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ABSTRACT 
Monoclonal antibodies were prepared against the high 

mobility group (HMG) protein 2b from chick liver chromatin and a 
monoclonal-antibody-based enzyme-linked immunosorbent assay 
(ELISA) was developed for chick HMG 2b. The sensitivity of the 
assay is about ten times that of the previously described 
radioimmunoassay and solid-phase enzyme immunoassay for HMG 
proteins. With the use of ELISA technique, the amount of HMG 2b 
(pg protein/mg DNA) in the livers of 1-day old and 70-day old 
chicks was found to be 2.56 ? 0 . 4 ,  and 1 . 2 0  ? 0 . 2 ,  respectively. 
The age-dependent change in the level of HMG proteins probably 
reflects changes in the functional state of chromatin during 
ageing. 
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INTRODUCTION 

KWEON ET A L .  

High mobility group (HMG) proteins are a family of non- 

histone components in chromatin of relatively low molecular 

weights and are thought to be involved in the structure of 

transcriptionally active chromatin ( 1 , Z ) .  There are four major 

HMG proteins (HMG 1 ,  2 ,  14 and 17)  in all the eukaryotic cells 

examined to date ( 3 ) .  In chicks, HMG 2 has been further resolved 

by chromatography into two subfractions, called HMG 2a and 2b 

( 4 ) .  

Previous work in our laboratory has shown that HMG proteins 

play an important role i n  nutritional modulations of chick liver 

RNA synthesis ( 5 ) .  To understand the functions of HMG proteins, 

it is essential t o  determine the cellular levels of these 

proteins under various physiological conditions. The aim of this 

paper is to describe a monoclonal-antibody-based enzyme-linked 

immunosorbent assay for chick HMG 2b. Comparison of HMG 2b 

contents in newly hatched and adult chicks indicates an age- 

dependent decrease in liver HMG 2 b  contents. 

MATERIALS AND METHODS 

An ima I s 

Newly hatched and 10-day old male White Leghorn chicks were 

obtained from a local hatchery (Ishii Hatchery, Tokushima). 
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Preparation of Liver Samples 

For the quantification of HMG 2b protein in the liver, the 

livers were homogenized in 2.5 volumes of cold 0.25 M sucrose in 

buffer A [ 5 0  mM Tris-HCl (pH6.5), 25 mM KC1, 1 mM phenylmethyl 

sulfonyl fluoride and 10 mM MgClz] with a Potter-Elvehjem-type 

homogenizer. After dilution with an equal volume of the 

homogenizing medium, the homogenate was further treated with a 

Polytron homogenizer (Kinematica GmbH, Kriens/ Luzern, 

Switzerland). The homogenate was then centrifuged at 3,000 rpm 

for 5 min, and the resultant supernatant was used as the sample 

for HMG 2b assay. 

Preparation of HMC 2 from Chick Liver 

The total HMG proteins were extracted from 70 day-old chick 

livers by the procedure of Seyedin and Kistler (6). The 

isolation of HMG 2 and the resolution of HMG 2a and 2b were 

performed as described by Mathew et al. (4). 

Preparation of Antiserum 

Male New Zealand white rabbits were immunized with HMG 2 

(HMG 2a and 2b, unresolved) dissolved in 10 mM Tris-HC1 buffer 

(pH7.4) and emulsif ied in complete Freund's adjuvant ( 1 :  1 v/v) . 
Each animal received subcutaneous injections on days 1 ,  7 and 

1 5 ;  the dose was 0.1 mg of HMG 2 in a total volume of emu 

of 0.5 ml. Booster injections of 0.05 mg HMG 2 in the emu 

of 50% Freund's incomplete adjuvant were given 1 week later 

animals were bled weekly after the booster injection. 

s ion 

s ion 

The 
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490 KWEON ET A L .  

Preparation of M o ~ o c l o n u l  Antibodies 

BALB/c mice were injected intramuscularly in the haunch 

with 0.1 mg HMG 2 in 0.2 ml of the emulsion of 50 complete 

Freund's adjuvant on day 1, 14 and 30 One month after the third 

injection, animals received a single njection of HMG 2 (0.01 mg 

in 0.2 ml saline) via the tail vein. After 3 days, spleen cells 

from the immunized mice were fused with SP/2 myeloma cells. 

Hybridoma cell propagation, subcloning and ascites amplification 

procedures were performed as described by Vanderbilt and 

Anderson ( 7 ) .  The isotype of the monoclonal antibody against HMG 

2 was determined by the use of mouse monoclonal antibody 

isotyping kit (Amersham, UK). 

lmmunoblorting 

Ten pg of HMG 2a and 2b, either individually o r  in 

combination, were dotted to nitrocellulose membranes and the 

membranes were blocked with 3% gelatin in the washing buffer 

(PBS containing 0 . 0 5 X  Tween 20) for 30 min at room temperature. 

The polyclonal antibody against HMG 2 (diluted IgG fraction 

containing 8 pg protein/ml) or  monoclonal antibody against HMG 

2b (diluted ascites containing 6 pg protein/ml) was added to the 

nitrocellulose membranes, and incubated for 2 h. The membranes 

ware washed three times with the washing buffer. After washing, 

horseradish peroxidase-conjugated goat anti-rabbit IgG o r  anti- 

mouse IgM (Cappel Products, USA) diluted 1/3000 in PBS was added 

t o  the membranes and incubated at room temperature for 40  min. 
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The membranes were washed three times with the washing buffer 

and developed by addition of 3,3'-diaminobenzidine and H z O z .  

M o n o c l o n a l - a n t i b o d y - b a s e d  e n z y m e - l i n k e d  i m m u n o s o r b e n t  

a s s u y  ( R I , I S A )  

An ELISA plate (96-well, Sumitomo Bakelite Co., Tokyo) was 

precoated with monoclonal antibody against HMG 2b (diluted 

ascites containing 6 pg protein/ml) The wells were washed three 

times with the washing buffer (PBS containing 0.05% Tween 20)  

and blocked with 1 %  skim milk powder in PBS for 1 h. Samples, 

containing up to 20 ng of HMG Zb, were added to each well and 

incubated f o r  4 h at 37T. The wells were washed three times with 

the washing buffer. After washing, polyclonal antibody against 

HMG 2 (diluted IgG fraction containing 8 pg protein/ml) was 

added and incubated for 1 h at 37t. After washing the wells 

three times with the washing buffer, horseradish peroxidase- 

conjugated goat anti-rabbit IgG(1/3000 dilution) were added t o  

each well and incubated at room temperature for 1 h. The 

substrates, 2,2'-azinobis(3-ethylbenzthiazole sulfonic acid) and 

H z O z ,  were added to each well. After 15-30 min, the absorbancy 

at 415 nm was measured with an automated microplate reader 

(Corona Co., Tokyo). 

P r o t e i n  a n d  DNA M e a s u r e m e n t s  

Protein was determined by the method of Lowry et al. ( 8 )  

with bovine serum albumin as the standard. DNA was determined by 

the diphenylamine method of Burton (9). 
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RESULTS 

KWEON ET A L .  

c h a r a c t e r i z a t i o n  of Monoclonal A n t i b o d i e s  

Hybridomas producing monoclonal antibodies against HMG 

protein were generated by immunizing mice with a mixture of HMG 

2a and 2b. Two cell 1 nes that produced antibodies reacting with 

HMG 2 were recovered and the antibody possessing the stronger 

reactivity was used for the present study. The antibody was 

found to be the IgM type. Immunoblotting analysis of HMG 2 was 

performed under denaturing and non-denaturing conditions. As 

seen in Fig. 1-A, the antibody was reactive with the native HMG 

2 but failed to react with SDS-treated HMG 2 after protein- 

blotting procedures. The determinants recognized by the antibody 

presumably required the native protein conformation f o r  the 

antigenic integrities. The differential reactivities of the 

antibody with HMG 2a and 2b showed that the antibody 

specifically recognized HMG 2b (Fig. 1 - B ) .  

E L I S A  of HMC 26 

Monoclonal-antibody-based ELISA was carried out as 

described under MATERIALS AND METHODS. We observed that the 

binding of HMG 2b to plates precoated with monoclonal antibody 

against HMG 2b occurred at rather unusual pH and salt 

concentrations. As shown in Fig. 2, the binding was maximal at 

pH 5.2 and decreased sharply at more acidic or  more basic pHs. 

The binding was also sensitive to the salt concentrations; the 

concentration of 250 mM NaCl gave the maximal binding (Fig. 3 )  
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Figure 1.  Immunostaining of HMG 2 by monoclonal and polyclonal 
antibodies. A .  Native ( 1 ,  3) or SDS-treated (2, 4 )  HMG 2 was 
dotted to nitrocellulose membranes and incubated with the 
monoclonal ( 1 ,  2) or polyclonal ( 3 ,  4 )  antibodies. For the SDS- 
treatment, samples in 2.3% SDS/l% rnercaptoethanol/lO mM Tris-HC1 
(pH 6 . 8 )  were heated f o r  2 min in boiling water. B. Native HMG 
2b ( I ,  4 ) ,  HMG 2a ( 2 ,  5), and HMG 2a + 2b ( 3 ,  6 )  were dotted to 
nitrocellulose membranes and incubated with the monoclonal ( 1 ,  
2, 3 )  or polyclonal ( 4 ,  5, 6 )  antibodies. 
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2. Effect of pH on ELISA for HMG 2b. Purified HMG 2b 
was incubated in the monoclonal antibody-coated plates at 
various pHs (50 mM sodium acetate buffer, pH 3.8-5.3; 50 mM 
sodium phosphate buffer, pH 5.5-6.3) in the presence of 250 mM 
NaCl. 

The incubation of the samples with the monoclonal antibody- 

coated plates was therefore carried out at pH 5.2 (50 mM sodium 

acetate buffer) and 250 mM NaC1. A typical calibration curve of 

ELISA using purified HMG 2b is shown in Fig. 4 .  The curve was 

essentially linear up to 15 ng HMG 2b. The assay was specific to 

HMG 2b; HMG 1 or histone 1 did not produce any color 

development. The coefficients of intra-assay variations were 4.9 

- 9.5% (n = 10) .  
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3 .  Effect of NaCl concentrations on E L I S A  f o r  HMG 2b. 
Puiified HMG 2b was incubated in the monoclonal antibody-coated 
plates at pH 5 . 2 ,  containing increasing concentrations of NaC1. 

Quantification of HMG 

Chick L i v e r s  

Ut i 1 izing the present 

2 6  i n  Newly Hatched and Adul t 

y developed EL 

amounts of HMG 2b i n  the homogenates of 

S A ,  we determined the 

the livers from newly 

hatched (1-day old) and adult (70-day old) chicks. The HHG 2b 

contents were 2 . 5 6  2 0.4 pg and 1 - 2 0  5 0.2pglmg DNA f o r  I-day 

old and 70-day old chick livers, respectively. The values 

represent means f S.D. f o r  5 animals in each group. It thus 
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Figure 4 .  Calibration curve of ELISA for HMG 2b. HMG 2b (a), 
HMG 1 (m) and histone 1 (A). 
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appears that the HMG 2b content in the liver of chicks decreases 

with ageing. 

DISCUSSION 

Preparation of monoclonal antibodies against HMG 1 ,  2a and 

2b from hen erythrocyte chromatin has been reported by 

Vanderbilt and Anderson (7) but ELISA, utilizing these 

antibodies has not been described. In this communication the 

adaptation of monoclonal-antibody-based ELISA for HMG 2b is 

described. The technique is at least 10 times more sensitive 

than the previously described radioimmunoassay ( 1 0 ,  1 1 )  and the 

range of linearity of the calibration curve is twice that of the 

solid-phase enzyme immunoassay (12) for HMG 1 protein. 

With the use of our ELISA technique, the amount of HMG 2b 

(pg proteinlmg DNA) in the livers of I-day old and 70-day old 

chicks was found to be 2.56 f 0.4 and 1.20 ? 0.2, respectively. 

These values are comparable to the reported values of 1-5pg HMG 

2/mg DNA for the rat somatic tissues ( 1 3 ) .  

Regarding the age-related change of HMG protein levels, 

Prasad and Thakur (14) recently reported that the HMG 2 level 

essentially remained unchanged in the livers of young (19-week 

old) and old (118-week old) rats. However, we have previously 

obtained data showing that the HMG 2 level in the liver of 2 -  

week old rats is twice that of 10-week old rats (15). The age- 
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498 KWEON ET AL. 

dependent change in the level of HMG proteins probably reflects 

changes in the functional state of chromatin during ageing. 

Further works are in progress to elucidate the molecular 

mechanism of HMG protein metabolism. 

ACKNOYLEDGHENTS 

We wish to thank Dr. Takeru Fujii and Mr. Masahiro Yamaji, 

Department of Biotechnology, Teikoku Seiyaku Co. for help in 

production of monoclonal antibodies. 

REFERENCES 

1 .  Mathis, D., Oudet, P. and Chambon, P. Structure of 
transcribing chromatin. Prog. Nucl. Acid Res. Mol. Biol. 
1980;  24: 1-55. 

2 .  Goodwin, G.H. and Hathew, C.G.P. Role in gene structure 
and function. In: Johns,E.W., ed. The HMG Chromosomal 
Proteins. London: Academic Press, 1982: 193-221.  

3 .  Reeck, G.R., and Teller, D.C. High mobility group proteins: 
purification, properties, and amino acid sequence 
comparisons. In: Bekhor, I., ed. Progress in Nonhistone 
Protein Research. Vol. U. Boca Raton, Florida: CRC Press ,  
1985:  1-21. 

4 .  Mathew, C.G.P., Goodwin, G.H., Gooderham, K., Walker, J.M. 
and Johns, E.W. A comparison of the high mobility group 
non-histone chromatin protein HMG 2 in chicken thymus and 
erythrocytes. Biochem. Biophys. Res. Commun. 1979;  87 :  
1243-1251.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



MONOCLONAL A N T I B O D I E S  AGAINST HMG P R O T E I N  499 

5. 

6. 

7. 

8. 

9. 

10. 

1 1 .  

12. 

13. 

14. 

15 .  

Oka, T., Han, J . P . ,  Natori, Y., Hasegawa, N., Kanai,M. and 
Watari, N. Enhancement of RNA synthesis in chick liver by 
food intake: possible r o l e  of high mobility group 

1985; 1 1 5 :  1504-1514. nonhistone proteins. J. Nutr. 

Seyedin, S.M. and Kistler, 
protein high mobility group 
activity of testis, skeletal 
Biol. Chem. 1979; 254: 11264- 

W.S. Levels of chromosomal 
2 parallel the proliferative 
muscle, and other organs. J. 
1271. 

Vanderbilt, J.N. and Anderson, J.N. Monoclonal antibodies 
as probes f o r  the complexity, phylogeny, and chromatin 
distribution of high mobility group chromosomal proteins 1 
and 2.  J. Biol. Chem. 1985; 260: 9336-9345. 

Loury, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R . J .  
Protein measurement with the Folin phenol reagent. J. Biol. 
Chem. 1951; 193: 265-275. 

Burton, K. A study of the conditions and mechanism of the 
diphenylamine reaction f o r  the colorimetric estimation of 
deoxyribonucleic acid. Biochem. J. 1965; 62: 315-323. 

Romani, M., Vidali, G . ,  Tahourdin, C.S.M. and Bustin, M. 
Solid phase radioimmunoassay € o r  chromosomal components. J. 
Biol. Chem. 1980; 255: 468-474. 

Teng, C.S. and Yang, H.Y. Age- and function-related change 
in the quantity of high mobility group protein in chick 
oviduct. Gerontology 1987; 33: 287-295. 

Lepp, W.A. and Martinez, F. Solid-phase enzyme immunoassay 
f o r  the detection of HMG nonhistone proteins in their 
native structure. J.  Immunoassay 1989; 10: 449-465. 

Bucci, L.R., Brock, W.A., Goldknopf, I .L. and Meistrich, 
M.L. Characterization of high mobility group protein levels 
during spermatogenesis in the rat. J. Biol. Chem. 1984; 
259: 8840-8846. 

Prasad, S. and Thakur, M.K. Distribution of high mobility 
group proteins in different tissues of rats during aging. 
Biochem. Internat. 1990; 20: 687-695. 

Natori, Y. and Oka, T. Age-related changes of nuclear 
proteins (in Japanese). Seitaino kagaku 1989; 40: 575-578. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


