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A Successive Three-step ‘Gap-repair’ Method to Generate the
MWAP-hLF Hybrid Gene Locus
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Abstract: To generate a mMWAP-hLF hybrid locus that the transcription of human lactoferrin(hLF) genomic sequence is directed by
the up&down stream regulatory sequence of murine whey acidic protein (mMWAP) gene locus, we describe here a successive
three-step ‘Gap-repair’ method. First, a gap-repair vector based on pBR322 vector backbone by inserting six joint homologous arms
was constructed. Then using ‘Gap-repair 'method mediated by Red recombination system of A-prophage in Escherichia coli, in the
first step, the 8 kb 3’ flanking region of the mWAP gene was subcloned from the Bacterial artificial chromosome which harbors the
mWAP gene locus(mWAP BAC) into the gap-repair vector; in the second step, the 29 kb hLF genomic sequence from the ATG code
to the TAA code was subcloned from the hLF BAC; in the third step, the 12 kb 5’ flanking region of the mWAP gene was subcloned
from the mWAP BAC. Finally, all these three DNA fragments were automatically combined together without any gap in the
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gap-repair vector, and a 49 kb mWAP-hLF hybrid locus that the hLF genomic sequence was flanked by the 5" & 3' flanking region of

MWAP gene locus was constructed. The result was confirmed by PCR. restriction enzyme digestion and sequencing. Our method
provide a new way for the construction of large mammary-gland expression vector.

Keywords: bacterial artificial chromosome, gap-repair, whey acidic protein, lactoferrin
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FER SRR | AR RERAE . DeAh, iRk
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pBR322 Il§ H New England Biolabs 7\ A ;
PGEM-T-Easy J H Promega; mWAP BAC #iI hLF
BAC 4 F 3£ E [E 37 JLE B Be; ik pKDA6(E il
JEAY, A Z PR S 3h TR $E B9 gam, bet F1 exo
SANIERA, Ap PitE) IR pET-24(Kn Fifk) A< %
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T6 DU/ A6 ; T3F A1 T3R, TAF 1 T4R 4351 FH 3k M
hLF BAC 43 T3 Hl T4 Wi [R1JEE . 97384 9 [ 5
K27 500 bp 247, KF Fil KR1, KR2 Ak 1445
EM7 JA 371 Kn $T 5L L J1F A1 JIR AR X6 —
AR 3'mWAP JEH i Br ik PCR %%, J2F
Fl J2R FEXT S 2B 209 hLF 41 R Btk gy
PCR %5, J3F A1 J3R FH & X 28 = 4 U4 21 #Y
5'mWAP A i Beif T PCR %0€ .

12 A&
1.2.1  ZA## 1 pBR322-gaprepair #9744

1E pBR322 # A& fY Pvu | FI Pst | Bl 5 2 ]
i A—A~F Not | BFYI 258 Linker, 285 Ll pET-24
JEAR, FIB14 KF #l KRL #4745 —IK PCR, ¥4
H 12EM7+Kn" B8 #2535 LSS —1K PCR 1000 £
Be= 4 Bit, FB14 KF A KR2 #1725 Ik PCR
PHEH EM7+Kn" K. ¥ EM7+Kn" J B v pE 2]
pGEM-T-Easy I, #RJ5 H Not | # EM7+Kn" i Bt L)
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Table 1 Primers used in this paper

No. Primer sequences 5’ restriction site Length of product (bp)
T1F 5-TCAcgatcgTCTTCACTTATCTGATGTCAGCAACC-3' Pvu |
TIR 5'-TCTtacgtaCTTACGTGAGCAGAAATGACCC-3' SnaB | 495
T2F 5'-TCTtacgtaGCCCGGACTCGAGCCTTGCTC-3' SnaB |
T2R 5'-ATggtaccGGTGTCAGGCAAGTGACTG-3’ Kpn 1 458
T3F 5'-CCggtaccCATGAAACTTGTCTTCCTCGTCCTG-3’ Kpn |
T3R 5'-GAgttaacTAAGTCTCATAAAGGCTCGGTC-3’ Hpa | 488
T4F 5'-TAgttaacTCACACAAAGCAGGTGCTCAG-3’ Hpa |
T4R 5'-TCTgccggcTGCTTACTTCCTGAGGAATTCACAGGC-3' Nae | 446
TSF 5'-GCAgccggcCCTGGCATCCCTG-3' Nae |
T5R 5'-CTGcecgggGCTGGGGCTGGTCGTACCTTGG-3' Sma l 410
T6F 5’-CTTcccgggCAGCGCAGAGAAAAGGAAGGAAG-3’ Smal
T6R 5'-TGGcgatcg TGGTGGACATACCACCACAGCCAGC-3' Pvu | 473
KF 5-TTAGAAAAACTCATCGAGCATCA AATG-3' -
KR1 5'-CAATTAATCATCGGCATAGTATATCGGCATAGTATAAT-

-ACGACTCACTATAGGAGGGCCACCATGAGCCATATT-

-CAACGGGAAACG-3' - 872
KR2 5-TTACTGCAGCACGTGTTGACAATTAATCATCGGCATA-

-GTATATCGGC-3' - 891
J1F 5-TCTGGCTCCCTTGAACACCGTAG-3' -
JIR 5'- CTCCCAATGCTGGCTAGTCTTCC-3' - 1257
J2F 5'-ATCCCAGACACTCAGACAGCCATC-3’ -
J2R 5'- AAGCTCCCAGCCTTAGGTAGATGC -3’ - 972
J3F 5-AGTGAAGACAAAGGAGTATGGC-3' -
J3R 5'-ATCTGGACTAGGGTCCTTGAGC-3' - 1207

T3k, %3 pBR322 #4& Linker 1Y Not | i) 4,
FEE R pBR322-EM7-Kn #fA, M ifif# pBR322 4
HKn BUiE ik br .

P mWAP BAC Jt5it, 4350k TIF M TIR, T2F
A T2R, TSF Al TSR LLK& T6F, T6R Jy5|4#, H
pyrobest = {4 EL il 14 24 500bp 4 [H P T1, T2,
T5 1 T6; LA hLF BAC Afiitl, DL T3F fil T3R. T4F
1 TAR A5 RAEY SRR T3 M T4, 435X
SE [ R R F] pGEM-T-Easy 844 b, Wl F E#I )5,
I [ 5 7 i e A BB 7, % [V 1~6 ¥ AR
WK ENITE pGEM-T-Easy ik Lok, Mam
pGEM-T-Easy-gaprepair zk{A&. ik 2[RI 2 8] /Y
TORER:, TLAI T2, T3 Ml T4 LAK T5 #l T6 2 A A
MBS 2 A [FJEE Z [\ 751981169 SnaB 1. Hpal .
Sma | U s T IOIR &L, T2 f T3, TA M TS Z
Ji) 1) T ] 5 A B 5 59 Kpn | #1 Nae | B0 8% 4% .

e Pvu | O EE—RMW 6 AEUEE M
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1.2.2  [EZA 0T 7] 7

#5547 mWAP BAC () DH10BTE A1 & hLF BAC
i) DHLOBEA il B Ak 27 Bz A A, SR )5 44 4% Red
H 2 R G8 pKDA6 ORI (L 2 iR b5 sz 25 4
Jorf, FE S A SR PRI SR R AR 1 30°C Ky
PR, PR TR WK LB H5 3R 30°C k4L
i 9% % ODggo N 0.20~0.25, #RJ5 A 1 mol/L ) L-
B RLAFTAE, 2 E 240 6 mmol/L, 4KZEES 5% 45 min
% 1h, i ODggo ik 0.40~0.50, E5.CoWCEELNTE,
10%K & H e 3k, fea I 10% K B Hm & e, ff
A7 S AR R Rl 1x10%° cells/ul, L&A
pKD46 F1l BAC 1K i FF T L i J8sz S 4
1.2.3  ZHELEIAN A LR

W A8 4 1 S R BT 2R pBR322-gaprepair 7
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T5 F1 T6 Z [ Sma | PIJTF, Wiwh/a Mk, 4kt
(55— BE T A, 224978 50 ng/plL o R 2 pL
Hi 7 2 50 pL 7 pKD46 & mWAP BAC (1)K i i
WL Rz g b, E S0k 2.5 kv, 5 ms, i
Je 37 RIAIA 500 pL SOC HiF#ii %, 37°C, 150 r/min,
B9 15 h, BRI T RIREE (GO pg/mL)i LB
AR E, 37°C IR 24 ha, MK RIRE R
TEREIEAT PCR R %2

W 55— 2 JE R TR AT 5 7T B 1) ST 1A 4%
RTE T3 FI T4 Z (8] FH Hpa | YIF, Mim, 4 gk m
8 TP SL IR B A, HL it 21 & pKD46 il hLF BAC
MR L Bz v, EA 728 A0 SR RO O
2 [AI i) o

N 56 A8 L DR D HTCH BT B 7 R T T4 2K
TRALE T1 1 T2 Z ) SnaB | U)JF, JBiwdk, #miskis
(55 =P BER U 20k, i 317 pKD46 & mWAP
BAC LBz diMl b, #4758 =0 B EIUH O
2 AT

2 &R

2.1 EEMIEFH K pBR322-gaprepair L E

AL LT () B AT 20K pBR322-gaprepair 43
S SnaB |, Hpa | #l Sma | #EATEEU) %0, YREDT
7.1 kb 9 B, F Hind 111 &V H; 770 bp, 2251 bp Al
4079 bp =N B, UEW] R IR 204k pBR322-
gaprepair £\ I EE (] 1).

M A B C M D

bp
10000
5000
1000
1000

1 EFE 3K pBR322-gaprepair PCR FIESH] L E
Fig. 1 Identification of pBR322-gaprepair by PCR and
enzyme digestion
M: 1 kb DNA marker; A: digested with SnaB I; B: digested with
Hpa I; C: digested with Sma I; D: digested with Hind I11.

22 =HESERIEE 2)
221 F—HIHANHZR

B — I S, FRATTXH A 2 T b
YEFIY) IIF, JIR HEAT PCR %5, 4504 8 N E4l
TR 2 1200bp 254, FRATE T — A P s R,
PEFORLSFH AfL 1L A Pei | JEATREYIEE, 45
Afl 11 BEYTHY 1917 bp, 3406 bp, 8953 bp = 4547, Pci |
REVI MY 2013, 4672 bp, 7581 bp = 4%4tF, SHEYI4HT
M oE4—3, IEPIFRATC IR 749 8 kb 7 mWAP
FEMH 3o e B P4, M 3RAS T4y 14.2 kb 1y
pBR322-gaprepair-3'mWAP & 21 7% (& 3).
222 F RN IZR

55— 0 S 904 J5 79 pBR322-gparepair-
3'MWAP 4 5o Hpa | WITTJE, #E ki 38 —
LRI 200K, JEAT50 B BE T . RHC
#2H e TS E 1 J2F, J2R 1T PCR %, 45
A 6 NEA R LI 1S 2 1000 bp Al . Phik
BH A 58 B 31 5 k7 5 F Nhe | A1 Hind 11 BEFTRED) %58,
255 Nhe | fig 47 i 1350 bp, 5010 bp, 5627 bp, 6678 bp,
7980 bp, 15276 bp 7N2%4F, Hind 11 fEYIH 770 bp,
1979 bp, 4079 bp, 4795 bp, 6153 bp, 8741 bp, 15508
bp L4, SEEYIHIE e —8, IEHRIIC &I
#7429 kb 1 hLF ILRHFH, WIh3kis T
42 kb ) pBR322-gaprepair-hLF-3'mWAP 4 7 [
(%l 4).
223 FAHHANMHZR

B 55— R 5 19 pBR322-gparepair-hLF-
3'mWAP T ZH sl ] SnaB | YIJF S, H ik ki
SRR U R, ST SRR . A
W E A % E 5149 J3F, J3R MEfT PCR % 5E,
EIR N 1A EYL R T LAY 2 1200 bp 4 .
Pk FH M e S Ok IS B Hind 10 B4 7 U1 25 %€,
%55 Hind 111 Y)Y 770 bp, 1978 bp, 4795 bp, 5954
bp, 8741 bp, 14052 bp, 15508 bp + 55417, 5143 Hr
SEA—E, WWHERMELIMHR T4 12 kb
MWAP JE[A 558 B3 e 41, mMHI3kAG 749 52 kb
i) pBR322-5'mWAP-hLF-3'mWAP 4 5 % (14 5).
%519 JAR, J2R, J3F 4 54E RN ES1 49, X &
41 pBR322-5'mWAP-hLF-3'mWAP 77 [ A 7l 3 5
E, BRI A 0 [ U5 I 3 — A [m] R
5L IRATT AT H AT 21 mWAP 2[R 3 58 ]
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(7.1 kb) Smal the first step Gap-repair
| ' pBR322-gaprepair-3'mWAP
ATG (14.2 kb)
hLE+BAC / Hpal
T3 T4
—— o
\ the second step Gap-repair
pBR322-gaprepair-hLF-3'mWAP (42 kb) ' '
ATG -
S'mWAP

I Sna B

—r s

mWAP-BAC

l— the third step Gap-repair
S'mWAP hLF 3'mWAP
Kn* ori
s oL

pBR322-5'mWAP-hLF-3'mWAP (52 kb)

B2 =SESERMETER
Fig. 2 The illustration for gene-retrieval by successively three-step

Ml A M2 B C M3 bp
bp
15000
10000 10000
bp 7500
bp 10000 5000 5000
5000
3500
3000 2500
2000 1000
1200
800
1000 1000
500
200

E 4 pBR322-gaprepair-hLF-3'mWAP EHF PCR ffig
PIEE
Fig. 4 Ildentification of pBR322-gaprepair-hLF-3'mWAP
by PCR and enzyme digestion

M1: DNA marker I11; M2: 1kb DNA marker; M3: D15000 marker;
A: PCR with J2; B: digested with Nhe I; C: digested with Hind I11.

E 3 pBR322-gaprepair-3'mWAP E45F PCR FAf§1)]
s
Fig. 3 Identification of pBR322-gaprepair-3'mWAP by
PCR and enzyme digestion
M1: DNA marker Ill; M2: 1 kb DNA marker; A: PCR with J1; B:
digested with Afl II; C: digested with Pci .

FFH, hLF JLHESIPILHE L FHH mWAP JEH 5 M — 24 & B /N WAP— A LF LR, WA
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Fig. 5 Identification of pBR322-5'mWAP-hLF-3'mWAP by
PCR and enzyme digestion
M1: DNA marker Ill; M2: D15000 marker; A: PCR with J3; B:
digested with Hind I11.

3 ik

TE 2% L R Bl W) FLURR A 1 S0 e o v, Rk 3
T 45 B B A —BRBL DITEVF 20098, th T ok
BRI, F e A RN RSB A, R A&
S-S I S R v G o A M S R -G S - 0
cDNA A RhPREE—&, AT A4L, B2 NE
FREHO, BFFEIA N & T BAT Fak s/ UL,
B, FH /N2 38 2 A il 5 1 2 L TR sl LR A
JN g, ARMERSPLIE R R i R ARIRE, SRS E I
EAMERE . Ak, —tR B oA A
T A SLIN ) BAC, YAC HEAT AT 59 ol 45 LR Ak
Wy IS B0 s AR H A9 EE P 2L A cDNA B A
BAC. YAC MizlE &M g #E BAC, YAC %l
JiR R H AR HXRETEAE S 7E BAC, YAC HHA
B Z kbR e FRT/loxp 24, 1 BL.H1 T BAC.
YAC # KT K (200~300 kb), 7EFhJE HEAVET 255
Wi, WS R ME. 5546, BAC, YAC H K& TG

KILHFH, AU IL R A ROR, ML 8h
) e FE A S I U G A T e s i, FRA T34
RERG i FA0 A L B ) SR R o A A 4 I 51 AN A
U5 B A8 3 L7 91 0 2% A FE DR AR PR Bk 48k

WS 3 = SEPTHH mWAP JE[] 3038 H- B,
hLF D520 2 41 F1 mWAP LA 50038 1 By, JF0li e
1T Zh IR ik Befe ok, I E R mWAP-hLF 2445 L
AR, 3R 3] T IR mWAP J PR EE H mWAP S5 PR 2 4
T 7 51 DA s 23 R - B 2 11 3RS 79 hLF SRR AL
GRG0 B B . AERATAETE T, TR RN
LR B A K, 4390 8 kb 29 kb FiT 12 kb,
5 SR R L DR BT B 20 5 T B8 1 T — 25 5 DR BT 4%
bk, B JE — A LR U, P 2 A ik
42 Kb BXAESRIH I FATCE 2E,  H A Sk
R TE B FE N AR — B 7E 10 Kb AT, 51158
SRR, FRATT R RIS T A B E A
SO, AR B U UE B TR AR K AR AT IR A
R WATI . ST 2 b 1 5 — R AR D
A il AR A pBR322 MR HIl T, ©
RBP4 A0 R A 20 45 DL, X RERE BE AR IE TR
B R T N5 I (RE A% S 49 kb I AMIEAGR A T
B, ARSI T AW e . U A
O AR A A P AR EE L, 4 H T A BEER,
Ao IR, H-RIRERTGLE, HOR AT JE RN
XS R EE R S BT e B R /INRIITUe 844
HRFRS, RATHEARS HAFEE A BT Ak i 07 & A
Ko FHALTFIRERFFLIX A mWAP LR 3l 31X Al
hLF JERAL)5 50 (9T, AR UG R 2 5, 3%
S BTk 8091 7696( 52 0 K4 A 51 H) o T X mWAP
L 5 XA, AR . FRATH T T 2
WELE, il 7 &R Sc g 26, AW HARS T —
A PHE 2 vl o T8 36 mWAP B[R 538 [X 471
GyHT, RBTE SINE X AL %, fF7E KEM CAER
JEH, b aEEE G MR AT TR RN T1 IE4F ik

SmWAP ATG hLF 3'mWAP
J3F = 12F p JF >
| 4 | 2] T13] | Taf 15| HE3
< ;3R <J 2R - LR
TAA

6 XESIHIE S'mMWAP-hLF-3'mWAP 2 & £ R EE i j (L B TR = [E
Fig. 6 The position of primers for PCR identification
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FRXAFAL o PRI 5 43 7 518 BT R mr 4
SER, S LN . B Red AU E 4 A HA A7
SRR, X7 T AR G B [ N Ah SCEkHiE, I
B — 20 A S 00 O R B E

FAh, TR EH LR U A B R TSR
B, REFELA B RIRIRAE, A5 KA T [
VR IR R s . BDEURE R — R Be = 2 A4
R Z ) 4 Ak, Bt e AT =2 6] 4y 4 T 4 e
PHER — A YA, G0 TR T2 Z [0, T1 LA
TAC 1ER 345, T2 LA GTA 2 5%k, 1EH-PF
tH—~ SnaB | B YI57 &5 X FF 24 H SnaB | Y T1-T2
P MBI AR B, B a5 A A S5 3 A fu] Ay
FIBR L . [RIFE, T3 F1 T4 Z (6], T5 F1 T6 Z 8], tLAliX
Fh 7 P9 Hpa | Fi Sma | BEEI 7 25 . 1 ] J5URF 3
ERR ALY, R R 3 e SR R R P AR B
FEAEM B YO S T . WA A T2 R Kpn |
BEYIOL S, ¥ T2 A1 T3 @k, A T4 Ky
Nae | BV &, B T4 1 T5 MR . b, PHEM
UL s B, B S BEE AR R B AT A Bt
WA WYL, B T R SR T Y S fR
R, DA ORI — Y il 0 A4 B 2 P HTCH AR i, 7
JEREY), AU BRI

AT EE Y MWAP-hLF 244 5L R, 7L i
A=W AR AR IR hLF 3958 T SEAE . a8 1 0 ST 3%
A b 1 B2 R e AR A A Ao, X R O =X
Fa TR A 2L AR 1 4% SR DR AR AR, R o8 4T LA
BRI o 16 hy L MR A 0 52 g s 4 R DR R 3Rk 1y
Fo AR A — 4B A S T SR RN AT A T R AR B 2
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