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The vitamin D receptor binding peptide, VDRBP, was overexpressed as a fused form with the ubiquitin
molecule in Rosetta(DE3)pLysS, a protein production strain of Escherichia coli harboring an induction
controller plasmid. The fusion protein was bound to the immobilized metal ions, and the denaturation and
renaturation of the fusion protein were performed as a part of the purification procedure. After the elution of
the fusion protein, the peptide hormone was released from its fusion partner by using yeast ubiquitin hydrolase
(YUH), and subsequently purified by reverse phase chromatography. The purity of the resulting peptide
fragment was checked by MALDI-TOF mass and NMR spectroscopy. The final yields of the target peptide
were around 5 and 2 mg per liter of LB and minimal media, respectively. The recombinant expression and
purification of this peptide will enable structural and functional studies using multidimensional NMR

spectroscopy and X-ray crystallography.
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Introduction

Vitamin D is a fat-soluble secosteroid. The active form in
humans is la,25-dihydroxyvitamin D; (1a,25(OH).D3),
which is involved in bone metabolism and mineral homeo-
stasis.! It also has an effect on the proliferation and differ-
entiation of many cell types, and the modulation of immune
system.>® This effect on proliferation makes 10.,25(0OH),D;
a potent anticancer drug.* The hormonal effects of
1a,25(0OH),D; are initiated upon biding to the vitamin D
receptor (VDR), a member of the nuclear receptor super-
family. After this binding, VDR is activated to recruit the
retinoid X receptor (RXR), forming a heterodimer.>® This
complex is capable of binding to the vitamin D-responsive
element (VDRE) with high affinity and initiating the tran-
scription process of vitamin D target genes.’

Many agonists, secosteroidal or non-secosteroidal, were
developed to increase the desirable antiproliferative and
prodifferentiating effects and to decrease the unwanted
calcium mobilization and bone resorption in the therapeutic
application.*!° In some cases like Paget’s disease of bone
where excessive bone resorption occurs,'' the vitamin D
signal leads to a disease and has to be dealt with. The VDR
antagonists were reported to suppress excessive bone resorp-
tion, and they are thus therapeutically applicable. Only a few
secosteroidal antagonist families were reported to bind the
ligand binding domain of VDR.'*!* In addition to develop-
ing an antagonist that directly binds to VDR, there is an
alternative way of controlling the vitamin D signaling path-
way: manipulating the interactions between VDR/RXR
heterodimer and coactivators, which are known to be essen-

tial for the expression of vitamin D responsive genes.'>!’

The coactivators contain LXXLL or LLXXL motifs which
are essential for the binding to VDR, '® and this sequence has
been reported to interfere with the binding.'”*” Mita and
coworkers showed that LXXLL peptide mimetics could be
used as inhibitors."”

We have designed a 13-mer peptide containing an LLXXL
motif to study the interaction of the peptide and VDR/RXR
complex. The sequence was derived from the fragment (re-
sidues 625-637) of the coactivator DRIP 205. This peptide
was reported to form a ternary complex with VDR and
1a,25(0H),D;.2! Since VDR can bind LLXXL motif, we
tried reversing the amino acid sequence, and found that the
reversed sequence still retained the comparable binding
activity (W. M. Westler and H. F. DeLuca, unpublished
result). To better understand the biochemical activities of the
peptide, it is important to understand how they behave
structurally in both free and bound states. For structural
studies, a large amount of sample is needed, and for NMR
spectroscopy, it also needs to be labeled, which requires a
recombinant expression of the peptide in a suitable host.
Here we present our method of producing and purifying
recombinant VDRBP by using the ubiquitin fusion system in
Rosetta(DE3)pLysS, utilizing the ability of ubiquitin to
refold as a purification tool.

Materials and Methods
Construction of VDRBP Expression Plasmid. The gene

coding for the peptide, VDRBP (Vitamin D Receptor Bind-
ing Peptide), was synthesized chemically (University of
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Wisconsin Biotechnology Center, Madison, WI). The sense
strand was 5'- ggt ggt aac gat aaa ctg ctg aac atg ctg atg ccg
cat aac aaa tga ¢ -3', and the antisense, 5'- cgc cac cat tgc tat
ttg acg act tgt acg act acg gcg tat tgt tta ctg age t -3'. The
amino acid sequence of VDRBP is NDKLL NMLMP HNK
(13mer). The two DNA strands were annealed, and inserted
into the vector pET-28a/ubiS. This vector was slightly
modified from its original version, pET-28a/ubi**** in such a
way that the 3'-end of the ubiquitin gene sequence was
changed to accommodate Sacll restriction site without alter-
ing the amino acid sequence. This modification yielded a
recombinant peptide without additional amino acid residues
at the N-terminus.? The resulting plasmid was named pET-
28a/ubiS/vdrbp.

Expression and Purification of Ubiquitin-VDRBP fusion
Protein from an LB Medium. The pET-28a/ubiS/vdrbp
plasmid was brought into the expression host, Rosetta(DE3)-
pLysS (Novagen, Madison, WI). A single colony was used
to inoculate a 100 mL LB medium supplemented with 50
pg/mL kanamycin and 34 pg/mL chloramphenicol. This
culture was grown overnight in a shaking incubator at 37 °C.
The fully grown culture was used as an inoculum for a fresh
one liter LB medium with the same antibiotics the next
morning. The culture was grown at 37 °C, and IPTG was
added to a final concentration of 0.5 mM when the optical
density at 600 nm reached 1.0. The culture was harvested 3
hours later, and the cells were resuspended in 30 mL of 10
mM TrisHCI pH 8.0. The cells were lysed by ‘freeze-and-
thaw’ and the DNA was fragmented by sonication. The
soluble fraction was retained after centrifugation at 15,000
rpm for 20 min, and loaded onto HiTrap Chelating HP
column (5 mL) charged with Ni*" ions (GE Healthcare,
Piscataway, NJ, USA). The column was washed first with 20
mL of Buffer A (10 mM sodium phosphate buffer pH 7.4, 10
mM imidazole, 300 mM NaCl), then 10 mL of 20% ethanol.
The proteins that remained in the column were denatured by
applying 10 mL of Buffer A containing 8 M urea. On-column
refolding was performed by applying 10 mL aliquots in
which the urea concentration was reduced stepwise to 6, 4,
2, 1, and 0 M. The column was finally washed with 10 mL
Buffer A, and the bound fraction was eluted with 10 mL of
Buffer B (10 mM sodium phosphate buffer pH 7.4, 400 mM
imidazole, 300 mM NaCl). The ultrafiltration was done both
to concentrate the solution and to exchange the buffer to 10
mM sodium phosphate buffer pH 7.4 containing 1 M urea.
The amount of protein in the pooled fractions was measured
by using the Protein Assay kit (Bio-Rad, Hercules, CA,
USA).

Expression and Purification of Ubiquitin-VDRBP Fusion
Protein from a Minimal Medium. Rosetta(DE3)pLysS
containing the pET-28a/ubiS/vdrbp was grown at 37 °C in a
5 ml LB medium inoculated from a single colony. 1 mL of
the fully grown culture was used as an inoculum for a 100
mL of the minimal medium and grown overnight at 37 °C.
The fully grown culture was used in turn as an inoculum for
a 0.9 liter minimal medium, and the culture was grown at
37 °C. For uniform ["’N]-labeling, 1 g of "NH4CI per liter
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culture was provided as a sole nitrogen source. The pro-
duction and purification steps were the same as the previous
section.

Purification of VDRBP. To the ubiquitin-VDRBP fusion
protein, 3-mercaptoethanol and YUH were added to the final
concentrations of 1 mM and 0.1 mg/mL, respectively. The
mixture was incubated at 37 °C overnight. The reaction
mixture was directly loaded onto a Resource RPC column
(GE Healthcare, Piscataway, NJ, USA), and an acetonitrile
gradient of 20 to 60% was applied using the HP1100 HPLC
system (Agilent Technologies, Palo Alto, CA, USA). The
VDRBP fraction was pooled and lyophilized. The final
product was checked by MALDI-TOF. The mass of the
peptide was measured directly after lyophilization.

NMR Experiments. The NMR sample contained 1 mM
['"N]-VDRBP in 10 mM sodium acetate buffer pH 3.2 and
10% D,0. The 'H-"N heteronuclear single quantum coher-
ence (HSQC) spectrum was collected at 25 °C on a Varian
800 MHz spectrometer. The raw data contained 2048 and
256 complex points in t, and of t;, respectively. The data was
processed using the NMRPIPE software package.”® The
final spectrum contained 1024 and 256 real points in t, and
of t;, respectively.

Results and Discussion

Construction of Expression Plasmids. The gene coding
for ubiquitin-VDRBP was inserted into (His)s-Tag contain-
ing vectors to facilitate the purification of the desired pro-
teins. The ubiquitin fusion system was chosen according to
the work done by Moon ef al..** Another reason it was used
was to facilitate extensive column washing with the dena-
turant at high concentration so that non-specific binding
proteins are washed away.

Expression and Purification of Ubiquitin-VDRBP
Fusion Protein. The expressed proteins appeared as a single
band whose size corresponded to ubiquitin/VDRBP fusion
protein as shown in lane 8 of Figure 1. The purity of the
fusion protein was examined by SDS-PAGE as shown in
Figure 1. The final yield of the fusion protein was around 52
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Figure 1. Purification of VDRBP produced from 1 liter LB
medium as monitored by 12% SDS-PAGE. Lane 1, size marker;
lane 2, whole cell lysate; lanes 3 and 4, supernatant and pellet of
cell lysate, respectively; lane 5, flowthrough fraction of super-
natant from HiTrap Chelating HP column; lane 6, fraction that was
washed out by 20% ethanol; lane 7, fraction that was washed out
by Buffer A containing 8M urea; lane 8, fraction bound to the
HiTrap column; lane 9, sample of lane 8 after YUH cleavage
reaction.
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Figure 2. Elution profile from the Resource RPC column on
HPLC. The peak corresponding to VDRBP is marked with an
arrow. The acetonitrile gradient is also shown.

or 35 mg per liter of LB or minimal medium, respectively.

Purification of VDRBP Peptide. The VDRBP peptide
was efficiently clipped off of ubiquitin by YUH. Compared
to widely used proteases such as thrombin and TEV pro-
tease, a very small amount of YUH (50 pg) was enough to
cleave 10-20 mg of the ubiquitin fusion protein. Following
the cleavage, the entire reaction mixture was loaded onto a
Resource RPC column in 1 mL aliquots on HP1100 HPLC
system. The volume of the cleavage reaction mixture was 10
mL, and the reverse phase chromatography was repeated 10
times. The peptide was eluted around at 35% acetonitrile,
and all the VDRBP-containing fractions were pooled and
lyophilized (Fig. 2). The final yield of VDRBP was around 5
or 2 mg per liter of LB or minimal medium, respectively.
MALDI-TOF was used to verify the purified peptide (Fig.
3). MALDI-TOF showed a major peak at 1567.77 Da, which
is in good agreement with the theoretical molecular weight
of 1567.8 Da.

HSQC Spectrum of “N-labeled VDRBP Peptide. The
HSQC spectrum showed 17 strong and sharp signals with
uniform intensity (Fig. 4). Considering the theoretical number
of resonances, there should be 11 signals from the backbone,
6 from the sidechain amide groups. The 3 pairs of signals at
the upper right comer of the spectrum were characteristic
resonances of the sidechain amide groups of Asn or Gln.
There are 3 Asn in VDRBP, so these peaks could easily be

400 1567.77

90
80
704
604
50
404
304
204

104 1605.74
o ‘Bi(- 3998.45 1453 461627.71  1915.01

Intensity (%)

960.49

Bull. Korean Chem. Soc. 2011, Vol. 32, No. 12 4339

IEN_E
(ppm)] . .
15-
116
174 1
18-
1192:
120
121-% .
122&?
1237 .
1247 .
125-
126 .
1274, 2

8.8 8.4 8.0 7.6 7.2 6.8 6.4

'H (ppm)
Figure 4. ['H-""N] HSQC spectrum of VDRBP. The NMR sample
contained 1 mM [*N]-VDRBP in 10 mM sodium acetate buffer

pH 3.0 and 10% D-O. The spectrum was collected at 25 °C on a
Varian Inova 800 MHz spectrometer.

assigned to the sidechain amide groups of Asn-1, 6, or 12;
this finding provided further assurance of the purified
VDRBP.

Conclusion

The vitamin D receptor binding peptide, VDRBP was
recombinantly expressed and purified successfully. The ubi-
quitin fusion system was proven to be successful again for
recombinant VDRBP peptide expression. The greatest advant-
age of the ubiquitin fusion system over others stems from
the small size of ubiquitin, which provides a higher net
amount of the target peptides and relatively easier refolding
in case of the inclusion body formation. The structural
study of the ternary complex of this peptide, VDR, and
1a,25(0OH),D; will tell us about its detailed binding
characteristics, which will lead to the development of a
controller in the Vitamin D signal transduction pathway. For
this purpose, we have prepared a perdeuterated VDR sample
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Figure 3. MALDI-TOF spectrum of the VDRBP fraction from HPLC.
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so that we can observe the peptide conformation in a bound
state and devise a better ligand. The NMR and X-ray
structural studies using this method are now in progress.

Acknowledgments. Authors thank Prof. Hindman for
proofreading this manuscript. This research was supported
by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry
of Education, Science, and Technology (2010-0007161).
This study made use of the National Magnetic Resonance
Facility at Madison, which is supported by NIH grants
P41RR02301 and P41RR02301-25S1 (BRTP/NCRR).

References

1. Bouillon, R.; Okamura, W. H.; Norman, A. W. Endocr. Rev. 1995,
16, 200.

2. Mangelsdorf, D. J.; Thummel, C.; Beato, M.; Herrlich, P.; Schutz,
G;; Umesono, K.; Blumberg, B.; Kastner, P.; Mark, M.; Chambon,
P.; Evans, R. M. Cell 1995, 83, 835.

3. Bjorklund, S.; Almouzni, G.; Davidson, I.; Nightingale, K. P,;
Weiss, K. Cell 1999, 96, 759.

4. Eelen, G.; Verlinden, L.; De Clercq, P.; Vandewalle, M.; Bouillon,
R.; Verstuyf, A. Anticancer. Res. 2006, 26,2717.

5. Sone, T.; Ozono, K.; Pike, J. W. Mol. Endocrinol. 1991, 5, 1578.

6. Kliewer, S. A.; Umesono, K.; Mangelsdorf, D. J.; Evans, R. M.
Nature 1992, 355, 446.

7. Kimmel-Jehan, C.; Darwish, H. M.; Strugnell, S. A.; Jehan, F,;
Wiefling, B.; DeLuca, H. F. J. Cell Biochem. 1999, 74, 220.

8. Verlinden, L.; Verstuyf, A.; Van Camp, M.; Marcelis, S.; Sabbe,
K.; Zhao, X. Y.; De Clercq, P.; Vandewalle, M.; Bouillon, R.
Cancer. Res. 2000, 60, 2673.

9. Hosoda, S.; Tanatani, A.; Wakabayashi, K.; Nakano, Y.; Miyachi,
H.; Nagasawa, K.; Hashimoto, Y. Bioorg. Med. Chem. Lett. 2005,
15,4327.

11.
12.

13.

14.

15.
16.
17.

18.

20.

21.

22.

23.

24.
25.

26.

Young Kee Chae et al.

. Hosoda, S.; Tanatani, A.; Wakabayashi, K.; Makishima, M.; Imai,

K.; Miyachi, H.; Nagasawa, K.; Hashimoto, Y. Bioorg. Med.
Chem. 2006, 14, 5489.

Roodman, G. D.; Windle, J. J. J. Clin. Invest. 2005, 115, 200.
Kato, Y.; Nakano, Y.; Sano, H.; Tanatani, A.; Kobayashi, H.;
Shimazawa, R.; Koshino, H.; Hashimoto, Y.; Nagasawa, K.
Bioorg. Med. Chem. Lett. 2004, 14, 2579.

Nakabayashi, M.; Yamada, S.; Yoshimoto, N.; Tanaka, T.; Igarashi,
M.; Ikura, T.; Ito, N.; Makishima, M.; Tokiwa, H.; DeLuca, H. F.;
Shimizu, M. J. Med. Chem. 2008, 51, 5320.

Inaba, Y.; Yoshimoto, N.; Sakamaki, Y.; Nakabayashi, M.; Ikura,
T.; Tamamura, H.; Ito, N.; Shimizu, M.; Yamamoto, K. J. Med.
Chem. 2009, 52, 1438.

McKenna, N. J.; Lanz, R. B.; O'Malley, B. W. Endocr: Rev. 1999,
20,321.

Aranda, A.; Pascual, A. Physiol. Rev. 2001, 81, 1269.

Mita, Y.; Dodo, K.; Noguchi-Yachide, T.; Miyachi, H.; Makishima,
M.; Hashimoto, Y.; Ishikawa, M. Bioorg. Med. Chem. Lett. 2010,
20,1712,

Heery, D. M.; Kalkhoven, E.; Hoare, S.; Parker, M. G. Nature
1997, 387, 733.

. Pike, J. W.; Pathrose, P.; Barmina, O.; Chang, C. Y.; McDonnell,

D. P.; Yamamoto, H.; Shevde, N. K. J. Cell Biochem. 2003, 88,
252.

Zella, L. A.; Chang, C. Y.; McDonnell, D. P.; Wesley Pike, J.
Arch. Biochem. Biophys. 2007, 460, 206.

Vanhooke, J. L.; Benning, M. M.; Bauer, C. B.; Pike, J. W.;
DeLuca, H. F. Biochemistry 2004, 43, 4101.

Moon, W. J.; Hwang, D. K.; Park, E. J.; Kim, Y. M.; Chae, Y. K.
Protein. Expr. Purif- 2007, 51, 141.

Chae, Y. K.; Lee, H.; Lee, W. B Korean Chem. Soc. 2007, 28,
1549.

Chae, Y. K.; Lee, W. Bull. Korean Chem. Soc. 2008, 29, 2449.
Xu, X.; Jin, F.; Yu, X.; Ren, S.; Hu, J.; Zhang, W. Protein. Expr.
Purif- 2007, 55, 175.

Delaglio, F.; Grzesiek, S.; Vuister, G. W.; Zhu, G.; Pfeifer, J.; Bax,
A. J. Biomol. NMR 1995, 6, 277.




