
Vol. 78, No. 3, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

A METHOD F'OR TEE FRACTIONATION OF THE HIGH-MOBILJTY-GROUP 

NON-HISTO~ CRROMOEKMAL PRO'ISXNS 

Clive Sanders 
Department of Biochemistry & Chemistry 

Guy's Hospital Medical School 
London, SE1 9RT 

Received August 15,1977 

smry: A method is given for the preparation of four non-hi&one 
chrom>somal proteins, one of which, protein 14, hitherto has not been isolated. 
The method also enables the preparation of histone Hl in gram quantities. 
The four non-hi&one chromosomal proteins so prepared are all polar oaolecules 
over 50$ of each being composed of acidic and basic amino acids. It is also 
shown that protein 14 can be prepared from calf thymus without prior isolation 
of chronbatin. 

INTROJXJCTION 

Chromatin contains a discrete group of non-hi&one proteins which are 

characterised by their relatively low molecular weight (<JO,OOO) and their 

high content of acidic and basic amino acids (1). These proteins, which have 

been designated (2) high-mobility-group (IPIG) proteins, can be extracted from 

chromatin with either 0.m NaCl (3) or 0.794 IiCIOtl (4). The high-mobility- 

group proteins have been found in various mannnalian tissues at a concentration 

of 105-106 molecules of each per nucleus (1) and more recently evidence has 

been presented which suggests that these proteins are present on wnomer 

nucleosomes (5). 

As a prerequisite for the study of these proteins, methods have been 

developed for the isolation of proteins 1 and 2 (6) and for protein 17 (X7). 

I described here a method for the fractionation of high-mobility-group 

proteins which enables the isolation of the four major proteins of the group, 

proteins 1, 2, 14 and 17. 

Abbreviations: WIG, high-mobility-group 
PMSF, phenylmetbyl-sulphonyl fluoride 
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ME!rHoDs AND RESULTS 

preparation of high-mobility-group proteins from calf tbmus chromatin 

All operations were done at 4OC unless stated otherwise. Calf thymus was 
collected within one hour of the animals' death, washed with O.Oy 
phenylmethyl-sulphonyl fluoride (PMF) in propan-2-01, transported to the 
laboratory on ice, where the chromatin preparation was begun within 3 hours of 
the animals' death. 

5 x 1OOg batches of minced calf thymus were each homogenized for 15s in a 
cosnwrcial Waring blender at fast speed with 600 cd of O.lm NaCl, 0.5d! PKSF. 
(50 ntrl FKSF in propan-2-01 was added to the saline Just prior to homogeniza- 
tion.) The homogenates were centrifuged at 2,OOOg for 15 min, the 
supernatants discarded and the sediment homogenized and centrifuged as before. 
This process was repeated to give three washings in all, after which the 
sediments were combined into two lots, each of which was homogenized for 40s 
with 600 cm3 of O.lJiM NaCl, 0.5ui4 FPLSF and centrifuged at 2,000g for 20 min. 

The two chronrstin sediments were combined and homogenized (Waring 
blender, 2 min, fast setting) with 300 cd of 0.75M HC104. The homogenate was 
centrifuged at 2,000g for 30 min, the supernatant retained and the sediment 
homogenized in the same way with 400 cm3 of 0.754 HC104 and centrifuged at 
2000g for 20 min. The supernatants were combined and further clarified by 
filtering through a grade-2 followed by a grade-4 sintered-glass funnel to 
give a final volume of Id&. To precipitate histone Hl 2 volumes of acetone 
were added with rapid stirring and the solution made O.Oi'M HCl by addition of 
cont. HCl. 'Ihe solution was centrifuged for 15 min at 2,OOOg, the supernatants 
retained and the precipitate, histone HI, washed once in acetone/OX4 HCl 
(3.5:1 v/v), three times in acetone and dried under vacuum. 'Ihe yield of 
histone HI. was 1.8 gm. 

After removal of any traces of HI. precipitate by filtration of the 
supernatants through a grade-4 sintered-glass funnel the HMO proteins were 
precipitated by the addition of 2$ volumes of acetone (based on the original 
volume of extract). The precipitate, designated B, was collected by 
centrifugation at 2OOOg, washed three times in acetone and dried under vacuum. 
The yield of precipitate B, which contained the HMG proteins, was 400 mg. A 
schematic diagram is given in Fig. 1. 

Prenaration of high-mobility-group proteins from calf thyw 
without prior isolation of chromatin 

The method is essentially that reported previously (4). All operations 
were carried out at 4OC. 

The calf thymus used was either from animals slaughtered that day or had 
been stored at -2OOC. 

for 1 
15Ogm of minced calf t&zus was homogenized with 150 cg of 1.9 HC104 
min at slow speed followed by 2 min at fast speed in a commercial 

Waring blender. The homogenate was centrifuged for 30 min at 2OOOg, the 
supernatant retained, and the sediment homogenized with 150 cd of 0.75M 
HC104 and centrifuged in the same way. The combined supernatants were further 
clarified by filtration through a grade-2 followed by a grade-4 sintered- 
glass funnel. 2 volumes of acetone were then added to the filtrates and the 
resulting solution made O.O'j'M HCl by the addition of cont. HCl. The 
precipitate which formed consisted mainly of histone Hl and was rellloved by 
centrifugation followed by filtration of the supernatant. (It is possible to 
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CALF THYMUS CHROMATIN 

0.75M tIClO Extraction 

v 

HI + HIGH-MOBILITY-GROUP PROTEINS 

I 

34 volumes of acetone; 
solution made 0.07M HCl 

r+J r--ykry 
HIGH-MOBILITY-GROUP PROTEINS 

CM-Sephadex C25 
Chromatography 

Figure 1. Schematic diagram for the fractionation of HMG proteins. 

collect this histone Hl by the same procedure as described previously and the 
Hl so prepared is reasonably pure, giving a single band on electrophoresis of 
lo-2Opg of protein.) To this solution & volumes of acetone (based on the 
original volume of extract) were added and the precipitate which contained the 
ISlG proteins, was collected by centrifugation at 2000g for 15 min, washed 
three times in acetone and dried under vacuum. The average amount of the 
~ecipitate isolated In this msnner was 100 mg. 

CM-Sephadex C25 Chromatography of High-Mobility-Group Proteins 

The gradient sievorptive chromatographic principle as described by 
Kirkegaard (8) and employed previously by Goodwin et al., (3) for the 
fractionation of the HHG proteins is employed here,- 

$0 mg of HMG protein isolated from calf thymus chromatin was dissolved 
in 5 cd of 7.5uM sodium borate buffer (pH g.O), 0.2M haC1 and the protein 
solution titrated with lM I&OH, to pH 9.0. Sodium borate buffer (7.5ni4, 
pH 9.0) and IM WaCl were added to give a 10 cd 0.2M NaCl, 7.5&l sodium 
borate, pH 9.0 solution. The solution was clarified by centrifugation and 
applied to a 2.3 x 30 cm colunn of CM- ephadex C25 equilibrated with 7.5nM 
sodium borate, pH g.Om buffer. 100 c 3 of 034 NaCl, 7.5nM borate, pH 9.0 
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Figure 2. (XW%phadex C25 chrematograpQ of XWproteln. Approximately 
360 mg of precipitate B was applied to a 2.3 x 30 cm colunm of 
CM-Sephadex C25, equilibrated with 7.5Par sodium bor 

3 
te buffer 

(pH 9.0) and eluted as described in Methods. 10 c fractions 
were colleoted. 

, Absorbance at 280nm; - -, absorbance at 
23onm; -------, NaCl concentration. 

buffer was pumped through the colunm at a flow rate of 0.5 cd/~&n after 
which the sample applicator was adjusted so that it was in direct contact 
with the top of the CM-Bephadex C25 gel. A linear salt gradient consisting 
of 500 cm3 of 0.2M NaCl, 7.51&l sodium borate buffer pH 9.0 and 500 cm3 of 
lM NaCl, 7.5nM sodium borate buffer pH 9.0 was applied to the column at the 
same flow rate. 10 cd fractions were collected and their absorbance at 
230 nm and 280 nm measured in a 1 cm cuvette. The elution profile is shown 
in Fig. 2. Fractions F-H were diluted to 0.m NaCl and all the fractions 
were acidified to O.lM HCl before the addition of 6 volumes of acetone to 
precipitate the protein. The precipitates were collected by centrifugation, 
washed once in acetone/OX4 HCl (6:1 v/v), then three times with acetone and 
dried under vacuum. The yields of fractions F, G and H were 30 mg, 17 tug 
end 2 mg respectively. The yields and total amino acid analysis of fractions 
A-E are given in Table 1. Comparative polyaorylamide gel electrophoresis of 
these fractions with the original unfractionated material was carried out and 
the results are shown in Fig. 3. 

From the comparative polyacrylamide gel electrophoretic results it can 

be seen that fractions A, D and E correspond to HMG proteins 1, 14 and 17 

respectively. Fractions B and C correspond to HMG protein 2 and probably 

represent different sub-fractions of this protein which is tiown to be 

microheterogeneous (9). Although no cross-contamination of the proteins was 

revealed by comparative gel electrophoresis, when 2Oyg samples of fractions 

A-E were analysed by single gel electrophoresis faint bands of impurity 

could be discerned. Sodium dodecyl sulphate-polyacrylamide gel 
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HMG l- 
HMG 2- 

Hl- 

HMG14- 7L * 

HMG17- 
I 
IQ 

A B 

(b 0 

C D 

Figure 3. Comparative polyacrylamide gel electrophoretic patterns of 
fractions A-H obtained by @I-Sephadex C25 chrouatograp& of 
HMGproteins. Right-hand side of gels shows fractions A-H as 
indicated, left-hand side of each gel shows the original sample 
which was applied to the colunm. 

electrophoresis of HMG proteins 1, 2, 14 and 17 revealed no additional 

impurity; each of the protein samples migrated as a single band. The 

molecular weight of protein 14 was not determined since this method has been 

shown to give unreliable results when applied to such highly basic proteins 

(3, 6). 

The amino acid composition of the proteins so prepared are in reasonable 

agreement with those published previously for proteins 1, 2 (3,6) and 17 

(3,7). 

Chromatograp& of IS%3 proteins extracted directly from calf thymus 

without prior isolation of chromatin was carried out in exactly the same way 

except that the sample solution was lnade 0.1% NaCl, 7.5&l sodium borate 

(pH 7.0) and the salt gradient therefore was from O.lW NaCl to lM I&Cl. The 

yield and total amino acid analysis of protein 14 prepared in this way from 
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HMG lv 
HMG L 

H l-- 

HMG14- 

HMG17- 

A B C 
Figure 4. Comparative polyacrylamide gel electrophoresis of protein 14 

prepared by chromatography of HMO protein extracted by 
0.7!3! HC104 from calf tbynrus without prior isolation of 
chromatln. 
Gel A 1OO~gof HMGprotein 
Gel B Comparison of protein 14 with WIG protein 
Gel C 2Opg protein 14. 

lg of original material is given in Table 1. Sodium dodecyl sulphate- 

polyacrylamlde gel electrophoresis of this preparation was carried out and 

the sample tigrated as a single band. Comparative polyacrylamide gel 

electrophoresis of protein 14, prepared by this method, with the original 

unfractionated materlal is shown in Fig. 4 and from these results it can be 
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seen that this method yields a product of high purity, superior to that 

obtained by the previous method described above. 

!Che analysis of protein 14 so prepared is in good agreement with that of 

the protein when prepared from calf ~.~QTIU chromatin. The discrepancy in 

alanine content may be attributed to the presence of impurities, in the 

sample of protein 14 when it was prepared from chromatin, which are absent 

when the protein is prepared directly from the tissue. 

Polyacrylamide gel electrophoresis 

Comparative polyacrylamide gel electrophoresis of two protein samples on 
the same gel was carried out by the method developed by Johns (lo), using 20$ 
polyacrylamide gels (0.9 x I2 cm) at pH 2.4. Polyacrylamide gels of identical 
composition were also used for analysis of single samples (11). Sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis was carried out as 
described by Weber and Osborn (12); lO$ polyacrylamide gels (0.9 cm x 12 cm) 
were used and electrophoresis was at 18 ma per tube for 4&. 

Amino acid analysis 

Total amino acids were measured using a JEOI, automatic amino acid 
analyser rmdified for single coluw analysis. Samples were hydrolysed for 
24 hr in 6M HC1 at 115oC. No corrections were made for hydrolytic losses but 
a crystal of phenol was added to each sample prior to hydrolysis to avoid 
tyrosine breakdown. 

DISCUSSION 

In view of the relatively low molecular weights ( < 3,000) of the high 

mobility group proteins the possibility exists that they could be protein 

degradation products, perhaps of the histones. However, it has been shown 

that all four of the major EiMG proteins are present in neutral 0.m NaCl 

extracts of chrotmtin, indicating that they are not products of acid 

k@.rolysis . FurthermOre, the proteins can be prepared from tissues removed 

from the aninrrl immediately after death and homogenized directly with 

0.75.M HCl04, indicating that they do not arise in the preparative procedure 

through the activity of endogenous proteases (7). 

The amino acid composition of protein 14 shows that it is a highly polar 

molecule being composed of 26% basic amino acids and 25% acidic amino acids. 

Indeed, the amino acid composition of the four HHG proteins, 1, 2, 14 and 17 

are similar, all of them being dominated by five amino acids, aspartic acid, 
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glutamic acid, prollne, alar&m end lysine. Considering the amounts of these 

proteins present in ualf i&ynus is approximately H by weight of the histones, 

it is possible that these proteins could be associated rith specific regions 

of the genolle. However. the above figure is an average value for the tissue 

anditmay be that the HMQ proteins are present and function only during a 

partlmlar stage of the cell cycle. 
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