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Identification of nuclear localization signal of vitamin D receptor(VDR)
MA Zemeng, CHEN Yunzi’
Department of Immunology ,School of Basic Medicine , Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: To determine the nuclear localization signal of vitamin D receptor (VDR) and verify its function. Methods::
The nuclear localization signal of VDR was predicted by software analysis and literature investigation. A series of point mutants of VDR
were constructed by a point mutation kit. The distribution of VDR in the cytoplasm and nucleus was obsened by Western blot and
immunofluoresceme to determine the effect of mutation points in the entry of VDR into the nucleus. Finally, quantitatve real-time PCR
(qPCR) was used to detect the expression of genes downstream of VDR to determine the activity of VDR nuclear localization mutants.
Results: The nuclear localization signal sequence of VDR was determined to be "/RRSMKRKALFLT®. The expression of a series of NLS
(nuclear localization sequence ) point mutants of VDR was mainly distributed in the cytoplasm. Vitamin D could neither induce these
point mutants into the nucleus nor promote the expression of downstream genes of vitamin D. Conclusion: VDR nuclear localization
signal can effectively control the entry of VDR into the nucleus, play the role of transcription factors, and then affect the expression of
downstream genes, which provides a new platform and idea for exploring the treatment of vitamin D and VDR related diseases
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Table 1 VDR gene point mutation primers

EIk B

175 (5'—3")

R49W/R50G L1551

R49W/R50G F 5514

K53Q/R54G/K55E L5519
K53Q/R54G/K55E T i 149
R49W/R50G/K53Q/R54G/K55E 3754
R49W/R50G/K53Q/R54G/K55E R 5 |4

AAAGGCTTCTTCTGGCGAAGCATGAAGCGGAAGGCACTATTCACC
TCGCCAGAAGAAGCCTTTGCAGCCTTCACAGGTCATAGCATTGAAGTGA
AGCGGAAGGCACTATTCACCTGCCCCTTCAACGGGGA
TGAATAGTGCCTTCCGCTGCATGCTTCGCCTGAAGAAGCCTTTGC
TTCTGGCGAAGCATGCAGCGGAAGGCACTATTCACCTGCCCCTTC
TGCATGCTTCGCCAGAAGAAGCCTTTGCAGCCTTCACAGG

122 %8R AZFPCR ST

TE JFURL 3% 5 S VD JIEUE  WOHE HeLa 21, R
FH TRIzol iR HEBUE RNA , I AR 0 st A7) &
Vi B 0 LU #E 5k e DNA L, SR J5 5% SYBR Green
QPCR 57 & , 7F StepOnePlus (Applied Biosystems)
15387 cDNA, A TR L 4314 (%2 2)
1.2.3 VDR % I 20 JeL € A5 55 A7

HEK293T 4 i 47 J50k: 3% 4% , 28 VD Ab B i
RN . SR AN M AZ B 1 5 40 M 5 B 1 A 4 3R]
B BIARAT ML B R MEAZ A 4y, SR 10% 2R DA LR
HEWE (SDS-PAGE) A7 HLIK 43 85, PR 22 IR e i i
H 2 PVDF I I, #47 5%BSA EilE A 1 h, —

F2 ZRWAEEPCRSY

Table 2 Real-time fluorescent quantitative PCR primers

512 FR S5 (5'—3")
hCYP24A1 3514 GGTGGCGAGACTCAGAACG
hCYP24A1 F#514  GTCGTGCTGTTTCTTGAGACC
hATP2B1 _Lii#5 14 TGAAGGAGCTGCAATCCTCTT
hATP2B1 T if#5 |9 TGACCACCCCTGATGACAGT
hCYP27A1 [3i51%  CGGCAACGGAGCTTAGAGG
hCYP27A1 FF51%  GGCATAGCCTTGAACGAACAG
hGAPDH I35 %) GGAGCGAGATCCCTCCAAAAT
hGAPDH T 5|9 GGCTGTTGTCATACTTCTCATGG

U439 F VDR, Tubulin Fil Lamin Bk, 4 CHF
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Predicted NLSs in query sequence

YRCLSFQPECSMKLTPLVLEVFGNEIS

MEAMAASTSLPDPGDFDRNVPRICGVCGDRATGFHFNAMTCEGCKGFFRR 50 Pos.
SMKRKALFTCPFNGDCRITKDNRRHCQACRLKRCVDIGMMKEFILTDEEV 100
QRKREMILKRKEEEALKDSLRPKLSEEQQRITAILLDAHHKTYDPTYSDF 150
CQFRPPVRVNDGGGSHPSRPNSRHTPSFSGDSSSSCSDHCITSSDMMDSS 200
SFSNLDLSEEDSDDPSVTLELSQLSMLPHLADLVSYSIQKVIGFAKMIPG 250
FRDLTSEDQIVLLKSSAIEVIMLRSNESFTMDDMSWTCGNQDYKYRVSDV 300
TKAGHSLELIEPLIKFQVGLKKLNLHEEEHVLLMAICIVSPDRPGVQDAA 350
LIEAIQDRLSNTLQTYIRCRHPPPGSHLLYAKMIQKLADLRSLNEEHSKQ 400

Sequence Score

49 | RRSMKRKALFT| 10

B . 122 426
—{ NBD LBD
427
16
Human 43ememeeee GCKGFFRRSMKRKA--------- 56
House mouse 43emeeeeen GCKGFFRRSMKRKA--------- 56
Noway rat 43 GCKGFFRRSMKRKA--------- 56
Chicken 66--------- GCKGFFRRSMKRKA--------- 79
Dog 43meeeee GCKGFFRRSMKRKA-----———- 56
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Figure 1 Predicting the nuclear localization signal of VDR
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R49W/R50G

125 ARGGCTGCAAAGGCTTCTTCAGGCGARGCATGARAGCGEARGECACTAT
494| AAGGCTGCARAGGCTTCTITORGGEGARGCATGARGCGGARGGCACTAT

K53Q/R54G/KS5E | 495 AAGGCTGCARAGGCTTCTTCAGGCGARGCATCRAGECCBAGGCACTAT
49W/[RS06G and K53Q/R54G/KS5E | 495 AAGGCTGCARAGGCTICTICEGERGARGCATGEAGEEGEAGECACTAT

HA-VDR ,HA-VDR (R49W/R50G ) \HA-VDR (K53Q/R54G/K55EP) . HA-VDR (R49W/R50G/K53Q/R54G/K55E ) il e 25 58 He X
2 HEVDRART
Figure 2 Constructing VDR point mutations
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Figure 3 VDR point mutations inhibit the transfer of VDR to the nucleus
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Figure 4 VDR point mutations affect the spatial distribution of VDR in cells
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Figure 5 VDR point mutations affect the transcription of downstream genes by VDR
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Mo FETIXEE VDR sl R GE AL T, $8R
XU AR AT VR SIS VDR DI REA AT T H.,
N FHF VDR B BT
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