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e ] 1 20 A AT 30 M AR A, A A A I R
ok 2 S A, B AT AR R AR 1 A R
J5 7 B A 4y A I (W Methylococeus
capsulatus F1 ¥ McHr) ;2 AE by 8% G140 5 7 1% Js £
(T Desulfovibrio vulgaris " [f] DerH) ;3 45 45 % R T
25 fik 7 ML 45 i A7 2% & (Ul Theromyzon
tessulatum (1] 51 US| 1L 20 48 1) 55 45 B B T EUE
HAh B+ 2 5@ 5 HLH (W Neanthes diversicolor H
iy MPIL 2 5 i #5) ;6.2 5 L 52 S5 & 1
TS e T

AR Z AR A i s B IR R A it —
HEE/EH 22 5ae AU, 2B ATP FiK. (B2
AR IR e my B AR — R A e e A, LA
AR BEHE T (0, ) EH M COoH) .
WA A (H,0,) F R4 (0,) 5. XLy m A
BRI A AL BE ) BERR IE T ST o PR E PR
O 1A A A A B AR A R R R R
NI 2% T LU s ™ o el s
G/ R N PN R/ W 3 G AR I W A
G o WEYESE T LA E S R TR
Z 7 U R AR R R AR AL IS S AL DA K R
DNA A5 3 80 DNA RAZ, SRR 45 1 ol 5
& DNA [ BY Y] B fif A& i, 5200 DNA ) 52460, BH
WA AT A A T PR A i
AEFEC SR MM IS M B MEL WA EAL
PGB E ek o X4 DNA FIEE 11K 10
Sl AR T R 5 T 24 Y o o Y

73 R V1 JeR () i 5 1 21 2 11 19 26 49 Dl B v R L
G, ) A % T i sl L 20 B 2 S T 2 B BE .
AWEGT R HY A oE T BT 9T 45 A% o> B T
(Mycobaterium tuberculosis) [¥) 1 =X B ¥k Bk 35 23 &% AT
(Mycobaterium smegmatis) LG AN = =
MSMEG _ 3312 (hemerythrin HHE cation binding
domain-containing protein) ) T fig, I AT I WF 9% B 7R
msmeg_3312 il 5% T R AR A3 K IR Y 6 28 25 ) 1 0k
FFERGT T H AT BE T 25 HL T -

| O R ST RS

1.1 ##y
L1 BBk BRI 55 5 LG 20 RO B me’155

(Accession:NC_008596. 1) Al K % #/F & (Escherichia
coli) DH5 o, 5t B p0004s. phAE159 Fil pMV361 1 4
KK ARAE . LB B IR A A T K AT w1 B 5% kI
3 B AT T B FE B RS 9% 35 o Middlebrook 7H9 ()
i) 1 7TH10 ([E 44) (Becton Dickinson) o Hit 35 43 #
FE VR R 57 rh s n vl B 28 MR8 B 3% 109 R 23 i 2
50 A125 mg/Le KMAT v 55 5% oo s n i 2 25 Rl
B ME N R K E S 150, 50 AN
100 mg/L,

1.1.2 £ ZEiRXF F{L 2 : BCLH000A /1360A HY i
AR & (b Bt W28 v B AL 25 R AT IR A ), DK~
8D AL MVIE W KA (Bl — TR A R A A
fEEE M (LB ELRR&EARAA),
MicroCL17R Z.0#HL ( Thermo Electron Corporation) ,
PCR ¢ (b 50 4 B 6 B A= W BF A7 R 2 7)) s
ECM399 1 {3 (BTX) , HE420 £ 3 i /K - HL bk 1
CEMERRERHE AT 2 W), EPS300 HL vk X (L ¢
KEERH AT IR A W] B &5 5 BT & 48 (DNR Bio-
imaging System 72\ @) , HZQ-X160 4> ¥5 #& ¥ 15 7% 46
(VLIRR AT LR W &) » Millipore £ 4L 30 ik 98 4%
(0.22 pM) (Millipore) , — ¥ Al v 5 2% (iR
T Y % M AT B A w ), Nanodrop ND-00
spectrophotometer ( NanoDrop Technologies) » 7H9.
7H10 #7554 (Becton Dickinson) , I l§ ¥ (Biowest) «
s (AR A & 2% (Hygromycin B, Hgy) 40 %
% ( Erythromycin, EM) ( GenView), 1 % %
( Oxytetracycline, OT) ( MERCK), [ #7 % 2
AZM) (SIGMA), K K # %
(Gentamicin, GM) . JJU K 2 (Tetracycline, TET) . &
CM). & % % % %
(Ampicillin, AMP) . K % % (Kanamycin, KAN) .
5% % (Streptomycin, SM) (AMRESCO) , Van911.
AlwNI. Mfel. Pacl (Fermentas) , 5 fH JJf (Isoniazid,
INH) \Tween-80 ( Sigma) , T4 DNA 3% % if§ . HindIIl.
Q5 DNA %41 (New England Biolabs) , i 48 46 & -
7175 Bl (L 24 48 A 2 A A IR A A -

1.2 EEER

L2.1 BEREAME" MBEEKY 8 0 PCR
P19 msmeg 3312 (1 /i A K, 12 51 ) & MSMEG _
3312LF fI MSMEG _3312LR; 47 ¥ 5] 4 /& MSMEG _
3312RF fl MSMEG_3312RR (3 1) . PR il ¥4 py U i
Van911 i 1) 4 38 7= ) MSMEG _3312L (/2 i) M

( Azithromycin,

# % ( Chloramphenicol,



VIS KSR BRI S0 AR VAT (¥ i ] I 41 A AR 2 MSMEG_3312 3Z Wi -- - IR A AR (2014) 54 (11) 1281

MSMEG_3312R (47 §) » [nl e g U | B> 5 1) o B 2
) & p0004S L, JF# 4k DHS o, $ 1% 5 3 % 42
JFORLI Py > 38117 3% 45 3 4k p0004-msmeg_3312. Pacl
43 W] p0004-msmeg_3312 K1 phAE159, [ i I &
Bz, ZAK A %5 3513 phasmid phAE159-msmeg_3312.
15 phAE159-msmeg 3312 Wi i % {6 1k 35 4 BOAT 34
30°C K5 77 3k 19 Wi B BE, 5 1Y W B A4 3R W F
10" /mL.
1.2.2 EFEBR:WIERENEH (0D} 0.6 -
0.8) ¥ mc*155, ] MP Buffer 3% 2 Yk J5 H 7THO ¥ 3%
FEE, REH R ARIRA, BT 37CH 3% 3 h,
I Je B LB IR M S IR A AE S 150mg /L W] 5 R )
THI0 ~F-# £, 37°C B 77 . Phak 55 V%, $2 2L K 41,
PCR 56 iF J DA 2 15 44 i B o
1.2.3 BiIBERBEIE: Wil T3 x5 (£ 1),
BT e 56 DT P S8 5 R R R A A R v | ) B
WARA G4, Wi PCR K E B 1 3k N2 15 B i bk
(B 2) o 5 H i 2k D5 Bk OE i B 00 38 51 )
MSMEG_3312-nL il MSMEG_3312-dnR A fig 4 4 1t
Jr B T3 Uity 5 )RR A N R 5 1 ek — D AL 3k
WG 52 46 N IE i &5 A7 (MSMEG _3312LLL A1 14
(R) ;MSMEG_3312RRR fil IR (F)) .
1.2.4 B FTXFRAOWEME 4 B AIEIL:PCR
P H B, 51 (R 1) 24 pMV361-3312F il
pMV3613312R. Mfel I HindIII fifg 1] [ 4 4 184 7= 1)
Rtk pMV361 ™7 o 3B WD) T B, I % 46 DHS e
P e 5 TR I W DU TE A ) IR L e N msmeg
3312 GEARRIBEAZ A AN M o Pk H A VR S IO R A
PCR 301 1E 4 » 45 2 7l 4b R FR C — Amsmeg_3312
1.3 Z¥hiBXE

M = 80°C VKA VA7 8 h B IR F W AE T
4°C . 2 1:100 R M, ¥ 3% 0D, & 0.8 -
1.0, b o BV FF 3 1:100 43250 5 2 0 T 0 0 11 8%
FRH, Ji9R ODgoo 2 0.3 iAo B 2 mL BT 50
mL B0 T NN L5 R ia A B . O R 2 R A
PR ROME FE AR R BB E I3 wL RO AR 37°C 8%
7% 3d Ji .
1.4 Z¥ &/ & R E (minimum inhibitory
concentration, MIC) i &£

IR 4% 1100 3% R R B B IR 0D,

£ 0.15. #FE 100 £5 /5 M40 pL A 96 fL4i Jfg 5%
FERL N AS 7] 9 & 1 bt 2B 250 7 M DF (Isoniazid,
INH) it & L&A (Hydrogen peroxide, H,0,) 4L % &
(Erythromycin, EM) . 5 # % ( Chloramphenicol,
CM) . fi] %7 7% % (Azithromycin, AZM) . K K 75 %
(Gentamicin, GM) . JU £ % (Tetracycline, TET) . 1
7 2 (Oxytetracycline, OT) & ¢ & 2 (Ampicillin,
AMP) . %% % % (Streptomycin, SM) Fl | Jf %5 %
(Kanamycin, KAN) L & # 4 ¥ (Rifampicin, RFP),
ZARF R 80 Lo 37CH:R: IR 3 d 5 MW &4 W A K
ARG 0 B A= AT 0 1 Bt 2B 31 B2 s o MIC. 5K
KaERER 3 KU L.

1.5 ©H msmeg_3312 B FIRsh A LacZ FKiERHL
B

1.5.1 LacZ ik ks ™ i M
smegmatis 3 K 2 DNA. & itk 51 # P, 55 F H
Poee 332 R WEE R AL DNA L4 38 msmeg_3312 )3
TR B FEFMP,,(+) (pLACint) Z & %
Mg U)o MEAT . EE W HENERZ S AN
DHS o, i 2% BH P 5 B 4 BT KL I A0 X0 Mg 1) %5
SE o W FP BT JE s HOR E T ) P 3310 LacZ
JRORL 8 A0 M. smegmatis & % 5,37°C B 3% 4 -
5.d, PRk oo V5, R SE K 41, PCR OB AE J2 15 #5 N
B )

1.5.2 B-FFMEEHEFEMENE: N -80°C KM 417
BRI AT 4°C o ¥ 1% $E RN R R R
TWLHFR A 0Dy 7 0.8 = 1.0, W HI4h 0Dy Hh
0.01,37CEHF. K% 0Dy 0.3.1.0.1.5 i
73 A IUE > 12400 x g B0 R CE T UK Eo A
0.8 mL Z buffer & F, X 5 & 0 # W AR 1
H I ON 173 8 AR B B 3 2R T AT SR ML AR R A i
3 -4 (40 /) o W G T 4°C 12000 x g 25 0
15 min, B HX 200 pL &3 0O N B0 4 N
100 pL ] ONPG. # T 37°C HiAT W )R . Y14k
X :200 L Z buffer + 100 wL ONPG. £5Ff 5 A8 ¥
JE M 700 L 1M Na,CO, £ (I Jz N, I & 0D,
B it 51 A 2 1 Miller Unit =1000 x 0D,/ (1/4 x
TxVxO0Dy,) o T=MNIE (min) ; V = R &
> PBS F B AR OD oy = [ BRI 250 PBS H &
W) 0D 1 .
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1.6 KN E

M =80 C I H A7 18 B ] THO 57 97 5 & 5.
TR ODgy i5 8 0.8 — 1.0 I, £7 T 4°C UKH 1
Ay S BT 1 (R A T B 1R 3% 1% %

Pt B e Al B 7 W5 9R E 0D ik %) 0.8 - 1.0
R 4 B 0D, 3k F 0.01, 25 10 h J5 45 b
3 hHL 500 L Wl OD g 18 » ic 55 55 56 4 » 23 6 A4 K
il £k .

*1. KEASIYLEER

Table 1. Primers used in this study

Primer Sequence (5°—3")

Purpose

MSMEG_3312LF
MSMEG_3312LR
MSMEG_3312RF
MSMEG_3312RR

TTTTTTTTCCATAAATTGGTGTCGGCGCTTACCACATCT
TTTTTTTTCCATTTCTTGGTTCGACCAGTTCCGGTTGTG
TTTTTTTTCCATAGATTGGTGAGTGAAGAGTTTCAGCGT
TTTTTTTTCCATCTTTTGGAAAGTCCAAGCAGGTCAGCG

To clone the left arm of msmeg_3312

To clone the right arm of msmeg_3312

To confirm msmeg_3312 knocked out

To confirm msmeg_3312 knocked out

To confirm msmeg_3312 knocked out

MSMEG_3312-nL CGTGATTTCTGGCATCGTG
MSMEG_3312-nR ACTCGTGCAGCCGCTCG
MSMEG_3312LLL TTGTCGCGTACATCATCCTG
I4.(R) TCGACGACCCTAGAGTCC
MSMEG_3312RRR TCGGCATCAGCAGCGGAA
IR (F) GACACACCAACAGCATGGT

pMV3613312F
pMV361-3312R
P
P

msmeg _3312

msmeg 3312 R

CCCGGGCAATTGCG ATGGCTGGTAGCAGAGGCAA
CCCGGGAAGCTTTCAGCTGTTGCGGCCGCT

F AAATTTGGATCCATCGCTTGGCACGGTCGGCAT
AAATTTGGTACCAGCCATGACTGCCTCCTTGGT

To clone msmeg_3312 fragment

To clone the promoter of msmeg_3312

2 4

2.1 ZEHTN

BLAST /3 #7 & L MSMEG_3312 55 ¥ 4%« J5U % it
I M 41 £ B A B A L. K MSMEG _3312
53X 26 B BEAT 2 TR I o Y (B 1A) L R
UL H AR SF 6 0 g5 i 27 88 1 45 4 B HHxooE-
HxxxH-HxxxxD. #] ( http://
swissmodel. expasy. org/) 2 5t MSMEG_3312 #E 47—
AR T K I MSMEG _3312 th 54 4 4> o5 i
(B 1-B) o 44 adBJE S5 MHEMR 1 A REHE
TR T AR TR XS BE R AL 706 1k bl &5
FRRES o A I S AR SO G A 9 I I Th e T e
T AR Bk 2 A Bk TR A e Tk B
B SRR T R A S AT 5 AR R A T e
2.2 MREHE

MR BCRE w oW W AR Ry R S ik
(Mycobacteriophages specialized transduction) 3k 15
WL R PR B Rk o BEHL PRk 4 A oo B 55 97 OF 42
IUHE K41 DNA, J LA PCR 5 TE 58 & 4k AT 514
InL/InR ¥ msmeg 3312 K P &6 F B, tn & 2-B
JIT 3% 46 97 A2 BB Bk me?155 ofa] BUKY W 81 PCR 7~

swiss-model

Wy (UK 3) 5 75 msmeg_3312 i 5% V1 #K v ¥ A 4G 0 2]
PCR =4 (k18 2) o A FH &k E 151 9 msmeg _
3312 KAV w51 )3k 43 7 PCR =4 (€ 2-C.D) ,
ViU BRI B H T msmeg _3312, 35 K i3 i
T o
2.3 BLIEH KATE msmeg 3312 BLFRE ARG 0K
IRABEEAYEImY

SRAG i 5% R R A msmeg_3312 J » AT BT SEAS I
T MSMEG_3312 J2& 15 %5 41 1 A= KA 5 i, Fe A1
THEFE R IR THO S P A K. sl 3-A By
7> Amsmeg_3312 Fl me’155 LA K C—A msmeg _3312
AW AT Z 0] UL W MSMEG _3312 7 F & ki 77
THO Hh AN 5% 0 48 B 1) AR K

R4 DL PR IF 5 B &5 ) ot 000 i s i 21 2 (1 79 )
fik 5 0 B K A A TR AR 5 T DR R AT B S L B
TE AR me®155 Fl Amsmeg_3312 2 [ H,0, Hik
() 2 ) o 38 O ) e Y AR R RN SRR B R 11 HL 0, B
00 R R SE B0 K B > msmeg _3312 SEAZ I AN 5 Wi Hil I
SECFF B OH,0, OB (3R 2) . 4 R BOR,
MSMEG_3312 Jf-¥& A7 5% Wi 41 1 %f H,0, i

e ] 1M 21 R 5 AL R R A TT DL &S S SR R
JRCAEC > DA G HE W L 1T e £ 5% ) 4 1R N AR ) A R Al
FA L AU BB S R A T 48 40 B 10 IR R AR RN R
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(A) Lra . .VKVEAPFAWNEDFATSYKFIDLE]. . .RILFNGLFALSEENT....... RDQLLACKEVEVMFROJRGOMERANYEHFEERGIJJEGFL. . ... .. EKMGHWRAFVA 91
LuA VKVPEPFAWNESFATSYRNICLEQ. . .RTLFNGLFALSEENT....... ROGQLLACKREVEVMF RO GGMERANYEHFEEQRGIEGFL. . . . . . . EEMGHWRAPVA 91
LrB MEVEAPYAWNSDFATTYENIDSEQ. . .RTLFNGLFALAEENT....... LTQLNAAIEVETLRFHOMOGGMIRSNYVNTKEQTDINGEM. . . . . . . CVMRGWRSEVE 91
LuB MKIFVEYAWTPODFKTTYENIDSEQ. . .RTLFNGLFALSEFNT....... QHQLNARIEVFTLRFHOMOGEMIRSNYVNTKEQTDIMNGEFM. . . ... . DTMRGWQRSEVE 91
Pg MGFFIFDPYVWDPSFRTFYSIIDDEN. . . KILFNGIFHLAIDDN....... ADNLGELRRCTGKJFLNEOVLMQASQYQFYDEMKKEMETFT. . ... . . HALDNWEG. . . 90
Tz GEPIPDPYGWLDPSFRTFYSIICDEY. . .KTLENGIFHLAIDDN....... ADNLGELRRCTGKJFLNEEVLMQASGYQFYDEMRKAMFFFT. .. ... . RALLCNWKG. . . 89
Id GFPIPDPYCWDISFRTFYTIVDDEY. . .KTLFNGILLLSQADN. .. .... ADHLNELRRCTGK[JFLNEOGLMQASGYAGYA! DFI....... HELDIWDG. .. 89
Sc GFFVFDPFIWDASFETFYDDLCNGE. . .KQLFGAILTGGNVGG. . ... .. ATAGDNAYACLVARFLEQERRMQVAKYGGY AAMFEFL....... GEVEGGSA. . . 29
McHr MALMTWTAAEFGTNVGFACDGM. . . KTIFDMVNRKLHDTAATGNRSEIGRQLOALIDYVVMF K SEETEMQRKGYADE. AEMCRLVGVCACLQKKFHAGEAEVN 103
3312 ....iennns MAGSRGNIIDCIIADEMREFESVFVEIESSDCERT...... GPELVEHVISGIVREAVANEGYVYPARRSVLE! HELEEHAEAEEVMKAIEKTLP 24
LrA  suues GRDIRFGMEWL VNI PAERIFRYRGKL . o o oo avs v s menssnnnsssnannssssnsssasansssssnssanssnnssssnssnnsnnnnns 117
LuA  ..... QRDIKFGMEWL VNI PTEMFRYRGEL . o« o o cas s s anmssssnnssssannssssnnssssannssssnnsssssnnssssnnassssnnsss 117
LrB ..... QRDLLAGHAWLANETPTERFRYRGRL - .« . - - - 2 vcccnesvccnasrrcnnsssresassroensssoesassseesssseannnassennnns 117
LuB  ..... QRALKCGMEWLANMT PTERFRYRGKL . « 2 v s s s s snmnusssnnnsssnnnssssnnssssannssssnnssssnnnssssnnsnnssnnnns 117
Pg  .eeees DVERARSWLVMNET KT IFRYRGKT . . o oo covvscccussscnsssnancssssanssasancssssassassannssssnnsasssnnsns 114
TZ  ceeeees DVEHAKSWL VT KT I FRYEGKT . . « o oo v v e oces s s sncanassecessascensssecessasseensssscasasssnnnns 113
Td  ceeenes DVTYARNWL VT KT IFRYRGRI . o o« cas s mmunsannnnsnannssssnnssnsannssssnnsnnsannsnssnnnnnssnnnns 113
SC  iissses DAAYCKDWL T KT IFRYKGHKL s+ v s s e us s sansusssnnssssnnnssssnsssasanassssnssassansssssnnssnssnnsas 113
McHr  ..... GDTTREVRDWL VNI PEVIEELYGECLSA .« « e s s s oo es s smmsssnonnsssannssasannssssnnsssssnnssssnnsssssnnsss 131
3312 EDSRYGELVRRLIDDIRHEMIEEEMSGMLSKLRDACFPERLHELSEEFQRAKSLAPTRPHPLAPCHPPANKILGPGAGLVDRLRDILSGRNS........ 185

(B) InterproScan

1 185
IPRO12312: Hemerythrin HHE cation binding region, Domain
PF01514
nolPR: unintegrated, unintegrated
S5F55154

prob, 1 \

M

5 :
ss CCCCCCCﬂHHHHH'!HHHHH-IHHHHI-HHHCCD-IHHHHI-HHHHHI-HHHHHH-IHCCHFEEHHHI‘i'IHHCCbDHHHHPHHHHHI-HHHHHI-HHHHHIICCCC[I:HHI-HI-HHHHHH-IHHHHI-HHHHCJ

disorder

T T T T T T T

1 11 21 31 41 51 61 71 81 91 101 111
MAGSRGNI 1001 IADHREFESVFYEIESSOOPRTOPEL VEHVISGIVRHAVAEEYYYPARRSYLPOGDEVACHEL EEHAEREEVMKATEKTOPEDSRYGELVRRL IDDIRHHIEEEESG

prob, 1

0.5

0

ss CHHHHHHC CCHHHHHHHHHHHHHHHCCCCCOCCCCCOCCCCHHHHC CCOCCHHHHHHHHHOCCC

disorder

121 131 141 151 161 171 181184
M_SKLRDACPPERLHEL SEEFQRAKSLAPTRPHPLAPOHPPANK ILGPGAGLVORLRDILSGRN

1. MSMEG _3312 # £ #3 55

Figure 1. Structural prediction of MSMEG_3312. A, Alignment of some hemerythrin sequences. Sequence comparison of 8 eukaryotic hemerytrins;

Pg, Pseudomys gouldii; Tz, Themiste zostericola; Td, Themiste dyscrita; Sc, Siphonosoma cumanense; LrA, « chain of Lingula reevii; LrB, B chain of

Lingula reevii; LuA: « chain of Lingula unguis; LuB, B chain of Lingula unguis; and McHr, a bacterial hemerythrins from Methylococcus

capsulatus. The respective accession numbers are P02244, P02245, P02246, P22766, P23543, P23544, P22764, P22765 and Q60AX2. B,

Secondary structural prediction of HHE domain.

AW A EM . i — L8 25 i 5 AN AR AT A
ARG RN, X A RE LA AN
sz kP o, e R IR AR B R Sk B AR
MO HL A5 3 R 48 /b BRIk AT, P EUABE SR
ik T BN 250 B FR AR W T A msmeg _
3312 XA PULTE R LW o FATT L BT i B B AR
Amsmeg_3312 J B T bk me’155 250k . 76
T2 WAVBIH T HrAL IR 6 Fh Wbtk (208 %%
MR R AR H T EE RN RBER)
"l LA B, Amsmeg_3312 X417 % (1) MIC A& B A=
W EEI 4 £, MIC 43 5 24 12.5 F1 3. 125 mg/L, Jf H.

G DAAN NS RN 7 107 ol 1 B = S = N T~ P P
MSMEG _3312 fiffy S 5% Wi 1 40 T 0 20 85 3= I 5k
BTN Amsmeg_3312 PLLLFE E W F
A, AT T A= A L S AR bk LA K B D B AR L 40 57
FEA T KN M. 78 3. 125mg/L 259 1B
BB R  Amsmeg_3312 FIX T me’155 47 ) &
I3 C—A msmeg_3312 wix Pl A= K A 44 B8 38 43 1
&K 5 Amsmeg_3312 LLI R I 0y 5 40 7 & UK (H
3B) o NUESE 25 45 B FATIE AT T P A 52 52
8o GRER, EARMANLGYHIEI T, Amsmeg _
3312 Al me’155 $A7 2B K 22 5, (A 2 4ok 25 4 i 7R
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(A) PCR 1
LLL LF LR RF, RR RRR
— €« L InR = e -
—_—

msmeg 3311 _I msmeg_3312 msmeg_3313
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PCR 2 IL(R) IL(F) PCR 3

(C) M KO + N (D) M KO + N

= |2k 5 00—
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R .2Kkb

2. msmeg_3312 Ff BRI #k B9 45 7 B 1E
Figure 2. Generation of msmeg_3312 knockout strain. (A) The genomic organization of the msmeg_3312 gene locus, the upper row shows the locus of
target gene in genome, the lower row shows the replacement in vector.

(PCR 1) ;

(B) The PCR product of the gene fragment in msmeg_3312 using primer InL./InR

The verification of msmeg_3312 mutant by PCR using primer LLL/IL(R) (PCR2) (C); and RRR/I-R(F) (PCR3) (D).

M represents

marker; KO, +, and N represents using Amsmeg_3312 genomic DNA, mc’155 genomic DNA and ddH, 0 as PCR template, respectively.

# 2. Amsmeg_3312 5 mc*155 WS

ZJ5 5 me’155 M, Amsmeg_3312 FKILH T W] &
R Kl (8 3-C) « LU Eg LR ) MSMEG_3312
S TG PORAR S NI

N T kB ERR msmeg _3312 15 A1 W T % K 14
24k R 0 R RE AL FRATTRS I T AR R R Y A
RUBH RN 4 2K TR B AR K 25 i o, B - 1R
ENSIGE URaRE S SN 5 SN PR i AN
EIR R SRINAE- A SRR IR NV (2 5 i1/ R =
oA EE, W E me’155 Fl A msmeg _3312
PR 25 A 249 0 1) g /S R R S R I > msmeg 3312 AR
Je FUR ORI A 1R 2 245 49 1 0 AT 1 S AR A, T x
VU IR 32 2K 25 W Mo B0 B 2R 2 W i I S
me 155 WA =5, 3 H. Amsmeg_3312 5 me’155 %t
’jﬁiﬁ‘l'&ﬁ@ﬁ&ﬁ%%ﬂ’ I 7% msmeg _3312 & i

I 5% 254 15 50S 7 A T R AR D BE R .

Table 2. The Minimum inhibitory concentrations (MIC) (mg/L)
of Isonicotinic acid hydrazide (INH), Streptomycin (SM) ,
Rifampicin (RFP) , Ampicillin (AMP) , Kanamycin (KAN) ,
erythromycin  ( EM ), chloramphenicol ( CM ), azithromycin
(AZM ), gentamicin ( GM ), tetracycline ( TET ),
oxytetracycline (OT) and MIC (mmol/L) of in A msmeg_3312
strain , mc’155 strain and complementary strain C—-A msmeg _

3312 strain, respectively.

Drug strain mc? 155 Amsmeg_3312  C-Amsmeg_3312
EM 3.125 12.5 6.25
H,0, 0.039 0.039

INH 25 25

SM 0.32 0.32

RFP 1.25 1.25

AMP 100 100

KAN 1.56 1.56

AZM 1.56 3.125

TET 0.098 0. 098

oT 0.195 0.195

GM 0.78 0.78

CM 12.5 12.5
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-8 m¢’ 155 —& Amsmeg 3312 —&— C-Amsmeg 3312
(A) (B) 1.5 7
2.09
137 104
S 1.0 ]
) S
0.5 1
0.54
0.0 T T 1 0.0 T T 1
5 10 15 10 20 30
t'h t'h
(9] Medium control Treatment with erythromycin
10° 10! 10+ 103 104 10° 10! 10 103 10+ 10
me? 155 :

Amsmeg 3312

C-Amsmeg 3312

E 3. MSMEG_3312 540 B &t %
Figure 3. MSMEG_3312 is involved in erythromycin resistance. A&B Growth rates of mc?155, A msmeg_3312 and the complementary
strain C—A msmeg_3312 in 7TH9 medium (A) or 7H9 medium with 3. 125 mg/L erythromycin (B). C MSMEG_3312 plays a negative

role in erythromycin resistance. The left panel shows serial dilutions (1:10) of mc?155, Amsmeg_3312 and the complement strain C—
A msmeg_3312 on solid LB medium. As to the right panel, the corresponding strains were spotted on solid LB medium after 1 hour

treated with 3. 125mg/L erythromycin. Photographs were taken after three days incubation at 37°C. The pictures shown are representative

of three independent experiments.

2.4 msmeg 3312 BN FMABEZRNNE R

N T RR msmeg 3312 (LT 414 R )
YEH, AT E 2 PCR 788 T msmeg_3312 1) J3 8)) 1
(P sz ) s I T LacZ il & 3K X 10 8 4k
P e sy LacZ, Ko msmeg_3312 J7 ) 1 15 41 55 3K i
AT T IS PR IL, 70 BT 405 52 5 2 e oK
V-5 msmeg 3312 £ R N], 5 R LB HF) 1
SREE IR AR R AL PG DL T P s W R R
B, 3X 10 W) 41 45 3R 52 W msmeg 3312 % 5% /K7 (1) &
Ko Ty Ak XK E 5 22 3 BT WoR 25 )R msmeg 3312
() )3 Bl 7 3% PR 5 e A R 2 2 e (1] 4)

3 itig

WL X 45 % gy A B Sk g B AN RE ML
smegmatis UL 5] 1L 21 5 (1 FF 25 1 MSMEG_3312 [

=7

W, FAT KL MSMEG_3312 54 Wi M. smegmatis K
A W SR T AL 3R A0 24 W R S O D T g o
S 254 5 R BE Ak S0S ME A T Sk R HE Th i
o, AT I B AE B T E AR R T M.
smegmatis 1 MSMEG_3312 £ IR 74 L HA ik
5] 1M 41 2 1 S ) HHE 53 XCE0RT 4 A o8 1Y
T AR o DN i ] I 21 R A ALK EAR O R
R AR T Re O A ARG, FRAN
() 52 By 25 WL R msmeg _3312 93 A8 VA U 41 14
H,0, Hitk & (£ 2) , @R A2 Y H,0, [ ihia
B, X[ Re & W T msmeg_3312 5 M. smegmatis
w5 A P A i ) 1 21 8 A A R B MSMEG _2415 Al
MSMEG_6212 fE D fig LA TUAR - AKX msmeg _
2415 Fl msmeg_6212 T GEREAT 7 ¥7 o
M msmeg _3312 &5 K #iE 0 W] GE 52 W 41 B AR
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medium control E Drug treatment

EEES

The ratio of P, 112 to control

T T T
0.3 1.0 1.5

Oval)l)

Ao P WAL B B0 R

Figure 4. When the strain haboring P, or P 3312 Were grown

msmeg_

to an ODgy of 0.3, 1.0 and 1.5, respectively, the strains were

treated with 3.125mg/L  erythromycin and then the B-
galactosidease activities of corresponding strains were measured as
indicated. The figure showed the ratio of B-galactosidease activity

in the strain carrying Py, or P, 55, respectively. Results are

shown as means =+ standard deviations for three replicates. The

figure shown is representative of three independent experiments.
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A hemerythrindike protein MSMEG _ 3312 influences
erythromycin resistance in mycobacteria
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" School of Life Science, Anhui University, Hefei 230601, Anhui Province, China

? CAS Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of
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Abstract: [Objective] Reactive oxygen species are natural products of metabolism in aerobic organisms, which lead to
oxidative damage, such as DNA mutation, protein inactivation and drug resistance. MSMEG _3312 was predicted as a
hemerythrindike protein, which can carry oxygen and reversibly bind to oxygen, thus it might play important roles in the
process of oxygen metabolism. In this study, we explored the role of MSMEG_3312 in drug resistance. [Methods] On
the basis of bioinformatics, we identified the conserved sequence of HHE domain in MSMEG_3312 and it was predicted to
have typical a-helix at secondary structure. To explore potential functions of MSMEG_3312, we constructed the msmeg_
3312 knockout strain and compare the susceptibility to various drugs to its parent strain, mc’155. In addition, we also
measured the promoter response when treatment of erythromycin. [Results] Genetic results showed that MSMEG_3312 is
not necessary for M. smegmatis growth at 7H9 rich medium. The msmeg _3312 knockout strain showed increased
erythromycin resistance. Moreover, the drug resistance is only limited to erythromycin which its mechanism of action is by
binding to the 50S subunit of the bacteria ribosomal complex and then inhibit protein synthesis. However, there were no
different MICs of other antibiotics, targets for protein synthesis inhibition, but not 508 subunit, such as tetracyclines,
aminoglycosides and chloramphenicol. Moreover, we also showed that the promoter of msmeg _ 3312 responses to
erythromycin. [Conclusions] Hemerythindike protein MSMEG_3312 is involved in erythromycin resistance.

Keywords: hemerythrindike protein, MSMEG_3312, reactive oxygen species, drug resistance
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