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High mobility group (HMG) pro-
teins of the HMGB family contain-

ing a highly conserved HMG box are 
chromatin-associated proteins that inter-
act with DNA and nucleosomes and cat-
alyze changes in DNA topology, thereby 
facilitating important DNA-dependent 
processes. The genome of Arabidopsis 
thaliana encodes 15 different HMG-
box proteins that are further subdivided 
into four groups: HMGB-type proteins, 
ARID-HMG proteins, 3xHMG proteins 
that contain three HMG boxes and the 
structure-specific recognition protein 1 
(SSRP1). Typically, HMGB proteins are 
localized exclusively to the nucleus, like 
Arabidopsis HMGB1 and B5. However, 
these Arabidopsis HMGB proteins 
showed a very high mobility within the 
nuclear compartment. Recent studies 
revealed that Arabidopsis HMGB2/3 
and B4 proteins are predominantly 
nuclear but also exist in the cytoplasm, 
suggesting an as yet unknown cyto-
plasmic function of these chromosomal 
HMG proteins.

The dense packaging of genomic DNA 
in chromatin within the cell nucleus has 
crucial consequences for DNA-dependent 
processes, including gene transcrip-
tion. Chromatin structure has to be very 
dynamic in order to be able to facilitate 
access to the DNA and high performance of 
the transcription machinery, for instance. 
HMG proteins are a heterogeneous class 
of chromatin-associated proteins. After the 
histones, HMG proteins are the second 
most abundant chromosomal proteins.1,2 
They are thought to perform architectural 
functions and to serve as modulators of 
chromatin structure in the nucleus, thereby 
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helping to facilitate important cellular pro-
cesses, such as transcription, recombination 
and DNA repair.2-4

In plant genomes, genes encoding 
members of the HMGA and HMGB 
protein families were identified that are 
expressed throughout the entire plant at 
different levels.5 Members of the HMGN 
protein family that are found in vertebrate 
genomes are missing in plants.5 While the 
model plant Arabidopsis thaliana contains 
one HMGA protein, 15 different mem-
bers of the HMG box family were identi-
fied that contain at least one HMG box, a 
characteristic DNA-binding domain that 
is highly conserved (Fig. 1). Like with 
other plant species, Arabidopsis HMG-
box proteins can be subdivided into four 
different groups. HMGB-type proteins 
have a distinctive three-domain structure 
consisting of a basic N-terminal domain, 
a central HMG box and a C-terminal 
acidic domain. In contrast, 3xHMG-box 
proteins contain three consecutive HMG 
boxes and a basic N-terminus, and ARID-
HMG proteins contain a HMG box and 
an additional A/T-rich interaction domain 
(ARID) that is also found in specific tran-
scription factors.8,9 Finally, the unique 
structure-specific recognition protein 1 
(SSRP1) also contains a HMG box and 
different additional domains10 (Fig. 1).

Consistent with their proposed func-
tion within the cell nucleus, Arabidopsis 
HMGA as well as HMGB1 and HMGB5 
are exclusively nuclear proteins, as dem-
onstrated by immuno-localization experi-
ments and in vivo analyses using GFP 
fusion proteins.11 The latter two are typi-
cal members of the HMGB-type proteins. 
In contrast, recent studies of the localiza-
tion of HMGB2/3 and HMGB4 revealed 
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The acidic C termini of HMGB2 and 
HMGB4 are mainly responsible for the 
cytoplasmic localization of the full-length 
proteins since their deletion resulted in 
complete nuclear accumulation of the par-
tial proteins. The C terminus of HMGB5 
could not restore HMGB2/B4 localiza-
tion in domain swap experiments. On 
the other hand, the basic N terminus of 

HMGB4 with GFP, cytoplasmic local-
ization was found to be increased in 
meristematic cells. Continuous traveling 
of HMGB2 and HMGB4 between the 
nucleus and the cytoplasm was also dem-
onstrated in vivo in real time using fusions 
with photo-activatable GFP in combina-
tion with two-photon activation and one-
photon fluorescence detection.12

partitioning of these proteins between the 
cytoplasm and the nucleus.12 Although 
they are structurally related to the 
nuclear proteins HMGB1 and HMGB5, 
HMGB2/3 and HMGB4 only preferen-
tially localized to the nucleus in a proto-
plast assay system and were also clearly 
detected in the cytoplasm. In transgenic 
plants expressing fusions of HMGB2 or 

Figure 1. (A)Phylogenetic tree of high mobility group (HMG) proteins of Arabidopsis thaliana. Protein alignments were performed with full-length 
protein sequences using ClustalW2 (www.ebi.ac.uk/Tools/clustalw2), and the tree was constructed with TreeCon using Poisson correction and neigh-
bor joining, taking insertions and deletions into account.6 HMGA was used to root the tree. Distance bar is given top left and bootstrap values are 
indicated at the nodes. Protein names are given next to the Arabidopsis gene identifier in boxes. Protein names from the Plant Chromatin Database 
were used (indicated by asterisks) in cases where no published names were available. Subcellular localization of each protein is indicated on the far 
right side, if data were available. N, indicates complete nuclear localization; N>C, higher concentration of the protein in the nucleus relative to the con-
centration in the cytoplasm; N+C, relative protein concentration similar in both compartments; NES, nuclear export signal. (B) Architecture of the four 
groups of Arabidopsis HMG-box proteins (modified after ref. 7). HMGB-type proteins contain a single HMG box (light grey), an N-terminal basic region 
(black) and a C-terminal acidic region (checkered), 3xHMG-box proteins contain three consecutive HMG boxes and a basic N terminus, ARID/HMG pro-
teins contain an ARID domain (hatched vertically) and a single HMG box, and SSRP1 contains an SSR domain (hatched horizontally) and a single HMG 
box separated by an acidic domain and a short basic region. Proteins are drawn to scale.
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concentration of At5g23405.14 In addi-
tion, two members of another group of 
Arabidopsis HMG-box proteins, ARID-
HMG1/2 primarily localize to the 
nucleus but, like HMGB2/3 and B4, are 
also clearly detectable in the cytoplasm.9 
It should be noted here that human 
HMGB1 has a special function as a cyto-
kine. It shuttles between the nucleus and 
the cytoplasm and is also targeted to the 
extracellular environment.17

The nucleo-cytoplasmic partition-
ing of HMGB2/3 and HMGB4 adds 
another unexpected feature to plant 
HMGB-type proteins, after the discov-
ery that the Arabidopsis nuclear HMGB1 
and HMGB5 proteins are highly mobile 
within the nucleus,11 similar to their mam-
malian counterparts.18,19 Thus, more than 
30 years after their discovery and analysis 
in plants,20 the name “high mobility group 
proteins” gained an additional meaning.
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HMGB2 or HMGB4 is necessary for 
the predominant nuclear localization 
of the full-length proteins since its dele-
tion resulted in pronounced cytoplasmic 
steady state localization of the partial pro-
teins.12 Replacement of the N terminus of 
HMGB2 or HMGB4 with the N termi-
nus of HMGB1 that is necessary for exclu-
sive nuclear accumulation of HMGB1 and 
acts as a strong nuclear targeting signal11 
caused complete nuclear localization of 
the chimeric proteins.12 The molecular 
mechanisms for nucleo-cytoplasmic par-
titioning of HMGB2/3 and HMGB4 
are unknown to date. Extensive basic 
regions are required for nuclear localiza-
tion of these HMGB-type proteins, but no 
nuclear import pathway has been identi-
fied. Likewise, extensive acidic domains 
are required for cytoplasmic localization 
of HMGB2/3 and HMGB4 but a nuclear 
export pathway was not assigned.

To date, no cytoplasmic functions of 
plant HMGB-type proteins are identi-
fied. Other plant HMG-box proteins also 
show partitioning between the cytoplasm 
and the nucleus (Fig. 1). An example 
is the HMGB-type protein encoded by 
At5g23405 that shows an almost equal 
distribution of the protein between the 
two cellular compartments, while the 
related HMGB6 and the protein encoded 
by At2g34450 are exclusively nuclear, like 
HMGB1 and HMGB5.13,14 However, the 
protein encoded by At5g23405 is excep-
tional in the sense that it does not bind 
to DNA at all, despite its HMG box. In 
addition, the protein contains a nuclear 
export signal that is recognized by the 
nuclear export receptor exportin 1,6,15 
explaining the relatively high cytoplasmic 


