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ABSTRACT. The high-mobility group (HMG) proteins of the HMGB family are chromatin-associated proteins
that act as architectural factors in various nucleoprotein structures, which regulate DNA-dependent processes
such as transcription and recombination. Database analyses revealed that in addition to the previously
identified HMGB1-HMGBS proteins, thé\rabidopsisgenome encodes at least three other family members
having the typical overall structure of a central HMG-box DNA binding domain, which is flanked by
basic and acidic regions. These novel HMGB proteins display some structural differences, when compared
to HMGB1-HMGBS. Therefore, a representative of the identified proteins, now termed HMGB6, was
further analyzed. The HMGB®6 protein ef27 kDa is the largest plant HMGB protein identified so far.

This is essentially due to its unusually extended N-terminal domain of 109 amino acid residues. Subcellular
localization experiments demonstrate that it is a nuclear protein. According to CD measurements, HMIGB6
has ana-helical HMG-box domain. HMGB6 can bind DNA structure-specifically, and it is a substrate

for the protein kinase CK® Because of these features, HMGB6, and presumably its relatives, can be
considered members of the plant HMGB protein family. Hence, eight different chromosomal HMGB
proteins are expressed Arabidopsis and they may serve specialized architectural functions assisting
various DNA-dependent processes.

High-mobility group (HMG} proteins represent a hetero- as well as dissimilarities with their vertebrate, insect, and
geneous family of relatively abundant nonhistone proteins yeast counterparts7¢13). Typically, the plant HMGB
associated with eukaryotic chromatit).(Proteins belonging  proteins have a single HMG-box domain, which is flanked
to the subgroup of the HMGB proteing)(act as architectural by a basic N-terminal domain and an acidic C-terminal
components in chromatin, facilitating the assembly of domain. While the HMG-box domain of the various plant
nucleoprotein complexes, which are involved, for instance, HMGB proteins is relatively conserved, the basic and acidic
in the regulation of transcription and recombinatidn &, flanking regions are variable in length and sequeric®. (
4). HMGB proteins contain one or two copies of a distinctive  According to Northern and Western blot analyses, HMGB
DNA-binding motif termed the HMG-box domain, whose proteins occur ubiquitously in the plartg, 15—17). Plant
three-dimensional fold is well-conserved, consisting es- HMGB proteins bind linear DNA non-sequence-specifically
sentially of threex-helices which are arranged in an L shape jth moderate affinity, but recognize specifically certain
(3, 5). The HMG-box domain mediates non-sequence- pNA structures, and they severely bend the DNA upon
specific binding of the HMGB proteins to linear DNA, and  pinging @, 10, 11, 18—-21). Higher-plant nuclei contain a
high-affinity interaptions vyit.h.distorted DNA structures such variety of HMGB proteins ranging from-13 to 20 kDa.
as four-way junctions, minicircles, amis-platinated DNA 11,5 "five different HMGB proteins have been identified
(1, 3-6). In complexes _W'th. B-DNA, the_concave surf_ace from both the monocot plant maize and the dicot plant
of the HMG-box domain binds predominantly the minor  arapigopsis(22). The various maize HMGB proteins differ
g)roove of the DNA, bending the DNA by more than"q@, in their chromatin associatio2d), in their expression levels

’ . . . (16), in some of their DNA interactions8], in their post-

Qhromatm—assouated HMGB prqtelns havg begn ¢ h"?“.ac'transIational modification by protein phosphorylati&#,
terized from a number of plant species, revealing similarities and in their interaction with transcription factor Dof25].

hTherefore, they may be adapted to act as architectural factors
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typical of plant HMGB proteins. One member of this group,

: . . Table 1: HMG-Box Domain-Containing SequencesAoébidopsis
now termed HMGBG6, was functionally characterized, proving

length

that indeed it shares properties with members of the HMGB (amino accession  AGI
family. proteir? acids) mass  no. locus  expressich HMGB®
HMGB1 178 20265 Y14071  At3g51880 cDNA, EST +
EXPERIMENTAL PROCEDURES HMGB2 144 15982 Y14072 At1g20693 cDNA, EST +
. . . HMGB3 141 15681 Y14073  Atlg20696 cDNA, EST +
Discavery and Analysis of Sequences Encoding HMG-Box HMGB4 138 15364 Y14074  At2g17560 cDNA, EST +
Domains.The amin i nce (resi K HMGB5 125 14203 Y14075  At4g35570 cDNA, EST +
fo ha : b'(e;I ami oHl\a/lchdB;eque ce ( ehs. dhue;s 3’3‘0.6) | HMGB6 241 26964 AY086023 A(5g23420 cDNA, EST +
of the Arabidopsis protein, which is a typica 221 25761 NM120615 At5g05336 4
representative of plant HMGB proteing9d), was used to 151 17481 AY0846626 At2g34450 cDNA, EST +
search the proteins encoded by tAeabidopsisgenome SSRP1 1226 1;332279NNM'\/}11§£§0 ASQ?ZS;??OCDS\:\IAAEESSTTJF
. . . . _ g Cl , —
(http.//wwvx_/.arab@opas.org/) for sequences encoding HMG 338 38757 NM112180 Atlg76110 cDNA, EST —
b'ox. domains using BlastP26). The 15 sequences most 319 36278 NM114221 At3g13350 cDNA, EST —
similar to the HMGB2 HMG-box sequencg (< 0.1) were 615 69247 NM117178 At3g43536- -
inspected in more detail. Sequences were aligned pairwise 446 52285 NM117178 At4911080 cDNA -

. . . 456 53213 NM118511 At4g23800 cDNA
(www.ebi.ac.uk/emboss/align/) and by multiple-sequence g ¢
alignments 27), which were used to construct sequence 2 Name of the protein, in cases where the (native and/or recombinant)

T . - . . protein has been characteriz8dvidence which proves that the gene
similarity trees with ClustalW, revealing relationships among is expressed A plus sign indicates whether the encoded protein has

the analyzed sequences (WWW-ebi-aC-lj'k/dUSta'W/)- INtron the overall structure that is typical of plant HMGB proteins by having

sequences were detected by comparison of cDNA anda mass of<30 kDa and a central HMG-box domain, which is flanked

genomic DNA sequences. by a basic N-terminal domain and an acidic C-terminal domain.
Protein Production.The DNA sequences encoding full-

length HMGB6(M1-Y241) and truncated HMGBG6 versions AATCTCTTCT) and anArabidopsiscDNA library as a

(S110-N182 and S116Y241) were amplified by PCR, template. The obtained PCR fragment was digested with

using primers P1 (SAAGGATCCATGGCTGGACCATC- BanHI andSmad and cloned intdBanHI- and Sma-digested

GACAACTT) and P2 (5AATTAAGCTTAGTAGTCATC- plasmid p3GFP, resulting in an in-frame fusion of the
CAAAATCTCTTCT), P3 (3-AAGGATCCTCTACTTCA- HMGBS6 coding sequence with the GFP coding sequence at
AACAAGCCCA) and P4 (SAATAAGCTTAATTACTTTC- the 3 end. The plasmid insertion was checked by DNA
CAGTGACTTGTTATA), and P3 and P2, respectively. sequencing. The plasmid contains mGFR4Bunder the
PCRs were performed usingfu DNA polymerase (MBI control of the cauliflower mosaic virus 35S promoter and

Fermentas) and afrabidopsiscDNA library as a template.  the nopaline synthase terminator in pUC19. Protoplasts were
The obtained PCR fragments were digested BiinH| and prepared from tobacco BY-2 cells (aAdabidopsissuspen-
Hindlll and cloned into expression vector pQE9 (Qiagen), sion cultured cells) grown in the dark, and transiently
resulting in plasmids pQE9-HMGB6(M1Y241), pQE9-  transformed with the HMGB&GFP fusion construct (and
HMGB6(S116-N182), and pQE9-HMGB6(S110y241), control constructs) by PEG-mediated transformation as
which were checked by DNA sequencing. Recombinant described previously2g). Excitation of GFP was performed
HMGB6 proteins were expressed as diagged proteins in  with a standard UV light source and fluorescein isothiocy-
Escherichia coliand purified by three-step column chroma- anate filters. For confocal laser scanning microscopy, samples
tography as described previousB).(Purified proteins were  were directly examined under oil with a &3objective and
checked by SDSPAGE and MALDI-TOF mass spectrom- a DM RBE TCS4D microscope (Leica) equipped with an

etry. argon—krypton laser (excitation at 488 nm, beam splitter at
Circular Dichroism (CD).CD measurements using A 510 nm, filter at 515 nm) using Leica Scanware. Analysis

HMGB6(S116-N182) were performed using a Jasco J-715 of the localization of the GFP fusion proteins was performed

instrument as described previousRA4). in three independent experiments, representing approximately

Electrophoretic Mobility Shift Assay (EMSAIMGB6- 60—80 transformed protoplasts.
(S1106-N182) was incubated with supercoiled aBdoRI-
linearized plasmid pUC19 (0,8g each) in binding buffer RESULTS

[10 mM Tris-HCI (pH 7.5), 50 mM NaCl, 1 mM EDTA, 1 Discovery of Sequences Encoding #¢ HMGB-Type
mM DTT, 5% glycerol, 0.05% bromophenol blue, and 0.05% proteins. A BLAST search of theArabidopsis thaliana
xylene cyanol] for 10 min. Binding reactions were analyzed gatabase (http://www.arabidopsis.org/) using the sequence
in 1% agarose gels in 0:5TBE, and the DNA was stained  of the HMG-box DNA binding domain of thdrabidopsis
with ethidium bromide. HMGB?2 protein (which is a typical representative of the plant
Protein Phosphorylation by CKEull-length and truncated ~ HMGB family) identified 15 sequences containing putative
HMGB6 proteins were phosphorylated using purified re- HMG-box domain(s) (Table 1). Among the identified
combinant maize protein kinase C&znd F°PJATP, and  sequences, the previously characterized HMGBMGB5
proteins were analyzed by SB®AGE and phosphorimag-  proteins (9) were found, as well as the SSRP1 protein that
ing as described previouslP4). has been characterized from mai28)( To our knowledge,
Transient Protoplast Transformation Assays with GFP the other nine sequences have not previously been character-
Fusion ConstructsTo construct a GFP fusion of HMGB6, ized. Four of these genes (At5g23420, At5g05330, At2g34450,
the coding sequence of HMGB6 was amplified by PCR using and At5g23405) encode proteins30 kDa) that have a
primers P1 and P5 (BAATGGGCCCGTAGTCATCCAA- central HMG-box domain, which is flanked by a basic



Novel Chromosomal HMGB Proteins frofrabidopsis Biochemistry, Vol. 43, No. 5, 20041311

i At-HMGBA1 A

Zm-HMGB4

—— At-HMGB2

—| L AtHMGB3
Zm-HMGB1 > HMGB
I At-HMGB4
At-HMGBS
——— Zm-HMGB2

L Zm-HMGB3

Zm-HMGB5 4
, At-HMGB6 €

' At5423405.1 . novel

At5g05330.1 [ HMIGB
At2934450.1 y

At-SSRP1 }
[
, At1976110.1

L At3g913350.1
At3943530.1

, Atdg23800.1
1 At4g11080.1

Ficure 1: Amino acid sequence similarity of proteins containing HMG-box DNA binding domain(s) &othaliana(At) and Zea mays

(Zm). The protein sequences were aligned by multiple-sequence alignment that was used to construct the tree (displayed as a phylogram).
The top part contains all th&rabidopsisand maize HMGB proteins (HMGB1HMGB5) that have been previously characterized. The

bottom part contains the novAtabidopsisHMGB proteins, the SSRP1 proteins, and other proteins containing putative HMG-box domains.

The HMGBS6 protein, which has been analyzed in more detail in this report, is denoted with an arrow.

N-terminal domain and an acidic C-terminal domain, and the extensive N-terminal domain, while there is an intron
therefore match the overall structure typical of plant HMGB lacking in the region encoding the acidic C-terminal domain
proteins (Table 1). The other proteins that were identified (Figure 2). Comparison of the amino acid sequences of
have putative HMG-box domain(s), but they do not share HMGB6 and of the HMGB+HMGBS proteins revealed that
the characteristic overall structure of plant HMGB proteins, many critical residues within the HMG-box domain are
and have not been further analyzed. The sequences of the&onserved, such as the highly conserved tryptophan residue
15 identified Arabidopsisproteins were aligned (together and the potential primary DNA intercalating residue (Phe123
with the characterized HMGB and SSRP1 proteins from in HMGBG6), whereas others differ such as the potential
maize), and an amino acid sequence similarity tree wassecondary intercalating residue (Alal143 in HMGBG6), which
constructed (Figure 1). Here, the previously characterizedis a conserved valine residue in tAeabidopsisHMGB1—
HMGB1-HMGB5 proteins from maize andrabidopsis HMGBS5 proteins (Figure 2). The residues of the HMG-box
were found to cluster together, while the SSRP1 sequenceslomain intercalating between base pairs of the DNA
and the other sequences derived from theabidopsis contribute significantly to DNA binding and bending%—
database form a second group. Within that group, the four 34). Because of these structural differences, HMGB6 was
above-mentioned HMGB-type sequences cluster in a groupfurther analyzed, to determine whether the protein displays
that we call novel HMGB proteins throughout this report functional characteristics typical of plant chromosomal
(Figure 1). In addition to the amino acid sequence differencesHMGB proteins.

(relative to the previously characterized HMGB proteins), HMGBSG6 Is Localized to the Cell NucleuSince HMGB6
genes encoding the novel HMGB proteins do not contain contains this extensive N-terminal domain, we hypothesized
an intron within the upstream untranslated region (UTR), that it might eventually contain a signal sequence targeting
whereas all the genes encoding tu@bidopsisHMGB1— the protein to a destination other than the cell nucleus, as
HMGBS proteins contain an intron in thé-BTR (data not HMGB-type proteins have also been found in yeast and
shown). The locus At5g23420 encodes an HMGB-type mammalian mitochondriald). Therefore, we constructed a
protein of~27 kDa and a calculated isoelectric pointef.5 plasmid suitable for expression of an HMGBGFP fusion
(now termed HMGB6). HMGBG6 is most similar to the protein in plant protoplasts. In transient transformation assays
protein encoded by the At5g23405 locus, its amino acid performed with tobacco BY-2 suspension cell protoplasts,
sequence being 37% identical over the entire lengths ofthe expression of the HMGB6GFP fusion protein was
sequence and 52% identical within the HMG-box domains. driven by the CaMV 35S promoter. Transformed protoplasts
HMGBEG6 is the biggest plant HMGB protein identified to  were analyzed by confocal laser scanning microscopy. Two
date, which is essentially due to its extended N-terminal constructs served as controls: GFP that is not enriched in
domain of 109 amino acid residues (Figure 2). The relative the nucleus (Figure 3A) and GFRNLS—CHS—NESmutated
position of the three introns within the region encoding the localized in the nucleus3g) (Figure 3B). The HMGB6-
HMG-box domain is conserved between tiragbh6gene and GFP fusion clearly accumulated in the nucleus (Figure 3C).
the previously identifiedArabidopsis hmglgenes, but the  Similar results were obtained using protoplasts derived from
exon/intron structure differs outside the HMG-box region. Arabidopsissuspension cultured cells (data not shown).
Thus, thehmgb6gene has two extra exons accounting for Colocalization of the nucleus and green fluorescence is
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Ficure 2: Amino acid sequence alignment of HMGB6 and the previously charactefirsnidopsisHMGB1-HMGBS5 proteins. The
N-terminal and C-terminal amino acid positions of the protein sequences are indicated. Note the extensive N-terminal region unique to
HMGBS in the first line of the alignment. The central HMG-box domain of the proteins is highlighted in black, and the relative positions
of introns in thehmgbgenes are represented with trianghe¥ i the amino acid sequences. Potential primary and secondary DNA intercalating
residues [deduced by analogy from the determined structures of other HMGB pr&ginshich are conserved Phe and Val residues in

the ArabidopsisHMGB1—-HMGBS proteins, are in bold.
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FiIGURe 4: HMG-box domain of HMGB6 with ana-helical
structure. A CD spectrum was recorded for the HMGB6(S110
N178) protein in the wavelength range of 19260 nm, resulting
in a spectrum indicating-helical structure.
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Ficure 3: HMGBEG is localized in the cell nucleus. Tobacco BY-2
protoplasts were transiently transformed with plasmids, resulting
in the expression of GFP, which does not accumulate in the nucleus
and therefore can be detected in cytoplasm and nucleus (A), orproteolytic degradation (relative to other plant HMGB
expressing GFP fused to chalcone synthase (CHS) containing theproteins we have analyzed; see also below). HMGB6(S110
nuclear localization signal (NLS) of the SV40 large T-antigen as N182) represents the individual HMG-box domain, and

the only functional targeting signaB%), and therefore localizes to . .
the nucleus (B). The HMGBS6GFP fusion is clearly localized in ~ HMGB6(S116-Y241) comprises the HMG-box domain and

the cell nucleus (C). The subcellular localization of the green the acidic C-terminal tail, lacking the basic N-terminal
fluorescence was assessed by confocal laser scanning microscopydomain. Both truncated proteins could be produced ef-
The colocalization of the nucleus and green fluorescence is ficiently, suggesting that mainly the unusual N-terminal
demonstrated by analysis of a BY-2 protoplast expressing the-GFP domain of HMGB6 accounts for the sensitivity of the full-

SSRP1 fusion protein localized in the nucle@8)( Bright field . . S
image using Normarski optics (D), DAPI fluorescence (E), and GFp length protein to proteolysis. The individual HMG-box DNA

fluorescence (of GFPSSRP1, F) are shown for the same protoplast. binding domain was examined by CD spectroscopy. A CD
All images are at the same scale. wavelength spectrum was recorded in the range of-190
250 nm. The spectrum displays a shape typical of an

demonstrated by comparing the bright field image, DAPI q-helical protein, having the characteristic negative peaks

fluorescence, and nuclear localization of the GISSRP1
protein @8) (Figure 3D-F). Hence, typical of chromosomal
HMGB proteins, Arabidopsis HMGB6 is most likely a
nuclear protein.

HMGB6 Has Structural and Functional Features Char-
acteristic of HMGB ProteinsTo test structural and functional
properties of thé\rabidopsisHMGBG6 protein, we expressed
full-length (M1-Y241) and truncated (S1+N182 and
S110-Y241) versions of HMGBS6 irE. coli and purified
the recombinant proteins by three-step column chromato

around 208 and 222 nm (Figure 4). Accordingly, the HMG-
box domain of HMGBG6 has am-helical structure consistent
with the published structures of a number of HMG-box
domains 8, 5).

Using EMSAs, the functionality of the HMG-box domain
of HMGBG6 in DNA binding was tested. Increasing amounts
of HMGB6(S116-N182) were incubated with a mixture of
supercoiled and linearized plasmid DNA, and protein binding
to DNA was examined by agarose gel electrophoresis of the

g-samples. As is evident from the reduced electrophoretic

raphy. Full-length HMGB6 proved to be very sensitive to mobility of the bands corresponding to the unbound DNA
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Ficure 5: HMG-box domain of HMGB6 which structure-specif-
ically binds to supercoiled DNA. A mixture of the supercoiled and
linearized pUC19 plasmid was incubated in the absence (lane 1)
or presence of increasing concentrations of the HMGB6(S110
N178) protein (0.1, 0.25, 0.5, 0.75, 1, and x4, in lanes 2-7,
respectively). The DNA binding reactions were analyzed by
electrophoresis in agarose gels. The electrophoretic migration
positions of unbound supercoiled (sup) and linearized (lin) puUC19
are indicated.

upon protein binding, HMGB6(S11NN182) interacts with
both types of DNA (Figure 5). The supercoiled plasmid is
bound at lower protein concentrations (starting from 0.25
uM, lane 3) than the linearized plasmid (starting fronaM,
lane 6). Therefore, the HMG-box domain of HMGB6
preferentially binds the supercoiled DNA. The DNA inter-
action (binding to the supercoiled pUC19 starting from 0.25
uM and the~4-fold preference for the supercoiled form over
the linear plasmid) resembles the DNA binding properties
of the maize HMGB proteinsgj. The recognition of DNA

structures such as in supercoiled DNA is another character-

istic feature of HMG-box DNA binding domaind 4).

As the ArabidopsisHMGB1, HMGB2/3, and HMGB4
proteins are phosphorylated by protein kinase GKa&t
several amino acid position8€), the question of whether
HMGBSG is also a substrate for this enzyme was analyzed.
Full-length HMGB6 and the truncated versions were exam-
ined in phosphorylation assays with recombinant maize
CK2o. and F?P]ATP as the phosphate donor (Figure 6). Full-
length HMGBG6 is phosphorylated by Ck&2 but not as
efficiently as theArabidopsisHMGB1 protein, which served
as a positive control for the phosphorylation reaction (lanes
1 and 2). In this experiment (lane 2), in addition to full-
length HMGBG6 (denoted with an asterisk), two predominant
degradation products are visible (mentioned above). The
protein consisting of the HMG-box domain and the acidic
tail (HMGB6 AN-ter, S116-Y241) is a substrate for the
protein kinase, whereas the individual HMG-box domain
(S110-N182) is not phosphorylated (lanes 3 and 4).
Therefore, as with maize HMGB1 and HMGB2/24j,
residue(s) within the acidic C-terminal tail are phosphorylated
in HMGBS6 by protein kinase CK&. According to the results
of MALDI-TOF mass spectrometry performed on HMGB6-
(S110-Y241) phosphorylated by CK2in the presence of
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Ficure 6: HMGBS6 is phosphorylated by protein kinase GK2

within its acidic C-terminal domain. Full-length HMGB6(M1

Y241), the N-terminally truncated protein HMGB6(S110241),
and the individual HMG-box domain HMGB6(S110i178) were
incubated with recombinant maize Cith the presence of/f3P]-

ATP as the phosphate donor (lanes4 respectively)Arabidopsis

HMGBL1 (lane 1) served as a positive control for the phosphorylation
reaction 86), and the phosphorylation reaction mixture with no
substrate protein added was the negative control (lane 5). Phos-
phorylation reactions were analyzed by SEFAGE and scanning

of the gels using a Phosphorimager. The phosphorylated substrate
proteins are denoted with asterisks, but some degradation products
(which are predominant with full-length HMGBG6) can be seen as

well (see the text).

from Arabidopsideaves, but their exact identity has not been
determined. More recently, five HMGB proteins encoded by
ArabidopsiscDNAs were found to bind DNA structure-
specifically 9), a characteristic feature of chromosomal
HMGB proteins 8, 5, 14). By searching theArabidopsis
genome database for sequences encoding HMG-box DNA
binding domains, we discovered four novehgbgenes, and
according to EST/cDNA data (http://www.arabidopsis.org/),
three of them are expressed (Table 1). Therefore, together
with the five previously characterized HMGB proteii$),
eight different HMGB proteins are presentAmabidopsis
Since at least five different HMGB proteins are expressed
simultaneously in maizelg), plants in general seem to have
more HMGB variants than other eukaryotes that express a
smaller number of different HMGB proteing,(42). The
majority of the maize andrabidopsisHMGB1-HMGB5
proteins display also a comparatively low degree of amino
acid sequence conservation, especially outside the HMG-
box domain {4). Moreover, plant HMGB proteins are
differentially phosphorylated by protein kinase GK&ithin

their acidic C-terminal domains, increasing the number of
plant HMGB variantsZ4, 36). The phosphorylation enhances

unlabeled ATP, a single residue is phosphorylated (data notthe interaction of the acidic tail with the basic N-terminal

shown). The most likely phosphoacceptor site is ThrZ20 (
38), which is compatible with phosphorylation site predic-
tions based on the amino acid sequence of HMGB6 using
the PhosphoBase 2.0 softwai9,(40).

DISCUSSION

HMGB proteins have been structurally and functionally
characterized from various mono- and dicot plams 13,
17, 18). Taking advantage of their solubility in 2% trichlo-
roacetic acid, Moehs et ak{) have isolated HMG proteins

domain of maize HMGB1 (M. S. Thomsen and K. D.
Grasser, unpublished results), modulating functional proper-
ties such as the DNA binding selectivity and proteprotein
interactions 24, 25). The reason for the variability of
chromatin-associated HMGB proteins in plants is unclear,
but recent results indicate that there are functional differences
between the various HMGB proteins as well as their
differently phosphorylated variant§,(23—25, 43). There-
fore, the HMGB variants may be adapted to act as archi-
tectural factors in specific nucleoprotein structures.
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Here we have characterized tieabidopsis HMGB6
protein as being representative of the novel plant HMGB
proteins, which share the typical overall structure of the
previously characterized plant HMGB proteins (central
HMG-box domain, flanked by basic N-terminal and acidic
C-terminal domains). However, they differ in structural
details of their genes (e.g., lacking theldTR intron) from
the previously characterized genes encoding HMGB1
HMGBS5. Because of its unusually extensive N-terminal
domain, HMGBS is the largest plant HMGB protein identi-
fied so far (Table 1). The protein localizes to the cell nucleus,
and its HMG-box domain has aw-helical structure.
Moreover, HMGBG6 binds structure-specifically to DNA, and
it can be phosphorylated by protein kinase @KZ hese
features indicate that HMGB6 is a member of the plant
chromosomal HMGB protein family2@). Nevertheless,
HMGBSG6, and the other novel HMGB proteins, display some
differences in their amino acid sequences relative to the
HMGB1—-HMGBS5 proteins. Thus, they have residues other
than the valine residue conserved among the HMGB1
HMGBS proteins at the position of the potential secondary
DNA intercalating residue. Mutational and structural analyses

have demonstrated that the two intercalating residues play a 24.

critical role in determining the DNA interactions of the
HMGB proteins 29—34). Another example for differences
in the primary structure of the novel HMGB proteins and
the ArabidopsisHMGB1—HMGBS5 proteins is the conserved
proline residue at the N-terminal end of the HMG-box
domains of the HMGB+HMGBS proteins, which is a serine
residue (S112) in HMGB®6. The proline residue is important
for directing the basic N-terminal domain of the yeast
HMGB-type NHP6A protein into the major groove of the
DNA, while the HMG-box domain is positioned in the minor
groove @1, 44). Therefore, it is possible that the novel
ArabidopsisHMGB proteins, and possibly related proteins
of other species, display somewhat different DNA inter-
actions than the HMGB1HMGBS5 proteins, which needs
to be addressed by detailed DNA binding studies in the
future. The discovery of the noveéhrabidopsis HMGB
proteins in this study, typified by the HMGBG6 protein,
emphasizes the structural variability of plant chromosomal
HMGB proteins. On the basis of previous functional studies,
it is likely that the different HMGB variants have specialized
functions for assisting in the formation of different nucleo-
protein complexes involved in the regulation of various
DNA-dependent processe2?).
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