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[Abstract] Objective To investigate the relationship between D-cycloserine resistance and
the gene mutations of alrA, ddIA and cycA of Mycobacterium (M.) tuberculosis, as well as the association
between D-cycloserine resistance and spoligotyping genotyping. Methods A total of 145 M. tuberculosis
strains were selected from the strain bank. D-cycloserine resistant phenotypes of the strains were
determined by the proportion method and the minimal inhibitory concentration was determined by
resazurin microtiter assay. PCR amplification and DNA direct sequencing methods were used for the
analysis of gene mutations. Relationship between the resistance phenotype and genotype was analyzed
by chi-square test. Results Of the 145 clinically collected strains, 24 (16.6% ) of them were D-
cycloserine resistant and 121 (83.4%) were sensitive. There were only synonymous mutations noticed
on alrA, ddIA and cycA in sensitive strains. Of the 24 D-cycloserine resistant strains, 3 (12.5%) isolates’
cycA and 1 (4.2%) isolates’ alrA happened to be non-synonymous mutations, in which the codes were
188, 318 and 508 of c¢ycA, and 261 of alrA, respectively. Results on drug sensitivity tests confirmed the
minimal inhibitory concentration of the mutant strains were all increased to some degrees. The
D-cycloserine resistant rates of 88 Beijing genotype and 57 non-Beijing genotype strains were
20.5% and 10.5%, respectively, but with no statistically significant difference ( xy*=2.47, P>0.05).
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Conclusions

The non-synonymous mutations of alrA and cycA might contribute to one of the

mechanisms of M. tuberculosis D-cycloserine resistance. M. tuberculosis Beijing genotype or non-
Beijing genotype was not considered to be associated with the D-cycloserine resistance.

[Key words] Mycobacterium tuberculosis; Cycloserine; Drug resistance; Genes mutation

Fund program: National Science and Technology Major Project of China (2013XZ10003002-

001)

T i 25 45 ¥ 50 B A B (Mycobacterium
tuberculosis) 1) 7= A= 2 5| 2 09 it 2 25 45 #%
(multiple drug resistant tuberculosis, MDR-TB) 1]~
12 T 25 25 #2295 (extensively drug-resistant tuberculosis,
XDR-TB) (Ui AT , — A A% 259 A REW /2 I R
AT oK S5 0 T B 42 i A8 15 TR Y. H
FUXS S5 S TR — B4 1% 25 Wi s 24 PRI 5
D A E B AL A 2R T 2 03 L A
BREYl, M2 ZFRAE 50 AT Ao v Fm IR
B PR R e i P T A2 BB . S4B RE
S5 [ SR 5 A B 22 R IR ST MDR-TB U T 4%
Upyy sk (R ER 22 S PR 25 LTI W ANV A . TES %
SYRCFERR R TR 2R el (alr ) H L-T 2Rtk
D-N R , TN 2R & L (dd1) 244k 2 73+ D-
R A ML d-TN &Mt -D- N 2R Ik B 22 RN
D—NZRR ) L5 A AU , T8 3 400 T 25 4% e S T 1Y)
ale F11 dd1 PG , S 7490 4] 200 T2 200 JH B G IR P JEE
TGRSO T A0 R R D L R RE 1 1T
R LAV RCER . CA A, S5 0BT
T alrA B[R YR [R) SCOE7AE 55 90 22 S [RAR AR PR it 245 A1
F L eyeA J@ TR ILIR S 2 K, 15 D-INATR .
D- 22 Z R W35 ¥t , ¥ T A 22 8 R 1) 1E 8 Wi o
cycA JE R B — {978 B B AR R 3R Ay T R 22 W2 i
AR SRR RN INY o cyed G t5 (1) 12 308 i35 &
1 HOEH RN 22 Z IR N2, Baisa 55
R TE R AR A h s R D R B AT
cyeA FERI A5 KR K12 Fl CFTO73 [l PR 22 Z R i 24 1
S, BN fe /MR A (MIC)(E T o 0
AR IE K B A TR B 22 5 R T 24 M 3 s 2
cyeA 1 5EAF N Halouska % BOAFIEIN N,
o2 R e B AL S ddIA FERITE NI 20 545
H% 53 BT TR 240 BE G BUAF DG 1 28 11 il D T T 25 7%
IR . AN TR SR A B eyed TR R —A
LR LZ7E Gly122Ser RE W53 70 fift ok 4 22 2 TR 1)
ARG AT 1L XT 145 BRIlE RS54 934
FFE B ARAY alrA (ddIA T eyeA FER K0, W1 AHR
WER 22 B R 245 731 B R e L A5, TR R 22 5
P2 5} 245 5 8 I 295 A% 23 ST T b st 5 PR B8 2 ) ) AH
KPESAT 50 HT -

MRETE

L. BRI 145 BRES 1% 53 AT T I TR 43 B8 Ak
M E CDC % G i i B 42 il Jr (1% 4 T ) B bk 122
FREE, SRR TR VY T g RS D)1 TR A
VUGBS 1y B A8 A% IR B I6 T s A5 A% s B Bt , £
1 QL e 45 4% % A T I AP 4, IR iR T 25 Bl .
FRUETE AR H3TRY A4 e AT it .

2. LA - e B A2 12 W S 06 2 K 3 R )
AT RS IR LIARERR H3 TRV O T IR, 3R22
RIREE IR EL YT RO EE ) WHO HEF 1 30 pg/ml ™

3. flFL AR S €8 1 ELAAR D BR 2 IR Hall 55 i)
T o SR AT LR B Lk T B PR 22 E R 25 W vk B N
128 ~ 0.063 pg/ml. BWE A 25 W LR A 25
X R BEFRE 4 KANA 70 pl 59 8 657 (7] KT - 5%
I 80 24 2 1 5)WAEE, ik (o A8 Ky 21 {0 150 A 1A £ A=
1, PR a0 A SE gL, MIC Ay (5,58 4
A R S FL A 2R B

4. PCR "3 I : % JH Primier 5.01% 35147, H
(LR 43 b N BT 1, A B R 5 | )7 51) AL
Flo MRS phl IR R 35 125 pl g2 X
PCR Taq MasterMix (352 Fe b 22 A Y RHE AT PR
Al L9 pl BN ZEK, IR ES 445 1 ul, DNA AR
1.5 ule W 444 :94 °C 5 min, 94 °C 1 min, i k
1 min B JCGRJEILE 1), 72 °C 1 min, 35 A6 ;

R GERRNTE alrA ddIA F cycA $H PCR Y EAHIEAS B

5194 SRR ~37) SEJGRIE 3R B

(©) (bp)
alrA1-F  AACCAACCACCGAGCCACAG
alrA1-R TTGCTGATGAGTTCGATAGA 62.6 812
alrA2-F  ATTCCATCAACGATGTTCAGG
alrA2-R TCGTCTGCGGATACCCTCAC 617 637
cycAl-F TTCCCTACCCCAGAACTCG 60.5 876
cycAl-R ACAAACGGGGACTCGCCACT
cycA2-F GGCGAGTCCCCGTTTGTGA 617 827
cycA2-R TCGTGGTGATATTGCGGAT
ddIA1-F CGCACCAAGCCCGAATGAGC 617 665
ddIA1-R CGGTAAGCCCAGCCGTTCGC
ddlIA2-F CCGTCGGCATGGACAAGGAG

59.2 661

ddlA2-R  GCCAATGTCGTCTCGATCAT

1 s alrA (ddIA Fl eyeA B (FE R I8 53R 5 PB4 5 AT X
PIRTEBE; A2 SRS E 2B FLEm S 145 R IG5 14



<242 - PR RATIR 245 201746 2 45 38 555 2] Chin J Epidemiol, February 2017, Vol.38,No.2

72 °C 10 min, PCR ™k 4t i K — i A YR
AN} E s

5. T8 B X5 4% 1 1R 77 Y (spoligotyping) : >Rk H
Kamerbeek 45 "' #: 37 AR EAL R P 47 . 519
DRa:5’ -GGT TTT GGG TCT GAC GAC-3’ , DRb:
5" -CCG AGA GGG GAC GGA AAC-3' , [ %
4:96 °C 3 min;96 °C 1 min,55 °C 1 min,72 °C 30's,
35572 °C 10 min,

6. FAE 43 - B I P 45 2R % H SeqMan 7.1.0
HEAT I H PH4%  BioEdit 7.1.10 #AT £ )% 5 e xf . ic
SK spoligotyping 1 43 /™[] [ X 4 38 45 5 8] B X A7
TEF 1R 6 407 R, 75T Excel £idii 36, IF
s HA5 A BioNumerics 5.0 4347404, B2
FHAV-34 1% 45 B 25 1 (UPGMA ) , AL 2 %503 ] Dice,
558048 122 SpolDB 4.0 AT HLXT, 1 2 454 PR AR I [
U, spoligotyping 3 K AU X} 34 22 Z R i 24 5K 25 57 %
Hx K, P<0.05 WS A G5 L,

x5 R

1. 25855 R < Lo E: 25 O 45 R WoR | 145 1%
JIT 6 17 R 3 B Ak v 24 R R 22 R T 25 . (LR
IR G 24 BRI 25 PR, S #R MIC 4 16 pg/ml,
12 # MIC A 32 pg/ml, 6 £ MIC A 64 ng/ml, 1 £
MIC 24 128 pg/ml.

2. DNA U JF 43 17 « LA HERE H37Rv I3 51 Sy X6
H8, 1 BioEdit 7.1.10 #4722 J7 81| L Xt , 38 4o I Ui
BN G AR 5, 45 R B, alrA | ddIA Fl cyeA
RAFIHNI I L RAS . L E TR 25 TRAR T alrA 58
AR R 4.2% (1/24) , 58 2% B 261 fii AGC—AAC
(Ser—Asn) , 1 ¥k UK alrA 5 A 337 {i GGT—
GGC, 2 Gly [F] L5745 . Tt 24 B Ak R e L ddIA 5
5 A1 BREUR R 92 137 CGT—CGC, A Arg [i] X %
A5 L RN 25 B AR 1 eyed RAE R K 12.5%(3/
24) , 43 5 A 188 /i CCT—GCT (Pro—Ala) . 318 fif
CGA—CTA (Arg—Leu) #1508 /i GCA—TCA (Ala—
Ser) , ToHRAF T X I . IR 22 G R WUBAR  cyed 17
TE 2 Al X 2e7% 439k 521 42 CGT—CGC (Arg) il
406 fi7 TCG—TCA (Ser) , H: 11406 v 22 547 2 BR A
PR W2,

3. spoligotyping K 7341 : X 145 #kilh PR 73 B bk
spoligotyping [ 4% 3¢ 25 2 48 U B i 47 70 B , 54K
$ % SpolDB 4.0 AT HEXT . 25 o, b st SR Y
88 #k , 5 60.7% (88/145) , £ 4% 86 Bk 22 s AU Jp, 5t
PR ([R5 7R K 35 ~ 43 Z ] 1 9 AN ] BR IX 1

R2 4SBT IR IR 2 B alrA (ddIA
FleyeA FEH GEARE DL

2 s AR L 2 MIC  spoligotyping
FEH TR TR B £ (ugml) R

alrA 261 i AGC—AAC Ser—Asn 1 R 32 dest

alrA 337 GGT—>GGC NM 1S 8 H3

cycA 52117 CGT—CGC NM 1S 2 et
cycA 1884 CCT-GCT Pro—Ala 1 R 32 dtmr
cycA 31807 CGA—CTA Arg—Leu 1 R 32 Jbae
cycA 406/ TCG>TCA NM 2 S 4~8 NEW,TI
cycA 5080 GCA—TCA Ala—Ser 1 R 32 dext
ddiA 92 CGT—CGC NM 1 S 16 dtnt

VE: R IRLATRTHZGHIbR; S : BF 22 2R BUR b s NM: 2L
7 S/ s MIC g fie NIV e
BEE ) 5 2 Sk Al 80 b i 35 PR RS (LS 8 ok 35 ~
43 Z [l % 9 A Tal g X 2= /0 34 M FEE H = 140
B ) o AEdb R R R R 3L 578k, 5 39.39%(57/145) .
bt B AR b RER 4 T K% L o 35.1%(20/
57),3 ¥k R CAS1 5, 15 5.3%(3/57) , 6 A H3 K
%, i 10.5%(6/57) , 6 #% 8 MANU2 K%, 15 10.5%
(6/57), 1Bk A S, 15 1.8%(1/57) , 4k ] U ik,
17 7.0% (4/57) o 17 Bk N B K 90 T Ak ik R AU,
29.8%(17/57) .

4. ATR)HE PR 7R () Tiid 24 256 3 - 88 MRk L PR 7Y
LB T PR 22 F R 2 18 £, it 25 52Ny
20.5%(18/88) , 57 #RARAY 5t JL PRI AU rp 1 22 24 12 it 245
6 Bk , i 25 5 K 10.5%(6/57) , it 25 F 22 R I G 2%
B X (=247,P>0.05), W#*3,

R34S BRESZ M BT R AN [R) B D AT 245

5 S iR R Ll B A T ﬂ
20 5] Wi N LR BRI 2y TR %%
B 45SE 70 18 88  20.5
e[Sl 51 6 57 105
A1t 121 24 145 16.6

T AU 3 PR AR R b L PR AU X B 22 SR I i 24 5 24 S e 5
i2EE L (¥=2.47,P>0.05)

W iR

AHIF 58 X6} T 308 T AR 1 alrA . ddIA T cyeA FE DR
JP R, A 1RE(4.17%) it 258k alrA LK & A= AR R L
AR 3 RE (12.5% ) i 245 Bk cyeA J R & AR AR ] S5
A T AURR R PR L H S R R AR R e AE . 42l
FEOX I UESE , 4 HRAE [R] 248 bk MIC {2547 A [ 2
FEMTE R o AWFFREE RN, alrA F cycA FER KA
FHEAZ T IR R[] S48 R80T TR 22 R id 2457
49 . Desjardins 55" BB 5T R | alrA F ald 58 7%
(25 A% 53 BOAT T I R PR RRTEAR AP 35 FR 0, A 0] 34 22
SR 25 PERIIMI S . Fehér %X KR A



FAEIR AT 2475 2017 4E 2 ] 45 38 5452 1 Chin J Epidemiol, February 2017, Vol.38,No.2

. 243 -

P22 IR 2R AT FE s, 20 Bk cyed SRAZW K fir
MEIAAIR . AHFTELE R cyed AR AT LE
BT, AR B R AL AR DX, 350K AN T
BAF PR R AL 1 73 TR AR S, . RS B
A, WA BEOR FU B PR 22 R i 25 R AN RERAR 4
M i T, A A 22 B2 IR A A JF A S 24 L 1 A
MR AL, 1 15— BT . PR 22 G R Fh A 22 2R
GEAS RN BB B R 22 XU Ty 52, 34 22 % TR
B LW E NGRS MDR-TB B Al o7, As
G RBCRARER ZA . BT IR 22 S R A T 24553
FAIEA B T 52 BT I 22 25 45 K00 8 A R9IR T,
ARA I T LLFR 22 8 1 0 25 ) IR, T OB BRI 4 %
251, O BCSE IR Y 7 4 R (R MRS
U R R R bR S 25 S R E AR 248 E N
HIANTR] FE ZE AN IX A7 5 22 57, AN TR 2459 22 T o A —
B AEAL R T R e MR, JU AT R T 5
TSk 245 e 2 A O, {EL R A DX R 2 B P e e
L S [1 O L S G s e | e
TGRS T 2 2P M 25 AR DG ARBIRFEAR &
PRAL 573 DR R T R B 2 PR T 245 A AR R SRR o
MR T
Z % X #t

[1] Prasad R, Verma SK, Sahai S, et al. Efficacy and safety of
kanamycin, ethionamide, PAS and cycloserine in multidrug-
resistant pulmonary tuberculosis patients[J]. Indian J Chest Dis
Allied Sci,2006,48(3) : 183-186.
Masjedi MR, Tabarsi P, Chitsaz E, et al. Outcome of treatment of
MDR-TB patients with standardised regimens, Iran, 2002-2006

[J]. Int J Tuberc Lung Dis,2008,2(7):750-755.
Bruning JB, Murillo AC, Chacon O, et al. Structure of the

[2

A

—
(98]
[

Mycobacterium tuberculosis D-alanine: D-alanine ligase, a target
of the antituberculosis drug D-cycloserine [J]. Antimicrob
Agents Chemother, 2011, 55(1) : 291-301. DOI: 10.1128/AAC.
00558-10.

[4

[

Prosser GA, de Carvalho LP. Reinterpreting the mechanism of
inhibition of Mycobacterium tuberculosis D-alanine: D-alanine
ligase by D-cycloserine[J]. Biochemistry, 2013, 52 (40) : 7145—
7149. DOI:10.1021/bi400839f.

Késer CU, Bryant JM, Becq J, et al. Whole-genome sequencing

—
W
[

for rapid susceptibility testing of M. tuberculosis [J]. N Engl J
Med,2013,369(3):290-292. DOI:10.1056/NEJMc1215305.

[6] Merker M, Kohl TA, Roetzer A, et al. Whole genome sequencing

—

reveals complex evolution patterns of multidrug-resistant

Mycobacterium tuberculosis Beijing strains in patients [J]. PLoS
One,2013,8(12):e82551. DOI:10.1371/journal.pone.0082551.

[7] Chen JM, Uplekar S, Gordon SV, et al. A point mutation in cycA

[

partially contributes to the D-cycloserine resistance trait of

—
o
(Al

[10]

[11

[

[12]

[13]

[14]

[15]

[16]

[17

[

[18]

[19]

Mycobacterium bovis BCG vaccine strains[J]. PLoS One,2012,7
(8):e43467. DOI:10.1371/journal.pone.0043467.

Fehér T, Cseh B, Umenhoffer K, et al. Characterization of cycA
mutants of Escherichia coli: an assay for measuring in vivo
mutation rates [J]. Mutat Res, 2006, 595 (1) : 184-190. DOI:
10.1016/j.mrfmmm.2005.11.004.

Baisa G, Stabo NJ, Welch RA. Characterization of Escherichia
coli D-cycloserine transport and resistant mutants|J]. J Bacteriol,
2013,195(7):1389-1399. DOI: 10.1128/JB.01598-12.

Wargel RJ, Hadur CA, Neuhaus FC. Mechanism of D-cycloserine
action: transport mutants for D-alanine, D-cycloserine, and
glycine[J]. J Bacteriol, 1971,105(3) : 1028-1035.

Russell RR. Mapping of a D-cycloserine resistance locus in
Escherichia coli K-12[J]. J Bacteriol, 1972, 111(2) : 622-624.
Halouska S, Chacon O, Fenton RJ, et al. Use of NMR
metabolomics to analyze the targets of D-cycloserine in
mycobacteria: role of D-alanine racemase [J]. J Proteome Res,
2007,6(12) :4608-4614. DOI:10.1016/j.mrfmmm.2005.11.004.
World Health Organization. Updated interim critical concentrations
for first-line and second-line DST (as of May 2012) [EB/OL].
[2016-08-19].
Updated% 20critical% 20concentration% 20table_1st% 20and%
202nd%20line%20drugs.pdf.

Hall L, Jude KP, Clark SL, et al. Antimicrobial susceptibility

http://www.stoptb.org/wg/gli/assets/documents/

testing of Mycobacterium tuberculosis complex for first and
second line drugs by broth dilution in a microtiter plate format
[J].JVis Exp,2011(52). pii:3094. DOI:10.3791/3094.
Kamerbeek J, Schouls L, Kolk A, et al. Simultaneous detection
and strain differentiation of Mycobacterium tuberculosis for
diagnosis and epidemiology[J]. J Clin Microbiol, 1997,35(4) :
907-914.
Desjardins CA, Cohen KA, Munsamy V, et al. Genomic and
functional analyses of Mycobacterium tuberculosis  strains
implicate ald in D-cycloserine resistance|J ]. Nat Genet, 2016, 48
(5):544-551. DOI:10.1038/ng.3548.
Glynn JR, Whiteley J, Bifani PJ, et al. Worldwide occurrence of
Beijing/W strains of Mycobacterium tuberculosis: a systematic
review [J]. Emerg Infect Dis, 2002, 8 (8) : 843-849. DOI:
10.3201/eid0805.020002.
Mokrousov I, Otten T, Manicheva O, et al. Molecular
characterization of ofloxacin-resistant Mycobacterium tuberculosts
strains from Russia[J]. Antimicrob Agents Chemother, 2008, 52
(8):2937-2939. DOI: 10.1128/AAC.00036-08.
Duong DA, Nguyen TH, Nguyen TN, et al. Beijing genotype of
Mycobacterium  tuberculosis is significantly associated with
high-level fluoroquinolone resistance in Vietnam[J]. Antimicrob
Agents Chemother, 2009, 53 (11) : 4835-4839. DOI: 10.1128/
AAC.00541-09.

(Ui H 301:2016-08-20)

(AR ST JT 5L



