
15. 6. 1970 Specialia 651 

The Influence of Iodine-Label l ing  on the Non-Spec i f i c  Fixat ion of I m m u n o g l o b u l i n s  to T i s s u e s  

I m m u n o g l o b u l i n  a f f in i ty  for t i s sues  is o f ten  m e a s u r e d  
in i m m u n o p a t h o l o g i c a l  s tudies .  The  specific a n t i b o d y  
a c t i v i t y  m a y  be di f f icul t  to  d i s t i ngu i sh  f rom a non-  
specific b ack g ro u nd ,  in w h i c h  severa l  phys i co -che mic a l  
fac tors  p l ay  a role x. I t  is k n o w n  2 t h a t  t r ace - iod ina t ion  
does n o t  affect  a n t i b o d y  func t i on  if no more  t h a n  2 iodine 
a t o m s  per  molecule  are s u b s t i t u t e d .  I n  t he  p r e s e n t  paper ,  
we s t u d y  w h e t h e r  the  process  of labell ing,  as in radio-  
a u t o g r a p h y  an d  o the r  t echn iques ,  a l te rs  t he  i m m u n o -  
g lobul ins  (Ig) so t h a t  the i r  non-speci f ic  a f f in i ty  for t i s sues  
would  be increased.  

Seven  s am p le s  of Ig  f rom 7 n o r m a l  donors  were 
iodized, each  b y  4 d i f fe ren t  m e t h o d s  s i m u l t a n e o u s l y .  The  
4 p r e p a r a t i o n s  f ro m the  s a m e  s amp le  were t h e n  s tud ied  to 
see if t h e y  showed the  s a m e  non-speci f ic  af f in i ty .  Th i s  
p r o p e r t y  was  d e t e r m i n e d  by  m e a s u r i n g  t he  p ropor t i on  of 
label led Ig  able to adhe re  to a lyoph i l i sa te  of h o m o l o g o u s  
liver. I n  c o m p l e m e n t a r y  e x p e r i m e n t s ,  s y n t h e t i c  res ins  
were s u b s t i t u t e d  for the  l iver powder ;  in these  exper i -  
m e n t s ,  t he  non-speci f ic  a f f in i ty  could also be d e t e r m i n e d  
b y  an  e lu t ion  m e t h o d  w i t h o u t  p rev ious  labell ing.  

N[ethods. Tissue  p repa ra t i on .  N o r m a l  h u m a n  liver, ob- 
t a i n e d  f rom the  D e p a r t m e n t  of Surgery ,  was  homo-  
genized and  lyophil ized.  

I m m u n o ~ l o b u l i n  p repa ra t i on .  2 ml  s e r u m  samp le s  were 
o b t a i n e d  f rom 7 n o r m a l  h u m a n  donors .  The  Ig  were iso- 
l a ted  f rom each s a m p l e  b y  R i v a n o l  t r e a t m e n t  3. E a c h  
b a t c h  of Ig was  control led  by  i m m u n o e l e c t r o p h o r e s i s  a nd  
i ts  c o n c e n t r a t i o n  m e a s u r e d  by  microkje ldah l .  

Iod ina t ion .  E a c h  of t he  7 b a t c h e s  of Ig  was  labelled 
s i m u l t a n e o u s l y  b y  the  4 fol lowing t echn iques .  In  each  
t echn ique ,  1 m g  of p ro te in  was  label led in t he  cold; un-  
b o u n d  iodine was  r e m o v e d  by  dia lys is  ; free iodine r ema in -  
ing  af te r  dialysis  was  d e t e r m i n e d  by  ZnSO 4 p rec ip i t a t ion  
a n d  in no case was  more  t h a n  2% of t he  to ta l  radio-  
a c t i v i t y  found.  The  yield, as well as t he  n u m b e r  of I 
a toms /molecu le ,  was  ca lcula ted .  I n  technique 1 (modified 
a f te r  ~), a m i x t u r e  c o n t a i n i n g  t he  1 x2s, KI  0.001 m E q ,  
HC1 0.4 i n E q  an d  N a N O  2 0.01 m E q  was  added  to the  Ig. 
Af te r  5 sec t h e  so lu t ion  was  b r o u g h t  to a p H  of 8 by  addi-  
t i on  of N a O H  I N .  Technique 22 is also a n i t r i te  m e t h o d ,  
0.005 m E q  N a N O  2 was  m i x e d  to HC1, K1 and  i x2s. Th i s  
m i x t u r e  was  neu t ra l i zed  by  N a O H  in bora te  buf fe r  p H  8 
a n d  ad d ed  to a bo ra t e  buf fe r  so lu t ion  c o n t a i n i n g  the  Ig. 
I n  technique 35, a Kla  so lu t ion  c o n t a i n i n g  t he  11~5 was  
a d d e d  to t h e  Ig d isso lved  in c a r b o n a t e  buf fe r  p H  10. I n  
technique 46, t he  m i x t u r e  of p ro te in  and  rad ioac t ive  iodine 

was  oxidized wi th  low a m o u n t s  of c h l o r a m i n e  T. The  
reac t ion  was  s t oppe d  w i th  s o d i u m  m e t a b i s u l p h i t e .  

D e t e r m i n a t i o n  of non-speci f ic  a f f in i ty .  F r o m  each  pre-  
p a r a t i o n  of label led Ig  7 s a m p l e s  of p rogress ive  q u a n t i t i e s  
(1-300 ~g) were  p repa red  a n d  i n c u b a t e d  w i th  50 m g  l iver  
pow de r  for 30 m i n  a t  37 ~ Af te r  cold cen t r i fuga t ion ,  t he  
s u p e r n a t a n t  was  s e p a r a t e d  a nd  t h e  b o t t o m  w a s h e d  3 
t i m e s  w i th  buffer .  The  s u p e r n a t a n t s  recovered  a f te r  w ash -  
ing  were a dde d  to t he  f i rs t  ones.  T h e  a c t i v i t y  of b o t h  pre-  
c ip i t a te  a n d  s u p e r n a t a n t  was  m e a s u r e d .  T h e  a c t i v i t y  of 
t he  p rec ip i ta te ,  expressed  as  p e r c e n t a g e  of t he  whole  
ac t iv i ty ,  g ives  t he  p ropor t i on  of f ixed Ig. 

F i x a t i o n  of s y n t h e t i c  res ins  a n d  elut ion.  The  exper i -  
m e n t  was  r epea t ed  as p rev ious ly ,  b u t  by  s u b s t i t u t i n g  
res ins  for t he  l iver powder .  7 i n c u b a t i o n s  were m a d e  on 
each  of t he  fol lowing s u b s t a n c e s :  A mbe r l i t e  I R A  400, 
D ow e x  1, D ow e x  50, CM-cellulose a n d  p o l y s t y r e n e -  
su lphona t e .  The  la t ter ,  wh ich  was  f o u n d  to f ix labelled Ig  
in t he  s a m e  p ropor t i on  as l iver  powder ,  was  used  for t he  
c o m p l e m e n t a r y  e xpe r ime n t ,  in w h ic h  t he  f i xa t ion  was  
m e a s u r e d  by  a n  e lu t ion  m e t h o d  w i t h o u t  p r e v ious  label-  
ling. I n  these  e xpe r ime n t s ,  the  non- labe l led  i m m u n o -  
globulin,  still f ixed to the  res in  a f te r  wash ing ,  was  e lu ted  
e i ther  by  a h y p e r t o n i c  so lu t ion  of 2 N NaC1 or b y  sh i f t ing  
the  p H  to  9.0L The  a m o u n t  of Ig  was  d e t e r m i n e d  b y  
mic rok je ldah l  in the  l ua t e s  a nd  in t he  s u p e r n a t a n t s  and  
t he  p ropor t i on  of f ixed Ig e s t ab l i shed  as p rev ious ly .  

Results. T h e  Tab le  shows  t h a t  t he  va lue s  of non-  
specific a f f in i tv  were v e r y  s imi la r  f rom one b a t c h  of Ig to 
ano the r ,  p rov ided  t he  s a m e  iod ina t ion  t e c h n i q u e  was  
used.  On the  con t r a ry ,  if we c o m p a r e  w i th  each  o the r  t he  
m e a n s  o b t a i n e d  us ing  t he  4 d i f fe ren t  t e chn iques ,  it  is clear 
t h a t  iodine label l ing m a v  mod i fy  t he  a m o u n t  of g lobul in  
f ixed to the  s u b s t r a t e .  Th i s  va lue  is low a n d  s imi la r  wi th  the  
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Non-specific affinity of 7 batches of Ig, when iodized by 4 different techniques 

Batch No. Technique 1 Technique 2 Technique 3 Technique 4 

Nb I at/tool % fixed Nb I at/tool % fixed Nb at/mol % fixed Chlor. T (~xg) ~ fixed 

1 1.5 8.7 7.0 3.9 4 2.5 50 2.5 
2 0.2 15.5 5.1 2.3 6 2.1 100 1.5 
3 11.2 7.6 4.7 4.1 5 0.9 400 2.4 
4 2.3 7.8 3.4 7.6 7 1.8 400 1.4 
5 16.0 14.7 2.3 6.0 20 1.8 400 2.1 
6 '2.9 13.0 2.2 7.3 20 2.9 400 1.3 
7 2.3 9.9 2.0 3.5 3 2.5 800 1.8 

10.9 4.9 2.1 1.9 
3.23 2.03 0.66 0.48 

8 1.22 0.77 0.24 0.18 

This affinity is expressed as the proportion of Ig fixed to a biological substrate after incubation and washing. For each technique, the 
means and the standard error of the means are calculated. 
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t echn iques  3 a n d  4, b u t  s ign i f ican t ly  h igher  w i t h  tech-  
n ique  2 (4.9 %) a n d  especial ly  w i t h  t e c h n i q u e  1 (10.9%). 
Techn iques  1 and  2 h a v e  in c o m m o n  t he  same  oxid iz ing  
a g e n t :  N a N O  v Moreover ,  in  t e c h n i q u e  1 (which leads  to  
t h e  h ighes t  f ixa t ion)  t h e  Ig is for a while  dissolved in an  
acid solut ion.  

The  h y p o t h e s i s  t h a t  th i s  m i g h t  be  t he  cause  of such  an  
increase  was  s u b s t a n t i a t e d  b y  t he  fol lowing expe r imen t .  
4 ba t ches  of Ig were p r e i n c u b a t e d  for 48 h a t  p H  7.3 (con- 
trol) ,  6.0, 5.0 a n d  4.0 a n d  t h e n  neut ra l ized .  The i r  a f f in i ty  
for t i ssues  was found  t h e n  to  be  increased  respec t ive ly  
2.3, 7.0 a n d  31.0% for t h e  3 ac id i ty  degrees  s tudied .  

I n  t h e  3 e x p e r i m e n t s  where  un labe l led  Ig was i n c u b a t e d  
w i t h  t he  po lys ty rene - su l fona te ,  i t  was  poss ible  to  e lute  
a q u a n t i t y  co r re spond ing  respect ively ,  on  a n  average,  to  
1.0, 2.7 a n d  3.0% of t h e  whole.  The  resu l t s  were t he  same 
w i t h  b o t h  m e t h o d s  of e lu t ion.  

I n  t e c h n i q u e s  us ing  K I  as a carrier ,  t h e  n u m b e r  of I 
a t o m s  pe r  molecule  was ca lcula ted .  T he  Tab le  shows t he  
absence  of cor re la t ion  b e t w e e n  th i s  n u m b e r  a n d  t he  
a f f in i ty  of t he  label led  Ig. I n  a c o m p l e m e n t a r y  expe r imen t ,  
6 label l ings  were pe r fo rmed  s i m u l t aneous l y  on  one b a t c h  
of Ig  us ing  progress ive  q u a n t i t i e s  of car r ie r  so t h a t  dif- 
f e ren t  n u m b e r s  of I a t o m s  ( f rom 0.01-60) could  be  in t ro -  
duced  i n to  t he  molecule ;  those  6 p r e p a r a t i o n s  b e h a v e d  ill 
t h e  same  m a n n e r  as far  as non-specif ic  a f f in i ty  to  t issue 
was concerned .  

Discussion. I t  is c lear  t h a t  some t echn iques  of iodina-  
t ion  a l t e r  t h e  i m m u n o g l o b u l i n  so t h a t  i t  adhe re s  more  to 
t he  t issues.  This  was  no t  t he  case w i t h  t he  t echn iques  3 
a n d  4 used here.  These  m e t h o d s  did  no t  requi re  d e n a t u r i n g  
reagents .  The  f ixa t ion  of 2% o b t a i n e d  a f t e r  labe l l ing  w i t h  
these  2 m e t h o d s  m a y  well  r ep resen t  t he  t r ue  va lue  of th i s  
non-specif ic  aff ini ty ,  no t  on ly  because  t he  same  resu l t  was  
found  w i t h  these  2 me thods ,  b u t  also because  t h e  same  
resu l t  was  r eached  if non- labe l led  p r o t e i n  was i ncuba t ed .  

Never the less ,  t h i s  l as t  po in t  could on ly  be  es tab l i shed  on  a 
s u b s t i t u t e  for  t he  biological  s u b s t r a t e  since e lu t ion  f rom 
the  l iver  powder  would  h a v e  been  impossible .  

The  non-specif ic  a f f in i ty  was  increased  a f t e r  labe l l ing  
w i t h  t e c h n i q u e s  1 a n d  2, because  t h e  globul in  was de-  
n a t u r e d  b y  one  of t he  reagents .  The  N a N O ,  m u s t  be  
respons ib le  in  b o t h  cases, a n d  the  acid mil ieu in t e c h n i q u e  
1. I n  m o s t  t e c h n i q u e s  used n o w a d a y s  iod ina t ion  is per-  
fo rmed  in n e u t r a l  or a lka l ine  so lu t ion ;  never the less ,  t h i s  
las t  o b s e r v a t i o n  is i m p o r t a n t  since Ig  p r e p a r a t i o n s  m a y  
be  t r e a t e d  b y  acid so lu t ions  in c i r cums tances  o t h e r  t h a n  
label l ing,  for i n s t ance  pur i f i ca t ion  b y  (NH4)2SO 4 or o t h e r  
subs tances ,  a n d  t h e n  used in a u t o i m m u n i t y  research.  

C o n t r a r y  to w h a t  has  been  obse rved  for t he  a n t i b o d y  
func t i on  ~, t he  p r o p e r t y  s tud ied  here  was  no t  in f luenced  
b y  t he  n u m b e r  of iodine  a t o m s  per  molecule.  

Rdsumd. On recherche  si le m a r q u a g e  au  rad io- iode  
p e u t  d ~ n a t u r e r  les i m m u n o g l o b u l i n e s  au p o i n t  d ' e n  
modi f ie r  la f ixa t ion  n o n  sp~cifique aux  t issus (affinit6 n o n  
sp6cifique).  Des 4 t e c h n i q u e s  de m a r q u a g e  essay6es, 2 ne  
m o d i f i e n t  pas  ce t te  propri6t6,  t a n d i s  que les 2 au t r e s  
a u g m e n t e n t  n e t t e m e n t  la p r o p o r t i o n  d ' i m m u n o g l o b u l i n e s  
fix6es. 
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T u r n o v e r  of L y m p h o c y t e s  in Rat  Per i tonea l  Fluid 

P e r i t o n e a l  f luid con ta ins  a large a n d  va r i ed  p o p u l a t i o n  
of cells inc lud ing  (at  leas t  in  t he  mouse)  some w i t h  hemo-  
poie t ic  s tem-cel l  c a p a b i l i t y  1. I n  t he  ra t ,  smal l  l y m p h o c y t e s  
c o n s t i t u t e  a p p r o x i m a t e l y  60% of all  cells p r e sen t  in 
pe r i t onea l  f luid ~-4. A l t h o u g h  t he  t u r n o v e r  of pe r i tonea l  
m a c r o p h a g e s  ha s  been  s tud ied  b y  severa l  workers  5-s, 
t he re  is l i t t l e  i n f o r m a t i o n  conce rn ing  t h e  m o v e m e n t  of 
smal l  l y m p h o c y t e s  in to  a n d  ou t  of t h e  pe r i t onea l  c a v i t y  of 
u n s t i m u l a t e d  an imals .  T he  p r e s en t  s t u d y  p rov ides  a pre-  
l i m i n a r y  c h a r a c t e r i z a t i o n  of l y m p h o c y t e  k ine t ics  in  t he  
pe r i t onea l  fluid.  

Methods. Y o u n g  male  a lb ino  r a t s  (175-250 g) received 
a single i.v. i n j ec t ion  of t r i t i a t e d  t h y m i d i n e  (3HTdR).  
The  an ima l s  were anes t he t i z ed  wi.th e the r  a n d  t he  isotope 
(0.5 txCi/g, specific a c t i v i t y  1.9 Ci/,mmole) was  in jec ted  in 
a v o l u m e  of 0.15 ml  in to  t he  exposed  r i g h t  s aphenous  vein.  
To check  t h e  i.p. a v a i l a b i l i t y  of 3 H T d R  in jec ted  i.v., a 
s epa ra t e  g roup  of r a t s  rece ived  1.0 ml  of t he  isotope i.p. 
20 ra in  p r io r  to  sacrifice. 

R a t s  in  groups  of 2 or 3 were sacr i f iced b y  cerv ica l  dis- 
loca t ion  a n d  cells were col lected b y  r ins ing  t he  pe r i tonea l  
c a v i t y  w i t h  50 ml  of cold sal ine c o n t a i n i n g  hepar in .  The  
re su l t ing  f luids were pooled a n d  cen t r i fuged  a n d  t h e  cell 
pe l le t  r e suspended  in  a few drops  of r a t  s e rum a n d  
smeared .  A u t o r a d i o g r a p h s  were p r e p a r e d  w i t h  K o d a k  
N T B - 2  emuls ion,  exposed for 6 weeks, developed,  and  

s t a ined  w i t h  Giemsa ;  5000 cells were coun ted  for each  
poin t .  

M a n y  pe r i t onea l  leucocytes  are diff icul t  to  classify un-  
equ ivoca l ly  *. I n  t he  p re sen t  s tudy ,  cells were scored as 
' smal l  l y m p h o c y t e s '  ( < 10 V d iamete r )  or large m o n o n u c l e a r  
cells (10-20 ~ d iamete r ,  a p p e a r a n c e  s imi la r  to  t h e  'macro -  
phages '  of g lycogen- induced  exuda t e s  5) ; s izing was done  
w i t h  a n  eyepiece reticle.  Mas t  cells, eosinophils ,  a n d  
neu t roph i l s ,  wh ich  t o g e t h e r  c o n s t i t u t e  30% of t he  popu-  
la t ion,  were n o t  e n u m e r a t e d .  

Results and discussion. Only  1% of t he  pe r i tonea l  cells 
is labeled  20 ra in  a f te r  i.v. or i.p. in jec t ion  of 3 H T d R  
(Figure).  Of these  labeled  cells, 92% are large m o n o -  
nuc lea r  cells. The  p r o p o r t i o n  of labeled  pe r i tonea l  cells 
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