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Studies on the SUMO modification system: Towards understanding
regulation of the nuclear function and structure
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Small Ubiquitin-related
Modifier (SUMO)

The small ubiquitin-related modifier 2/3 (SUM02/3) can be
post-translational ly conjugated to a wide variety of proteins constituting chromatin, the
platform for genetic and epigenetic regulation. Nevertheless, it is unclear how SUM02/3
and SUM02/3 modified proteins are delivered to the chromatin fibers. We report that the
largest subunit of chromatin assembly factor 1 (CAF-1), human p150, which, in the context
of DNA replication, promotes chromatin assembly, interacts directly and preferentially
with SUM02/3. Our findings suggest an expanded role of p150 as a SUM02/3-interacting factor,
and raise the intriguing possibility that p150 plays a role in promoting delivery of SUM02/3
or SUM02/3 modified proteins (or both) on chromatin fibers during replication.
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The small ubiquitin-related
modifier 2/3 (SUM02/3) can be
post-translational ly conjugated to a wide
variety of proteins constituting
chromatin, the platform for genetic and
epigenetic regulation. Nevertheless, it
is unclear how SUM02/3 and SUM02/3
modified proteins are delivered to the
chromatin fibers. We report that the
largest subunit of chromatin assembly
factor 1 (CAF-1), human p150, which, in the
context of DNA replication, promotes
chromatin assembly, interacts directly
and preferentially with SUM02/3. Amino
acid residue of 98-105 in p150 is essential
and sufficient for SUM02/3 interaction.
p150-SUM02/3 interaction coincided with
regions that replicate chromatin fibers,
because accumulation of the proliferating
cell nuclear antigen (PCNA), and
incorporation of bromodeoxyuridine (BrduU)
were detected at foci co-stained with both
anti-p150 and -SUM02/3 antibodies during
the S-phase in a cell line expressing
epitope-tagged p150. Although inhibition
of SUMO2/3 expression had only a small
effect on pl50 deposition on the
replication sites, depletion of pl150 led



to delocalization of SUM02/3 from the
replication foci. Furthermore, pl50
mutants deficient in SUMO2/3-interaction,
caused a major reduction of SUM02/3 at the
replication foci. Thus, our findings
suggest an expanded role of pl50 as a
SUM02/3-interacting factor, and raise the
intriguing possibility that p150 plays a
role in promoting delivery of SUM02/3 or
SUM02/3 modified proteins (or both) on
chromatin fibers during replication.
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B SUMO Muramatsu
et al., 2010, Pichler et al.
and Saitoh et al. demonstrated that when a
yellow fluorescent (YFP) or green
fluorescent (GFP) protein fused to SUMO-1
was incubated with permeabilized cells in
the presence of ATP and recombinant SUMO-E1
and -E2 enzymes, YFP/GFP-SUMO-1 was
efficiently conjugated to nuclear pore
associated factors, including
RanBP2/Nup358 and  RanGAPl,  thereby
enabling the visualization of SUMOylation
inside permeabilized cells.This assay can
detect the SUMOylation reaction in situ,
and is, therefore, referred to as the in
situ SUMOylation assay. As shown in Fig. 1,
this assay appears relatively simple.
However,  the preparation of the
recombinant proteins required, including a
heterodimer of Uba2 and Aosl for SUMO-E1,
Ubc9 for SUMO-E2 and YFP/GFP-SUMO-1, is
time-consuming and the purification of
these recombinant proteins requires
specialized equipment and trained skills.

To provide a SUMOylation assay that
can be performed by researchers without
experience of recombinant technologies
and protein purification, we simplified
and improved the in situ SUMOylation assay.
Our new procedure 1is schematically
represented in Fig. 1. This method
requires only cultured cells and crude
bacterial lysate containing GFP-SUMO-1.

In sum, we develop an in situ
cell-based SUMOylation method which is
simpler, cheaper and more rapid than
previously described assays. The assay
described here will be more easily
performed by researchers and may be
particularly useful in large-scale
screening approaches for the
identification of drug(s) that can inhibit
or enhance SUMOylation, thereby
contributing to the development of
therapeutic drugs.

: Thiz study:
Pichler et al (2002),
Saitoh et ol (2006) L @010y c
1) Grow the cells and ® Acsl Bacterial lysate
express/purify A Uba2 (no purification)
recombinant Ubed f
proteins o GFP-SUMO-1 .r

2} Permeabilize the

cells with 500 ug/ml P, / .
digitonin, e

3) Perform SUMOylation
reaction,

4) Wash/stop the

reaction and

detection. e CJ S A

Muramatsu etal., Figure 1

C SUMO

At least four paralogs of the small
ubiquitin-related modifier (SUMO) exist
in humans, but there 1is limited
information about SUMO paralogs from other
vertebrate species. We isolated the four
cDNA encoding proteins, similar to human
SUMOs, from the medaka fish, Oryzias
latipes:  OISUMO-1, OFSUMO-2, OJSUMO-3,
and OISUMO-4. The amino acid sequences of
OISUMO-2, OFSUMO-3 and OFSUMO-4 are 89-94%
identical, but they share only 45%
identity with OFSUMO-1. Phylogenetic
analysis, transient expression of 0/SUMOs
in cultured cells and #n vitro binding of
OFSUMOs with two different
SUMO-interacting proteins demonstrated
that the medaka SUMO paralogs can be
grouped into two subfamilies, 0/SUMO-1 and
OISUM0-2/3/4, respectively. Furthermore,
this is the first report of all four 0/SUMO
transcripts being expressed in medaka
embryos, implying that they have a role in
fish development. The study will improve



understanding of the relationship between
structural and functional diversity of

SUMO

paralogs during vertebrate

evolution.
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