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Generation of transient receptor potential vanilloid 6 gene knockout mouse model
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[Abstract] Objective To create transient receptor potential vanilloid 6 (Trpv6) gene knockout mouse model, so as to
pave a way for further research of its biological function and its role in bone metabolism in vivo. Methods Mouse genomic DNA
sequence of Trpv6 gene was obtained from Ensembl database. Trpv6 gene knockout vector (pBR322-MK-Trpv6) was
constructed. Trpv6 knockout vector was transferred into the embryonic stem (ES) cells by electroporation and screening of both
G418 and Ganciclovoir resistant clones were performed routinely. The homologous recombined ES cell clones were identified by
PCR. The correct homologously recombined ES cells were microinjected into C57BL/6] mouse blastocysts to obtain chimera
mouse. Male mice with a chimera rate of 50% were mated with C57BL/6] female mice; the offsprings with gray fur were
obtained, which were identified as heterozygote mice by PCR. Heterozygote mice were intercrossed to generate homozygote
mice. Results Targeting vector pBR322-MK-Trpv6 were successfully constructed. A total of 24 correct homologously
recombined clones were gained after electroporation. The efficiency of homologous recombination was 25%. Four male mice
with a chimera rate of more than 50 % were acquired after homologously recombined clones through microinjection. After the
chimera mice were mated with C57BL/6] mice, 57 grey-fur mice originated from ES cell were gained, including 17 (29.8%)

with heterozygous genotype. Heterozygote mice were intercrossed to generate homozygote mice. Western blotting analysis
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showed no Trpv6 protein expression in homozygote mice. Conclusion

We have successfully established Trpv6 gene knockout

mouse model, and there is no embryonic lethality in homologous mutant mice.

[Key words |

TRPV (transient receptor potential vanilloid)
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1.1 ##
1.1.1
Trpvé 19 BAC W H BACPAC Resources Center,
Childene’s Hospital Oakland Research Institute,
1.2 Jik 5@t Bk pL452, Btk EL350
LIU Peng-tao ##2 (J& E @ #f K% Wellcome Trust
Sanger Institute) EH M, pSC101-BAD-yBa-A-tet H
ik & B # % (5 E Gene Bridges GmbH) 2 I
DHS5 oo TR %8 se A ) H R A BRA 7)™ . pBR322-
MK 2y 1 R 7 B A A 5T v S0 3
1.1.3 Al & MRS YT EE . T, DNA % 4
fif .\ T, DNA %45 8, Taq B &% PCR AH & 150 1 A
TaKaRa A H], L-BTHiAgs SRR | vU 36 5 5% HL 1k
2R W A Sigma 2 A A E AR 2R 2 A
JB Il iR & B B R SR A R AT IR A A
BAC $ih#23 55 & W A Qiagen 28 ®], 31 Trpv6 i

BAC (bacterial artificial chromosome) &

trpv6 gene; gene knockout mice; bone remodeling
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Z i BEPUR FIBL B-actin H IR B 52 B BT 44 43 51 1 A
Z£[# Santa Cruz 2 Al Sigma-Aldrich 23 7, #HHE
i E ALY ARG E P PO F L il R A R
AR F

1.1.4 @ AR XKA  SCRO12 ES 41l K U5
T 129Ss/SvEvin & /N, H Chemicon A H], H I
R R AR W S D PR A . ES 4 MBS 3% A R
i) DMEM 35 38 W Rt L ES 40 90 | iR 2R 1L (ES
Y 9% ) . G418, Ganciclovoir, F1 1L J% #01 #Hl A +
(LIF) 8 = R F 4 500 A Gibco BRL,
Sigma,Chemicon 23 H] ,

1.1.5 54 it 519H LA TAY TRER
R 55 A B2 ®) A . FH Sk b AT 2R 1 51 o
Trpv6 Al: CCC AAG CTT ATT TTA CTG AAT
TCT GGA GTT TG; Trpv6 A2: CGG GGT ACC
CTA GTA GGC CCA GGA AAG ACC;Trpv6 BI;
CGG GGT ACC GTG GTG CCC ATG TCC TTT
GCT C; Trpv6 B2: CGC GGA TCC AGC AGT
TAC CCA CCT GAC ACC; Trpvé C: CTG GTG
CAG GAA CCT TAC CAT TCA TTG TTG TTG
AGG TCA CAC CTC TGA GTG AAG TCT TTA
TAA TGG TCG ACG AAT TCC GAA GTT CCT
ATT;Trpv6 D: AGC ATT AGA GAG GGG GAA
AGA ACA TAT AAT GTC TTT GGG GCA GTC
AAT GGA GAA AAA AAC AGA CTC TCT AGA
ACT AGT GGA TCC,

FE%E ES i BB 51 % P1. GTA
ATC TGG GAC ATG CTG CCT G;P2: GGC CTA
CCC GCT TCC ATT GCT C;P3; CCG TGC CTT
CCT TGA CCC TGG;P4; CCA ACG ATG CTC
ACG AGT TCC,

k% /NRERA S %R P5. CCA TGT
GCC CAG ACA TTT TA; P6. CAG AGC CTG
GAC ATC GTT TT; P7: GGG GAA CTT CCT
GAC TAG GG,

1.2 7k

1.2.1 FEAAEWMHE M Ensembl B FE
Chitp://www. ensembl. org/index. html) 315 Tr-
pv6 R 4 7 3, MR 3 DR 41 5 BE T S Ak, 32
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AW BT BBk T/NER Trpve EH 2 5b
I 1] neo K&K , i A% 52 A8 f FL AR
PR TR LRSS 3 4b R T, B H ET swBEM 7k
@ Trpve FEHEE 2 48 Fribrakik, SR T L
BAC mH#, HGIH Trpve Al Fl Trpve A2 ¥ A
(398 bp), Trpv6 Bl Al Trpve B2 ¥ B & (401
bp) . ¥ A B Ml B B 5B £ pBR322-MK [ kL (1)
Hind I M1 BamH T £ 556 C B 5 BE £ pl4s2 1)
Kpn 1 . EcoR 1T i i, % D B 52 pld52 1Y
BamH 1 .Not | i, ARG 43 BB neo 3 K 7
A F EE T HE 4 R pBR322-MK-Trpv6 ., 3 BR
il 1 P9 U0 Bl B I AT

1.2.2 ES#@M¥EHR FEMNIIEEER, BRI
0.1% Gelatin LB 5 M 2 2R C LM FR)E
M CBEAS 10 em 85 38 MLAERD 2 X 10° AN 1% 35 )2 40
M) L i R R IR G B AT B2 ES 40, ES 40 o8 4 8%
F# W DMEM H % 10°° mol/L B-%i % & B, 200
mmol/L 4 W Wt e AE A 7 &AW L 100 U/ml H %
£.50 mg/L BEH R . 15% ES Ji4- 1L .1 000 U/ml
LIF,

1.2.3 ES#@p® FI. DNA # % AFxftk
Wi ES 401 hm 0. 125 % & FE§-EDTA 1 16 I 1t
BN Y PBS il 41 i % FE IR #1291, 5 X107 /ml,
0.8 ml Fik ES 4 IS . A2 35 ng 48 Not |
L VEIE I pBR322-MK-Trpv6 Jfiki DNA, IR 2] )5 5%
B B I A g FLAR P L 240 V500 uF A9 HL 2 50k
e ZEfL, HAT R VR G P ¥ BB 3 A © Al i g 5
EHMA 10 cm B R MLP 355

1.2.4 ERGHYMHE ESHMEIAERZI 24 h 5
TAHEFEY) GA18 (AR E Ty 300 mg/L) Al Ganci-
clovoir (KR FEE R 2 pmol/ L) W85 55 W AT 95 M 35
FVREHIE R4 7~8 d B IR Bk ES
200 A 8 P IR R L Y o R B BT AT B B,

1.2.5 RAubesm e s B ey I R~ PRECHUE
SERETIA A 20 pl 0. 120 BRE FBE-EDTA 9 96 1L
M M) AR 2 3 min, BT, 40 B 43 15, 7%
% 06 fLEFFRMR PR IR L TR A I & 6090 ~80%
Je BB 43 40 i R A7 T 4 40 it Ak 2 B R B e dR K
G 5 T HE O 20 DNA

1.2.6 ES @£ K4 DNA B# I EKH ES
MY 96 FLAR W KRR BALINA 80 ul R f#
W1 g/L HABE K),56°C AL )5 A Tk
CPEH AR DNA L T 100 ol 9 TE W

1.2.7 BEEZEAwHEHE PCR X% £ Trpvé A i
AR AMI 5 50 B2 1T P1AT P4 519, 7E neo 751 b
Wit P2 M P35IY., M P15 P2 5l ¥lcxf ., %5 5
R PR E L N A 95°C 4 min AE PR L 94°C 45
$.61.2°C 45 5,72°C 180 s, #E4T 34 NI, )5
72°C ZEAR 10 min, [F] JEEH e NP 3E 1 3.0 kb F
Br; 1 P3 FI P4 5 BCRT % 3" R R F 4 L SN 4%
£:95°C 4 min 25 ,94°C 45 5,63, 6°C 45 5,72°C
210 s #4734 NEIF, e 7 72°C ZEMH 10 min, [A]
A EREN Y I 3.5 kb B,

1.2.8 ES@fety TR EHREBBEHE THER
FHTJE LIF i) DMEM 5¢ 4> 55 37, 5 A28 R v 3 5 20
15 4~ ES 40, 5% 5 2 MR85 3% 76 LIF (9 DMEM
SERRFEW A L37C 5% COKMFRFH 1 h A4,
SRR S 2.5 d IR R R FEh L &
MF A 8~10 #. 2P HE BRAR SR T 1 g o7 B =04
YRk sE L SPF 3 b . H AR 4306, 77 F i JE AR RD
i /N,

1.2.9 % ABDMREFMHAKXPCR L2 2 HA Pk
EOARARKT 50 YRS C57BL/6] 4l &R /N
R 7 B S A W i 5 bt A %) A2 e BV AR 15
ES MR K B, [ ES 40 i % 52 7 . ] PCR
Tk R A T/,

1.2.10 #6FA N NREFAEHALYE /PR
Trpv6 LR 5" 8 B 1514 P58 e Bk 19 X 8k %
11519 P6.neo ZEH - i%it54) P7.P5 5 P6 519
X, AT AE B AR BN RS AL R P 599 bp I A
Be;PS A PT ST T AE 52 A8 By /N B R4 rp
i 788 bp M A B, Bt P5.P6.P7 TER— 1K R N
#E4T PCR ) B A= /N BRACRE S 38 ¢t 599 bp 1)
e, 4l A T /N BRALRED 14 Y 788 bp B &5 L N 2%
A F/NRAERBT Y3 X 2 A~ %4 . FH TaKaRa 24
A 10X LA Taq FHEZE 0P EC PCR RN ARH . 97
WA AF.95°C 5 min ZPHEJE.95°C 30 5,62°C 30 s,
72°C 3 min. #47 30 NMEH G . 72°C ZEAH 10 min,
1.2.11 & @A &k 4 A&l Trpve & B X
R ORI AR A N BRI R R 5 0 BB 40 ML
M2 AR AR U R L4 1% SDS-PAGE J5 .
e RE RS UL B R R AR 4 R, DL 5 Y0 B IR W R/
TBST £ HJ5E . MA Trpvé.p-actin —HL(1 : 1 000),
LA N I 4 AR 3ok A A W B AR 1C — BT (1 + 2 000D,
ECL &,

1.3 #its4@ W SPSS 11. 5 B4 #4741t
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SEALER R B 200 NRIRE UL o4 &
IR KEISIKE (o) 2F 0. 05,

2 &5 B

2.1 M AT e Kes Ry SR R T R
JH BRI 1 P U0 il S ) e S (] R A A B T T L 4T
HE TR LR 1, A Nor [ ZetEfb)G T ES 40
FIHE FTHE SR MK UL 2,

5'arm

EM7 promoter
PGK promoter

pBR322-MK -Trpv6
14567 bp

pBR322 Mc-hsvTK

1 Trpv6 B EFTH R
Fig 1

Trpv6 gene targeting vector

Wild-type
allele
Targeted . i
3 N MchsvIK
construct am (_eo F."_‘ 3’arm —{Mc-hsvTK}—
P7

g

KO(234 bp)
23631-23864

5'arm (3 143 bp)
20488-23630

3arm (3 646 bp)
23865-27510

Mutated m FIA?T FR‘TfoxP 5 E M 3l [ [
allele {1 Neo -

ind - - -

Pl P2 P3 P4

2 Trpve HEFTEE KM
Fig 2 Trpv6 gene targeting strategy
B denotes A, B,C and D homologous short arms; the span of A and
C arms is 5" homologously recombined arm with a length of 3 143 bp;
the span of D and B arms is 3’ homologously recombined arm with a
length of 3 646 bp; the 2™ exon is deleted. []: Exon;v%: ATG; A
TGA

2.2 FREMES @ik TR EYTE
TElE 96 4>, 4 PCR KL 4815 24 4> 1E 6 W] 5 8 20
o To ks, R AR N 25 %, Bh ek 25 1 1Y va e
HAT KL, 4 PCR KP4 43 Hr ik 52, Horp F1.F2 F
H3 g Ewi [F] IR B4 w b, PCR %45 R UL 3,

2.3 HAKRAEEASTORAA W ES 400 %
JARTE S5 IR BG RS AL, F1LF2 SERE 70 3R 18 & (i &
RKTF 50 %M HEME/NRL 2 H, 4 UM i A 1k
/NS C57BL/6] 2 & /N RUACHL, R H F2 FEBERY 2
HfERAE . RA F1 sk 2 HifE R L3RS ES 4
SR VR KB 57 H, 24 PCR %5€, Hip 17 H oM FH
PEZR A /N FEAR AT G W PR s L

A F/ANRIE R BT ARG A G T 4l
GF 3R ERA/NR ., 2EFEH A4 89 H F2 AUk
BB AR 19 H 0 G F 52 KL 4ia+ 18 H,
BEAF A BRI 2/, Trpve JEEEREA S
FalifF/N B IR G BOE, /NERUEH A PCR %5
ZER LA 4,

35 kb— Pl Sl LU X TR —30 kb

El 3 PCREFEIENES AMTEE
Identification of targeted ES cell clones by PCR

Fig 3
A Homologous recombined event at 3' terminal end and a 3. 5 kb
fragment found by PCR; B: Homologous recombined event at 5 ter-
minal end and a 3. 0 kb fragment found by PCR. M: Fermentas 1 kb
DNA ladder; —: Negative control; 1: ES cell clone F1; 2: ES cell
clone F2; 3: ES cell clone H3

bp M N -/- +/+ +/- P bp

" — 788
— 599

4 Trpve ZRFK/MRNEERLEE
Fig 4 PCR for genotyping of Trpv6 gene knockout mouse

599 bp fragment could be amplified in wildtype mice, 788 bp fragment
in homozygous mice, and 599 bp and 788 bp fragments in heterozy-
gous mice. M: MBI GeneRuler™ 100 bp plus DNA ladder; N: Negative
control; P: Positive control(genome DNA in ES cell) ; +/— . Heterozy-

gous mice; —/—: Homozygous mice; +/+ . Wildtype mice

2.4 R Trpve ZBE kA RN 2 HE A A
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ANEURT 2 L Trpv6 5 DRI Bk /I ol 45 200 i v 4 42 28
FH. HEAFES RGN Trpve A FIL, 45
HRW Trpve He PR a1 4l & /D B 86 20 i vh g
Trpv6 AR RIE (K 5,

Mr(x10%)  +/+ ++ -/~ -/-

00— | — — — Trpv6

42— | «— A S A — p-actin

B 5 ZEBRIESH Trpve EEHRRIE
Fig 5 Western blotting analysis of
Trpv6 protein expression
Western blotting analysis of Trpv6 protein expression is done in bone
marrow cells. The 66 000 kb protein straps of Trpv6 could be detec-
ted in wildtype mice, but not in homozygous mice. —/—: Homozy-

gous mice; + /4 Wildtype mice

2.5 Trpve A BB IR EABIE  Trpve i
PRI R P i A 2B /D BRUES BB IE 28 e B0 L (1
Trpv6 5 A i b /N BAFE A F DI RR Bk G , A BB IE
AHLEAE , FER RS 1Y R RSN LR A
£ WF ] B, Trpve K PR 6 /0y B A% 4R o 6 ] I 6 B
Az AN B T B DR KL R 2 S I
G5 UL 6, 12 AR E/NER L7 A TN R A
30 %01 Trpv6 He R R B /0N BUAE 7E Sk 1 L 35038 i 6
B RIG 45 R I 7,

447
ot - WT p
40
38t
36 |
34}
2}
30}
28
2 |

Body weight m/g

T 2 3 456 78 910 111215141516
Time t/week
B6 EMAM(1%55)RFH,KEFERM
Trpve EE BB /NRERETL
Fig 6 Body weight in adult WT or Trpv6 gene knockout
mice fed with regular (1% Ca**) diet

WT. Wildtype; KO: Gene knockout type. * P<C0. 05 vs KO group;
n=20, x=*s

B 7 HEE(12 B#) Trpve EE B R/NE
H B B ERFN & AR B E A0 R &
Fig 7 Adult(12 weeks old) Trpv6 gene knockout

mouse with persistent alopecia and dermatitis

on the nose and neck

33 i

/NE Trpv6 5L 55 6 5 4 4, 3 45 5
1) mRNA K/NHK 2 926 nt, 4if X K/NHA 2 181 nt,
HHA 2 DR SEAR SN T E AT, R Tr-
pv6-201 FESEA M 11 48 F7E Trpv6-202 5k A
PR T 3 AN (B 12,13 R 14 bR ) L]
| Trpv6-202 ¥ AL 17 DA T 1 Trpv6-201
MRAHA 1AM T, ld bR 2 Mo+,
TR R R i SR B P B R R AE A 3 AT
AT AL,

HENRIERZE S, Trpve #H 5 EphB6 3 H E
JEAHE . Bianco %5 I [A] U5 8 21 3k A i Bk v 4 ST
Trpv6 K&K RN BB, RER X R Trpve (955
9~15 4B F. EBR T Trpve 3 K AY 5 5 45 #4482
JETE Y A P A, 3F B R B EE R T EphB6 5k B 1
J& 4 ANAR BT BIEN S TRPV6E 2 1 R EphB6 &
FIDIRESZ B, O IR AETE I I . (1) Al e B R A
G BT B AN B A S 2 MR A R RS2 40 5] R Il (2)
Trpv6 ZEHE ML 1~8 4b R F ol e g — Bt 374 &
BB B A E N X AR EARG A
AE B X 2 A B ZH 277 A H AR A S e R R Y, X
PIA [ AR 2 5 BUO7E 5 2 T 5 3% B 0 43 i 5 16 Dy g
B 7= Az R [ DL A, S 8 52 42 I B Trpve 6 B
Bii 1z

A FE R B 7 k2w T8 2 AR BT 98 bp,
S HUE 8 mRNA B EE & A B 05, AN il 4k S 4 5 2
1AM F R g% X KA 128nt, HAgdm 324>
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FFEWR BRI, 1 5 ) Ak 8 4 vl Ok, i X A 4B Y
EphB6 5 [ 54 ¥ A7 52 Wi L JF 7= 24 (1) 38 AL AT LA 58 4
45 F Trpve JEH B A R FHF5E Trpve 5 M1
TIRE A 22 7= A AT AT B, S, FRATT7E 3 A 4% sj K 7
WERA 4l T /N Trpve 2K O B R R . ASHIF 5T )
HENT T Trpv6 Jk P B 4 /0N BUBE Y, Oy a2 35k A ) i
M TE R 58 25 1 A

it PCR i RIESE, Trpve 76 H A 555 1 85 40
MU Z DI RE 1Y 2% B NI Rk, AR B IE. 48
Jr 23 G5 i S AL ZURUET B R DR TR O VR
FUIRAE SN 2r Wb B . Trpv6 1 1 240 40 B i 40
a2 3k, B B A B T3 1 Trpv6 768 18 BB
e B3 HEVE T, Trpve 3 DR BURH 105 %
VR B L A BB L AF PR AR Tk 4R ER R i ng B
B AR S R M S I 0 A AR 1
bRz — . XULH Trpv6 S5 BT SR B 5 s i 19 5
PRIAS 2 B W S R S S s 5 R 19 L R BB 5 B L ik
WIS O, AT AR CE 22085 IR, Trpve 5
PR oA R 1 B B P T e AN B Y X — b 4
/R T Trpv6 JE B ag b BUAE 76 B 8 B/ 16 2 g 1 B
5, R RE B PEAS B Tl Trpv6 & 245 8 Tk A
A E B, VRIS S e AR — A
AR VR B AR S B VR A5 R R 1 il
(10 395 P Tl T 2 T 2 B R 4 P R [ Y B S R
T U R A A T RE . B, Trpv6
3 A AR AL A A AR

FER Z 00 BUF L6 T 25 4 16 8h 6 5 1 3 B e
EoE A RERIE N RS BRI B0, HE, RATE
A F/NBACH AR ER TR T Trpve S i
Bratid 7/NRGAER T Trpve &N %8 2Rk A & 5
FUNRE ARG ST, Bianco %5 WF5% & B Trpvé
PR /N B AR R R R B R BN A
B, R S A I B Trpve 36 g B /N B
(10 A T i B A B RN U L LB RS L A
it RS EI R, LT TR 1 Trpve 3k A iR
N EUER AR AE AR B DR B G L R BB IE W SCRC B . AE

BRI 2 809009 Trpve Fe P @Bk /N BT 30 %4
Ay /N BUAE A Sk T B R B AR (H BE B 1
KL BB BE A8 B LA sl /b . ik e SR B AR S G 0
SOORMRL. Trpve R /N WA 7 5% 0 MR i
RS B B R FL A fES Trpvé
2N R O R R R T B IE R e S SN T SR 4
LUV S MRS B 715 5 8 B R AR AT 5C . Trpv6 X AR
AR RS A L oA R R B IR A R o 2
AT — WA E AL

4 Pz

JIe A V3 P AR SO 8 BAT Al R £ o 5
[Z % X #k]
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