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ABSTRACT

A method for the efficient and practical large-scale purification of high-mobility group (HMG) non-
histone chromosomal proteins, HMG1 and HMG?2, from porcine thymus applying Polybuffer-cxchanger
PBEY4 gel as anion-exchanger has been developed. This method affords higher resolution, purity and yield,
than the conventional procedure of CM-Sephadex C-25 ion-exchange column chromatography. Further-
muore, use ol Peolybufler-exchanscr PBES column chromatography led to direet preparation of HMGL
and HMG?2 from loosely bound non-histone chromosomal protein fraction of chromatin without pre-
fractional precipitation with trichloroacetic acid or prior extraction with perchloric acid. Thus, the applica-
tion of PREY gel as an antom-exchanger to the subfractionation of other kinds of homologous protein is
possible.

INTRODUCTION

Non-histone chromosomal proteins in eukaryotic chromatin are known to be
implicated in the control of specific gene expression during cell differentiation,
proliferation and development. They are an extremely heterogeneous group of
proteins with respect to their isoelectric points and molecular sizes. Therefore, it
is necessary to purify the various protein components before their intrinsic pro-
perties and functions can be studied.

The high-mobility group (HMGQG) of non-histone chromosomal proteins is a
group of relatively abundant chromatin-associated proteins present in the most
eukaryotic cells [1--10]. Several procedures have been presented for the purifica-
tion of four major HMG non-histone chromosomal proteins, HMGI1, HMG2,
HMG14 and HMG17 [1-12]. In one method, proteins that are loosely bound to
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chromatin were extracted with a low concentration of salt and then fractionally
precipitated with 10% trichloroacetic acid (FCA) [1-4,7-11]. The precipitated
proteins were then separated by ion-exchange column chromatography using a
CM-8Sephadex (C-25 [1-3,10] or CM-cellulose column [4,8,11]. In another me-
thod, part of the protein was extracted from chromatin with 3% perchloric acid
(PCA) and then fractionated by CM-Sephadex C-25 column chromatography [6].

Asto HMGI and TIMG2, it is necessary to perform rechromatographic proce-
dures, which reduces the yield, because of the highly homologous nature of these
proteins {1,3,5.9,12] and of the characteristics of aggregation of their compo-
nents. In addition, HMG proleins preparcd by the above-mentioned methods
might lose their intrinsic properties following treatment with strong acid. To
overcome Lhese problems, we established an efficient and practical purification
method for HMG1 and HM@G2, using a Polybuffer-exchanger PBE94 for anion-
exchange column chromatography.

EXPERIMENTAL

Muaterials

Most chemicals were of the purest grade commercially available and were
purchased from Wako {Osaka, Japan) or from Sigma (St. Lows, MO, U.S.AJ).
Polybuffer-exchanger PBEY4 was obtained from Pharmacia (Uppsala, Sweden).

Preparation of chromatin from porcine thymus

The preparation of chromatin from porcine thymus was carried out by the
method described previously [7], with slight modifications. All operations were
performed at 0—4°C. Minced porcine thymus was homogenized in a Waring-
blender with six volumes of standard saline citrate (SSC: 0.14 M NaCl, 10 mM
sodium citrate, pH 7.0) containing 1 mA phenylmethanesulphonyl fluoride
(PMSF) and was then filtered through two layers of gauze. The filtrate was cen-
trifuged at 2000 g for 15 min, and the sediment was then washed five times with
SSC in the same way. The precipitate was resuspended in 30 mA Tris—HCI, 3
mM PMSF, pH 7.6 (3 ml/g tresh weight of porcine thymus), and was then cen-
trifuged at 6000 g for 10 min. Finally, washing was repeated once more in the
$dIMe Mannct.

FExtraction of loosely bound non-histone chromosoemal proteins

Chromatin was homogenized in (.35 M NaCl, 1 mM PMSF with a Polier-
Elvehjem PTFE-glass homogenizer and then centrifuged at 5000 g for 20 min.
Lxtraction was repeated once more in the same manner. The combined superna-
tant was then subjected to further fractionation to obtain HMG1 and HMG2.

Purification of HMG1 and HMG2
HMG1 and HMG?2 were purified from the loosely bound non-histone chro-
mosomal protein fraction by the following two procedures.
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(1) The loosely bound non-histone chromosomal protein fraction was successi-
vely fractionated into 2 and 10% TCA-precipitable fractions according to the
procedures of Goodwin ef /. [1]. The 10% TCA-precipitable fraction {50 mg)
was dissolved in 3 ml of {0 mAf Tris—HCI (pH 7.8} and applied to a Polybutfer-
exchanger PBE94 column (20 ¢m x 1.0 cm L.I3.), which was pre-activated and
pre-equilibrated with 10 mM Tris-HCI (pH 7.8). Proteins were then eluted using
a 01 M NaCl linear gradient in the same buffer.

(2) The 0.35 M NaCl extract (loosely bound non-histone chromosomal protein
fraction) that was not fraclionated by TCA precipilation was dialyvsed overnight
against 10 mAf Tris—HCI1 (pH 7.8), followed by centrifugation at 3000 g for 20
min to remove any debris. The dialysate (60 mg of protein) was then subjected to
PBEY4 column chromatography as described above,

Determination of proicin and nucleic acid concentrations

The protein concentration was determined by the method of Lowry ef af. [13]
using bovine serum albumin as the standard, or else by the absorbance at 280 nm.
The nucleic acid concentration was determined according to the method of
Schneider [14].

Electrophoresis

Sodium dodecyl sulphate (SDS) polyacrylamide gel electrophoresis (PAGE)
was performed by the method of Laemmli [15]. The gels were stained with Coom-
assie brilliant blue R250.

Amino acid analysis

Protein was hydrolysed in 6 M HClat 110°C for 24 h in an evacuated tube. The
hydrolysate was then analysed using a Hitachi 835 amino acid analyser. The
amino acid composition was expressed as mol per 100 mol of the total amino acid
contenl.

RESULTS AND DISCUSSION

The 10% TCA-precipitable fraction of the loosely bound non-histone chro-
mosomal proteins obtained from porcine thymus was subjected to CM-Sephadex
(C-25 ion-exchange chromatography according to the method of Goodwin er al.
[1]. The resolution of both HMG1 and HMG?2 by CM-Sephadex C-25 chromato-
graphy was found to be inadequate (data not shown). Therefore, to obtain a
better resolution and yield, we investigated improvements to the chromatography
step. Polybuffer-exchanger PBE94 is an anion-exchange gel oniginally developed
for chromatofocusing with Polybuffer or Pharmalyte 8—10.5. PBE%4 is compesed
of Sepharose CL-6B coupled with a variety of dissociation radicals by ether-
linking and has an cven and high capacity over a wide pH range (3 11} [16]. For
these reasons, PBE94 was used for anion-exchange chromatography in the sepa-
ration of HMG1 and HMG2.
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Fig. 1. Purificaticn of HMG1 and HMG2 by PBE® column chromatography. (A) The 10% 'TCA-precipi-
tablc fraction {50 mg of proteind in 3 ml of 10 mAf Tris-HC] (pH 7.8) was applied to a PBEY4 column (20
cm x 1.0 em LI.). Proteins were eluted by a 0-1 Af NaCl linear gradient in the same buffer, The flow-rate
was [ ml/h, and fractions of 4 m] were collected. {B} Peak 1t was rechromatographed under the same
conditions. (O} Peak T was rechromatlographed ander the same conditions.

Fig. 1A shows the elution profile of the 10% TCA-precipitable fraction on the
PBEY4 cotumn chromatography. The proteins were found to be fractionated into
three pedks (l l[I} b} INaCl linear gra ierit elution. SDS-PAGE showed that pcak
I contained HMG 14, HMG17 and an unidentified component similar in mobility
to the A24 protein (histone uH2A) (Fig. 2, lane I). Peak II was assigned to
HMG?2 and peak IH to HMGI, on the basis of their immunoreactivities for
anti-HMG2 and anti-HMG! antibodies {data not shown) and their respective
molecular masses of 25 000 and 26 000 dalton (Fig. 2, lanes 2 and 3). When the
separated HMG2 (peak II) and HMG1 {peak III) proteins were rechromato-
graphed independently under the same conditions, each protein was eluted sharp-
ly and reproducibly al the same NaCl concentrations as before (Figs. 1B und C).
The HMG1 and HMG2 proteins separated by this one-step column chromato-
graphy method (Fig. lA) possessed a high purity (greater than 98%) judging
from the densitometric analysis of the gels from SDS-PAGE. The recovery of
cach protein by this method was co. 90%. The amino acid compositions of the
HMGI1 and HMG2 purified from porcine thymus (Table 1) were found to be
identical with those previously reported from various sources [3.10.17]. Thus,
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Tig. 2. SDS-PAGE of the peaks obtained by PBES4 column chromatography from the 10% TCA-precipi-
table fraction. Polyacrylamide gel (12.3%) with 0.1% SD8 was used. After electrophoresis, the gel was
stained with Coomassie brilliant blue R250. Lane M, marker proteins: lane 1, peak I; Jane 2, peak I11; lane 3,
peak HIL

PBES4 column chromatography was found to be applicable to the isolation of
HMG1 and HMG2.

We also attempted to isolate HMG! and HMG?2 directly from the loosely
bound non-histone chromosomal protein fraction {(0.35 M Na(l extract) without
pre-fractional precipitation with 10% TCA. The (.35 M NaCl extract was [rac-
tionated into twelve fractions (fractions A-L) by PBE94 column chromatogra-
phy, as shown in Tig. 3A. Fig. 4 shows the results of SDS-PAGE for each frac-
tion. Fractions A and B comprised mainly HMG14 and HMGU7 (Fig. 4, lanes |
and 2 ) and were eluted at almost identical NaCl concentrations as shown in Fig.
1A. Fractions 1> contained heterogeneous non-histone chromosomal proteing
(Fig. 4, lanes 4-10). The recovery of these fractions from the column varied
hecause of solubility problems caused by protein aggregation. Fractions K and L
were eluted from the column by (.56 and 0.62 M NaCl, respectively, These clu-
tion concentrations approximated those required to elute HMG2 (0.54 M Na(l
in Fig. 1A) and HMG1 (0.60 M NaCl), Fraction K contained a single protein
band of 25 000 dalton, and the protein in fraction L formed a single bund at 26
000 dalton on electrophoresis (Fig. 4, lanes 11 and 12). On the basis of the NaCl
concentrations required for elution, the molecular mausses, and the immunoreacti-
vities {data not shown), the main components in fractions K and L were consid-
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TABLE 1

COMPARISON OF AMING ACID COMPOSITIONS OF HMGL AND HM:2 FROM PORCINE
THYMUS, CALF THYMUS AND DUCK ERYTHROCYTES

The values for cach amino acid arc expressed as mole percent.

Amino acid Porcine thymus Calf thymus* Duck erythrocytes”
HMG1 HMG2 HMGL HMG2 HMGI
Asp 10.9 98 11.0 9.6 11.6
Thr 23 1.9 30 2.7 2.1
Ser 5.0 7.6 3.3 7.5 4.6
Ciiu 18.9 18.4 17.8 17.1 200
Pro 62 7.4 52 7.7 5.5
Gly 5.4 7.0 5.2 6.3 5.4
Ala 9.2 7.3 ®.2 7.3 77
Val 23 [.5 2.3 2.1 34
Cys 0.7 0.8 3.0 [ N.D.
Met 2.0 2.3 1.1 1.2 1.4
llc 1.9 1.5 L9 1.4 1.8
Leu 2.0 2.1 22 21 29
Tyr 2.3 2.8 28 2.6 2.5
Phe 4.1 3.8 56 4.2 4.5
Lys 20.3 19.4 16.8 19.1 21.4
His 1.7 1.9 1.7 1.7 {4
Arg 38 4.4 5.5 5.1 37
Acidic amino acid (A) 299 28.2 288 26.7 316
Basic amino acid {B) 258 25.7 24.0 254 20,5
A/B ralio 1.16 1.ED 1.20 1.03 1.19

"N.D., not detected.

ered to be HMG?2 and HMG1, respectively. Rechromatography of fractions K
and L under the same conditions showed identical elution profiles for HMG2 and
HMG]1 with good reproducibility (Tig. 3B and C). Fraction M contained detect-
able amounts of low-molecular-mass RNA {less than 55). Thus, it was possible to
isolate HMG1 and HMG2 direetly from the 0.35 A NaCl extract by PBE%
column chromatography without the need for pre-fractional precipitation using
10% TCA or prior extraction with 5% PCA. Moreover, the isolated HMGI and
ITMG?2 maintained their iz virro DNA unwinding activity [18].

This procedure appears to be efficient and practical for the large-scale purifica-
tion of HMGT1 and HMG2. 1t provides a higher resolution, purity and yield than
the conventional method of CM-Sephadex C-25 ion-¢cxchange column chromato-
graphy [1-3,10]. We were able to prepare 100 mg of HMG1 and 60 mg of HMG2
from 3 kg of porcine thymus by 10% TCA precipitation followed by PBE%4
column chromatography. Furthermore, we could also purily 4.1 mg of HMG1
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Fig. 3. PBEY4 column chromatopraphy of the looscly bound non-histone chromosomal protein [raction
(0.35 M NaCl extract from chromatin). (A) The 0.35M NaCl extract (60 mg of protein) was applied to a
PBEM column (20 cm x 1.0 cm L.D.) without pre-fractional 1% TCA precipitation. The proteins were
eluted by a 0--[.5 M NuCl lincar gradient in 10 mAf Tris -1IC] (pH 7.8). The flow-rate was L0 ml/h, and
fractions of 4 ml were collected. The protein fractions marked by thick bars were combined and named as
indicated, (B) Peak K was rechromatographed under the same conditions. (C) Peak L was rechromato-

gruphed under the same conditons,
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Fig. 4. SDS-PAGE of the fractions obtained by PRE94 column chromatography from the loosely bound
non-histone chromosomal protein fraction (0.35 A NaCl extract from chromalin). Polyacrylamide gel
(12.5%) with 0,1% SDS was used. After clectrophoresis, the gel was stained with Coomassie britliant blue
R250. Lanes 1-12 correspond to fractions A L in Fig. 3. Lanc M, marker proteins; lane [3, whole histone
fraction of porcing thymus, lare 14, purificd HMGL: lane 15, purified M2,
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and 3.3 mg of HMG?2 directly from the 0.35 M NaCl extract (160 mg of protein)
by one-step PBEY4 column chromatography. avoeiding cxposure of the proteins
to extremely acidic conditions. HMG1 and HMG2 obtained under these milder
conditions are desirable for studies of their functions and intrinsic properties,
especially the interactions of these proteins with DNA and the nucleosome. Fi-
nally, the PBE®4 columnn should be applicable to the fractionation of various
ather kinds of non-histone chromosomal protein.
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