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Object ives:  1) To cha rac t e r i ze  f u r t h e r  a n t i b a c t e r i a l  c o n s t i t u e n t s  of PMN granules ,  
and t h e i r  r e l a t i o n  t o  o the r  granule  and c e l l u l a r  c o n s t i t u e n t s .  
t h e i r  capac i ty  t o  degrade b a c t e r i a l  p roduc t s .  
a n t i m i c r o b i a l  defenses  and t h e i r  i n f l u e n c e  on phagocytosed an t igens .  
how they may b e  a l t e r e d  by i n f e c t i o n ,  i o n i z i n g  r a d i a t i o n ,  drugs,  neop las i a ,  aging, 
and environmental  p o l l u t a n t s .  

I n t r a l e u k o c y t i c  microbic ida l  mechanisms are of two k inds  : oxygen dependent 
and oxygen independent ,  
S p e c i f i c  and azu roph i l  granules of p u r i f i e d  and homogenized PMN suspens ions  a r e  
i s o l a t e d  by suc rose  dens i ty  sed imenta t ion  from p o s t  n u c l e a r  supe rna tan t s .  
g ranules  are then  e x t r a c t e d  wi th  a p p r o p r i a t e  d e t e r g e n t s ,  b u f f e r s ,  o r  s a l t  s o l u t i o n s  
These e x t r a c t s  provide materials t h a t  can b e  t e s t e d  d i r e c t l y  f o r  a n t i b a c t e r i a l  and 
va r ious  c a t a l y t i c  a c t i v i t i e s .  
a c t i v e  materials can be sepa ra t ed  by e l e c t r o p h o r e s i s ,  chromatographic techniques 
and var ious  combinations of these.  Antibodies  t o  t h e s e  p u r i f i e d  subs t ances  are 
r a i s e d  i n  he te ro logous  s p e c i e s  and used as r e a g e n t s  t o  compare, l o c a l i z e  and 
measure the  a n t i b a c t e r i a l  and  o t h e r  subs t ances  of i n t e r e s t  i n  t h e  PMN granules .  

2)  To measure 
3) To assess t h e i r  c o n t r i b u t i o n  t o  

4) To measure 

Our s t u d i e s  have focused on t h e  oxygen independent  systems. 

The 

They a l so  provide  material from which b i o l o g i c a l l y  

RESULTS TO DATE: 

We have s u c c e s s f u l l y  reso lved  t h e  g ranu le s  of  human PMN and c h a r a c t e r i z e d  them 
wi th  r e s p e c t  t o  their content  of l a c t o f e r r i n ,  myeloperoxidase,  lysozyme, and 
B-glucuronidase. We have prepared  a n t i b o d i e s  a g a i n s t  l a c t o f e r r i n  and MPO t h a t  
are u s e f u l  in immunochemical s t u d i e s  on these subs tances .  
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I . . .  ( r i c h  i n ' a l k a l i n e  phosphatase,  lysozyme and l a c t o f e r r i n  i n  r a b b i t  PMN) 

degranulated f i r s t ,  S t o s s e l  has  r e p o r t e d  on degranu la t ion  of human and 

guinea p i g  PMN i n  r e sponse  t o  o i l  d r o p l e t s  i n g e s t e d  by c e l l  suspens ions  

( S t o s s e l ,  T, P . ,  e t  al,, 1971, J. C l in .  Invest ,  E: 1745).  Not more 

> _  . .  . . . . .  - .  .:. . .  than 10% o f .  any of . . the .  g ranu le  . . .  a s s o c i a t e d ,  subs  tances . .he s t u d i e d  e n t e r e d  . . . . . . . . . . . . .  

t he  vacuoles.  No s u b s t a n c e  known t o  be i n c o r p o r a t e d  I n  t h e  s p e c i f i c  

g ranu le s  of human PMN was t e s t e d  except  p o s s i b l y  a l k a l i n e  phosphatase.  

Since our work casts some doubt on t h e  presence i n  these  g ranu le s  of 

a l k a l i n e  phosphatase,  It would perhaps in such s t u d i e s  b e  b e t t e r  t o  use 

a subs t ance  such as l a c t o f e r r i n ' a s  an i n d i c a t o r  f o r  secondary o r  s p e c i f i c  

granules .  Henson h a s  approached t h e  problem d i f f e r e n t l y  from Balnton o r  
. .  . . . .  . .  . .  . .  

. .  . . . .  . . . . . .  . . .  S t o s s e l  (J. Immunol.? 1971,  . . . .  107: . . . . .  153,5;,,1bid, . . . . .  L547) . .  and found . . .  , t h a t  . . .  PMN ., -. . . .::.. ...... - .  . . . . . . . . . . . . . .  ,. . .  . . .  ' -  ._ - . .  

can b e  induced t o  d e g r a n u l a t e  up a g a i n s t  m i l l i p o r e  membranes coated w i t h  

antigen-antibody complexes ( f r u s t r a t e d  phagocy tos i s ) .  

as a model f o r  t i s s u e  damage due t o  PEW i n  compiex d i s e a s e .  

c o n t e n t s  are i n  most, b u t  n o t  a l l  cases, r e l e a s e d  i n t o  t h e  media. B u t ,  

a l k a l i n e  phosphatase is an  except ion and, a l though  It e v i d e n t l y  appears 

He rega rds  t h i s  

Granule 

. .  . .  . .  

. . . .  . .  . . .  q u i t e  e a r l y  a;- t h e  cell- membrane-immune-complex i n t e r f a c e . ,  - i t  remains in- . . . .  
. .  . .  . . . .  . . '  . .  

so lub le .  Our expe r i ence '  w i t h  a l k a l i n e  phosphatase (Sp i t znage l ,  J. K., 

... . .  

. .  . . .  

I n  Phagocyt ic  Mechanisms i n  Heal th  and Disease, see above) a g a i n  s u g g e s t s  

. . : t h a t  a l k a l i n e  phosphatase e y  a c t u a l l y  n o t  b e  a granu le  enzyme. ... But, i t  . . . . . . .  - : . . .  . . . .  . -  

appears  e a r l y  a t  si tes  of phagocyt ic  . . . . . . . .  a c t i o n ,  perhaps owing t o  a s s o c i a t i o n  . 
: i . . . . .  . . . . .  . . . . . . . . .  . . .  . . . .  . . .  . . . . . . .  . . . . . . . . . . . . . . .  . . . .  . .  . - ' .  :...: . . ; :  . . . .  . .  . .  . .  . .  . .  

w i t h  t h e  ce l l  membranes.. 

g r a n u l a t i o n  and o t h e r  f u n c t i o n s  of PMN cytoplasm can p o s s i b l y  b e  b e t t e r  

The conclusion from t h e s e  examples is t h a t  de- ' 

. i n t e r p r e t e d  i n  the f u t u r e  if t h e  g ranu le s  of PIN of t h e  s p e c i e s  i n  q u e s t i o n  

are more f u l l y  e x p l o r e d  ant# as more expe r i ence  is accumulated wi th  s t a n d a r d i z e d  

s t i m u l i  to degranu la t ion .  

1-034235 ' 



In  summary: I n s i g h t s  i n t o  the  r e a l i t i e s  of i n t r a l e u k o c y t i c  k i l l i n g  
. .  

of b a c t e r i a  have been o c c u r r i n g  wi th  i n c r e a s i n g  r a p i d i t y .  The mechanisms 

Inc lude  ones r e s p o n s i b l e  f o r  k i l l i n g  b a c t e r i a  and ones t h a t  degrade or 

de tox i fy  b a c t e r i a l  p roduc t s .  Death of b a c t e r i a  i n  phagocytes  may be due 

t o  subs tances  wi th  pr imary a n t i m i c r o b i a l  a c t i o n  such as c a t i o n i c  p r o t e i n s ,  
- .. - <  . .  . .  . .  . . . . . .  9 . _  . ........... . . .-  . .  ..) :' . . . . . . .  ::. '(. I.' ..... - . . . . . . . .  . . . . . . . . .  I '  

l a c t i c  a c i d  or hydrogen peroxide,  o r  due t o  i n t e r a c t i o n  wi th  enzymic systems 
' .  . 

. .  

, . ' .  . . . . . . . .  

. .  . . I  

. . . . . .  

. . . . .  _ .  

t h a t  generate  f r e e  r a d i c a l s  which are, i n  tu rn ,  a n t i m i c r o b i a l .  Degradat ion 

of b a c t e r i a  is  undoubtedly due t o  enzymes, p r o t e a s e s ,  g lycos idases ,  nuc leases  

and l i p a s e s .  
\ 

We propose t o  con t inue  t o  ana lyze  the .phagocytin a c t i v i t y  of t h e  human 

PMN f o r  subs tances  w i t h  d i r e c t  a n t i m i c r o b i a l  c a p a c i t y .  Through c o l l a b o r a t i o n  

with co l leagues ,  w e  propose t o  make d i s t i n c t i o n s  between d i r e c t  e f f e c t s  

..and e f f e c t s  a t t r i b u t a b l e '  to" i n t e r a c t i o n s  i n  phagocy t i c  .vacuoles  and o x i d a t i v e  
. . .  . . . . . .  . . . . .  ! . . . . . . .  .- . . .  . . .  .. ' :.. . . . .  .' . . .  . .  , 

. .  

\ 

metabolism. We a l s o  propose  t o  cont inue  s t u d i e s  on t h e  p r o t e a s e s  of human 

PMN. Our u l t i m a t e  o b j e c t i v e  is  t o  d iscover  which f u n c t i o n s  c s n  most p r o f i t -  

ably be  measured i n  s t u d i e s  of d i s e a s e  and t o  a d a p t  o r  d e v i s e  methods f o r  
. .  . . . . . .  . _  . . . .  . . . . . . .  . .  ... such s t u d i e s .  . . . .  

. .  . . . . . .  .... 
S c i e n t i f i c  Scope. As t h i s  work proceeds,  w e  w i l l  s t udy :  

. . . . . .  . . . . . .  . ,  . .  . .  . .  . .  

1. Ant imic rob ia l  subs t ances  of polymorph g ranu les  from human blood.  

'phis involves  r e s o l u t i o n  of t h e  granules  wi th  c e n t r i f u g a t i o n  through s u c r o s e  

dens i ty  g rad ien t s  ; biochemica l  c h a r a c t e r i z a t i o n  of t h e  granules ;  ultra- 

s t r u c t u r a l  and enzyme ' h i s tochemica l  c h a r a c t e r i z a t i o n  of t h e  granules ;  

. -  . . . . . . . . . . .  . . . . .  . . . . . . . . . .  . . . . .  . . . .  . . -  . . . . . .  . .  , : . .  .. . . . .  . : . . . -  . .  . _. . . .  . .  . . .  . ' .  ~. 

. .  
. t e s t i n g  of ' g r a n u l e s ,  g ranu le  l y s a t e s  and. granule. extracts  f o r  a n t i m i c r o b i a l  

a c t i v i t y ;  comparing t h e i r  a c t i v i t i e s  with a c t i v i t i e s  of t h e  whole c e l l  

homogenates and p o s t  126 X granule-r ich s u p e r n a t a n t s  from which the 

granules  are s e p a r a t e d ;  i s o l a t i o n  of t h e  a n t i m i c r o b i a l l y  a c t i v e  c o n s t i t u e n t s  
. . .  

1 0 3 4 2 3 8 '  



from the granules by gel filtration, electrofocusing, and other standard 

techniques; characterization of the active components of the granules 

and characterization of their antimicrobial activities. 

2.  Formation of phagocytic vacuoles and degranulation of human PMN 

and PMN from other species, dose response effects, vacuole formation with 

maximal stimuli and interaction of granule Components in the vacuoles. 

3 .  Lysosomal defects in polymorphs with potential defects in anti- 

microbial efficiency obtained from individuals with impaired resistance 

to infection. 

4. Biochemistry, immunochemistry and pathobiological s 

the neutral protease of human PMN. 

gnificance o 

5 .  bcalization of lysosomal cationic proteins in polymorph lysosomes 

and their delivery t o  phagocytic vacuoles in man, rabbits and chickens. 

6 .  Oxidative metabolism of mammalian, rodent and avian PMN: comparative 

studies. 

1 0 3 4 2 3 1  



GENERAL PLAN OF WORK 

, 
Prepa ra t ion  of PMN and PMN Granu les ,  In all o f  our  experiments  i t  

l e  necessary t o  p r e p a r e  lysosomes and f r a c t i o n s  of lysosomes. To do 

t h i s  from r a b b i t  p e r i t o n e a l  e x u d a t e  ce l l s  as we have i n  t h e  past  i s  

s t r a i g h t f o r w a r d  and d e s c r i b e d  i n  s e v e r a l  of t h e  accompanying p u b l i c a t i o n s  
. .  . . .  

(Ref,  3 and 4 i n  Mechanisms of  I n n a t e  Immunity; VI B i o l o g i c a l  p r o p e r t i e s  

of polymorphonuclear l eukocy te  cy top la smic  granules  and t h e i r  components, 

P rogres s  Report). 

The methods used wi th  b u f f y  c o a t  PMN from human b l o d .  are more involved 

. . .  because buffy c o a t  i n c l u d e s  , lymphocytes, .  monocytes, p l a t e l e t s ,  b a s o p h i l s ,  

and eos inoph i l s  which c o n t r i b u t e  g ranu le s ,  enzymes and o t h e r  subs t ances  

i r r e l e v a n t  t o  PMN and capab le  o f  c a u s i n g  confusion. 
. .  . .  

- .  . . . . .  . . . . . . . .  . .  e .  . .  ' '  The PMN a r e ' o b t a i n e d  f r o m  f r e s h '  human"b1ood c o l l e c t e d  i n  hepa r in .  

A f t e r  most of the e r y t h r o c y t e s  are removed by sedimentat ion i n  d e x t r a n  

(Fa l lon ,  H. J., e t  a l . ,  1962, J. Lab. Clin.  Med. 59: 779), the PMN a long  

w i t h  r e s i d u a l  e r y t h r o c y t e s ,  lymphocytes, monocytes, p l a t e l e t s ,  b a s o p h i l s  

. and eos inoph i l s  $are c e n t r i f u g e d  o u t  of t h e  dextran-plasma mixture.  Washed 

i n  a balanced s a l t  s o l u t i o n ,  t h e s e  cells are f u r t h e r  f r a c t i o n a t e d  by the  

t echn ique  of B8yum (Scand. J. Lab. I n v e s t .  21, Su?pl. 97, 77, 1968) wi th  

. . .  

sed imen ta t ion  through a one s t e p  g r a d i e n t  of F i c o l l  and Hypaque. PMN 

appea r  a s  a bu t ton  i n  t h i s  s t e p  and wi th  them are e o s i n o p h i l s  and r e s i d u a l  

e r y t h r o c y t e s ,  

. . . . . .  
. .  ., . - . . . .  . . .  . . . . .  . . .  . ' .  . .... . . . .  .. i .. . .  ,., , ..- . .. . . . .  . .  

. - .  . . _. .. * 

The e r y t h r o c y t e s  are eliminated by hyposmotic lysis, b u t  ' 

' '  

. .  . . .  . .  
I . .  . . . . . .  . t h e  e o s i n o p h i l s  -are . d l f f i c u . l t ' . t o  'remove. .. We avoih eosisioplii ls  and select '"  . . .  

blood donors w i t h  t h e  lowes t  p o s s i b l e  e o s i n o p h i l  counts .  

Resolut ion of PMN Granules.  The PMN bu t ton  homogenized i n  .34 

s u c r o s e  (a sample is r e s e r v e d  for q u a n t i t a t i v e  a n a l y s i s )  and c e n t r i f u g e d  

10 min a t  126 X y i e l d s  a g ranu le - r i ch  supe rna tan t  (C) and a nuc leus  

I O 3 4 2 3 8  . .  

. .  . - . . . . . . . .  . .  
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. _  
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:rich p e l l e t  ( D ) .  The p e l l e t  D is reserved f o r  q u a n t i t a t i v e  a n a l y s i s  

a l o n g  wi th  a sample of t h e  s u p e r n a t a n t  C. 

is  then  a p p l i e d  t o  the t o p  of a l i n e a r  suc rose  d e n s i t y  g r a d i e n t ,  i n  a 

The bu lk  of t h e  s u p e r n a t a n t  

60 m l  c e n t r i f u g e  tube,  u s u a l l y  30-53% w/w. The l o a d i n g  f r a c t i o n  is e i t h e r  

. I _ .  11% wi th  r e s p e c t ,  t o  s u c r o s e  o r  a d j u s t e d  t o  25%. The tubes are placed in,. 

t he  c e n t r i f u g e  r o t o r  (Beckman 25.2 wi th  meniscus a d j u s t e d  s o  t h a t  R mln = 

6.4 c m ,  R max = 15.3 cm. The r o t o r  i s  placed in an  L2-65B Beckman-Spinco 

c e n t r i f u g e  and a c c e l e r a t e d  t o  4,000 rpm and maintained a t  t h i s  speed f o r  

15 min. A t y p i c a l  v e l o c i t y  

s e d i m e n t a t i m  run s u b j e c t s  t h e  g ranu le s  t o  an  i n t e g r a t e d  angu la r  v e l o c i t y  

1 

Then t h e  r o t o r  is a c c e l e r a t e d  t o  21,000 rpm. 

- .  . ,  

of Ojtw2dt = 2.3 X lo1* r-ad2.sec-'. 
. .  

. . . . . . . . . . . . . . . . .  Analyses of Granules  for Markers and Substances with P u t a t i v e l y  . . .  ......... ..,-. ..;. . . . .  . .  . .  % . .  

Ant imic rob ia l  Action. In  t h e  tubes which have been thus c e n t r i f u g e d  are 

t h r e e  widely spaced bands of o p t i c a l  d e n s i t y .  The most r a p i d l y  sedimented 

one (Band 111) appea r s  a t  about  32 m l  from t h e  t o p  of t h e  g r a d i e n t .  Next 

'above i t ' i s  Band XI a t  1 9  m l  from t h e  top a n d  t h e n  a t  about 5.4 m l  from . : . .  , . . .  . .  ... .: 
t h e  top  i s  Band I. With p r o p e r  technique Band I11 can be s p l i t  i n t o  two 

. components 111s and IIIf. 11x8 sediments s lower  than  IIIf. The g r a d i e n t s  . 

a r e , c o l l e c t e d  i n  2.7 m l  o r  1.0 ml f r a c t i o n s  (Csf) by upward displacement  

w i t h  60% suc rose .  

. . . . . . .  A number of ~ q u a n t i t a t i v e  biochemical  and immunochemical a s s a y s ,  as . w e l l  . . . . .  , .  . .  . .  . .  . .  . .  

as  morphological  p rocedures  are then app l i ed  t o  a n a l y z e  t h e  f r a c t i o n s  (Csf) 

c o l l e c t e d  from t h e  g r a d i e n t s  and' in  vo lumet r i c  d i l u t i o n s  of t h e  H, D, and  

. . . .  . . . .  . . .  . .  . . . .  . .  . . .  . . .  , .. . .  . . . . .  . . .  . . . . . . .  . .  . _  . . .  . .  . .  . .  _ .  . 

C samples r e s e r v e d  d u r i n g  p r e p a r a t i o n  of homogenates and g r a d i e n t s  ( s e e  

above). Q u a n t i t a t i v e  a n a l y t i c a l  procedures inc lude :  t o t a l  p r o t e i n  (Loury, 

O.,  1951, B i o l .  Chem. _I 193:. 265.), a l k a l i n e  phosphatase wi th  p-ni t rophenyl  

1034239 
. . . . . .  -----. .. __-. . ._.._.__ . -~.  ....... _ ~ . _ .  .. .,._ . . .  . . . .  ,- . .&. ' _  -..- ..-.-. 
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. i n  diethanolamine b u f f e r  a t  pH 10 ( B a g g i o l i n i ,  M., 1969, J. Cell Biol. 

- 40: 

wi th  method of Chen, N., Anal. Chem. - 28: 1756, 1956.), be ta -g lucuron idase  

(Fishman, W. H . ,  1963, p. 869, i n  H. U. Bergmeyer, Methods of Enzymatic 

A n a l y s i s , .  acad. P r e s s ,  New York.) , lysozyme (Shugar, D.,  1952, Biochim. 

Biophys. Acta - 8: 302.), perox idase  (Luck, H. ,  p .  895, i n  H. U. Bergmeyer, 

Acad. P r e s s ,  N. Y . ,  1963.). Immunochemical a s says  include l a c t o f e r r i n  

5 2 9 . ) ,  beta-glycerolphosphatase a t  pH 4.8 (phosphorus release determined 
. -  

~, I . .  
( I  

(Masson, J. F., e t  a l . ,  1969, J. Exptl .  Med. 130: 643.) and myeloperoxidase 

MPO (Mage, M. G . ,  e t  a l . ,  1971, J ,  R e t ,  End. SOC. 9: 201.). De te rgen t s  

are used t o  a b o l i s h  l a t e n c y  of t h e  granule  c o n s t i t u e n t s  and measurements 

made i n  t h e  presence of d e t e r g e n t  are de f ined  as 100% of a c t i v i t y .  A l l  

. . .  . . . . .  t hese  . . . . . .  procedures  are c a r e f u l l y  checked . .  . . . .  t o  i n s u r e  . . . .  t h a t  they g i v e  . .  r e s u l t s  . . . .  - . .. '  . . :  . . n: . :. ., . . .  
. .  . . .  : 

.i. 

t h a t  are l i n e a r  w i t h  r e s p e c t  t o  time (where appropr i a t e )  and t o  d i l u t i o n  

of t h e  subs t ance  t o  be measured. 

... 

. .  

. . . .  
- 0  

The recovery of each s u b s t a n c e  from the  D and C f r a c t i o n s  is r e c o n c i l e d  

w i t h  t h e  amounts found i n  H, t h e  whole c e l l  homogenate. 

each c o n s t i t u e n t  from each g r a d i e n t  i s  c a l c u l a t e d  and r e c o n c i l e d  w i t h  t h e  

The r ecove ry  of 
. .  

amounts i n  t h e  volume of C a p p l i e d  t o  t h e  g r a d i e n t s .  

C are u s u a l l y  b e t t e r  than 90%. 

t o  100%. 

Recoveries  i n  D and 

range from 70% 

' . 

\ . .  . .  
Recoveries from g rad ien t s  

S l i g h t  l o s s e s  from g r a d i e n t s  are caused by adherence of some 

g ranu les  t o  . .  the walls of the.,, t u b e s .  . .  When, t h e s e  are . . taken.  i n t o  accoun t  re- . . . -. . . . . .  

. . . . .  .... . . . . .  . -  . .  . . . .  . .  . . . . . . . . . .  , . e -  . .  . . _ .  . . .  . , . . _ _ .  . _'' 
. .  

c o v e r i e s  approach 100%. 
. '. . .  . .  

. ' >  :-. . ' . .  ' 
I -  - .' ~ 

U l t r a s t r u c t u r a l  Analysis  of F r a c t i o n s .  Whole ce i l s  and f r a c t i o n s  are 

f i x e d  i n  1.5% g lu ta ra ldehyde  acco rd ing  t o  pub l i shed  methods (see Bainton,  

J. E x p t l .  Med. - 130: above),  washed, and then  incubated i n  s u b s t r a t e s  f o r  

enzyme h i s t o c h e m i s t r y  f o r  p e r o x i d a s e  (Graham, R. C. and M. J. Karnovsky, 

,_, ,,-.. ....... ........................... . . . . . .  . .  ., -mv-----*,-- -- . . . . . . .  .. _, .. ' , .. ,:. .. - 



. .  1966, J. Histochem. and Cytochem. 14: 291.), . .  a l k a l i n e  phosphatase 

(Wetzel, B, K., e t  a l , ,  1967, J. Histochem. and Cytochem. - 15: Xl.), and 

a c i d  phosphatase ( I b i d ) .  Specimens t h a t  have been s t a i n e d  f o r  enzyme 
e .  

a c t i v i t y  and specimens which have n o t  been so s t a i n e d  a r e  then washed 

and f ixed  i n  osmium, dehydrated i n  p ropy lene ,ox ide  . . . . .  and embedded i n  Epon. , .  

The blocks,  c u t  w i t h  a diamond k n i f e ,  provide u l t r a - t h i n  s e c t i o n s  t o  

b e  mounted on g r i d s  and viewed wi th  or without  s t a i n i n g  wi th  uranium and 

. . . . . . . . . . . . . . . . .  . .  . . .  . . . . . .  . . .  . . . .  . . .  . .  

* l ead .  Enzyme h i s t o c h e m i s t r y  is c o n t r o l l e d  w i t h  specimens incubated 

wi thou t  s u b s t r a t e  b u t  o t h e r w i s e  t r e a t e d  l i k e  t h e  t es t  material;. 

The g rad ien t  f r a c t i o n s  are a l s o '  sub jec t ed  t o  e l e c t r o p h o r e s i s  on 

c e l l u l o s e  a c e t a t e  or  on polyacrylamide gels. 

i n  t h e  d i f f e r e n t  bands are q u a n t i t a t e d  by measuring the dye uptake densi-  

t o m e t r i c a l l y .  

"lie q u a n t i t i e s  of p r o t e i n  
. .  8 .  . . .  

. .  . . . . . . .  . . . . .  . . .  ..,_ . .  . . . . . . .  . . .  . . . . . .  . .  . . . .  . . -  . .  ." '! . .' .I ., . , .. . ._ . .  . .  .. : . ., 
* .  

Tne f i g u r e s  are converted t o  micrograms of p r o t e i n  by 

c o n s t r u c t i n g  e m p i r i c a l  c u r v e s  e q u a t i n g  dye uptake i n  s e l e c t e d  bands wi th  

p r o t e i n  n i t rogen  d e t e r m i n a t i o n ,  by measurements of enzymic a c t i v i t y  o r  

by immunochemistry ( s i n g l e  r a d i a l  d i f f u s i o n  of e l u t e d  materials). 

Detection of A n t i m i c r o b i a l  Action i n  Granules.  We have usua l ly  done 

t h i s  with a mod i f i ca t ion  of Muschel's photometr ic  assay f o r  a , n t i b a c t e r i a l  

substances i n  serum. 

l y s e d  granules i n  a b u f f e r  s o l u t i o n  wi th  a s t anda rd  number of tes t  b a c t e r i a ;  

T h i s ' i n v o l v e s  d i l u t i o n  of e x t r a c t s  of  granules  or  

. . .  o f t e n  these are E s c h e r i c h i a  c o l i ,  b u t  Staphylococcus au reus ,  . .  Streptococcus . .  
. . .  . .  I. . . . . . . .  . - .  . . .  . .  . .  

f a e c a l i s ,  P ro teus  re t tger i ,  and o t h e r  microorganisms have been used as w e l l .  

After '60 d n  hcuba t ' i on  i n  ' t h i s :  mix tu re  t h e ' l  ml r e a c t i o n ' m i x t u r e  i s " d i 1 u t e d '  . ' ' .i_ . , . . .  . .  a - . : : . .  . . .  . 

t o  G ml by a d d i t i o n  of 5 ml of a n t i b i o t i c  a s say  b r o t h .  The tubes wi th  

bacteria t r e a t e d  w i t h  g r a n u l e  c o n s t i t u e n t s ,  I c o n t r o l  t ubes  t h a t  con ta in  

b u f f e r  p l u s  b a c t e r i a  p l u s  a s s a y  b r o t h  a r e  mixed acd incubat-d a t  37OC u n t i l  

1 

1 0 3 U I ' I  



t he  t u r b i d i t y  i n  t h e  c o n t r o l  t ubes  reaches O.D. = . 5 .  A t  t h a t  t i m e  

t h e  t u r b i d i t i e s  i n  a l l  tubes is measured and recorded. A n t i b a c t e r i a l  

a c t i o n  i s  recorded a s  the micrograms of p r o t e i n  i n  t h e  test subs t ance  

t h a t  reduces growth t o  50% of t h e  c o n t r o l  (1 IEP50 u n i t )  and t h e  a c t i v i t y  

is defined a s  t h e  number of IEP50 u n i t s  p e r  mg of p r o t e i n .  D i f f e r e n t  

f r a c t i o n s  can be compared f o r  t h e i r  a c t i v i t y .  

are f r equen t ly  d i f f e r e n t  f o r  d i f f e r e n t  f r a c t i o n s ,  however, and sugges t  

Dose response l i n e  s l o p e s  

t h a t  q u a l i t a t i v e  d i f f e r e n c e s  exist. 

We are now working up a n o t h e r  assay which w i l l  be similar t o  the  

Muschel technique i n s o f a r  as exposure of microorganisms t o  the  g r a n u l e  

c o n s t i t u e n t s  i s  concerned. Bacterial k i l l i n g ,  however, w i l l  be d e t e c t e d  

by sp read ing  samples of t h e  i n h i b i t i o n  mixtures  on a g a r  p l a t e s  and comparing 

growth from t es t  and c o n t r o l  suspens ions .  

. .  . .  

. . . . . . . . . . . . . . . .  . . . . . . . . .  . . .  . . .  . . . . . .  . . .  . . . . . . . . . . . .  , .  . ;  . . . , - a .  . . ’ _ _ . _  . ,. ....... . . . . . . . . . . . . .  . . . . . . . . .  -. . -  : 

This  method w i l l  permit more 

f l e x i b i l i t y  than t h e  Muschel method. 

can b e  t e s t e d  i n c l u d i n g  ones t h a t  grow as a p e l l i c l e  i n  l i q u i d  media. 

A g r e a t e r  v a r i e t y  of b a c t e r i a l  s p e c i e s  

B a c t e r i c i d a l  and b a c t e r i o s t a t i c  a c t i o n  can b e  compared. The method may 

p rov ide  c e r t a i n  conveniences as w e l l  because t h e  p l a t e s  w i l l  be counted 

. . . . .  wi th  an automatic  colony counter .  Thus, p l a t e s  can be removed,from. , the 

incuba to r  and counted a t  once o r  s t o r e d  and counted a few hours l a te r .  

. .  
. .  

Once w e  have measured a n t i m i c r o b i a l  a c t i v i t y  i n  whole Plm homogenates 

. or e x t r a c t s  and compared t h e  ac t iv i t ies  from i s o l a t e d  . . .  granu les  . w i t h  them, : . .. . . . .  .- . . . . . . . . . . . . . . . . .  . .  . .  , I  --... _ .  , . .  , . .  . I .’. 
e x t r a c t s  and l y s a t e s  of g ranu le s  will be f r a c t i o n a t e d  by s t a n d a r d  t echn iques .  

cei“ f i l t r a t i o n ,  m e m d r a i e ” f i l t r a t i o n ,  i i i i t i o p h b r e s i s  i n  pbljacr+iirnide g e l s ,  

e l e c t r o f o c u s i n g  and o t h e r  s t a n d a r d  t echn iques  w i l l  be  used t o  r e s o l v e  a n t & -  

. . .  . . . . . . . . . .  . .  .. . . . . . .  . . . . .  . .  .: . - 
W 
F 
pu b a c t e r i a l  subs t ances .  These a n t i b a c t e r i a l  components w i l l  be  checked for 
4= 

t h e  enzymic a c t i v i t i e s  l i s t e d  above and f o r  t h e i r  r e a c t i v i t y  wi th  anti=human 

l a c t o f e r r i n  and anti-human MPO. A n t i b a c t e r i a l  a c t i v i t y  recovered will b e  

r e c o n c i l e d  wi th  a c t i v i t i e s  i n  s t a r t i n g  materials. 



If a n t i b a c t e r i a l  subs t ances  appear  l i k e l y  t o  be  a n t i g e n i c ,  at tempts 

w i l l  be made t o  ra i se  a n t i b o d i e s  t o  them so t hey  can  be d e t e c t e d  and 

amounts meaeured by s i n g l e  r a d i a l  d i f f u s i o n  or by radioimmunoassay (Lef f e l l ,  

M. S., 1972, In fec .  and Imrnun., i n  p r e s s ) .  All t h i s  work is s u b j e c t  t o  

l i m i t a t i o n s  on a v a i l a b i l i t y  of PMN.. This  has  no t  been a problem because 

the  blood bank has  coopera ted  w i t h  us on b l eed ing  donors.  
. -  

It could  be 

a problem when l a r g e  numbers of cel ls  are needed t o  i s o l a t e  a g ranu le  

c o n s t i t u e n t .  I n  t h e  event  t h a t  i t  i s  a problem, t h r e e  sou rces  of ce l l s  
\ 

might be  used .  PMN can be ob ta ined  from normal pe r sons  by leukophores i s  

or  wi th  an NCI-IBM Continuous Flow Blood Cel l  S e p a r a t o r  ( C e l l t r i f u g e ,  

American Instrument  Co.) or they  can  be ob ta ined  from p a t i e n t s  w i t h  

ch ron ic  'myelogenous leukemia by e i t h e ' r  of t h e  fo rgo ing  methods. 
. .  . The 

. .  . . . . .  . . . . . . . . . . . . .  ._..:.... . . . . . .  . -. , .. ,... . . . . .  . . . .  I . . . . . . . . . .  :. . , . .I 

c e l l t r i f u k e  purchase i s  planned by t h e  C l i n i c a l  Research Unit  for 1973. 

Contr ibut ion of Cytoplasmic Granules t o  Phagocyt ic  Vacuoles i n  Humin P?lN. 

A t  p re sen t  t he  p rocess  of d e g r a n u l a t i o n  and formation of phagolysosomes 

i n  PMN is  poorly understood.  

because r e l a t i v e l y  l i t t l e  is known of granule  'composition i n  human PMN 

and p a r t l y  because s e n s i t i v i t y , ,  s p e c i f i c i t y , . a n d  ease wi th  which c o n s t i t u e n t s  

of i n t e r e s t  can be assayed has been less than opt imal .  

s t i m u l i  have been less than  maximal i f  one judges  by t h e  p ropor t ion  of 

T h i s  is e s p e c i a l l y  t r u e  of human PMh' p a r t l y  
. .  . 

. . .  

Moreover, phagocyt ic  

supposedly granule  bound m a t e r i a l s  which have been d e t e c t e d  i n  t h e  vacuoles  . .  . . . . . . . . . . .  

(S tos se l ,  T. P., e t  a l . ,  1971, J .  C l i n .  Inves t .  - 50: 1745.).  We b e l i e v e  
- .  ' . . I  , . . . . . .  . . . . .  . . . . .  . .  . . . .  . .  _ I  _ .  - .  . . . .  . .  . _ . .  . . _. 

methods w e  have adapted for this w i l l  have s u f f i c i e n t l y  extended t h e  

knowledge and c a p s b i l l t i e s  required for such s t u d i e s  t h a t  i t  is worthwhile 
1 

for u s  t o  s tudy  degranu la t ion  In human PMN. Miss L e f f e l l  h a s  been  doing 
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t h i s  i n  our  l a b o r a t o r y ,  

and 2. Cohn, 1972, J. Bio l .  Chem. 247: 2439) which i s  an  a d a p t a t i o n  

of Wetzel and Korn (J. C e l l  Biol. 43: 90, 1969). 

She h a s  adap ted  the method of Werb (Werb, 2. 

Polys ty rene - l a t ex  s p h e r e s  are coa ted  wi th  va r ious  subs t ances  and 

suspended with v i a b l e  human PMN which are allowed t o  phagocyt ize  f o r  

30-60 min, 

homogenate ad jus t ed  t o  50% (w/v) i n  5 ml suc rose  is placed i n  the bottom 

Then t h e  c e l l s  are homogenized i n  30% (w/v) suc rose .  The 

. .  

of a n  18 m l  c e n t r i f u g e  tube and a stepwise g r a d i e n t  is prepared wi th  

5 ml of 40% and 7 ml of 30% s u c r o s e  (w/v). 

SW27.1 r o t o r  and c e n t r i f u g e d  for 60 min a t  25,000 rpm i n  a Beckman-Spinco 

L2-65B c e n t r i f u g e .  

The tubes a r e  placed i n  an 

. 

. After t h e  t u b e s  are removed from t h e  c e n t r i f u g e  a 

l a y e r  of l a r g e  membranous v e s i c l e s  t h a t  enc lose  po lys ty rene  l a t e x  beads 

i s  found on t h e  meniscus a t  t h e  t o p  of t h e  tube.  
. .  . .  

Assays f o r  5 ’  n u c l e o t i d a s e  

(Widnell, C. C. and J. C, Unke les s ,  1968, Proc. Nat. Acad. S c i .  USA - 61: 

1050), l a c t o f e r r i n  ( s e e  Masson above ) ,  lysozyme ( s e e  Shugar above) ,  PIP0 

(see Mage above) and Lowry p r o t e i n  (see above) r e v e a l  t h a t  about 3% of 

’ 

t h e s e  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  c o n s t i t u e n t s  a r e  i n  t h e ’  l a y e r  w i t h  

t h e  l a m x  spheres .  Alkaline phospha ta se  is a l s o  found t h e r e .  E l e c t r o n  

microscopy shows t h a t  t h e  l a y e r  comprises  spheres  surrounded by membranes. 

Lactic dehydrogenase and t h e  bulk’of t h e  granule  enzymes are found i n  t h e  

bottom o f  the  tube i n  t h e  l o a d i n g  zone. Thus, t he  c y t o s o l ,  t h e  bu lk  of 

t h e  granule  c o n s t i t u e n t s ,  and o t h e r  c e l l  c o n s t i t u e n t s  do not  contaminate  

. . .  . . .  . -  . .  . ’. . _ .  

. t h e  v e s i k l e  f r a c t i o n . ’  
. . . .  ...... . < .  -; ... ..- ..... : . . . . . .  . . . .  .: ,. . .  . . .  . .  . . . . . . .  ... 

Miss L e f f e l l  now i n t e n d s  t o  a s c e r t a i n  t h e  f r a c t i o n  of g ranu le  a s s o c i a t e d  

materials such as l a c t o f e r r i n ,  lip0 and n e u t r a l  p r o t e a s e  t h a t  can be induced 

t o  e n t e r  t he  v e s i c l e s  with 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  d i f f e r e n t  

s t i m u l i  f o r  deg ranu la t ion .  
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It  is  hoped t h a t  a maximal s t i m u l u s  w i l l  b e  found which w i l l  f o r c e  

n e a r l y  100% of t h e  granule  subs t ances  t o  e n t e r  t h e  vacuo les ,  

may be an t i c ipa t e ' d  i n  t h a t  maximally s t i m u l a t e d  v e s i c l e s  may be more 

D i f f i c u l t i e s  

f r a g i l e  and v e s i c l e  recovery from homogenates may n o t  be 100%. Exp lo ra t ion  

of a l t e r n a t i v e  techniques f o r  c e l l , r u p t u r e ,  s t a b i l i z a t i o n  of membranes 
. .  . .  

and cond i t ions  of c e n t r i f u g a t i o n  w i l l  be  done if n e c e s s a r y  t o  improve 

r e c o v e r i e s .  I n  any even t ,  t h e  a d d i t i o n  of t h i s  t echn ique  t o  the c a p a b i l i t i e s  

of ou r  l a b o r a t o r y  enab le s  us t o  s t u d y  t h e  t r a n s p o r t  and t h e  i n t e r a c t i o n  

of granule  components, k i l l i n g  of microbes,  deg rada t ion  of mic rob ia l  

p roduc t s  and immunoglobulin complexed t o  a n t i g e n  a l l  i n  t h e  v e s i c l e s  

themselves.  

Lysosomes i n  Polymorphs w i t h  P o t e n t i a l  An t imic rob ia l  Defects from 
. . .  I .  . . /  

I n d i v i d u a l s  w i th  Impaired R e s i s t a n c e  t o  I n f e c t i o n .  The experiment of 

n a t u r e ,  one of the proven models f o r  s t u d y i n g  t h e  r o l e  of p h y s i o l o g i c a l  

mechanisms, is  prepared by g e n e t i c  a c c i d e n t s  o r  d i s e a s e  t h a t  lead t o  f a i l u r e  

of development o r  d e l e t i o n  of some subs t ance  o r  s t r u c t u r e  w i t h  r e s u l t a n t  

f u n c t i o n a l  impairment of t h e  organism: Such experiments  of n a t u r e  have 

. .  a l r e a d y  provided c l u e s  t h a t  02 uptake and HI2 s h u n t  a c t i v a t i o n  a r e  i n  some , 

way l i n k e d  t o  i n t r a c e l l u l a r  mechanisms t h a t  des t roy  i n g e s t e d  b a c t e r i a  i n  . 

PNN (Holmes, E., et  a l . ,  1967, J. Clin .  I n v e s t .  - 46:  1422), t h a t  pe rox idase  

.: ' _ '  

may' be needed f o r  i n t r a c e l l u l a r  d e s t r u c t i o n  . .  of Candida s p .  . . .  (Lehrer,  R. I. . I  . . .  . . . . . .  ..; , . .  . .  . .  - .  . .  . .  

and M. J. C l ine ,  1969, J. Clin.  I n v e s t .  - 4 8 :  1478), t h a t  G-6-PD mediates  
. . .  . . . . . . . .  . . '? . .  . . .  . ,-.. 

..' a 'mechanism t h a t  ' i s  involved i n  i n t r a c e l l u l a r  k i l l i ' n g '  of b a c t e r i a  (see .. * 

Cooper, e t  al, above) ,  and t h a t  d e f i c i e n c y  of lysozyme,, l a c t o f e r r i n  and 

t h e  s p e c i f i c  g ranu le s  with which t hey  are a s s o c i a t e d  may redirce t h e  

a n t i m i c r o b i a l  e f f i c i e n c y  of t h e  human PMN ( s e e  S p i t z n a g e l ,  e t  a l . ,  above) .  



Because of  my a s s o c i a t i o n  w i t h  the  I n f e c t i o u s  Disease Div i s ion  of 

t h e  Department of Medicine, I have a c c e s s  t o  p a t i e n t s  with impaired 

r e s i s t a n c e  t o  i n f e c t i o n .  We have c l i n i c a l  f a c i l i t i e s  f o r  s c r e e n i n g  

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

of t h e  metabol ic  concomi t t an t s  of i n f e c t i o n .  

to,have the coopera t ion  of t h e  Div i s ions  of Heinatology and I n f e c t i o u s  

Diseases s p e c i a l i s t s  and irnmunologis ts a t  o t h e r  medical s choo l s  i n  t h i s  

We a l s o  have been p r i v i l e g e d  

and o t h e r  s ta tes .  We wish, t h e r e f o r e ,  t o  s t u d y  t h e  leukocytes with 

p o t e n t i a l  d e f e c t s  from i n d i v i d u a l s  w i th  r e s i s t a n c e  t o  i n f e c t i o n  depressed 

by v a r i o u s  p a t h o l o g i c a l  p rocesses ,  ch ron ic  i n f e c t i o u s  granulomatosis of 

chi ldhood,  Chediak-Higashi syndrome. Chronic and acute myelogenous 

leukemia,  m y e l o p r o l i f e r a t i v e  d i s e a s e s ,  uremia, d rugs ,  t ox ins ,  i n f e c t i o n s  

and o t h e r  problems can be mentioned. 
. 

P a t i e n t s '  PMN w i l l  be assayed f o r  

a b i l i t y  t o  i n g e s t  and k i l l  b a c t e r i a  o r  Candida and t o  reduce n i t r o  b l u e  

t e t r azo leum.  Then t h e  PFIN g ranu le  c o n s t i t u e n t s  w i l l  be assayed w i t h  the 

Immunochemical, enzymatic and u l t r a s t r u c t u r a l  methods descr ibed under 1 

above; . I f  d e v i a t i o n s  from normal c o n c e n t r a t i o n s  o f  granule c o n s t i t u e n t s  

' 

. 

o r  g r a n u l e  morphology are found, f u r t h e r  s t u d i e s  w i l l  be done. 

p a t e  about  two such s u b j e c t s  w i l l  become a v a i l a b l e  p e r  month. 

t h a t  D r .  A r d i s  Hoven, a p o s t d o c t o r a l  f e l low,  w i l l  c a r r y  on t h i s  work i n  

We a n t i c i -  

It is planned 

. . .  

. . . . . .  . . . .  
o u r  l a b o r a t o r y .  

f o r  t h e  h o s p i t a l i z a t i o n  of p a t i e n t s  f o r  c l i n i c a l  r e sea rch  p r o j e c t s .  

We have a c l i n i c a l  r e s e a r c h  u n i t  h e r e  which is a v a i l a b l e  
. .  . . . . . .  

. , t .  - .  . . .  ..' I . .'. . . .  . .  . .  - .  

. . . . . . . . . . .  . . . . .  . . . . . .  . : . . . . . . . . .  - . . . .  . . . . .  .* . . . . . . .  . . . .  . . . . . .  . . . . .  . .  . .'. . :-. ' . . *  : .  
. .  . .  

COLLABORATIVE STUDIES 

Out l ined  below a r e  s t u d i e s  t o  be done i n  c o l l a b o r a t i o n  w i t h  o t h e r  

f a c u l t y  memLers. Funds from t h i s  c o n t r a c t  w i l l  be used from time t o  time 

- . ~ , - . ~ - - - ~ - - . - - - - - - - - - * . - -  ......... - . . . . . . . . . . . . . . .  . . . ;  ... _;, . . . .  ..... , I  . . . .  . . . .  I - . .  



t o  purchase animals and r eagen t s  and some t echn ic i an  time w i l l  be 

devoted t o  these  p r o j e c t s  when i t  is ava i l ab le .  

Biochemistry,  Immunochemistry and Biologic  S i g n i f i c a n c e  of  the  

Neut ra l  Pro tease  of Human PMN. ( i n  co l l abora t ion  w i t h  Dr. James Folds) 

D r .  Folds  has  a l r e a d y  found t h a t  a s  much a s  90% of t h e  non-spec i f ic  

p r 3 t e o l y t i c  a c t i v i t y  of human PMN i s  ves ted  i n  g ranu le s  t h a t  s epa ra t e  

as  a s i n g l e  popula t ion  on s u c r o s e  dens i ty  g r a d i e n t s .  This  appears  t o  

b e  a s i n g l e  enzyme s e p a r a t i n g  on Sephadex columns and i n  e l ec t ro focus ing  

experiments as a s i n g l e  peak. 

Now h e  p lans  t o  f u r t h e r  c h a r a c t e r i z e  t h i s  p r o t e i n  and examine i t s  

a c t i v i t y  a g a i n s t  a broad s e l e c t i o n  of s u b s t r a t e s  and i t s  performance i n  

t h e  presence of p r o t e a s e  i n h i b i t o r s  inc luding  iodoacetamide,  cys t e ine ,  

para-chloromercuribenzoate, mercap toe thanol ,  e thy lenediamine  t e  t r a c e t i c  
. .  . .  . . .  

a c i d ,  d i i sop ropy l  f luorophosphate  and o the r s .  He a l s o  p l a n s  t o  s tudy 

t is  a c t i o n  on human immunoglobulins, t i s s u e  components such  as basement 

membrane and e l a s t i n  and m i c r o b i a l  p roducts  such as d i p h t h e r i a  toxin and 

M p r o t e i n s  of group A beta-hemolyt ic  s t r e p t o c o c c i .  It i s  also planned 

. t o  r a i s e  a n t i b o d i e s  t o  t h i s  . . . .  enzyme s o  t h a t  . .  the  .molecule  c,an, be de t ec t ed  

. immunologically e i t h e r  i n  t h e  ce l l s  or i n  t i s s u e s  o r  body f l u i d s .  Such 

. . .  . .  

an ant ibody might conce ivably  be u s e f u l  i n  s t u d i e s  on t h e  a c t i v i t y  of 

. . I  . . . .  . . . . . . . . .  ... , .  . .  . . . . . .  . .  
t h e  enzyme i n  phagolysosomes. 

. .  . .  . .  

Stud ies  on t h e  Or ig ins ,  Packaging and Fate  of Ca t ion ic  P ro te ins  (LCP) 
-... . . ,  

in’  Granules of Polymorphonuclear Leukocytes. ’ ( i n  c o l l a b d r a t i o n ’  w i t h ”  P r c f e s s o r  - . \, 

Edi th  MacKae, Department of Anatomy) Ever s i n c e  S p i t z n a g e l  and Chi (Am. J. 

Path.  2: 697, 1963) desc r ibed  t h e  presence of t h e s e  ve ry  c a t i o n i c ,  a rg ln lne -  

r i c h  p r o t e i n s  i n  cytoplasmic g ranu le s  of PMN, they have aroused the  i n t e r e s t  

-1034241 
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of morphologis t s  (Horn, R. G .  and S. S. S p i c e r ,  1964, Lab. Inves t .  - 13: 1; 

Balnton, D, F. and M. G. Farquhar,  1968, J. Cell  B lo l .  3: 286). 

chemical s t u d i e s  have un fo r tuna te ly  been r e s t r i c t e d  t o  techniques a p p r o p r i a t e  

t o  l i g h t  microscopy, s t a i n i n g  wi th  F a s t  Green (see Sp i t znage l ,  1961, J .  

Expt l .  Med. - 114: 1063) and wi th  B iebe r i ch  S c a r l e t  (see Sp ice r  above).  

De ta i l ed  s t u d i e s  of  t h e  u l t r a s t r u c t u r a l  r e l a t i o n s h i p s  have n o t  been p o s s i b l e  

and t h i s  has  been an o b s t a c l e  t o  p r e c i s e  d e f i n i t i o n  of t h e  b io logy  of 

t h e s e  p r o t e i n s .  

Histo-  

This s tumbl ing  block h a s  been a t  l e a s t  p a r t l y  removed by P r o f e s s o r  

MacRae. 

s t u d i e s  on c a t i o n i c  p r o t e i n s  r i c h  i n  a r g i n i n e  and can d i s t i n g u i s h  between 

She h a s  developed a technique s u i t a b l e  f o r  e l e c t r o n  microscopic  

them and l y s f n e - r i c h  c a t i o n i c  p r o t e i n s  (MacRae, E., 1970, J. Cell B i o l .  - 45: 

235). With t h e  use of t h i s  technique  w e  propose t o  s t u d y  the  o r i g i n ,  d i s -  

. .  

t r i b u t i o n  and f a t e  o f  t h e  c a t i o n i c  p r o t e i n s  of PMN granu les .  The s tudy  

should ex tend  cons ide rab ly  t h e  work pub l i shed  by S p i t z n a g e l  and Chi on 

t h e  re -d ls  t r i b u t i o n  of t hese  p r o t e i n s  i n  phagolysosomes and c l a r i f y  t h e  

origin of LCP as w e l l  a s  t h e i r  packaging i n  r e l a t i o n  t o  rough endoplasmic 

re t icu lum,  Golg i  a p p a r a t u s ,  s p e c i f i c  and a z u r o p h i l  g ranu le s  of PMN. Ultra- 

s t r u c t u r a l  s t u d i e s  of t h e  comparat ive b io logy  o f  c a t i o n i c  p r o t e i n s  i n  

human, r a b b i t  and chicken PMN w i l l  be p o s s i b l e .  Chicken PNN w i l l  be  

e s p e c i a l l y  u s e f u l  because they  l a c k  MPO which is  a l s o  a c a t i o n i c  p r o t e i n .  . .  

Bovine PMN which l a c k  lysozyme may a l s o  be u s e f u l .  
. .  ' . . ,  . .  . .  

. . .  . . . .  . . . .  . .  . .  . .  . .  . .  . .  . .  . .  
Oxidat ive  Metabolism of k x n a l i a n , ' .  Rodent and Avian PMN. ( i n '  c o l l a b o r a t i o n  

w i t h  Professor Ralph Penn ia l l ,  'Department of Biochemis t ry)  If one is t o  . 

p l a c e  t h e  a c t i v i t y  of any a n t i b a c t e r i a l  mechanism of PMN i n  p e r s p e c t i v e  

It  must be  measured a g a i n s t  what I s  known of t h e  e f f e c t s  of o x i d a t i v e  

t 0 3 4 2 C 8  
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metaboJ.ism, h i s  is because much work (examples c i t e d  above) h a s  in- 

e x t r i c a b l y  l i nked  i t  t o  i n t r a l e u k o c y t i c  k i l l i n g  of b a c t e r i a .  

of Brune (see above) demonstrate  t h e  presence of c a t i o n i c  p r o t e i n s  i n  

The s t u d i e s  

t h e  pe rox idase l c s s  PMN of chickens.  

microbes i n t r a c e l l u l a r l y .  How do they  do i t ?  Klebanoff sugges t ed  t h a t  

These PMN a r e  competent t o  k i l l  

i n  human PMN increased  H202 product ion  compensates f o r  c o n g e n i t a l  l ack  

of peioxidase .  The q u e s t i o n  arises -- are  chicken PEN compensating f o r  

t h e i r  pe rox idase l e s sness  by producing more H202? 

so, then one might suppose t h a t  t h e  a v a i l a b l e  mechanisms are s u f f i c i e n t  -- 
c a t i o n i c  p r o t e i n s ,  l a c t i c  a c i d ,  even the  a v a i l a b l e  H202. 

I f  they are  n o t  doing 

The purpose of t h i s  s tudy  is  t o  compare t h e  o x i d a t i v e  metabolism of 

human, r a b b i t  and chicken PMN r e s t i n g  and s t imu la t ed  by phagocy tos i s  t o '  

see i f  t h e i r  02 u p t a k e ' b u r s t ,  HMP shun t  a c t i v i t y  and H202 produc t ion  d i f f e r  

i n  any way. 

methodologies  adapted  f o r  use  i n  t h i s  comparetive s tudy  of phagocytosis .  

. . .  

To do t h i s ,  P r o f e s s o r  P e n n i a l l  has  s e t  up a v a r i e t y  of r e l evan t  

. They are: m n o m e t r i c  a s say  of  r e s p i r a t i o n  and concomi t t an t  14C02 productior.  

from glucose 1- and 6-14C g lucose  and 1 4 C  formate; p o l a r o g r a p h i c  and 

spec t rophotometr ic  a s s a y s  of NADH and NADPH o x i d a t i v e  a c t i v i t i e s ;  specto-  

photometr ic  a s s a y s  f o r  g l u t a t h i o n e  reductase  and pe rox idase ,  l a c t i c  de- 

hydrogenase (NAD+ and /o r  NADP') glucose  consumption, d-aminoacid oxidase,  

t ranshydrogenase,  glucose-6-phosphate dehydrogenase and 6-phosphogluconate 

dehydrogenase. I n  a d d i t i o n ,  a rnodifie'd Ficoll-Hypaque procedure  h a s  been ' 

. .  . . . . .  

. .  . _  _ .  

. . . . .  . . . . . . . . . . . . .  .. *... . . . . . . . . . . .  . devised  f o r  i s o l a t i o n  of  PEfN from r a b b i t  blood. ' . 

A l l  of the  above a s s a y s  have been used t o  o b t a i n  b a s i c  v a l u e s  f o r  PMN 

of r a b b i t ' s  blood. 

o f  r a b b i t  p e r i t o n e a l  exuda te s ,  

Some of t h e  parameters  have a l so  been  measured i n  PHN 

A t  p r e s e n t  d i f f i c u l t i e s  are b e i n g  worked 



Ltl 

! , .  

, 
o u t  of t h e  . F i c o l l  Hypaque method i n  o rde r  t o  s e p a r a t e  chicken PMN. 

The results of t h e s e  s t u d i e s  w i l l  permit a comparison of o x i d a t i v e  

metabolism of  PMN from man, rodents  and b i r d s .  

cons iderably  i n  morphology both by l i g h t  and e l e c t r o n  microscopy. 

just  t h e  morphology, b u t  a l s o  t h e  chemistry of t h e s e  g ranu le s  are d i f f e r e n t .  

H u k n  PMN possess  t h e  g r e a t e s t  pe rox idase  a c t i v i t y .  

none. Rabbi t  PMN are in between. The c a t i o n i c  p r o t e i n s  appear  t o  be  

d i s t r i b u t e d  j u s t  oppos i t e  t o  t h i s .  

These c e l l s  d i f f e r  -. 
Not 

Chicken PMN posses s  

I f  t h e  H202 product ion  of t h e  t h r e e  

c e l l  types  i s  e s s e n t i a l l y  t h e  same, then t h i s  would sugges t  t he re  i s  no 

o b l i g a t o r y  requirement  t h a t  H202 product ion  be inc reased  as a compensation 

f o r  l e s s  peroxidase .  I f  Hz02 product ion  i s  i n c r e a s e d  i n  chicken PKN 

compared w i t h  human, then t h i s  would suppor t  t h e  Klebanof f hypo thes i s .  

I f  H202 product ion by r a b b i t  PMN i s  inc reased  over  human PIC?, b u t  less 

than i n  chicken FMN, t h a t  would provide  Klebanoff f u r t h e r  suppor t .  

S ign i f i cance .  These s t u d i e s  w i l l  extend c u r r e n t  knowledge of mechanisms 

involved i n  k i l l i n g  and d e s t r o y i n g  microorganisms phagocyt ized by PMN of 

humans and o t h e r  s p e c i e s .  A t  p r e s e n t  it i s  q u i t e  clear on t h e  one hand 

. t h a t  e x t r a c t s  of cytoplasm (phagocyt in)  from huinan and o t h e r  PMN w i l l  . 

k i l l  b a c t e r i a  and y e a s t .  With r a b b i t  PMN a spectrum of low molecular  

weight ,  very  c a t i o n i c  p r o t e i n s  are l a r g e l y  r e s p o n s i b l e  f o r  t h i s .  The 

. .  
a c t i v e  c o n s t i t u e n t s  i n  human phagocyt in  have n o t  been i d e n t i f i e d .  On . .  

t h e  o the r  hand, i t  i s  q u i t e  c l e a r  t h a t  a n  i n t a c t  o x i d a t i v e  metabolism 
.1 . . . .  . . .  . .  . . .  . .  . .  . .  . .  . .  . .  . .  . , .  . .:...- _ .  

is' e s s e n t i a l  f o r  normal a n t i m i c r o b i a l  a c t i v i t y  .in 'human PMN, b u t  .the 

e s s e n t i a l  connect ion between t h e  metabol ic  pathways and t h e  k i l l i n g  has  

t o  be def ined .  Our r e s e a r c h  should  c l a r i f y  t h e  b io logy  of  t h e  a n t i b a c t e r i a l  

subs t ances  I n  human phagocytin.  If t h i s  is  done, then convenient  methods 



may be devised  t o  a s say  t h e s e  subs t ances  and t h e  assays w i l l  be u s e f u l  

ad junc t s  i n  s t u d y i n g  PMN of i n d i v i d u a l s  sub jec t ed  to var ious  i n f l u e n c e s  

i n c l u d i n g  i n f e c t i o n ,  drugs ,  d i s e a s e ,  and environmental  p o l l u t a n t s .  

T r a d i t i o n a l l y  s t u d i e s  of PPIN have been morphological and enumerat ive 

with r a t h e r  l i m i t e d  use of h i s tochemis t ry .  S t u d i e s  on marrow have  been 

employed b u t  a re  a l s o  morphological ,  t ed ious  and n o t  s u i t a b l e  f o r  s t u d i e s  

invo lv ing  l a r g e  numbers of s u b j e c t s  and obse rva t ions .  

t h a t  t h e  g ranu le s  of PMN are i n t e g r a l  t o  t h e i r  phagocyt ic  func t ion  and 

s i n c e  g ranu le  development proceeds s e q u e n t i a l l y ,  d i f f e r e n t  c l a s s e s  of  

S ince  i t  is  known 

granu les  be ing  formed as these  cells  d i f f e r e n t i a t e ,  i t  is c l e a r  t h a t  

d e t e c t i o n  and q u a n t i t a t i v e  measurement of c o n s t i t u e n t s  spec i f . i c  f o r  each 

granule  type  w i l l  p rovide  a measure of s u f f i c i e n c y  of PMN composi t ion 

and of m a t u r i t y  h e r e t o f o r e  unava i l ab le .  'I6e use of  imnknochemistry f o r  

t hese  a s s a y s  h a s ,  because of i ts  h i g h  s p e c i f i c i t y ,  d i s t i n c t  advantages ,  

A good example is t h e  assay  of MFO. We have found t h a t  human e o s i n o p h i l  

pe rox idase  is t e n  times more a c t i v e  than MPO. Thus, i f  PMN a r e  contaminated 

by 4% e o s i n o p h i l s  t h e  spec t ropho tomet r i c  a s say  may show as much p e r o x i d a t i c  

a c t i v i t y  as 40% PMN would produce. A V O  measured immunochemically i s  
.. . . . .  . .  . , .  . . .  . .  , . . .  . .  . 

s p e c i f i c ;  hence,  e o s i n o p h i l  peroxidase  does  n o t  i n t e r f e r e  wi th  t h e  

This  now makes i t  p o s s i b l e  t o  per form meanicgful  assays f o r  MPO on 

small amounts of blood from e i t h e r  normal or  d i seased  i n d i v i d u a l s .  
. .  . .. . . .  . . .  , .. . 

hmunochemical a s s a y  f o r  PMN p r o t e a s e  would be of  s imilar '  u t i l i t y ;  

. .. .. . s e c r e t i o n s  from i n d i v i d u a l s  c h r o n i c a l l y  s u b j e c t e d  t o  envi ronmenta l  

. .  
assay .  

re l a  t i  ve l y  

An 

Pulmonary 

p o l l u t a n t s  . 

such as ox ides  of n t i r o g e n  and s u l f u r  might e a s i l y  b e  monitored fo r  these  

enzymes, b o t h  of which are p o t e n t i a l l y  d e s t r u c t i v e  of t i s s u e  if they  are 

r e l e a s e d  from t h e  PMN. 

f e r r i n  and t h e  r a t i o s  of ' these enzymes might b e  expected t o  r e v e a l  t h e  

s ta tus  of t h e  PMN e n t e r i n g  the  t racheo-bronchial  tree. 

The same s e c r e t i o n s  might b e  monitored for l ac to -  
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. .  . . .  

produce PkIN t h a t  are  u n l i k e  normal PMN.ahd can phagocytize b u t  cannot  

k i l l  t h e  phagocytized b a c t e r i a  -- PMN t h a t  f a i l  t o  show normal i n c r e a s e s  

i n  O2 uptake and HMP s h u n t  a c t i v i t y  du r ing  phagocytosis (J. C l in .  I n v e s t ,  

- 46: 1422, 1967,) .  

t h i s  hypo thes i s ,  Myeloperoxidase, l o c a t e d  i n  the l a r g e r  PMN g r a n u l e s  

(Bagg io l in i ,  M., e t  al., 1969, J. Cell Blol.  - 40: 509. and see Progres s  

Repor t ) ,  p l u s  H202 p l u s  h a l i d e s  o r  t h iocyana te  are b a c t e r i c i d a l  L- i n  v i t r o  

(Klebanoff, S. J . ,  1968, J. Bact. - 95: 2131.). 

shown t h a t  an enzyme t e n t a t i v e l y  l i nked  t o  t h e  HIP shun t ,  NADH oxidase,  

i s  missing from PMN o f  some c h i l d r e n  wi th  X-linked ch ron ic  i n f e c t i o u s  

The p resence  i n  PMN of c e r t a i n  enzymes a l s o  s u g g e s t s  
- .  

Moreover, i t  h a s  been 

granulomatosis 

and causes  PMN b a c t e r i c i d a l  a c t i o n  t o  f a i l  (Baehner, R. L., and M, L. 

Karnovsky, 1968, Sc ience  L_ 162: 1 2 7 7 . ) .  Lehrer,  e t  a l .  (Lehrer ,  R. I . ,  J. 

The ox idase  d e f i c i e n c y  p u t a t i v e l y  lowers H202 product ion 

Ha’naffn and M. J.. C l ine ,  1969, Nature.223: - 78.) r e p o r t e d  t h a t  t h e  PMN 

........ :... . . o f , a . . p a t i e n t  w i t h  c a n d i d i a s i s  lacked myeloperoxidase. It  is noteworthy 

t h a t  wh i l e  t h i s  p a t i e n t ’ s  PMN could n o t  k i l l  Candida a l b i c a n s ,  t hey  were 
. . . . .  . . .  . . . . . .  .......... . . . .  , I . . .  . . . .  . . I .  .. . -  . .  .... .., ;. . .; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  - . .  . .  .,:. . .  . .  

.. ;.’ ..... r 

. . . .  . . .  .. . . , -  

a b l e  t o  k i l l  b a c t e r i a ,  a l b e i t  at a reduced ra te  compared w i t h  normal PMN. 

The a u t h o r s  proposed . t h a t  a l though peroxidase was l a c k i n g ,  s t i l l  o t h e r  

’ 

e f f e c t i v e  a n t i b a c t e r i a l  f a c t o r s  e x i s t e d  i n  t h e  PMN. 

Subsequently,  Klebanoff (Klebanoff,  S. J., 1970, Science 169: 1095) 

. . . . . . . . . .  . .  h a s  . . . . .  expressed 3 .  s . imilar  . views ;. a f t e r  . . .  examining PliN from Lehre r ‘ s  . .  p a t i e n t . , .  .-: 

and has  suggested (in Phagocyt ic  Mechanisms i n  Heal th  and Disease, ed., 

W i l l i a m s  and  Fudenberg, p . .  3’ I f . ,  I n t e r c o n t i n e n t a l  Book Corp., New York, 

1972) t h a t  pe rox idase  d e f i c i e n t  c e l l s  show compensator i ly  i n c r e a s e d  H202 

. . . . . . .  . .  - . .  . . . .  . . . . .  . . . . . . .  
. .  

production. 

. -  
. I  
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I o d i n a t i o n  of b a c t e r i a ,  r e l a t e d  by Klebanoff f o  MPO a c t i v i t y  and 

b a c t e r i c i d a l  a c t i o n  i n  PMN, is  n o t  i n d i s p e n s a b l e  t o  b a c t e r i a l  k i l l i n g  

(McCall,' C, E. , e t  a l ,  , 1971, C l i n .  Res. - 19: 47). However, a p a t i e n t  

w i t h  r e c u r r e n t  i n f e c t i o n s  and  t o t a l  absence of glucose-6-phosphate de- 

hydrogenase a c t i v i t y  from h e r  PKN (Cooper, e t  a l . ,  1971, J, Cl in .  I n v e s t .  

- 49: 21a) has  been r epor t ed  t o  show impaired i n t r a l e u k o c y t i c  b a c t e r i c i d a l  
. .  . . .  

a c t i o n ,  sugges t ive  evidence t h a t  HMP shun t  a c t i v i t y  and/or  H202 are 

e s s e n t i a l .  Sp i t znage l ,  e t  a l .  , have  r epor t ed  3 p a t i e n t  w i t h  r e c u r r e n t  

' i n f e c t i o n s  and wi th  select ive absence  of lysozyme and l a c t o f e r r i n - r i c h  

g ranu le s  from h i s  PMN. ' These PMN showed reduced i n t r a l e u k o c y t i c  k i l l i n g  

of c e r t a i n  b a c t e r i a ,  b u t  were e s s e n t i a l l y  normal wi th  r e s p e c t  tQ the  

usual' metabol ic  concomi t t an t s  of phagocytosis  seen i n  PMN (Sp i t znage l ,  J. K., 

e t  a l . ,  1972, J. C l i n .  I n v e s t .  '64: - 930aj .  

is i n s t r u m e n t a l  i n  i n t r a l e u k o c y t i c  k i l l i n g  of b a c t e r i a  has  been sugges t ed  

. . . . . . . . . . . . . . . . . .  . - .  , . . .  . .  . . . . . .  . . -  . . .  
The p o s s i b i l i t y  t h a t  l a c t o f e r r i n  

. .  . .  

(Masson, e t  a l . ,  1969, J. Exp t l .  Med. 130: 6 4 3 . ) .  L e f f e l l  and S p i t z n a g e l  
. . . . . .  ; - . . . . . . . .  . . I .  ;../ . ',. . . .  .. '_ .  

have shown l a c t o f e r r i n  i s  p r e s e n t  and l a t e n t  i n  peroxidase n e g a t i v e  g ranu le s  

and; t h e r e f o r e , ' * s p e c i f i c  g r a n u l e s  of human 'PMN.."' T h e ' r e s u l t s ,  w i th  t h i s  

p a t i e n t  s u g g e s t  t h a t  lysozyme, l a c t o f e r r i n ,  o r .  substance X a s s o c i a t e d  w i t h  

t h e  missing g ranu les  i n f l u e n c e  k i l l i n g  of c e r t a i n  b a c t e r i a  i n  human PMN 

and t h a t  HMP shun t  a c t f v i t y  w i t h  i ts  r e s u l t a n t  H202 product ion I s  n o t  

n e c e s s a r i l y  s u f f i c i e n t  f o r  e x p r e s s i o n  of t h e i r  f u l l  spectrum of a n t i m i c r o b i a l  

a c t i o n .  In  t h i s  same r e l a t i o n s h i p  It is noteworthy t h a t  c o l c h i c i n e  and 

.. . . .  . . . . . . . .  . . .  . . . . . . .  
. . 

. .  -..' . . . . .  . .  . .  . .  ........... ... . . . . . .  ...... ........ .... ...... . .  . . . . . . . . .  . .  . t .  . .  . . . . . . .  . . . . . . . . .  ..- i ;,.. : . .  . . . .  . . : . . .  ; .. ,. , i . .  

. .  
.. _. . . . . . . .  v i n c r i s t i n e  can i n h i b i t . 0 2  u p t a k e  and. HMP-:sh'unt.activation and n o t  reduce 

k i l l i n g  of b a c t e r i a  i n  PMN (Malawista, S. E., 1971, Blood - 37: 519).  

shou ld  be u s e f u l  i n  d e c i d i n g  on t h e  a n t i m i c r o b i a l  r o l e  of o x i d a t i v e  metabolism 

It 

and H202 product ion t o  compare them In chicken,  r a b b i t  and human PMN s i n c e  ' 

t h e s e  s p e c i e s  of PMN vary  g r e a t l y  w i t h  r e s p e c t  t o  c a t i o n i c  p r o t e i n  and MPO. 

, 
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What o t h e r  evidence s u g g e s t s  t h a t  a n t i m i c r o b i a l  mechanisms may e x i s t ,  

independent of peroxidase and H202 i n  human PMN? 

of PMN cytoplasm w i t h  d i r e c t  a n t i m i c r o b i a l  a c t i o n ,  has  been found (Hirsch,  

J. G. ,  1956, J. Exp t l .  Med, m:, 613) i n  human PMN (Quie, P. G.,  J. C. 

White, B,' Holmes and . .  R. A. Good, 1967, J. C l i n .  I n v e s t .  46: 66.8). I .  B u t ,  . . . . . . .  .... . .  . . . . .  . . . . .  

d e f e c t s  i n  phagocytin have n o t  y e t  been i m p l i c a t e d  i n  human d i s e a s e  n o r  

Phagocytin, an e x t r a c t  
. .  

. . .  . . .  

. . . . .  . .  f .  . .  . .  

has t h e  o r i g i n  of t h i s  a c t i v i t y  i n  human PMN been e luc ida ted .  Davis,  e t  

al., (Davis, W. C . ,  S. D. Douglas and H. H.  Fudenberg, 1968, Ann. I n t .  Med. 

- 69: 1237) have r e p o r t e d  a p a t i e n t  w i t h ' a  f a i l u r e  of PKN b a c t e r i c i d a l  a c t i o n  

s e l e c t i v e  f o r  phagocyt ized S. aureus .  

f u n c t i o n  is probably pleomorphic (Douglas, S. D. and H. H ,  Fudenberg, 1959, 

Douglas has  suggested t h a t  PMN dys- 

. . . .  I .  . . .  
Hosp. Prac. 4: 29).  P a t i e n t s  .with PMN d e f e c t s  may only be i n f e c t e d  by 

. .  . * . .;!.. , 
..... . . _  .. . . . . . . . . . . .  ;. .... ;- ............... ,'.-... L.. . .: z. - v .  . ., 8 ..:. . .: .... c:-.. _'. . .  *., ..,: :.:..,: .~ .- ,.,' . . .  i',.., 9 ..... .:. ,.-. . . . . .  , .. I , .. ' i 

- .  . 
. .  .'.... . : .  

Staphylococcus a u r e u s ,  Candida a l b i c a n s ,  o r  gram nega t ive  rods w h i l e  main- 

t a i n i n g  r e s i s t a n c e  a g a i n s t  o t h e r  organisms (see Douglas and Fudenberg, 
. .  

.1969; Sp i t znage l ,  .et , a l . ,  1972, ,..I. Clin,. I n v e s t .  64: 930a). Mandell and 

. .  
' 'Hook (Mandell; G.' L. and E. W. Hook,. 1969, Am. J. Med. - 47: 473), working 

. . . .  . . . . . . .  . . . . . . . .  . . . . . .  - .  . . . . .  . .  . .  . .  . .  . !  

w i t h  presumably H202 deficient"PMN' from a' p a t i e n t ;  attributed th'e s e l e c t i v i t y  

. . . . . . . . .  of h i s  d e f e c t s  , i n  b a c t e r i a l  k i l l i n g  t o  an i n a b i l i t y  .of c e r t a i n  b a c t e r i a  t o  :. 

produce catalase. 

Such b a c t e r i a  presumably k i l l  themselves i n  t h e  presence of PMN myeloperoxidase. 

Unable t o  produce catalase,  b u t  a b l e  t o  produce H202, 

. . .  . Other f a c t o r s  .may have been.  involyed,  1. however, . .  :.... ..:. ,..:, f o r  ... the  >. .: p a t i e n t  . ,-..,:: s u r v i v e d  . . . . . .  . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  ... ... . .  .... . . . . . . . . . . . . . . . . . . . . . . . . . .  
1. ,: ,e.; .. , , + - . .  ..I. .*. . .  . . .  . . _  . . . . . .  . . . . .  

17 yea r s  and a c q u i r e d  i n f e c t i o n  w i t h  only a few of t he  many c a t a l a s e  producing 

bacteria. 
. . . .  . . .  . . . .  . . . . . . . . . . . . .  . .  - .. . . .  . . . .  -. 

'This f u r & + '  sGgge8;ed t h a t  n o k a l  PMN possess ' s e v e r a l  subs t ances  

t h a t  k i l l  microbes with d i r e c t  as w e l l  as a s e l e c t i v e  mechanism. I f  one 

of t h e s e  were d e l e t e d  t h e  c e l l  might man i fe s t  a selective i n a b i l i t y  t o  

k i l l  b a c t e r i a .  Rigorous ev idence  f o r  such a r e s u l t  secondary t o  a s e l e c t i v e  

10311254  
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d e f e c t  i n  human'or animal PMN has n o t  y e t  been forthcoming, b u t  Davis,  

e t  a l .  (1968, see above) r e p o r t e d  a p a t i e n t  whose PMN were on ly  unable  . .  

. t o  k i l l  S. aureus ,  Lehrer ,  e t  a l .  found t h e i r .  p a t i e n t ' s  PMN d e f i c i e n t  

i n  myeloperoxidase and only unable t o  k i l l &  a l b i c a n s  and S p i t z n a g e l ,  

. . , e t  a l ,  found the i r  p a t i e n t ' s  c e l l s ,  which were d e f i c i e n t  i n  lysozyme . -  . . .  

and l a c t o f e r r i n ,  k i l l e d  Staphylococcus a u r e u s  and Candida a l b i c a n s ,  b u t  

f a i l e d  t o  k i l l  e n t e r o c o c c i ,  P r o t e u s  s p e c i e s  and Esche r i ch ia  c o l i .  

These d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  i n f e c t i o n  a long  w i t h  r e l a t e d  

d e f e c t s  ' in PMN a l s o  f cus a t t e n t i o n  on t h e  p o s s i b l e  e x i s t e n c e  of m u l t i p l e  

a n t i m i c r o b i a l  f a c t o r s  w i th  s e l e c t i v e  a c t i o n .  The LCP i s o l a t e d  from r a b b i t  
Q 

PMN by Zeya and Sp i t znage l  had t h e s e  q u a l i t i e s .  Each o f  them had a re- 
. . . .  . .  ._ . . 

. . .  .......... ........ . . .  .... ...-...* *:.: . , . .  . .  , . . . .  ..:sFricted .fan.ge 0.f . ,  a c t i o n ,  .but-.together . .  . . _ .  they accounted f o r  a lmost .Jhe,  

e n t i r e  range of a n t i b a c t e r i a l  a c t i v i t y  of t h e  p a r e n t  PMN. The presence  

o f  LCP i n  human PMN i s  j u s t  now be ing ,  exp lo red  i n  o r d e r  t o  see i f  they 
., - may.' be involved i n  t h e  pathogeneeis  of d e f e c t s .  The d e g r a n u l a t i o n  of PMH 

. .  

d u r i n g  'phagocytosis  . . . .  ' is a n o t h e r  . . . .  p o s s i b l e  s o u r c e  . . . .  for s e l e c t i v i t y  i n  b a c t e r i a l  . . .  . .  
. .  

. .  . .  . . . . .  , .  . . .  
k i l l i n g  (Holmes, B. i n  Phagocyt ic  Mechanisms i n  Heal th  and Disease, ed. ,  

W i l l i a d  and Fudenberg, I n t e r c o n t i n e n t a l '  Book. Corp., N. Y .', 1972). ' Since  

t h e r e  are s e v e r a l  d i f f e r e n t  k inds  of PMN cytoplasmic g ranu le s  (Zeya, H. I. 

, .  . . . . . .  ' . . :' . . . .  
. _ _ -  . ! .  . .  . .  .. - 

and J. K. S p i t z n a g e l ,  1971, Lab, I n v e s t .  - 24: 229;'Welsh,, 1 . R - H -  and J -  KO 

. . . . . . . .  ...... ';. :.:. . S p i t m a g e l , .  .: 1971,, .Infec. .  .and:Immun... - 4: 97;, Spitznagel;  d. K:,. in .Phagocytic . . .  

Mechanisms i n  Heal th  and Disease, ed. ,  Williams and Fudenberg, I n t e r c o n t i n e n t a l  

Book Corp,', N,' Y., 1972), s e i e c t i v e  d e g r a n u l a t i o n  might l i m i t  exposure 'of 

. . . . .  . . .  . . . .  - .  - . . . . .  ...... . . . . .  . . . . .  -. . . . . . .  . .... . . . .  . . . . .  1 
, _  .. ,' . . , .: .) . . .  . . .  

. .  
. .  . .  . .  : .. * . .. * 

b a c t e r i a  t o  only a f r a c t i o n  of t h e  a n t i m i c r o b i a l  mechanisms In PMN. Clearly, 

t h e  r e l a t i v e  importance of t h e  d i f f e r e n t  b a c t e r i c i d a l  systems r e q u i r e s  

. .  . . . .  

.. 
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f u r t h e r  assessment i n  man and animals ,  and h e r e t o f o r e  undiscovered 

systems must be sought.  

Aside from t h e i r  b a c t e r i c i d a l  o r  f u n g i c i d a l  a c t i o n s ,  PMN e x e r c i s e  

a d i g e s t i v e  func t ion  which, w i t h  success  t h a t  depends p a r t l y  on the 

s p e c i e s  of microorganism, d i s p o s e  of mic rob ia l  p roduc t s .  Among important . .  . . .  

b a c t e r i a l  products are p r o t e i n s  which may be exo tox ins .  Moreover, phago- 

c y t i z e d  b a c t e r i a  are  probably c o a t e d  wi th  h o s t  p r o t e i n s ,  immunoglobulin 

G, f o r  example, and complement components as w e l l ,  b e f o r e  be ing  phago- . 

cy t i zed .  These p r o t e i n s  are then d iges t ed  i n  the  PMN a long  with t h e  

b a c t e r i a .  I f  f o r  any reason d i g e s t i o n  turns out  t o  be incomplete,  the 

remnant pept ides  d g h t  w e l l  be  a l t e r e d  b u t  n o t  i n a c t i v a t e d  both i n  r e s p e c t  

t o .  t o x i c i t y  'and a n t i g e n i c i t y  ' (Sp i t znage l ,  J. K. ,  i n  Proceedings of t h e  

Fourth I n t e r n a t i o n a l  Congress on Pharmacology, p.  216 f f . ,  Schwabe and Co., 

Basel, 19.71). They might, i n  f a c t ,  b e  rendered more t o x i c  o r  t h e i r  a n t i g e n i c  

1 . .  . ,'. . . . .  . . . .  .............. ...... . . . . . . . .  . . . . .  . . .  .: i. . . " ' 2 ' :  '. :, :, :/*:. I.,. 
. .  . .  . .  . - .  . . _  . .  . .  

, .  

s p e c i f i c i t y  changed. .. . . .  . . . . .  . . _ .  ' 5  

' In  t h i s  connect ion w e  are i n t e r e s t e d  i n  t h e  n e u t r a l  p ro t ease  of human ' 

J&off r e c e n t l y  reviewed s t u d i e s  on PMN p r o t e a s e s  ( J a n o f f ,  A. , 1972, 
.. , .  . . . .  . . . . . . . .  . . .  . - .  , .  . . . . . .  .:_ . . .  . .  , .  . .  . . .  ' 

PMN. 

. . .  Am. J. Pathol., '68: - 579). He had l o c a l i z e d  the n e u t r a l  p r o t e a s e  t o  a t o t a l  

granule  f r a c t i o n  from homogenized PMN. 

a c t i v i t i e s  are, i n  f a c t ,  confined t o  t h e  a z u r o p h i l  g r a n u l e s  of human PMN 

We have shown t h a t  t hese  enzymatic 

........ !'.. - ' ;  (Folds,  : . . . . . . .  J. - .  D., . ..: I.R.H. . . . . . . . . . . . .  Welsh . . . .  ;e. and . . . .  .J..,K. _ ' .  . .  . .  Spi t znage l ,  . . .  a. . 1972,:Proc.  . .  . .: SOC. . . , Exptl . .  . . . . . . . .  .. :. - . . . . . .  .. , .  

Biol. and Med. - 139: 461).  I n  t h i s  same work w e  have found one o t h e r  
. . .  . . . .  . . .  . . . .  . . . . . .  . . . .  . :  .. ' -  . . . . . . .  . . .  . . . . .  . .  

. . . . . .  
' ' ' prot'ease, '  .an 'aminopeptidase which is associ'a'ted w'ith' a 'g'ranule -d is t inc t ly*  

sepa rab le  from t h e  n e u t r a l  p r o t e a s e .  Unpublished work from our l a b o r a t o r y  

done with g e l  f i l t r a t i o n  and e l e c t r o f o c u s i n g  now s u g g e s t s  t h a t  t h e  n e u t r a l  

p ro t ease  and t h e  e l a s t a s e  may, i n  f a c t ,  be a s s o c i a t e d  w i t h  t h e  same molecule;  

a t  least  they cannot be s e p a r a t e d  f r o m e a c h  o t h e r .  

103425b 



Thus f a r  t h e r e  appears t o  be a genuine r e s t r i c t i o n  on t h e  number 

of p r o t e a s e s  i n  human PMN. Whenever we f i n d  an a c i d  p r o t e a s e  i t  seem 

a s s o c i a t e d  w i t h  t h e  lymphocytes, monocytes, o r  p l a t e l e t s  contaminat ing 
.. 

some c e l l  suspens ions ,  Since t h e  n e u t r a l  p r o t e a s e  is op t ima l ly  a c t i v e  

a t  about  pH 7, i t  sugges.ts t h a t  i f  i t  f u n c t i o n s  . .  i n  t h e  vacuole the vacuole  . .  . . . .  . . .  . -_ . . .  I ;_ ........ .: . . .  .'.; . . . . . . . .  . . . . .  . . a .  . .  , . . . . .  . .  : ........... 

has  , n o t  always a h igh  hydrogen . . .  i on  c o n c e n t r a t i o n ,  as has been g e n e r a l l y  . . . .  . .  

supposed. 

o u r  knowledge of how.bac te r i a  are d i g e s t e d ,  how t i ssues  are damaged, and 

wi th  r e s p e c t  t o  autoimmune d i s e a s e ,  how immunogenic fragments of t i s s u e  

and se rum p r o t e i n s  can be produced. 

These p r o t e a s e s  dese rve  f u r t h e r  i n v e s t i g a t i o n  i n  o r d e r  t o  ex tend  . 

I .  

I .  

. .  

..... 

How t h e s e  a n t i m i c r o b i a l  and o t h e r  f a c t o r s  are d e l i v e r e d  t o  s c e n e s  of 
. .  ' . .  . . .  

b a c t e r i a l  i nvas ion  I n  a usab le  form was i n d i c a t e d  by . . . . .  Cohn and Hirsch . 

(Cohn, 2. A. and J. G. Hirsch,  1969, J. Exp t l .  Med. 2: 983). 

........... . . .  ...... . . . . . . . .  . . . . .  . ..... ......... ... . r i . .  . . . .  . . . . . . . . . . . . . . . . . . .  , .'. . i  .......... :;:.. . . . .  . ., . :, ,.~ ; ": ?:'.:. 

. They showed 

t h a t  t h e  cytoplasmic g ranu le s  of r a b b i t  PMN are lysosomes and c o n t a i n  a c i d  

. . . .  hydro la ses  and a n t i b a c t e r i a l  (phagocytin) a c t i v i t y .  'he  r a b b i t  phagocyt in  

probably inc luded  t h e  combined a n t i b a c t e r i a l  lysosomal  c a t i o n i c  p r o t e i n s  

of'PMN ( see  Zeya and Sp i t znage l ,  J. Exptl. bled. 1965). Although i t  is 

kn.own t h a t  cytoplasmic g ranu le s  of PMN f u s e  t h e i r  membranes wi th  phagocy t i c  ' .  . 

vacuoles  c o n t a i n i n g  b a c t e r i a  '(Zucker-Franklin, D. .and J. 'G.' 'Hirsch,  1964, 

J. Expt l .  Med. . -  120: 569),  t h e  e v e n t s  t h a t  produce t h i s  e f f e c t  are unknown. 

Furthermore, t h e  matter is. now .more complicate.d.,bec,ause, . . . . . . .  Bagg io l in i , ,  e t  a l .  . . . . . . . . .  i 

(Bagg io l in i ,  M., J. G. Hirsch and C. DeDuve, 1969, J. Cel l  Biol .  - 40:' 509-541) 

' 

.. :.: .- . ....... ;: .. . .:. . .  . . . . . ' '  . .  .. - . . .  ,. . . _ .  ., . 

. . .  . _  - . .  . . . . . . . . . . . . .  . . . . . . . . .  : . . . . . . .  . . , .  . . . . . . . . . . . . . .  ;.' . .: .... . . . . . . .  : ... . _ -  . . . . .  . . . .  e. . 
have found'  t h a t  PMN c y t o p l a s m i c ' g k n u l e s  are heterogeneous.  Zeya and 

Sp i t znage l . (Zeya ,  H. I. and J. K. S p i t z n a g e l ,  1971, Lab. Inves t .  - 24: 229 

and - 24: 237) have confirmed t h i s  and found that t h e  a n t i b a c t e r i a l  c a t i o n i c  

p r o t e i n s  of r a b b i t  PMN are conf ined  t o  t h e  a z u r o p h i l  granule  f r a c t i o n .  

1 0 3 4 2 5 1  
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This work shows i n t e r e s t i n g  c o r r e l a t i o n s  w i t h  enzyme h i s t o c h e m i c a l  

. . . .  s t u d i e s  by Sp ice r ,  e t  a l .  (Horn, . _  .:. P. - .  G. , . and S ,  S. S p i c e r ,  1964, Lab, . .  . . .  - .  . .  
' I n v e s t ,  - 13: I) and Bainton and Farquhar (Bainton, D. F, and M. G. Farquhar,  

. 1968, J. Cell B io l .  - 39: 286 and 299). 

. ,:. "i * ,  ,.. The work of. o t h e r s  (Bainton, .D. F., e t  a l ,  ,.-.1971) might s u g g e s t  t h a t  . 

.. t h e  cytoplasmic g ranu le s  i n  a d u l t  PMN from human b lood  are t o o  heterogeneous 

i n  s i z e  t o  r e s o l v e  i n t o  homogeneous popu la t ions  w i t h  v e l o c i t y  sed imen ta t ion  

(Bainton, D. F., e t  a l . ,  1971,  J. Exptl .  Med. - 134: 907). 

. 
1 

We have found 

t h a t  they can, i n  f a c t ,  be  r e so lved  wi th  due a t t e n t i o n  t o  p u r i f i c a t i o n  

of c e l l  suspensions and d e t a i l s  of homogenization a n d '  c e n t r i f u g a t i o n  

( S p i t z n a g e l ,  J. K., e t  a l .  , . i n  p r e p a r a t i o n ) .  Welsh and S p i t z n a g e l  (see 
. .  . .  . . . . .  . .  

,. : - .  . ,I.. . . . . . . . . . . . . . . . .  above) have . .  . .  found . . . . . . . .  t h a t  . .  ::,.:.:.,:. the . , ,general  . . . . . . . . . .  scheme . . . . . . . . . .  of gr.anule.. - .  classes . . . . . . . . . .  ,worked . , . . '..? .." . 

. o u t  by Bainton and Farquhar i n  r a b b i t  PMN a p p l i e s  t o  human PMN, i .e . ,  t h e r e  

are MPO p o s i t i v e  a z u r o p h i l  o r  primary g ranu les  and M?O n e g a t i v e  (secondary) 

. . .  ' o r  s p e c i f i c  granules .  Neve r the l e s s ,  t h e r e  are ' d i f f e r e n c e s  i n  composition 
. .  

t h a t  may b e  s i g n i f i c a n t .  

w i th  membranous v e s i c l e s  a s  i s o l a t e d  on g r a d i e n t s  and n o t  w i t h  t h e  secondary 

For  example, t h e  a l k a l i n e  phosphatase . .  i s  a s s o c i a t e d  
. .  I . .  . .  , ,  

. .  . . . . . . . . .  '- 'granules : mire is probably f u r t h e r  biochemical  and morphological he t e ro -  

gene i ty  among the azurophf 1 g r a n u l e s  (Sp i t znage l ,  in Phagocyt ic  Mechanisms) 

as w e l l  a s  d i f f e r e n c e s  i n  f r a g i l i t y  among t h e  v a r i o u s  g ranu le s .  

. I. . . . . . . .  ....... . . . .  ..'. . . . . . . . .  ::: S t u d i e s  of.  the , .  sequence end . .  e f f e c t . . o f  d e g r a n u l a t i o n  i n  r a b b i t  PbN. . 
. .  

have been publ ished by Bainton and Farquhar (J. Cell Biol. 47: l l a ,  1970) 

who found a l k a l i n e  phosphatase was . t h e  f i r s t  enzyme d e t e c t a b l e  by enzyme 

. ,  . . . .  . . . . . . .  . . .  . . . . . . .  ... :. .. .. . . .  . . . . .  . . . .  . . .  . .  . . . .  ;,,.. ' .  . .  . . . .  .. . . . .  . . .  .. - :. , , . .  . .  . .  . .  
. I .  

h i s  tochemistry i n  t h e  membrane of phagocy t i c  vacuoles  formed as b a c t e r i a  

were phagocytized, Because a l k a l i n e  phosphatase w a s  a s s o c i a t e d  w i t h  

s p e c i f i c  g ranu le s  of PMN from r a b b i t s ,  t h e y  concluded the s p e c i f i c  granules '  

. . .  

. .  

. I 0 3 4 2 5 8  
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S c i e n t i f i c  Background. R e s u l t s  of r e sea rch  i n t o  r e s i s t a n c e  t o  

i n f e c t i o n  and mechanisms of inflammation i n f l u e n c e  our  work most s t r o n g l y  

when they d e a l  w i th  s t r u c t u r a l ,  metabol ic ,  and biochemical  changes t h a t  

occu r  i n  PMN wi th  phagocy tos i s ,  e n t r y  i n t o  inflamed t issues,  exposure t o  

drugs,  or i o n i z i n g  r a d i a t i o n .  !he cytoplasmic g ranu le s  of PMN p l a y  a 

s i g n i f i c a n t  p a r t  i n  t hese  mechanisms and are a c e n t e r  of r e sea rch  i n t e r e s t  

i n  our l a b o r a t o r y .  

This d i s c u s s i o n  c o n s i d e r s  some of t h e  pub l i shed  r e sea rch  t h a t  a f f e c t s  

o u r  work on t h e s e  g ranu le s ,  phagocytosis ,  and o t h e r  f a c t o r s  i n  PMN func t ion .  

Phagocytosis  of b a c t e r i a  l e a d s  t o  s e v e r a l  e v e n t s  i n  PMN: 

a phagocy t i c  vacuole and d e g r a n u l a t i o n  (Hirsch, J. G. and 2. A. Cohn, 1960, , 

1) formation of 

J. Exptl.’ Med. - 112: 1005.; Zucker-Franklin, D. and J. G. Hirsch, 1964, J. 

Expt l .  Med. - 120: 569.); 2) inc reased  02 uptake and a c t i v a t i o n  of hexose- 

monophosphate-shunt (HMP) a c t i v i t y  (Karnovsky, M. L., 1962, Physiol .  Rev. . 

- 42: 143.); 3) t r a n s f e r  of c a t i o n i c  g ranu le  p r o t e i n s  t o  phagocytized b a c t e r i a l  I 

c e l l s  (Sp i t znage l ,  J. K. and H. Y. Chi, 1963, Am. J. Path.  43: 607.); 

4) I d d i n a t i o n  of materials i n  phagocyt ic  vacuoles  i n  human PMN (Klebanoff,  

S. J., 1967, J. Exptl .  Med. 126: 1063.) and 5) d e s t r u c t i o n  of t h e  b a c t e r i a  

(Cohn, Z. A.,  1963, J. Exp t l .  Med. - 117: 27.) .  
.. . -  

S t i m u l i  o t h e r  than phagocy tos i s  i n f l u e n c e  PMN. Toxins,  such as s t r e p -  

t o l y s i n  S, cause l y s i s  of PMN g r a n u l e s  and cel ls  d i e  (Weissman, G. ,  1964, 

Fed. Proc. - 23: 1038.) and drugs l i k e  c o l c h i c i n e  may p reven t  deg ranu la t ion  

v h i l e  t i s s u e  p roduc t s ,  the’ p r o s t a g l a n d i n s  ( E l )  i n h i b i t  t h e  e x t r u s i o n  of 

g r a n u l e  enzymes from PMN (Malawieta, S. E. and P. T. Bodel, 1967, J. Clin. 

I n v e s t ,  - 46: 786.; Weissman, G., e t  al. ,  1970, Nature New Biology - 231: 131.). 

I o n i z i n g  r a d i a t i o n  may a l t e r  t h e  a n t i b a c t e r i a l  capacities of PMN ( S e l v a r a j ,  



R. J., and A. J. S b a r r a ,  1967, J. Bact. - 94:  149) ,  b u t  whether t h i s  e f f e c t  

is produced on mature cells ,  on p r o g e n i t o r  c e l l s ,  or is due t o  the  i m m a t u r i t y  

of PMN from bone marrow r e g e n e r a t i n g  a f t e r  X- i r r ad ia t ion  is n o t  c l e a r .  

PMN may k i l l  b a c t e r i a  d i r e c t l y  wi th  c o n s t i t u e n t s  posses s ing  primary 

a n t i m i c r o b i a l  capacity 'or wi th  mechanisms mediated through metabol ic  

act ivi t ies  t h a t  g e n e r a t e  s h o r t  l i v e d  t o x i c  e n t i t i e s  such as  f r e e  iod ine .  

h e s e  p o s s i b i l i t i e s  are considered i n  sequence. 

What a n t i b a c t e r i a l  subs t ances  w i t h  primary a n t i m i c r o b i a l  capac i ty  

do PMN p o s s e s s  and how are they d i s t r i b u t e d  i n  t h e s e  c e l l s ?  On the one 

hand, h i s t o n e s  and protamines posses s ing  primary a n t i b a c t e r i a l  a c t i v i  t y  

are e x t r a c t a b l e  from PMN (reviewed i n  Skarnes,  R. C. and D. W. Watson, ' 

1957, Bact. Rev. - 21; 273.). S p i t z n a g e l  (1961, J. Exp t l .  Med. - 114: 1063.) 

adap ted  methods f o r  h i s tochemica l ly  d e t e c t i n g  c a t i o n i c  p r o t e i n s  and found 

such p r o t e i n s  c o a t e d  b a c t e r i a  i n  abscesses  as w e l l  as b a c t e r i a  phagocytized 

by PMN i n  t i s s u e  c u l t u r e .  

came from PMN cytoplasmic g ranu le s  and thus  were n o t  n u c l e a r  h i s t o n e s ,  

. .  
Histochemical  evidence showed t h e s e  p r o t e i n s  

a n  i n f e r e n c e  bo rne  o u t  by biochemical  s t u d i e s  done l a t e r  (Zeya, H. I. a n d '  

J. K. S p i t m a g e l ,  1963, Science - 142: 1085; I b i d ,  1966, J. Bact. 91: 750; 
. .  . .  , 

1 .  

. .  . I b i d ,  1966, J. Bact. - 91: 744.).. I s o l a t e d ,  LCP from r a b b i t  PMN cytoplasmic 
. .  
granu les  posses sed  primary a n t i b a c t e r i a l  c a p a c i t i e s .  l hey  had molecular 

we igh t s  between 4,000 and 8,000; some of them c o n t a i n e d  over  30% a r g i n i n e  

and 14% C y s t h e  and were poor in a romat i c  amino a c i d s  (Zeya, H. I. and 

J, K. S p i t m a g e l ,  1968, J. Exptl. Med, - 127: 927; I b i d ,  1971, Lab. Inves t .  

- 24: 229 and - 24: 237.). . 

More r e c e n t l y  Brune (Brune, K., M. S.  Leffe l l  and J. K. Spi t znage l ,  

1972, I n f e c .  and Imun. 5: 283.) h a s  shown t h a t  chicken PKN l ack ing  

. .  



peroxidase were q u i t e  a b l e  t o  k i l l  i n g e s t e d  b a c t e r i a  and yeast. These 

chicken PMN possessed a t  l e a s t  two granu le  types. 

mta inedlysozyme and c a t i o n i c  p r o t e i n s  s i m i l a r  e l e c t r o p h o r e t i c a l l y  t o  

The very  l a r g e  ones 

those  of r a b b i t  PMN a z u r o p h i l  g ranu le s  (Brune, K., and J. K. Spi t znage l ,  

1973, J, In fec .  D i s . ,  i n  press.). 

a n t i m i c r o b i a l  c a p a c i t i e s .  

E x t r a c t s  of t h e s e  PllN g ranu les  possessed 

It h a s  been d i f f i c u l t  t o  demonstrate  LCP i n  t o t a l  g ranu le  f r a c t i o n s  
\ 

of human PMN. The s o u r c e s  of t h e  d i f f i c u l d e s  probably include:  

b u f f y  c o a t  PMN which are o f t e n  incompletely s e p a r a t e d  from formed elements  

o t h e r  than -PMN, elements  t h a t  c o n t a i n  h i s t o n e s  and o t h e r  b a s i c  p r o t e i n s  

t h a t  may b e  confused w i t h  LCP, o r  a n i o n i c  substance6 t h a t  can complex 

wi th  LCP and i n t e r f e r e  wi th  t h e i r  r e s o l u t i o n ;  the P m  themselves may 

c o n t a i n  s t r o n g l y  a n i o n i c  s u b s t a n c e s  t h a t  can complex w i t h  t h e  LCP; and 

f i n a l l y ,  i t  is p o s s i b l e , .  and t h e  h i s tochemica l  b e h a v i o r  of hum?n buf f y  

c o a t  PMN s u g g e s t . t h i s ,  t h a t  compared t o  r a b b i t  exuda te  PMN t h e r e  is less 

t h e  
\ 

.- 

LCP i n  human buf fy  c o a t  PMN. 
. .  . .  

e x t r a c t s  o f '  human 6uf  f y  c o a t  

t h a n  lysozyme . o r  pe rox idase  .. 

t r o p h o r e s i s  , behave l i k e  t h e  

Welsh h a s  shown, however, t h a t  a n t i b a c t e r i a l  

PMN granu les  c d n t a i n  p r o t e i n s  more' c a t i o n j c  

These p r o t e i n s ,  w i th  c e l l u l o s e  a c e t a t e  e l ec -  
. .  

LCP of r a b b i t  PMN and are more c a t i o n i c  than 

lysozyme. 

l a r g e r  than lysozyme. ' ? h e i r  p r o p e r t i e s  are c u r r e n t l y  under s tudy  i n  our  

l a b o r a t o r y  . 

But, on polyacrylamide g e l s  they behave as molecules o r  aggrega te s  

- .  

Why is o x i d a t i v e  metabolism thought  t o  p l a y  a p a r t  i n  a n t i b a c t e r i a l  

a c t i o n s  of PMN? It i s  l a r g e l y  because Holmes, e t  a l .  a p p l i e d  t h e  f i n d i n g s  

of Karnovsky (see above) and showed t h a t  c h i l d r e n  w i t h  ch ron ic  i n f e c t i o u s  

granulomatosis ,  a d i s e a s e  c h a r a c t e r i z e d  by I n a b i l i t y  t o  cope wi th  i n f e c t i o n s ,  

1 0 3 4 2 b 2  
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RESEARCH PROPOSAL 

Polymorphonuclear leukocytes (PMN) in innate resistance to infection and 

the antimicrobial constituents that can be detected, localized and characterized 

in their cytoplasmic fractions are the subjects of these studies. 

we have shown that azurophil granules of rabbit PMN possess antimicrobial 

capacity mediated by several cationic proteins (LCP) which display selective 

activity. 

possess similar cationic proteins. 

species possess lysozyme, the chicken PMN in fact possesses two different ones. 

The specific granules of the rabbit possess lactoferrin as well and it is 

possible that chicken PMN possess an analogous protein, conalbumin. 

In the past 

More recently we have shown the cytoplasmic granules of chicken PMN 

In addition, the granules of PMN from both 

In the meantime mounting evldence has linked the oxidative metabolfsm 

~i nLmnali ?mF inc :.;1c?ing :..hw e,$ & t b t ~ ~ : + , + , .  !#+ $,++I . . . i .4: ,$.w ,,: ,: c + A  ,i.uq . ;, . . / 
action. Important to this system are the hexosemonophosph~tc ::hirnt, ; i w I  I - 

ability of oxygen and chloride as well as myeloperoxidase. Recently new concepts 

have been suggested within the context of the oxygen dependent systems. Super- 

oxide anion 5 .  and singlet oxygen have been proposed by different investigators 

as mediators of intraleukocytic killing. The role of these putative mediators 

is in the process of being determined by other workers. While there is no 

doubt that the oxidative mechanisms form powerful antimicrobial systems, it 

is clear that there are back-up systems which function reasonably well. 

up systems must be important in humans with genetically determined myeloperoxi- 

dase deficiency. 

Back- 

Such persons do not have increased susceptibility to infection. 

Their leukocytes kill microbial cells more slowly than do normal PMN but they 

do kill. Chicken PMN have no peroxidase yet they kill microbes efficiently and 
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chickens resist i n f e c t i o n  adequately.  Moreover, PMN p laced  i n  anae rob ic  systems 

k i l l  s e v e r a l  kinds of  b a c t e r i a ,  an obse rva t ion  which c o r r e l a t e s  w i t h  the f a c t  

t h a t  PNN seem t o  cont inue t h e i r  f u n c t i o n  i n  abscesses  which may provide an 

anaerobic  microenvironmnt.  It  seems c l e a r  t h e r e f o r e  t h a t  t h e r e  are both 

oxygen dependent and oxygen independent a n t i m i c r o b i a l  systems i n  PMN. So f a r  

the c a t i o n i c  p r o t e i n s ,  l a c t o f e r r i n  and lysozyme seem most l i k e l y  t o  provide 

the oxygen independent sys tern. 

I t  is  the  purpose of  t h i s  r e s e a r c h  t o  i n v e s t i g a t e  p r i m a r i l y  t h e  oxygen 

independent k i l l i n g  c a p a c i t i e s  of human and animal PMN. 

where p o s s i b l e  t o  p l ace  t h e s e  mechanisms i n  proper c o n t e x t  as t o  t h e i r  impor- 

tance and mode of a c t i o n  w i t h  r e s p e c t  t o  t h e  oxygen dependent mechanisms. 

approach t o  t h i s  has  been t o  t r y  t o  i s o l a t e  important o r g a n e l l e s  of PMN and 

the c o n s t i t u e n t s  of t hese  o r g a n e l l e s  so t h a t  they can b e  s t u d i e d  i n  i s o l a t i o n  

and then s t u d i e d  toge the r  i n  c o n t r o l l e d  cond i t ions .  

develop methods f o r  t h e  p r e c i s e  and unambiguous d e t e c t i o n  and measurement 

of a n t i m i c r o b i a l  subs t ances  i n  r e s t i n g  and i n  phagocyt iz ing PMN. 

t o  cont inue t h i s  approach w i t h  the  p l a n  o u t l i n e d  i n  o u r  p rev ious  proposal ,  which 

immediately fol lows t h i s  s e c t i o n .  

t h e  accomplishments of t h i s  l a b o r a t o r y  f o r  t h e  p a s t  y e a r  i n  which w e  have ' 

c h a r a c t e r i z e d  t h e  normal human PXN g ranu les  and shown t h a t  i t  i s  f e a s i b l e  as 

w e l l  as d e s i r a b l e  t o  be a b l e  t o  use immunochemical t echn iques  t o  fol low c e r t a i n  

e v e n t s  t h a t  i nvo lve  both oxygen independent and oxygen dependent systems. 

use of immunochemical methods o f f e r s  s e v e r a l  advantages.  

molecular s t r u c t u r e ,  they provide a method f o r  measuring enzyme molecules i n  

the  presence of i n h i b i t o r s  t h a t  would block c a t a l y t i c  measurement,and they 

provide d e t e c t i o n  and measurement of molecules f o r  which no c a t a l y t i c  measurement 

i s  a v a i l a b l e .  

We a l s o  propose t o  t r y  

Our 

We hope i n  t h i s  way t o  

We propose 

I n  t h e  Progress  Report we have descr ibed 

The 

They are s p e c i f i c  f o r  
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We w i l l  p r epa re  i s o l a t e d  g ranu le s  f o r  s tudy  of t h e i r  a n t i m i c r o b i a l  

capac i ty  and then  f r a c t i o n a t e  t h e i r  components by t h e  techniques  i n  common use 

f o r  r e s o l u t i o n  of  p r o t e i n  mixtures .  The c o n s t i t u e n t s  w i l l  be t e s t e d  f o r  t h e i r  

a n t i m i c r o b i a l  a c t i v i t y  a g a i n s t  a v a r i e t y  of microbes. We w i l l  a t t empt  t o  

e l u c i d a t e  t h e  way i n  which t h e  g ranu le s  are assembled and t r a n s p o r t e d  i n  r e s t i n g  

ce l l s  s i n c e  t h i s  is  c r i c i a l  t o  t h e  understanding of t h e  way they are a c t i v a t e d  

du r ing  phagocytosis .  The format ion  of phagolysosomes w i l l  be  s t u d i e d  f u r t h e r  

and the '  c o n t r i b u t i o n  of t h e  d i f f e r e n t  granule  c o n s t i t u e n t s  t o  t h i s  w i l l  be  

i n v e s t i g a t e d  w i t h  t h e  techniques  w e  have developed. We w i l l  a l s o  attempt t o  

understand t h e  changes t h a t  t a k e  p l a c e  i n  the  cy toplasmic  membrane i n  response 

t o  c o n t a c t  w i t h  and b ind ing  t o  p a r t i c l e s  coated w i t h  opsonins .  This  w i l l  b e  

f a c i l i t a t e d  by our a b i l i t y  t o  i s o l a t e  t h e  c e l l  membranes.' We w i l l  cont inue  

t o  look for p a t i e n t s  w i t h  d e f e c t i v e  granules  i n  t h e i r  polymorphonuclear leuko-  

c y t e s ,  hoping t o  l e a r n  w i t h  them more about t h e  r o l e  of PMN c o n s t i t u e n t s  and 

func t ions  i n  i n t r a l e u k o c y t i c  k i l l i n g .  I n  t h e  same way w e  w i l l  c a r r y  on 

comparative s t u d i e s  employing t h e  pe rox idase l e s s  PHN of ch icken  i n  o r d e r  t o  

s tudy  oxygen a n t i m i c r o b i a l  sys tems i n  t h e  absence of MPO. F i n a l l y ,  we w i l l  

cont inue  t o  s tudy  t h e  role  of  t h e  p r o t e a s e s  of t h e  PMN i n  t h e  deg rada t ion  and 

k i l l i n g  of phagocyt ized b a c t e r i a  and o t h e r  mic rob ia l  forms. The e f f e c t s  of 

* .  

var ious  environmental  stresses such as i n t e r c u r r e n t  i l l n e s s ,  immunologically 

mediated d i s e a s e s ,  h igh  energy  r a d i a t i o n ,  drugs, and envi ronmenta l  p o l l u t a n t s  

w i l l  be  s t u d i e d  where p o s s i b l e .  

De ta i l ed  methods of procedure  are descr ibed  i n  t h e  p rev ious  p roposa l ,  

a copy of which herewi th  fo l lows .  
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BUDGET 

From J u l y  1, 1974  through June 30, 1975 

1. 

' 2 .  

3.  

4 .  

5 .  

S a l a r i e s  and Wages 

$ 2,200 InvParieator- 3,000 

J. K. Sp i tznagel ,  M.D., P r o f .  and P r i n c i p a l  
15% t i m e ,  12 months ( S o c i a l  S e c u r i t y  no. 

Richard F. Rest ,  Post-Doctorate  ASSOC., 50 
(Also Ardis  D. Hoven, M.D. ,  Res. Assoc., 50%; James D .  Folds, Ph.D., 
Asst. Prof., 10%; Edi th  K. MacRae, Ph.D. P ro fes so r ,  5%; and 
Ralph P e n n i a l l ,  Ph.D. ,Professor ,  2%)  0 

Marjor ie  Cooney, Research Ana lys t ,  
Larry Martin,  Lab Technician,  20 h r s .  wk. 3,000 

15 h r s .  wk. 2,000 

Sarah Freedman, Secre ta ry  300 

H o s p i t a l i z a t i o n  and D i s a b i l i t y  Insurance  

Fringe bene f i t s :  S o c i a l  S e c u r i t y  5.85% sa la r ies  and wages 
($16/mo. of employment f o r  e a c h  f u l l t i n e  employee 

Retirement 8.95% s a l a r i e s  and wages 

Travel :  Domestic ( t r a v e l  t o  meet ings,  two persons)  
Foreign 

250 

1,554 

5 00 
500 

Suppl ies  and A n i m a l  Care 5,742 

Pub l i ca t ions  , r e p r i n t s  , medical  i l l u s t r a t i o n  

Miscellaneous items: Xerox, s u b s c r i p t i o n s ,  te lephone t o l l s .  
Naintenance and equipment repair 

400 

500 
500 

I n d i r e c t  Costs - 48.13% salaries and wages, p r o v i s i o n a l  and 
unaudited 5,054 

TO TAL $25.500 . -  

JUS TIFI CAT1 ON 
Salary of P r i n c i p a l  I n v e s t i g a t o r :  The amount budgeted f o r  Dr. S p i t z n a g e l ' s  sa lary 
amounts t o  6 2/3% of h i s  t o t a l  salary. However, D r .  Sp i t znage l  g ives  a t  l ea s t  
15% of  h i s  time t o  the  r e sea rch  suppor ted  by t h i s  g ran t .  The d i f f e r e n c e  i n  salary 
between the  amount or p e r c e n t  budgeted and t h e  amount of a c t u a l  time spen t  is made 
up from o t h e r  sources .  

Foreign Travel:  
I n t e r n a t i o n a l  Congress of Immunology t o  be h e l d  i n  Brighton,  England, Ju ly  22-26, 
1974. This i n v i t a t i o n  i s  t h e  r e s u l t  of ear l ier  a c t i v i t i e s  sugges ted  by t h i s  gran t .  
Moreover, t h e  meeting should be a va luab le  sou rce  of c u r r e n t  in format ion  concerning 
r e sea rch  a c t i v i t i e s  i n  PMN leukocy te  func t ions  and o t h e r  a s p e c t s  of inflammation and 
immune responses .  
t r i p ,  which is now es t ima ted  t o  c o s t  $800. The balance of t h e  c o s t  w i l l  be  obtained 
from o t h e r  sou rces ,  

The P r i n c i p a l  I n v e s t i g a t o r  has  been i n v i t e d  t o  p a r t i c i p a t e  i n  the  

It  is reques t ed  t h e r e f o r e  tha t  the AEC a l low $500 toward t h i s  

I 

t 0 3 4 2 b b  
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Contract  KO. : AT-(40-1)-3628 

FINANCIAL STATEMENT + 

(1) Tota l  a c t u a l  p r o j e c t  c o s t  to d a t e  f o r  t h e  c u r r e n t  pe r iod  $ 21,005 

(2) Estimated t o t a l  c o s t  f o r  remainder  of p e r i o d  12,995 

( 3 )  Tota l  a c t u a l  and e s t i m a t e d  c o s t  chargeable  t o  AEC f o r  c u r r e n t  
per iod based  on percentage  of c o s t  agreed upon as conta ined  i n  
A - I 1 1  of Appendix "A" t o  Con t rac t  34,000 

( 4 )  Accumulated c o s t s  chargeable  t o  AEC ( inc lude  c o s t s  r epor t ed  i n  
c e r t i f i e d  s t a t emen t  f o r  preceding  p e r i o d ( s )  and t h e  c o s t s  s t a t e d  
i n  I t e m  (3) above) 113,993.80 

lq 3' (5) Accumulated AEC Support  C e i l i n g  as  s t a t e d  i n  Article 111 of 
Contract  114,643[&udt J 

(6) To ta l  e s t i m a t e d  AEC funds remaining under Cont rac t  ( s u b t r a c t  
Item ( 4 )  from (52 which may be  used t o  reduce amount of new 
funds r e q u i r e d  from AEC f o r  proposed renewal p e r i o d  6 4 9 . 2 0 p J O .  Y) 

Other f i n a n c i a l  suppor t  

Nat iona l  I n s t i t u t e s  of Health g r a n t  5 R01-AI02430 "Metabolic Aspec ts  of Bacteria" 

P r o j e c t  per iod:  12/01/73 t o  11/30/74. Amount of award: $37,575.00 

1 0 3 4 2 b t  



FACILITIES AVAILABLE 

Labora tory  - 1050 squa re  f e e t  
. .  

Animal q u a r t e r s  under f u l l - t i m e  s u p e r v i s i o n  of Dr. James P i c k  . .  

(D.v.M.) and s t a f f .  

General  l a b o r a t o r y  equipment,  g lassware ,  fume hoods, a n a l y t i c a l  
. . .  

. .  . . .  . . . .  
ba lance ,  e tc -  . . . .  . . . . .  .. . . .  . '.I . , 

. .  
,. . .  

S p e c i a l  Items 

Beckman L2-65B p r e p a r a t i v e  u l t r a c e n t r i f u g e  

Beckman TI-14 and o t h e r  r o t o r s  

. _  - . . . . . .  Sorva l l .  RC-2 r e f r i g e r a t e d  c e n t r i f u g e .  . .  . .  . . . .  

. . .  . .  , .;.:. . . . . .  

. .  . . .  

Packard T r i c a r b  l i q u i d  s c i n t i l l a t i o n  spec t rometer  

. .  .' Packar  d Auto ga&a  c r y  s ta 1 s c i n  t i 11 a t  i on spec tr om2.t er " * 

. .  - , .  

-. - - . . .  

Acta 1' r eco rd ing  spectrophotometer  

Paper  e l e c t r o p h o r e s i s  
' .  . .  

.- __ 

. Polyacrylamide g e l  e l e c t r o p h o r e s i s  

. _  .. Densi ty  g r a d i e n t  e l e c t r o p h o r e s i s  

.-  ' .  . I s o e l e c t r i c  Focusing Apparatus  

-\ 

. .  . . .  . .  . .  . . . . . .  

. . . . . . . . . .  .... . . . . . . . . . . . . . . . . . .  . .  - .  : I ,  . . . .  . . .  . . . . . . . .  .. . . .  Immunoelectrophoresis .. 

, .  

. . . . . . . . .  ... . .  .... ., : ': . . .  . . . . . .  .. m . 1  -. : . ... , 

- .  . .  

. .  

. . .  . Chromatographic equipment w i t h  f r a c t i o n  c o l l e c t o r  

I. . . .  Fluorescence  microscope 

Amino a c i d  ana lyze r  

. E l e c t r o n '  microscopes ' 

. ,  

.: . .  

. .  

. .  - .  . _  
. . -  

. *  

. .  . , :. 
.... . . .  
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