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KIFFE Rac i W # /A B 418 (1 RecE Al RecT 1)
Ditig, Horb gp60 H A7 57 - 3°dsDNA AJ) g i% 1» 1
gp61 4 ssDNA 45 &t H» 7 LU g ik B 4h % DNA 1)
B ACH AN E 2 . gp60 Hl gp61 1] LAAE 43 F AT
P (B2 S B — AT . %Rk B
i pJVS3 Jitki (5 gp60 Al gp61 FIAHE) 7ETEY: 73
Fi AT % (Mycobacterium smegmais) Y1 Fl| i acetamide
P35 gp60 Al gp61 I, T4 % 1] LU i 90%
DAL (HORAE S AZ 70 BT & A gp60~ gp61 A1
B 2R 45 (y°resolvase /res) HEAT 3 M pl BRI 5 B4R )
BEARREZHR G A BN EHANE
(Illegitimate recombination) @ o 3%~ s, ZE AR 5L 5%
WA 2 TS, FATTR R BLAE IR I AR I T Ak
[ 5 T A 1K) v B, IX T e 5 pIVS3 JBiRLH gp60 Fi
gp6l ANFa g KiLAT 5o AL, v resolvase/res [T
res [P ARG & ZANBIEL A7 1L PTG S
TR HE N fi B2 (Inframe deletion) , 1] 25 5 3t Bl b P
BN (Polar effect) , [R I 2 75 X 45 A% 43 BOAF 1 ) O
U RGRAT At -

TEARE T, A T SRR E K &k gp60 Fil gp6l
FATIAE pIVS3 JFRLIFFEA L, K5 Acetamidase 3 5T
Mk 7 0T s 4 35 11 Isovaleronitrile 35 5 7 5 #)
T H A7 GER R S s HLRE S I B HE A R o5k
ff) Cre/loxP Z%5. %R G v Ires RG] HIHH

w L TN . B T L 2 4,
TEWAS loxP 2 18], IRATERGIN T 54 gfp B HER
Frid i B DUIIgE 0 1 A o ASRIF 5T 3 ST ) 2 A e
R R GE s 71N IR] FoRE 7 45 8% 43 RO T G IR ik 2 R
ERRIR N 6 A H 4 i 3 3 A4S H 31X 02 HEroy 1k
PE SR 3 BOME TR v R 3 58 A8 K e P HL A% i i 1)
J7 i

1 MEARUTVA

L1 ##

111 R F0 . B RRFA R A S50 = it FH K1
FRG I 9 73 A2, W B Sigma USP A1 BD 2523w
SERZ S B R H3TRy SZI6 & B AR, A S8 % 1)
ARSI = (G 1B A ) B 2 ik 5 i 3 41h) it
KW #F 1 v B H W #k 4 DHSa. Jit kL pSLOOL
pSLO02 A1 pSLO03 Hy A< 52 46 = #y 7 Jf PR A7 Ho
pSLO01 & pML564 175 /4 JFt ki ™ 5 pSLO02 J pJV53

FORTAE JFORE ™ 5 pSLO03 J& pCreSacB ({47 A 5tk ™
FORE B 1 s o

L1.2 HEES: KA w SR 508 LB By 77 3k,
37°C K57 SR Ir BT W B R 35 ) THO/OADC B4
FEHE (WIAR) A TH10/OADC 15373 ([E 4) ,37°C 5%
Jeo S5 H0AE VK JE  Hygromycin (3 5 2 50 -
200 pg/mL) ; Kanamycin (& ¢ 5 %, 50 pg/mL) ;
Zeocin (1§ >k 7 %, 100 pg/mL); i 5 7|
Isovaleronitrile ( 5 &, IVN) ¥R JE &y 5 mol /Lo

1.2 #2455 E Rvl36de B EL 1k B 45 44 450
PstP RS54 . PstP % 25 #) 33f y Bk AR B A 32
1.2.1 Rv1364c #%EE 1k B 25 #1305 (& Ay PR 2k (R BY
R WS F B 51 4 BRI F sk 1 s
X rv1364c-downstream fwd/rv1364c-downstream
rev G W) 73 BT 1 B DAL 3 8 01364 Tk
PR A ity & R 32T i /) U (446 bp) , B Pac 1/ Nsil
W BI AE A pSLOOT o1, 45 4% pCL22T. #AJF K
H 1v1364c-upstream fwd/rv1364c-upstream rev 5|4
MGERZ 73 BORT B 5 DAL AL rh 47 48 ro1364¢ B8 R AL I &5
Fey 48197 [R) VR (542 bp) , F) I Spe 1/Swal E 1) A7
RIEN pCL227 H, fiy 44 04 pCL211. P A4 A 1 B
K28 1 0 - B e e A ) A . R H] Spe T/Nsi T\
pCL211 ) F mwl1364c upstream-loxP-gfp-hyg-loxP—
r1364c downstream Ji B, BB #4 T o

1.2.2 PstP BasM M & BB R BRI ME K
H pstP EC downstream fwd/pstp EC downstream rev
I NGHRL 73 BORT T B VAL TR o 1 pstP R Ah &5
ST I U (1094 bp) » M Pac 1/Nsi T DI R
BN pSLO0T 1, 44 04 pCL225 . SR J5 K H] pstp EC
upstream fwd /pstp EC upstream rev 5|4 )\ 45 4% 43 #%
FEGE D AL b g 38 pseP 0 A1 45 ey 381 9 1) 50 0
(969 bp) , FI FH Spe 1/Swa 1 {4 A7 55 3% N\ pCL225
W A4 pCL216. A7 4l AN 1 Bty 48 i il Fy 56 1k
FeR R IERYE. FIA] Spe 1/Nsi 1T ) pCL216 ] T
pstP EC upstream-oxP-gfp-hyg-doxP-pstP EC downstr
eam i BE FIREEDA % o

1.2.3 PstP BRI E E R R SR E K
H pstP EC downstream fwd/ pstP EC downstream rev
I NGHRL 53 S RT 1w 5 DR 2 R 38 pseP 155 5 445 1
1 )Y (1094 bp) , B Pac 1/ Nsi 1 EEDIAL 55,
N pSLO01 1, iy 44 A pCI225 (V3:: i T PstP 5 i
S KL IR AN PstP i A 2 ) 8w 5k 1) T 9 [ U5 3 )
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D o B8R J5 K H pstp EC upstream fwd/ pstp TM
upstream rev 5| 4 M &5 K% 73 BAF R R 41 b i o
pstP 15 545 K sk b3l W) V58 (849 bp) » I A Spe T/
Swa 1 FY)A7 5% N pCL225 h, fy %k pCL218. i
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Fig. 1

pSL001
9845 bp

HAEN R B 4 ol Iy 56 e A i E A . A
Spe 1/Nsi 1 ]\ pCL218 H Y] R pstP TM upstream-loxP—
gfp-hyg-HdoxP-pstP TM downstream F B, #| i 7] Y
#%H .

ori-E

ori-Mts

Nsil (3869)
Pacl (3884)
Hyg" loxP

pSLO03

8623 bp

ori-M

ERIRITEERMBRRLR

Gene knock out system in M. tuberculosis. The plasmid pSLOO1 is a cloning vector for homologous arms of target gene. pSLO01 is gp60 and gp61

expression vector under inducible promoter pNIT. pSLO03 is Cre recombinase expression vector.

L3 SEZoRMFEEREBMRAGESR
¥ pSLO02 JFTRLEE A4 N &5 4% 43 B AT 1 (H37Rv)

P A= R 2 A 40 5 E TH10/O0ADC/Kan 14 L
i, BN E G T 37°C ¥59%. 21 KA, $hik
AR _EAT— FR R £E THO/OADC /Kan W {4 R; 72
HRE B 9% S pSL002 TR ) 45 K% 73 BOAT B I 52
AN, ¥4k 73 93 A pCL211. pCL216 Al pCL218
Yl F B m1364c upstream-oxP-gfp-hyg-oxP-v1364c¢
downstream Jy Bt (W, 1.2.1) <pstP EC upstream-loxP—
gfp-hyg-HoxP-pstP EC downstream Jy Bt (M 1.2.2)
pstP TM  upstream~oxP-gfp-hygdoxP-pstP  TM
downstream Jy B, £ TH10/OADC/Kan/Hyg/IVN f{]
A Bk sE e . TVN 53 pSL002 ki & A gp60
A gp61, G £E KL A4 7K~ B A YR B4 0 A

i (Single cross over, SCO) FIXUAZ # (Double cross
over, DCO) o IXWFIAZ 4 /5 X AER AL B35 RN
SR, R RVE PCR 3E— 0 %0 2 15 4 WUAS #t
A H 4 2l K2R 3 Kb, BAAg ekt KA R 1
Kb) . H 1% 5¢ Rvl364c IR 16 45 #4915 DCO 5]
W5t A rv1364c-RTF /1v1364c-RT-R, % & PstpEC
SERIRAN Pstp-TM Z5 A4 3851 4 %) 2« pstP RTF/pstP
RTR (% 1) . 133 DCO J& BEAN 5878 b by g 1k 2 11
KA, WRAME ) gp60 AT gp61, HF 45 4% 73 BO A B
WIS Rec 20 W0 M I 6 K, G i #2 fb 2 Mk v
BtA3) DCO HymT getE A % -

PRIEAE— Bk DCO me i, il % I 52 A 40 i, %%
A&, pSLO03 Jiiki, £ 7TH10/OADC /Zeocin [FJ F-¥x |- i
1. pSLO03 JiukiHs &K ik Cre H LM, U)EI 2 4> loxP
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Z A gfp-hyg b BO ANAEFERNA BT — A loxP,
B3I FRIC B S Bk (Marker4ree mutant) , X5 4 KO
(Knock out) , B4 5 B K 2k s 4 98 . KO 5848
FRIY PCR 2558 5191 DCO A IRl 5t Jm » 4% KO 58748

R4 A TH10/OADC /2% Sucrose V-8, 1 T & 47 X
[ 3 $EHRC SacB H[H, pSLO02 A1 pSLO03 i
g5k

x1 SI¥MBRMFET

Tablel

Primers used in this study

Primer Sequence (5°—3")

rv1364 c-downstream fwd
rv1364c-downstream rev
rv1364 c-upstream fwd
rv1364 c-upstream rev
pstpEC downstream fwd
pstpEC -downstream rev
pstpEC-upstream fwd
pstpEC -upstream rev
pstp-TM -upstream rev
rv1364cRTF
rv1364cRT-R

pstPRT-F

pstPRT-R

ACGGTTAATTAACCGACTCTGTTCGGACACACTTGAA
CGCCATGCATGATGCGCGCCTCCGACACTA
CGTTACTAGTTTTGCTACATCGGTCCGTAGGAGGGA
CCAGCAACGCCTGCTGCATAACGGT
CTGCTTAATTAAGGCATGACGACACGACTGCAAGCGCCGGT
GCCGATGCATCCACCAACCCAAGCTCTTCGCCGAA
TGGTACTAGTCAACAACGAAGACTCGGTCTACGCT
CCCGCATGATGGACACGCTGCCGG
GCCGTCGGCCCGACCACCGTGGCCGA
AGGGCGTGCAGCTCATTGTGGACGA
TTGATCGTCGCATCCAGCGTTATGT
CAGGCGACGACGACCAACTGACCCT
AGGGTCAGGAAGGCCAGTCCGTAGC

1.4 HRSAFERZ AT &

G5 K% 93 SCFF R 25 B ) 28 7 VER A SE G =8
s 7 AT P
L5 HBRSIHBERAEZNRELE

F| ] NightSea BlueStar # Y F Hi f& ( 2€ [{
NightSea 2 7)) N 547 45 4% 70 SO BT BT 7% 114
HRIEG IR BE (35 B NightSea A 7)) W4 M & - W1 R
gfp WG LA 205, VR S I 4% 5 92 06, 2R gfp
TR WK R L 90  Zriim SAE T A AT
TEE A GRS BOFE TR A5G W] LAEAT JsU A, AL %5 I
PRI B e
L6 HEHSIMHERAEZHESNER

U 5 A7 W6 TR B B 1 ¢ ' A A0 8 B
(Olympus SZX-6) ML H LA

2 4

2.1 RSB EEERRRS

A SIZ G B AE) A R A5 A% O RSO B DR i B R 4
3 AN FORL R RS 43 ) ok pSLOO0T . pSLO02 A1 pSLO03
(1) o pSLOOL J2& pMLS64 ffT stk ™, % ik
Er Ao BORT B R U B Cori-Mis) 5 J= 1) 3k
PEbrd sacB, UL K 2 A loxP 2[R 1F) gfp-hyg FiE &
TEAR I gp60 FI gp6l Z Hi, ALK %= — H R H
pSLO0T ZR A1) ZHARAE 45 1% 73 B AT B v g st S AR bk,

S 5 R BE B % SCO, PRI DCO, fx
£33 KO. A B HEPEZ A BB FAK
T EEBLAG T Meb [ETIEIERE . gp60 A gpbl
IS RERE R B2 J5 ' A S 3 ) Hatful 5256 %%
BT W LR IL gp60 A1 gp6l f¥] pIVS3 Jitki, {H 2 F
TR I pIVS3 SOk A8 PRad A A I B35 20 R AT B ]
DL5E 4 SR DAL 5% » AR 72 A1 2218 AR K1 Meb v []
P RRARAC . Ry b, A SERE pIVS3 FORLEAT
Tk, ¥ pIVS3 L) Acetamide 755 2 5 3l 1
ek 17 IVN 353 8 5 3)) 15 15 31 pSL002, iX #¥: gp60
A1 gp61 W LLSEIIAS E R IE . FRATT R I pSLO02 i 3
FIE gp60 1 gp6l I, BeAT H BLAT: o] 3 [7] Y5 41 .
1T~ pSLOO1 Ji ki Ay ) 27 2= i Pk » pSLO02 24 - H %5
e, b T OIS =M A I P SR D HL AR e R
ik Cre TEA1NG, ABFFTHIEE T 4551 Zeocin $T 15 A
(1) pSLO03 Jitkio FH - 45 k% 75 F AT 131 25k D8] i Bk 1) 3
AN FCRE ) B R IEFERR D sacB/sacR, 1XE6 STk 7F
TH 2% R R BB E Sk
2.2 EERSBRFEZERAZTAREZMNRELE
IR A NightSea BlueStar ¥ Y6 T Hi {3 A €
JGHR XS P4 b ) S5 4% 70 B 11 43 (5,58 6 B 1 T A
AT PR B o« 1% 7R LU L A A1 % 0 1% [R] 43
SEFHYETCRE (B 2-AB) o “FAR 10 36 7% 18 A 30 8%
FH 5 AR N2 386 J (6 A NightSea 23 #]) SE L.
BB VA SR FH 96 6 AR S BT 4 B (B 2-C. D
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EF) o BFZE R 00 A AT B AN TS bR C S AR MR R S B 9%

oo FAL E AR 2 A [F U loxP-gfp-hyg—

loxP 7B BT gp60 F1 gp61 (130, 7155 KT 417K

SPHE R] I A BAT R A e o FLAE 45 R AL e T

W G5 e (B 2-DVEVF) , 30X 5 o 5 7%
A

PCR B — B I6E (W 2.3) o 76 PR b HH BLRUAS #6258
AERRI) JLFZ VP gp60 T gp61 HEAL AR (1 OCHE
FEA WG WAL e AU HR N 25% — 62.5%
(H.2.3) .

El2 SZORTEREREZNALE

Fig. 2 Identification of M. tuberculosis mutants by fluorescent imaging. Pictures were taken under shining of the NightSea BlueStar flash (A and B) , or

under fluorescence microscope (C to G, 16x). A/D: M. tuberculosis was transformed with both pSI001 and rv1364c¢ upstream-LoxP-gfp-hyg-v1364c

downstream fragment. B/C: M. tuberculosis was transformed with pSLOO1 only. E: M. tuberculosis was transformed with both pSLO01 and pstP EC

upstream-LoxP-gfp-hyg—pstP EC downstream fragment. ¥: M. tuberculosis was transformed with both pSLOO01 and pstP TM upstream—LoxP-gfp-hyg—pstP

TM downstream fragment. G: Mock. M. tuberculosis wt and KO mutants under fluorescence microscope.

2.3 GESHATE RvI36dc BBR ILAGLE A1 PtP
SRELEHIE . PstP B H I W Xt (DCO) %
¥kH9 PCR &7
F M rv1364cRTF /1v1364¢-RT-R Al pstP RT-
F/pstP RT-R 5195560 WA e AR b AT % 2 (181 3)
PEACTIE 9 46 S R =B 5 A M R XSS H 5 A B G
PCR i K /N 4y 2753 = 2932 bp, HAZ 0B 2E 8 4%
i K7k 874 =963 bp. TR Wi 7% PCR %5,
2753 2932 bp [ 4y K e i b K ar i (1
3) o FUEFAERIMILL, S 2 PCR 41 AN B 874 - 963
bp (0445 FL T ¥ 2 T 66 5 o B0 TS0 2 Dy A
Yo A ko B E AT 2 A AR B A A

pSL003, KA Cre FALHE, V)% loxP-gfp-hyg-oxP, T}
X BH A 7B EAT — Ik PCR %55E .
2.4 Z59 FATE Rvl36dce FEER (L EE L5 11T . PstP
SHR 45 #4130 . PstP @ 5] 45 #4938 It #x id (Marker
free) IRk (KO) B9 PCR ¥ EFNMFLE
AWFFCR R 1) 3 ANASIR S R B Rvl364c
P14 Tl 25 AL 35k < PstP A0 &5 R 3R PstP 5 158 45 A 35
Tohrid (Marker-free) 5848 #k (KO) 1) %5 5 45 3 43 1)
wiEl 4 (A-C) Fron. 4 K/ 43 A 310 bp
(Rv1364c TR 10 i 45 A 3k B e k) <489 bp (PstP i
ARG R SRR F1 369 bp (PstP 75 15 45 1y 4k dik 2k
FE) o« KO W5 A RIS, Ui Cre TAIFEXT loxP
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IR0 100% o BEALPEEL 3 AN 1R %, PCR 2

S R RN RE A A LA FUIE DR R B ) > AR

SERHBIEM, AEIE—A KO PCR P~ Hak ATl fy7, Wl KI4H _E4k loxP 354X
A B C
DCO candidates DCO candidates DCO candidates
kb 4 5 6 T 8§ wt wt 1 2 3 4 5 6 7 8

wt I 2 3 4 5 6 7 8 12 3

» Rvl364c

01| . PCO Efficiency=2/8=25%

PstP N
o i EER e
 DCO Efficiency=3/8=37.5%

E2
-
i PstP (TM)

W i en s Hcalsodt @l *

]

3 HROSBFTENZTMRERMETE PCR EE

Fig. 3 Identification of double cross over (DCO) candidates by colony PCR.

A: DCO candidates ofRv1364c phosphatase domain were amplified using primer pair rv1364c-RT-¥/rv1364c-RT-R, generating a 2753 bp band on agarose

gel for DCO and 874 bp band for wt and SCO.

B : DCO candidates ofPstP extracellular (EC) domain were amplified using primer pair pstP-RTF/pstP-RT-R, generating a 2932 bp band on agarose gel

for DCO and 963 bp band for wt and SCO.

C : DCO candidates ofPstP transmembrane (TM) domain were amplified using primer pair pstP-RT-F/pstP-RT-R, generating a 2812 bp band on agarose

gel for DCO and 963 bp band for wt and SCO.

ISRDAE M AR R

R T a0 o M SRR DR R S 2 6 B
R DRI S0 11 (R IR 20N, 5 B0 KO 58 A2 Ak 1) il
J 25 S REAT T 23 T » it 2 s R o3k Ay 5 A A P
B (Inframe deletion) o BEAGHE P b & 3 H (1741
Wiribk 2 5 FEIEINA 28T A loxP FIXS N (1)
Hilg D) A7 1 AT SR BEAE T B — AN S8 B IR A ALE , BT A
SEILIN Y ATG (8% GTG) FF 4B 1%, L loxP, fit 5
2B B0 L DR ) B R 2 0k % 45 1 (TAA, TAG 8¢
TGA) , A& P 17 k3 SEIR 28 1k IR i A7 B, A
T Rv1364 ¢ (il 14 Il 45 1)l 1) 56 DR g B 2B 47 3
B O F10 A P 4-A D P45 00 e 5 FioR.

2.5

3 e
LA 53 BT TR DR A T 818 L Py o 4
PEAR RS, o) g A 22 et A TR 3t e — EL s
TR v W RS REAE)o A PE BEUE 2)

HOFF RS2 8601 pALS000 R BLLLK ™ , 77 P 2 K
R 4 BT BRAR bl S L T R DRI © " (A %
188 A B 5 A% 23 BORT BT o B0 ik DR e ok e g — 2 3
Wil TR R BRG] A5 — DIUR 175 30 T 5 A4 i e
AR R AT . AR EA RS
FIN T G5 8% o3 BT 1 TR AR B4 B gp60 Al
gp61 ¥, LU S Cre/loxP REE™ W] LL— 45 43 B WAL
HeRAS R T4 HE T SR AR R Ay 3 I 1] o
MR T S U5 BT R Bk AN B 40 R 1 L
TR Y A DR A A P A R DR il ok £ B AN
FAALT, T H B ar A B ™ o JU AR U 41 i
S AEAT RO RE DR A T4 N7 N I » DR I AE R ok S L
WA R A AE PN RBCSR o S 0 2 #E S AR L
FUFFERE A S T [ — N 9L 7 (Operon) , X — /4
ALLAE 1 G0 7 T SR hep s //www.
microbesonline. org/operons/OperonList. html. 1%
uli S A H AT AT S W Kk R AL SR 1A
Ko IR g TR — 4T U565 IR AAE N R -
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KO candidates
@) Kb w123
10088 =874 bp
3.0 KO=310bp
b=
| —1 / CAGGCGTT(ITMTAACTTCGTATMTGTATETATACGAAGTT ATTAATTAACCGAC //
0.5 Genome  —— [ (rv1364c was replaced by loxP) Genome
—— (5" rvi364c) (3’ rv1364c)

0.1 — ‘Arvi364c::loxP

(B)

Part of Swa | (from cloning site)

Pac (from.clnning site)

10.0‘—[;
: wt=963 bp
3.0— s KO=489bp
2.0 —|w
1.5 —| e
10—
| I CCATCATGCGGAAATAACTT CGTATAAT GTATGC TATACGAAGTTAT TAATTAAGGCATGALC//
0'5H= EmE— Genome loxP (ECD of pstP was replaced by loxP) Genome
(5’ pstP) l (3’ pstP)

Wil

Part of Swa | (from cloning site)

L

Pac | (from cloning site)

T

Genome
(5'pstP) |

loxP (TM-ECD of pstP was replaced by loxP] l

Part of Swa | (from cloning site)

" Genome
(3’ pstP)
Pac | (from cloning site)

B4 HZZSBTRLFICERREKE PCRIANFEELER

Fig. 4 Identification of M. tuberculosts marker free mutants by PCR and sequencing.

Three KO mutants were randomly chosen and amplified by colony PCR to verify the marker free deletions of Rv1364¢ phosphatase domain (A) , PstP EC

domain (B) and PstP TM domain (C) . Correct bands on each agarose gel were indicated for wt (wild type) and KO mutants accordingly. PCR samples

from KO candidate No. 1 were subjected for sequencing as shown on Chromas map.
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Fig. 5 InHrame deletion of Rvl364c¢ phosphatase domain. The phosphatase domain was replaced by loxP. Reading frame is indicated by corresponding

amino acids.
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Development and application of homologous recombination

knockout system in Mycobacterium tuberculosis
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Abstract: [Objective] We developed a homologous recombination system to make marker-free mutants in Mtb in an easy
screening way. [Methods] The plasmid pSLO02 harboring recE and recT-ike protein gp60 and gp61 was transformed into
wt Mtb in order to increase the recombing efficiency. The two homologous arms of target gene were amplified and cloned
into pSLO01. The purified homologous arms-doxP-gfp-hygdoxP fragments were further transformed into Mth (with pSL002
inside) competent cells to obtain the double cross over (DCO) mutants. The plasmid pSLO03 was transformed into DCO
competent cells to excise the two loxP sites flanked region. The plasmid pSLO02 and pSLO03 were removed via the counter
selection marker sacB. [Results] An efficient homologous recombination system was developed. Three different marker
free mutants: Rv1364c¢ phosphatase domain, PstP extracellular domain and PstP transmembrane domain were created by
the system developed in this study. The efficiency to obtain DCO was varying from 25% to 62. 5% , while the efficiency
from DCO to KO was close to 100% . The gfp reporter was used to screen SCO, DCO and KO. [Conclusion] The
homologous system shortens the complicated screening process to 3 month in Mth. This is the fastest allelic exchange
system reported so far, providing novel deletion strategy to the repertoire of mycobacterial genetic tools for constructing
unmarked mutations.
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