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Summary:  We i n v e s t i g a t e d  immunohistochemical ly the  localization of p33, an 
endogenous  s u b s t r a t e  p ro t e in  f o r  an a rg in ine - spec i f i c  A D P - r i b o s y l t r a n s f e r a s e  
in ch icken  l iver .  Po lymorphonuc iea r  -pseudoeos inophi l ic  gTanulocytes  
(he te roph i l s )  in in t e r lobu la r  connec t ive  t i s sues  of the  l ive r  were  exc lus ive ly  
and  s t r o n g l y  s ta ined  with  the  an t i body  aga ins t  p33.  S t rong  r e a c t i v i t y  was 
assoc ia ted  with g ranu les  in cytoplasm of the  he t e roph i l s .  When the  ch icken  
l ive r  nuc lea r  f rac t ion  was washed ,  the  t r a n s f e r a s e  ac t i v i t y  was r e l eased  into 
the  600 x g s u p e r n a t a n t  f r ac t ion  while a nuc lea r  enzyme po ly (ADP- r ibose )  
s y n t h e t a s e  was r e t a ined  in the  pel le t  f r ac t ion .  These  r e su l t s  indica te  t ha t  
p33 and  p r o b a b l y  also A D P - r i b o s y l t r a n s f e r a s e ,  found  in the  l ive r  nuc l ea r  
f r ac t ion  [Tanigawa et  al .  (1984) J .  Biol .  Chem. 259, 2022-2029, Mishima et  
al .  (1988) Eur .  J .  Biochem. 179, 267-273], o r ig ina te  from in te r iobu la r  
he te roph i l s  of the  ch icken  l ive r .  © z991 Acaaemic P . . . . .  znc. 

Arg in ine-spec i f i c  A D P - r i b o s y l t r a n s f e r a s e  t r a n s f e r s  the  ADP-r ibose  moiety 

of NAD to accep to r s  such  as  small molecular  guanidino compounds and  

a rg in ine  r e s idues  of va r ious  pep t ides  and  p ro t e in s  (1 ) .  We r e p o r t e d  the  

pur i f ica t ion  and  p r o p e r t i e s  of the  A D P - r i b o s y l t m n s f e r a s e  and  i ts  endogenous  

s u b s t r a t e  p ro t e in ,  p33,  f rom chicken  l ive r  nuclei  p r e p a r e d  b y  a s t a n d a r d  

method in the  p r e s e n c e  of Ca 2+ (2 ,3 ) .  

1This work ,  ca r r i ed  out  in the  Depar tment  of Biochemis t ry ,  was s u p p o r t e d  in 
p a r t  b y  Scientif ic R es ea r ch  G r a n t s - i n - A i d  01770177 and  01580192 and Cancer  
Resea r ch  Gran t  01010077 from the  Minis t ry  of Educat ion,  Science and  Cu l tu re ,  
J apan .  

2p re sen t  a d d r e s s :  L a b o r a t o r y  of Cellular Metabolism, National Hear t ,  L u n g ,  
and  Blood In s t i t u t e ,  NIH, B e t h e s d a ,  MD 20892. 

Abbrev ia t ions :  ELISA, enzyme- l inked  immunosorbent  a s s a y ;  SDS-PAGE, 
sodium dodecyl  su l fa te-polyacrylam~de gel e l ec t rophores i s ;  EDTA, e thy lene  
diamine t e t r aace t i c  acid;  EGTA, e thy lene  glycol  b i s ( t~ -aminoe thy le the r ) -  
N, N, N ! , N V-tetraacetic acid.  
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Recen t ly ,  we found  tha t  ch icken  p e r i p h e r a l  po lymorphonuc i ea r  cell 

(he te roph i l )  g ranu les  conta ined  h igh  levels  of b o t h  A D P - r i b o s y l t r a n s f e r a s e  

ac t i v i t y  and  p33 (4) .  Pep t ide  maps of p33 f rom he te roph i l s  and  l ive r  were  

ident ical .  Heterophi l  A D P - r i b o s y l t r a n s f e r a s e  showed s4milar p r o p e r t i e s  to t h a t  

of l i ve r  so f a r  examined,  inc lud ing  molecular  weight  on SDS-PAGE, e f fec t s  of 

S H - r e a g e n t s  and  sal t  on the  enzyme ac t iv i ty .  Since the  l i ve r  is one of the  

ex t r amedu l l a ry  hematopoiet ic  o r g a n s  in the  av ian  spec ies  (5 ) ,  i t  is poss ib le  

tha t  b o t h  the  enzyme and  p33 found  in ch icken  l ive r  a r e  due to the  p r e s e n c e  

of he te roph i l s  in the  t i s sue .  

To localize p33 his tological ly ,  we p r e p a r e d  a monocional a n t i b o d y  aga ins t  

the  ch icken  l iver  p33 and  s ta ined  the  l i ve r  sec t ion  immunohistochemical ly 

u s ing  th is  an t ibody .  

We desc r ibe  h e r e  obse rva t i ons  t ha t  p33 ex i s t s  not  in h e p a t o c y t e  nuclei  

b u t  r a t h e r  in the  g ranu le s  of i n t e r lobu la r  he te roph i l s  in ch icken  l ive r .  The  

poss ib i l i ty  tha t  not  on ly  p33 b u t  also A D P - r i b o s y l t r a n s f e r a s e  found  in ch icken  

l iver  nuc lea r  f rac t ion  a r e  de r ived  f rom in t e r iobu la r  he te rop i l s  is d i s cus sed .  

MATERIALS AND METHODS 

Materials .  Chickens  (White 3 ~ e g h o r n )  were  ob ta ined  f rom Hara  Fa rms ,  
Shimane, J apan .  [ adeny la t e -  ~P] NAD (29.6 TBqlmmol)  was ob ta ined  f rom 
New England Nuclear .  O the r  mater ia ls  were  ob ta ined  f rom Seiwa I n d u s t r y  Co. 
Ltd .  (Shimane,  J apan)  and  used  without  f u r t h e r  pur i f i ca t ion .  
Enzyme and  p ro te in  a s s a y s .  For  the  s t a n d a r d  a s s a y  of A D P - r i b o s y l t v a n s -  
f e r a se  ac t i v i t y ,  the  reac t ion  mix tu re ,  conta in ing  400 lag of case in ,  50 mM 
Tvis-HC1 b u f f e r  (pH 9 .0 ) ,  0.1 mM [adeny la t e -  P] NAD (1 k B q t t u b e ) ,  5 mM 
di th io thre i to l ,  0.1 mM benzamide ,  a po t en t  inh ib i to r  of po ly (ADP- r ibose )  
s y n t h e t a s e  (6) and  20 pl of the  enzyme p r e p a r a t i o n  in a to ta l  volume of 0.2 
nd, was incuba ted  a t  25°C fo r  30 rain. The  reac t ion  was t e rmina ted  b y  
add ing  2 ml of 10% t r ich loroace t ic  acid and  r ad ioac t i v i t y  in the  ac id- inso lub le  
f rac t ion  was measured  as  de sc r ibed  p r e v i o u s l y  (2 ) .  For  the  s t a n d a r d  a s s a y  
of po ly (ADP-r ibose )  s y n t h e t a s e  a c t i v i t y ,  the  reac t ion  mix tu re ,  con ta in ing  4 p~  
of whole h ~ t o n e s ,  2 lag of DNA, 50 mM Tris-HC1 b u f f e r  (pH 8 . 0 ) ,  10 p~I 
[ a d e n y l a t e - " P ] N A D  (0.5 k B q / t u b e ) ,  10 mM MgC19, 1 mM E D T A ,  0.1 mM 
novobiocin,  a po ten t  inh ib i to r  of a rg in ine - spec i f i c  A 'DP- r ibosy l t r ans f e r a se  (7 ) ,  
and  20 ~1 o f  the  l ive r  f r ac t ions  in a to ta l  volume of 0.2 ml, was i n c u b a t e d  a t  
25°C fo r  10 rain. O the r  condi t ions were  as de sc r ibed  above .  Pro te in  
concen t ra t ion  was measured  u s i n g  Bio-Rad p ro t e in  a s s a y  k i t s .  
Frac t ionat ion of ch icken  l ive r .  Frac t ionat lon  was p e r f o r m e d  with 0.25 M 
suc rose  conta in ing 5 mM Tris-HC1 b u f f e r  (pH 8 . 0 ) ,  2 mM 2-mereap toe t lmnol ,  3 
mM CaC12, 1 mM EDTA and  0.5 mM EGTA. All the  p r o c e d u r e s  were  ca r r i ed  
out  a t  0-4°C.  I so la ted  l i ve r  (5 g)  was homogenized in 20 ml of the  medium, 
with 4 s t r o k e s  in a Tef lon homogenizer  a t  10,000 vpm. The  homogenate  was 
f i l te red  t h r o u g h  t h r e e  l aye re  of gauze ,  followed b y  10 rain cen tv i fuga t lon  a t  
600 x g .  The  pel le t  was s u s p e n d e d  in 20 ml of the  same medium ( c r u d e  
nuc iea r  f rac t ion)  and  c e n t r i f u g e d  aga in  u n d e r  the  same condi t ions .  The  f inal  
pel le t ,  s u s p e n d e d  with 20 ml of the  medium and  the  s u p e r n a t a n t  were  u sed  as  
600 x g pel le t  and  s u p e r n a t a n t ,  r e s p e c t i v e l y .  
Pur i f ica t ion  of ch icken  l ive r  D33, h y b r i d o m  p r o d u c t i o n  and  pur i f i ca t ion  of 
monocional an t i body  to p33. p33 was pu r i f i ed  f rom ch icken  l ive r  as  d e s c r i b e d  
p r e v i o u s l y  (3) .  Male 10-20 g BALBJc mice were  immunized b y  g iv ing  an  
in t r amuscu la r  inject ion of 10 ttg of the  p33 emulsif ied in complete F r e u n d ' s  
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adjuvant.  After 3 weeks, booster  injections of incomplete Freund's  adjuvant  
containing 10 P4~ of the antigen were given at identical ~ e s .  Antisera were 
t i tered one week later  b y  ELISA using Hybri-Clonal EIA Mouse G+M 
Screening Kit (Kirkegaard & P e r r y  I~borator ies ,  Inc. Gai thersburg,  MD) 
according to the supplier 's  manual. Mice with high t i tere (Aaq n values > 2x 
background with antisera dilutions ~1:50,000) were injected i~It~aperitoneally 
with 10 ttg of the antigen,  and 4 days la ter ,  the spleens were obtained. Cell 
fusions were performed by  s tandard procedures  (8).  Hybridoma colonies were 
screened for  the production of the specific antibody against p33 b y  ELISA. 
The hybridoma line producing a high t i ter  of anti-p33 ant ibody was grown for  
)100 generations without detectable changes in antibody production. A 
monoclonal antibody to p33 was puEfied from the hybridoma supernatant  using 
a protein A-Sepharose CL-4B column and was named L-HYM-2. 
Immunohistochemistry. For immunohistochemical localization of p33, chicken 
l iver was fixed with 10~ formalin, embedded in paraff in,  cut at 5 tt, and 
stained using an immunoperoxidase procedure  (9, 10) with the monoclonal 
antibody to chicken liver p33, L-HYM-2. In some cases, counteretaining with 
hematoxylin-eosin was carried out.  The preparations placed under  a light 
microscope were photographed.  

RESULTS AND DISCUSSION 

Immunohistochemical staining with the monoclonal ant ibody to the chicken 

liver p33, L-HYM-2, was performed on formalin-fixed sections of chicken l iver 

(Fig. 1). Strong react ivi ty was associated with granules of part icular  cells 

Fig. 1. Immunoperoxidase staining of formalin-fixed chicken liver sections 
with L-HYM-2 monoclonal antibody. Granules of polymorphonuclear cells 
present in interlobular connective tissue but not the cell nuclei (arrowheads) 
reacted strongly. 
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located in in te r iobu la r  connec t ive  t i s sue  and  the  reac t ion  was nega t ive  f o r  the  

cell nuclei  (Fig.  1, a r r o w h e a d s ) .  The  l ive r  pa r enchyma l  c e l l s  were  not  

s t a ined .  Control  sec t ions  i ncuba t ed  with L-HYM-2 a b s o r b e d  on the  p33 u n d e r  

the  same condit ions were  un i formly  nega t ive  (da ta  not  shown) .  B y  

coun te r s t e in ing  with hematoxy l in -eos in  and  b y  hematoxy l in -eos in  s t a in ing ,  we 

confirmed tha t  immunohistochemically r eac t i ve  cells p r e s e n t  in the  in t e r iobu la r  

connec t ive  t i s sue  were  po lymorphonuc iea r -pseudoeos inoph i l i c  g r a n u l o c y t e s .  In  

the  av ian  spec ies ,  the  cells a r e  usua l ly  d e s i g n a t e d  "he t e roph i l s " ,  the  

c o u n t e r p a r t  of mammallan neu t roph i l s  (11).  This  r e su l t  is cons i s t en t  with the  

f ind ing  t ha t  in ch icken  p e r i p h e r a l  he te roph i l s  p33 is localized in the  g r a n u l a r  

f rac t ion  s e p a r a t e d  b y  Percoll  dens i t y  g r ad i en t  cen t r i fuga t ion  (4 ) .  He 

r e p o r t e d  t ha t  in the  p r e s e n c e  of Ca 2+, more t han  9096 of the  g r a n u l a r  enzymes  

a re  p r e c i p i t a t e d  in the  nuc lea r  f r ac t ion  and  tha t  the  pep t i de  map of he te roph i l  

p33 d iges t ed  with t r y p s i n  is ident ical  to t ha t  of l i ve r  p33 (4) .  T h u s ,  the  

chicken l ive r  nuc lear  f r ac t ion  p r e p a r e d  b y  the  s t a n d a r d  method ( p r e s e n c e  of 

Ca2+) was p r o b a b l y  contamlrmted with g ranu les  of the  in t e r lobu la r  

he te roph i l s .  

With Ca2+-free  medium, more than  7096 of m a r k e r  enzyme ac t iv i t ies  of the  

he te roph i l  g r anu le s ,  inc lud ing  A D P - r i b o s y l t r a n s f e r a s e ,  were  r e l eased  into the  

600 x g s u p e r n a t a n t  whereas  in the  p r e s e n c e  of Ca 2+, more than  9096 of t hese  

act ivi t ies  were  found  in the  600 x g pel le t  (4) .  He examined the  

A D P - r i b o s y l t r a n s f e r a s e  ac t iv i t ies  in 600 x g s u p e r n a t a n t  and  pel le t  f r ac t ions  

p r e p a r e d  with or  wi thout  Ca 2+, r e s p e c t i v e l y .  In  Ca2+-free  medium, the  

A D P - r i b o s y l t r a n s f e r a s e  and  a nuc lea r  enzyme,  po ly (ADP- r ibose )  s y n t h e t a s e  

also were  re leased  into  the  s u p e r n a t a n t  f r ac t ion  (da ta  not  shown) .  Next ,  we 

p r e p a r e d  c rude  nuc lea r  f r ac t ion  with medium conta in ing  Ca 2+, washed  the  

f rac t ion  as  desc r ibed  in Materials and  Methods and  a s s a y e d  p o l y ( A D P - r i b o s e )  

s y n t h e t a s e  and  A D P - r i b o s y l t r a n s f e r a s e  ac t iv i t ies  in the  pel le t  and  s u p e r n a t a n t  

f r ac t ions ,  r e s p e c t i v e l y .  Table  I shows the  re lease  of two enzymes  f rom the  

c rude  nuc l ea r  f rac t ion .  Af t e r  wash ing  the  nuc l ea r  f r ac t ion ,  48.7~ of the  

A D P - r i b o s y l t r a n s f e r a s e  was re leased  i n to  the  600 x g s u p e r n a t a n t ,  while on ly  

8.696 of po ly (ADP- r ibose )  s y n t h e t a s e  was found  in th is  f r ac t ion  (Table  I ) .  

These  r e s u l t s  s u g g e s t  t ha t  the  ch icken  l ive r  A D P - r i b o s y l t r a n s f e r a s e  is 

essen t ia l ly  not  p r e s e n t  in h e p a t o c y t e  nuclei  and  f u r t h e r ,  t h a t  the  

A D P - r i b o s y l t r a n s f e r a s e  and  p33 found  in ch icken  l ive r  nuc lea r  f r ac t ion  a r e  

due to co -p rec ip i t a t ion  of the  in t e r lobu la r  po lymorphonuc lea r  cell g r anu l e s  

with l i ve r  cell nuclei .  

He cannot  exc lude  the  poss ib i l i ty  t ha t  in addi t ion  to the  he t e roph i l  

g r a n u l a r  enzyme,  the  ch icken  l ive r  conta ins  an  A D P - r i b o s y l t r a n s f e r a s e  

o r ig ina t ing  f rom the  hepa tocy t e  nuclei  b e c a u s e  more t han  ha l f  of  the  

A D P - r i b o s y l t r a n s f e r a s e  ac t i v i t y  in the  c rude  nuc l ea r  f r ac t ion  was r e t a ined  in 
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Table I. Release of ADP-ribosyltransferese and poly(ADP-ribose) 
synthetase into the 600 x g supernatant wi th  wash of chicken 

fraction liver crude nuclear 

Fraction Ac~vity 
Transferase Syethetase b 

nmol/g wet l iver /h 

Crude nuclear fraction 205 (100.0) c 60.4 (100.0) 

600 x g Supernatant 100 (48.7) 5.2 (8 .6)  
600 x g Pellet 114 (55.6) 48.0 (79.5)  

Recovery 214 (104.3) 53.2 (88.0) 

aADP-ribosyltrensferase 

bpoly(ADP-ribose) synthetase 

Cpercent distribution of enzyme activities is shown in parentheses. 
Enzyme activities in the crude nuclear fraction are set at 10096. 

the  600 x g pel le t  f r ac t ion  even  a f t e r  wash ing .  To c lea r ly  iden t i fy  the  or ig in  

of ch icken  l ive r  A D P - r i b o s y l t r a n s f e r a s e ( s ) ,  immunohistochemical  s t a in ing  with  

an  an t i body  speci f ic  to the  A D P - r i b o s y l t r a n s f e r a s e ,  as de sc r ibed  fo r  p33 in 

th is  p a p e r ,  has  to be  done.  

Acknowledgments :  We t h a n k  P r o f e s s o r  M. Oki and  Dr .  T.  Tsumor i  f o r  
immunohistochemical ana lys i s .  
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