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Primary Structure of Non-Histone Chromosomal Protein HMG2 Revealed by the
Nucleotide Sequence?
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ABSTRACT: The isolation and sequencing of a cDNA clone for the entire sequence of pig thymus non-histone
protein HMG?2 are described. cDNA the size of 1153 nucleotides contains an open reading frame of 627
nucleotides. The 5’-untranslated region of 146 nucleotides is extremely rich in GC residues whereas the
¥-untranslated region of 380 nucleotides is rich in AT residues. The open reading frame encodes 209 amino
acids, which contain a unique continuous run of 23 acidic amino acids at the C-terminal. The deduced amino
acid sequence is 79% homologous to that of HMG1 protein from the same source which we reported {Tsuda,
K., Kikuchi, M., Mori, K., Waga, S., & Yoshida, M. (1988) Biochemistry 27, 6159-6163]. In addition,
the hydropathy index profiles of both proteins are very similar, supporting that they have similar structural
features. Northern analysis of poly(A+) RNA reveals that a single-sized mRNA codes for HMG?2 protein.
Southern analysis suggests that the HMG2 coding gene is homogeneous within the pig thymus genome.

’]:le relatively low molecular weight proteins in eukaryotic
non-histone nuclear proteins are called high mobility group
(HMG)' proteins. HMG1 and HMG?2 in four major HMG
proteins have remarkable structural and functional similarities

* The nucleic acid sequence in this paper has been submitted to Gen-
Bank under Accession Number J02895.
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to each other. These proteins show a preferential binding to
single-stranded DNA (Bidney & Reeck, 1978; Isackson et al.,
1979; Yoshida & Shimura, 1984; Hamada & Bustin, 1985),
unwind double-stranded DNA structure (Yoshida & Shimura,
1984; Makiguchi et al., 1984; Javaherian et al., 1978, 1979),
and remove the transcriptional block caused by left-handed

! Abbreviations: HMG, high mobility group; bp, base pair(s); cDNA,
complementary DNA; SDS, sodium dodecy! sulfate.
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Z-form DNA (Waga et al., 1988). In addition, these proteins
may effect in vitro nucleosome assembly (Bonne-Andrea et
al., 1984; Waga et al., 1989). However, the functions and roles
of HMG1 and HMG?2 in vivo are still controversial. Walker
et al. showed the primary amino acid sequences of HMG1 and
HMG?2 from calf thymus analyzed by the procedure of Edman
degradation (Walker et al,, 1980; Walker, 1982). The se-
quences, however, were incomplete in having the undetermined
sequences presumably because of the difficulty in determining
the runs of similar amino acids by the chemical procedure,
in addition to microheterogeneity of the proteins. Recently,
we reported the molecular cloning of a cDNA coding for
HMG!1 from pig thymus and the entire amino acid sequence
of the protein deduced from the nucleotide sequence of the
cDNA. So far as we know, the complete primary structure
of HMG?2 protein from any eukaryotic source has not been
elucidated.

The present paper describes the cloning of a cDNA coding
for non-histone protein HMG2 from pig thymus, the nucleotide
sequence of the cDNA, and the deduced amino acid sequence.
The primary structure of HMG2 was compared with that of
HMG! from the same material (pig thymus). We use the
HMG2 cDNA to analyze the size and multiplicity of the
transcript, and to determine the homogeneity of this gene in
the pig thymus genome.

MATERIALS AND METHODS

Cloning and Sequencing of the cDNA for HMG2 Protein.
The cloning of cDNA for HMG2 was performed at the same
time with that for HMG1 as described previously (Tsuda et
al., 1988). Shortly, the complementary DNA library for the
whole poly(A+) RNA was obtained by using a plasmid de-
veloped by Okayama and Berg (1982). Two synthetic 17-mer
oligonucleotides were used as probes for the cloning of cDNAs
for HMG2 and HMGI1. Two positive clones to both probes
were obtained in the screening of approximately 3 X 103
colonies. One positive clone (pcD-MKQO02) contained the entire
nucleotide sequence coding for HMG1 (Tsuda et al., 1988),
and another clone (pcD-MK10) was submitted to the present
experiments. The inert DNA fragment excised with Xhol or
BamHI from the positive clone, pcD-MK10, was digested with
several restriction endonucleases to identify the cloning sites
for recombination into pUC strain cloning vectors. Several
overlapping segments of the insert were ligated into multi-
cloning sites of plasmids pUC118 and pUC119 DNA prior
to transformation into Escherichia coli MV1184. Single-
stranded DNA was prepared according to Vieira and Messing
(1987) and sequenced by the dideoxy method (Sanger et al.,
1977).

Southern and Northern Hybridization. For DNA blot
analysis, high molecular weight genomic DNA from pig
thymus was digested with restriction enzymes, electrophoresed
on a 0.7% agarose gel, and transferred to a GeneScreen Plus
hybridization transfer membrane (NEN Research Products)
according to Southern (1975). For RNA blot analysis, the
poly(A+) RNA fraction was electrophoresed on a 1.1% aga-
rose gel, followed by transfer to a nitrocellulose filter (Thomas,
1983). The full-length pcD-MK10 insert or the restriction
fragments of the insert, 32P-labeled with the random primer
DNA labeling system of Takara (Kyoto), were used as the
probes for hybridization.

RESULTS AND DiscussioN

Nucleotide Sequence Analysis of the cDNA Clone for
HMG2 Protein and the Deduced Amino Acid Sequence. As
described previously (Tsuda et al., 1988), a cDNA library for
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FIGURE 1: Restriction endonuclease map and sequencing strategy for
the pig thymus HMG2 cDNA insert. The dotted lines at both ends
of the insert (thin solid line) are the adjacent vector-primer DNA
fragments excised by BamHI digestion. A zig-zag line represents
the poly(dA)/poly(dT) tail. The thick region indicates the position
of the nucleotide region coding for HMG2. Only relevent restriction
sites are shown. The horizontal arrows indicate the direction and extent
of each sequence analysis. The bars at the bottom indicate the DNA
fragments used as probes for the Southern blot hybridization ex-
periments in Figure 7.

1
CTGCAGGGG6GGEGE66G6GACAAACCAGTTCACGCCGGAGCCGCA 26
GGTAGGCAGCGTCGCGGTCGGACCCGGCCOCTGCGCGGEAGCC TGAGGAGAAGCTACCAC 86
CAGGCAAGAGACCCCTCCGGGCCCCGETGGACGCGTCGTCGCCGGCGCCGCAGCACCATE 146

GGGAAGGGCGACCCCAACAAGCCGCGGGGCAAGATGTCCTCGTACGCCTTCTTCGTGCAG 206
GlyLysGlyAspProAsnLysProArgGlyLysMetSerSerTyrAlaPhePheValGln (20)

ACCTGCCGGGAGGAGCACAAGAAGAAACACCCCGATTCCTCGGTCAACTTCGCCGAGTTC 266
ThrCysArgGluGluHisLysLysLysKisProAspSerSerValAsnPheAlaGluPhe (40)

TCCAAGAAGTGCTCCGAGCGATGGAAGACTATGTCTGCCAAGGAAAAGTCCAAGTTTGAA 326
SerLysLysCysSerGluAxrgTrpLysThrMetSerAlaLysGluLysSerLysPheGlu {60)

GATATGGCAAAAAGTGACAAAGCTCGCTATGACCGGGAGATGAAAAATTACGTCCCTCCC 386
AspMetAlaLysSerAsplLysAlaArgTyrAspArgGluMetLysAsnTyrValProPro (80)

AAGGGTGACAAGAAGGGCAAGAAAAAAGATCCCAATGCTCCCAAAAGGCCTCCATCTGCC 446
LysGlyAspLysLysGlyLysLysLysAspProAsnAlaProlLysArgProProSerAla (100)

TTCTTCCTGTTTTGCTCTGAACATCGCCCAAAGATCAAAAGTGAACACCCTGGCTTATCC 506
PhePheLeuPheCysSerGluHisArgProLysIleLysSerGludisProGlyLeuSer {120)

ATTGGGGATACTGCAAAGAAATTGGGTGAAATGTGGTCTGAGCAGTCAGCCAAAGATAAA 566
IleGlyAspThrAlaLysLysLeuGlyGluMetTrpSerGluGlnSerAlaLysAsplys (140)

CAACCGTATGAACAGAAAGCAGCTAAGCTAAAGGAAAAATATGAAAAGGATATTGCTGCA 626
GlnProTyrGluGlnLysAlaAlaLysLeuLysGluLysTyrGluLysAspIleAlaAla {160)

TACCGTGCCAAGGGTAAGGGTGAAGCAGGAAAGAAGGGCCCTGGCAGGCCAACAGGCTCT 686
TyrArgAlaLysGlyLysGlyGluAlaGlyLysLyaGlyProGlyArgProThrGlySer (180)

AAGAAGAAGAATGAACCAGAAGATGAGGAGGAAGAGGAAGAGGAGGAAGAAGATGAAGAC 746
LysLysLysAsnGluProGluAspGluGluGluGluGluGluGluGluGluAspGluAsp (200)

GAGGAGGAAGAAGATGAAGATGAGGAATAAATGGCTATCCTGTAATGTTGTGTGTGGAGT 806
GluGluGluGluAspGluAspGluGluy (209)

GTGTGTGTGTGCTCAGGCAATTATTTTGCTAAGAATGTGAATTCAAGTGCAGCTCAATAT 866
TAGCTTCAGTATAAAAACTGTACAGATTTTTGTATAGCTAATAAGATTCTTTGTAGAGAA 926
AATACTTTTTTTAAAAGTGCAGGTTGCAGCTTTTTGAGGGGCTACTACATACAGTTAGAT 986
TTTAAAGCTTCTGATGTTGAATGTTTCTAAATATTTAATGGTTTCTTTAATTTCTTGTGT 1046
ATGGTAACAGCAAACTCGTAGAAATAAGTATCAATAGCAAATTTTGGGTTTTCTAGAATG 1106
TTGCATTTTGTTTTTTAAAAAAATTTTGIRATAEBATTATGTATATTA(N) 1154
FIGURE 2: Complete nucleotide sequence of the cDNA coding for
pig thymus HMG2 and the deduced amino acid sequence. Nucleotides
are numbered in the 5’ to 3 direction, beginning with the first nu-
cleotide of the cDNA insert preceded by the oligo(dG)/oligo(dC)
linker. The deduced amino acid residues are numbered in parentheses
beginning with the N-terminal amino acid (Gly) next to the ATG
initiation codon (underlined). The termination codon, TAA, is also

underlined. Perfectly conserved putative polyadenylation signals,
AATAAA, are boxed.

the poly(A+) RNA fraction from pig thymus was obtained,
and a positive clone to two sets of probe of 17-mer oligo-
nucleotide, pcD-MK10, was analyzed for the nucleotide se-
quence. A restriction endonuclease map and the sequencing
strategy for the pcD-MK10 insert are shown in Figure 1. The
complete nucleotide sequence of 1153 nucleotides except for
the poly(A) sequence is shown in Figure 2. After a 5’-non-
coding sequence of 143 nucleotides, the first ATG codon is
located at nucleotides 144-146. This ATG codon may not be
translated into the final protein moiety as in the case of HMGI1
(Tsuda et al., 1988), because the N-terminal amino acid of
HMG? is glycine from the result of direct amino acid se-
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quencing of the protein. The nucleotide sequence of an open
reading frame of 627 nucleotides (nucleotides 147-773) ter-
minated at a TAA codon (nucleotides 774-776). The deduced
amino acid sequence from the open reading frame is also
shown in Figure 2. We previously analyzed the amino acid
sequence of the N-terminal region of the isolated HMG2 from
pig thymus by the chemical procedure (data not shown). The
deduced amino acid sequence from the cDNA was consistent
with that of pig thymus HMG?2 determined by the chemical
procedure for the first 32 amino acid residues obtained, but
not with that of pig thymus HMG1. In addition to this, the
deduced sequence is not homologous with that of pig thymus
HMGH in 43 amino acid residues, as will be mentioned later
(see Figure 4), but has higher homology to the calf thymus
HMG2 sequence reported by Walker (1982): only 10 amino
acid residues are not homologous in 194 residues within com-
parable sequences. These results support that the cDNA codes
for the pig thymus HMG?2 protein. The unique carboxyl
terminal of HMG?2 protein is shown to be a continuous run
of 23 acidic amino acids, consisting of 18 glutamic acid and
5 aspartic acid residues. The protein has the following values
for moles of amino acid residues per mole: Asp, 15; Thr, 4;
Ser, 16; Glu, 34; Asn, 5; Gln, 4; Pro, 15; Gly, 14; Ala, 15; Cys,
3; Val, 3; Met, 5; lle, 3; Leu, 4; Tyr, 6; Phe, 8; His, 4; Lys,
40; Trp, 2: Arg, 9. The molecular weight of the protein of
24000, calculated from the deduced amino acid composition,
is similar to that obtained by SDS—-polyacrylamide gel elec-
trophoresis (data not shown). The 3’-untranslated region,
containing 380 nucleotides (nucleotides 774~1153) except for
the poly(A) sequence, is not as long as that of HMG1. A
consensus polyadenylation signal, AATAAA, is present in the
3’-untranslated region at 18 nucleotide residues upstream
(nucleotides 1136—1141) of the poly(A) tail. Forty-eight
percent of the nucleotides in the open reading frame coding
for HMG?2 are either G or C. The 5-untranslated region is
extremely rich in GC residues; 73% of 146 nucleotides are
either G or C. In contrast, the 3’-untranslated region is highly
enriched in A and T residues, comprising 71% of A and T in
total. A similar GC-rich composition in the 5’-untranslated
region and AT-rich composition in the 3’-untranslated region
was also observed in cDNAs for HMG1 (Tsuda et al., 1988),
HMGI14, and HMG17 (Landsman & Bustin, 1986).

Comparison of the Nucleotide Sequences of cDNA Coding
Jor HMG2 and HMG| Proteins. The preliminary structural
analysis has indicated the primary sequences of HMG1 and
HMG?2 protein are relatively homologous (Walker, 1982).
This suggested to us that both nucleotide sequences of the
c¢DNA may also show a homology. The nucleotide sequence
of 627 nucleotides within the open reading frame in cDNA
coding for HMG?2 is presented in Figure 3 along with that of
the 642-nucleotide sequence within HMG1 ¢cDNA from pig
thymus which we determined previously (Tsuda et al., 1988).
A computer analysis of the two sequences for best alignment
reveals that there are 465 matched bases (i.e., 74% of the
sequence is identical). However, the homology within the
3’-untranslated regions of both the proteins is not high (45%
of the nucleotide are identical).

Comparison of Structural Characteristics of HMG2 with
HMG! Protein. The deduced amino acid sequence of HMG2
is presented in Figure 4 in order to compare with that of
HMG!1. Between both proteins, the primary sequence is
relatively conserved; the HMG?2 sequence shows 79% hom-
ology with the HMG1 sequence (166,/209 residues). Twen-
ty-one amino acid residues in 43 nonhomologous residues may
have resulted from a single point mutation of the code position.
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HMG2 GGGAAGGGCGACCCCAACAAGCCGCGGGGCAAGATGTCCTCGTACGCCTTCTTCGTGCAG 206
AR kR kR MR ke Wk REARRN @ Wk Akwak Rk Wk Rk kR kR

HMG1 GGCAAAGGAGATCCTAAGAAGCCGAGAGGCAAAATGTCATCATATGCATTCTTTGTGCAA n
ACCTGCCGGGAGGAGCACMGAAGAAACACCCCGATTCCTCGGTCMCT‘PCGCCGAGTTC 266

R RAERNENRN @ RAAAN

A(.'I'TGCCGGGAGGAGCATAAGAAGMGCACCCAGATGCTTCAGTCMCTTCTCAGAGTTT .

TCCAAGAAGTGCTCCGA GCGATGGAAGACTATGTCTGCCAAGGA MAGTCCMGTTT 323
RR RRERRARIANE Ah O O hdkkdkkd EANRRRN Kk ok kkwN T

TCTAAGAAGTGCTCAGAAAG G TGGMGACCATGTCTGCTAAAGAGAMGGMAA TTT 188
GAAGATATGGCAAAAAGTG ACAAAGCTCGCTATGACCGGGAGATGAAAAATTACGTCCC 382
FRARR kkAdAdE W R AARE RR R AR @ Rk RARRRRE Wk @ A

GAAGACATGGCAAAG GCGGACAAGGCCCGTTATGAAAGAGAAATGAAAACTTACATACC 247

TCCCAA GGGT GACMGAAGGGCAAGMAA AAG ATCCCAATGCTCCCAAAAGGCCT 437
IR TR T Wkk kkk kR RRRAR AR kR

TCCTAAAGGGGAGACAA AA AAGAAGT’I‘CAAGGATCCCAATGCACCCMGAGGC(.‘I‘ 302

CCATCTGCCTTCTTCCTGTTTTGCTCTGAACATCGCCCAAAGATCAAAAGTGA A CACC 495
Wk Rk ARhRE Wk RRkRRRR kkdd  kewd ko kkkrk ko Rk b kW

CCTTCGGCCTTTTTCTTGTTTTGTTCTGAGTATCGTCCARAAATCAAA G GAGAGCATC 360
(.'I'GGCTTATCCAT’PGGGGATACTGCMAGAAATTGGGTGAAATGTGGTCTGAGCA GTC 553
AHEAE kRkkEEANIR Ak hk

CTGGCCTATCCATTGGTGATGTTGCMAGAAACTGGGAGAGATGTGGAATM CACCG C 418

AGCCAAAGAT A AA CAACCGTATGAACAGAAAGCAGCTAAGCTAAAGGAAAAATATGA 610
TR @ AWk @ kW mk kk kkkkkk hkRk Rk ARk RN kkEhk Ak R e

TGC A GATGACAAGCACCCTTATGAAAAGAAGGCTGCTAAGCTGAAGGAGAAGTACGA 475

AAAGGATATTGCTGCATACCGTGCCAA GGGTAAGGGTGAAGCAGGAAAGMGGGCCCTG 669
RREARRA R R RRERA kA RRAER ok RE kkk Ak kR AR kAR Rk

AAAGGATATTGCTGCATACCGAGCTAAAGGG MGCCTGATGCAGCMAAAAGGGAG TC 533

G CA GGCC A ACAGGCTCTAAGMGAAGAATGMCC AG AAGATGAGGA G GAA 719
@ wk Wk¥ K ¥ o P R T ) *h ARANRARRERN kA

GTCMGG(.‘I'GAGAAAAGC AAGAAAAAGAAGGAAGAGGAGGAAGATGAGGAAGATGAA 590

GAGGAAGAGGAGGAAGA AG ATGAAGACGA G G AGGAAGAAGATGAAGATGA G 770
D AR R R LT A Tt

GAGGAT A AGGACGAAGAGGATGAGGAGGAAGAAGAAGATGATGATGAT 650
GAA 773
22

GAA 653

FIGURE 3: Comparison of the nucleotide sequence within the open
reading frame in HMG2 cDNA with that in HMG1 ¢cDNA. With
the use of DNASIS software (Hitachi Software Engineering), the
sequences were aligned to show greatest nucleotide homology with
the first nucleotides within the open reading frames at the heads. The
numbers at the right column were those of nucleotides in each cDNA.
Identical bases are denoted by asterisks.

HMG2  GKGDPNKPRGKMSSYAF FYQTOREEHKKKHPDSSVNF AEF SKKCSERWKTMSAKEKSKFE 60
HMGT -~-ee Keemmmmmmmmmn e e maannnas AremeSemrmamaemeenas G--- 0

DMAKSDKARYDREMKNYVPPK GDKKGKKKDPNAPKRPPSAFFLFCSEHRPK IKSEHPGLS 120
SR SRR SO Y PN B o8 . S 120

1GDTAKKLGEMWSE QSAKDK QP YEQKAAKLKEK YEKDI AAYRAKGKGE AGKKGPGRP TGS 180

eeeVemmmnas NNTA-D--H-=wK- e eem e mmemmemma PD-A---VVKAEK- 180
KKKNEPEDEEEEEEEEEDEDEEEEDEDEE 20§
---K-E~ED--D-D- ~E~ED- ~DE~E - - DDDDE 214

FIGURE 4: Comparison of the deduced amino acid sequence of pig
thymus HMG?2 with that of HMG1. Sequences are aligned directly
from the N-terminal amino acid, glycine, determined by protein
sequencing. The dashed lines represent identical residues.

The sequences of the N-terminus, corresponding to one-third
of the regions in both the proteins, exhibit a high homology.
All the changes in acidic amino acids in the C-terminus are
the result of one base substitution at the third codon position.
When the structural feature of HMG?2 was compared with that
of HMGI1 by analyzing their hydropathy index profiles which
were determined by the method of Kyte and Doolittle (1982),
as shown in Figure 5, the profiles were significantly homolo-
gous. Reeck et al. (1982) suggested that calf thymus HMG1
consists of a three-domain structure; domains A and B of
compact and globular conformations and domain C of highly
acidic property. The hydropathy index profiles in Figure 5
and the predicted secondary structure data of pig thymus
HMG?2 (not shown) suggest that HMG2 protein has a similar
domain structure to HMG1 and that domains A and B in
HMG1 and HMG?2 have very similar structural features to
one another. The primary sequences of HMGI1 protein are
highly conservative, suggesting that there are evolutionary
constraints on the conformation of the proteins (Tsuda et al.,
1988). This may be equally true of HMG?2 protein, because
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FIGURE 5: Hydropathy index profiles of pig thymus HMG2 and
HMG 1 proteins deduced from their cDNA sequences. Hydropathy
indexes were determined by the method of Kyte and Doolittle (1982).
Domains A and B were boxed by reference to Reeck et al. (1982).

FIGURE 6: Northern blot analysis of pig thymus RNA. Fifteen
micrograms of poly(A+) RNA from pig thymus was fractionated on
1.1% agarose gel, blotted on a nitrocellulose membrane, and probed
with 32P-pcD-MK 10 insert. The migrations of size marker RNAs
are indicated in the right column.

the HMG?2 sequence is homologous to that of HMGI.
Northern Analysis of mRNA for HMG?2 Protein. The size
of mRNA coding for HMG2 was estimated by Northern blot
hybridization of whole poly(A+) RNA with the 32P-labeled
pcD-MK10 insert as a probe. A single band of RNA species
of approximate size 1.0K nucleotides was observed as shown
in Figure 6. The size of the mRNA is similar to that of the
pcD-MKI10 insert, suggesting that this insert represents the
full-length transcript. In our previous experiment, two bands
of hybridization of sizes 1.2K and 2.3K nucleotides were ob-
served when the cDNA for HMG1 was used as a probe,
suggesting that the molecular sizes of mMRNA for both proteins
are different and that the nucleotide sequences coding for
HMG1 and HMG?2 are not cross-hybridized to one another.
Analysis of Genomic DNA. Southern blot analyses of ge-
nomic DNA from pig thymus were examined to identify
possible multiplicity in the HMG2 gene. High molecular
weight DNA was digested with various restriction enzymes
that have a single or no recognition site in the HMG2 cDNA
insert, separated electrophoretically, and blotted to the mem-
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FIGURE 7: Southern blot analysis of pig genomic DNA. High mo-
lecular weight DNA from pig thymus was digested with Psz1 (lane
1), BamHI (lane 2), Poull (lane 3), HindIII (lane 4), EcoRI (lane
5), EcoRV (lane 6), and Bglll (lane 7), analyzed on an agarose gel,
and transferred to a GeneScreen Plus hybridization transfer membrane.
The resulting hybridization was probed with (a) a 5" probe (a PstI-
Sau3Al fragment of 427 bp in Figure 1) and (b) a 3" probe (a
Sau3Al-EcoR1 fragment of 431 bp). DNA markers are indicated
in the middle of the figures in kilobase pairs.

brane. A DNA fragment that contains the 5 half of the
coding region (5’ probe; PstI-Sau3Al fragment in Figure 1)
for the initial hybridization and another fragment that contains
the 3" half of the coding region (3’ probe; Sau3Al-EcoRI
fragment) for the rehybridization were used as probes. The
results presented in Figure 7 indicate that each restriction
enzyme produced one or two fragments hybridizable with the
5’ probe as well as the 3’ probe. In addition, no additional
band except for the bands observed by the 5" probe and the
3’ probe was detected when the whole insert was used as a
probe. These results suggest that the HMG2 coding gene is
homogeneous within genomic DNA. Moreover, the Southern
hybridization may suggest that the genomic DNA contains
at least one intervening sequence no longer than 0.7K nu-
cleotide’s near the Sau3Al site at the 478 nucleotide position.
In similar experiments using HMG1 ¢cDNA as a probe,
heterogeneity in the HMG1 gene was indicated (Tsuda et al.,
1988). The human genes for HMG14 and HMG17 were
regarded as multigenes (Landsman et al., 1986a,b).

Most of the studies on HMG1 and HMG2 underline the
similarities between the two proteins. They are both extracted
from chromatin at the same ionic strength, their cellular
distribution is similar [for a review, see Einck and Bustin
(1985)], they exist in three domains of comparable lengths
(Reeck et al., 1982), and their binding to DNA and to nu-
cleosome is indistinguishable (Yoshida & Shimura, 1984;
Waga et al., 1988, 1989; Bonne-Andrea et al., 1984). They
show a transcription stimulation on a similar level (Waga et
al., 1988; Tremethick & Molly, 1988) and so on. However,
differences in their amino acid sequences by about 20%, and
in their molecular weights, have been noted (Walker et al.,
1980; Walker, 1982). The differences between the two proteins
are also demonstrated by their immunological specificity
(Bustin et al., 1978, 1982). Thus, the structures of HMG1
and HMG2 have been considered to be significantly different
so as to display significant immunological specificity.

Comparison of the present data for HMG2 with our pre-
vious data for HMGI1 from the same source (Tsuda et al.,
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1988) clearly confirmed the differences in the primary
structure between the two proteins. These structural differ-
ences may be reflected in the significant immunological spe-
cificity. Interestingly, their hydropathy index profiles (Figure
5) are rather identical, suggesting that these proteins are
similar in their overall structures. The indistinguishable
functional characteristics of both proteins may be reflected
in the similarity in their overall structure. However, the
difference between the two proteins in primary structure,
especially in the sequences preceding the acidic carboxyl
terminal (residues 167-179), raises a possibility that they are
involved in distinguishable cellular functions.

Analysis of the available data concerning the pig thymus
HMG2 and HMGI genes and cDNAs points out an inter-
esting situation where two distinct gene families have different
features. The pig genome contains the genes which encode
a single-sized transcript for HMG2 and various-sized tran-
scripts for HMG1. The transcripts from HMG2 and HMG1
genes are different in size. The cDNAs have 74% homology
for the nucleotide within their coding regions, while the 3’-
untranslated regions are low in homology.

It is conceivable that the two proteins evolved from a com-
mon ancestral gene. Recently, Hayashi et al. (1989) reported
that Tetrahymena HMG is rather similar to the central part
of vertebrate HMG 1 in terms of the amino acid sequence and
the hydropathy profile. HMG1 and HMG2 may have arisen
from such a primitive HMG protein. The high conservation
of HMG1 protein sequence suggests that they are in a siow
rate of evolution (Tsuda et al., 1988). This may be true of
HMG2 protein. These evolutionary constraints on the con-
formation of the protein suggest that these proteins share a
fundamental role in the nuclear functions.

As stated in the introduction, HMG?2, as well as HMGI,
is one of the most abundant and ubiquitous nuclear proteins
associated with chromatin. So far as we know, the complete
primary structure of the protein has not been reported. The
availability of the cDNA and amino acid sequence for HMG2
will allow studies on the gene structure, on the transcriptional
regulation of HMG2, and on elucidation of the cellular
function of the protein.
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