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2,4(3H)- ] - 7R SNBEAR 2 S S8 2 B, A ) IMB-T5297 % MtSK 1 2E 403 B & (half maximal inhibitory
concentration, 1Csp) N 1.745 pg-mL . KM% 5 TR (surface plasmon resonance, SPR) Sz 4k R R L&
IMB-T5297 5 MtSK & HIEM 1) Kp A 2.151x10°° mol-L . @it i SN AE B L &5 5 [ 14 10 82
R, WG TAGEY) IMB-T5297 5 MtSK 11E AL 5, FFXE AR TM A 5 A RS R A7 s AT 7 RAT A
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MTT] SEERFREA, (LAY IMB-T5297 I L3040 f f 5 PR ARAR R A S 45 i id M SR 00 3R B, b &4 IMB-T5297
S A% A BT B AR AE R H37Rv B KA ¥ B (minimum inhibitory concentration, MIC) 7y 49.723 pg-mL ™%, % I
Frik, BARLE Y IMB-T5297 (HIHL 45 ROE B 59, (H % MSK i) 1 FH e 0m, 38 5 45 1 o it 7T B BN 3 I B 45 4%
A
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Abstract: Shikimate kinase is a key protein of the shikimic pathway, which is essential for the survival
of Mycaobacterium tuberculosis. In this study, a screening assay for Mycobacterium tuberculosis shikimate
kinase (MtSK) inhibitor was developed. A 120 000-compound library was screened by the enzyme assay and
the phenotype screening using Mycobacterium smegmatis. A hit compound named IMB-T5297 [(E)-3-(3-(3-
chloro-5-methoxy-4-(prop-2-yn-1-yloxy)phenyl)acryloyl)-6-methyl- 2H-pyran-2,4(3H)-dione] was identified to
be a selective inhibitor of MtSK with a half maximal inhibitory concentration (ICs,) value of 1.745 ug-mL™",
which also showed antibacterial activity. The interaction between compound and protein was analyzed by
surface plasmon resonance (SPR) experiment, which showed the Kp value was 2.151x10° mol-L™.  The binding
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model of MtSK and compound was simulated by the computer program. Five key amino acids in the binding

pocket were indispensable site-directed mutated to verify the model.

IMB-T5297 inhibited Mycobacterium

tuberculosis H37Rv with a minimum inhibitory concentration (MIC) value of 49.723 ug-mL ™" and displayed low

cytotoxicity to mammalian cells.

In this study, IMB-T5297 was identified as a selective inhibitor of MtSK

enzyme with anti-tuberculosis activity. With additional structural modification, the compound has a potential

to become anovel anti-tubercul osis compound.
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45K (tuberculosis, TB) J& M 45 4% 2 B AT B
(Mycobacterium tuberculosis, MTB) 5| A2 ff]—Flig P
HOLHEER, HATR AR RKButEm 2 M, i
E, TP AYIN R R Ua AR AL
KA SR AN S5 AL 24 B vk ) AR TR I, Biss
BT TG IR Bh AR . 4t P AR S B, 2016 AF 4
BRAT 1040 J5 N A S50, 170 5 NIRIZRAET: (B
5 40 73 LT IR G, 47 60 AR 258 A
B, Hrp g 49 FiTit % 25451 gt it %2 25 451
(MDR-TB) FJ Z M 25 45# % (XDR-TB) &% il Al
BT AR I B KPR, T S5 A2 AH S T ) KT
AP AR, LA R SR A A F (T R 4
ST ATP & Rl 55 DUE ik (bedaquiline)
FMHAEREAARERS)E (delamanid) 7 Fi4 25
2 st B, i B H AT A 2 R PR B
SR BN HRES . Bk, SR AT
TERBE R, TR RS 25 e fE JE I .

FERER ZAAET AR, BHE. H
W~ TR = Y G T IR AR . R L 2 R
DR EVL TR —FEERFIER. HH 7
FlEZ 5 T i@ MR B, 7352 3-8 -D-Fl hii
H-PEl PR -7- R A i . 3-AZE MR A, A
ERRMEARG . FERNER . FFER B . 5T
B 25 55 -3 TR R & AN 49 S R A S . SebiiE M, o
YR A F T AN GBI, %08 BH
T (%) TR A R A K B2 B, UE B 208 B 1 4E R A
EariEE RS E R EEMERT Y, T ARA AR
FAEFERRIER, bz R EO A E
FE 5] 13 E AR

SERZ O BRI ZE IR BB (MESK) 2R 73 1
0 1858 kD, i aroK J&[K (Rv2539c) #ifid, %%k
1 A0 35 R R IR A5 1 58 2D OB, A Tl T 66 A A
ATP#:F R FEBIR, HE K 3-BE IR ¥ H IR T Bk Hh 14
ADP ¥ (B 1), 558 K i, aroK Z: A S S MTB
TIEAK, HEFMMEVER aroK JERIF, RAKRA
CLAE I, EW] MESK A2 4EFF MTB £ K& E ™.

AR FELL MESK R, SeBE AR A MtSK & E IR
AL IE T v, ST MESK HIHI e i, JExt
B SO 2y (Ed) O ik 5256 = 4 & W 2 1E 47 T ik,
FREWH ARG L RUEY, NG AY)
(AT B9 5 B Al o
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MISK
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HO™ =" "OH  aAtp ADp "O-P-0" 7 "OH
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Shikimic acid Shikimate-3-phosphate

Figure1l Mycobacterium tuberculosis shikimate kinase (MtSK)
catalyzes the formation of shikimate-3-phosphate from shikimic
acid using ATP as co-substrate

MR5R®

EHRSEE K% AE E coli DH5a 1 E. coli
BL21(DE3) AAZELRSTE; HtIG 7B AT B Mycobacterium
smegmatis mc®155 (ATCC 700084) A< & {4 17; 45k%
I FCFFEE H37RV (ATCC 27294) Al il B i 24 B £k
XDR-FJ05195 tH [l 4% rhb g5 A% = 424k . pET30a
JFRE AR SEBG AR AE; T1 simple FURIESE b 54
KREEMHEREGIR AR . N HeLa FI ARG &
i HEK 293 AA E (- 17 .

RASHFE VUK. TrisHCI, PUH 3 —
4T (TEMED) HiI %5 4 &G AX - 7L BE 1 (isopropyl
thiogalactoside, IPTG) ¥ [ Amresco A 7l; FFHE L.
kM (imidazole) T4 H 3% [ Sigma A l; 1 Marker
W H BIO-RAD A l; 30% P I Bk Fi& — X A I I e v
W Aoy BB A IRAE R E W R-250 % 1
W5 22 Y B0 B AW RSB F] ) THO WA RE 7R Ak
1 ADC 3 U H BD /A7 . DNA Marker. fi [A] i
774 EasyPure® Quick Gel Extraction Kit., Jii Fi /M i
7% EasyPure® Plasmid MiniPrep Kit. 2835 iX7 &
Fast Mutagenesis System. Z& [ ¥ il 52 ik 77 &
BCA™ Protein Assay Kit I [ Thermo A &]; ATP fifg
IR 77 & Kinase-Glo®Plus Luminescent Kinase Assay
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) Promega A &

WEME TRk A Y E R A E X4
(D) FRiikscat =, 468E>095%, nf fk Iy K.

=& AKTA EHEN R4, BIACORE T200.
Histrap™ HP SEHZHTHE M 3% H GE Health 7= ;i
FrA £ [E Perkin Elmer 2 5] ) EnVision2014 7Y,

MtSK EERIRPE. RS54 K  DLE BT
H37Rv X 41 DNA Jy#itR, PCR 415 £ 5] MtSK .
51 P18 Primer 5.0 #4F i, EliE514: 5-GTTAC
CATATGGCACCCAAAGCGGTTC-3' (Nde 1), T
514 5-CGATACTCGAGTGTGGCCGCCTCGCT-3'
(Xho 1) 3K % 50 uL, ¥ 39 B2 4F N 95 Clkb

5min, 95 ‘CA:1% 30 s, 55 ‘CiR K 30's, 72 ‘C LAl 2 min,

3£ 30 MEH, 72 TS LEfH 10 min. 22 Nde | F1 Xho
| WAEFY)fa, 3 pET30a #ifk, H#41k DH5a K57
Y. & PCR MIEGUIEIAEG, BT . I
J¥ 5 56 4% 1A (0 R 3% 4k K 3% 75 1 BL21 (DES3)
AN . PRECEA TR, 37 1C. 180 r-mintid B
Fo 55 R LL 1 100 HeApl 4% T4 100 pg-mL R
FRM LB A =5, 5597 % ODego 218 0.8 ), i
N FE )9 0.5 mmol-L PTG, 20 °C. 150 r-min * i
S%ik 10h,

B RAR, FZHR EREZE M (25 mmol-L
Tris-HCI, 500 mmol-L* NaCl, 20 mmol-L Bk ™, pH
7.8) H &, RHE LR E R, 20 Kpsi £
T 3 AMEFR, 4 °C. 10000 xg #4144 5 0> 30 min,
& 0.45 um JEREE . T RIAFEH MtSK &
FH A Histag b2, FTLCE TSI Ni* B 41
HisTrap™ HP SER1Z MR EAT S5 MZMT o F P G2 o
% (25 mmol-L™* TrissHCI, 500 mmol-L™* NaCl, 500
mmol-L ™! Bk, pH 7.8) WL, WEEVEBE, XFalifk
P B AT R E &

MtSK ZRJEMRME W MSK L IFE
MR 5 R BLBI R MALE], AT AFAEH T
Promega A @ JF & Y Kinase-Glo"Plus Luminescent
Kinase Assay i7fl &, I 98 a2k U B B A4 & o
ATP [ FERL, MRS RIE TR GRS AT TIE .
Z AR ) I R B AR R R I ATP 2 &kl
SE MUSK 2 (VG 1 o SRR 1 B HRUEE D KA RE B T 4
ATP HEAGAH LI R 77 A R . i SRS &
TE R, DEE R S N 45 R S R ATP B/,
G R B HEAAE O SO R kD . 2 ATP IR
JE1E 100 pmol -L I, ROGHREE 54k R B ATPIR B
AELRYER R, 5 TE R 7 G,

FRAFE 5 B 5 B2 25 B2 MESK 3 1 7 A o Sk eo
A B Bl R AR R R 100 mmol L
Tris-HCI pH 7.5, 50 mmol -L™* KCI, 5 mmol-L™* MgCl,
50 pmol-L ™" ATP, 50 ug-mL * £ 5%, 1 pg-mL *MtSK
B PO R AT 50 uL, R MAE 96 FL
WRHFREAT . 37 C AN B 15 min J&, IR
] Kinase-Glo®*Plus B IR 7, = iwiF & 10 min, {#4
MfESRE, # 96 FLBUSABEAR AR . [R5
SEATIN MtSK ZHAE A4S A

BLYE 4> AT B mc?155 3t A MESITHI
T MTB A I 18, JE ik 2 K = I 4k o1 i ik 22
R, AW RERS MTB & B [F A EEE 98
FF# Mycobacterium smegmatis mc?155 1 Jyfd &1
R, SHEAWESR 12 AR AT YIS 5
i JIE T VEMN R A 96 LA HEAT, B 2 A AT R
H THO 5597 % (% 10% ADC) 197, #:H 8N 5%10°
CFU-mL™?*, 4L 200 pL. 1h&4m ik & m Bk g
N 50 pg-mLY, 37 TR 48 h gL . Kt
Y5 43 B B8 2B K BB 0 LA 0 P M

MtSK EBHIHIFISEEFERENELS0F
ik IEH AR EEVE I E Tk, R AL A 0% B P AL
EWEE R RE S DL R BIR S 10 pg-mL T HET IR .
A B2 25 R DA I MESK Ay B 6 R (Bl
TEPESE ARG, UInA S E SRR DMSO
SUNBATEXT IR (B ARl 50) . bl it A B
I Z P (%) = [1(AS—AS)/(AS—AS)]x100%., F
H, AS AN MESK X BRFLI &G 1E, ASy 2 IS
A3 DM SO Xt HEFL I KOG AH, A Sor i SEER AL I K
J61H .

PRG3R 25 1, X 5 57 40 0 FH A A A 4 1 o
FE S HEAT 038, I 45 BEOAH [ 00 S 2 2% 1R A0 7 5304 T
. ZHRERRBITES, 75 2140 ]8R B o i AL
&%) IMB-T5297,

&Y IMB-T5297 ZEBLRFATHEA MIC U
E 1E 96 AL AT, BEYG BB THO £ 37
3 (% 10% ADC) }53%, #:H &N 5x10° CFU-mL ™,
9L 200 uL. fh &2 W N 0. 0.78. 1.56.
3.12. 6.25. 12.5. 25 M1 50 ug-mL ™. 37 CH;3: 24h
Mg 2E R, PATE/NFL N 58 4 400 1 240 1 A K 1 SR (K 24
Wk FE N B AR W (minimum inhibitory concen-
tration, MIC),

HEME MISK ERINFIFIRE LM 1Co ME
015 2 B35 M A9 IMB-T5297 % T DMSO Hr,
Fid B A 10 mg-mL " BER, SRR, o ak
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15 AN R) MR BE 2% A0 T B4R 238, DA ) 700 9 R ) %o 3
REALKE, F AR, FIF Graphpad prism 5
AR S B WK E (half maximal inhibitory
concentration, |Csg) »

HPLC A EIEL &% IMB-T5297 3 MtSK &
BEHEMER  MISK AL IF IR 2 5 20 I MR
RN 3-BEIRFE B R TR 1 ADP 73 1. HR¥E
W ML, 2% Tan S A% T () HPLC VAT 3 A5
W57 LA AE K BV B L ATP. ADP Fl AMP & & 17
%, FIH HPLC R E [ B A il i) ADP & &, BiiE
b £ IMB-T5297 %} MtSK 25 [ 011 1 FH

HPLC ¥R H (i F: Agilent ZORBAX SB-Aq
(4.6 mmx150 mm, 5 um), HiE 25 C; SN 100
mmol -L IR Eh 22 i (7 12 mmol -L B ER A 4
A1 88 mmol-L ™ R — S84, pH 6.5)-FEE (AL
99.9: 0.1); W 1 mL-min'Y MG K N 254
nm; ZEFEEN 10 pL.

IMB-T5297 % MtSK & B RHIHI{E A BEEEh 1
FMRMR  EAMTN, ol YT R 1k
FE AL B IMB-T5297 (19 FE AT 5 LLFRRE, 20 A3k
IR FE RV FE 2 A T AN AL A R B2 P o 26
K H Lineweaver-Burk 1 7% DAZE BRI FE 181 50N
RARRR, SN FE BRI ARFRAE R, SR Z AN
HIFRREE, 73 HAS [F 40 FR FE I B2k, HHIX e B 2k
(9AE m o B AR I o SR 2R B

SPR LI IMB-T5297 5 MtSK AWML S
B0 RIS S TR (surface plasmon resonance,
SPR) S5 2 1| F 2 TH1 45 B TR LRI G SPR i 06
X 4 JB R T b FE A o AR A BB IR R R, IR 2 A
RO EESER L, RS2 k& 5 R A
INYF R RS S . BT MtSK B AERR 264 T
A ARFRRGE, Bk r] LA CM5 S8 v 4T SPR 5&
5. SRIGLE PR RGN PBS-P b, i Biacore
T200 System (GE Healthcare) 1X#%5¢ ..

MtSK EHZRZ %M Discovery Studio 4.0 ¥
XA ) IMB-T5297 5 MtSK (PDB ID: 21YQ) #4T
Gy T4, ARYEFT 4 f i BN RS A b Ak A 1R
FAML o AHIE 530 1 R AR A | — 2o ma A5 4)
N A 45 G 1 R S B IR A o, JFIE I o B/ Sk
BRI AT A Asp34—Ala34. Arg58—Alass.
Gly8l—Ala8l. Argll7—Alall7. Argl36—Alal36.
Fo M8 S AR B U W 5 % PET30a-MtSK iRk 47 52
RURAE, AR J5 (1 J5RL 43 il i 4 9 PET 30a-MtSK-

Asp34. PET30a-MtSK-Arg58. PET30a-MtSK-Gly81.
PET30a-MtSK-Argl117. PET30a-MtSK-Argl136. %
A5 J5 B R N E.coli BL21 (DE3) Bk, KB TE
PRI B AR W) 2 w]EAT W, A5 R O T A 1) B Pk 4
AT S A A4k, FE0 RAR B PR EAT I E

MTT Lb&ERNILEY IMB-T5297 KI4pEES
P AR I A R AR A r R B R I S R A A R
P 3-(4,5- . FF 3L 1gE e -2)-2 5- K i PO g e IR £
(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2- H-tetrazol
ium bromide, MTT) 34 J5E 97K AN i P 1 05 45 .45 i
BOFUIRUEAI I R, TiZE4n i b Thae . KA MTT
R B AL &) IMB-T5297 i A4 Hela
ANV B 40 B HEK 293 7735 R 521, AT 470285 41 e
IMB-T5297 % NMRAH 2 5 A Tk, MTT faill P iR
JLSCRR

HEY IMB-T5297 nssiziEME  MAH Lu
2[5 57 1) Alamar Blue V576 014 96 LA o il &
&Y IMB-T5297 fiditzidite . MRS AT
PR ERR H37RV Fll R 73 B3 i 24k X DR-FJ05195, 4
# A 1x10° CFU-mL ™Y, 441 100 L. tL&4 IMB-
T5297 M4 JREWRE N 64, 32, 16, 8. 4. 2. 1.
0.5. 0.25 ug-mL*. [A]HF 5 BB IRFL (R k&
VI EEFRAE) FIFIPEXT BEAL (DAZETR/K BB IR )
¥% Alamar Blue 7E#HT 3%, WS LB R L,
MIC 52 S M €738 Ao 41 66 (1) S A 2 i I

&R
1 E4H MtSK ki pET30a-MtSK EI#IE 53Rk
MtSK PCR 7= 4%t Jig i i Fse FL R i ) &85 S 5 i
MR BRI (531 bp) —%, HH Bk pET30a-MtSK
% Nde | 1 Xho | XUEE] 5 73 3P4 2 DNA F B, K/h
4315 MESK ZE[X (531 bp) 1 pET30a#%k ik (5422 bp)
—E. 24 DNA Wl 745 Rk, #4150k pET30a-MtSK
PR . e NEA B pET30a-MtSK 1 K AT 1
Z PTG S HRIEE M, & HisTrap™ HP SEA1E Mk
aifl, 192EGSAE R MSK H2E (B 2).
2 MtSK EBRIEMNE
A5 FH 78 M AK B SO AS AR 1) & Kinase-Glo®Plus
Luminescent Kinase Assay Jll5E MtSK fgvG 4, ik
Fisaifer) MISK £ T BAWEME. SLmillE 7
MtSK #<Z 4 %14 0. 0.25. 0.5, 1. 2. 4 1 8 ug-mL 7,
37 "CJx B 15 min i (A OGAE, T E 45 R anEl 3, 45 %
RoRAMEAR B MESK 2R B AT R AF AT M
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Figure2 MtSK SDS-PAGE. M: Protein marker; 1: The proteins

of whole bacteria; 2: The proteins of supernatant; 3: 20% elution
fraction; 4: 60% elution fraction; 5: 100% elution fraction
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Figure3 Change of luminescence value (Lum) of MtSK reaction.
The luminescence value was measured when the reaction was
carried out for 15 min with MtSK (0, 0.25, 0.5, 1, 2, 4 or 8
pg-mL™). RLU: Relative light units

3 BHESRAFE mc?155 3k &M E 1T A 7%

FHBESG 73 B AT WA A VIR R 12 JiAFE ST
Jiiig, A A S ELYE 2 BT B ARG, AR A
fEHMEL S . Sad g, 192 267 AT H 4k
EY, BESLAITH YA Y .

4 MtSK & B I =8 2 iF LR 2 A AIEN

U\@?ﬁ?ﬂﬂ%&@ﬁ%ﬁﬁ@iﬁL%)ﬁﬁﬁi
Ly, HZ TN 081, f55ME. FE R
BIRE & i = I 1R uﬁ%ﬂ]ﬁ%ﬂ}pjﬁ 50% A4
FREBH LAY, 193] 5 NP &, BHTE% N 2%.
I HE— DS, R BN SR LAY IMB-
T5297 HHATIR AT . 41L& %) IMB-T5297 [ 45 K40
4A TR .

A 20010
= 0.9999
= 155107
2 1.0x10
<
< 50510
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ADP / pmol L1

3000

A B 1004
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Figure 4 Characteristics of compound IMB-T5297. A: Chemica
structure of compound IMB-T5297 [( E)-3-(3-(3-chloro-5-methoxy-
4-(prop-2-yn-1-yloxy)phenyl)acryl oyl)-6-methyl- 2H-pyran-2,4(3H)-
dione]. B: Dose-response curve for the inhibition of MtSK by
compound IMB-T5297. Different concentration of compound
IMB-T5297 (16, 8, 4, 2, 1, 0.5 pg-mL ™) was added in the system,
and the 1Csp value was plotted as the ratio of the radioactivity
signal over the concentration of compound (log plot) that fitted to
a variable-slope dose-response equation. The experiment was
repeated three times

5 {LEME MISK ERINFIFIEE LAY 1 Cso U E

16 &4 IMB-T5297 %} MtSK 7% 4 31 /5 F 40 1) 4B
Fiow, BEFALEY) IMB-T5297 ¥k B A =, % MtSK
T PRSI ) VR P ROk i, R IR HE S R R AR
JEit Graphpad prism 5 #{H-LA S5, (L&Y
IMB-T5297 % MtSK it 1Csp 220 1.745 ng-mL .
6 HPLC AAWIUELEH IMB-T5297 % MtSK & H
BYHPFI4E A

N TEE HPLC Jiikmml AT, B 2miH T 5
mmol-L™" ADP i & it il #90, FH AR 4l /KK o T £
W5y BIFRRE K 2560, 1280, 640. 320. 160. 80.
40, 20, 10 F1 5 pumol-LY, 78 54 M R 461 R AT
M 5E . 45 FK W] ADP 7E 5~100 pmol -L ™ Py & 1% &
RAF, FEAHIR IR BEAEZMEVE I ) (] BA).

HPLC 43 3G T 48 2 f1 4 mmol -L ™ ATPIKFE T,
W59 04 2. 4. 8 116 pg-mL L& 4) IMB-
T5297 % MtSK B4 {EH, T XIE B IMB-T5297 ¥
MESK (140 F BAG ik BE AR, [R50 B ATP Ik
FERZmE/N (K] 5B).

B3 2 mmol L' ATP
4 mmol L' ATP

Inhibition ratio / %

e e
SRR

g
SRR

2 4 8 16
IMB-T5297 / pg-mL"!

Figure 5 Detecting interaction between compound IMB-T5297 and MtSK by HPLC. A: The standard curve of ADP.  B: Inhibition rate

of compound IMB-T5297 under different ATP concentration to MtSK (1 pg-mL™).

AA isthe peak area of ADP. AU: Absorbance unit
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7 LAY IMB-T5297 xf MtSK & B #l#I{E A hBs 5
HEMRHAR

XF MtSK & B A #HE FH BB A Y3 1
SVE R BT TS, EA IR MR- T, RN
T FE B R AR BE 484k, SRA Lineweaver-Burk {F &
VR DAZE B R K BT (R O R AR bR, S Rl ) 131 2
RHPAFAEE . R ER, AR A G 20
B RBOE TR E 5, HENEY IMB-T5297
Al Be RFE R R I s G+ PRI (K 6).
8 SPR SLIRIEERLAY IMB-T5297 5 MtSK &R
S

2 E S R, MESK & ATE pH 5 FRTE 41 F
AT MR R R e, FTCAIEH] CM5 S Fr k4T SPR S,
GBI RS PBS-PEMK, L4 H BIACORE
T200 X 25 . B 5ilid CM5 3t R 5 MtSK &
F HishrZ B ERMIR EARED, BhlEAsE
5515 7T500RU 47 . AW IMB-T5297 i fiR{Eiz
ITERMH, BOH ROk BB . TEISAT 22 PBS-P
ZE PR N 2% DM SO, Ntk & ¥ gt . IMB-
T5297 ¥ & MK 2 =1 73791 1.56. 3.12. 6.25. 12.5,
25. 50. 100 1 200 pmol-L . s2ibsh iR, b

IMB-T5297 16 pg-mL"!

1/V ape / min-L-pmol™!

> -

—[J‘I -0.05 0 0.05 01 0.15 02 0.25
I/SKM /mL-pg?!
Figure 6 Invitro mode of inhibition graphs of compound IMB-
T5297 against substrate of shikimic acid (SKM). Lineweaver-
Burk plot of 1/V app (Min-L-pumol™) against [SKM ™Y (mL-pg™)
at0, 4, 8,16 ug-mL ' of IMB-T5297

) IMB-T5297 fefg LR &AM 77 X5 MtSK &2
RAELSS (B TA). WG MZER I, Z5L5 {5 E K
&, WA IMB-T5297 5 MtSK F AL &1 Ko f N
2.151x10° mol-L™Y, SER s (K 7B).
9 MtSK RELEHFEMS

&% IMB-T5297 5 MtSK & [ ()% 245 S
Kl 8 i, th&Y5 MtSK & 14 58, 81, 117. 136 fif
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Figure 7 Detecting interaction between compound IMB-T5297
and MtSK by surface plasmon resonance (SPR). A: Compound
IMB-T5297 binding towards MtSK determined by Biacore
surface plasmon resonance. A sensor chip coated with purified
MtSK was exposed to various concentrations of IMB-T5297.
Sensorgrams generated by gradient concentrations of compound
IMB-T5297 using the SPR aptasensor. The concentration from
bottom to top was 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200 pmol-L ™.
B: Fitting curve of compound IMB-T5297 and MtSK. SPR
responses generated from gradient concentrations of compound
IMB-T5297 using the SPR aptasensor. The concentration of

compound IMB-T5297 from left to right was 1.56, 3.12, 6.25,
12.5, 25, 50, 100, 200 pmol L7

RU: Response unit

Figure 8 Molecular docking of MtSK (PDB ID: 21'Y Q) and compound IMB-T5297 by Discovery Studio 4.0. A: Overview of the active

pocket of MtSK bound to IMB-T5297.

IMB-T5297 is represented by a stick model.  The blue sticks represent the amino acid residues

interacting with IMB-T5297; B: The hydrogen bond formed between amino acid residues (Arg58, Gly81, Argl17, Arg136) and compound
IMB-T5297 is marked green color line.  The Pi-anion interaction formed between amino acid residue (Asp34) is marked orange color line
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AR MRS G IR Es, 5 34 5K
Z IAIJE K Pi-anion A HLAEF, HEMIIX 5 AN s (1 2
BR ] HE AL &Y IMB-T5297 5 MtSK & [ 45 & 155
R

AU FH s ARG @A PA b B M s
W2 53 I AL TN IR, FEAR 58 J IR TR 43 5l B i A9
PET30a-MtSK-Asp34. PET30a-MtSK-Arg58. PET30a-
MtSK-Gly81. PET30a-MtSK-Arg117. PET30a-MtSK-
Arg136. ¥ JA4% 58 B BRI N R IA B FE E. coli BL21
(DE3) thit Tk, 4 HisTrap™ HP SEMENrHE4lith
B, BREEAFER MSK RAEEH (K 9A). H
AR MUESK IS I 1 T VR A0S B 5 AN AR
BEATWE PR T, 25 R R AU Args8 T8 T i 1 5%
Mg/ (B 9BY) o 43 5l 5 4454 IMB-T5297 % MtSK
Ji B 1 S MSK-Arg58 848 8 [ I #iil % (K 10), 45
R BRI A Y IMB-T5297 X MtSK-Arg58 7845 2 [ 1]
ICs0 (2.992 pg-mL™Y) & F %+ MtSK J 2 19 1Cs (1.507
ng-mL™Y), WA R A4k S %t MESK Ji 2 Y
PO R . R, Arg58 fRA AT RERE MtSK
5 4bE%) IMB-T5297 454 1807 /4
10 MTT @AM ES IMB-T5297 RI4HREEH 14

KA MTT B NAL &4 IMB-T5297 Xt N 5 2ie
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Figure 9 Characteristics of MtSK protein and mutant proteins.
A: SDS-PAGE of MtSK protein and mutant proteins. M: Protein
marker; 0: MtSK; 1. MtSK-Asp34; 2: MtSK-Args8; 3: MtSK-
Gly81; 4. MtSK-Argl17; 5. MtSK-Argl36. B: Comparison of
activity of MtSK protein and mutant proteins. 0, 34, 58, 81, 117,
136 on the axis of abscissa represented MtSK protein, MtSK-
Asp34 protein, MtSK-Arg58 protein, MtSK-Gly81 protein, MtSK-
Argl117 protein, MtSK-Argl36 protein, respectively
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Figure 10 Dose-response curve for the inhibition of MtSK-0 and
MtSK-58 by compound IMB-T5297. Different concentration of

compound IMB-T5297 (32, 16, 8, 4, 2, 1, 0.5 pgmL ™) was
added in the system, and the |C 5o value was plotted as the ratio of

the radioactivity signal over the concentration of compound (log

plot) that fitted to a variable-slope dose —response equation. The
|Cso Of compound IMB-T5297 to MtSK-0 and MtSK-58 are 1.507
and 2.992 ug-mL ™, respectively

Y1 HeLa F1 ARG ' 21 s HEK 293 (18 PRI o &5
BN, LAY IMB-T5297 7€ &3 %y 100 ug-mL ™t
i, X Hela 4 g fl HEK 293 4 fifg 1) 4= K 34 76 W 5 5
Wi, P HAL A Y IMB-T5297 i 4 il 25 P 4 /N B TE 5
11 &Y IMB-T5297 fiEE M

tA&Y) IMB-T5297 X HiE35 73 A #F 1#  (Mycobac-
terium smegmatis mc?155) . 4% K% 4 B AT B b dE Ak
H37Rv (Mycobacterium tuberculosis H37Rv) FlIlfi R
43 B3N 257k XDR-FJ05195 ) MIC 43 %A 20, 49.723
M 47.754 pg-mL ™t (£ 1).

Tablel Anti-tuberculosis activity of compound IMB-T5297

Minimum inhibitory concentration / pg-mL™*

Strain
IMB-T5297 Rifampicin Isoniazid
Mycobacterium 20 0.5 0.5
smegmatis mc?155
Mycobacterium 49.723 0.25 0.25
tuberculosis H37Rv
XDR-FJ05195 47.754 >256 4

it

8 S5 4% 0 BT B MESK  f i 45 M9 54l (PDB:
20YQ) S ki, MISK & AHE A% T
4RI (Gly112-Asp124) F1—> NMP 45448 (Thr33-
Glubl). J&#& R1ZE M TG, th2FFER
FTMEEOR, FERS THRIES Args8
Arg136 1Ef, 3 SALHIFEIE S Asp34. Gly80 R FE:AE
H, i 2 SACRE RS Asp34 A F B AR, A&
SO X MESK iR 2R [ S 5 AN JEAR R R AT B S 1 S
Br, KIL Asp34.Argll7.Gly81.Argl36 X} 4 kF MtSK
WEEEE R A REREEH, Hh TREEAEER
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