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Ubc9 is a homologue of the E2 ubiquitin conjugating enzyme and participates in the
covalent linking of SUMO-1 molecule to the target protein. In this report we describe
a simple and efficient method for obtaining pure human recombinant Ubc9 protein.
The purified Ubc9 retained its native structure and was fully active in an in vitro
sumoylation assay with the promyelocytic leukaemia (PML) peptide as a substrate.
In order to better understand the physiology of Ubc9 protein we examined its levels
in several rat tissues. Immunoblot analyses performed on tissue extracts revealed
quantitative and qualitative differences in the expression pattern of Ubc9. The Ubc9
protein was present at a high level in spleen and lung. Moderate level of Ubc9 was
detected in kidney and liver. Low amount of Ubc9 was observed in brain, whereas
the 18 kDa band of Ubc9 was barely visible or absent in heart and skeletal muscle. In
heart and muscle extracts the Ubc9 antibodies recognized a 38 kDa protein band.
This band was not visible in extracts of other rat tissues. A comparison of the relative
levels of Ubc9 mRNA and protein indicated that the overall expression level of Ubc9
was the highest in spleen and lung. In spleen, lung, kidney, brain, liver and heart
there was a good correlation between the 18 kDa protein and Ubc9 mRNA levels. In
skeletal muscle the Ubc9 mRNA level was unproportionally high comparing to the
level of the 18 kDa protein.
The presented data indicate that in the rat the expression of the Ubc9 protein ap-

pears to have some degree of tissue specificity.

Sumoylation is a post-translational modifi-
cation of proteins involving formation of an

isopeptide bond between the carboxyl termi-
nus of SUMO-1 (also known as UBL1, sentrin,
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PIC1, SMTP3 or GMP1) and a lysine side
chain of the target protein (Müller et al.,
2001; Tatham et al., 2003). The SUMO-1 path-
way involves ATP-dependent SUMO-1 activa-
tion catalyzed by the heterodimeric SUMO-1
activating enzyme (SAE1/SAE2), transfer of
SUMO-1 to the SUMO-1-conjugating enzyme
Ubc9 in a transesterification reaction and the
final transfer of SUMO-1 from the
SUMO-1–Ubc9 complex to the target protein.
Covalent attachment of SUMO-1, unlike
ubiquitination, does not result in degradation
of the modified proteins, but enhances their
stability or affects their subcellular compart-
mentalization (Matunis et al., 1996; Desterro
et al., 1998; Kang et al., 2003). Modification of
proteins by SUMO-1 has been shown to be in-
volved in multiple vital cellular processes, in-
cluding DNA repair and replication, nuclear
transport, oncogenesis, response to viral in-
fection and the inflammation (Mao et al.,
2000; Mahajan et al., 1997; Rodriguez et al.,
1999; Hofmann et al., 2000; Baier et al.,
2003).
The Ubc9 protein has been reported to asso-

ciate with a large variety of cellular proteins
including the putative tumor suppressor pro-
tein Fhit (Shi et al., 2000). Ubc9 may modu-
late the activity of the interacting protein di-
rectly or by catalyzing the covalent attach-
ment of SUMO-1. Direct activation of andro-
gen receptor (Poukka et al., 1999) and abroga-
tion of TEL (product of an E-26 transforming
specific (ETS)-related gene) repressor activity
(Chakrabarti et al., 1999) by interacting Ubc9
protein have been reported.
To date little is known about the physiology

of the Ubc9 protein in spite of the intense re-
search being conducted on the sumoylation
process. As the first step toward understand-
ing of the physiological role of Ubc9 we have
examined the expression levels of Ubc9 in
several rat tissues. In order to study the inter-
action of Ubc9 with other proteins we also de-
veloped a simple and efficient method for ob-
taining pure human recombinant Ubc9
protein.

MATERIALS AND METHODS

4-(2-Aminoethyl)-benzenesulfonyl fluoride
hydrochloride (Pefabloc SC) was from Roche
Applied Science (Mannhein, Germany). Esch-
erichia coli BL21(DE3), and DH5�, oligo(dT),
and dNTPs were from Invitrogen (Garlsbad,
CA, U.S.A.). All primers were from Inte-
grated DNA Technologies, Inc. (Coralville, IA,
U.S.A.). Total RNA Prep Plus Kit, Plasmid
Miniprep Plus and DNA Clean-Up Kit were
from A&A Biotechnology (Gdañsk, Poland).
Moloney murine leukemia virus reverse tran-
scriptase (MMLV-RT), and Tfl DNA polymer-
ase were from Epicentre Technologies (Madi-
son, WI, U.S.A.). RNasin was from Promega
(Madison, WI, U.S.A.). BamHI and EcoRI
were from Fermentas AB (Vilnius, Lithua-
nia). Leupeptin, isopropyl �-D-thiogalactopy-
ranoside, ampicillin, alkaline phosphatase-
conjugated goat anti-rabbit IgG, 5-bromo-4-
chloro-3-indoyl phosphate, and Nitro Blue
Tetrazolium were from Sigma- Aldrich Sp. z
o.o. (Poznań, Poland). Transfer Membrane
was from Millipore Corp. (Bedford, MA,
U.S.A.). Recombinant SUMO-1, GST-PML fu-
sion peptide and SAE1/SAE2 activating pro-
teins were obtained from Dr. Ronald T. Hay
from the Institute of Biomolecular Sciences
at University of St. Andrews in Scotland.
RNA extraction and reverse transcrip-

tion. Total RNA was extracted from human
blood cells or from rat tissues with the use of
Total RNA Prep Plus Kit and stored at –40°C.
Reverse transcription was performed in 20 �l
final volume of 50 mM Tris/HCl, pH 8.3, 75
mM KCl, 10 mM MgCl2, 10 mM DTT, 1 mM
dNTPs, 500 ng oligo(dT), 12.5 U of reverse
transcriptase (MMLV-RT), 10 U of RNasin,
and 1–3 �g of RNA. The reactions were incu-
bated for 10 min at 22�C, 90 min at 37�C and
5 min at 95�C.
Multiplex PCR. In order to assess the level

of the UBC9 gene transcript, we performed
multiplex PCR with �-actin mRNA as a refer-
ence template. For UBC9 amplification the
primers UBC24, CACCCATTTGGATCCGTG-
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GC (forward) and UBC119, GGAGTACG-
GGGAATTCTAA ATGAACC (reverse) were
used. This defines a DNA fragment of 310
base pairs. The primers were based on the rat
cDNA sequence (Gen Bank, Accession No.
NW 047334). Primers for �-actin amplifica-
tion were as described (Sakowicz et al., 2001),
and the product was 511 base pairs long. The
reaction mixture contained 50 mM Tris/HCl,
pH 9.0, 20 mM ammonium sulfate, 300 ng of
template, 0.40 �M each of the 5' and 3' prim-
ers, 0.375 mM of each dNTP, 3.75 mM MgCl2
and 0.75 U of Tth DNA polymerase. The PCR
for �-actin and Ubc9 consisted of an initial de-
naturation at 95°C for 3 min and 34 cycles of
30 s at 95°C, 30 s at 57°C, 30 s at 72°C, and a
final extension of 10 min at 72°C amplifica-
tion.
The PCR reactions were performed in an

Eppendorf-Mastercycler. The PCR products
were separated by agarose gel electrophoresis
and assessed by quantitation of ethidium bro-
mide-stained bands with the use of the Gel
Doc 2000 system (Bio-Rad). The relative
amounts (OD/mm2) of both amplified tran-
scripts were compared using the computer
program Quantity One (Bio-Rad).
Cloning of the UBC9 gene. Unless other-

wise indicated, the recombinant DNA meth-
ods used were those of Sambrook et al.
(1989). In order to obtain cDNA for hUbc9 we
run a PCR reaction with the primers PCU-1
GGATCCTTGAACATGGCGGGGATC (for-
ward) and PCU-3, AGCAGTCTTCCTTCCTT-
AAGCAA (reverse), which introduced restric-
tion enzyme cleavage sites (underlined) for
BamHI and EcoRI, respectively. The primers
were based on the human cDNA sequence
(National Center for Biotechnology Informa-
tion, accession No. U31933). The PCR reac-
tion was performed in 20 �l final volume in
50 mM Tris/HCl, pH 7.5, 20 mM ammonium
sulfate, 2.5 mM MgCl2, 0.25 mM dNTPs, 1 U
of Tfl DNA polymerase, 0.5 �M primers and
1–2 �g of human blood cell cDNA. The PCR
consisted of an initial denaturation at 94°C
for 3 min and 35 cycles of 30 s at 94°C, 30 s at

59°C, 45 s at 72°C, and a final extension of 10
min at 72°C. The PCR product (529 bp) was
then cut with appropriate enzymes and li-
gated into the unique BamHI and EcoRI sites
in pGEX-TKG vector (Kowara et al., 1999).
The pGEX-TKG/UBC9 plasmid was produced
in E. coli DH5� cells. The cloned cDNA was
sequenced and was confirmed to be complete
hUbc9 coding cDNA.
Cell growth and expression of hUbc9.

pGEX-TKG/UBC9 was used for the expres-
sion of hUbc9 as a fusion protein with Schi-
stosoma japonicum glutathione-S-transferase
(GST) at the amino-terminus. E. coli
BL21(DE3) cells were transformed with the
above-mentioned plasmid and colonies were
grown on agar plates containing 100 �g/ml
ampicillin. Picked colonies were grown over-
night at 37°C in ampicillin-containing Luria-
Bertani (LB) medium and 1 ml of this culture
was inoculated into 1 l of fresh medium, and
incubated at 37°C to an absorbance of 0.7–0.8
(measured at 600 nm). Expression of the
GST-hUbc9 protein was induced by the addi-
tion of 1 mM isopropyl �-D-thiogalactopy-
ranoside (IPTG). Following induction, the
cells were grown for 3 h and harvested by
centrifugation.
Purification of hUbc9. All steps were done

at 4�C. Cell pellet from 1 l culture was sus-
pended in 40 ml of potassium phosphate-buf-
fered saline (PBS), pH 7.4, 1 mM EDTA, 5
mM �-mercaptoethanol, 10 �g/ml leupeptin,
0.2 mM Pefablock SC, 1 mM benzamidine
(buffer A), placed on powdered dry ice and
sonicated. The crude cell extract was clarified
by centrifugation at 50000 � g for 30 min.
The obtained supernatant was supplemented
with Triton X-100 to a final concentration of
1% and passed through a 7 ml agarose-gluta-
thione column preequilibrated with buffer A
containing 1% Triton X-100 (buffer A1). The
column was washed successively with 200 ml
of buffer A1 containing 1 mM ATP, 10 mM
MgCl2, and then with 1 l of Tris-buffered sa-
line (TBS), pH 8.0, 1 mM EDTA, 1 mM DTT,
10 �g/ml leupeptin, 0.2 mM Pefablock SC,
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1 mM benzamidine. Finally, the GST-hUbc9
protein was eluted from the column with 10
ml of buffer TBS, pH 8.0, containing 5 mM
glutathione. Fractions containing high pro-
tein concentration were combined, desalted
on Sephadex G-25 M (Pharmacia columns
PD-10) previously equilibrated with PBS, pH
7.4, 2.5 mM CaCl2. The desalted solution of
GST-hUbc9 (4–6 mg) was incubated with
thrombin (100 U) at 4°C for 6–8 h. Then the
solution was passed successively through a 3
ml agarose-glutathione column, and agarose-
benzamidine column. Cleaved hUbc9 protein
was dialyzed to PBS, pH 7.4.
SUMO-1 conjugation assay. The conjuga-

tion assay was performed using the PML pep-
tide (PRKVIKMESEE) fused to GST (GST-
PML) as a substrate. The reaction mixture
(10 �l) contained 120 ng SAE1/SAE2, 2 �g
[125I]-SUMO-1(�98-101), 200 ng Ubc9, 600 ng
GST-PML, 50 mM Tris/HCl, pH 7.5 and an
ATP-regenerating system (5 mM MgCl2,
2 mM ATP, 10 mM creatine phosphate, 3.5
U/ml of creatine kinase, 0.6 U/ml of inor-
ganic pyrophosphatase). Reactions were incu-
bated at 37�C for 3 h. The reactions were ter-
minated by addition of SDS-sample buffer
containing �-mercaptoethanol and the reac-
tion products were fractionated by SDS/
PAGE (15%). The dried gels were analysed by
phosphor imaging (Fujifilm FLA-3000).
Radiolabelling of SUMO-1(�98-101) with 125I
(Amersham) was performed by the chlora-
mine T method as described by Ciechanover
et al. (1980).
Preparation of tissues homogenates.

Wistar rats weighing approx. 200 g were
killed by decapitation. The tissue of interest
was removed and homogenized in 3 vol. of
PBS, pH 7.4, 1 mM Pefabloc SC, using a
power-driven pestle. The resulting homoge-
nate was supplemented with 2% SDS, 75 mM
DTT, 10% glycerol, 0.1% bromophenol blue
and boiled at 100°C for 3 min. After centri-
fugation the supernatant was stored at 4°C.
Antibodies. Polyclonal antibodies against

the hUbc9 protein were generated in rabbits.

Rabbits were subcutaneously injected in the
back of the neck with 500 �g of purified re-
combinant hUbc9 protein in Freund’s
adjuvant followed by three boosts with 300 �g
of antigen each every 3 weeks. The antibodies
were purified by chromatography on a pro-
tein A-agarose column.
SDS/PAGE and immunoblotting. Sam-

ples (100 �g of protein) were separated by
polyacrylamide gel electrophoresis (15% acry-
lamide) in the presence of sodium dodecyl sul-
fate (SDS/PAGE) (Laemmli, 1970) and the
protein bands were developed by Coomassie
Brilliant Blue staining or electrophoretically
transferred to Immobilon poly(vinylidenedi-
fluoride) transfer membrane (Millipore). The
membrane was blocked with 3% bovine albu-
min (fraction V) in phosphate buffered saline
(PBS) with 0.02% NaN3 and then washed with
PBS. The blocked membrane strips were incu-
bated with rabbit anti hUbc9 polyclonal anti-
bodies (dilution 1 :10000). Immunostaining
was done using alkaline phosphatase-conju-
gated goat anti- rabbit IgG (dilution
1 :20000), the chromogenic substrate 5-bro-
mo-4-chloro-3-indoyl phosphate and Nitro
Blue Tetrazolium. The developed bands were
quantified by use of the Gel Doc 2000 system
(Bio-Rad) and relative amounts were com-
pared using the computer program Quantity
One (Bio-Rad).
Analytical. Protein concentration was de-

termined by the method of Bradford (1976)
with bovine serum albumin as a standard. In
solutions containing SDS or Triton X-100 pro-
tein concentrations were determined by the
method of Lowry (1951). DNA and RNA con-
centrations were determined by measuring
the absorbance at 260 nm.

RESULTS

Expression of GST-hUbc9

In order to optimize the expression condi-
tions of GST-hUbc9, we cultured the bacterial
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cells at different temperatures and for vari-
ous periods of time. Expression of
GST-hUbc9 at 37°C for 3 h after induction
produced 15–20 mg of GST-hUbc9 from 1 l of
culture as assessed by densitometric analysis
of SDS/PAGE (Fig. 1). Prolongation of the ex-

pression time at 37 °C did not increase the to-
tal yield of the protein, whereas the amount
of soluble protein (protein recovered in the
high-speed supernatant) decreased (not
shown). Expression of GST-hUbc9 in E. coli
strain BL21(DE3) cultured at 24°C for 16 h or
at 18°C for 48 h did not produce a higher
amount of this protein. There were no losses
in the yield of GST-hUbc9 from bacterial cul-
tures stored on agar plates for up to 30–40
days at 4°C. Cells stored on agar plates longer
than 40 days produced cultures with a lower
yield of GST-hUbc9.

Purification of hUbc9

Usually the process of protein purification
started with 4–6 g of E. coli cells obtained
from 1 l of culture. The purification of
GST-hUbc9 on the glutathine-agarose yielded

essentially pure protein contaminated mainly
by a protein of 27 kDa on SDS/PAGE (Fig. 1).
Immunoblot analysis showed that this pro-
tein band is recognized by anti-GST poly-
clonal antibodies (not shown). GST was re-
moved from the GST-hUbc9 fusion protein by
incubation with thrombin. Incubation of
GST-hUbc9 with thrombin at 4°C for 6–8 h re-
sulted in complete cleavage of the GST tag
(Fig. 2). There were no unspecific cleavage

products. The observed shift in mobility of
hUbc9 after the removal of the GST tag was
of the order expected from the removal of 27
kDa protein. Thrombin and the cleaved GST
tag were removed by passing successively
through an agarose-glutathione column (GST
retained), and an agarose-benzamidine col-
umn (thrombin retained). The purification
yielded 5–10 mg of electrophoretically pure
hUbc9 (Fig. 2).

Catalytic properties of recombinant hUbc9

In order to characterize the apparent size of
native recombinant hUbc9, the purified pro-
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Figure 1. Expression in E. coli and purification of
GST-hUbc9 protein on agarose-glutathione.

On individual lanes of 12% SDS/PAGE were loaded:
(1), 50 �g of E. coli lysate (non-induced); (2), 50 �g of
lysate of E. coli cells induced for 3 h; (3–6) 20 �g of
protein eluted by 5 mM glutathione from glutathio-
ne-agarose column (fractions containing the protein
peak). On lane M molecular mass markers were
loaded.

Figure 2. Thrombin cleavage of the GST-hUbc9
protein.

The GST-hUbc9 protein purified on glutathione
agarose column (lane 1) was cleaved with thrombin as
described under Materials and Methods. Lane 2,
GST-hUbc9 protein after 7 h incubation at 4°C with
thrombin. Lane 3, recombinant hUbc9 protein purified
from thrombin and the cleaved GST. On each lane of
15% SDS/PAGE (1–3) 20 �g of protein was loaded.
Lane M, the molecular mass markers.



tein was subjected to a gel filtration on
Sephacryl S-100 column calibrated with glob-
ular monomeric proteins. Ubc9 eluted slightly
faster than the 14.4 kDa lysozyme (not
shown). Therefore it may be assumed that the
purified Ubc9 protein was present in mono-
meric form.
Human Ubc9 is a homologue of the ubiqui-

tin-conjugating enzyme E2. In the SUMO-1
pathway Ubc9 transfers activated SUMO-1 to
the target protein. In order to examine the en-
zymatic activity of purified recombinant
hUbc9 we performed in vitro SUMO-1 conju-
gation assay with the promyelocytic leukae-
mia (PML) peptide as a substrate. The PML
peptide (PRKVIKMESEE) contains the
consensus sequence �KxE (where � is a hy-
drophobic amino acid and x is any amino
acid) essential for SUMO-1 modification.
Analysis of the reaction products separated
on SDS/ PAGE indicated that the 39 kDa pro-
tein band corresponding to GST-PML-
SUMO-1 was only visible when the reaction
was run in the presence of recombinant
hUbc9 (Fig. 3). This indicates that the ob-
tained hUbc9 protein preserved its native
SUMO-1 conjugating activity.

Expression of Ubc9 in rat tissues

In order to examine Ubc9 expression in vari-
ous rat tissues we assessed its protein and
mRNA level. A comparison of the amino-acid
sequences of human (AAC50603) and rat
(NP037182) Ubc9 proteins reveals that they
are identical in 97%. Therefore, in our experi-
ments we could use polyclonal antibodies
against hUbc9. Densitometry analysis of
Western blot presented in Fig. 4 indicated
that the Ubc9 protein was present at a high
level in spleen and was slightly less abundant
in lung. A moderate level of Ubc9 was de-
tected in kidney and liver. Low amount of
Ubc9 was observed in brain, whereas the 18
kDa band of Ubc9 was barely visible or absent
in heart and skeletal muscle. In contrast, in
heart and muscle extracts the anti-Ubc9

polyclonal antibodies recognized a 38 kDa
protein band (Fig. 4). This band was not
visible in extracts of other rat tissues.

In the rat tissues examined we also evalu-
ated the level of Ubc9 mRNA by multiplex
RT-PCR. As a reference transcript we ampli-
fied a fragment (511 bp) of �-actin. The data
presented in Fig. 5 indicate that spleen and
lung contained similar and the highest level
of Ubc9 mRNA. Kidney, liver, brain, and skel-
etal muscle contained similar levels (about
40% of that found in the spleen) of Ubc9
mRNA. The lowest level of Ubc9 mRNA was
found in the heart. A comparison of the rela-
tive level of Ubc9 mRNA and protein indi-
cated that the overall expression level of Ubc9
was the highest in spleen and lung. In spleen,
lung, kidney, brain, liver and heart there was
a good correlation between the 18 kDa pro-
tein and Ubc9 mRNA levels. In skeletal mus-
cle the Ubc9 mRNA level was unpropor-
tionally high relative to the level of the 18 kDa
protein.
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Figure 3. Sumoylation of GST-PML.

Sumoylation of PML peptide (PRKVIKMESEE) fused
to GST was performed in the absence (–Ubc9) and in
the presence (+Ubc9) of purified recombinant human
Ubc9 as described in Materials and Methods. The reac-
tion products were fractionated by SDS/PAGE (15%)
and the dried gels were analyzed by phosphor imaging
(Fujifilm FLA-3000).



DISCUSSION

The expression and purification system de-
scribed in this contribution allowed the pro-
duction of large quantities of soluble hUbc9
protein. The obtained GST fusion protein was
efficiently cleaved by thrombin owing to the
presence of a glycine spacearm prior to the

thrombin cleavage site (Hakes & Dixon, 1992).
Digestion of the GST-hUbc9 protein with
thrombin leaves only three unrelated amino
acids at the N-terminus of hUbc9. These three
additional amino acids should not cause any
significant disturbances in the structure of the
recombinant hUbc9 protein nor affect its func-
tion. Functionality of the protein produced
was confirmed in an in vitro sumoylation assay
(Fig. 5). The assumed physiological role of
Ubc9 protein is to transfer the SUMO-1 pro-
tein from the SUMO-1– SAE1/SAE2 thioester
complex to the target protein substrate. The
Ubc9 region that is involved in target protein
recognition and interaction has been found to
be located in the C-terminal part of the protein
(Donghai et al., 2002). It was demonstrated
that mutations of Q126, Q130, A131, E132,
Y134 and T135 residues significantly affect
the Ubc9 interaction with target proteins lead-
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Figure 4. Ubc9 protein levels in rat tissues.

A. Extracts (100 �g) of the tissues examined were sub-
jected to 15% SDS/PAGE and transferred to an Immo-
bilon membrane as described under Materials and
Methods. The membranes were immunoblotted with
anti-Ubc9 IgG. Lanes H, B, L, K, M, Lu, S refer to ex-
tracts of heart, brain, liver, kidney, skeletal muscle,
lung, and spleen, respectively. On lane U purified re-
combinant hUbc9 protein (25 ng) was loaded. The pre-
sented blot is representative of those performed on tis-
sue extracts obtained from four different animals. B.
The blot shown in part A was scanned and the bands
were quantitated. The data are presented as a ratio of
the intensity of each protein band to the most inten-
sive band visible in the spleen extract ±S.D. (n = 4). In
the case of heart and skeletal muscle the I and II bars
represent the protein bands of 18 and 38 kDa, respec-
tively.

Figure 5. UBC9 gene transcript levels in rat tis-
sues.

The Ubc9 mRNA level was assessed by quantitation of
multiplex RT-PCR products as described under Materi-
als and Methods. A. Multiplex RT-PCR products were
separated by 2% agarose gel electrophoresis. Lanes K,
H, L, Lu, M, S, and B refer to the PCR products ob-
tained for kidney, heart, liver, lung, muscle, spleen and
brain, respectively. The gel shown is representative of
those obtained for three rats. B. Multiplex RT-PCR
products were assessed by quantitation of ethidium
bromide-stained bands. The ratio of the Ubc9 PCR
product (OD/mm2) to the �-actin PCR product was cal-
culated (Ubc9/�-actin). The data are mean ±S.D. (n=4).



ing to diminished SUMO-1 conjugation. The
N-terminal part of Ubc9 forms an �-helical
structure that is not involved in the binding to
the target protein (Donghai et al., 2002), but
the interaction of Ubc9 with heterodimeric
SAE1/SAE2 was reported to involve the C-ter-
minal part of the N-terminal �-helix of Ubc9
(Bencsath et al., 2002).
The data presented in this study show for

the first time the distribution of Ubc9 protein
and mRNA in rat tissues. Analysis of the
immunoblots of the seven rat tissues studied
revealed that there are quantitative and quali-
tative differences among them. The highest
content of Ubc9 protein was observed in
spleen whereas heart and skeletal muscle ex-
hibited very low levels of Ubc9 (Fig. 4). In the
examined tissues the level of the Ubc9 protein
correlated well with its mRNA level except for
skeletal muscle, where the Ubc9 transcript
level was unproportionally high. Such a pat-
tern of Ubc9 expression is different from that
obtained for human tissues. The Ubc9 mRNA
level was reported to be the highest in human
heart and smooth muscle (Wang et al., 1996).
In human tissues Northern blot analyses
identified UBC9 transcripts of 4.4, 2.4, and
1.3 kb length. The 1.3 kb transcript was the
main transcript present in all analyzed hu-
man tissues, whereas the 2.4 and 4.4 kb tran-
scripts were mainly expressed in heart and
smooth muscle (Wang et al., 1996). Thus, the
about 38 kDa protein bands recognized by
anti Ubc9 antibodies observed in our studies,
could be the products of alternatively spliced
transcripts. The Ubc9 protein, beside its enzy-
matic activity involved in the sumoylation
pathway, also displays other activities that
are not related to sumoylation. Therefore,
changes in Ubc9 expression may affect many
cellular processes that are independent of
sumoylation including enhancement of the ac-
tivity of transcription factors and promotion
of nuclear translocation (Hahn et al., 1997;
Poukka et al., 1999; Chakrabarti et al., 1999;
Kurtzman & Schechter, 2001; Kaul et al.,
2002).

Concluding, the presented results indicate
that Ubc9 is ubiquitously expressed in rat but
at different levels in different tissues. More-
over, our data indicate that the pattern of
Ubc9 expression observed in the rat differs
significantly from that observed in the hu-
man. In order to find out the identity of the 38
kDa protein recognized by Ubc9 antibodies
further experiments are required.
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