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(Abstract )

Background and Aim: The emergence of drug resistance and treatment- renitent Mycobacterium tuberculosis has
made controlling the disease a challenge. World Health Organization (WHO) estimates that approximately 500,000
new cases of tuberculosis occur annually. Considering that mechanisms involved in drug resistance are yet to be
elucidated and results of the studies are not consistent, we decided to investigate the correlation between mutations in
thyA gene and resistance to para- aminosalicylic acid (PAS).

Methods: In this descriptive cross- sectional study, a total of 255 positive MTB specimens were isolated during a
three- year period using standard microscopic and culture methods from which 68 Multidrug resistant (MDR) and
extensively drug resistant (XDR) tuberculosis samples were selected through drug susceptibility testing. Then, to
determine potential mutations in thyA gene, the fragment was amplified using conventional PCR and products were
sequenced. Afterward, mutations which have been induced amino acid substitutions were evaluated with various
protein prediction tools. Also, the correlation between mutations and drug resistance was statistically determined using
chi-square test.

Results: From 255 clinical TB samples, 68 (26.7%, Cl 21.3%) MDR / or XDR-TB strains were isolated. In total, 13
(19.1%) were PAS- resistant and 5 (38.4%) of them had different nucleotide mutations in thyA gene. All of the
mutations were statistically correlated with drug resistance. Moreover, the results of bioinformatics showed that
identified mutations could lead to the structural and functional disruption of the protein.

Conclusion: According to our results, mutations in thyA gene have appeared to be associated with resistance to PAS.
Also, our findings have shed light on the potential of the analysis of short genomic regions and new computational
tools in unraveling the molecular mechanisms of drug resistance.

Keywords: Mycobacterium tuberculosis; Drug resistance; thyA; Mutation; Bioinformatics

Please cite this article as: Bagherifard H, Salehi M, Ghazi M. Frequency Determination of thyA Mutations and Prevalence
of Resistance to Para- Aminosalycylic Acid in Clinical Strains of Drug- Resistant Mycobacterium Tuberculosis in Tehran
from 2018 to 2021. Pejouhesh dar Pezeshki. 2023;47(4):96-105.

“Corresponding Author: Mitra Salehi; Email: salehi.mitra.microbiology@gmail.com
Department of Microbiology, North Tehran Branch, Islamic Azad University, Tehran, Iran.

& Pejouhesh dar Pezeshki (i.e., Research in Medicine)
2023; Vol. 47; No. 4; 96-105

ownloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

ag



mailto:salehi.mitra.microbiology@gmail.com
https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

" . : o W W .2 A4 *Z L ,
VOLIFE (WXL F o Y o G rar -5 s /(}%%‘ Dok a2
- . L] * A

39 ol Sl L gionol —130y (59,10 41 caogliin 3o 9 thyA o5 i Slgld (o)
WAV-Fee Jlo 5o olptd 5o 50 9510 42 palio o joll gl g Jbg 0 Lo (Sl sloas g

T3l Ugo M 2l 0 13,86 5L asle
Ol Ol s St Sy pale olBiils ¢ Sig 08NS (559 9ug, 5 09,5 -V

VEYIBIY i Gl VELYEIYY il s g b

2 )

(<

. C

el 2l azlse Gl L) lom nl U5 soleys @ pslie e islTosd s SLaRle Slatises sl 5 (250 slacueslin Shila 1 Bup g adilu
Al 4 ax g b ogd oo 5,155 9,00 a pglie Juw auaz (oMUl 5,90 B0y e 39 laz ol j0 YL (WHO) lez caslag plojle bl s Ly
RN G MM QT » | ‘5)5LA~° GALQ OMOQLM.J Calises Lglb&dx?u 9 Sl oo ALl () L @j)b Lgl.mg,u:ju.a 39 LJ Ja.g/v: L;L‘“W*“""Li‘

w2510 PAS) el Sildlogial - (55l & Caaglio b bLS I o thyA )5 la e

yooesl 5 2S5 bl g,y 5l e0lil b e 10l s o TLaST Lo e diges YOO sland Jlo dus Sk 40 o abaie — iiogi adllas opl o 1S ghg,
PCR (5, 5l YA 05 slagier swpm slp i Qb 5o @ pslie Joo aisad PA (05)ls (omiwcmalan (a3l plonl b o il g3lula
Do 50T i (ol et (St 115800 5 (6 SIS A b (908 i A e la e Wad oL Iy alol> slaaskad g ol esliiwl o lastiwl

i asllas (15 mspo g3l Las (g lol Bl I PAS (ggls s Conglio b s il sla igz bls)|
polio 4 guw (Mo, A/)) diges VY l‘%"-’“’ A S 9510 4 pglie (Ao oY VY ylcalol alols couo ;oY EIV) dygaw A (o) 1 3590 diges YOO ) Al
Coglin b 55 sloigz blo) syle] Bl 5 o thyA o5 5 Gilise cussdSs glaiaz Ll (0o, sYAF) s & a5 0 il PAS
etien Jsle 4o g laubl 5 o Slee jo S 4 i sadcdl slajigr a5 ol lis Sile,ghilen S IUT bt wopdle a5 09 loline (Sigm 0]

J'.,'JL;T cansis ol sl yuen sl lag 0 PAS (59,00 4 Cunglia L thyA OF 50 ez 45ty oo S5 4 ol Cews 4 = b :‘5)154:;4».«»4‘

\—

B oo Hlid (29,1s Cuglie lapandlle olulid )0 1) Sileysiilen (gs sboylnl 9 (s0si5 SzsS sloasks

Sesleygiilgms 5IUT £ S5 izt 291 Sraglie t il sl pa 5L Le 1S (45519

1S olowl g Wy 4 o ol

Bagherifard H, Salehi M, Ghazi M. Frequency Determination of thyA Mutations and Prevalence of Resistance to Para-
Aminosalycylic Acid in Clinical Strains of Drug- Resistant Mycobacterium Tuberculosis in Tehran from 2018 to 2021.
Pejouhesh dar Pezeshki. 2023;47(4):96-105.

salehi.mitra.microbiology@gmail.com : Suig wiSIl sy (w30 £ o | e 1l 5o J gl 0k 93”

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

&
e S— .8 (15 AP (NN L Y o

[a—

'y. & 4
Foosr ——
° ®

ay



mailto:salehi.mitra.microbiology@gmail.com
https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

OllSen 53,56,8L il cee 3 sl Selolagial “1L (59,10 & Ceaglia ol5ne 5 YA (5 i gl (s

b g slogyls 51 (o (PAS) vl Sl dle 94,,@1 -1L Aol

Shislon muailBle oo SO sl e STl
Sl )i5 Gub 0gd o Jw Silen 4 pmine a5 009 (Sl
a¥lo ¥-YY Jl 0 WHO) ole culag ol

oboys o VAT aas o L s 4 cel Jw leys pgo
lazl yo @g)le SO Hleys Judo 4y ax )31 .(0) ol ool
@ arg by i IS gl 4 Cuglie Copu o
el oleyd sl ol 5l eolial 0)ligd (g ls Cunglin i yinS
A Sl sl plojle Joallygiws )0 g)ls 4y pslie

() el ad 3

Cawd L1 0ex Gl golews opl Sl 50 8 yedie VIY-V/E
Sl e ke Ve gl i VYY)l o Laad g ools
() 0 Mie (5,lews

30 Al el ginal =1L 5 0058 soliiwl g4 L

i JolS ok 4y e ol e penilSe Il G las
Loyl ol obe olinle glacals (A V) coul oni

polie Joo Elgil Giala 5 (29l Cuglite (9381 59, ByeS L
iy (o9)l Cwglie mhaw I 690 5 9 o)l
03y 29,10 Zwglie o (Multidrug- resistant) MDR-TB

1 | 5 ol (PABA | SSeiuainel =1L
sl 2975 [ Bl € ) Sl Sesihtesl TLY b ¢ L 4 (Extensively drug- resistanty XDR-TB

Vg8 Fw e o |, Slaal L Gas PAS Yool S
ololn 388 4l aS e e islus e Slsle
PABA ,ltsls claSolll 5l 6,50 05,5 Jas meilsis
ol sldle b (@) 85 S leabsdlsn S
Gl piges K3 s 4y PAS a5 5is,S asise boasllas
Jos (DHPS/ FoIP1) sl &lgyg,oue 60 Glp ol
=S92 PAS (WSoS sy 2S1y nl Jpazee 05 (o0
i oV gaeis miyl by Dlymgae o
G Soyee LSiS 5 eal awlels (DHFS/ FolC)
6> Sl oSyl cales o wes e DY g8,

s eST «totally drug- resistant) TDR-TB Lo ,o
odal S92y & 29yl Cueglie JyuS 5 Sy pae sl 68
a4 Cwglie gme 4 (MDR-TB) 4,0 sz a4 polie oo sl
03 ymS Cwglie b Jw g ploye cunst bz glagls
S5 5 oglyiT,sls & WLl Cunglis ias 4 (XDR-TB)

(V) Sl Joo pgo Loz Ao )5 (i) 5 slag s ]
3 Loges olasST og)ls Canglie a5 bags 281 b M5
oarendly wile (S5 pobie Byl 5l 05 (81 Ul ases
P Sleole 55 el oo bl bagys, Kl b s baggjseml 5

. slogiez Jds 4 Ll gl Cuglie G jalSns
Ay 319 00, e |, (DFFA) 5LSgs, OVgdg 0

S ol o S e oSl sl e LGl
e 53 30 slap 5151 Sy e 0aiiS S slagy 4o i
cjy.c 05.».: PAS a ngﬂA (ST w‘ USM uy}B J.wuj..u

() el (09909,5 SLo); ) (s355us9>
2005 ke 291> Cueglie S5 5 (i GeS sla s,
S g 5l )ls paadt oy 4 5l g eog aujRy g
Sl 5l vszge Sledol &y ul 4 g sy, gl
risBs Lol 535 2L Jlg Sl atily e

sode s aS |y (JeSdge Slaal o o e jaseis ollss
Cladygw ol g Juw sl slag ls ade Cuaglas olxy yo

Slapyl 0auSaS slaps o ol GRIP slegier ol 2
9,000 60 Sl laie 4 RIBD sile &Y g8 e (301>
0l abl et A sleadlas sSie ansid anb
el o8 < e 42 o el 0315 2al8l Gal 4y o)l TDR 5 XDR (MDR pslis

olw! L ribD g dfrA folC thyA sleyys o 1) olb i i . .
Ceoglio Glul g @y (ansedd )0 Sgpm o ced 5 (pl @

Solowm JU! 6oy aiS g 2156 o Sla, S (29l

() Sgd oo

02508 thyA 5 (A1) ) wiles,S = ,lae PAS 4y Caglie
3 Y e 0 &S Cl lie OMoawes wpl
Vg b 5 eolizul b |y AUMP o jslSmsr ps si5LsSil
Jios ATTP & e osios (lgie ay o500l 5 - L

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

&
e S— .8 (15 AP (NN L Y o

[a—

% &y
S ——

aA


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

&
S e— .51 (NN L Y o

[a—

OHlSas 53,3053 asla

gl 5l eolaul Lo (b S Syt
slagylo Jola o loye pge by cwss LS
(AMK) - eslSal (RIF) - el «INH) - L5
CmoleS glag s (KAN) (sl (CAP) s logs 1S
OFX)  eilSslisl 5 (ETB)  Jsiseslsl  «(CIP)
©old » edle «Sigma- Aldrich®, Merck, Germany)
G593 b (PAS) ol SekoJlsgial -y iny gy Sam
gl @ polie Ju aiged FA olaws a5 ol plxil o laslisl
OF) as glolis

@ Coglie b (Jsge slagiex ol LS b)) sl
4 ol oolitl bl 9 PCR Ubs, 5l caslllan 3,50 (59l
Oligz gyl eslitul b (cegiy DNA lanl pslaie ol
Voo (Jsbo Gomilges bl sl (s5lulaz (boiling)
5 2L, S Ve °C 0 aiBo Ve Sae 4 g Ar °C o 4o
50 D oy il 48 B0V oo 4 VYO TPM {50 b o
Sheons SS g 235 L osgs DNA g5l> a5 s, aobe Lol
oas zl 5wl DNA Ui ol aidu, ;90 Cgu,y g odd lox
Thermo Fischer ) V- -+ Cliogl yiegidg mSwl olSiws
& eolawl (Scientific

sylastwl Jg wlalyp thyA 5 (556D sloyely b
Mycobacterium tuberculosis H37Rv @ go
&b el (NC_000962.3:c 3074471_3073680)
Primer3PIus ;3T l580s 5 51 oolatul b jLa5 o550 (sl youl
SaS 4 sl g3 les 5 Colais] imo g § b
(NCBI) (5599559 slrosls Lo 35,0 Primerblast l33le
CS b g el juw ol Jyus Oligo v 7.0
ol s Voo pmol/pl cdale Lo oal pll elSlow
oolawl (sla paslys Jlss (Order N105, Cat No. ps4131)

ROWI R Ja-\} C).w aQ IR

cee 3 sl Selolagial “1L (59,10 & Ceaglia ol5ne 5 YA (5 i gl (s

a Conglio syl Lol ele |, o] oliie 5l S 5 00,5

Y AY) wlasusls PAS
Cuaglie il (o gl )3 03,08 glaaslllas 3529 L
sael il Gols oy 4 g Ju ploy pgs > slagyls &
@ azy boogdle 4 wunl (aial lizres dpnl SolwJle
st plagl ol 5 ol el o slawllae (55T Lo Sledlbl
05 2 I 2979 sy p Baa b ol hagh (nlplo ol
Sl 4 Cwglin b lagier Gl bLS)l b3 5 thyA
b3 oo slog o 51 (S plsie 4 dpl Sl gl -1
ol VE o BATAY Jlo b olts b 5o o ooy pgd

SLETD)

BAYAY bl om a5 ahiie - hrosi asdlhe ol 4o
4 ooiSanmlye o 4y SySite ollogs j i pll VE -
4 05)5 &ly Ol dgmame oStolejl (5als S LsSile s
YY) els ooel Cans @ sladiges il (S aiges anllas
Bgad S dduo,0/A) ol digas 50 (auo,0AYY) Lol digel
Ogp mbe daiges VY oo, /F) golad oné oo
&lo aigai VO (a0,0V/F) gbu b diges il (a0 ,0F/F)
(2o, Y) lgmeiw] jae mle alged dw (auo,00/9) ol
b e islnsd o iSlaCle b Cishe Hha 5l laaigal o
Oy bz (59, <iS) S pasias (b ol )
ol )2 &5 (o) p (959 el 5 (i - pl
OY) Al ool auseid Sl Juw diged YOO olass

sage slelbr 5 )l Cwglie 81 s
b s, XDR 5 MDR - uwjslisr g yi5Tsle
Plomesl osesl uislims parTlsll slaaises
el glole Jeallgiws B g)ls Conles L
Fedke m 53 @pSL Y XV L m sl Ly e

thyA OF ySS gl ool solisiwl yoslp it Y Jgu

Jyaro Jsb  (%)GC

CO @93 gles  pouly Job

AT ARYAS Y

(5>3) s

CCCTGTCATGCGTTCTTCCA Forward ,o,!,

Y\a bp

AT ARYAS Y

CCGTACTTGCTCGACGTGAT Reverse o,

a4

% LIV
Fosgsr —
? K


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

OhlSen 99,86,3L aila

Al i gl o lilsl PCR og, 5l addlae (pl 4o o
S hYA 5 Gl oo s aelyp a8 ol solawl L5 5 )40

Sl 00l oslo ul—Mﬁ-’ Y Jau\?

e el Sl Ilogil =1k 55,15 4 Coaglie (liee 5 YA (5 g 3R o

STy bylo YA o3 51 5 5)5e 4l 255 Ge b
5 o oole] (LuSoyiws VY/O Wb YO Ul L5 x> ,0 PCR
s o3l &S5 Josll g SoS L PCR aslyy s
plsl (Lol ,3) oles s ¢ (Ampligon, Denmark) .Seo

ThyA o5 wsS (gl ool (yari PCR a0l o -Y Jgu

a5 4z Slaxi ke °C) oo PCR al> 5o
\ ai s ¥ 0 gl (3l puly
aslb Y. ¥ G5l glwcds puly
Y sl X Jlast
A vy gl sile sk
\ 42,850 \At 45l g5l b

Jidlay ) esliial b LT jo a5 oba i wowi ol 4
Smslgical i Cules 50 g 995 i w25 MEGA
bldlay oS L oam al>pe o wad ools askas
(Variation Effect Analyzer Proteiny PROVEAN
PredictSNP .J. Craig Venter Institute, USA)
SNPMuSIC) DEZYME 4 (Loschmidt, Czech)
1,2 (Dezyme, Belgium) (HOTMuSIiC 4 POPMuSIiC

OVO-YA) woas
53l 31 oslial L (Szig 5 IUT 51 Juolo csliosls sl 3
sk ool 4 was JGT Y 5,5 (IBM, USA) SPSS
Gl 4 Casglie b oot sanlive cilize sla iy LL3)|
B e S 9ol Barb Sl sl Sl sl -1
A5 50 ol gl Bl 5l /0 ;5 S p-value 5 )

REPeeR,

@ pglie Joo diged PA (o @ Do jlary YOO ol
diged YV dlasy ¢ (0o, oVFY) lojs canss s slag)ls
& (Wo,ofYY)  dees FY ‘WL{:AT & (o,00Y/f)

G (Qo,00Y/) dged VP Joigmell a4 (0ue,0V0/)

oipdy ol coms ) gl sl PR gl 51 oy
slo (Fogll 05 g )i 0,90 slaaskd oo 2S5 o STy
53895 alewg ) ladiged ((STy )3 )5 alslae 5 anulySl
e Sl s W8 () 20,3V D 55T 5 59, (S8
55T J5 sy a5 PCR o¥pams il 25 glagy Iy
abgryo yoaly olyen ay dsgs 03,5 sl ) Hlasl 3550 (slawsly
OIRS S5 09aS eg,S) S eaS SSL 4
oo 3l eolawl b hai oj00 a8 0wl Jluyl (Gl
5 (Biosystems, USA Applied) Genetic Analyzer 3500
JB Ojpe @ @l g e 1) (55 slaaskd GSoe )
slo)lley g JIg5 eeed @l 08 heos AP cu b
FinchTvv 4 (Technelysium Pty Ltd.) Chromas v 2.6.6
Sl ol o 9 Wal o, (Geospiza Inc, USA) 1.4
SRl S5 L Jliol slaiez 3529 sy p Slp Ladiges
&b 5l ¢ (Megasoftware, PA, USA) MEGA v 10.0
Mycobacterium tuberculosis o laibs! Jlg L awslio

Qo 5J6T H37Rv
0 o (nse) @ 3l Gosere 9SG spn Soe L
Jleys iz 5l (S5 Gl g lagiez U
gl glages gt ly oW Je

WS oolatul (ragh cpl po eald plulis sl g

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

&
e S— .8 (15 AP (NN L Y o

[a—

% LIV
Foosr ——
? K

Yoo


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

[a—

&
S e— .51 (NN L Y o

OhlSen 99,86,3L aila

509 VY Caadse o gyl 4 (y) anelagl s
Pl 90 @l Grizres Wigd oo (g n O Shee yo S
s ez a5 wels les HOTMUSIC 4 POPMUSIC
ol suels AAG pals 5,k 5l oy oo 00l cowlice
B @ slalBle 5l ol bt wigd alol> (s n LSl
Sl 00l 0ols Ll § Jaam jo axs

N T TS S GY oS | SN e
Sl a4 Cwglis L gloliae akal, thyA 5
ol pogde (P = /o) cils vl Swcdloginl 1)L
aaly glls bl Bl o) ki Gz Lz ool
P el e)) wog dadllas 5550 (59,0 4 Cooglin b lolias

e el Sl Ilogil =1k 55,15 4 Coaglie (liee 5 YA (5 g 3R o

VY g el gldgl 4y (0o ;0 VYY) diges 4 paolnS sl8g s
polie dwl Slwdlogiel —LL 4 (00,0Y8/))) diges
Adg

sdalcaws 4 slo g5 dunlio g ,lais g0 anlad iS5 il o
ssb & HITRV. o jslsi g yiSTsSole s laibial JIgs L
2 YA 55 5 e gaselSs e i sl (SIS
G polie Wged WY ggemme I (o oVAY) wgad i
polie diges Cutd o oddlie sl Slawlogio! 1)L
PO Geed il of el 0 e A8
g Ul s sass gyl a4 wles slaasgw l plaSae
ool odalive gz b AT oS atie Jol> s p
@l wload el (3Rl 5 0995wt oz & e
ol oas 03,51 ¥ Jgaz j0

L 45 0B st Sl ysiilen 5IUT b 5l aslsl

Asdllio 3590 gLaiges 4o LT 9l 8 9 thyA 45 50 ouls cualine sl i -F Jous

o> ylo diges slaxy

i L163R T488G
i Al179V C536T
T583G
N S195G C584G
G585C
f 1200V A598G

YA 5 30 oo sualine by Suilo yailgw 36T gl -F Jauo

PredictSNP PROVEAN

PoPMusSiC

SNPMuSIiC HoTMusSiC

A V5Ll FENY AAG?2 (kcal/mol)
L163R  olojeaw!  —ONVEY  lejca] VIVY
AL79V  lejeael  SYRAY Gl o] Y
S195G e -\/ovs JEses VYE
1200V e NS SR tes “IAA

aels vkl LEISE ATm3 (kelvin) A
oS Jall Y ole el —¥a RVICRIWRE
oS Jall Y ol yee] —na RVICRIWRE
S bl DY ol yeend —NA 0035l
S Il e Fe el —else 0035l

Shstal 1)1 i 9 oyl sl olgae & Y0 3 ykaS 9 ol jluinl 615 ik ol —Y/B b yil s ailinwT 0 ol3800 55 Joddl g polusl s —

gl (o0 (Sl ) (S it Glgne 4 YL

Dgd 0 (S S S Glare 4 e jlol G110 e 9 lw ] Glaie a Cudo jhstel 51H18 i 138l 5 Joadl ygiws bl 2 —

Ve

% &y
Fosgsr —
? K


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

Ol 53,56 8L 4l v 58 Sl Sebemdlogial -l 6510 4 Cnglie lime s YA 5 ez Sl (o) 2

6,500 addllae (V+) ol 0ol b EDbawess m il collad o

PAS & Coglie sloul jo |, &V e slogs 3] i a5
Gl S5 PAS a5 Wlools slpiin «onl 00,5 cw)y
3,8 ThyA Jd a5l a5 o Jld gl g conl Jlad e

e bl Jolins alal, sy2s 3l plis pole asllas mbs
b glasw ;8 PAS @ cuglio L thyA (5 0 i
sloasdllas )l g)ls @y polie o jslingi g SLeGl
L1 thyA o5 50 Gz (pieeh ool @l b s ()b
5 Jbe gl 4 ails o las e PAS 4 Cuglic ol
2 Y0 Jle o il Kes g Zhang lawy oS glasdlas

oyl 0aSaS g oyl Jsb 5L cas YAY as thyA o5 (%)
O @S9 o STy ol A sl Sbases
Slandgise (posess S 4 |, AUMP) slawdgise
osas & Vg peddplio gy a5 03,5 5lS ATMP)
ool grlae e o Gl 4y DY 0l oS Sl
Sales )0 392 STy LS el )0 (M) el (55902
Bl 4 0gd o Sllbigls g3 uumss ilwalyl 4 e
5 ool Ll (DHFR) ;LSgs, <V g 0um60 wupl lawgs
STl syt Ny adyla w5z sy oy
35 5 1y (ThyX) Sk @Mssed 51 6,500 &9 e jplS s
IS 1, SlebslSls sgy0ml s o)lgs Ay a5 aiS e

S thyA JOIC 15 aw o Lz bls,l s sl ez Jlas
a5 ol oylas Wl mbs ol ob;,l PAS 4 cwslis b ribD
Bogs YA 5 )0 Lz sl pslie gladygms s oY 5/
Loakl, jo0 a5 gladlas o posl ;o0 Ko pgw 31 .OVY)
5| Sl b ead el PAS 4 Casglie Su55 pailSe
PAS 4, pslie sboaygw thyA 5 o gz g 5STos Jlgl )3
sl o Sla YoYY islsi olo o a5 dalllae ol o ]

aS Jl> 0 009 thyA 5 1o gz syl (aoj0f+) aiges VY

IS5 mshe oo, eal gl DHFR ol
slagls oSlee sl g 00 SLblS Sly g 0l
boasdlls 5 (TF) 4 (53,5 DHFR 5] 005 s

(V) ws oanlice diges G jo Las fOIC (5 jo g
Lol slocals @l sl Solodlogzal -1k
Il LIl asbsiye sl lbogalisilsa
S Sy 55,0060 02351 (6 ymmgns cdomsl SSg5090001-10
4 5 dei o o5 fOIP2 4 fOIP1 Ly a5 wwn (DHPS)
FOIPL oS oo Jos (0B, slooaiss o oylore ay us iyl

oz GAOlE Ol LTYA (5 YT Codgs yo ez
oz ol e Jlyo wiles S 8 ,ee PAS & Cglae b o ye
Cowl ooy 28l 50 gjle 4 wlas sladygu 5l g5 slass o
5,5 atie a5 glaslllas Lawgs laae azil oyl ax ST .(YF)
YoV 0995 00 eV 5 g ssSilr s ysSe Gl
oSl 5 Y Syl 03, (sl ,Slas S thyA o5

(V0) &b 0arsS” (Allar 4 cansl (oo 507
ool 5o el cdl sla gz 3 5yse 4 Siile,gilen 5L
Al ysb 4 ThYA o559 Lol 5 oSkee 5 (ool
N a slalidles e o |y Gl Loi @l w2y
SNPMUSIC s a0l aw o os ol 4090 s conls ais
sSke , b ie> ,5b a5 PredictSNP , PROVEAN

SYggrunss iyl by ol 0 a5 WS e LI
Sgd g0 o DY edg 0l 5 4 (DFrA/ DHFR) ;LSgs,
3 LT Gl Sl ¢ basbigilgn il 5 Sloe M5 .(A)
Jbew TOIPL ade PAS  SoiS e codled dacyiely plo
5 Rengarajan sladlas jo (V) Coenl ool (5,155 s
P S LgSele 50 (il (2l 5l eoliiul b Al 1Sen
a5 ;o PAS 4 Cuoglio Yozl a5 wiols (,Lzs BCG g

$lp a5 ol (ThyA) A Sl Ooass @3l 5o Gz
o ead <l (Ll i 90 S e ob)l ) eEg

. . oizmed Wl sl (69,0 V55 s 4O e Fiiesses
rizeen 0)S (Byme Gluyoesl [ WA 5 VPV (glaggas e S (e

3 5elS a4 e thyA (5 o g a5 Wis,S asie

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

% &y
S ——

&
e S— .8 (15 AP (NN L Y o

[a—

VoY


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

&
S e— .51 (NN L Y o

[a—

OhlSen 99,86,3L aila

5 Oleyd Slaity, dgmr bl )0 Ol 51 plgsse 5 w0l axdls
lolis o oSl laie 4 Jo s waz glagyls ady
a5 oslitul (JsSge Glapesille 5 (229,00 slaueslic
lylible 55l oolazwl aS oy lis Lol regh edle
Gy iz oS Sylpl plaie 4 g ce war Sl jedlan
5 e p Hie (Sl slagine cSll o aied;ad

g @dly dnbe (paiigy o, Sles

1959 g Sid

SidmeSes o QWS (weled Slex 5l alwsin
2 okl &y slag)Ken sl i Sgras olKiyle)]
3 omzmen eyl 1, Sad S adlhs ol plxl Gos
sbglealy col (( Sa5 jo Guagh 4,80 e (LS
oS o0 (10,93 Glbaneds )|

S llisd

ol o1 olStils imgly o B! dxeeS o dalllas ol

M S Ly ey Jd ol el
ol ooy <ol IRJIAU.TNB.REC.1399.022

&l (ol

Wlos S5 5 158 1y dlie ol B ais g

e el Sl Ilogil =1k 55,15 4 Coaglie (liee 5 YA (5 g 3R o

0isS Sw i &S HOTMUSICy POPMUSIC sl ,l580e 5
oled s GEen 6y bk Bl e
30,8 oluld caiiS bl egd @ 1y ool il slo g
Sl St OMasess w3l e o)Ll 5 F i &5 jsbles
sk 5o 5 Sl (659,853, SV 0nmss b
05 o 38es 58, S 5l 4 e slagiez dagisil
3 Sl MBS 35 g e (B95955T Sl o thyA
Ghagh ool el anl ,0 993y cpl b taigd o Ciigae ol
b; o)L.u‘ PR Y w‘ Le A.»L» S| o.b; ‘éﬁ)x.c U"bﬁf )LQ-L.J
S Mhdees E9 90 8 o allngl e sl &S
Cilige sladygu 03l 0051 1, ATMP 4y Jols 5L5 wilg o
Lg M‘y@ 9 W) M LD.J 9 ‘5»|)L5)Lo..u Ll )‘ ThyA
oz Ol 698 b)) 5l (Sl wyp nl s (b5 ok @
Sl SelwcIlogiol =L (9,08 4 Cwglin L thyA o5 o
Loy o5 ool O s 8l (6 ki slaadlllas ax 51 .ol
4 Ceoglite Sl )3 BY58 g jeee b b e slagj plo
L algs oo g0 sbrasdlas oyl o ogdle .l 5L5 5,50 PAS
Sy, IS 50 05 Ol 0 e Ghame slahs;y (59958
2o 56 e oo s, 4 Slejedilen 5 (S5
o) slcosgase dex oS SWS alol> slapsg
4 polae slodiges Slaws o9 Sgdme 4 (lgi oo axllas
MIC s Saus chle Jsle o pas PAS
Olyee b akaly o (Minimum Inhibitory Concentration)
(5l> a4 k5‘°9") &}55 Olalad )‘ oolazwl ).».a 9 wsLD.A
Whole Genome ) WGS s55 JolS b Jle slo g,

2,5 o,Lul (sequencing

—
’ : .t
LS e At

&5 Gy gamlige asdllae cpl 5l sael Caws @ ol & axg5 L

SFpe i PAS gl 4 cuglin j9p 50 Wil oo thyA

Vv

% &y
S ——
? ¥


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

S 5 5505,3 acls

References

1. World Health Organization (WHO). Rapid
communication: key changes to the treatment of drug-
resistant tuberculosis. World Health Organization;
2022.

2. Dalton T, Cegielski P, Akksilp S, Asencios L,
Caoili JC, Cho S-N, et al. Prevalence of and risk
factors for resistance to second-line drugs in people
with  multidrug-resistant  tuberculosis in  eight
countries: a prospective cohort study. The Lancet.
2012;380(9851):1406-17.

3. Almeida Da Silva PE, Palomino JC. Molecular
basis and mechanisms of drug resistance in
Mycobacterium tuberculosis: classical and new drugs.
Journal of antimicrobial chemotherapy.
2011;66(7):1417-30.

4. Gilchrist CA, Turner SD, Riley MF, Petri Jr WA,
Hewlett EL. Whole-genome sequencing in outbreak
analysis. Clinical microbiology reviews.
2015;28(3):541-63.

5. Zheng J, Rubin EJ, Bifani P, Mathys V, Lim V, Au
M, et al. Para-Aminosalicylic Acid Is a Prodrug
Targeting Dihydrofolate Reductase in Mycobacterium
Tuberculosis¢. Journal of Biological Chemistry.
2013;288(32):23447-56.

6. World Health Organization (WHO). WHO
consolidated guidelines on drug-resistant tuberculosis
treatment: World Health Organization; 2019.

7. Palomino JC, Martin A. Drug resistance
mechanisms  in  Mycobacterium  tuberculosis.
Antibiotics. 2014 Jul 2;3(3):317-40.

8. Dookie N, Rambaran S, Padayatchi N, Mahomed S,
Naidoo K. Evolution of drug resistance in
Mycobacterium tuberculosis: a review on the
molecular determinants of resistance and implications
for personalized care. Journal of Antimicrobial
Chemotherapy. 2018 May 1;73(5):1138-51.

9. Mathys V, Wintjens R, Lefevre P, Bertout J,
Singhal A, Kiass M, et al. Molecular genetics of para-
aminosalicylic acid resistance in clinical isolates and
spontaneous mutants of Mycobacterium tuberculosis.
Antimicrobial agents and chemotherapy.
2009;53(5):2100-9.

10. Zhao F, Wang X-D, Erber LN, Luo M, Guo A-z,
Yang S-s, et al. Binding pocket alterations in
dihydrofolate synthase confer resistance to para-
aminosalicylic acid in clinical isolates of
Mycobacterium tuberculosis. Antimicrobial agents and
chemotherapy. 2014;58(3):1479-87.

e el Sl Ilogil =1k 55,15 4 Coaglie (liee 5 YA (5 g SlolB o

11. Zhang X, Liu L, Zhang Y, Dai G, Huang H, Jin Q.
Genetic determinants involved in p-aminosalicylic
acid resistance in clinical isolates from tuberculosis
patients in northern China from 2006 to 2012.
Antimicrobial agents and chemotherapy.
2015;59(2):1320-4.

12. Nguyen L. Antibiotic resistance mechanisms in M.
tuberculosis: an update. Archives of toxicology. 2016;
90:1585-604.

13. Tille P. Bailey & Scott's diagnostic microbiology:
Elsevier Health Sciences; 2022; p.530-550

14. World Health Organization (WHO). Technical
manual for drug susceptibility testing of medicines
used in the treatment of tuberculosis. 2018.

15. Choi Y, Chan AP. PROVEAN web server: a tool
to predict the functional effect of amino acid
substitutions and indels. Bioinformatics.
2015;31(16):2745-7.

16. Bendl J, Stourac J, Salanda O, Pavelka A, Wieben
ED, Zendulka J, et al. PredictSNP: robust and accurate
consensus classifier for prediction of disease-related
mutations. PLoS computational biology. 2014;10(1):
£1003440.

17. Pucci F, Bourgeas R, Rooman M. Predicting
protein thermal stability changes upon point mutations
using statistical potentials: Introducing HoTMuSiC.
Scientific reports. 2016;6(1):1-9.

18. Pucci F, Kwasigroch JM, Rooman M. Protein
thermal stability engineering using HoTMuSIC.
Structural Bioinformatics: Springer; 2020. p. 59-73.

19. Wang W, Li S, Ge Q, Guo H, Shang Y, Ren W, et
al. Determination of critical concentration for drug
susceptibility testing of Mycobacterium tuberculosis
against para-aminosalicylic acid with clinical isolates
with thyA, folC and dfrA mutations. Annals of
Clinical Microbiology and Antimicrobials.
2022;21(1):1-9.

20. Rengarajan J, Sassetti CM, Naroditskaya V,
Sloutsky A, Bloom BR, Rubin EJ. The folate pathway
is a target for resistance to the drug para-
aminosalicylic acid (PAS) in mycobacteria. Molecular
microbiology. 2004;53(1):275-82.

21. Hameed HA, Islam MM, Chhotaray C, Wang C,
Liu Y, Tan Y, et al. Molecular targets related drug
resistance mechanisms in MDR-, XDR-, and TDR-
Mycobacterium tuberculosis strains. Frontiers in
cellular and infection microbiology. 2018; 8:114.

22. Myllykallio H, Lipowski G, Leduc D, Filee J,
Forterre P, Liebl U. An alternative flavin-dependent

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

&
e S— .8 (15 AP (NN L Y o

[a—

Forss ———
° ®

VoF


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

W

[a—

&
S e— .51 (NN L Y o

OhlSen 99,86,3L aila

mechanism for thymidylate synthesis. Science.
2002;297(5578):105-7.

23. Minato Y, Thiede JM, Kordus SL, McKlveen EJ,
Turman BJ, Baughn AD. Mycobacterium tuberculosis
folate metabolism and the mechanistic basis for para-
aminosalicylic acid susceptibility and resistance.
Antimicrobial agents and chemotherapy.
2015;59(9):5097-106.

24. Meumann EM, Globan M, Fyfe JA, Leslie D,
Porter JL, Seemann T, et al. Genome sequence
comparisons of serial multi-drug-resistant
Mycobacterium tuberculosis isolates over 21 years of
infection in a single patient. Microbial genomics.
2015;1(5).

e el Sl Ilogil =1k 55,15 4 Coaglie (liee 5 YA (5 g SlolB o

25. Feuerriegel S, Koser C, Triibe L, Archer J, Riisch
Gerdes S, Richter E, et al. Thr202Ala in thyA is a
marker for the Latin American Mediterranean lineage
of the Mycobacterium tuberculosis complex rather
than para-aminosalicylic acid resistance.
Antimicrobial agents and chemotherapy.
2010;54(11):4794-8.

26. Fivian-Hughes AS, Houghton J, Davis EO.
Mycobacterium tuberculosis thymidylate synthase
gene thyX is essential and potentially bifunctional,
while thyA deletion confers resistance to p-
aminosalicylic acid. Microbiology. 2012;158(Pt
2):308.

% &y
S ——
? ¥


https://pejouhesh.sbmu.ac.ir/article-1-3308-fa.html
http://www.tcpdf.org

