t e d  a s  shown by t h e i r  

f a i l u r e  to  grow on a r t i f i c i a l  media .  K i l l i n g  o c c u r s  w i t h i n  t h e  phago-  

lysomes as  a consequence  o f  exposu re  o f  i n g e s t e d  m ic robes  t o  v a r i o u s  

m e t a b o l i c  p r o d u c t s  and c y to p l a s m i c  g r a n u l e  c o n s t i t u e n t s .  The a n t i m i c r o ­

b i a l  a g e n t s  o f  t h e  phagocy te  can be d i v i d e d  i n t o  two major  c a t e g o r i e s ,

O2 dependen t  and O2 i n d ep e n d e n t  a s  l i s t e d  below (67 ) :

O2 Dependent O2 Independen t

1 . MPO-HgOg -  h a l i d e  sys tem 1 . a c id

2. MPO -  indepe nde n t  2 .  lysosomal  a c i d  h y d r o l a s e s
a .  O f  ( s u p e r o x id e  a n io n )  3 )ys02yme

k* ^ 2  4 . l a c t o f e r r i n
c .  OH r a d i c a l s  r  . .  .
d .  s i n g l e t  oxygen 5 - “ t i o m c  p r o t e i n s
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a .  MP0 -H202- H a l i d e  system (K lebanof f  s y s te m ) .  Although e n ­

gu l fm en t  in  n e u t r o p h i l s  i s  u n a f f e c t e d  by a n a e r o b i o s i s  (64,  8 0 ) ,  those  

s u b s eq u e n t  e v e n t s  which u l t i m a t e l y  l ea d  t o  t h e  d e a t h  o f  microorgan isms  

are,  i n  p a r t ,  d e p e n d en t  on t h e  c h a r a c t e r i s t i c  b u r s t  i n  O2 consumpt ion  and 

o x i d a t i v e  m etabo l i sm  t h a t  accompanies  p h a g o c y to s i s .

One o f  t h e  b e s t  c h a r a c t e r i z e d  and most  p o t e n t  m i c r o b i c i d a l  mech­

anisms ir. t h e  phagocy te  i s  t h e  MP0 -H202- h a l i d e  sys tem  (67) which i s  d e ­

penden t  on O2 and f u n c t i o n s  b e s t  a t  s l i g h t l y  a c id  pH. The components o f  

t h i s  sys tem ,  m y e lo p e ro x id e ,  hydrogen p e ro x id e  and an o x i d i z a b l e  c o f a c t o r  

combine to  form one o f  t h e  most  p o t e n t  m i c r o b i c i d a l  systems  e f f e c t i v e  

a g a i n s t  b a c t e r i a ,  v i r u s e s ,  fungi  and mycoplasmas ( 6 7 ) .  The o r i g i n  of  

t h e s e  components w i l l  be b r i e f l y  c o n s i d e r e d .

M y e lope rox ida se ,  t h e  p e r o x i d a s e  o f  n e u t r o p h i l s ,  i s  l o c a l i z e d  in  

high  c o n c e n t r a t i o n  (2-5% d r y  w e ig h t  o f  c e l l s )  in  p r im ary  o r  a z u ro p h i l  

g r a n u l e s  in  r e s t i n g  n e u t r o p h i l s .  In  n e u t r o p h i l s ,  t h i s  MPO was sy n th e ­

s i z e d  d u r in g  m a t u r a t i o n  in  t h e  bone marrow. During p h a g o c y t o s i s ,  MPO i s  

r e l e a s e d  i n t o  t h e  phagosome d u r in g  d e g r a n u l a t i o n  a s  shown by EM c y to -  

chemical  s t u d i e s  ( 2 1 ) .

H2O2 may come from n e u t r o p h i l  metabol ism as  f o l l o w s :  H2O2 i s

formed du r in g  t h e  r e s p i r a t o r y  b u r s t  and i n c r e a s e d  O2 consumption  du r ing  

p h a g o c y t o s i s .  P a r t  o f  t h e  O2 consumed i s  c o m p le te ly  reduced  v i a  a 

f l a v o p r o t e i n  o x i d a s e  (NADH o r  NADPH ?) t o  H2O2 . Another  s o u r c e  o f  H2O2 

may be from i n g e s t e d  b a c t e r i a .  G e n e r a l ly  l a c t i c  a c i d  b a c t e r i a ,  i . e . ,  

pneumococci,  s t r e p t o c o c c i ,  r educe  O2 to  H2O2 and l a c k  a c a t a l a s e  t h a t  

c o n v e r t s  H202 t o  H2 + O2 . Consequen t ly  hydrogen p e ro x i d e  a c cum ula te s  i n  

t h e s e  o rgan i sm s .  Organisms which do p o s s e s s  c a t a l a s e ,  i . e . ,  s t a p h y l o ­

c o c c i ,  H2O2 does  n o t  a ccum ula te  d u r in g  metabol i sm (5 2 ,  63, 6 7 ) .
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The H2O2 formed by m ic roorgan isms  may c o n t r i b u t e  s i g n i f i c a n t l y  to  

t h e  m i c r o b i c i d a l  a c t i v i t y  of  t h e  p h a g o c y te ,  p a r t i c u l a r l y  when t h e  H2O2 

g e n e r a t i n g  system i s  d e f e c t i v e ,  a s  i n  some c a s e s  o f  c h r o n i c  granu loma­

tous  d i s e a s e  (CGD). Thus ,  H2O2 g e n e r a t i n g  b a c t e r i a  a r e  r e a d i l y  k i l l e d  

by t h e  CGD n e u t r o p h i l  and t h i s  i s ,  in  p a r t ,  due t o  t h e  r e p l a c e m e n t  o f  

a d e f e c t i v e  phagocy te  p e rox ide  g e n e r a t i n g  sys tem w i t h  one o f  m ic r o b ia l  

o r i g i n .  H a l ide  ions  s e r v e  as  t h e  o x i d i z a b l e  c o f a c t o r s  and presumably 

e n t e r  t h e  phagosome by d i f f u s i o n  ( 6 3 ) .

K le ba no f f  (81)  was t h e  f i r s t  t o  d e m o n s t r a t e  t h e  p o t e n t  m i c r o b i c i d a l  

a c t i v i t y  o f  t h i s  sys tem.  Presumably ,  H2O2 r e a c t s  w i th  MPO t o  form en-  

z y m e - s u b s t r a t e  complexes wi th  s t r o n g  o x i d a t i v e  c a p a c i t y .  The h a l i d e s  

( I~ ,  Br—, C l" )  a r e  o x i d i z e d  by t h i s  complex ( h a l o g e n a t i o n )  r e s u l t i n g  

in  t h e  f o r m a t i o n  o f  a n t i m i c r o b i a l  a g e n t s  whose mechanism v a r i e s  w i t h  t h e  

h a l i d e  employed.  For example when i o d i d e  i s  t h e  h a l i d e  employed,

K lebanof f  e t  al_. showed t h a t  t h e  i o d i d e  a n io n  becomes c o v a l e n t l y  f i x e d  

to  p r o t e i n  o f  i n g e s t e d  p a r t i c l e s  (67 ,  81) w i th  c o n s e q u e n t  i o d i n a t i o n  

( h a l o g e n a t i o n )  o f  e s s e n t i a l  m ic r o b ia l  components ( 6 7 ) .

O the r  m a n i f e s t a t i o n s  o f  t h e  MPO-mediated b a c t e r i o c i d a l  system have 

been shown to  be o f  impor tance .  R e c e n t ly  S b a r r a  e t  a K  (82)  have shown 

t h a t  t h e  MPO-H2O2-CI system can a l s o  f u n c t i o n  by d e c a r b o x y l a t i o n  and de ­

a m in a t io n  o f  f a t t y  and amino a c i d s  t o  y i e l d  h i g h l y  r e a c t i v e  a ld e h y d e s .  

C onsequen t ly ,  t h e s e  a ldehydes  c l e a v e  p e p t i d e  bonds ,  and t h i s  p r o c e s s  may 

be c r i t i c a l  i n  t h e  damage n o t  o n ly  o f  m ic r o o rg a n i s m s ,  b u t  a l s o  o f  t i s s u e s .

b. MPO-independent  0? dependen t  s y s t e m s : The M P O ^ C ^ - h a l i d e  

sys tem ,  a s  f i r s t  d e s c r i b e d  by K le b a n o f f ,  has been g a i n i n g  emphasi s  in  t h e  

p a s t  few y e a r s .  However, MPO-independent  a n t i m i c r o b i a l  mechanisms which 

a r e  d e p e n d en t  on t h e  O2 r e s p i r a t o r y  b u r s t ,  a l s o  e x i s t  i n  t h e  c e l l .  For 

example,  g e n e t i c  M PO-defic ien t  l e u k o c y t e s  r e t a i n  some m i c r o b i c i d a l  a c t i -



v i t y  (78 ,  83) a l t h o u g h  t h e  k i n e t i c s  o f  k i l l i n g  i s  much s low e r .

During t h e  r e s p i r a t o r y  b u r s t  and i n c r e a s e d  O2 consumption t h a t  

o c c u r s  c o n c u r r e n t l y  w i th  i n g e s t i o n ,  p a r t  o f  t h e  O2 consumed i s  r educed  

v i a  a cy a n id e  i n s e n s i t i v e  f l a v o p r o t e i n  o x i d a s e  t o  02~ . The O2-  may be 

f u r t h e r  r educed  t o  H2O2 o r  may r e a c t  w i t h  H2O2 a l r e a d y  formed t o  y i e l d  

h i g h ly  r e a c t i v e  OH r a d i c a l s  (63 ,  67 ) .  These p r o d u c t s  o f  O2 m etabo l i sm  

(H2O2 , O2 , 0H‘ ) i n  t h e  absenc e  o f  MPO have a n t i m i c r o b i a l  a c t i v i t i e s  on

t h e i r  own and w i l l  be d i s c u s s e d  b r i e f l y .

H2O2 : At  r e l a t i v e l y  h igh  c o n c e n t r a t i o n ,  i n  t h e  absence  o f  MPO,

H2O2 has c o n s i d e r a b l e  b a c t e r i o c i d a l  a c t i v i t y .  However, a l l  m i c r o o r ­

ganisms a r e  n o t  e q u a l l y  s u s c e p t i b l e  t o  H2O2 a c t i o n ,  e . g . ,  t h o s e  which 

produce c a t a l a s e  can degrade  H2O2 and t h i s  a f f o r d s  them some p r o t e c t i o n  

a g a i n s t  t h e  H202~dependent  a n t i m i c r o b i a l  sys tems  ( 6 7 ) .  H2O2 m i c r o b i ­

c i d a l  a c t i v i t y  i s  a l s o  i n c r e a s e d  in  t h e  p r e s e n c e  o f  a s c o r b i c  a c i d  (84)  

and has been r e f e r r e d  t o  as  t h e  a s c o r b a t e - H 202 sys tem.  Although H2O2 

has m i c r o b i c i d a l  a c t i v i t y  £ e r  s e ,  i t s  a n t i v i r a l ,  a n t i f u n g a l  and a n t i ­

b a c t e r i a l  a c t i v i t i e s  a r e  marked ly  p o t e n t i a t e d  by MPO in  t h e  p r e s e n c e  o f  

h a l i d e  ions  ( 6 7 ) .

Supe rox id e  Anion (02_ ):  The s u p e ro x i d e  a n i o n ,  02_ , i s  formed by the  

u n i v a l e n t  r e d u c t i o n  o f  oxygen by a c y a n id e  i n s e n s i t i v e  o x i d a s e .  For  ex-

ampl e : H02----------------> H+ + 02~

The p r o d u c t i o n  o f  t h i s  h i g h ly  r e a c t i v e  r a d i c a l  i s  i n c r e a s e d  d u r in g  pha­

g o c y t o s i s  ( 6 8 , 85) and has p r o p e r t i e s  o f  both o x i d a n t  and r e d u c t a n t .

When i t  f u n c t i o n s  as  a r e d u c t a n t ,  02_  i s  o x i d i z e d  to  02 ; when i t  f u n c ­

t i o n s  as  o x i d a n t ,  02_  i s  r educed  t o  H202 - Two m o le c u le s  i n t e r a c t  spon­

t a n e o u s l y  a s  a d i s m u t a t i o n  r e a c t i o n  w i th  t h e  f o r m a t i o n  o f  02 + H202> 

s c h e m a t i c a l l y  i l l u s t r a t e d  as  f o l l o w s  ( 6 7 ) :
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O f  + O f  + 2H+ . s ^ r o x 1 d e J l smuta s e ^  ^  + ^

Whether  t h e  Of a n io n ,  an a c t i v a t e d  oxygen s p e c i e s ,  has  d i r e c t  t o x i c  

e f f e c t s  was i n i t i a l l y  proposed  based on t h e  p r e s e n c e  and d i s t r i b u t i o n  o f  

s u p e r o x i d e  d i s m u ta s e  in  v a r i o u s  m i c r o b ia l  s p e c i e s  ( 6 7 ) ,  which makes them 

r e s i s t a n t  t o  t h e  C f .  For example,  s u p e r o x i d e  d i s m u ta s e  removes O f  by 

i n c r e a s i n g  i t s  d i s m u t a t i o n  i n t o  H202 . C o n s e q u e n t ly ,  a l o t  o f  work has 

c e n t e r e d  on t h e s e  a c t i v a t e d  oxygen s p e c i e s ,  i . e . ,  Of, s i n g l e t  oxygen 

and OH and t h e i r  p o s s i b l e  r o l e s  as  d i r e c t  m i c r o b i c i d a l  e l e m e n t s .  How­

e v e r ,  t h e  e v id e n c e  c o nc e rn ing  Of i s  somewhat c o n t r a d i c t o r y  and c o n f u s ­

i n g .  Some s t u d i e s  have dem o n s t ra t ed  t h a t  phagocy te  b a c t e r i o c i d a l  a c t i ­

v i t y  was p r e v e n t e d  by t h e  p r e s e n c e  o f  t h i s  d i s m u t a s e ,  p a r t i c u l a r l y  when 

a t t a c h e d  to  l a t e x  p a r t i c l e s  ( 8 6 ) .

However, o t h e r  s t u d i e s  d e m o n s t ra t ed  t h a t  t h e  c a t a l a s e  n e g a t i v e  

b a c t e r i a  k i l l e d  by n e u t r o p h i l s  in  CGD a l l  have s u p e r o x i d e  d i s m u t a s e  ( 6 3 ) .  

Th i s  s u g g e s t s  t h a t  t h e  M P O - H ^ - h a l i d e  sys tem and n o t  s u p e r o x i d e  i t s e l f  

i s  t h e  m ajo r  b a c t e r i o c i d a l  p e r o x i d a t i v e  mechanism in  t h e  phagosomes o r ,  

t h a t  i t  r e p r e s e n t s  a backup sys tem.

Thus t h e  d i r e c t  t o x i c i t y  o f  Of r emains  t o  be e l u c i d a t e d .  What 

i s  known, however,  i s  t h a t  O f  p r o d u c t i o n  i s  i n c r e a s e d  d u r in g  pha g o c y to ­

s i s  and s e r v e s  a s  an i n t e r m e d i a t e  in  t h e  s y n t h e s i s  o f  H20 2 , which i s  a 

proven b a c t e r i o c i d a l  a g e n t .  F u r th e rm o re ,  t h e  m i c r o b i c i d a l  a c t i v i t y  o f  

O f  a p p e a r s  t o  be weak when compared t o  H202 formed from i t  when com­

bined  w i t h  o t h e r  components o f  t h e  MPO-halide a n t i m i c r o b i a l  sys tem  ( 6 7 ) .  

The p o i n t  i s  t h a t  t h e  e v id e n c e  f o r  O f  be ing  d i r e c t l y  t o x i c  i s  n o t  con­

c l u s i v e .  However, i t  i s  known t h a t  much g r e a t e r  b a c t e r i o c i d a l  components  

a r e  formed when O f  s e r v e s  a s  an i n t e r m e d i a t e  m e t a b o l i t e  i n  H202 s y n t h e ­

s i s .  C o n s e q u e n t ly ,  H202 becomes one o f  t h e  m ajo r  components i n  t h e  MPO-
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m ed ia te d  a n t i m i c r o b i a l  sys tem.

Hydroxyl r a d i c a l s : Hydroxyl r a d i c a l s  (OH') a r e  formed by t h e  i n ­

t e r a c t i o n  o f  HgOg and 02_ .

02"  + H202-------- 02 + OH" + OH'

The r o l e  o f  OH' a s  a m i c r o b i c i d a l  a g e n t  has  been s u g g e s t e d ,  b u t  k i l l i n g  

i s  more r a p i d  when components o f  MPO system a r e  added t o  t h e  r e a c t i o n  

m ix t u r e  ( 6 7 ) .

c .  Op- i n d e p e n d e n t  a n t i m i c r o b i a l  s y s t e m s : Exposure o f  i n ­

t a c t  n e u t r o p h i l s  t o  an a tm osphere  o f  n i t r o g e n  does  no t  t o t a l l y  a b o l i s h  

a n t i m i c r o b i a l  a c t i v i t i e s ,  s u g g e s t i n g  t h a t  o t h e r  "backup" mechanisms a r e  

o p e r a t i v e  which a r e  no t  dependen t  upon 0 2 ( 6 7 ) .  These i n c l u d e  a c i d ,  

lysozyme,  l a c t o f e r r i n ,  and g r a n u l a r  c a t i o n i c  p r o t e i n s .

A c i d i t y : During p h a g o c y t o s i s ,  t h e  a c i d  i n  t h e  ph a g o c y t i c  va c u o le

(phagolysosome) v a ry  in  t h e  r ange  o f  pH 3 - 6 . 5  ( 2 1 ,  8 7 ) .  Among t h e  can ­

d i d a t e s  f o r  t h e  so u rc e  o f  t h i s  a c i d  pH i s  l a c t i c  a c i d  which i s  produced 

d u r in g  i n g e s t i o n .  Th is  a c i d i t y  has a number o f  f u n c t i o n s :  (1)  t h e

a c i d  medium has s e l e c t i v e  t o x i c i t y  f o r  c e r t a i n  organ isms  such  a s  pneumo­

c o c c i  whereas  o t h e r s  l i k e  l a c t o b a c i l l i  grow wel l  a t  a c i d  pH; (2)  t h e  

a c i d  pH c r e a t e s  f a v o r a b l e  c o n d i t i o n s  f o r  t h e  MPO-mediated a n t i m i c r o b i a l  

sys te m ;  (3)  a c i d  f a c i l i t a t e s  d i g e s t i o n  o f  k i l l e d  i n t r a c e l l u l a r  o rgan isms  

by t h e  lysosomal  a c i d  h y d r o l a s e s  ( 2 1 ) .

Lysozyme: Th i s  b a s i c  p r o t e i n ,  o f  m o le c u la r  w e ig h t  14 ,500  d a l t o n s ,

i s  p r e s e n t  i n  bo th  a z u r o p h i l  and s p e c i f i c  g r a n u l e s .  Th is  enzyme i s  mura-  

l y t i c  and h y d r o ly z e s  g l y c o s i d i c  bonds between N-acetymuramic a c i d  and 

a c e t y l  g lucosam ine .  C o n s e que n t ly ,  i t  has  t h e  p o t e n t i a l  t o  s o l u b i l i z e  

b a c t e r i a l  c e l l  wal l  p e p t i d o g l y c a n s .  Q u i t e  e x p e c t e d l y ,  b a c t e r i a  va ry
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in  t h e i r  s u s c e p t i b i l i t i e s  t o  lysozyme a t t a c k  based on d i f f e r e n c e s  i n  c e l l  

wal l  s t r u c t u r e .  Micrococcus  l y s o d e i k t i c u s  i s  v e ry  s u s c e p t i b l e  whereas

S. au re u s  organ isms  a r e  r e s i s t a n t  t o  lysozyme,  u n l e s s  s p e c i f i c  a n t i b o d y  +

C' a r e  p r e s e n t  ( 6 7 ) .  The l y s i s  o f  gram ( - )  o rgan isms  th rough  t h e  s y n e r ­

g i s t i c  e f f e c t s  o f  a s c o r b a t e ,  H202 and lysozyme has a l s o  been r e p o r t e d  (84 ) .  

Due to  t h e s e  v a r i a b l e  s u s c e p t i b i l i t i e s ,  t h e  impor tance  o f  lysozyme p r i ­

m a r i l y  as  a m i c r o b i c i d a l  a g e n t ,  has  been r e - e v a l u a t e d .  I t  has  been 

su g ge s te d  t h a t  lysozyme s e r v e s  more o f  a d i g e s t i v e  r a t h e r  than  m ic r o ­

b i c i d a l  f u n c t i o n  (67 ) .

L a c t o f e r r i n : This  i s  a b a c t e r i o s t a t i c  a g e n t  t h a t  i s  p r e s e n t  in

s p e c i f i c  g r a n u l e s  ( 1 8 -2 0 ) .  I t s  b a c t e r i o s t a t i c  p r o p e r t y  i s  p r i m a r i l y  r e ­

l a t e d  to  i t s  i r o n  c h e l a t i n g  c a p a c i t y .  I t  i n h i b i t s  growth by b in d in g  t h e  

i r o n  r e q u i r e d  as  an e s s e n t i a l  m i c r o b i a l  n u t r i e n t .

C a t i o n i c  p r o t e i n s : The s p e c i f i c  g r a n u l e s  o f  human n e u t r o p h i l s  con­

t a i n  h e a t  s t a b l e ,  a c i d  r e s i s t a n t ,  c a t i o n i c  p r o t e i n s  which can be s e p a ­

r a t e d  i n t o  seven bands by e l e c t r o p h o r e t i c  t e c h n i q u e s ,  and each has d i f ­

f e r e n t  a n t i m i c r o b i a l  s p e c i f i c i t i e s  ( 8 8 ) .  These p r o t e i n s  a r e  r e l e a s e d  

i n t o  t h e  p h a g o c y t i c  vacuo le  whereby th e y  l o c a l i z e  a t  t h e  s u r f a c e  o f  t h e  

i n g e s t e d  o rgan ism (67 ,  89 ,  9 0 ) .

The p r e c i s e  mechanism o f  b a c t e r i o c i d a l  a c t i v i t y  i s  y e t  t o  be d e ­

f i n e d .  However, i t  i s  f e l t  t h a t  t h e s e  s t r o n g l y  c a t i o n i c  p r o t e i n s  bind 

t o  a c i d  groups  on t h e  o rgan isms  and i n t e r f e r e  w i th  v i a b i l i t y  and g rowth ,  

p o s s i b l y  by damaging th e  p e r m e a b i l i t y  b a r r i e r s  o f  bo th  gram (+) and 

gram ( - )  organ isms  (91 ) .

A n t im ic r o b ia l  Mechanisms in  Mononuclear P h a g o c y te s : In

mononuclear  phagocy te s  t h e  a n t i m i c r o b i a l  armamentar ium i s  s i m i l a r  t o  

n e u t r o p h i l s ,  b u t  d i f f e r s  i n  a number o f  r e s p e c t s .  Although lysozyme,
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HgOg and a c i d  a r e  i m p o r t a n t  a n t i m i c r o b i a l  a g e n t s ,  mononuclear  phagocy te s  

l a c k  l a c t o f e r r i n  and c a t i o n i c  p r o t e i n s .  A l s o ,  a l t h o u g h  a l v e o l a r  macro­

phages l a c k  MPO ( 3 ,  6 3 ) ,  t h e  MPO-halide-H20 2 may s t i l l  be o p e r a t i v e  be ­

ca use  t h e y  c o n t a i n  c a t a l a s e .  C a t a l a s e  can s u b s t i t u t e  f o r  MPO and c a t a ­

ly z e  o x i d a t i o n  o f  s u b s t r a t e s  in  t h e  p r e s e n c e  o f  H20 2 , and has  s i m i l a r  

a n t i m i c r o b i a l  a c t i v i t y  a t  a c id  pH in  t h e  p r e s e n c e  o f  h a l i d e  ions  and 

H20 2 (63 ,  67) .

L ip id  p e r o x i d a t i o n ,  o c c u r r i n g  in  human monocytes  and a l v e o l a r  

macrophages ,  s e r v e s  as  a n o t h e r  mechanism by which macrophages p o t e n t i a t e  

t h e  a c t i o n  o f  H202 - For  example,  m a lo n y ld i a ld e h y d e ,  a c a t a b o l i t e  o f  

l i p i d  p e ro x id e s  has  been shown t o  have a n t i b a c t e r i a l  a c t i v i t y  ( 6 3 ) .

I t  has  become i n c r e a s i n g l y  c l e a r  t h a t  a number o f  a n t i m i c r o b i a l  

mechanisms e x i s t  i n  ph a g o c y t i c  c e l l s .  At p r e s e n t  t h e  MPO m edia ted  

H20 2-MP0-ha l ide  seems t o  be o f  p r im ary  impor tance  among t h e  v a r i o u s  

mechanisms.  Which a n t i m i c r o b i a l  mechanism p redom ina te s  in  v ivo  remains  

t o  be proven .  However, t h i s  " o v e r k i l l "  c a p a c i t y  i s  e x t r e m e l y  a d v a n t a ­

geous ,  p a r t i c u l a r l y  in  s i t u a t i o n s  where one sys tem may be d e f e c t i v e  o r  

a b s e n t .  C o n s e que n t ly ,  i n  MPO-defic iency ,  organ isms  may be handled  l e s s  

e f f i c i e n t l y  b u t  a d e q u a t e l y  by t h e  "backup" 0 2 indepe nde n t  a n d / o r  d e ­

penden t  systems ( 6 7 ) .

C. Membrane Dynamics and R e g u l a t i o n  in  P h a g o c y t i c  C e l l s

1. I n t r o d u c t i o n : The f l u i d  mosaic model o f  membrane o r g a n i z a ­

t i o n  (92)  has  p ro v id e d  an impetus  f o r  many s t u d i e s  and s p e c u l a t i o n s  

gea red  a t  g a i n i n g  i n f o r m a t io n  con c e rn in g  t h e  m o le c u la r  and r e g u l a t o r y  

mechanisms in v o lv e d  d u r in g  t h o s e  c e l l u l a r  e v e n t s  where a c t i v e  membrane 

movement and phenomena a r e  o f  c r i t i c a l  im por tance .  For  example,  endo-  

c y t o s i s ,  lysosomal  s e c r e t i o n ,  c h e m o tax i s ,  l o s s  o f  c o n t a c t  i n h i b i t i o n



39

and n e o p l a s t i c  p r o l i f e r a t i o n ,  c e l l  s p r e a d i n g ,  c e l l  a t t a c h m e n t  t o  a s u r ­

f a c e ,  Ag-b ind ing  and lymphocyte  t r a n s f o r m a t i o n  a l l  i n v o lv e  membrane p a r ­

t i c i p a t i o n .

P h a g o c y to s i s  f i r s t  i n v o lv e s  a t t a c h m e n t  o f  a p a r t i c l e  t o  c e l l  s u r ­

f a c e  r e c e p t o r s .  When t h e  p ro p e r  s i g n a l s  a r e  t r a n s m i t t e d ,  engu lfment  

p roce e ds  th rough  p r o c e s s e s  i n v o lv i n g  membrane i n v a g i n a t i o n ,  p seudopodia l  

s p r e a d i n g ,  and pseudopodia l  f u s i o n  a t  t h e  d i s t a l  s i d e  o f  t h e  p a r t i c l e .

The f i n a l  outcome i s  t h e  encasement  o f  t h e  p a r t i c l e  i n  a pha g o c y t i c  

v a c u o le ,  t h e  l i n i n g  o f  t h i s  s t r u c t u r e  be ing  an i n v e r t e d  plasma membrane. 

Werb and Cohn 's  (65)  o b s e r v a t i o n s  on c h o l e s t e r o l  exchange and plasma 

membrane 5 '  n u c l e o t i d a s e  marke rs  have shown t h a t  a s u b s t a n t i a l  p o r t i o n  

o f  t h e  plasma membrane i s  i n t e r n a l i z e d  d u r in g  i n g e s t i o n .  O ther  ve ry  r e ­

c e n t  o b s e r v a t i o n s  a r e  e q u a l l y  p e r t i n e n t  and shed  l i g h t  on o t h e r  membrane 

dynamics t h a t  occu r  d u r in g  p h a g o c y t o s i s ,  c h e m o ta x i s ,  lysosomal  d e g ra n u ­

l a t i o n ,  and c e l l u l a r  s p r e a d i n g .  These s t u d i e s  may p r o v id e  i n s i g h t  on 

fundamenta l  q u e s t i o n s  o f  impor tance  t o  a l l  s p e c i a l t i e s  o f  c e l l u l a r  phy­

s i o l o g y  and b i o lo g y .  For example:

a .  What s i g n a l s  a r e  t r a n s m i t t e d  and t r a n s l a t e d  t o  t h e  i n t e r i o r  o f  

t h e  c e l l  a s  a r e s u l t  o f  s u r f a c e  r e c e p t o r - 1igand  b in d in g  t o  b r in g  abou t  

such e f f e c t o r  mechanisms a s  pseudopod f o r m a t i o n ,  membrane f u s i o n ,  and 

d i r e c t e d  c e l l  movement?

b. How i s  s u r f a c e  topography  a l t e r e d ,  i . e . ,  how i s  r e c e p t o r  d i s ­

t r i b u t i o n  and m o t i l i t y  r e g u l a t e d  d u r i n g  a c t i v e  e v e n t s  o f  s e l e c t e d  mem­

brane  i n t e r n a l i z a t i o n ?

c .  What i s  t h e  n a t u r e  o f  t h e  c y to p l a s m i c  o r g a n e l l e s  which r e g u l a t e /  

m o d u l a t e / d i r e c t  t h e s e  p r o c e s s e s ?  M i c r o t u b u l a r  (MT) and m i c r o f i l a m e n t o u s  

(MF) s t r u c t u r e s  would a p p e a r  t o  be good c a n d i d a t e s .
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M ic r o f i l a m e n ts  ( f i n e  f i l a m e n t  6nm in  d i a m e te r )  a r e  p rominen t  i n  t h e  

p e r i p h e r a l  cy top lasm  o f  macrophages,  p a r t i c u l a r l y  a t  p o i n t s  o f  c e l l u l a r  

a t t a c h m e n t  t o  s u r f a c e s  (13 ,  6 2 ) .  Such f i l a m e n t s  have been i d e n t i f i e d  in  

many c e l l s  a s  a c t i n  polymers in  e q u i l i b r i u m  w i th  a c t i n  monomers ( 6 3 ) .

MT d i f f e r  from a c t i n  f i l a m e n t s  i n  be ing  hol low f i b e r s ,  w i th  a l a r g e r  

d i a m e te r  (24nm) t h a t  a r e  composed o f  t u b u l i n  s u b u n i t s  (63 ) .  They a r e  

p r i m a r i l y  l o c a l i z e d  t o  t h e  endoplasm o f  phagocy te s  and a l s o  a p p e a r  t o  i n ­

s e r t  i n t o  t h e  r eg io n  o f  a c t i n  f i l a m e n t s  a t  t h e  c e l l  p e r i p h e r y ,  p a r t i c u ­

l a r l y  a t  p o i n t s  o f  c e l l u l a r  a t t a c h m e n t  t o  a s u r f a c e  (62 ,  63 ) .  More i s  

known abou t  t h e  b e h a v io r  o f  MT d u r in g  p h a g o c y t o s i s - o r i e n t e d  c e l l u l a r  

e v e n t s  because  o f  i t s  pha rm aco log ic  s p e c i f i c i t i e s .

C o l c h i c i n e  and t h e  v in c a  a l k a l o i d s ,  v i n c r i s t i n e  and v i n b l a s t i n e ,  

have pl ayed  a key r o l e  as  t o o l s  in  t h e  i n v e s t i g a t i o n  o f  m i c r o tu b u l e  (MT) 

f u n c t i o n  because  o f  t h e i r  b in d in g  to  t u b u l i n ,  t h e  s u b u n i t  p r o t e i n  o f  

which MT a r e  formed ( 9 3 ) .  I t  has been p o s t u l a t e d  t h a t  t h e  c o l c h i c i n e  

b in d in g  s i t e  i s  one o f  the  p r o t e i n  i n t e r a c t i o n  s i t e s  o f  t u b u l i n .  Conse­

q u e n t l y ,  a t u b u l i n - c o l c h i c i n e  complex i s  i n c a p a b l e  o f  a s s o c i a t i n g  w i th  a 

second t u b u l i n  m o le c u le .  The a b i l i t y  o f  c o l c h i c i n e  t o  d i s r u p t  assembled 

MT would t h e r e f o r e  depend upon t h e  s t a b i l i t y  o f  t h e  MT, o r  t h e  de g re e  o f  

dynamic e q u i l i b r i u m  between t u b u l i n  monomer-polymer s u b u n i t s .  Vinca 

a l k a l o i d s  a l s o  d i s r u p t  MT p o l y m e r i z a t i o n  ( 9 3 ) .  I t  has  been h y p o th e s i z e d  

t h a t  c o l c h i c i n e ,  v i n c r i s t i n e ,  and v i n b l a s t i n e  d i s r u p t  MT assembly by p r e ­

v e n t i n g  assembly  r e a c t i o n s  r a t h e r  t h a n  by d i r e c t l y  d i s r u p t i n g  preformed 

MT. These a s s o c i a t i o n - d i s s o c i a t i o n  e q u i l i b r i u m  p r o p e r t i e s  o f  MT s u b u n i t  

assembly  p l a y  key r o l e s  in  t h e  f u n c t i o n  o f  t h e s e  o r g a n e l l e s  ( 9 3 ) .  The 

s t a t e  o f  s u b u n i t  a ssembly  i s  s t r o n g l y  t e m p e ra t u re  dependen t  and modu­

l a t e d  by c y c l i c  n u c l e o t i d e s .  C y c l i c  AMP (cAMP) presumably promotes  d i s ­
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assembly  whereas  cGMP s t i m u l a t e s  p o l y m e r i z a t i o n ,  t h e r e b y  m odu la t ing  t h e  

a s s o c i a t i o n - d i s s o c i a t i o n  e q u i l i b r u m  (93 ,  9 4 ) .  Based on t h e s e  d a t a  

c o n c e r n in g  t h e  s e n s i t i v i t y  o f  m i c r o t u b u l a r  o r g a n i z a t i o n  and f u n c t i o n  on 

p h y s i o l o g i c a l  t e m p e r a t u r e s ,  c y c l i c  n u c l e o t i d e s ,  c o l c h i c i n e ,  v i n b l a s t i n e ,  

and v i n c r i s t i n e  and i t s  i n s e n s i t i v i t y  t o  l u m i n o c o l c h i c i n e  (a c o l c h i c i n e  

d e r i v a t i v e  which l a c k s  t h e  a b i l i t y  t o  bind  t o  t u b u l i n  ( 9 3 ) ,  many i n v e s t i ­

g a t o r s  have s t u d i e d  t h e  e f f e c t s  o f  t h e s e  d rugs  and exp e r im e n ta l  c o n d i ­

t i o n s  on o t h e r  c e l l u l a r  p r o c e s s e s  such a s  s u r f a c e  r e o r g a n i z a t i o n ,  phago­

c y t o s i s ,  c h e m o tax i s ,  l y sosom a l ,  s e c r e t i o n ,  and s p r e a d i n g .  The e f f e c t s  

o f  t h e s e  d rugs  have been s t u d i e d  p r i m a r i l y  t o  g a in  i n s i g h t  on t h e  r o l e  

o f  MT in  t h e s e  v a r i o u s  e f f e c t o r  mechanisms.

2.  Modula t ion o f  Membrane Topography During I n g e s t i o n  and MT 

I n v o lve m en t : Recent  s t u d i e s  have shown t h a t  c h a r a c t e r i s t i c  changes in

membrane o r g a n i z a t i o n  a r e  induced a f t e r  exposu re  o f  c e l l s  t o  pha g o c y t i c  

s t i m u l i .  In t u r n ,  t h e s e  s u r f a c e  changes  a r e  r e g u l a t e d  by s t r u c t u r e s  i n ­

vo lved  in  c o n t r a c t i l e  p r o c e s s e s  i n s i d e  t h e  c e l l .  I t  has  been demon­

s t r a t e d  t h a t  d u r in g  n e u t r o p h i l  p h a g o c y t o s i s ,  t r a n s p o r t  c a r r i e r s  f o r  

p u r i n e  n u c l e o s i d e s ,  p u r in e  b a s e s ,  and amino a c i d s  a r e  s e l e c t i v e l y  p r e ­

s e rv e d  on t h e  o u t e r  s u r f a c e  o f  t h e  c e l l .  While t h e  g l y c o p r o t e i n  r e c e p ­

t o r s  f o r  two p l a n t  l e c t i n s ,  c o n c a n a v a l i n  A (Con A) and R ic in u s  communis 

a g g l u t i n i n  (RCA) a r e  s e l e c t i v e l y  removed from t h e  plasma membrane d u r ­

ing  n e u t r o p h i l  p h a g o c y to s i s  ( 9 6 - 9 8 ) .  Moreover ,  t h e  p o p u l a t i o n  o f  l e c t i n  

r e c e p t o r s  t h a t  remain on t h e  c e l l  s u r f a c e  a f t e r  p h a g o c y to s i s  i s  d i f f e r e n t  

f rom t h e  p o p u l a t i o n  t h a t  i s  i n t e r n a l i z e d .  Th i s  i n d i c a t e s  t h a t  t h e r e  i s  

c l e a r l y  a change in  t h e  d i s t r i b u t i o n  and n a t u r e  o f  l e c t i n  r e c e p t o r s  a f t e r  

p h a g o c y to s i s  ( 9 6 ,  97 ) .
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Knowledge c o n c e rn in g  d i s t a n c e  o f  t h e s e  Con A b in d in g  s i t e s  from 

p h a g o c y t i c  r e c e p t o r s ,  IgG and C3b would be e n l i g h t e n i n g  p a r t i c u l a r l y  be ­

c a u se  Con A has been shown t o  i n h i b i t  p h a g o c y to s i s  ( 9 8 ) .  N e v e r t h e l e s s ,  

f u r t h e r  i n v e s t i g a t i o n s  showed t h a t  i n t r a c e l l u l a r  MT were p a r t i c u l a r l y  

i m p o r ta n t  i n  r e g u l a t i n g  t h i s  s e g r e g a t i v e  movement o f  membrane p r o t e i n s  

d u r in g  i n g e s t i o n .  C o l c h i c i n e  was found to  a b o l i s h  s e l e c t i v e  p r e s e r v a ­

t i o n  o f  t r a n s p o r t  s i t e s  on t h e  c e l l  s u r f a c e  and t h e  removal o f  l e c t i n  

r e c e p t o r s  d u r in g  p h a g o c y t o s i s .  The p o s t u l a t e  i s  t h a t  p h a g o c y to s i s  

a l t e r s  s u r f a c e  topography  by induc ing  t h e  s e l e c t i v e  movement o f  b in d in g  

s i t e s  i n t o  membrane unde rgoing  i n t e r n a l i z a t i o n  and t h a t  MT a r e  r e q u i r e d  

f o r  t h i s  d i r e c t e d  movement and t o p o g r a p h i c a l  r e o r g a n i z a t i o n .  Disassembly  

o f  MT w i th  c o l c h i c i n e  r e l e a s e s  t h e s e  s u b c e l l u l a r  c o n s t r a i n t s  on movement 

so t h a t  p r o t e i n s  show random i n t e r n a l i z a t i o n  d u r in g  i n g e s t i o n  (79 ,  95,  9 7 ) .

O the r  s t u d i e s  concerned w i t h  s e l e c t i v e  membrane m o b i l i z a t i o n  d u r in g  

i n g e s t i o n  have dem o n s t ra t ed  t h a t  t h e  membrane r e s p o n s e  t o  a p h a g o c y t i c  

s t i m u lu s  i s  segmenta l .  In o t h e r  words ,  t h e  ph a g o c y t i c  s t i m u l u s  i s  con­

f i n e d  t o  t h a t  segment o f  t h e  plasma membrane im m edia te ly  a d j a c e n t  t o  t h e  

p a r t i c l e  ( 9 9 ) .  I n g e s t i o n  o f  one p a r t i c l e  does n o t  t r i g g e r  g e n e r a l i z e d  

membrane i n t e r n a l i z a t i o n .  I t  would be i n t e r e s t i n g  to  s tu d y  t h e  e f f e c t  

o f  c o l c h i c i n e ,  v i n b l a s t i n e ,  and c y c l i c  n u c l e o t i e s  on t h i s  segmental  mem­

b rane  r e s p o n s e .  L i g h t  m igh t  t h u s  be shed on t h e  r o l e s  o f  MT d u r in g  t h i s  

p r o c e s s .

3 .  MT Membrane Dynamics During D e g r a n u l a t i o n ,  Chem otax is ,

Spread ing  and At tachmen t  t o  G l a s s : N e u t r o p h i l s  s e l e c t i v e l y  r e l e a s e  l y s o ­

somal enzyme c o n s t i t u e n t s  t o  t h e  e x t e r n a l  env ironmen t  when exposed t o  non-  

p h a g o c y to s a b le  s t i m u l i  such a s  immune complexes on non -p h ag o c y to s ab le  

M i l l i p o r e  f i l t e r  s u r f a c e s  (70 ,  71,  76 ) .  T h i s  s e l e c t i v e  s e c r e t o r y  p r o ­
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c e s s ,  n o t  i n v o lv i n g  c e l l  d e a t h ,  o f f e r s  a good sys tem t o  s tu d y  t h e  u n d e r ­

l y i n g  mechanisms r e g u l a t i n g  lysosomal  r e l e a s e ,  p r i m a r i l y  because  one has 

o p e r a t i o n a l l y  d i s s o c i a t e d  engu lfm en t  from d e g r a n u l a t i o n .  I n v e s t i g a t i o n s  

c o n c e rn in g  t h e  mechanism o f  t h i s  r e l e a s e  de m ons t ra ted  r e c i p r o c a l  e f f e c t s  

o f  cGMP and cAMP. C y c l i c  AMP, which f a v o r s  MT d i s a s s e m b l y ,  i n h i b i t s  l y s o ­

somal enzyme r e l e a s e  whereas  cGMP, which f a v o r s  a s se m b ly ,  enhances  r e ­

l e a s e  (74 -76 ,  100) .  Moreover ,  e l e c t r o n  m ic r o s c o p i c  a n a l y s i s  (76)  demon­

s t r a t e d  t h a t  c e l l s  c h a l l e n g e d  wi th  a p h a g o c y t i c  s t i m u l u s  in  t h e  p r e s e n c e  

o f  cAMP c o n ta i n e d  fewer  MT than  in  t h e  absence  o f  cAMP. cGMP, on t h e  

o t h e r  hand,  enhances  MT assembly and i s  a s s o c i a t e d  w i th  a v e ry  n o t i c e a b l e  

a l i g n m e n t  o f  lysosomes w i th  t u b u l e  p r o t e i n s .  These f i n d i n g s  l e d  t o  t h e  

p o s t u l a t e  t h a t  c y c l i c  n u c l e o t i d e s  r e g u l a t e  lysosomal  t r a f f i c  and move­

ment  t o  t h e  c e l l  p e r i p h e r y  and f u s i o n  o f  t h e s e  g r a n u l e s  w i th  t h e  plasma 

membrane by a d i r e c t  o r  i n d i r e c t  e f f e c t  on MT as sem b ly .  C o n s e que n t ly ,

MT e x e r t  a p o s i t i v e  i n f l u e n c e  on lysosomal  r e l e a s e  when in  t h e  a g g re g a te d  

s t a t e  ( 7 6 ) .  O the r  i n v e s t i g a t i o n s  have p rov ide d  u l t r a s t r u c t u r a l  ev id e n c e  

o f  l e s s  lysosomal  m o b i l i z a t i o n  and d e g r a n u l a t i o n  in  t h e  p r e s e n c e  o f  c o l ­

c h i c i n e  ( 1 0 0 ) .  The c o n c l u s i o n  i s  t h a t  MT f a c i l i t a t e  t h e  " g e t t i n g  t o ­

g e t h e r "  o f  lysosome and phagosome and t h e  e f f e c t s  o f  c o l c h i c i n e  may, in  

p a r t ,  be dependen t  upon t h e  i n h i b i t i o n  o f  t h i s  p r o c e s s  and t h e  a s s o c i ­

a t e d  e x t r a c e l l u l a r  r e l e a s e  o f  g r a n u l e  enzymes ( 100) .

A d d i t i o n a l  s t u d i e s  have shown t h a t  a g g r e g a t e d  IgG and IgA can d i ­

r e c t l y  s t i m u l a t e  s e l e c t i v e  n e u t r o p h i l  d e g r a n u l a t i o n  ( 1 0 1 ) .  However, f o r  

e f f e c t i v e  s e c r e t i o n ,  t h e  IgG and IgA m o le c u le s  had t o  be p a r t i c u l a t e  o r  

bound t o  a s u r f a c e .  S o l u b le  a g g r e g a t e s  in  s u s p e n s i o n  were i n e f f e c t i v e .  

Th is  i n d i c a t e s  t h a t  a c t i v a t i o n  o c c u r s  a t  t h e  c e l l  s u r f a c e  d u r i n g  s p e ­

c i f i c  r e c e p t o r - 1 igand b in d in g  and p o i n t s  o u t  t h e  impor tance  o f  s u r f a c e s
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i n  t h a t  a c t i v a t i o n .  Th is  may r e s u l t  from i n c r e a s e d  b in d in g  a f f i n i t y  o f  

IgG w i th  membrane r e c e p t o r s  i f  IgG i s  c o n c e n t r a t e d  on t h e  s u r f a c e  a n d /o r  

f rom c e l l  membrane a l t e r a t i o n s  induced by c e l l  a t t a c h m e n t  t o  t h e  s u r f a c e  

(35 ,  101) .  Th is  s p e c i f i c  s e c r e t i o n  r e q u i r e d  Ca++ and s t i m u l a t i o n  was 

i n h i b i t e d  by DFP ( d i i s o p r o p y l  p h o s p h o f l u o r i d a t e ) , an i r r e v e r s i b l e  s e r i n e  

e s t e r a s e  i n h i b i t o r  ( 3 5 ) .

E l e c t r o n  m ic r o s c o p ic  a n a l y s i s  o f  MT o r g a n i z a t i o n  d u r in g  c e l l  a t ­

t achmen t  t o  g l a s s  a l s o  emphasizes  t h e  im por tance  o f  s u r f a c e s  in  a c t i v a t ­

ing c e l l u l a r  e f f e c t o r  p r o c e s s e s .  A x l i n e ,  e t  a K  found a high d e n s i t y  o f  

MT and m i c r o f i l a m e n t s  a d j a c e n t  t o  p a r t  o f  t h e  membranes o f  macrophages 

t h a t  were in  c o n t a c t  w i th  a g l a s s  s u r f a c e .  Th i s  MT o r g a n i z a t i o n  mimicked 

t h a t  seen a f t e r  c h a l l e n g e  w i th  a p h a g o c y t i c  s t i m u lu s  ( 6 2 ) .  Th is  i s  con­

s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  c e l l  a t t a c h m e n t  and s p re a d i n g  on s u r ­

f a c e s  may r e p r e s e n t  t h e  c e l l ' s  a t t e m p t  t o  phagocy tose  a p a r t i c l e  o f  i n ­

f i n i t e  s i z e ,  i . e . ,  " f r u s t r a t e d  p h a g o c y to s i s "  (61,  7 1 ) .

Chemotaxis (63) and macrophage s p r e a d i n g  ( 6 , 103) on g l a s s  s u r ­

f a c e s  a r e  a l s o  i n h i b i t e d  by c o l c h i c i n e  and v i n b l a s t i n e  and r e q u i r e s  

ATP (102) .

From t h e s e  s t u d i e s  i t  has become i n c r e a s i n g l y  c l e a r  t h a t  t h e  neu­

t r o p h i l  membrane bound r e c e p t o r  system and t h e  sys tem invo lve d  in  mem­

brane  m o b i l i t y ,  m o t i l i t y  and a l t e r a t i o n  o f  c e l l  shape  form a dynamic com­

m un ic a t io n  w i th  each  o t h e r  v i a  c y to p l a s m i c  MT and m i c r o f i l a m e n t s .  C y c l i c  

n u c l e o t i d e s  cAMP and cGMP r e c i p r o c a l l y  m odu la te  t h i s  communica t ion,  

d i r e c t l y  o r  i n d i r e c t l y .  Th i s  n e c e s s i t a t e s  t h e  e x i s t e n c e  o f  mechanisms 

which c o u p le  ectoenzymes ( s e r i n e  e s t e r a s e s ,  ATPases) and s u r f a c e  r e c e p ­

t o r s  on t h e  o u t e r  membrane w i th  guanyl  c y c l a s e  on t h e  i n n e r  membrane 

(104)  w i th  r e s u l t a n t  s i g n a l  t r a n s m i s s i o n .  These c l o s e l y  i n t e g r a t e d
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mechanisms ( c h e m o ta x i s ,  lysosomal s e c r e t i o n ,  and p h a g o c y t o s i s ) ,  a s  demon­

s t r a t e d  by i n h i b i t i o n  w i th  DFP, a s e r i n e  e s t e r a s e  i n h i b i t o r ,  seem t o  r e ­

q u i r e  t h e  p a r t i c i p a t i o n  o f  " a c t i v a b l e  e s t e r a s e s "  o r  proenzymes w i t h i n  

t h e  g r a n u l o c y t e  which a r e  c o n v e r t e d  t o  a c t i v e  form when c h e m o t a c t i c ,  

p h a g o c y t i c ,  o r  s e c r e t o r y  r e s p o n s e s  a r e  i n i t i a t e d  (35 ,  105) .  Fu r the rm ore ,  

i t  p o i n t s  up s i m i l a r i t i e s  i n  t erms o f  c e l l  a c t i v a t i o n ,  MT m o b i l i z a t i o n ,  

and t h e  dynamic r e g u l a t i o n  o f  membrane movement and c e l l  m o t i l i t y  among 

c l o s e l y  i n t e g r a t e d  e v e n t s  o f  t h e  ph a g o c y t i c  d e f e n s e  sys tem which i n c l u d e s  

c h e m otax i s ,  c e l l  a t t a c h m e n t  and s p re a d i n g  on s u r f a c e s ,  i n g e s t i o n  and 

lysosomal  s e c r e t i o n .

D. O b j e c t i v e s  o f  t h e  P r e s e n t  Study

The p r e s e n t  s tu d y  was concerned  w i t h  t h e  p r o c e s s e s  by which 

p h a g o c y to s a b le  m a t e r i a l s  a r e  t ake n  i n t o  t h e  human n e u t r o p h i l .  The major  

g o a l s  and o b j e c t i v e s  were t o  e v a l u a t e  t h e  im por tance  o f  n e u t r o p h i l  s u r ­

f a c e  ad h e re n c e  and i t s  e f f e c t s  upon p h a g o c y to s i s  i n  t h e  p r e s e n c e  o f  o p s o n in ,  

be i t  IgG o r  complement m ed ia te d .  The r e s u l t s  i n d i c a t e d  t h a t ,  when com­

pa red w i th  n e u t r o p h i l s  i n  s u s p e n s i o n ,  a d h e r e n t  c e l l  p o p u l a t i o n s  a r e  f a r  

more e f f i c i e n t  d u r in g  p h a g o c y to s i s .

An e xam ina t ion  was a l s o  made o f  t h e  d i f f e r e n t i a l  d i s p l a y  o f  c e r t a i n  

membrane r e c e p t o r s  by human n e u t r o p h i l s  under  c o n d i t i o n s  o f  su spen s io n  

c u l t u r e  as  compared w i th  a d h e r e n t  c e l l s .  These r e c e p t o r s  were ana lyz e d  

w i th  s p e c i a l  r e f e r e n c e  t o  t h e  i n t e r a c t i o n  o f  human n e u t r o p h i l s  w i th  IgG 

immunoglobul in  and a component o f  t h e  complement sys tem.

The f i n d i n g s  w i l l  be r e l a t e d  t o  p robab le  i n  v ivo  c o r r e l a t e s  o f  

t h e  n e u t r o p h i l  pha g o c y t i c  f u n c t i o n .
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I I .  DIFFERENTIAL PHAGOCYTIC CAPACITIES OF ADHERENT AND SUSPENSION 

HUMAN NEUTROPHIL POPULATIONS.

A. I n t r o d u c t i o n

The ph a g o c y t i c  c a p a c i t i e s  o f  n e u t r o p h i l s ,  monocy tes ,  and macro­

phages a r e  known t o  be modula ted  by a number o f  f a c t o r s ,  among which 

humoral a n t i b o d i e s  and complement  components  (o p so n in s )  a r e  o f  pr imary  

im por tance .  The p r e s e n c e  o f  membrane r e c e p t o r s  f o r  IgG and C3 on t h e s e  

ph a g o c y t i c  c e l l s  has  been e s t a b l i s h e d  (41 -43 ,  53-55 ,  106) .  Although 

t h e s e  s t u d i e s  have shown s p e c i f i c i t i e s  f o r  IgGl and IgG3 s u b c l a s s e s ,  t h e  

p a r t i c i p a t i o n  o f  o t h e r  immunoglobul in  s u b c l a s s e s  remains  c o n t r o v e r s i a l  

( 101).

N o n e t h e l e s s ,  t h e  r e q u i r e m e n t  f o r  IgG a n d / o r  C3 opson ic  p r o t e i n s  

f o r  e f f i c i e n t  p h a g o c y to s i s  i s  g e n e r a l l y  a c c e p t e d ,  and i s  based on s t u ­

d i e s  which show t h a t  i n  t h e  a bsenc e  o f  s p e c i f i c  o p s o n in ,  most  p a th o ­

g e n ic  b a c t e r i a  e sca pe  p h a g o c y t o s i s .

These ph a g o c y t i c  c e l l s  have t h e  c a p a c i t y  t o  a d h e re  t o  g l a s s  s u r ­

f a c e s  in  v i t r o . Subsequen t  s p re a d i n g  o f  t h e  plasma membrane can be i n ­

duced under  c e r t a i n  c o n d i t i o n s  ( 5 ,  6 , 103, 107) .  The e x t e n t  t o  which 

a dhe re nc e  a l t e r s  o r  i n f l u e n c e s  f u n c t i o n  i s  n o t  y e t  c l e a r ,  a l t h o u g h  seme 

d a t a  s u g g e s t  t h a t  s i g n i f i c a n t  b iochem ica l  and morpho log ica l  changes ( 1 0 8 ) ,  

in  a d d i t i o n  to  changes i n  p h a g o c y t i c  c a p a c i t i e s  ( 1 0 9 ) ,  may o c c u r  w i th  

a d h e r e n t  macrophages.

In t h e  p r e s e n t  s t u d y ,  marked d i f f e r e n c e s  were obse rved  in  t h e  pha­

g o c y t i c  c a p a c i t i e s  o f  a d h e r e n t  and s u s p en s io n  human n e u t r o p h i l s  toward 

v a r i o u s  c o a g u la s e  p o s i t i v e  p a th o g e n ic  s t r a i n s  o f  5 .  a u r e u s . In t h e  a b ­

sence  o f  s p e c i f i c  o p s o n in ,  a d h e r e n t  n e u t r o p h i l s  r e p r e s e n t e d  a more e f ­

f i c i e n t  p h a g o c y t i c  p o p u l a t i o n .  Moreover ,  c l e a r  d i f f e r e n c e s  i n  opson ic
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up take  were e v i d e n t  between t h e  two p o p u l a t i o n s  in  t h e i r  r e s p o n s e  to  

t h e  p h a g o c y to s i s  i n h i b i t i n g  e f f e c t  o f  an IgG3 immunoglobul in  m o le c u le  o r  

i t s  Fc f r a gm en t .

B. M a t e r i a l s  and Methods

1. I s o l a t i o n  o f  N e u t r o p h i l s : Human n e u t r o p h i l s  were i s o l a t e d

from p e r i p h e r a l  whole blood as  d e s c r i b e d  by Henson ( 7 6 ) ,  w i th  minor  

m o d i f i c a t i o n s .

Venous b lood  was c o l l e c t e d  from h e a l t h y  donors  i n t o  1/7 volume o f  

s t e r i l e  a c id  c i t r a t e  d e x t r o s e  (ACD), a s  a n t i c o a g u l a n t .  ACD was p re p a r e d  

a s  d e s c r i b e d  by Rapoport  ( 1 1 0 ) .  Na c i t r a t e - 2 H 20 (1 .3 3 0  g ram s) ,  c i t r i c  

a c id -H 20 ( .4 7 0  g ra m s ) ,  and anhydrous g l u c o s e  ( 3 .0 0  grams) were mixed t o ­

g e t h e r  and made up to  a volume o f  100 ml w i th  d e i o n i z e d  d i s t i l l e d  w a te r  

and a u to c l a v e d  f o r  30 m inu tes  a t  30 pounds o f  p r e s s u r e .  The tu b e s  con­

t a i n i n g  t h e  a n t i c o a g u l a t e d  blood were c e n t r i f u g e d  a t  2000 rpm f o r  30 min­

u t e s  a t  room t e m p e r a t u r e .  The p l a t e l e t - r i c h  plasma was removed and a 

curved b e n t  t i p  p i p e t t e  was employed t o  remove t h e  " b u f fy  c o a t "  which 

c o n t a i n e d  p red o m in an t ly  mononuclear  c e l l s .  The t u b e s  were t h e n  f i l l e d  

w i th  an equal volume o f  6% d e x t r a n  ( t y p e  200C, Sigma Co.)  in  pyrogen 

f r e e  . 1 5M NaCl. The r ed  blood c e l l s  (RBC) were then  a l lowed to  sed im ent  

f o r  60-90  m inu tes  a t  37°C. The s u p e r n a t a n t  c o n t a i n i n g  t h e  polymorpho­

n u c l e a r  l e u k o c y t e s  (PMN) was th e n  removed and p e l l e t e d  a t  1300 rpm f o r  

10 m inu tes  a t  room t e m p e r a t u r e .  The p e l l e t  was r esuspended  i n  5-10 ml 

o f  .87% NH^Cl i n  w a te r  t o  l y s e  r e s i d u a l  RBC. A f t e r  30 m inu tes  a t  room 

t e m p e r a t u r e ,  t h e  t u b e s  were f i l l e d  w i th  t i s s u e  c u l t u r e  medium 199 +

Hank's  s a l t s  c o n t a i n i n g  10^ u n i t s  o f  p e n i c i l l i n - s t r e p t o m y c i n  (Grand 

I s l a n d  B i o l o g i c a l  Co.)  and 10% f e t a l  c a l f  serum (FCS) ( M i c r o b i o l o g ic a l  

A s s o c . ) .  In a l l  s t u d i e s  t h e  FCS had been p r e v i o u s l y  h e a t  i n a c t i v a t e d  a t
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56°C f o r  30 m in u tes  to  i n a c t i v a t e  serum complement components .  The PMN 

p o p u l a t i o n  was sed im ented  a t  1300 rpm f o r  10 m inu te s  a t  4°C and s u b s e ­

q u e n t l y  washed 2-3 t im es  w i th  l a r g e  volumes o f  medium 199 + 10% FCS and 

r esuspended  in  t h i s  medium t o  a c o n c e n t r a t i o n  o f  2 x 10® c e l l s / m l .  

S u b s e que n t ly  t h e s e  c e l l s  were u t i l i z e d  in  a d h e r e n t  a n d / o r  s u s p e n s i o n  c e l l  

sys tem s .

This  t e c h n i q u e  r e g u l a r l y  y i e l d e d  80-90% pure  n e u t r o p h i l s ,  a s  shown 

by hemocytometer  a n a l y s i s .  In a l l  s t u d i e s ,  s t e r i l e  t i s s u e  c u l t u r e  

t e c h n i q u e s  were r i g o r o u s l y  employed.

2.  B a c t e r i a l  P r e p a r a t i o n s : S. au re u s  o rgan isms  o f  phage ty p e s

8 0 / 8 1 ,  52,  52A, and t h e  Cowan s t r a i n  ( k i n d l y  p rov ide d  by Dr. S c h a e f l e r ,  

New York Dept o f  H e a l th )  were employed in  most  o f  t h e  s t u d i e s .  All 

f o u r  s t r a i n s  were manni to l  p o s i t i v e  and c o a g u la s e  p o s i t i v e .

The e n c a p s u l a t e d  o rgan isms  used were K l e b s i e l l a  pneumoniae and 

S t r e p t o c o c c u s  pneumoniae, type  I I I  ( k i n d l y  p rov ide d  by Dr. E. B o t to n e ,

Mt. S in a i  H o s p i t a l ) .

All b a c t e r i a l  t y p e s  were grown in  g l u c o s e  b r o t h  f o r  4 -5  hours  a t  

37°C in a shak ing  w a te r  b a t h .  S t r e p t o c o c c u s  pneumoniae r e q u i r e d  10% 

c a l f  serum in  g l u c o s e  b r o t h  f o r  p ro p e r  growth.

A f t e r  4-5 hours  o f  growth t h e  b a c t e r i a l  c u l t u r e s  were washed two 

t im es  w i th  50 ml o f  phospha te  b u f f e r e d  s a l i n e ,  pH 7 . 0  (PBS), p e l l e t e d  

a t  3500 rpm f o r  10 m inu te s  and resuspended  to  a c o n c e n t r a t i o n  o f  2 x 108/  

.5  ml in  PBS (0.5M Na2HP04 in  .15M NaCl t i t r a t e d  t o  pH 7 . 0  w i th  1M Na

h2po4 ).

Q u a n t i t a t i v e  d e t e r m i n a t i o n s  o f  t h e  b a c t e r i a  were based on p r ep a re d  

s t a n d a r d  cu rv e s  o f  co lony  forming  u n i t s / m l  (CFU/ml) v e r s u s  K l e t t  v a l u e s .
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a . Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  b a c t e r i a : S t a n d a rd

c u rv e s  o f  b a c t e r i a  were c o n s t r u c t e d  by r e l a t i n g  t h e  t u r b i d i t y  o f  t h e  

b a c t e r i a l  c u l t u r e  o r  i t s  K l e t t  v a lu e  t o  t h e  number o f  co lony  forming  

u n i t s / m l  (CFU/ml). K l e t t  v a lu e s  were o b t a i n e d  from an a n a l y t i c a l  

a p p a r a t u s  which employs a p h o t o e l e c t r i c  c o l o r i m e t e r  t o  measure t h e  t u r ­

b i d i t y  o f  t h e  b a c t e r i a l  c u l t u r e .  (K le t t -S um e rson  p h o t o e l e c t r i c  c o l o r i ­

m e t e r ,  model 800-3 ;  K l e t t  Mfg Co . ,  I n c . ) .  With t h i s  s t a n d a r d  c u rv e  o f  

K l e t t  v a lu e  v e r s u s  CFU/ml, one can q u a n t i t a t e  t h e  number o f  b a c t e r i a  in  

t h e  p r e p a r a t i o n  by d e t e r m i n in g  t h e  K l e t t  v a lu e  and e x t r a p o l a t i n g  t h e  

CFU/ml.

Log phase  b a c t e r i a  were always employed;  b a c t e r i a  were grown up 

f o r  4 -6  hours  in  g l u c o s e  b r o t h  and t h e  K l e t t  v a lu e  o f  t h i s  c u l t u r e  was 

d e t e r m i n e d .  The number o f  v i a b l e  b a c t e r i a  c o r r e s p o n d in g  t o  t h e  K l e t t

v a lu e  was q u a n t i t a t e d  by p r e p a r i n g  s e r i a l  d i l u t i o n s  (10^ ,  10®, 10®,___

 10^®) o f  t h i s  log  phase  c u l t u r e  and s t r e a k i n g  t h e  d i l u t e d  c u l t u r e

on b lood  a g a r  p l a t e s ;  a f t e r  18-24 hours  o f  i n c u b a t i o n  a t  31°C,  t h e  

number o f  b a c t e r i a  was de te rm ined  by c o u n t in g  t h e  number o f  co lo ny  form­

ing u n i t s  and m u l t i p l y i n g  t h i s  f i g u r e  by t h e  d i l u t i o n  f a c t o r  t o  o b t a i n  

a f i n a l  v a lu e  o f  CFU/ml.

S t a n d a rd  c u rv e s  o f  K l e t t  v a lu e  v e r s u s  CFU/ml were c o n s t r u c t e d  

f o r  t h e  f o l l o w i n g  b a c t e r i a :  S. a u r e u s , t y p e  52 ( F ig u r e  1 ) ,  S. a u re u s  -

Cowan s t r a i n  ( F i g u r e  2 ) ,  K l e b s i e l l a  pneumoniae ( F i g u r e  3 ) ,  and S t r e p ­

to c o c c u s  pneumoniae, t y p e  I I I  ( F ig u r e  4 ) .  The growth  c u rv e  f o r

S. a u r e u s , t y p e  52 was a l s o  u t i l i z e d  f o r  t h e  q u a n t i t a t i o n  o f  S. au re u s  

t y p e s  80/81 and 52A.
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F i g u re  1 : S t a p h y lo c o c c a l  a u r e u s ,  t y p e  52: R e l a t i o n s h i p  o f  t u r ­

b i d i t y  t o  t h e  number o f  v i a b l e  c o l o n i e s .

Th i s  s t a n d a r d  cu rve  was c o n s t r u c t e d  f o r  S. a u r e u s , t y p e  52 and 

i l l u s t r a t e s  t h e  p r o p o r t i o n a l  r e l a t i o n s h i p  between t h e  t u r b i d i t y  ( K l e t t  

v a l u e )  o f  a log phase  s t a p h y l o c o c c a l  c u l t u r e  and t h e  number o f  co lo ny  

forming  u n i t s / m l  (CFU/ml). U t i l i z i n g  t h i s  s t a n d a r d  c u rv e ,  once t h e  

K l e t t  v a lu e  o f  a log  phase  s t a p h y l o c o c c a l  c u l t u r e  was de te rm ine d  on a 

Kle t t -Sum erson  p h o t o e l e c t r i c  c o l o r i m e t e r ,  t h e  number o f  CFU/ml was 

de te rm in e d  by e x t r a p o l a t i o n .
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F i g u re  2 : S ta p h y lo c o c cu s  a u r e u s ,  Cowan s t r a i n :  R e l a t i o n s h i p  o f

t u r b i d i t y  t o  t h e  number o f  v i a b l e  c o l o n i e s .

T h i s  s t a n d a r d  c u rv e  was c o n s t r u c t e d  f o r  S. a u r e u s , Cowan s t r a i n ,  

and i l l u s t r a t e s  t h e  p r o p o r t i o n a l  r e l a t i o n s h i p  between t h e  K l e t t  v a l u e  

( t u r b i d i t y )  o f  a log  phase  c u l t u r e  and th e  number o f  co lony  forming 

u n i t s / m l  (CFU/ml). U t i l i z i n g  t h i s  s t a n d a r d  c u r v e ,  once t h e  K l e t t  v a lu e  

o f  a log  phase  c u l t u r e  was de te rm in e d  on a Klet t -Summerson p h o t o e l e c t r i c  

c o l o r i m e t e r ,  t h e  number o f  CFU/ml was de te rm ined  by e x t r a p o l a t i o n .
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Fig u re  3 : K l e b s i e l l a  pneumoniae:  R e l a t i o n s h i p  o f  t u r b i d i t y  t o

t h e  number o f  v i a b l e  c o l o n i e s .

Th is  s t a n d a r d  cu rve  was c o n s t r u c t e d  f o r  e n c a p s u l a t e d  K. pneumoniae 

and i l l u s t r a t e s  t h e  p r o p o r t i o n a l  r e l a t i o n s h i p  between t h e  t u r b i d i t y  

( K l e t t  v a lu e )  o f  a log  phase K l e b s i e l l a  c u l t u r e  and t h e  number o f  

co lony  forming  u n i t s / m l  (CFU/ml).  U t i l i z i n g  t h i s  s t a n d a r d  c u r v e ,  once 

t h e  K l e t t  v a lu e  o f  a log  phase  K l e b s i e l l a  c u l t u r e  was de te rm ine d  on a 

Klet t -Summerson p h o t o e l e c t r i c  c o l o r i m e t e r ,  t h e  number o f  CFU/ml was 

de te rm ined  by e x t r a p o l a t i o n .
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F i g u re  4 : S t r e p t o c o c c u s  pneumoniae:  R e l a t i o n s h i p  o f  t u r b i d i t y

t o  t h e  number o f  v i a b l e  c o l o n i e s .

Th i s  s t a n d a r d  c u rve  was c o n s t r u c t e d  f o r  e n c a p s u l a t e d  S t r e p t o ­

coccus  pneumoniae, type  I I I  and i l l u s t r a t e s  t h e  p r o p o r t i o n a l  r e l a t i o n ­

s h ip  between t h e  t u r b i d i t y  ( K l e t t  v a l u e )  o f  a log  phase  s t r e p t o c o c c a l  

c u l t u r e  and t h e  number o f  co lo ny  forming  u n i t s / m l  (CFU/ml).  U t i l i z i n g  

t h i s  s t a n d a r d  c u r v e ,  once t h e  K l e t t  v a lu e  o f  a log phase  s t r e p t o c o c c a l  

c u l t u r e  was de te rm in e d  on a Klet t -Summerson p h o t o e l e c t r i c  c o l o r i m e t e r ,  

t h e  number o f  CFU/ml was de te rm ine d  by e x t r a p o l a t i o n .
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b. D e t e r m in a t io n  o f  c o a g u l a s e  p r o d u c t i o n : Near ly  a l l  s t r a i n s

o f  S. au re u s  which a r e  p a t h o g e n i c  f o r  man p roduce  c o a g u l a s e ,  an enzyme 

which c l o t s  p lasma.  This  p r o p e r t y  and DNAse p r o d u c t i o n  have been c i t e d  

as  t h e  b e s t  c o r r e l a t e s  f o r  p a t h o g e n e c i t y  ( 1 1 1 ) .

S. aureus  organi sms  were  grown f o r  16-24 hours  i n  g l u c o s e  b r o th .

0 .5  ml o f  t h i s  s t a p h y l o c o c c a l  c u l t u r e  was mixed wi th  .5  ml o f  c i t r a t e d  

r a b b i t  plasma ( B a c t o - c o a g u l a s e  p lasm a ,  Difco L a b o r a t o r i e s )  and incuba ted  

t o g e t h e r  f o r  1-4  hours  a t  37°C. Two c o n t r o l  t u b e s ,  one c o n t a i n i n g  a 

known c o a gu la se  p o s i t i v e  c u l t u r e  and t h e  o t h e r  c o n t a i n i n g  un in n o c u la te d  

plasma,  were i n c l u d e d .  C l o t  f o r m a t i o n  was de te rm in e d  by v i s u a l  exami­

n a t i o n  and a p o s i t i v e  c u l t u r e  c l o t t e d  t h e  plasma u s u a l l y  w i t h i n  a 1-4 

hour p e r i o d .  A l l  s t r a i n s  o f  S. a u r e u s  u t i l i z e d  ( 8 0 /8 1 ,  52,  52A, and

Cowan s t r a i n )  were  c o a g u la s e  p o s i t i v e .

3. O p s o n iz a t io n  P r o c e d u r e s : All s e r a  used f o r  o p s o n i z a t i o n  o f

S. a u r e u s  organ isms  were h e a t  i n a c t i v a t e d  f o r  30 m in u tes  a t  56°C and 

d i l u t e d  t o  a t i t r e  o f  1:16  w i t h  PBS, pH 7 .0 .

The a n t i - s t a p h y l o c o c c a l  o p s o n ic  serum ( k i n d l y  p rov ided  by 

Dr. J .  D Capra) was o b t a i n e d  from a human p a t i e n t  wich c h r o n i c  s t a p h y ­

lo co c c a l  o s t e o m y e l i t i s .
Q

All  S. a u r e u s  t y p e s ,  a t  a c o n c e n t r a t i o n  o f  2 x 10 CFU/.5 ml,  were 

opson ized  with an  equal volume o f  a n t i - s t a p h y lo c o c c a l  o p s o n ic  serum (OS), 

normal human serum (NHS), o r  mock o p s o n iz e d  w i t h  an equal  volume o f  PBS

a t  37°C f o r  30-60  minutes  i n  a g e n t l y  shak ing  w a t e r  b a t h .

A f t e r  t h a t  t im e ,  100 m i c r o l i t e r s  o f  t h e  m i x t u r e ,  which c o n ta in ed  

2 x lO^CFU, were used as  a s o u r c e  o f  opson iz e d  o r  mock opson ized  

S. a u r e u s  in t h e  p h a g o c y t i c  a s s a y .

K. pneumoniae and S.  pneumoniae were mock opson ized  w i th  an equal
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volume o f  PBS, pH 7 . 0 ,  a s  a c o n t r o l  o f  t h e s e  organisms  in  t h e  a b s en c e  o f  

t h e i r  immune a n t i b o d i e s .

The r a t i o  o f  b a c t e r i a  . - n e u t r o p h i l s  was 1 0 :1 .

4a .  P h a g o c y t i c  a s s a y  w i t h  a d h e r e n t  n e u t r o p h i l s : N e u t r o p h i l s

were r esuspended  t o  a c o n c e n t r a t i o n  o f  2 x 10® c e l l s / m l  i n  medium 

199 + 10% FCS. One ml a l i q u o t s  were d i s p e n s e d  i n t o  L e igh ton  tu b e s  w i th  

i n s e r t e d  c o v e r s l i p s  (B e l l c o  P l a s t i c s ) .  The c e l l s  were a l lowed  t o  a d ­

h e re  t o  c o v e r s l i p s  (10mm x 35mm) f o r  30 m inu te s  a t  37°C ( F ig u r e  5A).

A f t e r  t h a t  t ime t h e  c o v e r s l i p s  were washed 2-3 t imes w i t h  1 ml o f  medium 

199 w i t h o u t  FCS t o  remove n o n a d h e re n t  c e l l s .  F i n a l l y  1 ml o f  f r e s h  

medium 199 w i t h o u t  FCS was added and c e l l  monolayers  c h a l l e n g e d  w i t h  

2 x 10^ opson ized  o r  mock o p s o n iz e d  b a c t e r i a  ( .1  ml) .

When t h e  IgG3 myeloma p r o t e i n  and i t s  Fc f ragm en t  were used a s  i n ­

h i b i t o r s  ( a g g r e g a t e d  o r  u n a g g re g a te d )  they  were p r e i n c u b a t e d  w i th  a d ­

h e r e n t  n e u t r o p h i l s  a t  a c o n c e n t r a t i o n  o f  100 mic rograms/2  x 10® n e u t r o ­

p h i l s  f o r  20-30 m in u t e s  a t  37°C b e f o r e  c h a l l e n g e  w i th  opson iz ed  o r  mock 

opson iz ed  b a c t e r i a .

P h a g o c y to s i s  proceeded f o r  30 minu tes  a t  37°C w i t h  t h e  r a t i o  o f  

b a c t e r i a  t o  n e u t r o p h i l s  1 0 :1 .  At  t h e  end o f  30 m in u t e s ,  p h a g o c y to s i s  

was s topped  in  a l l  t u b es  by t h e  a d d i t i o n  o f  one  drop o f  10% sodium a z i d e .

The c o v e r s l i p s  were removed from t h e  Le igh ton  tubes  and v i g o r o u s l y

d ipped ( w i th  s u b s e q u e n t  d r a i n a g e  on paper  t o w e l s )  i n t o  f i v e  d i f f e r e n t  

t u b es  c o n t a i n i n g  50 ml o f  medium 199. Washed c e l l s  were  then f i x e d  in  

methanol  f o r  a t  l e a s t  10 m in u t e s  and s t a i n e d  w i th  W r i g h t ' s  and Giemsa d y e s .

The e x t e n t  o f  p h a g o c y to s i s  was q u a n t i t a t e d  by l i g h t  m ic r o s c o p ic  

exam ina t ion  unde r  o i l  immersion (1000 x m a g n i f i c a t i o n )  o f  s t a i n e d  c e l l s .  

N e u t r o p h i l s  were s c o re d  a s  p o s i t i v e  i f  t h e y  c o n ta i n e d  one o r  more
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organ isms  p e r  n e u t r o p h i l .  The de g re e  o r  q u a l i t y  o f  i n g e s t i o n  was a l s o  

de te r m in e d  by s c o r i n g  t h e  d i s t r i b u t i o n  f re q u e n c y  o f  1 -4 ,  5 -1 0 ,  o r  

g r e a t e r  th a n  10 o rgan isms  per  100 n e u t r o p h i l s .  At  l e a s t  one  hundred 

n e u t r o p h i l s  were coun ted  per  c o v e r s l i p ,  and a l l  s t u d i e s  were performed 

in  d u p l i c a t e  o r  t r i p l i c a t e .

4b. P h a goc y t i c  a s sa y  w i th  s u s p e n s i o n  n e u t r o p h i l s : The method

employed was m od i f ied  from Quie e t  al_. ( 5 3 ) .  Highly e n r i c h e d  n e u t r o p h i l  

p r e p a r a t i o n s  were r esuspended  i n  medium 199 + 10% FCS f o r  30 m in u tes  a t  

37°C. A f t e r  30 m i n u t e s ,  the  c e l l s  were p e l l e t e d  a t  1000 rpm f o r  10 min­

u t e s  and t h e  p e l l e t  washed two t imes  w i t h  medium 199 w i t h o u t  FCS.

(T h is  30 m in u te  i n c u b a t i o n  in  medium 199 + 10% FCS w i th  s u bseque n t  washes 

i n  199 w i t h o u t  FCS was performed in  o r d e r  t o  mimic c o n d i t i o n s  in  t h e  

a d h e r e n t  c e l l  system d u r in g  m ono laye r ing  p r o t o c o l ,  t h e r e b y  min imiz ing  

any a r t i f a c t u a l  d i f f e r e n c e s  i n  t h e  two c e l l  s y s t e m s . )  N e u t r o p h i l s  were 

r esuspended  i n  medium 199 a t  a c o n c e n t r a t i o n  o f  2 x 10®/ml. One ml 

a l i q u o t s  were d i s p e n s e d  i n to  13mm x 125mm 5 ml p l a s t i c  t u b e s  w i th  sc rew 

c a p s  (Fa lcon  P l a s t i c s ) ,  and c h a l l e n g e d  w i t h  2 x 10^ opson iz e d  o r  mock 

o p s on iz e d  b a c t e r i a .  The f i n a l  volume o f  t h e  p h a g o c y t i c  m ix t u r e  was

1.1 ml.  The p h a g o c y t i c  a s sa y  was c a r r i e d  o u t  i n  t u b e s  g e n t l y  tumbled 

en d -o v e r - e n d  in  a Roto Rack ( F i s h e r  S c i e n t i f i c )  f o r  30 m inu te s  ( F ig u r e  

5B ) .

When i n h i b i t o r s  were u t i l i z e d ,  n e u t r o p h i l s  were p r e i n c u b a t e d  w i th  

a p p r o p r i a t e  i n h i b i t o r s  (IgG3 o r  Fc) a t  a c o n c e n t r a t i o n  o f  100 m ic r o ­

g ram s /2  x 10® n e u t r o p h i l s  f o r  20-30 m in u t e s  a t  37°C tumbl ing  e n d -o v e r -  

end in  t h e  Roto Rack,  b e fo r e  c h a l l e n g e  w i th  opson ized  o r  mock opson ized  

b a c t e r i a .

At t h e  end o f  30 m in u t e s ,  p h a g o c y to s i s  was s topped  in  a l l  s u s p en -
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F ig u re  5 : Equipment  u t i l i z e d  f o r  t h e  p h a g o c y t i c  a s s a y s  w i th

s u s p e n s i o n  and a d h e r e n t  n e u t r o p h i l s .

Th is  i l l u s t r a t i o n  shows t h e  two t y p e s  o f  equipment  which were 

u t i l i z e d  t o  a s s a y  p h a g o c y to s i s  w i th  a d h e r e n t  and s u s p e n s io n  n e u t r o p h i l s .

A. The Le igh ton  t u b e  w i th  i t s  i n s e r t e d  c o v e r s l i p  (10mm x 35mm) 

were used f o r  t h e  p h a g o c y t i c  a s s a y  w i th  a d h e r e n t  n e u t r o p h i l  p o p u l a t i o n s ;  

2 x 10 n e u t r o p h i l s  (2 x 10 /m l )  were a l low ed  t o  monolayer  on to  c o v e r ­

s l i p s  f o r  30 m in u tes  a t  37C>c. S u b s e q u e n t l y ,  t h e  monolayers  were 

washed w i th  medium 199 t o  remove n ona dhe re n t  c e l l s .  Then 1 ml o f  f r e s h  

medium 199 was added and c e l l  monolaye rs  were c h a l l e n g e d  w i th  2 x 107 

( .1  ml) o f  opson iz e d  o r  mock opson iz e d  b a c t e r i a .

B. The Roto Rack was used f o r  t h e  p h a g o c y t i c  a s s a y  w i th  su s p en ­

s i o n  n e u t r o p h i l s  under  comparab le  c o n d i t i o n s  a s  t h a t  used w i th  a d h e r e n t  

n e u t r o p h i l s .  2 x 10® n e u t r o p h i l s  (2 x 10^/ml)  were d i s p e n s e d  i n t o  

13mm x 125mm 5 ml p l a s t i c  tubes  w i th  sc rew c a p s ;  s u b s e q u e n t ly  t h e y  were 

c h a l l e n g e d  w i th  2 x 107 ( .1  ml) ops o n iz e d  o r  mock opson ized  b a c t e r i a .

The tu b es  were p l ac e d  i n  t h e  Roto Rack and g e n t l e  r e v o l v i n g ,  a l l o w in g  

t h e  tu b es  t o  tumble e n d - o v e r - e n d ,  m a in ta in e d  t h e  c e l l s  i n  s u s p e n s io n  

d u r in g  th e  e n t i r e  a s s a y .  The f i n a l  volume o f  t h e  pha g o c y t i c  m ix tu re

i n  bo th  sys tems  was 1.1 ml.
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pens ion  tu b es  by t h e  a d d i t i o n  o f  one d rop  o f  10% sodium a z i d e .  The 1.1 

ml c o n t e n t  o f  each  tu b e  was d i s p e n s e d  i n t o  Le igh ton  t u b e s  w i th  i n s e r t e d  

c o v e r s l i p s ;  c e l l s  were a l lowed  t o  a d h e re  f o r  5-15 m in u te s  a t  room tem­

p e r a t u r e  in  t h e  p r e s e n c e  o f  a z i d e  ( t h i s  s t e p  was n e c e s s a r y  in  o r d e r  t o  

g e t  an even monolayer  o f  s u s p e n s i o n  n e u t r o p h i l s  f o r  p r o p e r  m ic r o sc o p ic  

e x a m in a t io n ;  a l l o w i n g  c e l l s  t o  monolayer  in  t h e  p r e s e n c e  o f  a z i d e  i n ­

h i b i t e d  f u r t h e r  p h a g o c y t o s i s ) .  A f t e r  15 m i n u t e s ,  t h e  c e l l s  were washed 

by v i g o r o u s l y  d i p p in g  c o v e r s l i p s  i n t o  5 t u b e s  c o n t a i n i n g  50 ml o f  medium 

199. C o v e r s l i p s  were d r a i n e d  on paper  t o w e l s ,  c e l l s  f i x e d  in  methanol  

f o r  a t  l e a s t  10 m i n u t e s ,  and then  s t a i n e d  w i t h  W r i g h t ' s  and Giemsa d y e s .

The e x t e n t  o f  p h a g o c y to s i s  was q u a n t i t a t e d  by l i g h t  m ic r o s c o p ic  

a n a l y s i s ,  under  o i l  immersion o f  s t a i n e d  c e l l s ,  e x a c t l y  as  d e s c r i b e d  

f o r  a d h e r e n t  n e u t r o p h i l s .

5. I s o l a t i o n  o f  Homogeneous IqG3: Plasma from a p a t i e n t  ( Jo )

w i th  m u l t i p l e  myeloma ( k i n d l y  p rov ide d  by Dr. J .  D. Capra)  c o n t a i n i n g  

homogeneous immunoglobul in  o f  IgG3 s u b c l a s s  s e r v e d  as  t h e  s o u rc e  o f  IgG, 

i t s  Fab and Fc f r a g m e n t s .

IgG was i s o l a t e d  from plasma by ion -exchange  chromatography on 

DEAE-A50 Sephadex (P h a rm a c ia ) ,  e q u i l i b r a t e d  i n  .05M P0^ b u f f e r ,  pH 7 .85  

(1M NaH2P04 was t r i t i a t e d  t o  pH 7 .8 5  w i th  1M Na2HP04 and t h i s  s to c k  

s o l u t i o n  was d i l u t e d  1:20  w i th  w a t e r ) .  At  t h i s  p a r t i c u l a r  i o n i c  

s t r e n g t h  and pH, IgG does n o t  a d s o rb  t o  t h e  ion -e x c h an g e  r e s i n ;  t h e r e ­

f o r e  i t  e l u t e d  w i th  t h e  e q u i l i b r a t i n g  b u f f e r  w h i l e  a l l  o t h e r  serum p r o ­

t e i n s  adso rbed  t o  t h e  r e s i n .  The IgG e l u a n t  was c o l l e c t e d  f o r  18-24 

hours  and c o n c e n t r a t e d  i n  an Amicon U l t r a f i l t r a t i o n  U n i t  (Amicon Corpor ­

a t i o n ,  L ex in g to n ,  Mass .)  c o n t a i n i n g  a UM-50 membrane. I t s  p u r i t y  was 

confi rmed  by O uch te r lo n y  doub le  d i f f u s i o n  a n a l y s i s  a g a i n s t  t h e  f o l l o w -
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ing  a n t i  s e r a :  r a b b i t  an t i -human  IgG and r a b b i t  a n t i - n o r m a l  human serum

(Behr ing  D i a g n o s t i c s ) .

6 . P r e p a r a t i o n  o f  Fc and Fab from IgG3: For t h e  p r e p a r a t i o n

o f  Fc and Fab f r a g m e n t s ,  homogeneous IgG3 was d i g e s t e d  w i th  t r y p s i n  as  

d e s c r i b e d  by Edelman e t  a K  w i th  m o d i f i c a t i o n s  ( 1 1 2 ) .

IgG3 was d i a l y z e d  o v e r n i g h t  in  NH^HCOg b u f f e r ,  pH 8 . 0  and d i g e s t e d  

w i th  t r y p s i n  (TPCK-tryps in)  a t  an enzyme t o  s u b s t r a t e  r a t i o  o f  1:50 f o r  

1 hour  a t  56°C. A f t e r  1 h o u r ,  d i g e s t i o n  was s topped  by t h e  a d d i t i o n  o f  

soybean t r y p s i n  i n h i b i t o r  a t  an enzyme t o  i n h i b i t o r  r a t i o  o f  1 :2 .

T r y p s in  d i g e s t s  were f r a c t i o n a t e d  by Pevikon b lock  e l e c t r o p h o r e ­

s i s  (113 ) .  The Pevikon (Connaught  L a b o r a t o r i e s )  was washed and e q u i l i ­

b r a t e d  w i th  B a r b i t a l  b u f f e r  (.04M sodium d i e t h y l  b a r b i t u r a t e )  pH 8 . 6  and 

zonal  e l e c t r o p h o r e s i s  c a r r i e d  o u t  i n  t h a t  b u f f e r  f o r  18-20 hours  a t  450 

v o l t s .

The pape r  s t r i p s  f o r  d e t e r m i n in g  p r o t e i n  m i g r a t i o n  were s t a i n e d  

w i th  Brom-phenol-Blue (1% d i s s o l v e d  in  95% e t h a n o l )  and d e s t a i n e d  w i th  

a 3:1 r a t i o  o f  HgOig lac ia l  a c e t i c  a c i d .

Fc and Fab f ragm en ts  were e l u t e d  s e p a r a t e l y  f rom t h e  Pevikon m a t r ix  

w i th  b a r b i t a l  b u f f e r  and c o n c e n t r a t e d  w i th  an Amicon U l t r a f i l t r a t i o n  

U n i t  c o n t a i n i n g  a PM-10 membrane.

The p u r i t y  o f  each f ragm en t  was de te rm ine d  by doub le  d i f f u s i o n  a n a l y ­

s i s .  The s u s p e c t e d  Fc component formed a p r e c i p i t i n  a r c  o f  i d e n t i t y  

w i th  whole IgG3 a g a i n s t  a n t i - F c  s p e c i f i c  a n t i s e r a  ( F ig u r e  6 ) ;  t h e  s u s ­

p e c te d  Fab formed a p r e c i p i t i n  a r c  o f  i d e n t i t y  w i th  whole IgG3 a g a i n s t  

a n t i - F a b  s p e c i f i c  a n t i s e r a  ( F ig u r e  7 ) .  Both a n t i s e r a  were commerc ia l ly  

p r ep a re d  (Behring D i a g n o s t i c s ) .
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Fig u re  6 : Ouch te r lony  dou b le  d i f f u s i o n  a n a l y s i s :  P u r i t y  o f  Fc

i s o l a t e d  from homogeneous IgG3.

This  p h o t o g r a p h i c  i l l u s t r a t i o n  d e m o n s t r a t e s  t h e  a n t i g e n i c  r e l a t i o n ­

s h i p s  among whole IgG3 and i t s  s u s p e c t e d  Fab and Fc f ra g m e n t s .  The 

c e n t e r  wel l  c o n t a i n s  a n t i - F c  s p e c i f i c  a n t i s e r a  (Behr ing D i a g n o s t i c s ) .

The Fc component  formed a p r e c i p i t i n  a r c  o f  i d e n t i t y  w i th  whole IgG3 

a g a i n s t  a n t i - F c  a n t i  s e r a ;  whereas  t h e  s u s p e c t e d  Fab component shows no 

Fc c o n ta m in a t io n  a s  d e m o n s t ra t ed  by t h e  absence  o f  a Ag-Ab r e a c t i o n  with 

a n t i - F c  s p e c i f i c  a n t i s e r a .
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F ig u re  7 : O uc h te r lony  dou b le  d i f f u s i o n  a n a l y s i s :  P u r i t y  o f  Fab

i s o l a t e d  from homogeneous IgG3.

This  i l l u s t r a t i o n  d e m o n s t r a t e s  t h e  a n t i g e n i c  r e l a t i o n s h i p s  among 

whole IgG3 and i t s  s u s p e c t e d  Fc and Fab f r a g m e n t s .  The c e n t e r  wel l  con ­

t a i n s  a n t i - F a b  s p e c i f i c  a n t i s e r a  (B ehr ing  D i a g n o s t i c s ) .  The Fab compo­

nen t  formed a p r e c i p i t i n  a r c  o f  i d e n t i t y  w i th  IgG3 a g a i n s t  a n t i - F a b  

s p e c i f i c  a n t i s e r a ;  whereas  t h e  Fc component shows no Ag-Ab r e a c t i o n  w i th  

a n t i - F a b  a n t i  s e r a .
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IgG3 and i t s  Fc and Fab f ra g m en t s  were d i a l y z e d  i n t o  PBS, pH 7 . 0 ,  

and r esuspended  a t  a c o n c e n t r a t i o n  o f  1 mg/ml; .1 ml o r  .2  ml (100-200  

micrograms)  o f  each s u s p e n s i o n  was used  in  i n h i b i t i o n  s t u d i e s .

7.  F i x a t i o n  and S t a i n i n g : A f t e r  p h a g o c y t o s i s ,  washed c o v e r ­

s l i p s  ( c o n t a i n i n g  n e u t r o p h i l s )  were d i s p e n s e d  i n t o  15mm x 125mm g l a s s  

t u b e s  and submerged in  5 ml o f  methanol  ( F i s h e r  S c i e n t i f i c ) ;  f i x a t i o n  in  

methanol  proceeded f o r  a t  l e a s t  10 m in u te s  a t  room t e m p e r a t u r e .  A f t e r ­

wards ,  t h e  methanol was d e c a n te d  and 5 ml o f  W r i g h t ' s  s t a i n i n g  s o l u t i o n  

( F i s h e r  S c i e n t i f i c )  was added to  t u b e s .  A f t e r  8-10 m i n u t e s ,  t h e  W r i g h t ' s  

s t a i n i n g  s o l u t i o n  was poured o f f  and t h e  c o v e r s l i p s  were r i n s e d  tw ice  

w i th  t a p  w a t e r .  S u b s e q u e n t l y ,  5 ml o f  Giemsa s t a i n  ( F i s h e r  S c i e n t i f i c ) ,  

d i l u t e d  1 :20  wi th  t a p  w a t e r ,  was added t o  t h e  t u b e s ;  a f t e r  10-15 min­

u t e s ,  t h e  c o v e r s l i p s  were r i n s e d  t w i c e  w i th  d e io n i z e d  d i s t i l l e d  w a te r  

and g e n t l y  d r a i n e d  (5 seconds )  on p a p e r  t o w e l s .

C o v e r s l i p s  were mounted,  c e l l  s i d e  down, on to  g l a s s  mic roscope  

s l i d e s  w i th  Permount ( F i s h e r  S c i e n t i f i c ) ,  a commonly used  h i s t o l o g i c a l  

a d h e s i v e .

8 . Assay o f  Hexose Monophosphate Shun t  (HMS) A c t i v i t y : The 

hexose  monophosphate  s h u n t  ( a l s o  c a l l e d  phosphog lucona te  pathway o r  

p e n to s e  phosphage pathway) i s  an a l t e r n a t e  pathway o f  g l u c o s e  d e g r a d a ­

t i o n .  I t s  a c t i v i t y  i s  i n c r e a s e d  4 -10  t im es  d u r in g  p h a g o c y to s i s  and has  

been used a s  an i n d i c a t o r  o f  p h a g o c y t i c  f u n c t i o n  (64 ,  6 6 ) .

HMS a c t i v i t y  was i n d i r e c t l y  a s s a y e d  by q u a n t i t a t i n g  th e  amount o f

l ^ C O g  r e l e a s e d  from t h e  o x i d a t i o n  o f  g lu co s e -1  ^ C .  For  example,

g l u c o s e - 1  ) g l u c o s e - 1 14C -p h o s p h a te -  m . . . . .  *
NADP NADPH

14
^  1 C02— ^  5 - r i b o s e  phospha te

u  NADP NADPH 
6- p h o s p h o g l u c o n a te - l  C-

ADP*T^D
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14The f l a s k s  used t o  a s s a y  1 COg p r o d u c t i o n  were 25 ml Warburg 

f l a s k s  hous ing an immovable c e n t e r  wel l  in  which a removable  c e n t e r  cup 

was p l a c e d .

In t h e  HMS a s s a y  w i th  s u s p e n s i o n  n e u t r o p h i l s  .2  ml o f  n e u t r o p h i l s  

(2 x 10®) were added t o  t h e  bot tom o f  t h e  Warburg f l a s k s  c o n t a i n i n g
O

.2  ml o f  opson ized  o r  unopson ized h e a t  k i l l e d  b a c t e r i a  (2 x 10 ) + 25

lambda o f  g lu co s e -1  (10 m i c r o c u r i e s / m l ) .  The b a c t e r i a  were h e a t  k i l l e d

by b o i l i n g  f o r  30 m in u t e s ;  t h e y  were washed two t im es  w i th  50 ml o f  PBS,

pH 7 . 0  b e f o r e  o p s o n i z a t i o n  w i th  an equal  volume o f  a n t i - s t a p h y l o c o c c a l

ops o n ic  serum. The r a t i o  o f  b a c t e r i a : n e u t r o p h i l s  was 100:1 and t h e

t o t a l  volume, a t  t h i s  s t a g e  i n  t h e  a s s a y ,  was 1 .25  ml.  Blank c o n t r o l s

14c o n s i s t e d  o f  1 ml o f  medium 199 + 25 lambda o f  g lu co s e -1  C and r e s t i n g

c o n t r o l s  c o n t a i n e d  .2  ml o f  n e u t r o p h i l s  (2 x 10®) + .8  ml o f  medium 199 +

25 lambda o f  g lucose -1  ^ C .

In t h e  a s s a y  w i th  a d h e r e n t  n e u t r o p h i l s ,  t h e  p r o t o c o l  was comparab le

e x c e p t  t h a t  n e u t r o p h i l s  were a l lowed  t o  monolayer  on to  t h e  bot tom o f  t h e

Warburg f l a s k s  b e f o r e  t h e y  were c h a l l e n g e d  w i th  b a c t e r i a .  The t o t a l

volume o f  1 .25  ml was m a in ta in e d  by add in g  .8  ml o f  medium 199 t o  washed

m ono la ye rs ,  .2  ml o f  opson ized  o r  unopson ized  b a c t e r i a  + 25 lambda o f  

14g lucose -1  C.

All  f l a s k s  were th e n  covered  a i r  t i g h t  w i th  a r u b b e r  s t o p p e r  and 

i n c u b a te d  f o r  30 m in u tes  a t  37°C, ro c k in g  g e n t l y .  A f t e r  30 m i n u t e s ,  w i th  

t h e  a i d  o f  a 1 ml s y r i n g e  and n e e d l e ,  .4  ml o f  hyamine hydrox ide  was i n ­

j e c t e d  on to  t h e  c e n t e r  cup ( t o  c a p t u r e  r e l e a s e d  l ^ C O g )  and 1 ml o f  2N 

HC1 was added t o  t h e  c e l l s  l o c a t e d  on t h e  bot tom o f  t h e  f l a s k .  The

f l a s k s  were r e i n c u b a t e d  f o r  a n o t h e r  30 m i n u t e s ,  r o c k in g  g e n t l y  a t  37°C.

14A f t e r  30 m i n u t e s ,  t h e  c e n t e r  cup c o n t a i n i n g  t h e  r e l e a s e d  1 COg, was r e -
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moved, g e n t l y  wiped on t h e  o u t s i d e ,  and p l a c e d  in  10 ml o f  t o l u e n e ,  a 

s t a n d a r d  s c i n t i l l a t i o n  c o c k t a i l .  The amount o f  l ^ C  r a d i o a c t i v i t y  was 

de te rm ine d  on a l i q u i d  s c i n t i l l a t i o n  c o u n t e r .

9. Double D i f f u s i o n  A n a l y s e s : Double d i f f u s i o n  a n a l y s e s ,  o r i ­

g i n a l l y  d e s c r i b e d  by O uc h te r lony  (114)  were c a r r i e d  o u t  in  c i r c u l a r  

d i s h e s  ( P e t r i  d i s h e s )  c o n t a i n i n g  1% - l .5% i o n a g a r  i n  Veranol b u f f e r ,  

pH 8 . 6 ,  w i th  .002% sodium a z i d e .

10. Aggrega t ion  o f  IgG: The method o f  h e a t  a g g r e g a t i o n  was 

adop ted  from MacLennan e t  a K  (115 ,  116) .  IgG o r  i t s  Fab o r  Fc f r a g ­

m en ts ,  a t  a c o n c e n t r a t i o n  o f  1 mg/ml,  were a g g r e g a t e d  by h e a t  a t  63°c 

f o r  20-30 m in u te s .

11. P r o t e i n  C o n c e n t r a t i o n  D e t e r m i n a t i o n s :  P r o t e i n  c o n c e n t r a t i o n s  

de te rm ined  u t i l i z i n g  t h e  Fol in-Lowry p r o c e d u r e  ( 1 1 7 ) .  2 ml o f  a mix­

t u r e  c o n t a i n i n g  21 ml o f  F o l in  r e a g e n t ,  .21 ml o f  2% sodium t a r t a r a t e  

and .21 ml o f  1% CuSOg, was added to  v a r i o u s  d i l u t i o n s  ( i . e . ,  5 ,  10, 25,  

o r  50 m i c r o l i t e r s )  o f  t h e  p r o t e i n  in  q u e s t i o n .  T h i s  m i x t u r e  was a l lowed 

to  s t a n d  f o r  20 m in u tes  a t  room t e m p e r a t u r e .  A f t e r  20 m i n u t e s ,  .2  ml o f  

50% phenol  (1 :1  d i l u t i o n  w i th  d i s t i l l e d  w a t e r )  s o l u t i o n  was added to  

each tube  and immedia te ly  mixed w i th  a Vor tex  a g i t a t o r  ( F i s h e r  S c i e n t i ­

f i c ) .  The t u b e s  were a l lowed  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  an a d d i ­

t i o n a l  30 m in u t e s .  S u b s e q u e n t ly  t h e  o p t i c a l  d e n s i t y  a t  700nm (Tungsten 

lamp) o f  a l l  t u b e s  was r e c o r d e d .

The mg/ml was e s t i m a t e d  u t i l i z i n g  t h e  l i n e a r  p o r t i o n  o f  a p r e v i o u s l y  

p r ep a re d  IgG Standard  F o l i n  Curve which r e l a t e d  t h e  o p t i c a l  d e n s i t y  t o  t h e  

mg/ml.
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C. R e s u l t s

1. P h a goc y t i c  E f f i c i e n c i e s  i n  t h e  Absence o f  S p e c i f i c  Opson in : 

The a b i l i t y  o f  s u s p e n s i o n  v e r s u s  a d h e r e n t  n e u t r o p h i l  p o p u l a t i o n s  t o  

phagocy tose  c o a g u la s e  p o s i t i v e  S. a u r e u s  o rgan isms  o f  phage t y p e s  52,

52A, 8 0 /8 1 ,  and th e  Cowan s t r a i n  o f  5 .  a u re u s  was i n v e s t i g a t e d .  In t h i s  

s t u d y  and a l l  s u b s eq u e n t  s t u d i e s ,  n o t  o n ly  was t h e  p e r c e n ta g e  o f  n e u t r o ­

p h i l s  p a r t i c i p a t i n g  i n  t h e  i n g e s t i o n  p r o c e s s  r ec o r d e d  (bot tom h a l f  o f  

F i g u re  8 ) ,  b u t  I a l s o  a s s e s s e d  which p e r c e n t a g e  o f  t h e s e  p o s i t i v e  neu­

t r o p h i l s  c o n ta i n e d  1 - 4 ,  5 -10 ,  o r  g r e a t e r  than  10 5.  a u re u s  o rgani sms  

p e r  n e u t r o p h i l .  These d i s t r i b u t i o n  f r e q u e n c i e s  ( t o p  h a l f  o f  F i g u re  8) 

c o n c e rn in g  t h e  numbers o f  i n t r a c e l l u l a r  5 . a u re u s  pe r  p o s i t i v e  n e u t r o p h i l  

was always r e c o r d e d .

C l e a r  d i s t i n c t i o n s  were o b s e rv e d  in  t h e  pha g o c y t i c  e f f i c i e n c i e s  o f  

t h e s e  two n e u t r o p h i l  p o p u l a t i o n s  when t h e y  were c h a l l e n g e d  w i th  p a th o ­

g e n ic  S. a u re u s  in  t h e  absence  o f  a n t i  s t a p h y l o c o c c a l  immune opson ins  

( F ig u r e  8 ) .  In t h e  absence  o f  a n t i b o d y ,  s u s p e n s i o n  n e u t r o p h i l s  e x h i ­

b i t e d  low l e v e l s  o f  i n g e s t i o n  o f  any o f  t h e  s t r a i n s  t e s t e d  ( F i g u r e s  8 ,  

9 b ) ;  under  comparable  c o n d i t i o n s ,  however ,  i n  a d h e r e n t  n e u t r o p h i l s ,  

t h e r e  were bo th  a s u b s t a n t i a l l y  g r e a t e r  p e r c e n t a g e  o f  n e u t r o p h i l s  p a r ­

t i c i p a t i n g  i n  t h e  i n g e s t i o n  p r o c e s s  and g r e a t e r  numbers o f  organ isms  

i n g e s t e d  p e r  p o s i t i v e  n e u t r o p h i l  ( F i g u r e s  8 ,  9 a ) .

On t h e  whole ,  i t  became e v i d e n t  t h a t  in  t h e  absence  o f  immune op­

s o n i n s ,  n e u t r o p h i l s  which were a d h e r e n t  t o  g l a s s  s u r f a c e s  d u r in g  phago­

c y t o s i s  r e p r e s e n t e d  an a c t i v e l y  more p h a g o c y t i c  c e l l  p o p u l a t i o n  ( F ig u r e s  

9 ,  9a)  a s  opposed t o  n e u t r o p h i l s  k e p t  i n  su s p e n s io n  d u r in g  t h e  e n t i r e  

p e r i o d  o f  p h a g o c y to s i s  ( F ig u r e s  8 ,  9 b ) .
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PHAGOCYTIC CAPACITIES O F

"ADHERENT" vs "SUSPENSION" NEUTROPHILS C H A LLE N G ED  WITH 

S. aureus IN T H E  ABSENCE OF IMMUNE A NTIBO DIES

Distribution F req u e n c ie s  o f 
In tracellu lar S  aureus

8 0
7 0
6 0
5 0
4 0
3 0
20

1—4 Stoph/Neutropfttls 
3 —10 Stoph/N«utrof>twls 
>  10 Stoph/N«utrophilt

D a .JZL

8 0  |—
7 0  
6 0  
5 0  
4 0  
30 
2 0  
10

"Suspension" Neutrophils 

"A dherent" N eutrophils

Li « . M
5 2  52  4  5 2  A 8 0 /8 1  8 0 /8 1  Cowon Cowon

Coagulase (+) S  aureus Strains
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F i g u r e  8 : P h a goc y t i c  c a p a c i t i e s  o f  a d h e r e n t  and s u s p e n s i o n  neu­

t r o p h i l s  c h a l l e n g e d  wi th  mock opson ized  S. a u r e u s .

S uspens ion  n e u t r o p h i l s  ( d i a g o n a l l y  s t r i p p e d  b a r s )  and a d h e r e n t  

n e u t r o p h i l s  ( s o l i d  b lack  b a r s )  were c h a l l e n g e d  w i th  c o a g u la s e  p o s i t i v e ,  

p a t h o g e n i c  s t r a i n s  o f  S. a u r e u s  o f  phage t y p e s  52, 52A, 8 0 / 8 1 ,  and t h e  

Cowan s t r a i n .  The e x t e n t  o f  p h a g o c y to s i s  was de te rm ined  by l i g h t  m ic ro ­

s c o p i c  e xa m ina t ion  ( a t  1000 m a g n i f i c a t i o n )  o f  s t a i n e d  c e l l s .  N e u t ro ­

p h i l s  were sc o re d  a s  p o s i t i v e  i f  t h e y  c o n t a i n e d  one o r  more b a c t e r i a  

p e r  n e u t r o p h i l  ( s e e  bot tom 1 /2  o f  g r a p h ) .  The q u a l i t y  o f  i n g e s t i o n  was 

a l s o  a s s e s s e d  by s c o r i n g  t h e  d i s t r i b u t i o n  f r e q u e n c i e s  o f  1 - 4 ,  5 -10 ,  o r  

g r e a t e r  t h a n  10 organi sms p e r  n e u t r o p h i l  on t h e  p o s i t i v e  c e l l s  ( s e e  top  

1 /2  o f  g r a p h ) .

In t h e  absence  o f  a n t i  s t a p h y l o c o c c a l  o p s o n i n s ,  s u s p e n s i o n  n e u t r o ­

p h i l s  e x h i b i t e d  v e ry  low l e v e l s  o f  i n g e s t i o n  o f  t h e s e  o r g a n i s m s ;  in  

c o n t r a s t ,  a d h e r e n t  n e u t r o p h i l s  showed a s i g n i f i c a n t l y  g r e a t e r  p e r c e n ta g e  

o f  c e l l s  a c t i v e l y  engaged i n  p h a g o c y to s i s  and g r e a t e r  numbers o f  i n t r a ­

c e l l u l a r  b a c t e r i a  were p r e s e n t  pe r  p o s i t i v e  n e u t r o p h i l s .  C o n se que n t ly ,  

a d h e r e n t  n e u t r o p h i l s  r e p r e s e n t e d  an a c t i v e l y  more pha g o c y t i c  p o p u l a t i o n .
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F ig u re  9 : a .  L i g h t  m ic rog raph  o f  a d h e r e n t  n e u t r o p h i l s  c h a l l e n g e d

w i th  mock opson iz e d  S. a u r e u s -

L i g h t  m ic rog raph  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t i n g  t h e  a b i l i t y  

o f  a d h e r e n t  n e u t r o p h i l s  t o  phagocy to se  pa th o g e n ic  S. a u re u s  organ isms  

even though a n t i  s t a p h y l o c o c c a l  o p son ic  a n t i b o d i e s  were a b s e n t  in  t h e  

r e a c t i o n  m ix t u r e .

v
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F ig u re  9 : b . L i g h t  m ic rograph  o f  s u s p en s io n  n e u t r o p h i l s  c h a l l e n g e d  

w i th  mock opson ized  S. a u r e u s .

L i g h t  m ic rog raph  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t in g  t h e  f a i l u r e  

o f  s u s p e n s io n  n e u t r o p h i l s  t o  a p p r e c i a b l y  phagocy tose  pa th o g e n ic  

S. a u re u s  o rgan isms  i n  t h e  absence  o f  a n t i s t a p h y l o c o c c a l  opson ic  a n t i ­

b o d ie s .
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2. P hagocy t i c  E f f i c i e n c i e s  in t h e  Presence o f  A n t i s t a p h y l o -  

c o cca l  Opson in : The pha g o c y t i c  c a p a c i t i e s  o f  s u s p e n s i o n  ve r su s  a d h e r e n t

n e u t r o p h i l s  c h a l l e n g e d  s t a p h y l o c o c c a l  and a n t i s t a p h y l o c o c c a l  o p son ic  com­

p l e x e s  (opson iz e d  S. a u r e u s ) were s t u d i e d  ( F i g u r e  10) .

In t h e  p r e s e n c e  o f  s p e c i f i c a l l y  immune a n t i b o d i e s ,  a marked q u a l i ­

t a t i v e  and q u a n t i t a t i v e  opson ic  enhancement  was c o n s i s t e n t l y  obse rved  

w i t h  su s p e n s io n  n e u t r o p h i l s .  This  ops o n ic  inc rem en t  was h i g h e s t  w i th  

S. a u re u s  phage ty p e s  52 and 52A and  lowes t  w i t h  S. a u r e u s  phage ty p e  

80/81 and th e  Cowan s t r a i n .  I s u s p e c t  t h a t  t h e s e  d i f f e r e n c e s  in  e f f i ­

c i e n c i e s  i n  t h e  s u s p e n s io n  system may be r e l a t e d  to  s l i g h t  d i f f e r e n c e s  

i n  the  a n t i g e n i c  d e t e r m i n a n t s  ( i . e . ,  exposed immunodominant d e t e r m i n ­

a n t s )  o f  t h e  v a r i o u s  S. a u r e u s  t y p e s .  The hyperimmune opson ic  serum was 

o b t a i n e d  from a p a t i e n t  w i t h  c h r o n i c  s t a p h y l o c o c c a l  o s t e o m y e l i t i s .  How­

e v e r ,  t h e  predominan t  S. a u re u s  t y p e  in  t h a t  i n f e c t i o n  was never  d e ­

t e r m in e d .  In any e v e n t ,  i n  the  p r e s e n c e  o f  immune o p s o n in  in  t h e  suspen­

s i o n  s y s te m ,  t h e r e  were s u b s t a n t i a l l y  h ig h e r  p e r c e n t a g e s  o f  n e u t r o p h i l s  

a c t i v e l y  engaged in  p h a g o c y to s i s  and  g r e a t e r  numbers o f  b a c t e r i a  p e r  

p o s i t i v e  n e u t r o p h i l  ( F i g u r e s  10, l i b ) .

With n e u t r o p h i l  monolayers  ( a d h e r e n t  c e l l s )  an o p s o n ic  enhance ­

ment  on i n g e s t i o n  was a l s o  o b s e rv e d .  There were h i g h e r  p e r c e n ta g e s  o f  

n e u t r o p h i l s  a c t i v e l y  engaged in p h a g o c y t o s i s .  However, t h e  opson ic  i n ­

c re m e n t ,  ove r  t h a t  seen in  t h e  a b s e n c e  o f  a n t i s t a p h y l o c o c c a l  a n t i b o d i e s ,  

was p a r t i c u l a r l y  m a n i f e s t  i n  the  g r e a t e r  numbers o f  i n g e s t e d  b a c t e r i a  

p e r  p o s i t i v e  n e u t r o p h i l .  For  example ,  t h e r e  were more n e u t r o p h i l s  wi th  

5 -10  and g r e a t e r  than  10 i n t r a c e l l u l a r  b a c t e r i a  ( F i g u r e s  10,  11a ) .

Thus ,  in  bo th  n e u t r o p h i l  p o p u l a t i o n s ,  I was a b l e  t o  d e m o n s t ra te  

an o p s o n ic  enhancement on i n g e s t i o n  i n  t h e  p r e s e n c e  o f  a n t i s t a p h y l o ­

cocca l  o p s o n ic  a n t i b o d i e s .
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F i g u re  10 : P h a g o c y to s i s  o f  S. a u re u s  -  A n t i s t a p h y l o c o c c a l  opson ic

complexes by a d h e r e n t  and s u s p e n s i o n  n e u t r o p h i l s .

S uspens ion  n e u t r o p h i l s  ( d i a g o n a l l y  s t r i p e d  b a r s )  and a d h e r e n t  

n e u t r o p h i l s  ( s o l i d  b l a c k  b a r s )  were c h a l l e n g e d  w i th  v a r i o u s  c o a g u la s e  

p o s i t i v e ,  p a th o g e n ic  s t r a i n s  o f  S. au re u s  which had been opson ized  w i th  

a n t i s t a p h y l o c o c c a l  a n t i b o d i e s .

In bo th  n e u t r o p h i l  p o p u l a t i o n s ,  t h e r e  was ev ide nc e  o f  a pronouned 

opson ic  enhancement  on i n g e s t i o n  e f f i c i e n c i e s .  Suspens ion  p o p u l a t i o n s  

showed i n c r e a s e d  p e r c e n ta g e s  o f  n e u t r o p h i l s  a c t i v e l y  phagocy tos ing  

( s e e  bot tom 1 /2  o f  g raph )  and g r e a t e r  numbers o f  i n t r a c e l l u l a r  b a c t e r i a  

were p r e s e n t  p e r  p o s i t i v e  n e u t r o p h i l  ( s e e  top  1 / 2  o f  g r a p h ) .  Adheren t  

n e u t r o p h i l s  showed h i g h e r  p e r c e n t a g e  o f  c e l l s  engaged in  i n g e s t i o n ;  

however , t h e  o p son ic  i n c r e m e n t ,  o v e r  t h a t  seen i n  t h e  absence  o f  o p s o n in ,  

was p a r t i c u l a r l y  m a n i f e s t  in  g r e a t e r  numbers o f  i n t r a c e l l u l a r  b a c t e r i a  

pe r  p o s i t i v e  n e u t r o p h i l .
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F ig u re  11a : L i g h t  m ic rog raph  showing o p s o n ic  enhancement  by

a d h e r e n t  n e u t r o p h i l s -

L ig h t  m ic rograph  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t i n g  t h e  i n ­

c r e a s e d  e f f i c i e n c i e s  o f  a d h e r e n t  n e u t r o p h i l s  t o  phagocytosed S. au reus  

which had been opson iz e d  w i th  a n t i s t a p h y l o c o c c a l  a n t i b o d i e s .
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F i g u re  11b: L i g h t  m ic rograph  showing opson ic  enhancement  by

s u s p e n s io n  n e u t r o p h i l s .

L i g h t  mic rograph  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t i n g  t h e  p r o ­

nounced o p s o n ic  inc rem en t  on i n g e s t i o n  e f f i c i e n c i e s  (o v e r  t h a t  seen in  

t h e  absence  o f  immune a n t i b o d i e s )  by s u s p e n s io n  n e u t r o p h i l s  which had 

been c h a l l e n g e d  w i th  opson ized  S. a u r e u s .
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3. A b i l i t y  o f  a Homogeneous Human IgG3 Myeloma P r o t e i n  and 

i t s  Fc Fragment  t o  Block Opsonic I n g e s t i o n  o f  S. a u r e u s  by Suspens ion  

N e u t r o p h i l s : Presumably ,  immunoglobul in  m ed ia te d  o p s o n i z a t i o n  i s  p o s ­

s i b l e  because n e u t r o p h i l s  posses s  plasma mambrane bound r e c e p t o r s  f o r  

t h e  Fc reg ion  o f  the  IgG molecu le  (5 3 ,  55 ) .  S p e c i f i c i t y  has been shown 

f o r  t h e  IgG3 and  IgGl s u b c l a s s e s .  T h e r e f o r e ,  s u b s e q u e n t  expe r im e n t s  

were conducted t o  examine th e  a b i l i t y  o f  a s t r u c t u r a l l y  homogeneous 

IgG3 myeloma p r o t e i n  o r  i t s  Fc f r a g m e n t  t o  i n h i b i t  t h e  up take  o f  opso­

n i z e d  S. au re u s  by compet ing  w i th  a n t i s t a p h y l o c o c c a l  IgG opson in s  f o r  

IgG-Fc r e c e p t o r  s i t e s  on t h e  n e u t r o p h i l  membrane.

The p r e s e n t a t i o n  o f  S. au re u s  + a n t i  s t a p h  immune complexes r e ­

s u l t e d  in  a d i s t i n c t l y  enhanced o p s o n ic  e f f e c t .  T h i s  augmented phago­

c y t o s i s  was c o m p le te ly  i n h i b i t a b l e  by p r e i n c u b a t i o n  o f  su spen s io n  neu­

t r o p h i l s  wi th  100 micrograms IgG3/2 x 10® n e u t r o p h i l s ,  o r  an e q u iv a ­

l e n t  q u a n t i t y  o f  i t s  Fc f ragm en t .  T h i s  e f f i c i e n t  b lockage  o f  phagocy­

t o s i s  oc c u r r e d  w i th  bo th  t h e  a g g r e g a t e d  and u n a g g re g a te d  i n t a c t  IgG3 

m o le c u le  o r  i t s  p u r i f i e d  Fc f ragm en t  ( F i g u r e  12 ) .

F igu res  13a and 13b a r e  l i g h t  m ic ro g ra p h s  o f  t h a t  e x p e r im e n t .  An 

o p s o n ic  enhancement  i s  e v i d e n t  when s u s p e n s i o n  n e u t r o p h i l s  were c h a l ­

l enge d  with opson iz ed  5 .  au reus  ( F i g u r e  13a ) ;  however ,  t h i s  augmented 

u p t a k e  was e f f e c t i v e l y  blocked  by p r e i n c u b a t i n g  n e u t r o p h i l s  w i th  an 

IgG3 myeloma p r o t e i n  ( F i g u r e  13b) .
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F i g u re  12 : A b i l i t y  o f  an IgG3 myeloma p r o t e i n  t o  i n h i b i t  i n g e s t i o n  

o f  opson iz e d  S. a u r e u s  by su s p e n s io n  n e u t r o p h i l s .

The a b i l i t y  o f  a s t r u c t u r a l l y  homogeneous IgG3 myeloma p r o t e i n  

o r  i t s  Fc f r a g m en t  t o  i n h i b i t  t h e  u p t ak e  o f  opson ized  S. a u r e u s , by 

competing w i th  a n t i s t a p h y l o c o c c a l  IgG opso n in s  f o r  membrane bound 

IgG-Fc r e c e p t o r  s i t e s  on s u s p e n s i o n  n e u t r o p h i l s ,  was i n v e s t i g a t e d .  In 

t h e  a b s en c e  o f  i n h i b i t o r s ,  n e u t r o p h i l s  showed e f f i c i e n t  i n g e s t i o n  o f  

S. a u re u s  + a n t i s t a p h y l o c o c c a l  immune complexes .  However, i f  s u s p e n s io n  

n e u t r o p h i l s  had been p r e i n c u b a t e d  w i th  100 micrograms o f  IgG3 o r  

IgG-Fc ( s o l i d  b l a c k  b a r s ) ,  i t  was p o s s i b l e  t o  block  t h e  s u b seque n t  

u p take  o f  ops o n iz e d  S. a u r e u s . E f f e c t i v e  i n h i b i t i o n  o c c u r r e d  w i th  

una gg re ga te d  o r  h e a t  a g g re g a t e d  IgG3 and IgG3-Fc.
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F ig u re  13 : a .  L i g h t  m ic rograph  (1000 x m a g n i f i c a t i o n )  showing 

o ps o n ic  i n g e s t i o n  o f  S. a u re u s  by s u s p e n s io n  n e u t r o p h i l s .

b. L i g h t  m ic rog raph  (1000 x m a g n i f i c a t i o n )  showing 

t h e  a b i l i t y  o f  IgG3 to  b lock  o p s o n ic  i n g e s t i o n  o f  S. a u re u s  by su spen ­

s io n  n e u t r o p h i l s -
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4.  E f f e c t  o f  a Human IgG3 Myeloma P r o t e i n  and i t s  Fc Fragment  

on Opsonic  I n g e s t i o n  by Adheren t  N e u t r o p h i l s : In c o n t r a s t  t o  t h e  r e ­

s u l t s  w i th  comparable  s u s p e n s i o n  n e u t r o p h i l s ,  I cou ld  n o t  b lock  th e  

augmented u p ta k e  o f  s t a p h y l o c o c c a l - a n t i s t a p h y l o c o c c a l  o p s o n ic  complexes 

by p r e i n c u b a t i n g  a d h e r e n t  n e u t r o p h i l s  w i th  IgG3 o r  i t s  Fc f r a gm en t  a t  

t h e  same c o n c e n t r a t i o n  ( F ig u r e  14 ) .  F ig u re  15a i s  a l i g h t  m ic rograph  

o f  a t y p i c a l  e x p e r im e n t  i n  which a d h e r e n t  n e u t r o p h i l s  were c h a l l e n g e d  

w i th  opson ized  5.  a u r e u s . An o p s o n ic  enhancement  i s  e v i d e n t .  How­

e v e r ,  t h i s  o p s o n ic  enhancement  o r  augmented p h a g o c y to s i s  o f  s t a p h y l o ­

cocca l  - a n t i  s t a p h y l o c o c c a l  complexes was no t  i n h i b i t a b l e  i f  n e u t r o p h i l s  

were p r e i n c u b a t e d  w i th  f r e e  i n t a c t  IgG3 ( F ig u r e  15b) .  In a d d i t i o n ,  i t  

was n o t  p o s s i b l e  t o  e f f e c t i v e l y  i n h i b i t  t h i s  o p s o n i z a t i o n  w i t h  adhe­

r e n t  n e u t r o p h i l s  even i f  t h e  i n t a c t  IgG3 myeloma p r o t e i n  was p r e i n c u ­

b a te d  w i th  n e u t r o p h i l s  b e f o r e  t h e y  were a l lowed  to  a d h e re  t o  g l a s s  

c o v e r s l i p s  and s u b s e q u e n t ly  c h a l l e n g e d  w i th  s p e c i f i c a l l y  opson ized  

S. a u r e u s .

Taken a t  f a c e  v a l u e ,  t h i s  obse rved  d i f f e r e n c e  between su spen s io n  

and a d h e r e n t  n e u t r o p h i l  p o p u l a t i o n s  s u g g e s t s  t h a t  i n  n e u t r o p h i l  mono­

l a y e r s ,  t h e  proposed  membrane bound IgG-Fc r e c e p t o r s  a r e  i n a c c e s s i b l e  

f o r  e f f e c t i v e  i n h i b i t i o n  o r  b lockage  w i th  f r e e  unbound IgG3. Thus,  

t h e  f a i l u r e  o f  IgG3 t o  e f f e c t i v e l y  compete  w i t h  a n t i s t a p h y l o c o c c a l  

IgG opso n in s  f o r  IgG-Fc r e c e p t o r  s i t e s  in  t h e  a d h e r e n t  c e l l  system may 

be r e l a t e d  t o  a s p a t i a l  r e o r i e n t a t i o n  o r  t o p o g r a p h i c a l  r e a r r a n g e m e n t  

o f  IgG r e c e p t o r s  d u r i n g  t h e  phenomenon o f  g l a s s  a d h e re n c e .  C o n s i d e r ­

ing t h e  e x t e n s i v e  d e f o r m a b i l i t y  and t r a n s l o c a t i o n  o f  t h e  c e l l  membrane 

t h a t  o c c u r  a s  c e l l s  s e t t l e  on g l a s s  ( 4 ,  5 ) ,  i t  i s  n o t  u n r e a s o n a b le  to  

p o s t u l a t e  t h a t  some s o r t  o f  t o p o g r a p h i c a l  r e l o c a l i z a t i o n  o f  membrane
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F i g u r e  14 : F a i l u r e  o f  IgG3 t o  block  o p s o n ic  i n g e s t i o n  o f  S. a u r e u s

by a d h e r e n t  n e u t r o p h i l s .

Al though a pronounced o p s o n ic  enhancement  on i n g e s t i o n  was a l s o  

e v id e n t  w i t h  a d h e r e n t  n e u t r o p h i l s  c h a l l e n g e d  w i th  S. a u re u s  + a n t i s t a p h y ­

lococ c a l  immune complexes,  t h i s  augmented u p t a k e  was n o t  i n h i b i t a b l e  by 

p r e i n c u b a t i n g  th e  c e l l s  w i th  IgG3 o r  IgG3-Fc, as  p r e v i o u s l y  shown w i th  

su s p e n s io n  n e u t r o p h i l s .  These  r e s u l t s  d e m o n s t r a t e  a n o t h e r  d i s t i n c t i o n  

between t h e  two n e u t r o p h i l  p o p u l a t i o n s .
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F ig u re  1 5 : a . L ig h t  m ic rograph  (1000 x m a g n i f i c a t i o n )  demon­

s t r a t i n g  o p son ic  i n g e s t i o n  o f  S. a u r e u s  by a d h e r e n t  n e u t r o p h i l s .

b. L ig h t  m ic rog raph  (1000 x m a g n i f i c a t i o n )  demon­

s t r a t i n g  th e  f a i l u r e  o f  IgG3 to  i n h i b i t  o p son ic  i n g e s t i o n  o f  5 .  a u re u s  

a d h e r e n t  n e u t r o p h i l s .
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r e c e p t o r  s i t e s  o c c u r s  d u r in g  t h e s e  e x t e n s i v e  membrane p e r t u r b a t i o n s  t h a t  

accompanies  g l a s s  a d h e re n c e .  Such a r e l o c a l i z a t i o n  o f  r e c e p t o r  s i t e s  

may be m a n i f e s t  as  ( 1 ) a c l u s t e r i n g  ( m i c r o a g g r e g a t io n )  o f  a l r e a d y  e x ­

posed IgG r e c e p t o r  s i t e s ;  (2 )  t h e  exposu re  o f  a d d i t i o n a l  IgG r e c e p t o r  

s i t e s ;  o r  (3)  t h e  masking o r  i n t e r n a l i z a t i o n  o f  e x i s t i n g  r e c e p t o r  

s i t e s .  I t end  t o  f a v o r  p o s t u l a t e s  (1 )  and ( 2 ) .  Pe rhaps adhe re nc e  

r e s u l t s  in  l o c a l  a g g r e g a t i o n  o f  IgG r e c e p t o r  s i t e s  such t h a t  a t i g h t e r  

b ind ing  o r  h i g h e r  energy  o f  i n t e r a c t i o n  c o u ld  o c c u r  between n e u t r o p h i l s  

and Ag-Ab complexes than  between n e u t r o p h i l s  and f r e e ,  uncomplexed IgG 

m o le c u le s .  P o s s i b l y  t h e  b in d in g  o f  n e u t r o p h i l  and f r e e  IgG-Fc i s  a 

weak one and can be d i s p l a c e d  by Ag-Ab complexes which i n t e r a c t  more 

e f f i c i e n t l y  w i th  a g g r e g a t e d  o r  c l u s t e r e d  r e c e p t o r s .  In c o n s i d e r i n g  

p o s t u l a t e  ( 2 ) ,  pe rhaps  a d d i t i o n a l  r e c e p t o r  s i t e s  a r e  exposed d u r in g  

g l a s s  ad h e re n c e  which makes them a c c e s s i b l e  f o r  s t i m u l a t i o n  by s t a p h y ­

l o c o c c a l  - a n t i s t a p h y l o c o c c a l  immune complexes .  C o n s e que n t ly ,  i n h i b i t i o n  

cou ld  be overcome by s t i m u l a t i o n  o f  newly exposed IgG r e c e p t o r  s i t e s .

In any e v e n t ,  r e a l i z i n g  t h a t  t h e  m ajo r  d i f f e r e n c e s  obse rved  be ­

tween t h e  two n e u t r o p h i l  p o p u l a t i o n s  were i n  some way r e l a t e d  t o  t h e  

phenomenon o f  g l a s s  a d h e r e n c e ,  I s u b s e q u e n t l y  s t u d i e d  what  e f f e c t s ,  

i f  a ny ,  monolayering  n e u t r o p h i l s  f o r  v a ry in g  t ime p e r i o d s  had on t h e  

ph a g o c y t i c  e f f i c i e n c i e s  o f  t h e s e  c e l l s .

5. E f f e c t  o f  Al lowing  N e u t r o p h i l s  t o  Monolayer  f o r  Varying 

Time P e r io d s  on I n g e s t i o n  E f f i c i e n c y . I i n v e s t i g a t e d  what  e f f e c t s  t h e  

t im e  a l l o t t e d  t o  a l l o w  n e u t r o p h i l s  t o  a d h e re  t o  g l a s s  s u r f a c e s  had on 

t h e  e f f i c i e n c y  o f  p h a g o c y to s i s  o f  S.  a u re u s  i n  t h e  absence  o f  a n t i ­

s t a p h y l o c o c c a l  o p s o n ic  a n t i b o d i e s  ( F i g u r e  1 6 ) .  N e u t r o p h i l s  were a l lowed  

to  a d h e re  t o  g l a s s  c o v e r s l i p s  f o r  15,  30,  60 ,  90,  and 120 m i n u t e s ,  and
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EFFECTS OF MONOLAYERING NEUTROPHILS FOR 

VARIOUS TIME PERIODS ON THE EFFICIENCY OF 
INGESTION OF "MOCK OPSONIZED" S. aureus
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F ig u re  1 6 : E f f e c t s  o f  a l l o w i n g  n e u t r o p h i l s  t o  monolayer  f o r

v a r i o u s  t ime p e r i o d s  on t h e  e f f i c i e n c y  o f  i n g e s t i o n .

N e u t r o p h i l s  were a l lowed t o  adhe re  t o  g l a s s  s u r f a c e s  f o r  15,  30, 

60,  90 ,  and 120 m in u tes  b e f o r e  t h e y  were c h a l l e n g e d  w i t h  S. a u re u s  in  

t h e  a b s en c e  o f  s p e c i f i c  o p s o n in .  I n g e s t i o n  e f f i c i e n c i e s  were compar­

a b l e  when a d h e re n c e  o c c u r r e d  o v e r  a 60 m in u te  t im e  p e r i o d .  A f t e r  90 

and 120 m in u t e s ,  pha g o c y t i c  e f f i c i e n c i e s  d i m i n i s h e d  s l i g h t l y .
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s u b s e q u e n t ly  t h e  monolayers  were c h a l l e n g e d  w i th  S. a u r e u s . C o n s i s t e n t  

w i th  my e a r l i e r  f i n d i n g s ,  n e u t r o p h i l  monolayers  i n g e s t e d  S. a u reus  r e -  

markably  well  i n  t h e  absence  o f  immune o p s o n in .  There  were no s i g n i ­

f i c a n t  d i f f e r e n c e s  in  t h e  p e r c e n t a g e s  o f  n e u t r o p h i l s  phagocy tos ing  nor  

in  t h e  q u a l i t y  o f  i n g e s t i o n  w h e th e r  c e l l s  were monolayered f o r  15, 30,  

o r  60 m in u te s .  A f t e r  90 and 120 m in u te s  t h e  pha g o c y t i c  e f f i c i e n c y  o f  

monolayered c e l l s  d e c re a s e d  s l i g h t l y  ( F i g u r e  16) .

6 . E f f e c t s  o f  Allowing N e u t r o p h i l s  t o  Monolayer i n  the  

Absence o f  FCS. N e u t r o p h i l s  were a l low ed  t o  a d h e re  t o  g l a s s  s u r f a c e s  

in  t i s s u e  c u l t u r e  medium 199 (med 199) c o n t a i n i n g  e i t h e r  10% FCS, 10% 

normal c a l f  serum, 15% bovine  serum album in  (BSA), o r  w i t h o u t  FCS 

( F i g u r e  17) .  All  s e r a  were h e a t  i n a c t i v a t e d .  I t  became a p p a r e n t  t h a t  

n e u t r o p h i l s  cou ld  be monolayered i n  med 199 in  t h e  absence  o f  10%

FCS. However, t h e  p o t e n t i a l  o f  t h e s e  a d h e r e n t  monolayers  t o  s u b s t a n ­

t i a l l y  phagocy to se  S. a u r e u s  in  t h e  a b s en c e  o f  immune opson in  was 

a b o l i s h e d  ( F ig u r e  17) .  Th is  was t h e  f i r s t  c l u e  t h a t  the  e f f i c i e n t  

ph a g o c y t i c  p o t e n t i a l  o f  a d h e r e n t  m o n o la y e r s ,  in  t h e  absence  o f  s p e c i ­

f i c  o p s o n in ,  was complex and r e l a t e d  t o  a t  l e a s t  two f a c t o r s :  (1) A

m oie ty  p r e s e n t  i n  decomplemented FCS, and (2 )  t h e  adhe rence  phenomenon 

i t s e l f .  This  became a p p a r e n t  when s u s p e n s i o n  n e u t r o p h i l s  w ere  a l s o  c u l ­

t u r e d  in  med 199 + 10% FCS; s u s p e n s i o n  n e u t r o p h i l s  s t i l l  d i d  no t  p o s s e s s  

th e  comparable  enhanced p o t e n t i a l ,  as  a d h e r e n t  c e l l s  d i d ,  t o  phagocy­

t o s e  unopson ized  S. a u r e u s . A l s o ,  i f  a d h e r e n t  n e u t r o p h i l s  were a l lowed 

to  monolayer  i n  t h e  a bsenc e  o f  FCS, t h e  n o n s p e c i f i c  p h a g o c y t i c  capa ­

b i l i t y  was l o s t  (F ig u re  17 ) .  C o n s e q u e n t l y ,  n e u t r o p h i l s  mus t  be ad­

h e r e n t  t o  g l a s s  s u r f a c e s  f o r  FCS t o  p o t e n t i a t e  t h e  n o n s p e c i f i c  i n g e s ­

t i o n  o f  mock opson iz ed  S. a u r e u s . Th is  i m p l i e s  t h a t  the  m o ie ty  in  FCS
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F i g u re  1 7 : E f f e c t s  o f  a l l o w i n g  n e u t r o p h i l s  t o  monolaye r  in  t h e

a bsenc e  o f  FCS.

I n s p e c t i o n  o f  t h i s  f i g u r e  i l l u s t r a t e s  t h a t  even though  n e u t r o ­

p h i l s  c ou ld  a dhe re  t o  s u r f a c e s  when c u l t u r e d  in  medium 199 w i t h o u t  

FCS, t h e  e f f i c i e n t  i n g e s t i o n  o f  unopson ized  S. a u r e u s  was a b o l i s h e d .  

C onse que n t ly ,  i t  became a p p a r e n t  t h a t  FCS and normal c a l f  serum con­

t a i n e d  a m oie ty  ( o r  m o i e t i e s ? )  c a p a b l e  o f  a c t i v a t i n g  membrane compo­

n e n t s  which a r e  exposed ,  presumably  d u r i n g  s u r f a c e  a d h e r e n c e ,  t o  

a c co u n t  f o r  t h e  obse rved  p o t e n t i a l  o f  a d h e r e n t  m onolayers  t o  i n g e s t  

unopson ized S. a u r e u s .

The s t i m u l a t o r y  a c t i v i t y  o f  FCS most  p robab ly  was d i r e c t e d  a t  

phagocy te  membrane components ( a s  opposed  to  b a c t e r i a l  membrane com­

p o n e n t s ) ,  b ecause  a f t e r  adhe re nc e  o c c u r r e d  the  monolayers  were washed 

2-3 t im es  w i th  medium 199 w i t h o u t  FCS b e f o r e  any s u b s e q u e n t  b a c t e r i a l  

c h a l l e n g e .
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i n t e r a c t s  w i th  n e u t r o p h i l  (membrane?) components  t h a t  a r e  exposed on ly  

a f t e r  g l a s s  a d h e re n c e .  The p h a g o c y to s i s  s t i m u l a t i n g  a c t i v i t y  was no t  

un ique  t o  components p r e s e n t  in  FCS s i n c e  normal c a l f  serum p o s s es s e d  

com parab le  p h a g o c y t o s i s - s t i m u l a t i n g  a c t i v i t y  on n e u t r o p h i l  m ono laye rs .  

C e l l s  were a l s o  monolayered in  med 199 c o n t a i n i n g  15% BSA. T h i s  con­

t r o l  was i n c lu d e d  to  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  p h a g o c y t o s i s -  

s t i m u l a t i n g  a c t i v i t y  was n o t  due t o  a n o n s p e c i f i c  i n t e r a c t i o n  o f  neu­

t r o p h i l  monolaye rs  w i th  any p r o t e i n .  Monolayers  c u l t u r e d  in  med 199 + 

15% BSA lacked  t h e  p o t e n t i a l  t o  i n g e s t  unopson ized  S. a u re u s  ( F ig u r e  17 ) .

T h i s  f i n d i n g  o f  a p h a g o c y t o s i s - s t i m u l a t i n g  a c t i v i t y  i n  FCS and 

bov ine  serum i s  n o t  u n p r e c e d e n te d .  I t  has been known f o r  some t ime 

t h a t  bov ine  serum (decomplemented)  a l s o  c o n t a i n s  i n t r i n s i c  f a c t o r s  

c a p a b l e  o f  s t i m u l a t i n g  pinosome f o r m a t i o n  in  c u l t i v a t e d  mouse macro­

phages (118 ) .  More r e c e n t l y ,  a m a c r o g lo b u l in  component  o f  c a l f  serum 

was found to  i n t e r a c t  o p s o n i c a l l y  w i th  m o t i l e  B a c i l l u s  s u b t i l  i s  and 

B a c i l l u s  c e r e u s  o r g a n i s m s ,  m e d ia t i n g  t h e i r  ad h e re n c e  t o  mouse macro­

phages i n  c u l t u r e  (119) .

R e a l i z i n g  t h a t  t h e  n o n s p e c i f i c  p h a g o c y t i c  p o t e n t i a l  o f  a d h e r e n t  

n e u t r o p h i l s  was r e l a t e d  t o  a m o ie ty  ( o r  m o i e t i e s ? )  p r e s e n t  i n  FCS 

(and normal c a l f  se rum ) ,  s u b s e q u e n t  e x p e r im e n t s  were focu s e d  on (a)  

t e s t i n g  t h e  a b i l i t y  o f  FCS t o  s t i m u l a t e  n o n s p e c i f i c  i n g e s t i o n  o f  

h i g h l y  e n c a p s u l a t e d  b a c t e r i a ;  (b)  c o n s t r u c t i n g  a d o s e -d e p e n d e n t  cu rve  

r e l a t i n g  t h e  p e r c e n t a g e  o f  FCS used in  t h e  m onolayering  p r o t o c o l  w i th  

t h e  e f f i c i e n c y  o f  i n g e s t i o n  o f  S. a u re u s  (op so n iz e d  and mock o p s o n i z e d ) ,  

and ( c )  i s o l a t i n g  IgG from FCS and i n v e s t i g a t i n g  i t s  a b i l i t y  t o  a c t i ­

v a t e  t h e  obse rved  i n g e s t i o n  o f  unopson ized  S. a u r e u s .
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7.  I n t e r a c t i o n  o f  Adheren t  N e u t r o p h i l s  w i th  Unopsonized 

E nc a p s u la te d  B a c t e r i a : The c a p a b i l i t y  o f  u n f r a c t i o n a t e d  FCS t o  s t i m u l a t e  

a d h e r e n t  n e u t r o p h i l s  t o  i n g e s t  h i g h ly  e n c a p s u l a t e d  K. pneumoniae and

S. pneumoniae, t y p e  I I I ,  in  t h e  a bsenc e  o f  t h e i r  r e s p e c t i v e  a n t i b o d i e s ,  

was examined ( F ig u r e  18) .  D e s p i t e  t h e  p r e v i o u s  o b s e r v a t i o n  t h a t  a d ­

h e r e n t  n e u t r o p h i l s ,  a l lowed  t o  monolayer  in  med 199 c o n t a i n i n g  10% FCS, 

cou ld  i n g e s t  S. au re u s  in  t h e  absence  o f  a n t i  s t a p h y l o c o c c a l  a n t i b o d i e s ,  

t h e y  cou ld  no t  phagocy tose  t h e s e  h i g h l y  e n c a p s u l a t e d  b a c t e r i a  in  t h e  

absence  o f  t h e i r  r e s p e c t i v e  a n t i b o d i e s  ( F i g u r e  18) .

8 . P h a g o c y t i c  C a p a c i ty  o f  Adheren t  N e u t r o p h i l s :  Dose De­

pendency on FCS: Adheren t  n e u t r o p h i l s  were a l low ed  t o  monolayer  on to

g l a s s  s u r f a c e s  i n  med 199 c o n t a i n i n g  0 ,  .01%, .1%, 1%, 5%, 10%, 15%, 

and 25% FCS. Su b s e q u e n t ly  t h e  n e u t r o p h i l  monolayers  were c h a l l e n g e d  

w i th  mock opson ized  o r  ops o n iz e d  S.  a u r e u s  ( F ig u r e  19) .

In t h e  absenc e  o f  a n t i  s t a p h y l o c o c c a l  opson in  I obse rved  a dose  

dependen t  r e l a t i o n s h i p  between t h e  p e r c e n t a g e  o f  FCS used i n  t h e  mono­

l a y e r i n g  p r o to c o l  and t h e  e f f i c i e n c y  o f  i n g e s t i o n  o f  S. a u re u s  by t h e s e  

a d h e r e n t  n e u t r o p h i l s .  The peak p h a g o c y t i c  a c t i v i t y  was obse rved  when 

10% FCS was u t i l i z e d .

In t h e  p r e s e n c e  o f  immune o p s o n in ,  t h e  dose  dependen t  r i s e  in  

p h a g o c y t i c  e f f i c i e n c y  was s t i l l  a p p a r e n t ,  pe ak ing  a g a in  i n  t h e  p r e s e n c e  

o f  10% FCS. However, t h e  dose  d e pe nden t  r i s e  was more pronounced in  

t h e  a b s en c e  o f  a n t i  s t a p h y l o c o c c a l  a n t i b o d i e s .  With h i g h e r  p e r c e n ta g e s  

o f  FCS (15%, 25%), t h e  e f f i c i e n c y  o f  i n g e s t i o n  o f  opson iz e d  and unop­

s o n iz e d  S. a u re u s  d e c r e a s e d  s l i g h t l y .
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F ig u re  18 : I n a b i l i t y  o f  FCS t o  s t i m u l a t e  i n g e s t i o n  o f  unopson ized

e n c a p s u l a t e d  b a c t e r i a  by a d h e r e n t  n e u t r o p h i l s .

The a b i l i t y  o f  a d h e r e n t  monolayers  ( c u l t u r e d  i n  medium 199 + 10% 

FCS) to  i n g e s t  h i g h l y  e n c a p s u l a t e d  K. pneumoniae and S. pneumoniae i n  

t h e  absence  o f  t h e i r  r e s p e c t i v e  o p s o n ic  a n t i b o d i e s  was s t u d i e d .

Although p h a g o c y to s i s  o f  unopson ized S. a u re u s  o c c u r r e d ,  t h e  p h a g o c y t i c  

c e l l s  f a i l e d  t o  i n g e s t  unopson ized e n c a p s u l a t e d  b a c t e r i a .
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F i g u r e  19: P h a g o c y t i c  c a p a c i t y  o f  a d h e r e n t  n e u t r o p h i l s :  Dose

dependency on FCS-

A dheren t  n e u t r o p h i l s  d e m o n s t r a t e d  a dose  d e pe nden t  r i s e  i n  t h e  

e f f i c i e n c i e s  wi th  which t h e y  i n g e s t e d  unopson ized  and s p e c i f i c a l l y  

o pson ized  S.  a u r e u s . The op t im al  a c t i v i t y  i n  bo th  c a s e s  was obse rved  

when 10% FCS was used  to  monolayer  p h a g o c y te s .

When c e l l s  were a l low e d  to  monolayer  i n  t h e  a b s e n c e  o f  FCS (0% 

FCS), a l t h o u g h  t h e  a b i l i t y  t o  i n g e s t  unopson ized  S. a u r e u s  was a b o ­

l i s h e d ,  t h e  c e l l s  n e v e r t h e l e s s  r emained f u n c t i o n a l l y  a c t i v e .  T h i s  

was dem o n s t ra t ed  by t h e i r  c o n t i n u e d  a b i l i t y  t o  i n g e s t  opson ized

S.  a u reus  under  s i m i l a r  e x p e r im e n ta l  c o n d i t i o n s .



1 0 8

9.  C h a r a c t e r i z a t i o n  and I s o l a t i o n  o f  IgG from F e t a l  C a l f  

Serum (FCS): Ouch te r lony  d o u b le  d i f f u s i o n  a n a l y s i s  o f  bo th  FCS and

normal c a l f  serum r e v e a l e d  t h e  p r e s e n c e  o f  IgG immunoglobul ins  i n  t h e s e  

s e r a  ( F i g u r e  20a) .  The p r e c i p i t i n  a r c  due t o  t h e  a n t i  g e n - a n t i  body r e a c ­

t i o n  o f  b o v in e  IgG ( c o n t r o l )  + a n t i b o v i n e  IgG formed com ple te  i d e n t i t y  

w i t h  t h a t  o f  FCS + a n t i b o v i n e  IgG and c a l f  serum + a n t i b o v i n e  IgG.

IgG was f r a c t i o n a t e d  from FCS by p a s s i n g  FCS (50 ml) ov e r  a 

DEAE-A50 io n  exchange column in  .05M PO^ b u f f e r ,  pH 7 .8 5  a t  4°C.

F i g u r e  20b shows t h i s  c h ro m a to g ra p h ic  e l u t i o n  p r o f i l e .

Peaks I and I I  were c u t  and c o n c e n t r a t e d  (Amicon c o n c e n t r a t o r )  

and s u b j e c t e d  to  dou b le  d i f f u s i o n  a n a l y s e s  a g a i n s t  a n t i s e r u m  t o  normal 

bov ine  serum (F ig u re  2 0c ) .  Peaks I and II  formed a p r e c i p i t i n  a r c  o f  

i d e n t i t y  w i t h  each o t h e r  and w i th  bov ine  IgG ( c o n t r o l ) .  Th is  s i g n i ­

f i e d  t h a t  peaks I + I I  were pu re  and r e p r e s e n t e d  immunoglobul ins  o f  t h e  

IgG c l a s s .  Because t h e  g o a t  a n t i b o v i n e  normal serum used  was a g a i n s t  

t h e  e n t i r e  f r a c t i o n  o f  bov ine  serum ( i . e . ,  n o t  s u b c l a s s  s p e c i f i c ) ,  I 

s u s p e c t  t h a t  peaks I + I I  p r o b a b l y  r e p r e s e n t e d  th e  d i f f e r e n t i a l  e l u t i o n  

o f  two bov ine  IgG s u b c l a s s e s .

The e s t i m a t e d  c o n c e n t r a t i o n  o f  IgG in  t h e  FCS was 10 mg/ml;  t h i s  

was a m id p o i n t  e s t i m a t e  based  on t h e  known c o n c e n t r a t i o n  r ange  o f  IgG 

i n  normal human serum (8 -16  mg/ml) .

Both peaks were s e p a r a t e l y  c o n c e n t r a t e d  down t o  10 mg/ml,  and 

10 ml o f  e a c h  peak was added t o  90 ml o f  med 199. S u b s e q u e n t ly  med 199 

+ peak I and med 199 + peak I I  were used  to  monolayer  n e u t r o p h i l s .

10. E f f e c t  o f  FCS-IgG on t h e  I n g e s t i o n  o f  Unopsonized B a c t e r i a : 

N e u t r o p h i l s  were a l low e d  t o  a d h e re  t o  g l a s s  c o v e r s ! i p s  i n  med 199 con­

t a i n i n g  e i t h e r  10% FCS, 0% FCS, o r  IgG i s o l a t e s  from FCS (peaks  I + I I )
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F i g u r e  2 0 : a . Quch te r lony  dou b le  d i f f u s i o n  a n a l y s i s  d e m o n s t r a t ­

ing t h e  p r e s e n c e  o f  IgG in FCS.

T h i s  pho tograph  d e m o n s t r a t e s  t h e  a n t i g e n i c  r e l a t i o n s h i p s  among 

bovine IgG (wel l  # 2 ) ,  f e t a l  c a l f  serum (well  # 1 ) ,  and a d u l t  c a l f  serum 

(well  # 3 ) .  The c e n t e r  wel l c o n t a i n s  a n t i b o v i n e  IgG s p e c i f i c  a n t i s e r a .  

Thus t h e  FCS used in  my s t u d i e s  c o n t a i n e d  IgG immunoglobul ins .  The 

a b i l i t y  o f  FCS-IgG i s o l a t e s  t o  s t i m u l a t e  i n g e s t i o n  o f  unopson ized  

S. a u re u s  was t h e r e f o r e  t e s t e d  in  s u b s e q u e n t  s t u d i e s .
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F i g u r e  20 . b . Chromatograph e l u t i o n  p r o f i l e  o f  f r a c t i o n a t i o n  o f  

IgG from FCS.

Th is  i l l u s t r a t i o n  shows t h e  e l u t i o n  p r o f i l e  o b t a i n e d  when f e t a l  

c a l f  serum (50 ml) was s u b j e c t e d  to  i o n  exchange ch ro m a to g ra p h ic  f r a c ­

t i o n a t i o n  o v e r  a DEAE-A50 Sephadex column,  e q u i l i b r a t e d  w i th  .05M P0^ 

b u f f e r ,  pH 7 .8 5 .  Each f r a c t i o n  c o n t a i n s  4 ml.  Peaks I and I I ,  t h e  

s u s p e c t e d  IgG components ,  were c u t ,  c o n c e n t r a t e d ,  and s u b j e c t e d  t o  

d o u b l e  d i f f u s i o n  a n a l y s i s .
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F ig u re  2 0 : c . O uch te r lony  d o u b le  d i f f u s i o n  a n a l y s i s  d e m o n s t r a t ­

ing t h e  p u r i t y  o f  IgG i s o l a t e d  from FCS.

This  i l l u s t r a t i o n  shows a n t i g e n i c  i d e n t i t i e s  among peaks I (well  #1)  

and I I  (wel l  # 2 ) ,  and bovine  IgG ( c o n t r o l ) .  The c e n t e r  wel l  c o n t a i n s  

g o a t  a n t i b o v i n e  normal serum. Peaks I and I I  formed a p r e c i p i t i n  a r c  

o f  i d e n t i t y  w i th  each o t h e r  and w i th  c o n t r o l  bov ine  IgG. Presumably 

peaks I and I I  r e p r e s e n t  t h e  d i f f e r e n t i a l  e l u t i o n  o f  two bovine IgG 

s u b c l a s s e s  uncon tam ina ted  w i th  any o t h e r  serum p r o t e i n s .
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(F ig u r e  21 ) .  Used a t  i t s  e s t i m a t e d  p h y s i o l o g i c  c o n c e n t r a t i o n  (10 mg/ml) 

in  10% FCS, n e i t h e r  IgG peak p o t e n t i a t e d  t h e  n o n s p e c i f i c  i n g e s t i o n  o f  

unopson ized  S. a u re u s  by a d h e r e n t  n e u t r o p h i l s  when compared t o  t h a t  

a c t i v i t y  obse rved  w i th  u n f r a c t i o n a t e d  FCS ( F i g u r e  17 ) .  T h e r e f o r e ,  w ha t ­

e v e r  t h e  m oie ty  i n  FCS r e s p o n s i b l e  f o r  a c t i v a t i n g  n o n s p e c i f i c  phago­

c y t o s i s  ( i n g e s t i o n  in  t h e  absence  o f  immune op s o n in )  by a d h e r e n t  neu­

t r o p h i l s ,  i t  was no t  r e l a t e d  t o  t h e  IgG components .

in  Both N e u t ro p h i l  P o p u l a t i o n s : I t  has been p r e v i o u s l y  d e m ons t ra ted

t h a t  d u r in g  a p h a g o c y t i c  p u l s e ,  m e t a b o l i c  ene rgy  i s  r e q u i r e d  f o r

e f f i c i e n t  i n g e s t i o n .  The energy  f o r  i n g e s t i o n  in  n e u t r o p h i l s  comes 

l a r g e l y  from t h e  d e g r a d a t i o n  o f  g l u c o s e  ( g l y c o l y s i s ) .  In a c t i v e l y  

phagocy to s ing  c e l l s ,  some o f  t h e  g l u c o s e  i s  deg raded  t o  CO^ v i a  t h e  

HMS ( p e n t o s e  phospha te  pa thway).  C o n s e q u e n t ly ,  i n  a c t i v e l y  p h a g o c y to s ­

ing c e l l s ,  HMS a c t i v i t y  i n c r e a s e s  4-10 f o l d  above t h a t  o bse rve d  in 

r e s t i n g  n e u t r o p h i l s  (64 ,  6 6 ) .  The a s s a y  used  t o  a s s e s s  t h e  o x i d a t i o n

o f  g l u c o s e  t o  Ct^ v i a  t h e  HMS commonly measures  t h e  o x i d a t i o n  o f  r a d i o -

14 14a c t i v e l y  l a b e l l e d  g lu c o s e - 1  C to  1 Ct^.  The f o l l o w i n g  scheme r e p r e ­

s e n t s  t h a t  pathway:

a s sa y e d

Hexose monophosphate  s h u n t  a c t i v i t y  was s t u d i e d  in  s u s p e n s i o n  and 

a d h e r e n t  n e u t r o p h i l  p o p u l a t i o n s  unde r  r e s t i n g  c o n d i t i o n s ,  t h a t  i s ,  no

11. Comparison o f  Hexose Monophosphate Shunt  (HMS) A c t i v i t i e s

14 14g lu co s e -1  C } g lucose -1  C-phosphate
NADP+ NADPH

146- p h o s p h o g l u c o n a te - l  C —  — >  -------------
NADP+ NADPH ^ 4 ^

^ 5 - r i b o s e  phospha te

2
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F ig u re  21 : F a i l u r e  o f  FCS-IgG i s o l a t e s  t o  s t i m u l a t e  i n g e s t i o n  o f

mock opson ized  SI a u r e u s  by a d h e r e n t  n e u t r o p h i l s .

IgG i s o l a t e s  f rom FCS (peaks  I and I I )  u sed  a t  p h y s i o l o g i c  co n ­

c e n t r a t i o n s  i n  10% FCS f a i l e d  t o  s t i m u l a t e  p h a g o c y to s i s  o f  unopson ized 

S. au reus  as  compared t o  a c t i v i t y  o b se rve d  w i th  u n f r a c t i o n a t e d  FCS.



1 1 8

p h a g o c y t i c  c h a l l e n g e ,  and unde r  c o n d i t i o n s  o f  a p h a g o c y t i c  c h a l l e n g e  

w i th  opson ized  o r  mock opson ized  b a c t e r i a  ( F ig u r e  22) .

In terms o f  HMS a c t i v i t y ,  t h e r e  were no a p p a r e n t  d i f f e r e n c e s  

between th e  two n e u t r o p h i l  p o p u l a t i o n s  under  r e s t i n g  c o n d i t i o n s .  How­

e v e r ,  i t  shou ld  be k e p t  in  mind t h a t  HMS a c t i v i t y  was a s sa y e d  a f t e r  

t h e  c e l l s  adhered  t o  g l a s s  s u r f a c e s .  I t  i s  q u i t e  c o n c e i v a b l e  t h a t  

m e t a b o l i c  d i f f e r e n c e s  in  HMS a c t i v i t y  may be o bse rve d  i f  a s sayed  in  

r e s t i n g  p o p u l a t i o n s  as  t h e  a d h e re n c e  phenomenon i s  i n i t i a t e d .

Under c o n d i t i o n s  o f  a p h a g o c y t i c  c h a l l e n g e  w i th  mock opson ized  

S. a u r e u s , t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two 

n e u t r o p h i l  p o p u l a t i o n s .  Th i s  f i n d i n g  was unexpec ted  b e c a u s e ,  by 

m ic r o s c o p i c  a n a l y s i s ,  a d h e r e n t  n e u t r o p h i l s  w e re ,  by f a r ,  more a c t i v e l y  

p h a g o c y t i c .

Both n e u t r o p h i l  p o p u l a t i o n s  showed e v id e n c e  o f  an opson ic  e f f e c t .  

When c h a l l e n g e d  w i t h  S. a u r e u s - a n t i s t a p h y l o c o c c a l  a n t i b o d y  complexes,  

t h e r e  was a p p r o x i m a t e ly  a 4 - f o l d  i n c r e m e n t  i n  HMS a c t i v i t y  (F igu re  2 2 ) .

D. D i s c u s s i o n

Th is  s tu d y  has shown t h a t  p h y s i o l o g i c  d i f f e r e n c e s  a r e  demon­

s t r a b l e  between p o p u l a t i o n s  o f  human n e u t r o p h i l s  t h a t  a r e  a d h e r e n t  t o  

g l a s s  s u r f a c e s  as  compared w i t h  com parab le  p o p u l a t i o n s  t h a t  a r e  m ain ­

t a i n e d  in  s u s p e n s i o n  du r ing  p h a g o c y to s i s  ( F ig u r e  5 ) .

S p e c i f i c a l l y ,  t h e  a b i l i t y  o f  s u s p e n s i o n  v e r s u s  a d h e r e n t  n e u t r o p h i l  

p o p u l a t i o n s  t o  phagocy to se  c o a g u l a s e  p o s i t i v e  p a th o g e n i c  s t r a i n s  o f  

S. a u re u s  o f  phage types  8 0 / 8 1 ,  52,  52A, and t h e  Cowan S.  aureus 

s t r a i n  was i n v e s t i g a t e d .  C l e a r  d i f f e r e n c e s  were obse rved  in  t h e  p h a ­

g o c y t i c  e f f i c i e n c i e s  of  t h e  two n e u t r o p h i l  p o p u l a t i o n s .  In t h e  a b s e n c e  

o f  a n t i  s t a p h y l o c o c c a l  a n t i b o d i e s ,  a d h e r e n t  n e u t r o p h i l s  showed a sub -
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F i g u re  2 2 : Comparison o f  hexose  monophosphate  s h u n t  a c t i v i t i e s

in  a d h e r e n t  and s u s p e n s io n  n e u t r o p h i l s .

Glucose  d e g r a d a t i o n  t o  COg v i a  t h e  hexose  monophosphate  s hun t  

was compared in  a d h e r e n t  and s u s p e n s i o n  n e u t r o p h i l  p o p u l a t i o n s  under  

r e s t i n g  c o n d i t i o n s  (no p h a g o c y t i c  p u l s e ) ,  and a f t e r  c h a l l e n g e  w i th  

opson iz e d  and unopsonized S. a u r e u s . No s i g n i f i c a n t  d i f f e r e n c e s  i n  

HMS a c t i v i t y  was obse rved  in  t h e  two c e l l  p o p u l a t i o n s  under  r e s t i n g  

c o n d i t i o n s  o r  d u r in g  a c t i v e  p h a g o c y t o s i s .
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s t a n t i a l  q u a l i t a t i v e  and q u a n t i t a t i v e  e f f i c i e n c y  o f  i n g e s t i o n .  In con­

t r a s t ,  s u s p e n s i o n  n e u t r o p h i l s ,  i n  t h e  a b s en c e  o f  o p s o n in ,  showed r e l a ­

t i v e l y  low o r  n e g l i g i b l e  l e v e l s  o f  i n g e s t i o n  o f  t h e s e  o rgan i sm s  ( F ig u r e s  

8 , 9a ,  9b) .  I p o s t u l a t e  t h a t  t h e  a d h e s io n  o f  n e u t r o p h i l s  t o  g l a s s  s u r ­

f a c e s  may, by some y e t  unknown mechanism,  a c t i v a t e  t h e  p h a g o c y t i c  p r o ­

c e s s  t o  a c c o u n t  f o r  t h e s e  d i f f e r e n c e s .  These o b s e r v a t i o n s  cou ld  have 

i m p o r t a n t  iji v iv o  c o r r e l a t e s  i n  a c u t e  S. a u re u s  i n f e c t i o n s  such  as  

e n d o c a r d i t i s .  For example,  when n e u t r o p h i l s  have e n t e r e d  e x t r a v a s c u l a r  

s i t e s  o f  t i s s u e  i n j u r y  where c o n c e n t r a t i o n s o f  o p s o n ic  a n t i b o d i e s  a r e  

presumably lower  than  t h a t  i n  t h e  b l o o d s t r e a m ,  o r  d u r i n g  t h e  a c u t e  

s t a g e s  o f  i n f l a m m a t io n ,  when a n t i b o d y  t i t e r s  a r e  low ( i . e . ,  p r e a n t i ­

body phase o f  i n f e c t i o n ) ,  p h a g o c y to s i s  o f  t h e s e  o rgan isms  m igh t  s t i l l  

o c c u r  v e ry  e f f i c i e n t l y .  P h a g o c y to s i s  o f  e n c a p s u l a t e d  b a c t e r i a  i n  v i v o , 

i n  t h e  absenc e  o f  o p s o n iz i n g  a n t i b o d y ,  was f i r s t  d e m o n s t r a t e d  in  e x ­

p e r im e n ta l  l e s i o n s  produced  w i th  a t y p e  I pneumococcus and K. penu-  

moniae (120 ) .  In  bo th  subcu taneous  and pulmonary l e s i o n s  pha goc y to ­

s i s  was e v i d e n t  w i t h i n  t h e  f i r s t  few hours  o f  i n f e c t i o n ,  a l t h o u g h  no 

s p e c i f i c  a n t i b o d y  cou ld  be found in  t h e  blood o r  l o c a l  t i s s u e s .  Spe­

c i f i c  i n  v i t r o  i n v e s t i g a t i o n s  r e v e a l e d  t h a t  t h i s  form o f  p h a g o c y to s i s  

r e s u l t e d  from a t r a p p i n g  o f  t h e  b a c t e r i a  by l e u k o c y t e s  a g a i n s t  t i s s u e  

s u r f a c e s  (120 ,  121) .  T h i s  phenomenon o f  " s u r f a c e  p h a g o c y to s i s "  and 

my o b s e r v a t i o n s  w i th  a d h e r e n t  n e u t r o p h i l s  c o u ld  be d u e ,  in  p a r t ,  t o  

membrane a c t i v a t i o n  d u r i n g  t h e  a dhe re nc e  o f  phagocy te s  t o  t h e  s u r f a c e s  

o f  g l a s s  o r  inflammed t i s s u e s .

Ano ther  d i s t i n c t i o n  between t h e  two n e u t r o p h i l  p o p u l a t i o n s  was 

o bse rve d  in  i n h i b i t i o n  s t u d i e s .  When s u s p e n s i o n  n e u t r o p h i l s  were 

c h a l l e n g e d  w i t h  s p e c i f i c a l l y  opson iz e d  S. a u r e u s , a pronounced o p s o n ic  

enhancement  o f  i n g e s t i o n  was o b s e r v e d .  Th i s  o p s o n ic  e f f e c t  cou ld  be
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i n h i b i t e d  by p r e i n c u b a t i o n  o f  s u s p e n s i o n  n e u t r o p h i l s  w i th  f r e e  IgG3 o r  

i t s  Fc f ragm en t  ( F i g u r e s  12,  13a ,  13b) .  In c o n t r a s t ,  when a d h e r e n t  

n e u t r o p h i l s  were c h a l l e n g e d  w i t h  opson ized  S. a u r e u s , p h a g o c y to s i s  was 

q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  augmented above t h a t  which o c c u r r e d  

in  t h e  absence  o f  s p e c i f i c  a n t i b o d i e s .  However, t h i s  cou ld  no t  be 

i n h i b i t e d  o r  b locked  by p r e i n c u b a t i o n  o f  a d h e r e n t  c e l l s  w i th  f r e e  

IgG3 o r  i t s  Fc f ragm en t  ( F i g u r e s  14, 15a,  15b) .  These d a t a  imply t h a t  

t h e  p o s t u l a t e d  n e u t r o p h i l  membrane bound IgG-Fc r e c e p t o r  (53,  55) be­

comes i n a c c e s s i b l e  f o r  i n h i b i t i o n  d u r in g  t h e  a dhe re nc e  o f  t h e s e  c e l l s  

to  g l a s s  s u r f a c e s .  Th is  may be r e l a t e d  t o  a s p a t i a l  r e o r i e n t a t i o n  o r  

d e n s i t y  r e d i s t r i b u t i o n  o f  IgG-Fc r e c e p t o r  s i t e s  a f t e r  n e u t r o p h i l s  

have adhered  t o  g l a s s  ( o r  t i s s u e )  s u r f a c e s .  I t  i s  a l s o  p o s s i b l e  t h a t  

t h e  b ind ing  o f  f r e e  IgG3 t o  a d h e r e n t  n e u t r o p h i l s  i s  weak so t h e  p r o ­

t e i n  can e a s i l y  be d i s p l a c e d  by S. a u r e u s - a n t i s t a p h y l o c o c c a l  immune 

complexes.  The l a t t e r  p o s s i b i l i t y  i s  n o t  un p rec e d e n te d  because  i t  

has been shown t h a t  r a d i o l a b e l l e d  a n t i  g e n - a n t i  body complexes have 

t i g h t e r  b ind ing  a f f i n i t i e s  t o  mouse macrophages than  t h e  b ind ing  con­

f e r r e d  by a n t i b o d y  a l o n e  (122 ,  123) .

Although I obse rved  a s u b s t a n t i a l l y  h e ig h te n e d  a b i l i t y  o f  a d ­

h e r e n t  n e u t r o p h i l s  t o  p h a g o c y t i z e  S. au re u s  v e r y  e f f i c i e n t l y  1n t h e  

absence  o f  a n t i  s t a p h y l o c o c c a l  a n t i b o d i e s ,  t h i s  a c t i v i t y  could no t  be 

de m ons t ra ted  w i th  h i g h l y  e n c a p s u l a t e d  K. pneumoniae o r  5 . pneumoniae 

in  t h e  absence  o f  t h e i r  s p e c i f i c  a n t i b o d i e s  ( F ig u r e  1 8 ) .  A p r e c i s e  

e x p l a n a t i o n  f o r  t h i s  s p e c i f i c i t y  i s  n o t  y e t  a v a i l a b l e  bu t  may be r e ­

l a t e d  t o  t h e  a n t i p h a g o c y t i c  c a p s u l e s  su r r o u n d in g  t h e s e  o rgan i sm s .

In t h i s  s t u d y ,  i t  became a p p a r e n t  t h a t  a m o ie ty  i n  FCS and 

normal c a l f  s e r a  (decomplemented)  c o u ld  be c o r r e l a t e d  (when used in
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t h e  monolayer  p r o t o c o l )  w i th  t h e  e f f i c i e n t  i n g e s t i o n  o f  unopson ized  

S. a u re u s  by a d h e r e n t  n e u t r o p h i l s .  Th is  a c t i v a t i o n  by FCS was dose  

d e p e n d e n t .  P r e v io u s  i n v e s t i g a t i o n s  have shown t h a t  c a l f  s e r a  c o n t a i n  

i n t r i n s i c  f a c t o r s  c a p a b l e  o f  s t i m u l a t i n g  pinosome f o rm a t i o n  and o p s o n ic -  

a l l y  m e d i a t i n g  ad h e re n c e  o f  m o t i l e  b a c t e r i a  t o  mouse macrophages (118,  

119) .

I i s o l a t e d  IgG from FCS. Subsequent  u t i l i z a t i o n  o f  t h e  IgG i s o ­

l a t e  ( i n  t h e  monolayer  p r o t o c o l )  r e v e a l e d  t h a t  p h a g o c y t o s i s - s t i m u l a t ­

ing  a c t i v i t y  c ou ld  n o t  be a s c r i b e d  t o  t h e  IgG components o f  FCS.

Scanning e l e c t r o n  m ic r o s c o p ic  a n a l y s i s  has r e v e a l e d  d i f f e r e n c e s  

i n  plasma membranes o f  g l a s s  a d h e r e n t  v e r s u s  s u s p e n s i o n  n e u t r o p h i l s  

( 1 2 4 ) .  E l e c t r o n  m ic r o s c o p i c  s t u d i e s  o f  macrophage a t t a c h m e n t  have 

shown t h a t  c e l l s  f i r s t  ex tend  f i n g e r - l i k e  p r o j e c t i o n s  and v e i l - l i k e  

p r o c e s s e s  which a r e  v e ry  s i m i l a r  t o  t h e  m orpho log ica l  changes  i n  mem­

b r a n e s  t h a t  o c c u r  d u r in g  p h a g o c y t o s i s .  E l e c t r o n  m ic r o s c o p i c  a n a l y s e s  

o f  g l a s s - a t t a c h e d  and f r e e  s u r f a c e s  o f  c u l t i v a t e d  macrophages have 

shown d i f f e r e n c e s  in  t h e  o r i e n t a t i o n  o f  m i c r o t u b u l e s  and m i c r o f i l a ­

ments  i n  t h e  subplasmalemmal r e g i o n s .  Moreover ,  a f t e r  a p h a g o c y t i c  

p u l s e  w i t h  p o l y s t y r e n e  p a r t i c l e s ,  m i c r o t u b u l a r  and m i c r o f i l a m e n t o u s  

components o f  f r e e  s u r f a c e s  t r a n s l o c a t e d  and o r i e n t e d  th em se lve s  i n  a 

manner  v e ry  s i m i l a r  t o  t h a t  s een  in  t h e  g l a s s  a t t a c h e d  s u r f a c e s  ( 6 2 ) .

The s t u d i e s  p r e s e n t e d  h e re  have d e m o n s t ra t ed  t h a t  i n  t h e  absence  

o f  immune o p s o n in ,  a d h e r e n t  b u t  n o t  s u s p en s io n  n e u t r o p h i l s  r e p r e s e n t  

an a c t i v e l y  more p h a g o c y t i c  p o p u l a t i o n .  P r e v io u s  i n v e s t i g a t i o n s  o f  

enhanced p h a g o c y to s i s  by a d h e r e n t  phagocy te s  (125,  126) a r e  a l l  con ­

s i s t e n t  w i t h  t h e  p o s t u l a t e  t h a t  c e l l  a t t a c h m e n t  t o  g l a s s  ( 4 ,  5 ,  124 ) ,  

c e l l u l a r  s p r e a d i n g  on g l a s s  ( 6 , 103) ,  and p h a g o c y t o s i s ,  a r e  a l l  f u n c ­
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t i o n a l l y  r e l a t e d  phenomena d e pe nden t  on a l t e r a t i o n s ,  a c t i v a t i o n s ,  and 

p e r t u r b a t i o n s  o f  t h e  c e l l  membrane.
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I I I .  INTERACTION OF ADHERENT VERSUS SUSPENSION NEUTROPHILS WITH IgG-

COATED AND COMPLEMENT-COATED ERYTHROCYTES

A. I n t r o d u c t i o n : N e u t r o p h i l s  have membrane r e c e p t o r s  f o r  t h e

Fc p o r t i o n  o f  IgG (53, 55) and f o r  C3b, t h e  m o d i f i e d  t h i r d  component 

o f  serum complement  (41 ,  43) .  These  r e c e p t o r s  have u s u a l l y  been demon­

s t r a t e d  by l i g h t  mic roscopy  o f  n e u t r o p h i l  m ono laye rs  forming  r o s e t t e s  

w i th  a n d / o r  i n g e s t i n g  e r y t h r o c y t e s  coa ted  w i th  IgG a n t i b o d i e s  (EA-7S) 

o r  c o a t e d  w i th  a n t i b o d i e s  and complement  components  (EAC). I t  i s  

g e n e r a l l y  b e l i e v e d  t h a t  t h e s e  membrane bound IgG-Fc and C3b r e c e p t o r s  

m e d ia te  and f a c i l i t a t e  t h e  a t t a c h m e n t  and s u b s e q u e n t  i n t e r i o r i z a t i o n  

o f  immune complexes by pha g o c y t i c  c e l l s .  P r e v io u s  s t u d i e s  have shown 

s i g n i f i c a n t  d i f f e r e n c e s  i n  the  p h a g o c y t i c  e f f i c i e n c i e s  o f  s u s p e n s i o n  

v e r s u s  a d h e r e n t  n e u t r o p h i l s  when c h a l l e n g e d  w i t h  unopson ized  b a c t e r i a  

(126,  127) .  G e n e r a l l y ,  n e u t r o p h i l s  which have a d h e re d  t o  g l a s s  s u r ­

f a c e s  and a r e  s u b s e q u e n t l y  c h a l l e n g e d  w i th  unopson iz ed  S. a u re u s  a r e  

more e f f i c i e n t  phagocy te s  than n e u t r o p h i l s  i n  s u s p e n s i o n .  When c h a l ­

lenged  wi th  s p e c i f i c a l l y  opson ized  5 .  a u r e u s , bo th  n e u t r o p h i l  p o p u la ­

t i o n s  showed an opson ic  enhancement  o f  i n g e s t i o n .  However, o p s o n i z a ­

t i o n  by s u s p e n s i o n  n e u t r o p h i l s  was i n h i b i t a b l e  by p r e i n c u b a t i o n  o f  

t h e  c e l l s  w i th  an IgG3 myeloma p r o t e i n  o r  i t s  Fc f r a g m e n t .  O pson iza ­

t i o n  by a d h e r e n t  n e u t r o p h i l s  was n o t  i n h i b i t e d  unde r  s i m i l a r  c o n d i ­

t i o n s  (127) .  S in c e  n e u t r o p h i l s  have e x t r e m e ly  s h o r t  h a l f - l i f e  i n  t h e  

b lo o d s t r e a m  (6 -7  hours )  ( 3 ,  11 ) ,  and r e s i d e  m a in ly  in  e x t r a v a s c u l a r  

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

f l a m m a t io n ,  I b e l i e v e  t h a t  the  a d h e r e n t  c e l l  sys tem  may more c l o s e l y  

r e f l e c t  t h e  i n  v ivo  s i t u a t i o n .
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The o b j e c t i v e  o f  t h i s  a s p e c t  o f  t h e  s tu d y  was t o  i n v e s t i g a t e  

p o s s i b l e  d i f f e r e n c e s  i n  C3 r e c e p t o r s  between s u s p e n s i o n  and a d h e r e n t  

n e u t r o p h i l  p o p u l a t i o n s .  The r e s u l t s  i n d i c a t e  t h a t  a d h e r e n t  n e u t r o p h i l s  

p o s s e s s  t h e  c a p a c i t y  t o  bind t o  and i n g e s t  EAC immune complexes v e ry  

e f f i c i e n t l y ,  w h i l e  su s p e n s io n  n e u t r o p h i l s  show n e g l i g i b l e  EAC b i n d in g .

B. M a t e r i a l s  and Methods

1. I s o l a t i o n  o f  N e u t r o p h i l s : Human n e u t r o p h i l s  were i s o l a t e d

from p e r i p h e r a l  whole blood by d e x t r a n  s e d i m e n t a t i o n  and h ypo ton ic  

l y s i s  and resuspended  t o  a c o n c e n t r a t i o n  o f  2 x 10® ml in  med 199 +

10% FCS, a s  d e s c r i b e d  e l s e w h e r e  (C ha p te r  I I ) .

2. I s o l a t i o n  o f  T o ta l  WBC: For s t u d i e s  c o n c e r n in g  monocytes

and n e u t r o p h i l s ,  t o t a l  w h i t e  b lood  c e l l s  (WBC) were i s o l a t e d  from 

p e r i p h e r a l  b lood .  Venous blood  was c o l l e c t e d  from h e a l t h y  human donors  

i n t o  1 /7  volume o f  ACD ( a n t i c o a g u l a n t ) .

The tu b es  c o n t a i n i n g  t h e  blood were f i l l e d  w i t h  an equa l  volume o f  

6% d e x t r a n  in  pyrogen f r e e  . 1 5M NaCl. The RBC were a l low ed  t o  sed im en t  

f o r  60-90  m in u tes  a t  37°C. The s u p e r n a t a n t  c o n t a i n i n g  mononuclear  and 

po lymorphonuc lea r  l e u k o c y t e s  and r e s i d u a l  RBC was t a k e n  and p e l l e t e d  

a t  1300 rpm f o r  10 m in u t e s .  The p e l l e t  was r e s u s p e n d e d  in  5-10  ml o f  

.87% NH^Cl i n  HgO to  l y s e  r e s i d u a l  RBC. A f t e r  30 m in u te s  a t  room tem­

p e r a t u r e  t h e  t u b e s  were f i l l e d  w i t h  med 199 + 10% FCS and t h e  l eu k o ­

c y t e s  sed im ented  a t  1300 rpm f o r  10 m in u tes  a t  4°C. S u b s e q u e n t l y ,  t h e  

p e l l e t  was washed 2-3 t im es  w i t h  l a r g e  volumes o f  med 199 + 10% FCS 

and t h e  c e l l s  r e s u s p e n d e d  to  a c o n c e n t r a t i o n  o f  2 x 10 /ml i n  t h i s  

medium. Th i s  p r o to c o l  was e x t r e m e l y  s i m i l a r  t o  t h e  n e u t r o p h i l  i s o l a ­

t i o n  p r o to c o l  e x c e p t  t h a t  t h e  s t e p  i n v o lv i n g  t h e  removal o f  t h e  " b u f f y  

co a t "  ( p re d o m in a n t ly  lymphocytes  and monocytes)  was o m i t t e d  h e r e .
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3. P r e p a r a t i o n  o f  EA and EAC Immune Complexes: The method

u t i l i z e d  t o  s e n s i t i z e  sheep  r ed  b lood  c e l l s  (SRBC) w i th  a n t i b o d y  a n d / o r  

complement  components was adop ted  from p r e v i o u s  s t u d i e s  (128 ,  129) .

10 ml o f  SRBC in  A 1 s e v e r ' s  s o l u t i o n  (C ord is  L a b o r a t o r i e s )  were 

washed 4 t im es  w i th  PBS, pH 7 . 0  (0.5M Na2HP02 in  .15M NaCl was t i t r a ­

t e d  t o  pH 7 . 0  w i th  1M Na2PH0^). A f t e r  t h e  f i n a l  wash t h e  s u p e r n a t a n t  

was d i s c a r d e d ,  t h e  RBC p e l l e t  r e su spe nde d  in  25 ml PBS, and t h e  con­

c e n t r a t i o n  o f  SRBC enumera ted  by hemocytometer  a n a l y s i s .  The e r y t h -
Q

r o c y t e s  were r esuspended  t o  a c o n c e n t r a t i o n  o f  2 x 10 /ml and 1 ml 

a l i q u o t s  were d i s p e n s e d  i n t o  12mm x 75mm 5 ml p l a s t i c  t u b e s  (Fa lcon  

P l a s t i c s ) .  Each tube  was c e n t r i f u g e d  a t  2000 rpm f o r  2 m inu te s  and 

r e suspe nde d  in  .9  ml o f  med 199.

Sheep e r y t h r o c y t e s  ( E ) ,  were s e n s i t i z e d  w i t h  e i t h e r  s u b a g g l u t i n -  

a t i n g  d i l u t i o n s  o f  r a b b i t  a n t i - F o r s s m a n  a n t i s e r a  c o n t a i n i n g  o n l y  t h e  

IgG f r a c t i o n  (EA-7S),  t h e  IgM f r a c t i o n  (EA-19S), o r  bo th  t h e  IgG and 

IgM f r a c t i o n s  (EA -hem olys in ) . All  a n t i - F o r s s m a n  a n t i  s e r a  were o b t a i n e d  

from C ord i s  L a b o r a t o r i e s  and a r e  d i r e c t e d  a g a i n s t  membrane bound 

Forssman a n t i g e n s  on t h e  RBC membrane. Forssman a n t i g e n s  a r e  p o s s es s e d  

by a v a r i e t y  o f  p h y l o g e n e t i c a l l y  u n r e l a t e d  s p e c i e s  ( h e t e r o g e n e t i c  

a n t i g e n s )  and found u s u a l l y  i n  t h e  t i s s u e s  and o r g a n s .  However, in  

sh e e p ,  t h e  Forssman a n t i g e n  i s  p r e s e n t  on t h e  r ed  blood c e l l s  and u su ­

a l l y  a b s e n t  i n  t h e  t i s s u e s  and o r g a n s  o f  sheep ( 1 3 0 ) .  Anti-SRBC a n t i ­

s e r a  (7S,  19S, o r  hemolys in )  were d i l u t e d  1 :1 6 ,  1 : 4 0 ,  and 1 :80  w i th  

PBS, pH 7 . 0 .  .1 ml o f  t h e  r e s p e c t i v e  d i l u t i o n s  was added t o  .9  ml o f

SRBC (2 x 10^) t o  g i v e  f i n a l  a n t i b o d y  d i l u t i o n s  o f  1 :1 6 0 ,  1 :4 0 0 ,  o r  

1 :800  r e s p e c t i v e l y .  As a c o n t r o l ,  a s o u rc e  o f  u n s e n s i t i z e d  SRBC (E ) ,

. 9  ml SRBC were mixed w i th  .1 ml o f  PBS. All  EA and E ( c o n t r o l )  com-
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p l e x e s  were i n c u b a t e d  a t  37°C f o r  30 m inu te s  in  a g e n t l y  s h a k in g  w a t e r  

b a t h .  A f t e r  30 m i n u t e s ,  t h e  s e n s i t i z e d  RBC (EAs ) were washed 3 t im es  

w i th  PBS and re s u s p e n d e d  t o  a volume o f  .9  ml w i th  PBS and used f o r  t h e  

p r e p a r a t i o n  o f  EAC, o r  t h e  p e l l e t s  were r esuspended  in  1 ml o f  med 199
Q

(2 x 10 RBC/ml). For EA s t u d i e s ,  .1 ml o f  t h e  l a t t e r  EA p r e p a r a t i o n s  

was added to  2 x 108 n e u t r o p h i l s  ( o r  l e u k o c y t e s ) .  Thus t h e  f i n a l  r a t i o  

o f  RBC:phagocytes was 1 00 :1 .  In  s t u d i e s  con c e rn in g  t h e  b in d in g  o f  a n t i ­

body c o a t e d  RBC t o  n e u t r o p h i l s ,  EA-7S was always employed a t  f i n a l  a n t i ­

body d i l u t i o n s  o f  1 :160 ,  1 :400 ,  o r  1 :800 .

For t h e  p r e p a r a t i o n  o f  EAC complexes ,  f r e s h  human serum ( i s o l o -  

gous )  s e rv e d  a s  a s o u r c e  o f  complement  p r o t e i n s .  3 ml o f  venous blood 

was c o l l e c t e d  and a l low ed  to  c l o t  a t  37°C f o r  1-2 h o u r s .  The c l o t t e d  

blood was c e n t r i f u g e d  a t  3000 rpm f o r  20 m in u t e s ,  t h e  serum c o l l e c t e d  

and d i l u t e d  1 :10  w i th  PBS. .1 ml o f  t h i s  d i l u t i o n  was added t o  .9  ml 

o f  washed EA ( p r e p a r e d  w i t h  t h e  hemolys in f r a c t i o n  a t  a f i n a l  d i l u t i o n  

o f  1 :800)  and i n c u b a te d  a t  37°C f o r  an a d d i t i o n a l  60 m in u tes  i n  a 

g e n t l y  sha k in g  w a t e r  b a t h .  A f t e r  60 m i n u t e s ,  EAC complexes were
g

washed 3 t im e s  w i t h  PBS and re s u s p e n d e d  t o  a volume o f  1 ml (2 x 10 

RBC/ml) i n  med 199. .1 ml o f  t h e  EAC (2 x 108 RBC/ml) m ix t u r e  was

added to  2 x 108 n e u t r o p h i l s  o r  l e u k o c y t e s .  Thus ,  t h e  f i n a l  d i l u t i o n  

o f  serum was 1 :100  and t h a t  o f  a n t i b o d y  was 1:800 in  a l l  EAC p r e p a r a t i o n s .

4.  I n h i b i t i o n  S t u d i e s  w i th  Ant i -C 3:  P r e p a r a t i o n  o f  EAC-

Anti -C3 Complexes: For t h e  p r e p a r a t i o n  o f  EAC + a n t i - C 3  complexes ,

.1 ml o f  g o a t  a n t i -h u m a n  C3 a n t i s e r u m  ( a n t i - b e t a  lC -C o rd i s  L a b o r a t o r i e s )  

was added t o  .1 ml o f  a 1:10  d i l u t i o n  o f  f r e s h  human serum, which 

s e rv e d  a s  a s o u r c e  o f  C3. The serum + a n t i - C 3  m ix t u r e  was i n c u b a t e d  

f o r  30-45 m in u te s  a t  37°C in  a g e n t l y  shak ing  w a te r  b a t h .
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1 ml o f  EA, p re p a r e d  w i th  t h e  hemolys in  f r a c t i o n  a t  a d i l u t i o n  o f  

1 :800  and c o n t a i n i n g  2 x 10® RBC/ml, was washed 3 t im es  w i th  PBS, pH

7 . 0  and r e suspe nde d  t o  a volume o f  .8  ml .  S u b s e q u e n t ly  .2  ml o f  t h e

C/ - a n t i - C 3  m i x t u r e  was added to  .8  ml o f  t h e  EA complexes and i n c u b a te d

f o r  60 m in u t e s ,  g e n t l y  s h a k in g ,  i n  a 37°C w a t e r  b a t h .  A f t e r w a r d s ,  t h i s

E A O a n t i -C 3  m ix t u r e  was washed 3 t im es  w i th  PBS, pH 7 . 0  and resuspended  

t o  a volume o f  1 ml (2 x 10® RBC/ml). .1 ml o f  EAC a n t i - C 3  immune com­

p l e x e s  was added t o  2 x 10® n e u t r o p h i l s  o r  ?  x 10® l e u k o c y t e s ,  t h e r e ­

by m a i n t a i n i n g  t h e  100:1 r a t i o  o f  RBC:phagocytes .

5. P h a g o c y t i c  A s s a y s : P h a g o c y to s i s  was a s sa y e d  w i th  a d h e ­

r e n t  and s u s p e n s i o n  n e u t r o p h i l  ( o r  l e u k o c y t e )  p o p u l a t i o n s  a s  d e s c r i b e d  

and d e t a i l e d  i n  C hap te r  I I ,  w i th  t h e  f o l l o w i n g  m o d i f i c a t i o n s :  E, EA,

EAC, and EAC + a n t i - C 3  complexes were i n c u b a t e d  w i th  bo th  n e u t r o p h i l  

p o p u l a t i o n s  a t  a 100:1 r a t i o  o f  RBC n e u t r o p h i l s .  P h a g o c y to s i s  p r o ­

ceeded f o r  1 hour  a t  37°C and was s to pped  in  a l l  t u b e s  by t h e  a d d i t i o n

o f  one d rop  o f  10% sodium a z i d e .

The e x t e n t  o f  p h a g o c y to s i s  was q u a n t i t a t e d  by l i g h t  m ic r o s c o p i c  

e x a m in a t io n  a t  1000 x m a g n i f i c a t i o n  on s t a i n e d  c o v e r s l i p s  mounted on 

g l a s s  m ic r o s c o p i c  s l i d e s .  N e u t r o p h i l s  ( o r  l e u k o c y t e s )  were s co red  

p o s i t i v e  f o r  i n g e s t i o n  i f  they  c o n ta i n e d  one o r  more i n t r a c e l l u l a r  

R B C /n e u t r o p h i l ; n e u t r o p h i l s  were sc o re d  a s  a p o s i t i v e  r o s e t t e  ( p o s i t i v e  

f o r  a t t a c h m e n t )  i f  t hey  were su r rounded  by t h r e e  o r  more membrane-bound 

R B C /n e u t ro p h i l .  At  l e a s t  100 n e u t r o p h i l s  were enumerated  p e r  c o v e r s l i p  

and t h e  t o t a l  p e r c e n t a g e  o f  p o s i t i v e  n e u t r o p h i l s  was r e c o r d e d .  The 

s p e c i f i c  t y p e  o f  i n t e r a c t i o n  ( a t t a c h m e n t  a n d / o r  i n g e s t i o n )  was a l s o  

de te r m in e d  by s e p a r a t e l y  s c o r i n g  t h e  d i s t r i b u t i o n  f r e q u e n c y  ( p e r  100
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n e u t r o p h i l s )  o f  the  p e r c e n t a g e  o f  n e u t r o p h i l s  w i th  RB C -rose t te s  o n l y ,  

t h e  p e r c e n t a g e  o f  n e u t r o p h i l s  w i t h  i n g e s t e d  RBC o n l y ,  and t h e  p e r c e n ta g e  

o f  n e u t r o p h i l s  showing combined r e s e t t e s  and i n g e s t i o n .  All  s t u d i e s  

were performed in  d u p l i c a t e  o r  t r i p l i c a t e .

C. R e s u l t s

1. I n t e r a c t i o n  o f  Adheren t  and Suspens io n  N e u t r o p h i l s  w i th  

IgG Coated E r y t h r o c y t e s  (EA-7S Complexes) : Sheep r ed  blood c e l l s  were

im m uno log ica l ly  co a te d  w i th  t h e  IgG f r a c t i o n  (7S)  o f  r a b b i t  ant i-SRBC 

a n t i s e r a  (C o rd i s  L a b o r a t o r i e s ) .  C o n t r o l s  c o n s i s t e d  o f  uncoa ted  e r y t h r o ­

c y t e s  (E ) .  The i n t e r a c t i o n  o f  t h e s e  E and EA-7S complexes w i t h  both 

p o p u l a t i o n s  o f  n e u t r o p h i l s  was i n v e s t i g a t e d  ( F ig u r e  23 ) .

N e i t h e r  n e u t r o p h i l  p o p u l a t i o n  i n t e r a c t e d  n o n s p e c i f i c a l l y  wi th  

u n s e n s i t i z e d  E. N e i t h e r  n e u t r o p h i l  p o p u l a t i o n  bound to  ( r o s e t t e  forma­

t i o n )  nor  i n g e s t e d  s p e c i f i c a l l y  co a te d  EA complexes.  Th is  l a t t e r  nega­

t i v e  f i n d i n g  was n o t  r e l a t e d  t o  t e c h n i c a l  m a n i p u la t i o n s  because  mono­

c y t e s ,  which o f t e n  compr ised a 5-10% c o n t a m i n a t i o n ,  s t i l l  showed EA-7S 

b in d in g  a n d / o r  i n g e s t i o n  ( F i g u r e s  24, 2 5 ) .

2. D i f f e r e n t i a l  C a p a c i t y  o f  A dheren t  and Suspens io n  N eu t ro ­

p h i l s  t o  Bind and I n g e s t  Complement-Coated E r y t h r o c y t e s  (EAC Complexes) : 

In  t h i s  s t u d y ,  serum complement  was used t o  s e n s i t i z e  f r e s h l y  p re p a r e d  

EA complexes t o  form new complexes o f  EAC. The i n t e r a c t i o n  o f  EAC com­

p l e x e s  w i th  both n e u t r o p h i l  p o p u l a t i o n s  was then  s t u d i e d  ( F i g u r e  23 ) .

Adheren t  n e u t r o p h i l s  d e m o n s t r a t e d  a pronounced a b i l i t y  t o  s p e c i ­

f i c a l l y  b ind  and i n g e s t  EAC complexes .  At tachm ent  o f  EAC t o  t h e  n e u t r o ­

p h i l  membrane ( r o s e t t e  f o r m a t i o n )  predomina ted  o v e r  i n g e s t i o n  ( F ig u r e  

23 ,  see  t o p  h a l f  o f  g r a p h ) .  EAC r o s e t t e  f o rm a t i o n  around a d h e r e n t
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F ig u re  23 : I n t e r a c t i o n  o f  a d h e r e n t  and s u s p e n s i o n  n e u t r o p h i l s

w i t h  IgG-coa ted  and complement-coa ted  e r y t h r o c y t e s  (EA and EAC).

The c a p a c i t i e s  o f  s u s p en s io n  and a d h e r e n t  n e u t r o p h i l  p o p u l a t i o n s  

t o  b ind  a n d / o r  i n g e s t  e r y t h r o c y t e s  im m uno log ic a l ly  c o a t e d  w i th  IgG 

a n t i b o d y  (EA) o r  a n t i b o d y  (IgM + IgG) and complement  components (EAC) 

were compared.  Adheren t  n e u t r o p h i l s  e f f i c i e n t l y  bound to  and i n g e s t e d  

EAC complexes;  a t t a c h m e n t  and r o s e t t e  f o r m a t i o n  predominated  ove r  i n ­

g e s t i o n .  Th>s f i n d i n g  i s  c o n s i s t e n t  w i t h  v e ry  r e c e n t  s t u d i e s  which 

show t h a t  t h e  C3 r e c e p t o r  i s  p r i m a r i l y  in v o lv e d  in  t h e  a t t a c h m e n t  

phase  o f  p h a g o c y to s i s  (59,  6 0 ) .  Th is  EAC b i n d in g  was i n h i b i t e d  by 

p r e i n c u b a t i o n  o f  C' w i t h  a n t i - C 3  a n t i s e r a .  In  c o n t r a s t ,  su spen s io n  

n e u t r o p h i l s  lacked s i g n i f i c a n t  a b i l i t y  t o  bind  t o  o r  i n g e s t  EAC 

complexes .

N e i t h e r  n e u t r o p h i l  p o p u l a t i o n  s i g n i f i c a n t l y  bound nor  n i g e s t e d  

EA-7S complexes.
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F i g u r e  2 4 : L i g h t  m ic rog raphs  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t ­

ing t h e  f a i l u r e  o f  s u s p e n s io n  n e u t r o p h i l s  t o  bind  IgG-coa ted  e r y t h r o ­

c y t e s  (EA).

Suspens ion  n e u t r o p h i l s  f a i l e d  t o  i n t e r a c t  w i th  IgG c o a t e d  RBC. 

However, a l s o  seen  in  t h e  f i e l d  a r e  c o n ta m in a t in g  monocytes which 

d e m o n s t r a t e d  r o s e t t e  f o rm a t i o n  and i n g e s t i o n  o f  EA.
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F i g u re  2 5 : L i g h t  m ic ro g ra p h s  (1000 x m a g n i f i c a t i o n )  showing

t h e  f a i l u r e  o f  a d h e r e n t  n e u t r o p h i l s  t o  bind IgG-coa ted  e r y t h r o c y t e s  

(EA).

Adheren t  n e u t r o p h i l s  a l s o  f a i l e d  t o  e f f e c t i v e l y  i n t e r a c t  w i th  

EA-IgG complexes.  However, monocytes a g a in  c o n ta m in a t in g  t h e  p re ­

p a r a t i o n  (5-10%) showed e f f i c i e n t  i n g e s t i o n  and r o s e t t e  f o r m a t i o n  

o f  t h e s e  complexes .  The r e a s o n s  f o r  t h i s  a r e  d i s c u s s e d  and may be 

r e l a t e d  to  q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e  number o f  IgG r e c e p t o r  

s i t e s  on monocytes  v e r s u s  n e u t r o p h i l s .
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n e u t r o p h i l s  was e v i d e n t  a t  both d i l u t i o n s  ( 1 : 1 0  and 1 : 100 ) o f  serum 

complement  ( F ig u r e  26 ) .

By p r e i n c u b a t i n g  serum complement  wi th  a n t i - C 3  a n t i  s e r a  b e f o r e  

i n t e r a c t i o n  w i th  EA, EAC142 complexes bu t  n o t  EAC1423 complexes w i l l  

be formed.  In t h i s  manner ,  one can d e m o n s t r a t e  t h e  b i n d in g  s p e c i f i ­

c i t y  f o r  t h e  m o d i f i e d ,  e n z y m a t i c a l l y  s p l i t ,  t h i r d  component  o f  comple­

m ent ,  C3. In t h e s e  e x p e r i m e n t s ,  I cou ld  i n h i b i t  the  b i n d in g  o f  EAC to  

n e u t r o p h i l s  by p r e i n c u b a t i n g  complement  wi th  a n t i - C 3  s p e c i f i c  a n t i ­

serum. This  f i n d i n g  a g r e e s  w i th  r e c e n t  r e p o r t  by o t h e r  i n v e s t i g a ­

t o r s  (41 ,  4 3 ) .  F ig u re  27 i s  a l i g h t  m ic rograph  d e m o n s t r a t in g  t h i s  

i n h i b i t i o n  o f  EAC b in d in g  to  n e u t r o p h i l s  by an a n t i - C 3  s p e c i f i c  

a n t i s e r u m .

In c o n t r a s t ,  however ,  s u s p e n s i o n  n e u t r o p h i l s  n e i t h e r  bound nor  

i n g e s t e d  EAC complexes when p r e p a r e d  w i th  a 1 :1 0 0  d i l u t i o n  o f  comple­

ment  ( F ig u r e  2 3 ) ,  whereas  monocytes c o n ta m in a t in g  th e  s u s p e n s io n  

sys tem  de m ons t ra ted  c l e a r  EAC b i n d in g  and i n g e s t i o n  ( F i g u r e  28 ) .  At 

a 1 :10  d i l u t i o n  o f  complement ,  EAC b in d in g  ( r o s e t t i n g )  was e v i d e n t  

i n  a p p ro x i m a t e ly  15% o f  t h e  s u s p e n s i o n  n e u t r o p h i l  p o p u l a t i o n s  and in  

60% o f  t h e  a d h e r e n t  c e l l  p o p u l a t i o n s .  In bo th  s y s te m s ,  t h i s  b i n d in g  

was i n h i b i t a b l e  w i th  a n t i - C 3  a n t i  serum.

0, D i s c u ss io n

In t h i s  i n v e s t i g a t i o n  t h e  c a p a c i t i e s  o f  s u s p e n s io n  and a d h e ­

r e n t  n e u t r o p h i l  p o p u l a t i o n s  t o  bind  t o  a n d / o r  i n g e s t  e r y t h r o c y t e s  s e n ­

s i t i z e d  w i th  a n t i b o d y  (EA) and e r y t h r o c y t e s  s e n s i t i z e d  w i th  a n t i b o d y  

and complement components (EAC) were compared.  I c o n s i s t e n t l y  ob ­

s e r v e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  c a p a c i t i e s  o f  t h e  two n e u t r o p h i l  

p o p u l a t i o n s  t o  bind  and i n g e s t  EAC complexes.  Adherent  n e u t r o p h i l s
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F i g u r e  2 6 : L ig h t  m ic rographs  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t ­

ing  EAC r o s e t t e  f o r m a t i o n  a round a d h e r e n t  n e u t r o p h i l s .

A dheren t  n e u t r o p h i l s  d e m ons t ra ted  an a p p r e c i a b l e  a b i l i t y  t o  bind 

and i n g e s t  C ' - c o a t e d  RBC wi th  r o s e t t e  f o r m a t i o n  p r e d o m in a t in g  ove r  

i n g e s t i o n .  T h i s  d e m o n s t r a t e s  a n o t h e r  s i g n i f i c a n t  d i s t i n c t i o n  between 

a d h e r e n t  and s u s p e n s i o n  n e u t r o p h i l s .
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F i g u re  27 : L ig h t  m ic rograph  (1000 x m a g n i f i c a t i o n )  d e m o n s t r a t in g

i n h i b i t i o n  o f  EAC b in d in g  to  a d h e r e n t  n e u t r o p h i l s  by a n t i - C 3  a n t i s e r u m .

EAC b ind ing  t o  a d h e r e n t  monolayers  cou ld  be i n h i b i t e d  by p r e i n c u ­

b a t i n g  serum C' w i th  a n t i - C 3  s p e c i f i c  a n t i s e r a .
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F i g u r e  2 8 : L igh t  m ic r o g ra p h  (1000 x m a g n i f i c a t i o n )  showing t h e

f a i l u r e  o f  s u s p e n s io n  n e u t r o p h i l s  t o  bind  EAC c om ple xes .

Suspens io n  n e u t r o p h i l s  f a i l e d  t o  i n t e r a c t  w i t h  C‘ c o a t e d  RBC. 

However, a c o n ta m in a t in g  monocyte  i s  seen  in  t h i s  f i e l d  d e m o n s t r a t i n g  

competen t  and c l e a r  EAC r o s e t t e  f o r m a t i o n .
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showed a s t r i k i n g  a b i l i t y  t o  b ind  and i n g e s t  EAC ( F i g u r e s  23 and 26) .  

A t tachm ent  and r o s e t t e  f o rm a t i o n  predomina ted  over  i n g e s t i o n .  In con­

t r a s t ,  s u s p e n s io n  n e u t r o p h i l s  l a c k e d  the  a b i l i t y  t o  b ind  o r  i n g e s t  EAC 

complexes .  In a l l  c e l l  s u s p e n s i o n s ,  c o n ta m in a t in g  monocytes (5-10% o f  

t he  t o t a l  c e l l  p o p u l a t i o n )  did d e m o n s t r a t e  t h e  c a p a c i t y  t o  i n g e s t  and 

bind EAC complexes ( F ig u r e  28) .  At  a 1 :10 d i l u t i o n  o f  serum comple­

ment (EAC, 1 : 1 0 ) ,  a l t h o u g h  some C-dependen t  RBC hem olys i s  d id  o c c u r ,

I was a b l e  to  d e m o n s t r a t e  basal  l e v e l  b in d in g  o f  EAC t o  s u s p e n s io n  

n e u t r o p h i l s  (15%). However, t h e  r o s e t t e  f o r m a t i o n  was never  a s  e x t e n ­

s i v e  ( q u a n t i t a t i v e l y  and q u a l i t a t i v e l y )  a s  f o r  a d h e r e n t  n e u t r o p h i l s  

(60%). EAC b i n d in g  in bo th  sys tems  was i n h i b i t e d  by p r e i n c u b a t i o n  o f  

serum C' with a n t i - C 3  a n t i s e r u m  ( F ig u r e s  23 and 2 7 ) .  These d i s t i n c ­

t i o n s  in  the  c a p a c i t i e s  w i th  which s u s p en s io n  (0-15%) and a d h e r e n t  (60%) 

n e u t r o p h i l s  b in d  C' c o a t e d  red b lood  c e l l s  (EAC) s u g g e s t  q u a n t i t a t i v e  

d i f f e r e n c e s  i n  t h e  numbers o f  exposed  a n d / o r  a c c e s s i b l e  membrane bound 

C3 r e c e p t o r  s i t e s  on t h e  two n e u t r o p h i l  p o p u l a t i o n s .  Perhaps du r in g  

a d h e r e n c e ,  a d d i t i o n a l  C3 s i t e s  a r e  exposed o r  l o c a l l y  a g g r e g a t e d  a t  

t h e  c e l l  s u r f a c e ,  p e r m i t t i n g  more e f f i c i e n t  EAC b i n d i n g .

N e i the r  n e u t r o p h i l  p o p u l a t i o n  s i g n i f i c a n t l y  bound or  i n g e s t e d  

EA-7S complexes.  However, the  c o n ta m in a t in g  monocytes  d id  show e v i ­

dence  o f  i n g e s t i o n  and r o s e t t e  f o rm a t i o n  ( F i g u r e s  2 3 - 2 5 ) .  F a i l u r e  

to  d e m o n s t r a t e  EA b ind ing  to  n e u t r o p h i l s  w h i l e  monocytes  showed e f f i ­

c i e n t  EA b in d in g  (54,  129)  may be r e l a t e d  t o  d i f f e r e n c e s  in  t h e  number 

o f  IgG r e c e p t o r  s i t e s ,  o r  in  t h e i r  s p a t i a l  a r r a n g e m e n t ,  o r i e n t a t i o n  

a n d / o r  d e n s i t y  on the  membranes o f  monocytes  and n e u t r o p h i l s .  P r e v i ­

ous i n v e s t i g a t i o n s  have shown t h a t  EA b i n d in g  to  n e u t r o p h i l s  r e q u i r e d  

th e  u s e  of  hyperimmune serum ( 5 5 ) ,  which s u g g e s t s  t h a t  a g r e a t e r  num-
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b e r  o f  IgG m olecu le s  must  be p r e s e n t  on t h e  e r y t h r o c y t e  membrane f o r  

e f f e c t i v e  n e u t r o p h i l  i n t e r a c t i o n .

The marked d i f f e r e n c e s  i n  t h e  e f f i c i e n c i e s  o f  a d h e r e n t  v e r s u s  

s u s p e n s io n  n e u t r o p h i l s  t o  b ind EAC complexes i m p l i e s  d i f f e r e n c e s  in  

t h e  s p a t i a l  o r i e n t a t i o n  and a v a i l a b i l i t y  o f  C3 r e c e p t o r  s i t e s  on t h e  

two n e u t r o p h i l  p o p u l a t i o n s .  I am no t  s u g g e s t i n g  t h a t  s u s p e n s io n  neu­

t r o p h i l s  l a c k  C3 r e c e p t o r  s i t e s .  The e f f i c i e n t  i n g e s t i o n  and k i l l i n g  

o f  v i r u l e n t  a n d /o r  e n c a p s u l a t e d  b a c t e r i a  by s u s p e n s i o n  n e u t r o p h i l s  

c l e a r l y  r e q u i r e s  the  p a r t i c i p a t i o n  o f  complement  components (131-133) .  

These  o b s e r v a t i o n s  s u g g e s t  t h a t  n e u t r o p h i l s  k e p t  i n  su s p e n s io n  d u r in g  

p h a g o c y to s i s  do indeed p o s s e s s  r e c e p t o r  s i t e s  f o r  C3. The i n a b i l i t y  

t o  show EAC b in d in g  w i t h  s u s p e n s i o n  n e u t r o p h i l s  i n  t h e  p r e s e n t  s tudy  

m ere ly  s u g g e s t s  t h a t  n o t  enough C3 r e c e p t o r  s i t e s  a r e  p r e s e n t  on t h e  

s u s p en s io n  c e l l  s u r f a c e  f o r  e f f e c t i v e  EAC i n t e r a c t i o n  ( i . e . ,  C3- 

m ed ia ted  c y t o a d h e r e n c e ) .

The ' f l u i d  mosa ic  model '  o f  membrane s t r u c t u r e  (92) im p l i e s  t h a t  

p h y s i c a l  o r  chemical p e r t u r b a t i o n s  o f  t h e  c e l l  membrane, such as  s u r ­

f a c e  a d h e re n c e ,  may a l t e r  t h e  o r i e n t a t i o n  or  d i s t r i b u t i o n  o f  membrane 

components.  In a cco rdance  w i t h  t h i s  c o n c e p t  t h e  c e l l  membranes o f  

ph a g o c y t i c  c e l l s  e x h i b i t  v a r i o u s  k inds  o f  mechanica l  b e h a v io r  which a r e  

unde r  m e t a b o l i c  c o n t r o l .  Morphologic  s t u d i e s  have shown t h a t  as  r e l a ­

t i v e l y  s p h e r i c a l  macrophages s e t t l e  and adhere  t o  g l a s s  s u r f a c e s ,  t h e i r  

s u r f a c e s  f l a t t e n  and a r e  thrown i n t o  i r r e g u l a r  f l a p s  and r u f f l e s ,  w i th  

e x t e n s i v e  c y to p l a s m i c  p r o j e c t i o n s  and m i c r o v i l l u s  fo rm a t io n  ( 4 ) .  Scan­

n in g  e l e c t r o n  microscopy  has shown t h a t  t h e  p r im a ry  p o i n t s  o f  a t t a c h m e n t  

between EAC complexes and lymphocytes  a r e  th rough  t h e  t i p s  o f  t h e  m ic r o ­

v i l l i ,  s u g g e s t i n g  t h a t  t h e s e  a r e a s  may have s p e c i a l i z e d  r e c o g n i t i o n
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f u n c t i o n s  (134) .  During t h e  phenomenon o f  g l a s s  a d h e r e n c e ,  phagocy te  

membranes undergo e x t e n s i v e  m i c r o v i l l u s  f o r m a t i o n .  The o b s e r v a t i o n  t h a t  

t h e  macrophage (membrane) can be induced  t o  sp re a d  d u r in g  g l a s s  a dhe rence  

on v a r i o u s  s u b s t r a t e s  (6 , 102,  103) and t h a t  n e u t r o p h i l s  a l s o  have t h i s  

p r o p e r t y  (Douglas ,  S. D. ,  u n p u b l i she d  o b s e r v a t i o n )  i s  f u r t h e r  ev id e n c e  

f o r  membrane m o b i l i t y  and d e f o r m a b i l i t y .

My s t u d i e s  have shown d i s t i n c t  d i f f e r e n c e s  in  t h e  c a p a c i t i e s  o f  

a d h e r e n t  v e r s u s  s u s p e n s i o n  n e u t r o p h i l s  t o  bind and i n g e s t  EAC complexes .  

These f i n d i n g s  may be r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  l o c a l i z a t i o n  and 

o r i e n t a t i o n  o f  C3 r e c e p t o r  s i t e s  on th e  membranes o f  t h e  two n e u t r o ­

ph i l  p o p u l a t i o n s .  My t e n t a t i v e  h y p o t h e s i s  i s  t h a t  d u r i n g  a d h e re n c e  o f  

n e u t r o p h i l s  to  g l a s s  a r e a r r a n g e m e n t  and r e o r g a n i z a t i o n  o f  membrane 

bound C3 r e c e p t o r  s i t e s  o c c u r s  such t h a t  a d d i t i o n a l  s i t e s  a r e  exposed 

a t  the  c e l l  s u r f a c e  and become a c c e s s i b l e  f o r  e f f i c i e n t  EAC b i n d i n g .

Proof  o f  t h i s  h y p o t h e s i s  c ou ld  pe rhaps  be s u b s t a n t i a t e d  by e l e c t r o n  

m ic r o sc o p ic  s t u d i e s  o f  t h e  d i s t r i b u t i o n  and e x t e n t  o f  b in d in g  o f  f e r ­

r i t i n - l a b e l l e d  a n t i g e n - a n t ib o d y - c o m p l e m e n t  complexes on s u s p e n s i o n  and 

a d h e r e n t  n e u t r o p h i l  p o p u l a t i o n s .
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GENERAL DISCUSSION

N e u t r o p h i l s ,  monocy tes ,  and macrophages p o s s e s s  s u r f a c e  membrane 

r e c e p t o r s  f o r  IgG-Fc (54 ,  55) and t h e  m o d i f ie d  t h i r d  component  o f  com­

p lem ent  (41 ,  4 2 ) ,  s p e c i f i c a l l y  C3b ( 4 3 ) .  I t  i s  g e n e r a l l y  f e l t  t h a t  

t h e s e  f u n c t i o n  as  o p s o n ic  r e c e p t o r s  and a r e  c r i t i c a l  f o r  e f f i c i e n t  

o p s o n i z a t i o n .

The membranes o f  phagocy te s  a l s o  e x h i b i t  p r o p e r t i e s  o f  e x t e n s i v e  

p l a s t i c i t y ,  m o t i l i t y  and d e f o r m a b i l i t y .  C l e a r l y  t h e s e  p r o p e r t i e s  a r e  

c r i t i c a l  a t t r i b u t e s  f o r  t h e  e x t e n s i v e  membrane movements,  pseudopod ia l  

f o r m a t i o n s ,  and e v a g i n a t i o n s  which a r e  i n t e g r a l  a s p e c t s  o f  c h e m o ta x i s ,  

p a r t i c l e  e n g u l f m e n t s ,  and lysosomal  s e c r e t i o n .  C o n s i s t e n t l y ,  t h e s e  

phagocy te s  have an unusua l  c a p a c i t y  t o  a d h e re  t o  g l a s s  s u r f a c e s  in 

v i t r o  (4 ,  5 ,  107) .  Subsequen t  m o t i l i t y  and s p re a d i n g  o f  t h e  plasma mem­

b r a n e s  can be induced ( 6 , 102,  103) .  However, t h e  e x t e n t  t o  which 

a d h e re n c e  a l t e r s  f u n c t i o n  i s  n o t  y e t  c l e a r .

Scanning e l e c t r o n  m ic r o s c o p i c  a n a l y s e s  have shown morpho log ica l  

and t o p o g r a p h i c a l  d i f f e r e n c e s  i n  t h e  plasma membranes o f  g l a s s  a d h e r e n t  

v e r s u s  s u s p e n s io n  n e u t r o p h i l s  ( 1 2 4 ) .  T r a n sm is s io n  e l e c t r o n  m ic r o s c o p i c  

a n a l y s e s  have shown d i f f e r e n c e s  in  t h e  o r i e n t a t i o n s  o f  m ic r o tu b u l e s  and 

m i c r o f i l a m e n t s  in  t h e  plasmalemma o f  g l a s s  a t t a c h e d  and f r e e  s u r f a c e s  

o f  macrophages ( 6 2 ) .  In t h e  mid s i x t i e s ,  i t  was shown t h a t  a f t e r  in  

v i t r o  c u l t i v a t i o n  o f  blood monocytes  on g l a s s  s u r f a c e s ,  a sequence  o f  

b iochem ica l  and m orpho log ica l  changes  o c c u r r e d  whereby t h e s e  c e l l s  

matured  i n t o  t i s s u e  macrophages ( 1 0 8 ) .  R e l a t e d  s t u d i e s  a l s o  demon­

s t r a t e d  t h a t  a l v e o l a r  macrophages e x h i b i t  30 t im es  t h e  p h a g o c y t i c  c a p a ­
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c i t y  towards  p a r t i c l e s  a f t e r  3 -4  weeks in  c u l t u r e  on g l a s s  s u r f a c e s  t h a n  

t h a t  seen  a f t e r  one day (125 ) .

The q u e s t i o n  o f  whe ther  any d i f f e r e n c e s  e x i s t  i n  t h e  p h a g o c y t i c  

e f f i c i e n c i e s  o f  a d h e r e n t  v e r s u s  su spen s io n  n e u t r o p h i l  p o p u l a t i o n s  was 

a major  o b j e c t i v e  o f  my t h e s i s  i n v e s t i g a t i o n .  Th is  p r o j e c t  was proposed 

in  t h e  hope o f  g a i n i n g  i n s i g h t  on how a d h e re n c e  i n f l u e n c e s  p h a g o c y t i c  

f u n c t i o n .  The s t u d i e s  r e p o r t e d  i n  t h i s  t h e s i s  show t h a t  human neu­

t r o p h i l s  p o s s e s s  d i s t i n c t  d i f f e r e n c e s  in  t h e i r  p h a g o c y t i c  c a p a c i t i e s  

towards  S.  a u re u s  o rgan isms  depending  upon whe the r  t h e y  were i n  s u s ­

pens ion  c u l t u r e s  o r  monolayered  on g l a s s  s u r f a c e s .  S uspens ion  c e l l s  

phagocy to sed  t h e  b a c t e r i a  t o  a s i g n i f i c a n t  e x t e n t  o n ly  in  t h e  p r e s e n c e  

o f  opson ic  a n t i b o d y  and t h i s  p h a g o c y to s i s  c o u ld  be blocked  by p r e i n c u ­

b a t i o n  o f  n e u t r o p h i l s  w i th  a human IgG3 myeloma p r o t e i n  o r  i t s  Fc f r a g ­

ment .  In  c o n t r a s t ,  t h e  monolayered c e l l s  ( a d h e r e n t )  a c t i v e l y  phago­

c y to s e d  v a r i o u s  p a th o g e n i c  s t a p h y l o c o c c a l  o rgan isms  in  t h e  absenc e  o f  

o p s o n ic  a n t i b o d y .  The a c t i v a t i o n  o f  monolayered n e u t r o p h i l s  i s  p o s t u ­

l a t e d  t o  o c c u r  t h ro u g h  p e r t u r b a t i o n s  o f  t h e  membrane d u r in g  t h e  a d ­

he re nc e  phenomenon. In t h e  p r e s e n c e  o f  o p s o n in ,  an i n c re m e n t  o f  i n ­

g e s t i o n  o c c u r r e d  b u t  t h i s  o p s o n ic  e f f e c t  cou ld  n o t  be b locked  by t h e  

IgG3 p r o t e i n  o r  i t s  Fc component .

N e u t r o p h i l s  have an e x t r e m e ly  s h o r t  h a l f  l i f e  i n  t h e  b lo o d s t r ea m  

(6 -7  h o u r s ) .  T h e i r  r e s i d e n c e  in  e x t r a v a s c u l a r  s i t e s  and on t i s s u e  

s u r f a c e s  i s  on t h e  o r d e r  o f  4 -5  days (3 ,  11 ) .  Consequen t ly  I f e l t  t h a t  

t h e  a d h e r e n t  c e l l  sys tem was a c l o s e r  r e f l e c t i o n  o f  what  may a c t u a l l y  

be o c c u r r i n g  in  v i v o . Thus,  i n  t erms o f  p h y s i o l o g i c a l  c o n s e q u e n c e s ,  

i t  makes more s e n s e  t h a t  s p e c i f i c  o p s o n i z a t i o n  remained u n i n h i b i t a b l e  

in  t h e  p r e s e n c e  o f  f r e e  unbound IgG.
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S t u d i e s  focused  on examining d i f f e r e n c e s  i n  t h e  C3 o p s o n ic  r e ­

c e p t o r  a r e  n o tew or thy .  Adherent  c e l l s  bound t o  and i n g e s t e d  C3 op­

s o n iz e d  RBC. Th i s  s p e c i f i c  1 i g a n d - r e c e p t o r  i n t e r a c t i o n  was i n h i b i t a b l e  

w i th  a n t i - C 3  a n t i s e r a .  In c o n t r a s t ,  s u s p e n s i o n  n e u t r o p h i l s  d i d  no t  

a p p r e c i a b l y  b ind to  o r  i n g e s t  t h e s e  EAC3 complexes unde r  comparable  

a s s a y  c o n d i t i o n s .

In a c c o r d a n c e  w i th  t h e  f l u i d  mosa ic  model o f  membrane s t r u c t u r e  

( 9 2 ) ,  my t e n t a t i v e  h y p o t h e s i s  i s  t h a t  g l a s s  ad h e re n c e  p h y s i c a l l y  p e r ­

t u r b s  t h e  membrane and a l t e r s  t h e  t o p o g r a p h i c a l  o r i e n t a t i o n  and d e n s i t y  

d i s t r i b u t i o n  o f  ops o n ic  r e c e p t o r  membrane components .  Perhaps  du r in g  

a d h e re n c e  a d d i t i o n a l  C3 s i t e s  a r e  exposed o r  e x i s t i n g  ones a r e  l o c a l l y  

c l u s t e r e d  o r  m ic r o a g g r e g a t e d  a t  t h e  c e l l  s u r f a c e ,  t h e r e b y  p e r m i t t i n g  

more e f f i c i e n t  EAC3 b in d in g  ( c y t o a d h e r e n c e ) . In t h e  same f a s h i o n ,  

l o c a l  m i c r o a g g r e g a t i o n  o f  Fc r e c e p t o r s  may a l s o  o c c u r  in  t h e  a d h e r e n t  

s t a t e .  The consequence  o f  s u r f a c e  r e c e p t o r  a g g r e g a t i o n  cou ld  r e a s o n a b l y  

be i n c r e a s e d  b in d in g  a f f i n i t y  o f  a n t i g e n - a n t i b o d y  complexes w i th  t h e  

c l u s t e r e d  Fc r e c e p t o r s .  Th i s  cou ld  e x p l a i n  why f r e e  unbound myeloma 

IgG f a i l e d  t o  i n h i b i t  t h e  a d h e r e n t  c e l l  sys tem . P o s s i b l y  myeloma b i n d ­

ing i s  weak and can be d i s p l a c e d  by h i g h e r  a f f i n i t y  Ag-Ab complexes .

Suppo r t  f o r  t h i s  h y p o t h e s i s  comes from r e c e n t  a n a l y s i s  on t h e  

s p e c i f i c  b in d in g  o f  EAC3 complexes t o  ly m p h o b la s to id  Raj i  c e l l s .  Re­

d u c t i o n  o f  f r e e  membrane movement by t r e a t i n g  R a j i  c e l l s  w i t h  g l u t a r -  

a ld e h y d e  a b o l i s h e d  C3 dependen t  c y to a d h e r e n c e  ( r o s e t t e  f o r m a t i o n ) .  Im- 

m u n o f l u o r e s c e n t  s t u d i e s  w i t h  s o l u b l e  C3 and a n t i - C 3  c o n ju g a t e d  FITC 

( f l u o r e s c e i n  i s o t h i o c y n a t e )  r e v e a l e d  t h a t  t h e  b i n d in g  o f  C3 induced 

m i c r o a g g r e g a t i o n  and a p a tc h y  d i s t r i b u t i o n  o f  membrane bound C3 r e ­

c e p t o r s  ( 1 3 5 ) .  The h y p o t h e s i s  i s  t h a t  l o c a l  m i c r o a g g r e g a t i o n  o f  C3



r e c e p t o r s  i s  a p r e r e q u i s i t e  f o r  e f f i c i e n t  C3 m ed ia te d  c y to a d h e r e n c e .  

These f i n d i n g s  l e n d  s u p p o r t  t o  t h e  p o s t u l a t e  s t a t e d  a bove ,  which i s  

based on d a t a  p r e s e n t e d  in  t h i s  t h e s i s  i n v e s t i g a t i o n .
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SUMMARY

T h is  i n v e s t i g a t i o n  has  shown t h a t  p h y s i o l o g i c  d i f f e r e n c e s  a r e  

d em ons t rab le  between p o p u l a t i o n s  o f  n e u t r o p h i l s  t h a t  a r e  a d h e r e n t  to 

g l a s s  s u r f a c e s  a s  compared w i th  comparab le  p o p u l a t i o n s  t h a t  a r e  main­

t a i n e d  i n  s u s p e n s io n  du r in g  p h a g o c y t o s i s .  S p e c i f i c a l l y  d i f f e r e n c e s  

were obse rved  d u r in g  n o n s p e c i f i c  i n g e s t i o n ,  d u r in g  IgG-mediated  op s o n i ­

z a t i o n ,  and l a s t l y  du r ing  C3-media ted  o p s o n i z a t i o n  ( c y t o a d h e r e n c e ) .

1. Both p o p u l a t i o n s  o f  n e u t r o p h i l s  were c h a l l e n g e d  w i th  v a r io u s  

c o a g u la s e  (+) pa th o g e n ic  s t r a i n s  o f  S.  a u re u s  ( 8 0 /8 1 ,  52A, 52 ,  and t h e  

Cowan s t r a i n ) .  When c h a l l e n g e d  w i t h  unopson ized  S. a u r e u s , n e u t r o p h i l  

monolayers  ( a d h e r e n t )  d e m ons t ra ted  a d e q u a t e  p h a g o c y t o s i s .  In c o n t r a s t ,  

s u spen s io n  n e u t r o p h i l s  showed n e g l i g i b l e  l e v e l s  o f  p h a g o c y to s i s  o f  a l l  

s t r a i n s  t e s t e d .  Evidence i n d i c a t e d  t h a t  i n  t h e  a b s en c e  o f  inmune IgG 

o p s o n in s ,  n e u t r o p h i l  monolayers  r e p r e s e n t e d  a more e f f i c i e n t  pha goc y t i c  

p o p u l a t i o n .

2. When s u s p e n s io n  n e u t r o p h i l s  were c h a l l e n g e d  wi th  S. aureus  

opson ized  wi th  a n t i  s t a p h y l o c o c c a l  a n t i b o d i e s ,  a pronounced enhance­

ment on i n g e s t i o n  was o b s e rv e d .  T h i s  augmented i n g e s t i o n  was i n h i b i -  

t a b l e  by p r e i n c u b a t i n g  n e u t r o p h i l s  w i t h  a s t r u c t u r a l l y  homogeneous IgG3 

p r o t e i n  o r  i t s  Fc component .  E f f e c t i v e  i n h i b i t i o n  o c c u r r e d  w i t h  hea t  

a g g re g a te d  or  unagg rega ted  IgG3 and IgG3-Fc. Th is  im p l ied  t h a t  mem­

brane  bound Fc r e c e p t o r  s i t e s  on s u s p e n s i o n  p o p u l a t i o n s  were o p e r a ­

t i o n a l l y  a c c e s s i b l e  f o r  e f f e c t i v e  i n h i b i t i o n .  S t a t e d  a n o th e r  way, 

homogeneous IgG3 s u c c e s s f u l l y  competed w i th  a n t i  s t a p h y l o c o c c a l  IgG op s o ­

n in s  f o r  Fc r e c e p t o r s  on t h e  n e u t r o p h i l  membrane.
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3.  A marked o p s o n ic  enhancement  on i n g e s t i o n  was a l s o  e v i d e n t  w i th  

a d h e r e n t  n e u t r o p h i l s  c h a l l e n g e d  w i t h  S. a u re u s  + a n t i  s t a p h y l o c o c c a l  

immune complexes.  However, t h i s  augmented u p t a k e  was n o t  i n h i b i t a b l e

by p r e i n c u b a t i n g  n e u t r o p h i l  monolayers  w i th  h e a t  a g g re g a t e d  o r  una g g re ­

ga ted  homogeneous IgG3 o r  IgG3-Fc. These r e s u l t s  d e m ons t ra ted  a n o t h e r  

d i s t i n c t i o n  between t h e  two n e u t r o p h i l  p o p u l a t i o n s .

4.  I t  was r e a l i z e d  t h a t  t h e  major  d i f f e r e n c e s  between t h e  two 

n e u t r o p h i l  p o p u l a t i o n s  were,  i n  p a r t ,  r e l a t e d  t o  t h e  phenomenon o f  g l a s s  

ad h e re n c e .  Subsequen t  e x p e r im e n t s  were focused  on a l l o w i n g  n e u t r o p h i l s  

to  monolayer  f o r  v a r y i n g  t ime p e r i o d s  b e f o r e  c h a l l e n g e  w i th  unopsonized  

S. a u r e u s . I n g e s t i o n  e f f i c i e n c i e s  o f  unopson ized  S. a u r e u s  were a d e ­

q ua te  and comparab le  when a d h e re n c e  o c c u r r e d  ov e r  a 15-60  minu te  t ime 

p e r i o d .  A f t e r  90 and 120 m i n u t e s ,  p h a g o c y t i c  e f f i c i e n c i e s  d im in i s h e d  

s l i g h t l y .

5 .  I t  became a p p a r e n t  t h a t  even though n e u t r o p h i l s  could be mono­

l a y e r e d  w i th  t i s s u e  c u l t u r e  medium, in  t h e  a b s en c e  o f  10% FCS, t h e  po­

t e n t i a l i t i e s  o f  t h e s e  a d h e r e n t  c e l l s  t o  s u b s t a n t i a l l y  i n g e s t  unopson­

ized  S. au re u s  was a b o l i s h e d .  T h i s  was t h e  f i r s t  c l u e  t h a t  t h e  e f f i ­

c i e n t  p h a g o c y t i c  p o t e n t i a l  o f  a d h e r e n t  m ono la ye rs ,  in  t h e  a b s en c e  o f  

o p s o n in ,  were r e l a t e d  t o  a t  l e a s t  two f a c t o r s :  A m o ie ty  in  decomple­

mented FCS and t h e  ad h e re n c e  phenomenon i t s e l f .  P resumably ,  bo th  FCS 

and normal c a l f  serum c o n ta i n e d  components c a p a b l e  o f  a c t i v a t i n g  phago­

c y te  membrane components  which had been exposed  d u r in g  s u r f a c e  a d ­

he rence .
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6 . I t  was d e m o n s t r a t e d  t h a t  t h e  p h a g o c y t o s i s - s t i m u l a t i n g  a c t i v i t y  

o f  FCS, on a d h e r e n t  m o n o la y e rs ,  was dose  de p e n d en t .  However, a l t h o u g h  

p h a g o c y to s i s  o f  unopson ized  S. a u re u s  remained d e m o n s t r a b l e ,  t h e s e  

monolayers  f a i l e d  t o  i n g e s t  e n c a p s u l a t e d  K. pneumoniae and S. pneumo­

n i a e , t y p e  I I I ,  in  t h e  a b s en c e  o f  t h e i r  r e s p e c t i v e  a n t i b o d i e s .

7.  Double d i f f u s i o n  a n a l y s e s  r e v e a l e d  t h e  p r e s e n c e  o f  IgG in  

f e t a l  and normal c a l f  s e r a .  When IgG was f r a c t i o n a t e d  from FCS by DEAE 

ion  exchange  c h rom a tography ,  two peaks e l u t e d  d i f f e r e n t i a l l y .  Never­

t h e l e s s ,  i n  doub le  d i f f u s i o n  s t u d i e s  both peaks d e m o n s t ra t ed  a n t i g e n i c  

i d e n t i t y  w i t h  c o n t r o l  bov ine  IgG.

8 . At  p h y s i o l o g i c  c o n c e n t r a t i o n s  i n  10% FCS, IgG i s o l a t e s  from 

FCS ( I  and I I )  were u t i l i z e d  in  t h e  t i s s u e  c u l t u r e  medium t o  monolayer  

n e u t r o p h i l s .  N e i t h e r  IgG peak p o t e n t i a t e d  i n g e s t i o n  o f  unopson ized

S. a u r e u s , a s  compared to  t h e  a c t i v i t y  obse rved  w i th  u n f r a c t i o n a t e d  

FCS. C o n s e q u e n t ly ,  p h a g o c y t o s i s - s t i m u l a t o r y  a c t i v i t y  c o u ld  n o t  be 

a s c r i b e d  t o  t h e  IgG component  o f  FCS.

9. Comparison o f  HMS a c t i v i t i e s  in  a d h e r e n t  and s u s p e n s i o n  n e u t r o ­

p h i l s  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  two c e l l  p o p u l a t i o n s  

under  r e s t i n g  c o n d i t i o n s  o r  d u r in g  a c t i v e  p h a g o c y t o s i s .

10. S t u d i e s  c o n c e r n in g  C3 m edia ted  o p s o n i z a t i o n  ( i . e . ,  b in d in g  o f  

EAC3 immune complexes)  r e v e a l e d  a n o t h e r  d i s t i n c t i o n  between t h e  two neu­

t r o p h i l  p o p u l a t i o n s .  Adhe ren t  monolayers  d e m ons t ra ted  a pronounced and 

e f f i c i e n t  c a p a c i t y  t o  bind t o  ( r o s e t t e  f o r m a t i o n )  and i n g e s t  C3-opsonized  

e r y t h r o c y t e s .  Th i s  b in d in g  was i n h i b i t a b l e  w i th  a n t i - C 3  a n t i s e r a .  In 

c o n t r a s t ,  s u s p e n s i o n  n e u t r o p h i l s  f a i l e d  t o  i n t e r a c t  a p p r e c i a b l y  w i t h  C3 

co a te d  RBC.
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