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RNA polymerase II C-terminal domain phosphatase 1 containing ubiquitin like domain (UBLCP1) has been
identified as a regulatory molecule of RNA polymerase II. UBLCP1 consists of ubiquitin like domain (UBL) and
phosphatase domain homologous with UDP and CTD phosphatase. UBLCP1 was cloned into the E.coli expression
vectors, pET32a and pGEX 4T-1 with TEV protease cleavage site and purified using both affinity and gel-filtration
chromatography. Domains of UBLCP1 protein were successfully purified as 7 mg/500 mL (UBLCP1, 36.78 KDa),
32 mg/500 mL (UBL, 9 KDa) and 8 mg/500 mL (phosphatase domain, 25 KDa) yielded in LB medium, respectively.
Isotope-labeled samples including triple-labeled (*H/**N/">C) UBLCP1 were also prepared for hetero-nuclear NMR
experiments. "N-"H 2D-HSQC spectra of UBLCP1 suggest that both UBL and phosphatase domain are properly
folded and structurally independent each other. These data will promise us further structural investigation of
UBLCP1 by NMR spectroscopy and/or X-ray crystallography.
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Introduction

RNA polymerase II (RNAPII) consists of folded domain
and mobile c-terminal repeat domain (CTD). Folded domain
mainly involves in mRNA biogenesis and mobile CTD
controls the RNA polymerase 11 activity.1 A long and highly
flexible CTD consists of 7 repeats of hepta-peptide (YSPTSPS)
which contains phosphorylated and dephosphorylated serine
residues by CTD kinase and CTD phosphatase,” respectively.
The degree of phosphorylation on CTD during the tran-
scription process determines its binding partners required for
mRNA splicing, capping and poly'cldenylaltion.3'7 In the initia-
tion stage of transcription, CTD of RNAPII was dephos-
phorylated8 and it was hyperphosphorylated9 in the elongation
stage of transcription. The crystal structures of CTD phospha-
tases, FCP1 phosphatase and small c-terminal phosphatase
(SCP1) have been reported recently, showing that they
interact with CTD of RNAPIL'"" Recently, the unique CTD
phosphatase containing ubiquitin like domain (UBLCP1) was
identified and characterized.'> It has been well-known that
ubiquitin molecule is an important messenger for proteasome
mediated proteolysis."”'* Since ubiquitin like domain of UDP
showed both sequence and structure homology with
ubiquitin, UDPs might be interact with 26S proteasome.15 For
instance, UBL domains of Rad 23 and Parkin interact with
subunit of 26S proteasome.'*'” In this report, we present
structural and molecular information derived from molecular
cloning and NMR spectroscopy, which will serve as an
important clue for detailed structural study of UBLCPI.

Materials and Methods
Cloning and expression of UBLCP1. The cDNA encoding

UBLCP1 was obtained from Hela cell. UBLCP1 protein was
cloned into pET32a (Novagen) and pGEX 4T-1 (Amersharm)

vector. PCRs from cDNA were executed using primers
containing BamH I/EcoR 1 for pET32a (for both UBLCP1
and phosphatase domain) or BamH I/Xho I for pGEX 4T-1
(for UBL domain). We designed sense primers encoded toba-
cco etch virus (TEV) protease recognition sequence (ENLY -
FQQG) for tag cleavage from fusion proteins. Sense and anti-
sense primer for UBLCP1 were 5’-cgc gga tcc gaa aac ctg tat
ttt cag ggc atg gct cte cct att att-3” and 5°-ccg gaa ttg tca tca ctg
tcc ttg ctt ctt tga gag ata tct ttc cca -3°, respectively. For PCR
of UBLCPI mutants, antisense primer of A1-80 (UBL
domain) was 5’-ccg ctc gag tca tca ctc ctc acg agt tcc cat cat
cat-3’ and sense primers of 2 110-318 and A 133-318 (phos-
phatase domain) were 5’-cgc gga tcc gaa aac ctg tat ttt cag ggc
ccc agg gaa ggg aaa aag-3’ and 5’-cgc gga tcc gaa aac ctg tat
ttt cag ggc gat att gaa gat gaa gta-3’, respectively. The cloning
results were further validated by DNA sequencing (COSMO
Co.) and plasmid containing UBLCP1 was transformed into
E.coli over-expression strain BL21 (DE3) and selected by
Luria-Bertani (LB) plate containing ampicillin (0.1 mg/mL).
Induced cells were sonicated in lysis buffer, 50 mM NaPOQa,
300 mM NaCl, pH 6.5, protease inhibition cocktail (Roche)
and soluble fraction was further identified using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE).

Isotope (°N, “C/**N and *H/"C/"°N) labeling of UBLCP1.
For hetero-nuclear NMR experiments, we prepared isotope-
labeled UBLCP1 proteins. Cells were cultured in M9 minimal
medium containing "N labeled NH,C1 ("°N, 99 %, Cambridge
Isotope Laboratories, Inc.) or C labeled d-glucose (U'13C6,
99 %, Cambridge Isotope Laboratories, Inc.) together with
"N labeled NH4Cl and induced by 0.1 mM IPTG at 25 °C. We
discarded M9 medium using centrifugation and washed the
pellets using 1 X PBS three times. Cell pellets were stored in
-80 °C. Before cell lysis, three times of freeze and thaw
procedure were executed.



1040  Bull. Korean Chem. Soc. 2009, Vol. 30, No. 5

Purification of UBLCP1 domains. For TRX-Hiss tagged
UBLCP1 domains (UBLCPI1, phosphatase domain) from
pET32a, cells were sonicated in UBLCP1 buffer A, 50 mM
NaPOs, 300 mM NaCl, 5 mM imidazole, pH 7.0, 5 mM B-
mercaptoethanol. Cell lysate was centrifuged and performed
Ni-NTA affinity chromatography. For TRX-Hiss tag cleavage,
elutes were dialyzed to TEV buffer and executed enzyme
reaction with 0.5 X TEV protease for 6 hr at 25 °C. The result
of TEV protease reaction was confirmed by SDS-PAGE and
Ni-NTA affinity chromatography was performed to remove
remaining TEV protease and TRX-Hise tags. To ensure protein
purity, size exclusion chromatography using SuperdexTM 75
was finally used (GE Healthcare). Purified UBLCP1 proteins
were finally concentrated to ~0.5 mM for NMR experiments.
For GST tagged UBLCP1 (UBL domain) from pGEX 4T-1,
UBLCP1 buffer B, 50 mM NaPOs, 300 mM NaCl, pH 6.5,
was used for cell lysis using sonication procedure. Superna-
tants were loaded on glutathione sepharose resin (Amersham).
After elution using 10 mM reduced glutathione containing
UBLCPI1 buffer B, elutes were dialyzed to TEV reaction
buffer, 25 mM NaPO,, 300 mM NaCl, 5 mM B-mercapto-
ethanol, 5 mM imidazole, pH 6.5, and executed protease rea
ction using 1 X TEV protease for 18 hr at 25 °C. To remove
GST tag and TEV protease protein, both GST and Ni-NTA
affinity chromatography were performed. Purified proteins
were further identified by SDS-PAGE and size exclusion
chromatography.

NMR spectroscopy. UBLCP1 proteins were dissolved in
NMR buffer containing 25 mM HEPES, 100 mM NaCl, | mM
DTT at pH 7.0. Both 'H-"N transverse relaxation optimized
spectroscopy based heteronuclear single quantum coherence
(TROSY-HSQC)"® and 'H-"N HSQC" were performed for
UBLCP1, phosphatase domain and UBL domain in Bruker
DRX 900 MHz and 500 MHz equipped with CryoprobeTM
For sequential assignments, TROSY type triple resonance
experiments™ such as TROSY-HNCACB, TROSY-CBCA-
CONH and TROSY-HNCA, were performed using 70%
’H/®C/PN labeled UBLCP! in Bruker DRX 500 MHz
equipped with CryoprobeTM. All spectra were processed using
NMRpipe program21 and analyzed using Sparky Ver. 3.113 in
Linux workstation.

Results and Discussion

Plasmid constructs of UBLCP1s. We performed sequence
alignment and secondary structure prediction using PSI-PRED
program (protein structure prediction server - Attp://bioinf.cs.
ucl.ac.uk/psipred/) to identify the structural domains of
UBLCP1. Based on domain analysis results, UBLCP1, UBL
domain and phosphatase domain were cloned into the E.coli
over-expression vectors. Especially, we designed two phos-
phatase domains (UBLCP1ij0315 and UBPCP133.318) to
confirm domain prediction (Fig. 1 A) and cloned them. UBL-
CP1s were expressed as TRX/Hise/thrombin protease recog-
nition sequence and TEV protease recognition sequence
(UBLCP1) from pET32a and GST/thrombin protease recog-
nition sequence with TEV protease recognition sequence
from pGEX 4T-1(Fig. 1B and 1C).
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Figure 1. Domain construction and vector maps of UBLCP1. Do-
mains are determined by sequence analysis and secondary structure
prediction (A). The maps of E.coli expression vectors containing
UBLCP1s were presented (B and C).
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Figure 2. The SDS pages showing solubility of UBLCP1 domains.
UBLCP1 fusion proteins were identified by 15% SDS-PAGE and the
molecular weight was measured using molecular size marker, Mark
12 (Invitrogen Co.). Lane 1 and 2 indicate supernatant and precipi-
tation of the cell lysate. Lane 3, 4 and 5 indicate the elution profile of
affinity chromatography, flow-through, washing and elution, res-
pectively.

Expression and purification of UBLCP1. UBLCP1 domains
were successfully expressed in 5 mL LB medium using 0.1
mM IPTG at 25 °C. After Ni-NTA or GST affinity chroma-
tography, UBLCP1, UBL domain and phosphatase domain
(UBLCP1110-318) showed an excellent solubility and the final
yields are ~7 mg, ~32 mg and ~8 mg for 500 mL culture,
respectively. However, UBLCP1,33.3,5 showed low induction
rate which was about 30 % of UBLCP110.313 (data not shown)
and it becomes insoluble form in lysis buffer (Fig. 2). Accord-
ing to the expression and solubility data, it is plausible that
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Figure 3. Elution profile of the size exclusion chromatography. The
standard marker proteins were loaded and analyzed by Origin 7.01
(Origin Lab.) (A). UBLCP1 domains were eluted from 82 mL to 96
mL and the highest elute fraction was detected in 89.44 mL (B).
These were further examined by 15% SDS-PAGE (C).

small a-helix in N-terminal (110-132) is necessary to stabilize
the structure of phosphatase domain. Although we did not
determine the complete three-dimensional structure, we
hypothesize that the small a-helix in N-terminal of UBLCP1
could contribute the global structure of phosphatase domain,
affecting the protein stability and solubility. Based on the
successful determination of structural domains of UBLCP1
which UBL domain is residue 1-80 and phosphatase domain
is residue 110-318, we successfully cloned and purified
UBLCPIs. Final yields of UBLCP1, UBL domain, and phos-
phatase domain from 1 L LB medium culture were ~8.5 mg,
~24 mg and ~7.8 mg, respectively. UBLCP1, UBL domain
and phosphatase domains were prepared to 0.5 mM (4.8
mg/300 ulL), 1.5 mM (4 mg/300 uL) and 1 mM (7.5 mg/300
ul) concentration, respectively.

Size exclusion chromatography of UBLCP1. To determine
the molecular weight of UBLCP1 domains, size exclusion
chromatography was executed using SuperdexTM 75. Albumin
(66 KDa), carbonic anhydrase (29 KDa), cytochrome C (12
KDa) and aprobinin (6.5 KDa) were used to calculate the
actual molecular weight of each domain by program Origin

Bull. Korean Chem. Soc. 2009, Vol. 30, No.5 1041

A Kba M 1 2 3 4 5 6 7 8 9

97.4 o 8 =

66.3

55.4 . ' —
- - —

365 e e -

31.0

ey

T e «—TRX-Hiss-
UBLCP11.318

2 3 4 5 6

97.4
66.3 TRX-Hiss-
55.4 — “—UBLCP11.418

- <+— UBLCP11.41

36.5 .

31.0 -~

21.5

#, «—TEV protease

P~ M <« TRX-Hisg
14.4

Figure 4. Purification profile of 70% “H/"C/"*N labeled UBLCP1. T
he protein expression and Ni-NTA affinity chromatography were
presented (A). Lane 1 and 2 indicate before and after induction
profiles in 100% H>O M9 medium and lane 3 and 4 presented before
and after induction profiles in 100% deuterium M9 medium
containing 13C-d-glucose and "NH,CL. Lane 5 and 6 indicate cell
lysate (supernatant), precipitation, respectively. Lane 7, 8 and 9
show profiles of the flow-through, washing and elution data of
Ni-NTA affinity chromatography, respectively. Data from TEV
cleavage reaction are presented in B. Lane 1, 2, 3, 4, 5 and 6 indicate
TRX-His¢-UBLCP1, TEV protease, product after TEV protease
reaction, flow-through product of Ni-NTA affinity chromatography,
proteins after washing procedure and final protein after elution
procedure, respectively.

7.1 (Fig. 3A). UBLCP1 domains were eluted from 85 mL to
93ml volume and the highest absorbance was detected at
89.4ml position (Fig. 3B and 3C). Based on this analysis,
UBLCP1 is determined as a monomer (~33.4 KDa) in our ex-
perimental condition.

Structural information of UBLCP1 domains. 'H-""N TRO-
SY-HSQC spectrum shows that most of backbone resonances
were broaden due to T2 relaxation effect. To overcome the T2
relaxation effect, we exchanged 70% of protons to deuterium
in UBLCPI. Since deuterium labeled house keeping enzyme
shows lower enzyme activity than wild one, E.coli grown cell
from deuterium environment shows low viability and protein
expression.22 To ensure over-expression of UBLCP1 protein
in deuterium environments, we carried out deuterium adapt-
ation procedure using different contents of deuterium in M9
media and finally purified triple-labeled protein sample for
NMR experiments (Fig. 4). Most of backbone amide proton
resonances were observed in HSQC spectrum of UBLCPI,
UBL and phosphatase domain, respectively (Fig. 5A, 5B and
5C). Whereas UBL domain shows well-dispersed resonances,



1042 Bull. Korean Chem. Soc. 2009, Vol. 30, No. 5
A 105: 1 1 1 1 1 l.l 1 1 -l 1 1 | 1 1 1 1 1 1 :
1 . ol

110: - .:. . .n gn i

—_ 1 2
g_ ] - e ‘5'.. ;:‘; C
& 1 . .« oo e .t I
Z ] . . ‘;1 ‘o e [
s 1205 . ":'j,‘g:s;:. A ;
3 ] R e :", ._o‘." -° B
130: ° - o :

10 9 8 7
1
W2-"H (ppm)
B M P B e B
1054 F105
] o C
110 o o . Fi1o
] LA ¢ r
— ] s % ® C
[< 1154 8 o © F115
Q ] ° L L
R ] S r
z 1207 @° 78 710050 [120
4 * T 1 g
1 ] N 0 e L
3 1257 0% . Fi2s
] ° o PR n
] . © r
130 . . . F1s0
: e ° ° :
135 F1as
] . r
R B R
1 10 9 8 7 6
1
W2-"H (ppm)
10 9 8 7 6
C ) N N A S N T
] . F
105 - Fios
— 110 . -, 0 F110
S ] . - C
g ] - [
~ 115 . . s 0. 115
P ] . *
w ] . C
1 - e @ . -
- 120 e F120
3 ] . -t C
B Lo . F
] * cet o o
125 L. Fi2s
1. L. :
130 F1s0
T T T T T A R R
9 8 7 6
1
W2-"H (ppm)

Figure 5. 'H-"N HSQC spectra of UBLCPI domains. 'H-"N
TROSY-HSQC spectra of UBLCP1 and phosphatase domain were
presented in (A) and (B). 'H-""N HSQC spectra of UBL domain is
displayed in (C). NMR spectra of UBLCP1 and phosphatase domain
were performed in Bruker DRX 900 MHz with Cryoprobe™ at 298
K. NMR spectra of UBL domains were collected in Bruker DRX 500
MHz spectrometer equipped with CryoprobeTM.

a number of backbone resonances of the phosphatase domain
are observed near 8 ppm, implying that phosphatase domain
might possesses partially disordered structure (Fig. 5B and
5C). In addition, comparison of HSQC spectrum suggests that
the phosphatase and UBL domains are structurally independent
each other (Fig. 5A). The complete resonance assignment for
structural elucidation of UBLCP1 using TROSY-based NMR
data is currently in progress.
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Conclusion

Human UBLCP1 domains are successfully cloned into the
E.coli expression vectors, pET32a and pGEX 4T-1 with TEV
protease cleavage site and purified using both affinity and
gel-filtration chromatography. UBLCP1, UBL domain and
phosphatase domain were purified and determined as a
monomeric conformation. Isotope-labeled proteins including
triple-labeled (*H/">N/C) UBLCP1 were also prepared for
NMR experiments and “N-'H 2D-HSQC spectra suggest that
both UBL and phosphatase domain are correctly folded and
they are structurally independent by a flexible linker. This
data will be of use in performing detailed structural and
functional study of UBLCPI.
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