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Generation of islet B cell-specific Cre recombinase targeting vector by homologous recombination in bacteria
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[Abstract] Objective To construct a knock-in targeting vector for expressing of Cre recombinase specifically in islet B cell
and provide the key material for knock-in mice with Cre recombinase expressed in islet § cells, providing a knock-out animal
model for studying the function of islet 8 cells. Methods In our study, we constructed a knock-in targeting vector using the
third exon of insulin 2 (Ins2) as a target site with A phage Red recombination system. Through a first homologous
recombination, we cloned an about 12 kb genomic DNA fragment from the bacterial artificial chromosome (BAC) which
contained Ins2 genomic DNA into a low copy vector pBR322-2s through gap repair. Meantime, a mini-targeting vector
containing internal ribosome entry site (IRES), DNA sequences encoding Cre recombinase and positive-negative-selection
(PNS) gene was generated. After second recombination, the final Ins2-Cre targeting vector was generated. Results With the
third exon of Ins2 used as the target, we successfully constructed the knock-in targeting vector expressing Cre recombinase
which was controlled by endogenous Ins2 gene. Conclusion We have successfully constructed the knock-in targeting vector
expressing Cre recombinase, it will provide an important material for creating animal model of Cre recombinase which is
specially expressed in islet § cells.
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internal ribosome entry site
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T AR, BE A RS PR 200 R B AR BT R B
20 f 3 P D REBIF ST H 25 BN AT G R, 3
F Cre-loxP B4 F G0 1 57 (1) 2% 18 56 IR Rl B A A0
RWFFEIE R B AT REAR I T R IF R BORfH. 1E
A AL R R R AR A B ST R, Cre T HBUEE JE
WEZMEN., HArE NI RE g 1M/ Cre
TR AT 52 R U 8 3 R 3 (RIP) 4 4%
ff) Cre (RIP-Cre) /N "™ (ZHe e IR T 47
[R5 & £ [H 1 (pancreatic duodenum homeobox 1,
Pdx1) )8 8 F 58 # 4 5L & 3 (neurogenin3, Ngn3) Ji
)T AR 0 R R 5 S PR 9 Cre BEER/NELS L DA I
Z W R Y L ST (tamoxifen) 5 T ) Cre T
H B (40 MIP-CreER'" | Pdx1-CreER" %), 7E I
WP 5] Cre R WA 3011 8 AM IR,
Jr BN T LR 2 8 ok A2 8 O GO B O i AR A
RPN i T AN YE DNA Gl i FEAL R 5 i 7
ARG BRI b BB AR AL S ¥ DURCTE 45 )
FE Cre MK BOH T 20 A00RME DA . BRI
Z b X2 Cre T.H S AFTE Cre K35 10 24H 2UR: 5+
PEAS I BARL A ] 3 ] A A Sk i3 — 28 RIP-Cre
/N LR B R 2 0 T S RIBR B R ) W ) RE R
it B —Z A ) Y H L B 41 T 58 F 5T
K TARKIRE, it , A WE5E DL O Hh & s, 38 5 1
HAZ NIRPEIR S 3 2 (Ins2) 55 ™ k& I 45 72 08 5% 3

20 TP Re SRR IR Cre T 2H Tl 1) 2k DA R0 A B AT HE 25
P U R AR A5 IR 5 3 400 i v 5 DR R SRR /D R
BERIFT T BB, e X O R B4R MO AF 5 4 0t B
RESINEIR7): SitS

1 #MRITE

1.1 EZMHAZRAN & Ins2 FEH 4 DNA 1
BAC Bk DH10B(RFES . 365C19) ] H Cell Biola-
bs A7l ; EL350 W kW B Biovector Science Lab 2%
F) 3 pSK-IRES-Cre-pA B H 45 — 4 B R4 JL At
o B A 32 OO = A N DR AT pBR322-2s, pSK- I
F pLA5T WKL R 55 4% B2 K4 FE Al B AR B 2 2
WF = R AT

LB ;73 (BEE I 10 g . BERERY 5 g.NaCl 5
WA B A T AW TREARMRS A RA ;R
PN YIEEI A NEB 2 7l DNA Ladder, T, DNA %
PEWE [ TaKaRa 23 s DNA 4ifbiX # & H Qia-
gen 2~ A BERE P ) & B Axygen 28 &) ; 5 kE
NEFRIRF & H Omega 23 7 s PCR A &K 57 1
At L ESEAE MR A BR A A,
1.2 sl Am A R GenBank B K EMW Ins2
SRR IR S e K7/ I 7/ R g 1D i A LS g ol
REEMHARARAFER., IWTFHIE L,

R1 BERHEBRSIWET

Tab 1 Primer sequences of oligonucleotide
Primer Sequence (5'-3")
RAS Forward: cgggatccGGTTAACTGAGCCCCTGGTGTGA
Reverse: ctgetegagCATGGTGGCTGAAGTTGGTCTGT
RA3 Forward: ctgetegagCTCTCCACCCCTGCACATAGTCC
Reverse: ctaagcttGATCCGCTGGCTGGGTCAATA
Exon3 Forward: ctaagcttCCTGGCCTGCTCTGACACAACC
Reverse: agtctagalCCCAGGGAGCCAGGAGAAAACT
Mutant Forward: GAACTACTGCAACTAGAtatcCCACTACCCAGCCTACCCCTC
Reverse: GTAGGCTGGGTAGTGGgataTCTAGTTGCAGTAGTTCTCC
Linker Forward: GGAATTCCGGGATCCC

Reverse: GGGATCCCGGAATTCC

RAS5: 5 retrieving arm; RA3: 3 retrieving arm. Lowercase indicates the location of site modification

1.2 4k Red 41 4 %% BAC % £ ¥ EL350 &
22 tm R ) &

1.2.1 BAC DNA i # R %% WERFE 16 h
M Ins2 ZEH 4 DNA 9 BAC B #& (DH10B) B3¢
BT 1.5 mL, JiT A JBRE /N o i 52 3 550 V5 i (O T

T/10 /M 450k 250,250 Fil 350 L), 13 000X g B
O Ja BRI SE IR RIS, E R FE 10 min
Ji 16 000 X g 4°C B> 10 min, #F EEJF A 1 mL
70% CWEE 1 RGBT RIS T 20 uL TE 20l
O REZE 100 ng/pl £ H G H TR BAC 7
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BEEH 25> . JH PCR ¥4 % % BAC DNA. 519
(RAS5 1 RADJFFITEN % 1,

1.2.2 EL350 BRZ A @M & & F EL350 &2
BYEZME 5 mL AEIAERDN LB R,
32°CHETE R Dowo = 1. 2 BHIREME S, 17 000 X g
0°C B0 5 min, 900 pL VKOKH BS54 ZH0L A 1.
5mL BOET,5 000X g FIRE.LD 20,7 L. E
B2 WEEET 50 pl vKoKH £,

1.2.3 BACDNA th# N F % % H 100 ng BAC
DNA 5 EL350 B2 B4R AT . K 15 min J5H
A7 (BTX-ECM830 L 2 LAY, ML il &5 4. 1. 75 kV,
171 ms.5 pulse) , [ HHIIA 900 L LB £ 57 W %
F¢ 1 h J5 BUE & R R T 8% R O EL32°C HE 57
Jei B I A5 4R TR, 8k PCR B 3G 9E AT %
ELBIHI(RAS Rl RAD JFHITENF 1,

1.2.4 %3 Red ZH F4 M EL350 & % & 40 fa 1
% CKIEW S A BAC DNA BB 78 BT 578 & &
BRVUEN LB FW T 32°CHi R Doy =1. 2 B
1:1000 %45 F 100 mL LB Bl h 4k s, &
F Do = 0. 5 B 55 2 42°C KB FE IR, 180 ¥ /43 15
min Ji 57 BV E F oK 7Kk o (i H R B VKA 10 min
Je WA AN L VKK PR 3 15 % Ham vk 1 Ws
R ) 800 L 15 % HlH &, —80°C /IR AF .
1.3 4T3 AR (pre-targeting vector) ¥ # &
1.3.1 PCR ¥ #[EFE LI BAC DNA mHHR,
PCR ¥ #8132 i) RAS H Bt BamH 1 /Xho 1
Y1 .RA3 FBEH Xho | /Hind [l B 4405 %5 H
1.3.2  BUFk # 1K (retrieving vector) B # 2 ¥
RAS5 A1 RA3 P B [W I % 4% 2 BamH [ # Hind
Il XA U1 5 1 284K pBR322-2s b, Fl Hind [l #E47
POl ) 55 78 I P (FRL S5 . 7 454)

1.3.3 EHWAHEWEBEEEE W Xho | &t
IR A 10 ng NI A 419 R IK Red HA RS
) BAC 15 ER L # AR &N 5 8B RPirEF
M it A7 W 3 15 5%, 42 BUBTRL pBR322-1ns2 Hl Hind
Il F1 EcoR T 43 il i#F 47 5 il D) %6 5 I DU 5 (5 bz 4
5.7 455),

1.4 %A 47 ¥ 84K (mini-targeting vector) #9 #] &
1.4.1 pSK-Ins2E3 ik 9492 L BAC DNA 4
ML, % B PCR 9" 84 Ins2 3£ N A EH 3 b W7
(exon3),Hind [l /Xba 1 X Y] 5 5 B 2 pSK- 1]
B LI 2 AU S ST S K E TR

JRE 3 3 A 5 AR A g A XA 37 o IE B8 % X (un-
translated region, UTR) Z [A] 2 — > EcoR 'V i V]
£ 8, MRS FT S Mutant W3 1, Xho T/
EcoR'V XU U1 #E 47 % 5 3 w58 748 18 2 /Y 50 ks ]
EcoRV i ik ¥ 1L )5 55 Linker EcoR [ /BamH |
e PR R B R DA VR AT B R BORC 3R S H
EcoR 1 /Xho I BEVI%E5E . B UIIEHA 19 BB H] M13-
21 3197 W0 ¥ # {& Linker ¥% 4% J7 10 1E # (50 KL g
5.7453),

1.4.2 #HMAFTEREKNMHE  pSK-IRES-Cre-pA
ki 1l EcoR 1 /Xho 1 W4T, H K I8l it IRES-Cre-
pA F Bt (25 1.9 kb) ;pL451 Bk Sal 1 /BamH |
B Y1 5, HL vk T FRT-pGK-Neo-FRT F Bt (4 2
kb) . K 3X P54 Fr Be % H2 & pSK-Ins2E3 BUkL I, Jf
M EcoR 1 /BamH 1 B V1% 7€ , Bl D) 1E B 1) 5T kL H)
M13-21 5IH I F (BRL g5 . 7 456)

1.5 Ins2-Cre dr¥e &tk ed M 4 HERE R
B 3Rk Red 20 3 4t 14 J8% 32 25 40 M 1) 1 45 07 12 [
12,4, H e 2 0 A9 1 AT #E 3K ] Xho T/ Not
1 B )5 2 [0 4% IRES-Cre-FRT-PGK-Neo-FRT A
B B2 150 ng WIS W) 5 il 4 1) SRS 25 40 LR
2], UK 15 min Ji B A Pk BRSO R TR v 1 9
BiokL il 42 5 B U0 % € JF AT W OF KL gk
5.7458),

2.1 BAC % £ @ EL350 ¥ Red 41 % 449 &
Z EALEPRATERERA Red RIFEEH RGN
EL350, LA #l #2 /9 BAC DNA R4k, I RA5 Al
RA3 5191 M PCR ¥ 4 (B 4T #E Ak iy 5" F0 3" 7
A FEIRE S, /N5 270 bp AT 488 bp,

¥ BAC DNA HL% 2 EL350 )5 #E 47 Bkl
$2 ., ] RAS F1 RA3 PCR 5| ¥4 845 2 K /N 7331 hy
270 bp F1 488 bp M4 . M BAC 15 F # Al H 1%
i 3 S 1 4 R A Red T 41 R 400 B2 A5 40
il .
2.2 TRATREAMELZR HMW PCR Y M EMN
FBOlK g £S 2] PCR 74, PCR 7=k K77 4
AR B R . T Red A R G 0] LAXK K
80 kb ) DNA #FA7 . 5k , BT L H 3 47 97 40 40 4
A S R T DA e T AR RV X B, R AR S
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TR H B BEA K 2 12 kb, AT MR 400K M g R
I 1 Fros . b T ORUE EE 20 2o % v Bk 19 2
P LA S5 R 9 s R R R E B R A
PR PR 10 A 45 DL 281k pBR322-2s |,

Allele Ins

~
~ ~ -

Retrieving vector =—5'RA| 3'RA MCATKp———
) T 1
BamH| Xhol Hindlll

|
Ins G0

B 1 BTEHBGHEREER

Fig 1 Procedure for constructing pre-targeting vector

Pre-targeting vector

Ins: Insulin 2; UTR: Untranslated region; RA: Retrieving
arm; TK: Thymidine kinase

W Xho T ZMAL BB BAR HL % 2 R 35 Red
AR GEM BAC IBRAZ 40 b R 4058 ) Red B4
i/ 5 A0 Bk O 18 52 (gap-repair) B 5 5, 24K T 5 A9
MR 5 BAC DNA b0 [A R P30 & A58 4, B 1)
B BWOR A L, v B RS B R R /N2
18 kb, BEUI 53404 A B H 19 BB 231.4 870,
6 309 (AT Hind Il B VI 55, [) B B3R 2Rk 7 3
AR AR B 1A Hind [ BT 07 5, Pt g 47
JEHE E4s A 4.5.1.4 kb il 2 45 6 kb A AR5
WL Hind [ BEVIE KB WL 2A, B FEEYIE M 2
% 6 kb Zc A7 1 2kl AH BB R AN RB AR T 8 MR 2]
WH EcoR T (3 4 ADEGUIA A3, 53 5L T55 1 885,
2 718,10 511,11 617 i kb ) 1 — 45 g U] %6 22 , HL ¥k
I 2B Fros . 450 R /N5 B AH AT L 40 25 0 ]
H i R B o B i

M2 bp

1500

900

500 g

2 JRHI pBR322-Ins2 BRYI L EE R

Fig 2 Digestive identification of plasmid pBR322-Ins2

A: Hind]ll digestion of pre-targeting vector (M1: Marker;
1. Hind|ll digestion of pBR322-Ins2); B: EcoR | digestion
of pre-targeting vector (M1 and M2 . Markers; 1: EcoR | di-
gestion of pBR322-1Ins2)

2.3 MAITEBAMELERE  pSK-Ins2E3 k4
AR ERME 3A Fran, PCR P #4533 405 bp K
/N Ins2 FEPSS 3 4 F 3% 4% %2 pSK- I #dk [ .
TEH 3 Ah B F R GRS X R 3" UTR X 2 o] s g — 4~
EcoR YV BV s5 - 5 Linker 4%,

TR AT H0 BR A E E WLIE 3A, M E R
A H At 2% IRES-Cre-pA H BEH Neo 3£ [H 1
AF Ins2 L 3 408 F M 3'UTR Z 85, WA
BEAER R 2 8] n S 74 122 0 1 A SOk 3R 3 A
Hind Il BI85 BRERAK B 1A, 5558 2 44351
PEFAAR B S 413 (L AEE 2 177 47, X FE U
it BRI LAY 420 bp M 1.8 kb A4 By 4547, 55
B U) %2 W& 3B BT, 45 RN 5 1001 — 3, 1
WA AL H R )

W5 0 1 A 09 BRORE B M13-21 519, I ¥
JIT AR 5 5 5 U — B, iF— 2B e B SRR AL

kb Ml 1 M2 bp

—1 800

PSK-Ins2E3 Ins G0
_.--"'Linkar SReRL,
Ti tccoact
i
Mini-targeting vector [ 500
FRT FR
EcoR T BamH 1 A B

B3 mEBETHEREKNEE

Fig 3 Constructing a mini-targeting vector

A: Diagram of the strategy to generate mini-targeting vector (WT. Wild type; Ins: Insulin 2; UTR: Untranslated region;

Neo: Neomycin; pGK: Phosphoglycerine kinase) ; B: Identification of plasmid mini-targeting vector digested by Hind[ll. (M1

and M2: Markers; 1: Hindlll digestion of mini-targeting vector)
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2.4 Ins2-Cre iT¥e ko2 HAEMWEN R E
KA 4 fis . JH Xho 1 /Not T BV AT HE 244
Ja Bl 5" UTR-Ins2-Cre-Neo-3' UTR R Bt (2 4. 3
kb) . 38 3 L (R B W it 5 s B DS 198 S 114 ] 35
ISl S i I N T P 1 A N 1 R R o2
IRES-Cre-pA-FRT-pGK-Neo-FRT F Bt #fi A %I
Ins2 BE A 25 3 bW E R X 3" UTR Z 4],
S () 95 AR Ty L E R A 5 1 885.2 718.3 342,
5 346,14 417 F1%5 15 523 S5 314 EcoR T B
SLENE AT RIYTH 833 bp.624 bp.2 004 bp.9 071
bp Al 1 106 bp K/NEY 45407, BEUIZE R LK 5. J
EcoRV #l Hind Il 73 5 S EGYI, YT i 2541 R/ 5
W —x., A5 MCL-R il RA3 B 215 5] 443
Sl 6T V) TE B 4 J5ORL B AT 0 L I A 69 41 3E
b 5 U 2 S R DR A R A AT X HE, S B S PR
G — T GEAE , R W B A )

Mini-targeting vector i) IRESCre-pA] frute}

3 FL
‘-u \-u l‘ "
‘\ ‘\ 0’ f'
Ins @R MC1TK

Pre-targeting vector

Ins2-Cre l

targeting —JIENIRES Cre-pA{pGK-Nealp{suTR
vector FRY FR

4 Ins2-Cre FIHBHBHEHMETREE
Fig 4 Diagram for generating Ins2-Cre targeting vector
pGK: Phosphoglycerine kinase; UTR: Untranslated region;

Ins: Insulin 2; Neo: Neomycin

bp

— 1500

— 500
5 Ins2-Cre yTHBEHBULTEER
Fig 5§ Digestive identification
of plasmid Ins2-Cre targeting vector
M1: A/Hind [l DNA marker; 1-3: EcoRV , EcoR ] and
Hind [l digestion of plasmid Ins2-Cre, respectively; M2
DNA ladder. Ins: Insulin 2

R DR iR /0 RV R £14 17 Sy 55 TR 2 RE O 2 42 3

TREMNEEFB., FIH CreloxP {5 e 5 &
H R G RE A R B A R A R T S UG A
TSR 4, R I 7R 4% 1 v R DRl B v 45 380 ) 2
FHUY . Cre-loxP BRS04 51 5% 1 5 A 8 o4 #6575 4
o2 AN, —Fh O BRI SR A Lox P AL KL/
B 05 AR 7 4 21 20 840 Ry S R U Bh T R
Cre THR, 2 M/NRAZEG Cre EHMN S H
HEEWA VI 2 4 loxP 5 18] (751, WA 3 51
SR E R . B ATRE 9 T S 84 1 R LA
AR HLI P FIR Cre HABK Cre /NRIERE L H
AR Z P 0 T IR 4 40 35 DR S5 T R BR A RIP-
Cre.Pdx1-Cre f1 Ngn3-Cre /MR . FE B s FIRET
() Cre B4 [ 7€ T Fr i AS [R]85 25 A [ 2 B2 1) 3=
ik RIP B8 F I N Cre HALBE 248 T i
SRR, Pdx] Ml Ngn3 Jg 8 793 F 1 Cre &
G4 AR R B I R 5 R R A A TR
PRV BRAR Sl A AL I 2R 45 IO R S B AN i 3
PRI 2 e R AR KR

EEILR Sh AR () S A DNA e 5
FIFERATHE 9 A 07 vk, DNA W80 5 BHoA AP IR 5
PN B AT RS L4 D1 30000 1 8 il 5L 3 B OB B0 AIK 4 ik
S DRI T A R 3 S 7R ) s T R R R R AT
AR, IRESCH #B B IA #E AL 25 & mRNA 5
UTR M — BCRRIR 7 91, 140 A M 1A B 42 78 Ly 91 4b
456 mRNA JFE G #RE, 7E4T 8 80k it i 72
L IRATR gAY Cre FALEG ) DNA JF 51 E T IRES
PN Z )5 2 S A T Ins2 SEHEE 3408 T 3
UTR Z#i., A IRES 8800 57 J5 sh A 4K ¥t 5" 1 +
GER B PEIX — 4 0, Cre 55 Ins2 BIBAESS A 7, [
Bt Cre 363852 BN IR PE Tns2 3 K A0 7 A% I8 3, 52
BT AHNBEIENN Cre 5 Ins2 WILFR K, KR P
B AR R R R A TR A Red RGN 09[R IR
T ARG SE 4 DNA JEAT B B0, X
Fi LT BAC [RIVE 5 20 Y 5 3020 1 S s b H Y 5
PR -4 B 355 A BR ol 4 il U 67 A T A 2% ARG ) L [ e
WA T G AT $0 R bt T4 B &, A
R RS,

Red ARG EEQE P L. —Fh M
AP T AR IR R, PR X R SR T A B S AT
[F] P52 A A A b L R AH N R 2 R S 0 —Fh 2
T K 2 A R T ) W TR AR O )T 91 3 A B K AT TR
(1 Yo fo A rpr A 7 5L A () IR R 4 D) BB 1 B AR L SRS TR
fiff FH s T 2 AT R VR B 4 A9 DNA 32 A Bk 26
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R, RO F JE A A SCR R M BTz B
B H B 515 24 BAC UK A 21 5 41 il 1 44
B (40 EL250 Fl EL350 45) . A% 52 46 4 £ f) 5 D
AT T RS AR R M B 5 Tns2 BEIHI 2B 3 Sh W+
HES AREA BAC B EL350 H, #1 fay sbedie
TER L R F AT e il i PCR 474 Tns2 HE A
P i B [ 50 A B A W AR Red 3R 4847 5 #Y [A]
HAH M BAC H T BGR T Ins2 ZEH 4 DNA
Fe 9, o T E 2H S ) A o AR A TR R A A A
L PR P8 7 G PR O R 2 AR A R B AR R AR, T
SR Tns2 HE LRI AY IE 6 D RE , 76 52 96 B 7T I 2t % 78
B34 F A L E M M 3 UTR Z [ 4 A
IRES-Cre JT4 , X FEREAN T W Ins2 BRI A R GE, X
R S PR Cre TALEE, JRUE T Cre @ 2H il R 35
s S
ARSI FH A WE B K Red EALM R HE T
Ins2-Cre W ABIFTHL AR, Ry 3145 JBE 5 B 40 B P 4
FPERIK Cre /) BB BT T 52 LAl [R] )
Syt — R B A R PR R S 1 s 0N B BIF S AR
KAL) LY 27 I REBEE T JEA

4 FEEHR
JIr A VR P AR SO 88 BAE AT R 45 0 5
[Z % x #k]
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