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Br T u] LA} 8-oxoG HE AT H R 1B K 4,
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44 CIC Wil HIBeE )y, H2 Kk iE = C/IC
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MutM s A R IEVE R, 38 ) 7 1) i 255 30 i 4L
BE— L TST. RN T BT R E, ok 218
PR (W% BT, 3 R A KB (A i Y
IR, AT S AT R R R I MMIR i 4%
FHRIEDR I AAAERY, Sy Ah o AT R BRI 2 GC & &
Wi AR, kAR CIC BT I L& B LA P o v 45
% . FrEAMEZS B R TP ST MutM DR FOAH A
FHRIE 1 STA R IR IR 3 XL

TS EA RS, SRS e A
HAEM M & A& A EERN T B Rigaut I
Seraphin ZEM- 1999 4F a4 T TAP HiAK,
SEH TR B R AR B A T A EAE. 1%
ORI LB T [ A SR R TR R R B e —
i ik N — 21 bR 28 (TAP tag), AR )7
y), HFSE M TAP tag @& G A LR E Y
RNKPAH R 20 WD L (R o8 PN AL SR A3 HE 0T
HARGAT IR E R R A, SRR Bl HAR
BHATE AR E, SRS g i E A
JUAH FAE M HE AR ML, TAP $2 AR HA7 & %0
AR B 4 D A5

MY 7 AT B A D — Pl bR 2R O F AU
YRR B, RT3 RO T JE R ) o 45 A% 43 B T
) — P E B ED). O FRTE R MutM (1) 2 AR A
PR, FATR) FH e i Fe e ke 1) 43 AS R 1T 4 R
ZiUs TAP tag 4 B 5k 35 50 BT B SE R 41 MutM 3%
DAL (1) 373, A5 FH A B 5% 1 44 1) T 7256 MutM Al
HAEI AR 1 STHEAT T 0% 18 RS E HEE ,  [) IR

gy A it ok, IF H Far western A GST
pull-down 77 2% MutM 551X £6 35 11 Joi 8] f) AH LA
AT TSN . FRATT QW 50 0 23— 20 19 ]
MutM 752 Rl 2 12 52 R4 FE DL At T B0 5
REFIPIN A1

1 MR5RE

1.1 ##l
111 ERk. ok, B IRIER A KR A
AT J B BEAR A TR AR 1, Hhok
JkFBETE LB K5 rh 5598, %1 KA AT vl 1 [ 44
BigR, W AE LB B RN 1.5% ) B fiE. ik
Y o RAT B AE THO WA 7R 3k 5l TH10 [ 18 5%
SErp g, aE R T EAE N 0.5% (vfv) H TR
0.05% Tween-80 ] LB 5 %3 s 9% MR 48 5 22,
FEAH DY (S R I IR B I Z R 5 % (Amp), F
5% % (Kan) B #5725 (Hyg), "1 289K 15 43 31
4 100, 60 F1 50 mg/L.

Table 1 Strains and plasmids used in this study

Name & relevant characteristics Ref./source

Strains
E. coli BL21(DE3)
M. smegmatis MC2 155
M. smegmatis MC2 155/pJV53
M. smegmatis MC2 155IMutM-TAP tag
M. smegmatis MC2 155lpSMT3-TAP tag

Save in the lab
Save in the lab
Save in the lab
Present study
Present study
Plasmids

pET20b

PET20b-up-TA P

PET20b-up-TA P-down

PET20b-up-TA P-hyg-down

pET28a

pPET28a-MutM

PET28a-MuiM-sbp tag

PET28a-UvrA

PET28a-rna Helicase

pET28a-RpsC

PET28a-sbp tag

Save in the lab
Present study
Present study
Present study
Save in the lab
Present study
Present study
Present study
Present study
Present study

Present study

pGEX-6P-1 Save in the lab
pGEX-6P-1-MutM Present study

pSMT3 Save in the lab
pJVv53 Save in the lab
pBS1539 Save in the lab
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1.1.2 A

IgG Sepharose 6 Fast Flow. Calmodulin affinity
resin. % [ A 4L 1A 71 £ T ECL Advance Western
Blotting Detection Kit JiJ [ GE A H]. AcTEV % [il
it B Invitrogen 23 7). PCR P~ 44tk ik s &
e S 3% 7] 6 A 5Ok 42 B R & 2 Omega 2 1#
m. AR 2T A 2R BRI g P 1l 1 Tl 4 € 3K &0 B Al
P e S /N I s & W5 17 IR 1| i)
Bio-Rad 2y &7~ /i. KOD DNA (&% TOYOBO
N . T4 DNA 4 B AR 6 ) I B
NEB /A7, BSA(ILIE A 1) Fid 2% B ¥0 %
ICAHE . BN ek, A vWE&EE. R
#H#E. IPTG. NMlEIE. PMSF Rl N, N’- 7 &
LT 4 Bk 35 AMRESCO 28 & 77 . 2R 111 i A
1% BESE B [ OXOID 2w . Protein marker 4
GenStar 72 &) 75 5. 7TH9 Fl 7H10 £ 7734 BD &
A L BVERER MG - BEE R M BMA Y A
Promega 2 # ;= fif . Strep-Tactin Sepharose 4 H
IBA 7). SRR 51 i T A /)5 k.

3 end of MutM

TAP- tag

1.2 2 TAP R ERIN R B RIME

AW 2R ] overlap PCR 35 A R 7] 3% %
A& A ) J7 53R4T TAP tag fig A léﬁﬁﬁa?% i}
cassette (&1 1), B ARBAED T T 405 LUk
pBS1539 4 A5 AR § 1Y Y TAP tag FE R, LA KL
PSMT3 ARt 4y 1 th il 2 2 B A hyg,  NHIESSG 2345
FF 1R 2 ER 4 v 40 0 T B8 MM BRI 57 35 307 bp
Fr B 375 AE i i X 300 bp F B (20 B FRIFR M wp
1 down). 1L overlap PCR ¥ H w1 (K) Mwm %I
(1) 5’4t 307 bp J BeFl TAP tag JERIIEHT K, B
% up-TAP 7 B, 4% F B i Wi D) 1 42 1) 7 X
HERER| AR pET20b |, JE R pET20b-up-TA P v lE
T R HBYRESEN T, BRI hyg K&
MurM 5 R (1) 3" 35 300 bp 3E 4 5 X 1 B 4 1) 3% £
PET20b-up-TA P JiCHL up-TAP J7 B 3/, fe2Hy
A SN T BB TORL pET 20b-up-TA P-hyg-down.
WidEgY sk PCR 0773, 331 Bk 4 M B
(K4 FE3, JERRN TAP tag JIT 75 ) cassette. PCR
54 BT F 2100 55 58 W AE B A% R v B L3R 2.

Hyg gene MutM 3'UTR
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Fig. 1 Strategy for the construction of a TAP-tag knock-in cassette and its integration into

the 3’ end of mutM in the M.smegmatis genome

The TAP-tag knock-in cassette was constructed by overlap extension PCR, double digestion and ligation. During overlap PCR, an up-TAP cassette was

generated by fusing together the 3’ end of the mw:M and TAP-tag (TAP) gene using primer Up-1 and TAP-2. The up-TAP cassette was then cloned into

a pET20b plasmid to generate the pET20b/up-TAP. The 3’ UTR of mutM and the hygromycin gene (hyg) were respectively cloned into pET20b/up-TAP

generating plasmid pET20b/up-TAP-Hyg-down. The full-length TAP-tag knock-in cassette was obtained using PCR or double digestion of

pPET20b/up-TAP-Hyg-down and was knocked into the genome at the end of mu:M by electrotransformation and recombineering.
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Table 2 Oligonucleotides used in this study

Name Sequence (5’-3") (Restriction Enzyme cutting site indicated in bold)

Primers used for generating the TAP-tag knock-in cassette

Up-1 GCCGGGATCCCCTGTGGCGCACGAAGAT (BamH 1)

Up-2 AGAAAAAGGTAGAAGAGAAAAGGTA GACCCGAGGCACCCGC
TAP-1 GCCGCGTCCGCGGGTGCCTCGGGTCATGGAAAAGAGAAGATGG
TAP-2 GCCCAAGCTT CAGGTTGACTTCCCCGC (Hindll)

Hyg-1 GCCCAAGCTT GACTTGCTTAATCAGTGAGGCAC (HindIIl)

Hyg-2 ATAAGAATGCGGCCGC CTGTCCTCGTTGATCCTTGCC (Not 1)
Down-1 ATAAGAATGCGGCCGCCAGGTCGGTGGCAGCCGATC (Not 1)

Down-2

TCCGCTCGAGCCGCGCTGGACAACTACTTCTGTG (Xho 1)

Primers used for PCR analysis of TAP-tag knock-in strains

a AACTGCTGGACCAGACCGTGGTGT

b CAGCGGACCTCTATTCACAGGGTACG

c AGGCCCTGGCATCCTCGATCATC

d CTCAAGCAACAAGAAGGGCCTCATCAT

Primers used in expression plasmid construction
MutM-1
MutM-2
UvrA-1
UvrA-2
RpsC-1
RpsC-2

GGAATTCCATATGATGCCTGAGCTTCCCGAG (Nde 1)
CCGGAATTCTCCGACCCGAGGCACCC (EcoR 1)
GGAATTCCATATGTTGGCTGACCGTCTTGTTGTC (Nde 1)
CCG GAATTCTGTTGTTCGGTTAGGCGCTGA (EcoR 1)
GGAATTCCATATG GTGGGCCAGAAGATCAATCC (Nde 1)
CCG GAATTCTGAGCTCTCCGTGCTCTCG (EcoR 1)

rna helicase-1 GGAATTCCATATG ATGACCTCGCAAGAACCGGATC (Nde 1)

rma helicase-2 CCG GAATTCTCACTTCACCTTCCGGTGTG (EcoR 1)

1.3 BHRSFATE B SRR H &0 9F0 B i

BT LR AT TR A2 B i 35 23 A A BT TH10
KBS R AL LRI 9%, 3dJn, BEERA TR Uk 35 Rl
T 5ml 7TH9 £ 77 3L (&5 ADC)H, 37C k%177
2d; F%1: 100 1)LLK 3G FR P4 AT 200 ml 7THO
WRF(EA ADC), 37C R TRE, £ A N
0.6 /cfi: #¥EFEM) T UK LIRCE 30 min, SR 4°C
6 000 r/min 50> 10 min WA B A B4 B, R
PR 100 ml 1 56 VKA T4 1) 10% TG BRH 9 &%
T 4°C 6 000 r/min B0 10 min WA R 1K; H T
VRBAA 3 Yk, T 10% H it 44 B K Vs TR ks
FEARFRI 14, 1/8 A1 1/10, #x¢JmmA 10 ml T4 1)
10% H i, JRAJ WSS, L 0.4 ml/ 8 HEAT 4 3¢,
{47 T--80°C s a7 BT ] .

4 DNA I 400 pl (RHIESE 70 BOFT P RS Sz 2541
Mo, vk EWEE 10 min, AR5 B N HLEE AR R (UK 1

A, B ANRE LK, ARG, il
N SHVE N K 25KV, HEH 1000 Q, HZA
25 wF. WdisesE, SERTIIA 1 ml 1) LB 8¢ 7TH(F
H ADC) AR FR3E , VK FJE 10 min. 37°C ¥k%
i 7% 4 h, 5000 r/min 2.0 10 min, s K4 L
T, P42 100~ 200 wl ¥, A LB [ 455 57
KB 7TH10 (511 ADC) [l 4435 77 5 (N iR o k) B
7% 3~5 K. ARG PR L E.
1.4 TAP 4t MutM &H

Fk EUB 6 1) 5 21 % D 1Y) 5 5 B ML smegmais
MC2 155/MutM-TAP tag # T 5 ml [1) LB+Kan+
Hyg #5782k, 37C G FKBNMA(2~3 K),
FERT 1L LB+Kan B 7R3, 37C Kig% 2~3d
(Ao~ 3). WCAE WA, T4 B2 28 v vk 1
U, K A T T4 1) 50~ 100 mi ) 24 il 22 ph
WER, I CIEEEIFR PMSF, L2k E K
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1 mmol/L, FEATHE WA R 0, K RIS
ET B . WL 200 pl 1) 19G Sepharose 3
FEEREIEW, N 0.8 cm x 4 cm ) Poly-Prep A1
., 10 ml 2R BE 3 K. AR K1 H B HY
WS RS B b A, AR A 2~3 K.
FiH 10 ml SR pPE 3 k. B H 10 ml TEV
SEPRE 2 I BJE L IRANEERAIR T, SR
BIEAE . BeE I 500 wl TEV 2% i UL &
100 U TEV ®H 1Hg, R, 4CWHELRK. KHMN
PRBCH AT, #E 10 min 5, FTIFH O, 1 EP
ORI L. AV BT N 500 wl CBP 454
ZEM, 3wl 1 mol/L [ CaCl, f1h H CBP 454 2%
PRIk 1) 200 ol 25 1 25 11 (calmodulin) 3% 35 2k
T 4CWE 2h )5, i 10 ml CBP 454 22 vl vt 3
W, BRIG I 1 ml CBP WL 22 ph s vk i 45 45 1 2
F1, 735 JOMA ISR, BFE 200 pl, 385 e
W B AE S 2 BRI 3
1.5 REGFILLEE

1T TAP 4lifb H R I 8 11 v AR B K
1M HAS B 2 1 R B AR, T LA— & /E SDS-PAGE
ROl 75 BEHE TR 2. TR TCA(Z & L1R) DL
VEECE AR PTIERIR A B 1, AR R 5 —Fh
T, DUNEREER R, O, Bt
] e 1) 200 wl 2 10 NN 3~ 5 A AR R
UKTA NI, RA))5, -20C IE 2~4 h sk
DUE; EARPUEL S, T 4°C 16 000 r/min 5.0
15 min, I 1 ml ¥4 1) P8 R G £ L U0UE 2 IR AR
Ja B TR, ZBRAWEE, A 10 wl X2
K, EEJTIA 25 pl 6x& 1 ERESEp, Wik
HAE 10 min. mEEO 5 EAE, SDS-PAGE 41 2 8
FFES . HEATURIGAA G, &R
Ja. IR ZE Ay, FIRBEREM S, R 3RS0
ik B 905 3B FH X Mialdi-tof i 33 4 i3k 47 23 B %
€. SRR RIILEST S 5 NCBI HIEIG 73 Bk
Ed SIS TIEAE LSRR =8
1.6 ERRFEHAL
1.6.1 His FrE&fl& 8 A RiL

a3 BRSBTS I RIS AL T 5 ml LB
Bk, IMAAHNBTAES, 1 37°C . 200 r/min
PR K H, % 1% B R & o 5 7 8 T
500 ml AN T HiAEZE A LB B5 73k, 4k&:37°C .
200 r/mindR 3595, P Aso 153 0.4 ), DA
P37 IPTG A 29 B2 ik 3] 0.2 mmo/L,  [A] I Kf

W 3 16°C ISR, % 12~16h J5, 4C
4500 r/min B REAA, I FHZ2 M A(20 mmol/L
Tris-HCI pH 7.9, 500 mmol/L NaCl, 5 mmol/L
imidazole)if Ut 1 ¥, #AJ5 HE & T 50 ml ZZpPil A
W, B ERERE, LA 12 000 r/min, 250 30 min, |
THIMA M A P81 1) NiZ-NTA SERZTAE, 4R
Ja IR FH 22 v AL B(20 mmol/L Tris-HCI pH 7.9,
500 mmol/L NaCl, 60 mmol/L imidazole). C(20 mmaol/L
Tris-HCI pH 7.9, 500 mmol/L NaCl, 200 mmol/L
imidazole) Wt it , R4k A 1 TR 43 A 32 BB AR vk
fii#y. SDS-PAGE K540 Ji Jii il 2 L i by 22 vl
(20 mmol/L Tris-HCI, pH 7.9, NaCl 150 mmol/L,
5% H ) EATENT. FEATLF 0 H SR T O
JEE AR, {E 12 000 r/min 5.0 15 min J5, HURG
TRAT.
1.6.2 SBP Fp&fl{ HH 2k

SBP-tag >i< P21k 5 G 1 HE A Ji B SABL T~ AR
JE%IF) biotin 1 streptavidin 2 [8) ({454 ., SBP-
PRAE e —FIOB I BE R OR MR A5 Ik, 1 38 e A
FRZH K, L5 streptavidin (% 255 %0k 2.5 nmol/L.
AT SBP FRZE M1 H 11 0] FH [# 4k streptavidin 147 4l
b, PR AR R WA, AT 2 mmol/L R4 Rl
K S5 IR SBP flG B FIVEL k.

¥ E. coli BL21/pET28a-sbp Al E. coli BL21/
PET28a-MutM-sbp tag 25 1# PR4% IR _F 1T IK) 7 VL 2R AT
WFRE, BEOWSERAR, M2 D (50 mmol/L
Tris pH 7.9, 150 mmol/L NaCl, 1 mmol/L EDTA)i#
VERAR 1R, ARJE T 50 ml Z2ppi D,
R G, L 12 000 r/min, 5.0 30 min, i bAE
TG D T I BE R RN 2R BUIR B beads JZ2 AT
FE. AT 10 AR 220 D UEAE 3 T 4R
Jei 3 A AR R 22 3 E(50 mmol/L Tris pH 7.9,
2.5 mmol/L desthiobiotin, 150 mmol/L NaCl, 1 mmol/L
EDTA)UENIE H s AR TR, el i) e B i
BHATIENT. W4, SDS-PAGE Kyl FI{R-A7-.
1.6.3 GST &AMt

1% B8 1.6.1 1177950 E. coli BL21/pGEX-6p-1-
MutM BEAT 59 M 2 3005 . B L WO 4R 1 T 14 T
IxPBS ¥F¥E 1k, #RJGE & T 30 ml &% 0.1%(v/v)
Triton X-100 ) 1 xPBS . 8 75 i i 2 )5 ,
16 000 r/min &5.C» 30 min, B 35 1 ml dbH# 47
(") glutathione-Sepharose 4B F:#4 kIR 5, 4CHHH
1 h. CKFEA LL 500 r/min B0 5 min, FYEE, K
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EIEERE. RN PBST S84k, 7EVR G 48
¥ E 5 min, FEYEL 500 r/min 0 5 min, i L
. WES 3 KA, AR R AN E A
JAAGAE T I DR R (10 mmol/L id JR Y
A IDEH IR ) I B H s 2R, B
R ILHFE 10 min, RJEHTIFH O, AR L B
i H & GST-MutM.
1.7 Far western

I 558 I 5 MutM A A BAE I R s A
FAE K W1 ) BSA A GST HEAT BA S FARE,
FERP R TR 2R B 53k 8 2. 0.5 wmol/L F1 0,
e WA BIAG TR 23 0l s R SR R 41 44 25 B 1.
W 31X A T ¥ F(25 mmol/L Tris-HCI pH 7.6,
150 mmol/L NaCl, 5% (w/v) non-fat milk, 1 mmol/L
EDTA) 76 = FEFHL 2 h, 4R J5 A MutM-SBP
WEAW, LK EN 16 pmol/lL, =i FiEH
1h, 45 %W E (25 mmol/L Tris-HCI pH 7.6,
150 mmol/L NaCl, 0.05% Tween-20) F1A % Tween-20
(R E 508 3 IRJ5, IMALL PBS 4% 11 3000 ik
(0 6k 1 B TR M - E A O R AT KA (alkaline-
phosphatase conjugated strepavidin), i fi§ F1 25 11 )it
il strepavidin Fl SBP &5 476 —ilt, =il E 1h
Jate M FIR I I VEBEIRE 6 IR B JE N B )
BCIP/NBT Jf H{E 37C Fidfh, i,
1.8 GST pull-down

% GST-MutM 5 H iy 8 1 4-3X 0.1 nmol/L, i
A ZEHEAT 600 pl PBST 1 EP e, [HlH, ~PATIK
ks GST 5 HIE 14 0.1 nmol/LtBiR & 5 .
KL LA EP B T 4CHEE 2 h, MG IMAHERSLF
1) glutathione-Sepharose 4B FE#4 kL, 4k4E0FF 1 h.
B4 beads, I 600 wl PBST, #4341 Jq
PR B O C4E beads, TR 4 K. # beads 5 i&
HEA EFEZMEIE S, 100C & 5 min, &0
3min. i@id SDS-PAGE 73 & 4 il #% I TR i
PABt His FR2E M HuiA —4t, H] Western blotting 15
MW H M EE.
1.9 Western blotting

H T ERE AL b M BRI C i85 7 — Bt
SMIEIFA, BRI B e v e R AR . AT
560 UF R D] Rt N TR PR A 1 R IE i 1A 77 TAP-tag 11
MutM & 1, AR 5t TAP-tag 1 4T 44 £ I
MutM Il TAP tag fili & &A1

R IOFT i 11 24838 ik PCR 36 4IE MueM R 37

Ui U T TAP-tag SRR VR, 48T 5 ml LB+
Kan+Hyg 1785k, 37°C Ry B = MR, B0
WAE AR, I 100 wl 25 128 MR 20 wl &1 E
FEEMR, 79k 10 min, idi S0, WCEL 10 ul
- Ff, SDS-PAGE 4; BFE M. AR5 FIHI T S IEAY
¥ SDS-PAGE Ji I 1) 8 11 5% % 2 il 1R 2T 4 25 (NC)
JEE L, WK 15V, FEE 40 min. BEEEDLF ) NC
JEAE RS 305 A7 5% Wi e Wk 1) 3 P2 b, S
B 1 h 8L 4C B AR, ) PBST JEJE 3 X,
K5 min. PELFfEE T8, A 1 2000 F
B —piR e B, e ilicE Rk B, 4C
W E . A M PBST UEME 5 X, ik 5 min, A
JEIMA 115000 #BEM =P, =EMHE 1~2h.
Fe A5 1 PBST YEME 5 ¥k, &Rk 5 min. 85 FHRFE
A 10 1 BCE LA AR 0.5~ 1 ml, 1y
AIHRAERE P BRI —T. REE TR =K
R S, RN ) R AR A S 5 5 1T o
— M 3s & Imin Zofy, JRAEOLEE T BB+
1min Zify, BUHISEK PSR — T, REE
TR Lmin A4, BURFKMPOET BT
TRAE, bR JFn .

2 HRE5SMH

21 FEEEALE Mum EFEB C iHRLN TAP-tag
FE

DA B35 23 45 AT BT 56 DR 4 A S i i Th 9 48
MusM FER 3'%5 307 bp 1) DNA X B, Ll pBS1539
SRR BB 5 TAP AR gm i FE R, K/hZ)2h
552 bp, @it overlap PCR 5 A ¥ — 3 1% %k Sk 3k
3 up-TAP F B, 24l By V)& 10 7 X
up-TAP 3% 3 5| 2% /& pET20b L, & il & 41 i i
PET20b-up-TAP, FATIE L 5 XUEEDI (B 2a) F1l 7
U AR =5 Y I S 1 DU 187 BUCE 3 (R [
MutM JER ) 5'3 300 bp JEGati X Fr BERI Hyg JE
MR IE 2 3 pET20b-up-TAP EAL TR b, &3k
135 A RN Fr B B4 5ORL pET20b-up-TA P-Hyg-
down (&l 2b, ¢). )5 it PCR ¥4 sk 3 XU U (1)
Ji V53R A3 TAP b 25 it N\ 3k R 41 It 75 1) cassette
(& 2d), FEAERSIIC AL, 345 0 5 o T A0 3 ]
W R 1) cassete i Ay A7 H 4 T FE & 40 (1 Hik 5 49 ke
FFREAZ SN, K5 TAP-tag®% 4 B HIEYG 40 B AT
PEER AL b Mue SR 3 3.
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Fig. 2 Construction of a plasmid containing the TAP tag knock-in cassette
(a) Single digestion, double digestion and PCR of the pET20b/up-TA P recombinant plasmid. Lane 7, Marker 1; Lane 2, Hind Il digestion of
PET20b/up-TA P; Lane 3, PCR of pET20b/up-TA P; Lane 4, BamH 1 and Hind Il digestion of pET20b/up-TA P; Lane 5, Marker 2. (b) Single digestion,
double digestion and PCR of the pET20b/up-TA P-down recombinant plasmid. Lane 7, Marker 1; Lane 2, Xho 1 digestion of pET20b/up-TA P-down;
Lane 3, Xho I and Not I double digestion of pET20b/up-TA P-down; Lane 4, PCR of pET20b/up-TA P-down. () Single digestion, double digestion and
PCR of the pET20b/up-TA P-Hyg-down recombinant plasmid. Lane 7, Marker 1; Lane 2, Hind Il digestion of pET200b/up-TA P-Hyg-down; Lane 3,
Hind Il and Not I double digestion of pET20b/up-TA P-Hyg-down; Lane 4, PCR of pET20b/up-TA P-Hyg-down. (d) PCR of knock-in cassette. Lane /,

Marker; Lane 2, PCR of knock-in cassette.

2.2 PCR 71 Western blot 3 if TAP-tag #x % AY
BN

TR L e BEE AL KTy, FATHAIH PCREIAR
X} I e H 4] - HEAT DNA KF ERAE. K 3a
Jros, LT 20514, Hrp 10 1 4519 a
KB FEYEE MU, 53 14519 b 2k H TAP-tag Jv Bt
WEB, RS T TAP-tag [0 4 1A B 18 A
IR /NI s T M AR TR R 2 T VAT Y AR A I
FRS, R 5346 1651956 AE Mucd S5 DRI 37 g
300 bp kgt X 7 B FYE R4 ), Hrb 14
W c ok A Hyg FERINE, 55 14514 d kA
MutM FE X[ 37355 300 bp AEn A X F BLAMU, /&
AT TAP-tag AT A BEY 4 HAH B K/

(R 2%, AT 2 Bk y Wl & m. 1
3b WA /D IE PSR TIX— 255, IE Ik
¥ TAP-tag F BErfi N BIFE AL Mud IR )
3"

IR b MM FER) C g G T
—BANIEE A, BEDRZH IR 43 4 1) T R R A O A
MR BRI, R T 30 Uk DR RN TR AR 2 15 i
IEMIERIARA T TAP-tag [ MutM 2511, FRATTRIH
Pt TAP-tag HIHTAAEEAT T Western blot £33, M &
3c AL, EA T REW KL AT A TAP-tag FRA% 1)
MutM #5[1, MIESH pSMT3-TAP tag ORI HIESG
I3 BEFF B L REAS I 2 TAP-tag. S 56 45 ) 3£ W
MutM £ FIRG A TAP FR% 0] LISRAF IR IL.
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Fig. 3 Identification of M. smegmatis strains with a TAP tag knocked into
the C terminal of mutM by PCR and Western blotting

(@) PCR primers used for verifying M. smegmatis strains with a knocked-in TAP tag. Colonies were examined by PCR using either primers a and b (no
product for wild type M. smegmatis, 914 bp for M. smegmatis strains with a knocked-in TAP tag) or primers ¢ and d (no product for wild type
M. smegmatis, 556 bp for M. smegmatis strains with a knocked-in TAP tag). (b) PCR analysis of wild type M. smegmatis and M. smegmatis strains with
knocked-in TAP tags using two pairs of specific primers. Lane 7, DNA marker; Line 2 and 3, PCR analysis of two M. smegmatis Strains with knocked-in
TAP tags using primers a and b; Lane 4 and 5, PCR analysis of two M. smegmatis strains with a knocked-in TAP tag using primers ¢ and d; Lane 6, PCR
analysis of wild type M. smegmatis using primers a and b; Lane 7, PCR analysis of wild type M. smegmatis using primers ¢ and d. (c) Western blot of
MutM-TAP tag expression in M. smegmatis/pPMST3-TAP tag and M. smegmatis strains with a knocked-in TAP tag using anti-TAP tag antiserum. Lane
1, M. smegmatis/PMST3-TAP tag; Lane 7 and 2, two M. smegmatis strains with knocked-in TAP tags.

23 MutM EAEKEMSUEREBEEEANKRIE
LE

AT T4 T () TAP tag 2 47 Protein A Al
CBP ¥rZEMN 4y, 35 H TEV B Y47 2 6.

Protein A 254, £l TEV & A1) #] 235 Protein
A RS, AT calmodulin BEFEEEAL B 454 %) R
PIbRas, fdvelis, MRRLNEEED, ?éxi
SDS-PAGE 73 % )7, FHHIAR 4L 77 W (& 4),

5¢ ] 19G Sepharose 3% 3 ¥k M kL 45 A Ar 28 B REIR, HXIRAM A YR ZE R & Jz*EBME
b
@ ku 1 2 ®) ku ! 2
o LT
150 UvrA 116.0
70 . g
55 DEAD-box rna helicase 66.2
45 -~ D-amino-acid dehydrogenase
‘ MutM 450 8
% Rib |
’s — Rbs%puc ease Il 35.0
5 25.0
10 184 L —

Fig. 4 TAP purification of MutM-TAP (TAP-tag at the C-terminus)
by affinity chromatography with Protein A and calmodulin

Protein complexes were visualized by silver staining after separation by SDS-PAGE. Several specific bands were excised and subjected to mass

spectrometry. (a) TAP purified proteins after silver staining. Lane 7, Protein molecular weight marker; Lane 2, TAP-tagged MutM complex. (b) TAP
purified proteins after silver staining (Control). Lane 7, Protein molecular mass marker; Lane 2, Control - TAP tag alone.
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PR E A&, S RN AR S, BT P
HE(KR3). AiREoR, BRTAENR MutM, &%
JE 5 M/ A 2 M v BUr R (K 4b), Sy
5] A UvrA (excinuclease ABC subunit A). DEAD-
box rna helicase ( 4w 1% #& K i MSMEG_5042)+
D-amino-acid dehydrogenase (4 i) 3% X ) MSMEG_
6291). RpsC (30S ribosomal protein S3, & fith F [A]

i MSMEG_1442) #1 Rubonuclease I (4 i % X 24
MSMEG_2418). XY&HE 1 UwrA EE S 5E7IR
Ul B & & & %%, DEAD-box rna helicase Al
Rubonuclease I 3= %2 5 RNA {114, D-amino-
acid dehydrogenase %2 52 LA, RpsC 2
B4R 16S W R AR 2y . EAIT S MutM A B
VE IR 75 23— DT

Table 3 Peptides identified by mass spectrometry

Protein

Peptide

DEAD-box rna helicase

(ATP-dependent rna helicase, dead/deah box
family protein[Mycobacterium smegmatis Str.
MC2 155])

Ribonuclease Il [Mycobacterium smegmatis Str.
MC2 155]

D-amino-acid dehydrogenase [Mycobacterium
smegmatis Str. MC2 155]

RpsC

(30S ribosomal protein S3 [Mycobacterium
smegmatis Str. MC2 155])

UvrA

(Excinuclease ABC subunit A [Mycobacterium
smegmatis Str. MC2 155])

K.YLHDPVEVTVK.A
R.NEFGHITIR.L
R.SGHAVLFVTPR.E
K.VGPGHIVGAIANEGGLHR.N
R.ISGVLINLQPDRGPR.R
R.ISGVLINLQPDR.G
R.LDYSLVELPEKLPK.K
K.TAAFAIPILSK.I
R.SYSYENGGLPTNER.L
K.SSLQELTAAR.G
K.LRASIVNTQALADVGR.G
R.ASIVNTQALADVGR.G
R.GLTDEGLGAHLFLGKGEENSGGADK.S
R.GLTDEGLGAHLFLGK.G
R.MADLGQDVK.F
R.GVDVTVVDR.T
R.TGEVLDVQPSKPGVR.I
R.FVHALADAVVAR.G
R.GYSFTVPVDRPVPTPIYLPDAR.V
R.ELAAAAPASDRPR.R
R.KLLATGLER.A

R.SNPATYTGVFDKIR.S
R.STVGTITEVYDYLR.L

2.4 TFar western 1 GST pull-down 3% iE MutM
S5RitEENEARESEEMNEEER
BATE % 5E (AT B MutM A LA FH )8 1 5
AT T ow . RIEALifL, I p-amino-acid
dehydrogenase Il Rubonuclease I & As A] ¥ P ik,
UvrA. DEAD-box rna helicase A1 RpsC #3515 T nf
WY . ¥ SBP bR M GST #5284 il il 45 31|
MutM & [11#) C ¥ fl N 3fy, JRHEATRIAAM, 5
Jii Fil Far western 1 GST pull-down J7 ¥ %f UvrA.

DEAD-box rna helicase. RpsC 5 MutM [ 4l H. 1
FHEAT TU6AE. Far western SZ06 45 R o, Bl 3
e E KR BE I BRAG, 456 MutM-SBP (1) 2 12 i
Wb, AR A X, BSA FiI SBP b4 #E AN fE 45 45
SBP-MutM (& 5), i ] UvrA. DEAD-box rna
helicase. RpsC H1 MutM 2 [b) 47 4E 45 H 82 A H.AE
H. GST pull-down 5255 45 2R i 7x GST-MutM £ [
] LLZT H UvrA. DEAD-box rna helicase £ RpsC,
1M GST & 14 A e 49 i AE A & 11 (& 6), Ui W]



+944- SN FESE IR THR

Prog. Biochem. Biophys. 2015; 42 (10)

UvrA. DEAD-box rna helicase. RpsC #1 MutM fff
SEAT ELRR IR R AR TLAE A

BSA —
GST

UvrA

DEAD-box
rna helicase

RpsC

Fig. 5 Far western analysis of interactions between MutM

and UvrA, DEAD-box rna helicase and RpsC
UvrA, DEAD-box rna helicase, RpsC and BSA or GST were applied to a
nitrocellulose membrane at different concentrations (8~ 0 wmol/L, from
left to right) and then incubated with MutM-SBP. BSA and GST were
set as negative controls. MutM-SBP bound to the membrane was
detected by sequentially incubating with a streptavidin alkaline
phosphatase conjugate and BCIP/NBT. 7: 8 pmol/L; 2: 2 umol/L; 3:
0.5 pmol/L; 4: 0.

(@  Input GST-MutM GST

«~— His-UvrA
I 2 3
()  Input GST-MutM GST
4_His-DEAD-box
.- rna helicase
1 2 3
(€©)  Input GST-MutM GST
<— His-RpsC

Fig. 6 GST pull-down analysis of interactions
between MutM and UvrA, DEAD-box rna
Helicase and RpsC in vitro
Equimolar amounts of His-UvrA, His-DEAD-box rna helicase or
His-RpsC combined with GST-MutM were used for the pull-down assay.
GST was used as a negative control. The mixture was incubated for 1 h
at 16°C, and then purified by GST affinity. Samples were examined by
Western  blotting using an anti-His tag antibody. His-UvrA,
His-DEAD-box rna helicase and His-RpsC were used as the input in (a)
~ (c), respectively. (a) In wvitro interactions between MutM and UvrA
detected by the GST pull-down assay. (b) In vitro interactions between
MutM and DEAD-box rna helicase detected in the GST pull-down assay.
(c) GST pull-down analysis of the interaction between MutM and RpsC

in vitro.

3 i it

AHIFFE R F el S 0 23 BT T EE 2 R G A A
A 21 7K 7 oK TAP tag (23 5 BX ¥ Protein A Al
CBP Fr 28 ) 1) 9 15y 41 4 N 2] Mueh F5 DRI 37 g
fEEATHEA K & 223k, FH Protein A
CBP W55 4lifk 1) J5 1K MutM Fi 5 2 47 41 H4E H
(W A i ik, Jfifad SDS-PAGE 7 &5, iR
Pl AR IOE e, JLEE W 5 R EE T, B UvrA,
DEAD-box rna helicase. D-amino-acid dehydrogenase.
RpsC A Rubonuclease I, *iX£6 4 (1 gk TRk
alith, H4 UwrA. RpsC. DEAD-box rna helicase
PAF T AR IL . A Far western F1 GST
pull-down PR P77 iEESE 71X 3 B 15 MutM B
AHEBAHEAEN.

UvrA 2 s EWIZ TR VIR 12 2 2 48 (NER)
rh— b 5 AT R N R 4 D) BRI PR ) ATP /K fi
fitf, W4 % UwrB F] DNA $i 4 & {7 ®. NER &
12 3 B0 H A 22 1 TURT 25 R 2 R T 1 R AR R A
Pt ATAE S, 9 Gn R A2 RS 77 A 1 T i i e —
AR AR EEREt, MMR FI NER #] BT[]
TEMZ 5 UV iR, 78 S0 258 I REWT 5T
R B, CIC HIC & 2 420 MMR F1 NER 3%
M2 5 N AR, 456 T2 A i
MutM, it e ZAZEY) T OGGL, #] L4 &
C/C #5Hct, my LAFEMN C/C 5 FC & 2 nT feds & 2
MMR. NER M1 BER 3 M RGMILHZ . Hi
Iy B R T 2 AR RIS TS R 48 (MMR) 1)
ArAER, ] DLHENAE 73 BT R > MMR 8 23842
5ot~ BER &2 M1 NER 4% m] LL [l 4 1
TR NEE. CARER, KligH Rt
MutM A AT UvrA A5 EAE T IE 2 5 3 UVC (R
FANR) MR, BT R AE R4 GC
TERE, N 65% /A, ;A CIC H#RLI LA
HAhd K32, FrLAXT CIC Hili e E 2K
HE. OHE AT E S MutM 5 UvrA (1948 BAE
BRI ES 25 uvC MBS, [FNH
AL 58 O CIC A5 MB 31X 26 i i AR
Rk — B IRAHIT.

DEAD-box RNA fi# ig Wi /& — MK #i ATP 1)
RNA i Tl K 505, T2 WAr e T MR AZ AL 1
MR B AR DI RERE. MM, 25
RNA #36. Hifk mRNA B5Y). & iusii. & H i
BIPE. RNA B H BN A amiEs). BN
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RNA 21 445 N DNA 5t 23 320 DNA XUR T 14 3
PRI, (b dE A AR E . Hg it 7t R I,
TE— P LI 2 S P RF 40 i ) RNA 1] 78 4 B b K
165 IR PERR K DNA #2475, DNA BUiE W7 5407,
A A& DDX39 DEAD-box rna helicase 7 4 57 5 [A]
A R ME b R A A L AR IR )
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MutM (A BAE 2 15 2 5 31— 2o it 18 i
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P Aok, B2, Rubonuclease M5 MutM f1)
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30S ribosomal protein S3 & J5 #% A= W A% Kl 44 /N
WIS A . A SCERIROE, A A rfons B 1 2
F RPS3 %J 8-ox0G HA7 &5 &1, JF H 5 MutM
A A B R YR 1 OGG A7 AE A HAE F 2, 4t 1]
RpsC (Rps3) At — MW A 2 etk 1, i Howl
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FH 7, D-amino-acid dehydrogenase %5 % 514
&5 i iE, [k D-amino-acid dehydrogenase 5
MutM [ AH HLAE R 3G 75 22k — 20 (S E R 5T
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MutM AH HAEF )8 AT T 0 s A s s e, I
B it Far western fil GST pull-down [ J57:%) UvrA.
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protein in  UVC-induced DNA lesions. Redox report:

MutM Interaction Partners Detected in Mycobacterium smegmatis
by Tandem Affinity Purification”

FAN Shang-Hua?, ZHOU Ying?, ZHANG Hong-Tai?, Joy Fleming?,
YU Zi-Niu?, ZHANG Xian-En?", BI Li-Jun?™
(Y State Key Laboratory of Agricultural Microbiology, College of Life Science and Technology, Huazhong A griculture University, Wuhan 430070, China;

2 CAS Laboratory of RNA Biology and National Laboratory of Biomacromolecules, Institute of Biophysics,
Chinese Academy of Sciences, Beijing 100101, China)

Abstract MutM (Formamidopyrimidine-DNA glycosylase, Fpg), a bifunctional base excision repair enzyme
(DNA glycosylase/AP lyase), is involved in the repair of many kinds of DNA damage, including the formation of
8-oxoguanine, 5-formyluracil, and C/C mismatches, through recognizing DNA damage and removing damaged
bases. The mechanisms of MutM involvement, however, with the exception of 8-oxoG, are poorly understood.
Here, we identified proteins which interact with MutM in Mycobacterium smegmatis using methods of tandem
affinity purification and mass spectrometry and used Far-western and GST pull-down analysis to validate the
interactions between MutM and DEAD-box rna helicase, RpsC, and UvrA. Results demonstrated that tandem
affinity purification is a suitable method for identifying MutM interacting proteins and provided insights into the
mechanism by which MutM is involved in DNA damage repair.
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