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JOURNAL OF IMMUNOASSAY, 1 0 ( 4 ) ,  449-465 (1989)  

Volfgang A .  Lepp and f a z  Martiilez. 
I n s t i  tut d:? Fialqqia Fmamenta l  and Deepartament de  Biolu,yia  

iCr lu lar  i F i s i o l o g i a .  Uf i i i~ers i ta t  A2tdnmna d r  L!arcelona. 
081 93-5e1l a t e r r a  (Bar  cel o m  .! , Spa i 1 1 .  

The u s +  of p u r i f i e d  s p e c i f i c  a n t i b o d i e s  a a a i n s t  5MO1 and 
HNGl.7 (high mobi l i ty  group nonhi.stcne chromosomal p r o t e i n s ) ,  
toga ther  with 6. very  s e n s i t i v e  solid phase enzyme immunosssay, 
a1;aw.z t h a  d e t e c t i o n  of nanograms of t h e s e  Froteins f r e e  i n  
, ao iu t ion  or i n  chromatin n a t i v e  s t r u c t u r e ,  and t h e  measurement of 
t h e i r  acce . ; ib i l i ty ,  The : s e n s i t i v i t y  of t h e  assay is comparable t o  
t ha t  a1 the r a d i o i m u n o a s s a y .  w i t h  t h e  advantage of a v o i d i n g  tha  
lic;ldli!ig of r a d l o a s t i v e  m a t e r i a l s .  

i KEY W@9I?i5: Biaassa y s ,  i m!nunochemii:al m e t  hock, E L I S A ,  
immuno~?obulin p u r i i i i a t i o n ,  p r o t e i n  c o n f o r m t i o n ,  c.hromatin. 

The s t r u c t u r e  of chromatin and its f u n c t i o n  depends on t h e  

i n t e r a c t i o n s  between t h e  d i f f e r e n t  components. However, t h e  

f u n c t i o n a l i t y  of chromasoma1 p r o t e i n s  is not  easy to assay; a good 

approach t o  t h e  s t r u c t u r e  and f u n z t i o n  of t h e s e  p r o t e i n s  is t h e  

use of s p e c i f i c  a n t i b o d i e s  and immunochemical assays. Severa i  

technique:: have been used up t o  now: immunosedimentation ( i j ,  

complement f i x a t i o n  (2) and radioimmunoassay (3, a r e  aman,p t h e  

most s u i t a b l e  techniques  f o r  d e f i n i n g  conformational  r e i a t e d n e s s  
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4 50 LEPP AND MARTINEZ 

betweel; his?one., or nonhis tonea.  A new s o l i d  phase enzyme 

immunoa,;ssy is prer,ented i n  t h i s  r e p o r t ,  wi th  a 5 e n s i t i v i t y  

comparable t o  t h a t  of a , s o l i d  phase radioimmunoassay used i n  t h e  

.$zt;.s+Loa .zf :L,ra%~rznii  romp?rLer,rs . Bn rlnzyxl?ii' 

immuno5orbent assay  (ELISAI ha:, been previous ly  a p p l i e d  % o  t h e  

+ tudy  of h i s t o n e  components i n  nucleosome s t r u c t u r e  ( 5 ) ,  b u t  i ts 

: s e n s i t i v i t y  was 11) folcd less than  t h a t  of R I A .  I n  t h e  E L I S A  method 

desg:ribed h e r e ,  The ~e o1 hor5eradish  peroxidase tHRP!, toge ther  

w i t h  t h e  s u b s t r a t e s  DFL4B-MBTH as  chromoeenic system, in t roduced  by 

Ngo and Lenhaff  ( 6 1 ,  allows t h e  d e t e c t i s n  of very :small q u a n t i t i e s  

of p r o t e i n ,  a's Low a5 L O  r g / m l .  

The aim of t , h i s  paper is t o  d e s c r i b e  a n  improved ELISA, f i rs t  

developad by Xie to  e t  al. i?i, for t h e  d e t e c t i o n  of small 

q u a n t i t i e s  o i  BK; nonhistona prn te in , s  {HMCI and HMGI'T), i n  

,zo;ution or i n  n a t i v e  chromatin.  

.?rri~ufiisa t i ~n Froceilura 

iiKN(I> nonhis tons  p r o t e i n s  were obta ined  from c a l f  thymu:, by 

means of a m o d i f i c a t i o r  of t h e  method by Sanders  ( 8 ) .  H K G I  and 

EMGU were e x t r a c t e d  with 5% p e r c l o r i c  a c i d  and f r a z t i o n e d  

p r e c i p i t a t i o n  with ace tone .  Samples were p u r i f i e d  by ion-exchange 

~ c h r o m t o g r a ~ h y ,  and t e s t e d  by polyacrylamide g e l  e l e c t r o p h o r e s i s  

(FAGE-SDSi. 

Female New Zealand white  r a b b i t s  were immunized with HMG 

p r o t e i n s  d i s s o l v e d  i n  T r i s - H C 1  buf fer  10  mmol/l, pH 8 .5  and 

emulcsified i n  complete Freund ' s  adjuvant  t l :  1 v / v ) .  Each animai 

r e c e i v e d  subcutaneous and in t ramuscular  i n j e c t i o n s  on days 1,  8 

and 15; t h e  dose used was 0 . 4  mg of pure p r o t e i n  i n  a t o t a l  volume 

of emu1:sion of 1 . 4  m l .  Boo:ster i n j e c t i o n s ,  s e p a r a t e d  by p e r i o d s  of 

a t  l e a s t  one month, were given.  The an imals  were bled by d i r e c t  

c a r d i a c  puncture ;  u s u a l l y  we ob ta ined  10-15 m l  of s e r u m  per  

'sl e ed i ns . 
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SOLID-PHASE ENZYME IMMUNOASSAY 451 

F o r f f f c s t i o n  of Spesiffc Antfbodies  by A f f i n i t y  Chromatography 
Specific anti-HMGI and anti-HWGl7 antibodies were obtained as 

follows: an affinity chromatography gel was prepared by coupling 7 

m: of CBBr-activated Sepharose 4E (Fharmacia) t o  HHG proteins 
<HMGl or HMG17>, dissolved in bicarbonate buffer 100 mmol/l, pH 
8.3, with NaC1 500 mmol/l, at a final concentration of 1 . 2  g 

proteinll. 
The washed suspension of the protein-coupled gel was 

incubated with a pool of antisera, to which was added phenyl. 
methyl :sulfonyl fluoride (FMSFI, 0 . 5  mol/l. The sera were cycled 
twiza through a chromatography columrl. Two eluting methods for the 
recovery of the bound antibodies were use&: an acid treatment with 

giycine-HC1 200 mmol/l, QH 2 . 3 ,  with 0,05% Tween-20, and a 
chaotropic treatment with KSCB 2 mol/l. containing 0.05% Tween-20, 
in PBS (Phosphate-buffered saline, phosphate 5Jffer 100 mmoiil, 
with EaC? 140 mmol/l, pH ‘7.2:). The fractions collected were 
brought to neutral pH, dialyzed asainst PBS, and finally stored at 
-20°C. 

Petermfnat ian of t h e  A n t i  body C l a s s  

In order to determine t h a  immunoglobulin class 00 t h e  

affinity-purified anti-HMG antibodies, an immunodiffusion in 
Ouchterlony platas w&s performed by using a standard anti-rabbit 
IeG goat antibody (Miles). The plates, containing 1% agarose in 
Tria-acetic buffer 60 mmol/l, pH 8.6, were incubated f o r  48 h at 
room temperature, and stained with Coomasie blue. 

The immunoglobulin class present in the solutionS of anti-HWG 
antibodies was also determined by means of FACE-SDS. This method 
allows estimation of the quality of the preparative method and the 

purity of the samples. The antibody solutions were analyzed by 
gradient electrophoresis (3-20% acrylamide), undsr nonreducing 
conditions, so that the immunoglobulin molecules were not 
dissociated in their subunities. The low density of the gel in its 
upper section makes it possible the entry of any high molecular 
weight IgM antibodies. 
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452 LEPP AND MARTINEZ 

Enz y-me Immu nod ssa y 

Thc. experimental  procedure f o r  t h e  enzyme-linked 

immunosorbent a s s a y  tELISAj ha.5 been d e s c r i b e d  elsewhere (9, i0) I 

P r i a f l y ,  p o l y s t y r e n e  microtiter Flutes were tzoated by overn ight  

ineubat ion  wi th  HMCi p r o t e i n s  in carbonate  b u f f e r  1 0 0  mmol/i, pH 

9.5 ,  at, room tempera ture .  The p r o t e i n  c o n c e n t r a t i o n  of t h e  YMG 
001 u t i ons w a s  determined spec  t r opho t omet r i ca  1 l y , us ing  t h e  

fo l lowing  molar e x t i n c t i o n  c o e f f i c i e n t s :  H K 1 ,  E . : . , : ~ ,  = 20900 

l:.mol '.*cm I ;  H M t i l 7 ,  P .  , = 25400 l x m o l  ' <cm I Cll:). P l a t e s  were 

then r i n s e d  t h r e e  times with F'BS, wi th  0.05% Tween-20. The 

remaining a c t i v e  groups of t h e  polys tyrene  were blocked f o r  1 h a t  

room tempera ture  with 200 p1 per well of PBS, with 1% EEA (bovine 

serum albumin)  and 0 .05% Tween-20. The anti-HMG ant ibody s o i u t i o n s  

were d i l u t e d  i n  t h e  zame blockiny  b u f f e r  and then  incubated with 

t h e  a n t i e e n  f o r  2 tr a t  37'C (203 p l / w e l l ) .  Af te r  r insinp;  t h r e e  

t imes ,  a n  a n t i - r a b b i t  IgG-HRP conjugate  tBio-Rad) d i l u t e d  1/3000 

waz added (200 p l / w e l l )  and incubated  f o r  2 h a t  37°C. The e x c e s s  

was r i n s e d  a g a i n .  The bound enzyme conjugate  was (detected by 

adding s u b s t r a t e  s o l u t i o n :  3-dimethylaminobenzoic a c i d  (DMAB) 40 

mmol/L, 9-methyl-2-benzothiazolinone hydrazone (MBTH) 0 . 8  mmol/l, 

and H..@.. 3 mmol/l i n  phosphate b u f f e r  100 mmol/l, pti 7 .  The 

absorbance a t  600  nm was read  i n  a T i t e r t e k  Kul t i skan  micropla te  

r e a d e r .  

The t i t r a t i o n  of t h e  a n t i b o d i e s  p u r i f i e d  by a f f i n i t y  

shromatography was c a r r i e d  out  by ELISA. The t i t e r  w a s  d e f i n e d  a s  

t h e  d i l u t i o n  of an t ibody f o r  50% of t h e  maximum absorbance.  The 

mea.surement of c r o s s - r e a c t i v i t y  a g a i n s t  t h e  he te ro iogous  HMG 
p r o t e i n s ,  and a n  i n h i b i t i o n  assay with n a t i v e  chromatin,  were a l s o  

performed by ELISA. 

Nsasurement of the Cross-reacti vi t y  

Because of t h e  c l o s e  s t ructural  r e l a t i o n s h i p  between HMG1 and 

HMGIC" p r o t e i n s ,  po lyc iona l  a n t i b o d i e s  r a i s e d  a g a i n s t  HMGl w i l l  

c r o s s  react with HMCi2. B u t  f o r  most experimental  purposes ,  i t  is 

d e s i r a b l e  t o  avoid  any c r o s s - r e a c t i o n  between HMGl and HMG17. 
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SOLID-PHASE ENZYME IMMUNOASSAY 453 

Therefore ,  each an t ibody was t e s t e d  by ELISA a g a i n s t  t h e  

homologous and t h e  h e t s r c l o g o u s  a n t i g e n .  The absance of c r o s s -  

r e a c t i v i t y  w a s  a l s o  checked by b l o t t i n g  t h e  a n t i g e n s  t o  

n i t r o c e ? l u l o s e  INC) membranes, and performing the  f o l l o w i n g  

i.n;o!-:r?.,~.l~~a;t;io~ proce$.ure: FAGS-ZDS cf the EX2 p r o t e i n s  wa:s 

c a r r i e d  otit.  The a n t i g e n s  were then  b l o t t e d  t o  lC membranes by 

ma;.% flow of s o l v e n t ,  u:;:ng s l y c i n e  150 mmol/l, with 20% methanol 

i n  T r i s - H i 1  b u f f e r  25 mmol/!, pH 9 . 3 .  Tbe t r a n s f e r  proceeded f o r  

24-45 h a t  room tempera ture .  The procedure f o r  immunodetection of 

t h e  b l o t t e d  HWG p r o t e i n s  was as fo l luws:  NC membranes were blocked 

f o r  1 h usiiig PBS with 3% BSA, then  incubated  f o r  1 h with t h e  

anti-HKG a n t i b o d i e s  d i l u t e d  i n  1% BSA, FBS. A f t e r  washing wi th  PBS 

c o n t a i n i n g  0 .05% Tween-20, membranes were incubated  f o r  1 h wi th  

anti-IgG-HBP. The bands where t h e  f i r s t  an t ibody was bound were 

d e t e c t e d  by a d d i t i o n  of colour  development r e a g e n t ,  c o n t a i n i n g  4- 

chloro-1-naphthol iBio-Nad, 0 . 5  g . / i  i n  P P S ,  wi th  0.01% H..O-. .  

Detect ion of HNti Frote ins  i n  Nat ive  Chromatin 

Rat l i v e r  chromatin w 6 5  d igss te l :  by t h e  method of Tat3 and 

Baker i i 2  i n:id d i a l y z e j  a p i n ~ t  t r i e t h a n o i a m i n e  a u i f e r  10 mmal/ i ,  

2E ' 7 . 5 ,  w i ~ h  YaC1 i 0 : j  mmu;?;, d i t h i o t h r e i t o l  2 mmol/l, CaCi,. 0 . 2 5  

m;nol/: and 8% g l y c e r o l .  The f i n a l  p r o t e i n  c o n c e n t r a t i o n  of t h e  

chromatin d i g e s t  was determined spec  t rophotometr ica l  1 y . D i  1 ut i o n s  

wers prepared a t  0 . 5 ,  1 and 5 mg/l. Chromatin samples  were 

pre incubated  1:l ( v / v )  with t h e  d i l u t e d  an t ibody s o l u t i o n s  f u r  2 h 

at room tempera ture .  

On t h e  o t h e r  hand, a n  ELISA with H E 1  or HMG17 as  micropla te  

coated ant iZen5 w a s  performed, u s i n g  s e v e r a l  a n t i g e n  

,:oncantrations (from 0.025 t o  1 mg/l). A l l  t h e  s t e p s  of t h e  assay 

were c a r r i e d  0u . t  a s  d e s c r i b e d  above, us ing  anti-HMG s p e c i f i c  

a n t i s e r a  p r e v i o u s l y  incubated  with chromatin as  f i r s t  an t ibody.  

A f f  i n i  t v P u r i f i e d  An t i  bodies 

With t h e  p r e p a r a t i v e  method f o r  anti-HMG a n t i b o d i e s  d e s c r i b e d  

above, we achieved a y i e l d  af 0 . 0 9  e of s p e c i f i c  anti-HMG 
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454 LEPP AND MARTINEZ 

a n t i b o d y / l  of s e r u m .  The combination of both t y p e s  of t r e a t m e n t  

( a c i d  and i h a o t r o p i c j  i n c r e a s e s  t h e  y i e l d  of t h e  e l u t i o n  procedure 

i n  recuverine a n t i b d i e s ,  probnbl-q b y  e i u t i p ?  t h e  most, t 1 , q h t . l ~  

bound f r a c  t i on. 

The , s o l u t i o n s  of an t ibody obta ined  a f t e r  d i a l y s i s  showed 

p r o t e i n  c o n c e n t r a t i o n s ,  determined spectrophotoinetr ical ly ,  between 

0 . 1  and 0 . 2  g / l ,  assuming t h a t  i g / l  of an t ibody corresponds to a n  

of 1.5 (13). Figure  i shows t h e  a n a l y s i s  of t h e s e  s o l u t i o n s  

by means of PAGE-SDS i n  3-23% acrylamide g r a d i e n t .  I t  can  be s w n  

t h a t  t h e  & o r  ant ibor 'y  c l a s s  p r e s e n t  i n  t h e  samples  is :gG. The 
i . r g u r i  ' a i s o  shows t h e  q u a l i t y  of t h e  p r e p a r a t i v e  method, s i n c e  nc 

impurttie.: a r e  observed.  The i m u n o d i f  f u s i o n  a n a l y s i s  of an t ibody 

samples  i n  agarose  g e l s  ( F i g .  1) conf i rms  t h a t  t h e  a n t i b o d i e s  

be ions  t o  t h e  IgG c l a s s  of immunoglobulins. 

Enzvme Iinmufioassdy of HHG proteins 
I n  o rder  t o  achieve  t h e  b e s t  r e p r o d u c i b i l i t y  i n  E L I E A ,  i t  is  

important  t o  f i n d  out  t h e  a n t i g e n  contcentrat ion a t  which i t  

adsorbs as a monolayer on t h e  polys tyrene  s u r f a c e  of t h e  p la te .  

When p r o t a i n  c o n c e n t r a t i o n  is high ,  p r o t e i n - p r o t e i n  i n t e r a c t i o n s  

r a t h e r  t h a n  p r o t e i n - p l a s t i c  i n t e r a c t i o n s  predominate, and 

r e p r o i i u c i b i l i t y  d e c r e a s e s .  I f  t h e  c o n c e n t r a t i o n  is low, a 1033 of 

s e n s i t i v i t y  is observed.  The ap t imal  p o i n t  of a n t i g e n  

c o n c e n t r a t i o n  wa.5 determined by a s s a y i n g  a l a r g e  range of HMG 

c o n c e n t r a t i o n s  (between 0 . 0 1  and 1 0  q / l )  a g a i n s t  a d i l u t i o n  of 

an t ibody of known good response .  P l o t t i n a  t h e  c o i o u r  obta ined  i n  

t h e  a s s a y  v e r s u s  t h e  c o n c e n t r a t i o n  of a n t i g e n  added t o  t h e  w e l i ,  

t h e  p o i n t  where t h e  p l a t e a u  is achieved is t h e  optimal amount of 

a n t i g e n  per  w e l l  i n  t h e  a s s a y ,  or s a t u r a t i o n  p o l n t .  

As shown i n  F igure  2 ,  t h e  s a t u r a t i o n  c o n c e n t r a t i o n s  i n  t h e  

a s s a y  correspond t o  0 .25  q / l  f o r  HMG1 and 0 . 1  mg/l f o r  HMGi7. 

These c o n r x n t r a t i o n s  r e p r e s e n t  50 and 20 ng of p r o t e i n  per  well, 

r e s p e c t i v e i y .  The s e n s i t i v i t y  of t h e  method a l l o w s  t h e  d e t e c t i o n  

of 2 ng of H M C / w e l l ,  us ing  an  anti-HMG ant ibody d i l u t e d  l / l O O .  
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The titration of the specific anti-HMG antibody solutions was 

carried out assaying eight dilutions of each sample of antibody at 
the optimal antigen concentration. Prom a l l  the antibody samples 

analyzed, the best titer f o r  an anti-HMGi was 1/40W, and greater 
than 1/6OOO f o r  an anti-HMGl7. 

Msasurement of the Cross-reactivi ty 
To demonstrate the absence of reactivity between the specific 

anti-HNG antibodies and the heteroiogous antigen tanti-HMGl 
against HE1317 and vice versa) an H M G l  t HNG17 antigen coated 
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ANTIBODY DILUTION 

i m J n o a = > a v  of two anti-KEG1 ( 0 , 0 an, i  two 
anti-BMG?" ( 0 ,  ) samples  a y a i n s t  t h e  homologous I---) and t h e  
h e t s r a l j g o b s  +-) a n t i g s n .  

micropla to  was t e s t e d  by ELISA with s e v e r a l  samples of anti-HMG1 

and anti-HMG17. As shown i n  F igure  3, most of t h e  an t ibody samples  

only  gave p o s i t i v e  resul ts  when r e a c t e d  wi th  t h e  homologous 

a n t i g e n .  In a s i n g l e  c a s e ,  a n  anti-HMC1 ant ibody showed a 

measurable t i t e r  a g a i n s t  t h e  he te ro loqous  a n t i g e n :  1 /100 ,  a 
c o n c e n t r a t i o n  much h igher  t h a n  t h e  r e q u i r e d  t o  o b t a i n  t h e  t i t e r  

a g a i n s t  t h e  homologous a n t i g e n ,  1/1500.  

Figure 4 shows t h e  r e s u l t s  of t h e  immunoblotting procedure 

used t o  measure t h e  r e a c t i v i t y  of t h e  a n t i b o d i e s .  P r o t e i n s  HMG1, 2 
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and 17 and histone H1 were loaded into a PAGE-SDS. After their 
migration, they were transferred to nitrocellulose membranes. At a 
1/1000 dilution of the anti-HMG1 antibody (titer by ELISA, 
i/4000), only the bands corresponding to HMGl and HKG2 were 
revealed. The anti-HHGl7 antibody !titer by ELISA, >1/8000) 

diluted 1/2000 gave positive results only with the HXG17 bands and 
its degradative fragments. 

Detection of HMG Froteins i n  Native Chromatin 
To measure the reactivity of the anti-HMG antibodies with the 

HXG proteins exposed in native chromatin, an ELISA was carried out 
usin8 the samples preincubated with digested rat liver chromatin 
as first antibody. As long as HMG1 and HMGl? are accesible in 
native chromatin, antibodies will bind to them during the 
preincubation, and the antibody responses against the antigens 
coating the plates will decrease. This inhibitory effect can be 
used to measure the degree of exposure a t  HMG proteins in native 
chromatin, and their quantity in discrete-sized fragments of 
olisonucleosomes. 

Figure 5 shows the results obtained in the inhibition assay 
using a dilution 1/500 of the anti-HMG1 antibody sample, 
preint;i~bateiji v;ikh 0, 0 . 5 ,  i and 5 w,'i 12: ;r:.sm,;fin ?,i:+.z?.!:, an.;! ,a 

Lililtion li::>00 of the aoti-HFGi7 antibadv sample (a  more diluted 
sample I l i a  t o  its higher titer,, preincubated with the same 
chromatin concentrations. ihe innititory effect of chromatin 

increases w i t h  its $concentration, and i t  is higher for HMGl 

protein. revealing its hisher degree of exposure in riatFve 
chromatin. 

- .  

Horseradish peroxidase ?ENP) has been widely used in most 
enzyme immunoassays, but  different substrates for this enzyme give 
ditferent results, in terms of sensitivity and reproducibility 
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(141. A very s e n s i t i v e  and v e r s a t i l e  nontoxic  chromogenic s y s t e m  

f o r  peroxidase h a s  been d e s z r i b e d  by Ngo and Lenhoff (tj), i n  which 

t h e  coupl ing  of BETH and DNAB i n  t h e  presence of H::Lk.., c a t a l y z e d  

by HRP, resul ts  i n  a deep-purpie compound with a n  absorbanca peak 

st 590 nm. The high e x t i n c t i o n  c o e f f i c i e n t  of t h e  r e a c t i o n  product  

makes i t  p 5 5 i b i e  t o  d e t e c t  very  low c o n c e n t r a t i o n s  of perox1da:se. 

i n  order  t o  determine t h e  opt imal  c o n c e n t r a t i o n  of p r o r e i n  

boilnd we s t u d i e d  t h e  adsor$ion c o n d i t i o n s  of t h e  assay .  Severa l  

m e t b d s  have been use& f o r  t h i s  de te rmina t ion ,  among them, t h e  

pei-o:<t&.se s a t u r a t i o n  of t h e  remaining si tes (non occupied by the 

a n t i g e n )  of t h e  polys tyrene  s u r f a c e  (15), measurements wifh 

r ad io i aba l l ad  p r o t e i n s  r 7 . 1 S i ,  and board chequer t i t r a t i o n  using 

l o w  a f f i n i t y  .;era ( 1 5 ) .  Tha use of h igher  amounts of p r o t e i n  ,may 

ir astu a r t  1 f ai; t u a l  re:;u 1 ts I 
Many inmunochemical techniques  have been a p p l i e d  t o  . s t u d y  

chromatin structure and o r g a n i z a t i o n ,  by measuring t h e  

a c c e a i b i l i t y  of t h e  a n t i g e n i c  de te rminants  of chromzomai  prcl te ins  

c t i s t o n s s  and nonhis tonesr  (171. Of importance is t h e  s p e c i f i c i t y  

of t h a  a n t i b o d i e s  as w i l l  as t h e  s e n s i t i v i t y  o f  t h e  immunoassay. 

Ir? our  work, homogeneous p o p u l a t i o n s  of s p e c i f i c  anti-HKG1 and 

anti-fiXGl7 IgG were prepared by a f f i n i t y  chromatography. d 

t i t r a t i o n  of d i f f e r e n t  anti-HKG ant ibody samples  was p e r f o r s e u ,  

.>f~?. t h e  i:rosarraztivi t y  between 30th prote ins  was tested. 

Eiiepne immiiraas-says are e a s v  t o  perform, s a f e ,  and s i l s w  ta 

il:se a wi9a :-ange of enviror.meata1 c o n d i t i o n s .  The ELISA method 

d e s c r i b e d  h s r e  h a s  a d e t e c t i o n  l i m i t  G f  less t h a n  2 ng p r o t e i n  per 

w s l i  :1C, pg. ’ l : l ,  as it is shown i n  F igure  2,  similar t o  t h a t  

d e s c r i b e d  f o r  R I A  ( :4 ) ,  bu t  h igher  t h a n  a p r o t e i n  q u a n t i t a t i o n  

nethod by c o r p e t i t i v e  b inding  on polys tyrene  beads <i$>. A 

d i f f e r e n t  enzyme-imuiioassay p r e v i o u s l y  d e s c r i b e d ,  us ing  a n t i s e r a  

a g a i n s t  ch icken  e r y t h r o c y t e  b i s t o n e s ,  d e t e c t e d  7 .5  ng per  w e l l  

(5). The p u r i f i e d  a n t i b o d i e s  r a i s e d  a g a i n s t  HMG1 and HEG17 showed 

no c r o s s r e a c t i v i t y  with he te ro logous  p r o t e i n ,  i n  c o n t r a s t  t o  o t h e r  

reports (2, 11). T h i s  a l lows  t o  d i s t i n g u i s h  between t h e  an tLgeaic  

sits5 of XKGC: and HKGl7 packed i n  nucleosomes and exposed to t h e  

b inding  with s p e c i f i c  a n t i b o d i e s ,  
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The a i c e s i b i i i t y  of HXG a n t i g e n i c  de te rminants  is detec. ted by 

m a n s  af a n  Immunoa:ssay w i t h  t h e  same a n t i g e n  c o a t i n g  t h e  p i a t e s .  

The best  resul ts  were o b t a i n a d  when t h e  a n t i b o d i e s  were 

p r e i n i u b a t e d  with chromatin and t h e  i n h i b i t o r y  effect of t h i s  

p-e incubaf ioa  was mea--ured, r a t h e r  t h a n  binding directly t h e  

a n t i b o d i e s  upon a chromatin c o a t e d  p l a t e  ( resul ts  not Shawn,. A 

goi)d c c r r e l n t i o n  t e tween  t h o  i n c r e a s e  i n  c h r o n a t i n  c o n c e n t r a t i o n  

and the decrease i n  t h e  respanza of t h e  a n t i b o d i e s  t a  t h e i r  p l a t e -  

#:oatad anti;Z;en:.; w i ? : ~  o t s e r v s d .  A c l e a r  d i f f e r e n c s  wa.5 ob:se:ved i n  

the a e c e s i b i l i t y  of HKiii  and XXG.17 a n t i g e n i c  de te rmixants .  The 

comparat ive inhibitory a c t i v i t y  of chromatin reactinx with a n t i -  

HMlG13; is sreater t h a n  t h a t  with anti-HKGl7. T h i s  is i n  agreement 

with t h e  d i s t r i b u t i x  of HNG1 and HMG17 i n  nucleosomal chromatin 
<;GI, 2!>), whare t h e r e  is a s a j o r  a c c e s i b i l i t y  of H G i ,  i n t e r a c t i n g  

wi th  t h e  l i n h r  DIA. 
In  conclus ion ,  t h e  so l id-phase  enzyme-linked inmunoassay 

dz;cribed ics d : w i t a b l e  tachniqile f o r  t h e  s t u d y  of t h e  

o r & a n i z , s t i o n  of ~-hromat;in with a minimal d i s r u p t i o n  of i ts n a t i v e  

s t r u c t u r e ,  by  q u a n t i t a t i w  binding of :specif i r :  a n t i b o d i e s  e l i c i t e d  

t o  t h e  d i f f e r e n t  chromosomal conponents .  

The a u t h o r s  wish t o  thank tne members of t h e  S e r v e i  

d '  Immunologia de 1'Hospital C l i n i c  i P r o v i n c i a l  de Barcelona f o r  

t h e i r  t e c h n i c a l  a s s i z t a n c e ,  and s p e c i a l l y  A .  Nieto f o r  h i s  

i n t e r e s t  i n  d i s c u s s i n g  a l l  kind of d e t a i l s  of t h e  immtinochemical 

aet hodolog y . 
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