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Establishment of evaluation methods for antituberculosis drug activity

targeting the key metabolic enzyme DprE1 of mycobacterium tuberculosis
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“West China School of Public Health/West China Fourth Hospital, Sichuan University, Chengdu, Sichuan 610041, China
Abstract: Objective Based on the known interaction between OPC-167832 and the DprEl protein, this study aims to
establish an evaluation method for the antituberculosis drug activity targeting the key metabolic enzyme DprEl of
Mycobacterium tuberculosis. Methods First, the DprEl protein was expressed using the pET28a-Rv3790 vector, and the
molecular chaperone CPN60.2 of Mycobacterium tuberculosis was expressed using the pGro7—-Rv0440 vector. Both vectors
were co—transformed into E. coli BL21 for DprEl protein expression. The target protein was purified via Ni-NTA affinity
chromatography and identified using LC—MS mass spectrometry. Secondly, the direct interaction between the DprE1-targeting
inhibitor and DprE1 was assessed using isothermal titration calorimetry (ITC). Finally, computational simulation techniques
were employed to dock OPC—167832 with the DprEl protein. Results The pET28a—Rv3790 and pGro7-Rv0440 expression
vectors were successfully constructed, leading to the expression and purification of soluble DprEl protein. ITC results
indicated a significant heat change upon the binding of DprE1l to OPC-167832. Molecular docking results revealed that the
hydrogen bond binding site of OPC-167832 with DprEl was primarily located at Pro316, while the binding sites for the
fluorinated hydrogen bond were His132 and Asn364. Conclusion The soluble DprE1 protein was successfully expressed, and
its interaction with OPC—-167832 resulted in a measurable heat change. This confirms the successful establishment of an
evaluation method for the antituberculosis drug activity targeting the key metabolic enzyme DprEl of Mycobacterium
tuberculosis. This study provides an experimental basis and methodological support for the activity evaluation of DprEl -
targeting inhibitors against Mycobacterium tuberculosis.
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SR 0V FH S 55, ok 2 5 40 i BE 0 A5 1A PR (mycolic
acid , MA )& BEAR 1 Inh A (S BERE2R A TR 1138 )5 )
il KasA (B- BB 1A UG )Y, if25 MTB
B (drug—resistan‘[ MTB, DR-MTB) %) H #1 , i 15 45 #%
W A ME R RS, 3E WHO fh11,2023 4E 42 BREY
B 40 7 £ E O 25/ R AR O T 25 45 %R
(MDR/RR-TB) &4 , 1 38 [E #r #% MDR/RR-TB 5 3l
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DprE1l SEAFRI 7 LS I BE R i 25 (benzothiazinones,
BTZs) M £, E A #B I 600 F 5T 4 Al F A 108 125 i
il , A T 90%#EIXT MTB(MIC <10 pM) HA
TP, DprE® AEILMIPHIR AL 65 TCA1. TBA7371 Hi
OPC-167832 %15, 0PC-167832 J& H 4% Otsuka HI25/%
FRGE A — s bR S BT 4t 42 250, o 40 it P R 41 i
A MTB 43 A B & PEC7, HE 238k Al R 1T 13t

By BEU, AT FVEEESE DprE 1 005 500 57 e AR A s v
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ST BT A A% 53 ) i 18 D 75 8 v S A S 3
Wi, BAFTE A 2 4 AR , WA RE B AL & W) B %
AT R SRR FBILARY  ASBIFSE SR FH S50 T 7 A4
¥ (total ion chromatogram, I'TC ) S LG K 5 T A LA
FORRALS 5 0 A . — 7 T, 308 AR AR IR I Al T
P DprE1 8 H , R H ITC Jll 2 OPC-167832 5 DprEl
HEE RSG5 —J7 i, A TS 1%
PR ARBA DprEl 115 OPC-167832 HyZ5 515,
RS TR AU 5 1TC SR E R, ST
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1.1 FEAH H37Ra (ATCC 25177) i Lifgdhis
Ik, pET28a JFkL .pGro7 JFURL .DHS« Ml E.coli BL.21
(DE3 )2 54 i 2R A= e it . Bk 3 .DNA
PR AR £ A Omega Bio-Tek, KOD Mix [iff
>k H Toyobo, T4 DNA LK H Takara, PR HEAZ IR
N Y] B Xhol F1 Ncol W4 H NEB,MultiF Seamless
Assembly Mix 2% H ABclonal, IPTG Bl fi{F#E <7
TR VAR R LOENAEH R FERME . Ni-NTA 15 H
I 7 K ,Protein A HP #F i Biodragon 21t . OPC-
167832 AR TR R WAL N , S X I I 22 sk

12 7

121 # @ & 4 i K pET28a-Rv3790 il
pGro7-Rv0440 AR & NCBI 3K 58 Rv3790 .Rv0440
FEHFS, 5 pET28a JFRIZR AN pGro7 JEkL 2k 14 1%
FEATE MR A, H R S5 80 T RS 14 h
BEREY A F A N Ru3790 1Y RS 1903 il 5°
~GATATACCATGGCCTTGAGCGTGGGAGCTACCAC-3’,
5’ ~GTAATGCTCGAGCAGCAGCTCCAAGCGTCGG-3
Rv0440( Fifith MTB 4525 1 CPN60.2) Y T il |49
4% W J& 5’ -TACGAATTTAAGGAATAAAGATAGCGG
CCGCCCAAGACAATTGCGTA-3’, 5’ ~TATTTCTGCGAG
GTGCAGGGCAACATATGTCAGAAATCCATG CCACC
CATGTCG-3". J&i ki pGro7 5| ¥ N pGro-7F: 5’
~CGACATGGGTGGCATGGATTTCT GACATATGTTGC
CCTGCACCTCGCAGAAATA-3’, pGro—7R:5’ ~TACGC
AATTGTCTTGGCCATGCGGCCGCTATCTTTATTCCTT
AAATTCGTA-3" .
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PL H37Ra JLIR 20 DNA Wik, @it PCR ¥ 1
Rv3790 Fll Rv0440 K R Bt o 28 Xhol & Neol XUFY]
pET28a 1 Rv3790 F BIJm , T4 DNA #2044z Fe ik
% DHSa 3810 T RIFE 2 (50 pe/ml)LB V-4 ; i
1o R R T 2] M e AL pGro7 ZRAKR R Rv0440 A Bt
H A% AL E DHSo L IR A T & S5 R (50 pg/ml)LB
R WA SR 37 CREFREAR, Fefb it
W% PCR K WP 56 9F o % KU w B
pET28a—-Rv3790 F1 pGro7-Rv0440 J&i ki 4t % {1k &
E.coli B121 Rk, -80 CAF-AE2,

122 EHRBSA WA EE KBEE
pGro7-Rv0440 #l pET28a—Rv3790 [t BL21 T #h 4% A
& LB K R A5G AL . % 1:100 3 R K 5%,
0D600 4 0.6 ~ 0.8 I, 711 0.5 mM IPTG, 435I 7E 16
°C.18 °C.20 °C .25 °C .37 C NS 4~20h, BHiff
WA E R 250 pg/ml 5% 1 mg/ml, i id SDS-PAGE %
UEER AT L, 0002 fe LRI 252,

1.2.3 HEHMWAKERBEFRBAMSEE Ry
ZEH 3 HE 0.5 mM IPTG il 250 wg/ml FiTHIAA#E , 20
CIHESF 6 ho WAERMG, H 5 mM BKIEZE ik (5 ml
1M B +75 ml 4M NaCl+50 ml 1M Tris—=HCI+870 ml
ddH0) %A , VKK A ERE AR 4 °C,16 000 x g
B0 15 min, WA IS BGE Ni-NTA, A [F) i 5wk
WA 28 R R IR o VRV AR BT (25 mM Tris—HC1,50
mM NaCl,25% H i, pH 8.0)H1 4 Ci&EMT 12 ~ 16 h, 43
e J5 — 80 CIR-AF it SDS-PAGE HiE 7 (4 , 1)
HCH B4 T LC-MS %578 .

1.2.4 ITC ¥l OPC-167832 5 % 11 (940 H.1E J
FHITC WF5% OPC-167832 5 DprE1 25 1A B4
FH e G R T N P S R R A A e
SyFTE), S AR A TR (DprE1 258 ) FIJGE
F(TE DprE1 F2ik) Mg, 43 515 OPC-167832, —H
S (DMSO ) B SHR A T R o B FE A (360
wl BT HAYEE FH+ 40 wl DMSO)TE A ITC [ WA
50 pl FLAARTA IR (40 wl BHT+10 pl A58 Ak
TENE  BRUGRE 2 wl, [B]FE 2 min, ITC %48 (MicroCal
PEAQ-ITC )ic sEI AR, BAR AR AT ] bR SO
1.2.5 OPC-167832 5 DprE1 & A0 4r X4 i
FH AutoDock 1.5.6 1 PyMol 1.8.2 #4743 X453 429,
M PDB ‘B W (http://www.pdb.org) 3K B DprE1 = 4 4%
4 , 38 33 ChemDraw 2023( https://Www.chemdraw.com/)
31T OPC-167832 11 2D 11 3D Z5443C 14 4 DprEl
# PDB 3 fF 5 OPC-167832 HJ SDF X 4 & A
AutoDock , 5 & S8R AT, A PyMol 1
AT, A g G R o 14545 1 25 )
SGEFRHIE

2 & R

2.1 Ji# pET28a-Rv3790 #9 M 3E  Ru3790 J& K Al
pET28a JFkiZ: Xhol & Neol XU, lid T4 4%
FtERs AR L DR A ALt AR, DL 1AL PCR 2552
7 Ru3790 314 F Be A 1 000 ~ 2 000 bp, 5335 K/
1 386 bp — %, VLK 1B; [ U1 J5 244 - Bt 7 500 ~
10 000 bp 54 pET28a(5 962 bp ) Filh K/, WA 1C.
R Y ALE DHS o B2 S AN 2 R HR A R
VEARAFEATRVR , WKl 1D, FRERZAN AR, #E1T PCR
UOUE S VEFEAE HFRZ57 1000 ~ 2 000 bp Y5 N AU
FEHEATINE , WLE 1E. XU T 455 5 Ru3790 Frifi
J¥ 3 5 BEDCIRL , IE S 5L R o) v s 2 Ak, DL 1F
2.2 JR# pGro7-Rv0440 w9 ##  >KH PCR 345
Rv0440 FEH (1 623 bp ) XM PEAL pGro7 kL) R R
WA PEATERE, WK 2A. Ro0440 LR P14 7= ) 78
1 000 ~ 2 000 bp JEHE N, 56 BIE KN, W E 2B; 4
PEALJFTRL 5 000 ~ 7 500 bp £ kL pGro7(5 467 bp)
TN, WK 2C, =)L % DHS a 544
TR PV, WK 2D, AV PCR B/R
1000 ~2 000 bp HARAH K/ RV 1T PCR 50
WE, VLI 2E, WA P45 55 Rv0440 ARifE 751 56 4
DERD , 3IE 52 pGro7-Rv0440 &35 2 AR My # i 2, WLIK
2F,
2.3  Ji#: pET28a-Rv3790 F= i 42 pGro7-Rv0440 /&
BL21 ek ik BRI TR pET28a~Rv3790
Hl pGro7-Rv0440 444k & BL21 FkkT, HESF
T EF Z AT WP LB 353 ik B v& , I
& 3A . Bl HLPkIE SR G P A T AR SR I A TPTG
P WIS H N I RBIE B . SDS-PAGE %%
YR, 7E 55 kDa Ab (#2395 DprE1 K[ 50 kDa A9 K/N)
B IPTG B R 1 2507 W ML T2 IPTG A XF
M4, 3R] DprEl 8 NI RB  EBXEW A TG
SEREE T, WK 3B, WAL ER Rk AR 5t
W RIRE AT, R 16 CES 0 W 3515,
18 CHt DprE1 FR H 5 SRR EAHXT A, 1M1 37 C .
20 CHI125 CHIFEIHS DprEl HEHZIA, WK 4A. K
A 37 °CN AR PR IRIE AR A, 8 20 CHI
25 Ciktrit— Ak,

AR E DprE1 2K 11 IE B4 B ] kR ik
fdt FHBTHLARBEAE S 4 1 FE4B CPN60.2(Rv0440) 15
SR, I X HHR BE (250 we/ml A1 1 mg/ml) A1 (20
°C .25 CHMFTA AL, S5HER,20 CHI25 CF
250 pg/ml FAIHAANES S0 DprEl iRk o 25
T 1 mg/ml 41, WL 4B, R FE 250 pe/ml BT 747
WEVE R BTSSR S Ni AR A2 2l
fEEE 11,20 °C,250 wg/ml BRI AFIHE,0.5 mM IPTG T
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DprEl 7E L3 ik |8, WLIE 4B,

2.4 DprEl & @ Rk shitfeir  BIE EIRKIHE
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2%, W3 1. L, gifbfs 0 B 5 DprEl
A, AT ITC 525 LK E OPC-1678932 5
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/
/
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T Firdim
s
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2 000 bp
1000 bp

F ATG| Filale
L#i41% XhoI ~ NeolI. || [T7 promoter
| d_‘f
U : ‘”255r 30007 0007
il

T7 terminator
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6620 Wity

e B A Ru3790 B H 5 FkL pET28a 3445 30 | B i H W EER Ru3790 3RIL; &l C A Bk pET28a ATk Efk; I D
pET28a-Rv3790 % A DH5 o ;18] E H V& PCR BE, 1 ~ 10 PRI ETE ;8] F 24 pET28a—Rv3790 FRikaR A5 Ro3790 ARy S 7 LEXT4 4

Bl 1

Tk pET28a—Rv3790 Kk #t

Figure 1 Construction of plasmid pET28a—Rv3790



- 2084 - BT EE 2 2025 4E58 52 4255 11 /] Modern Preventive Medicine, 2025, Vol. 52, NO. 11

JEN)Y4: Rvo440

Rv0440
-
b 4
u.g =
= =
= = —:|:| -E“‘:
~ @ o
B { i C i3: D E {:i
S~ - - - —
= ] a e O =
> s = Q0 O o ¢ =
= = Z R R = & &

7500 b
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= 10007 2000t 30007 40007 soooT § St
1 < <3 <=
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Rv0440-pGro7
5443 Wi 0

T B A 9 Rv0440 KX 5 B0k pGro7 (3445 0720 ; 181 B 9 H (3L A Ro0440 35HL; 8] C 9 Ok pGro7 ZetiAk ; 1 D AT PCR 503 ; K E
pGro7-Rv0440 54 A DH5a; 8] F 24 pGro7-Rv0440 Feik %K 5 Ru0440 Fiifk 541 I 15 HL X
B 2 JEki pGro7-Rv0440 (At
Figure 2 Construction of plasmid pGro7-Rv0440

F 1 LC-MS Kl AR A H Es

Table 1 LC-MS analysis of proteins from gel electrophoresis
Sequest HT

FRFLEEAR 43T KDa)

SRR RARAR CBAIER o0 mer e gesme

5 RIABEE WA P

DprE1 High 60.996 77 35 196 35 325.94 99 471 954 288 50.1
CPN60.2 High 2.157 8 4 4 4 5.65 95 181 806 56.7
ClpX High 0.978 3 1 1 1 2.61 6743 042 46.8
AtpA High 0.920 2 1 1 1 2.18 <100 000 59.3

4 : Sequest HT N FE SR A HT A2 FR; FRE P AEACHFEA F1 A ER FHURIAIRT / 4656 2 f{l 5 Clp X (Caseinolytic protease X, i 25 [ /K it &
1 X);A1pA (ATP synthase subunit alpha ATP A o« W3 ) .
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T Bl A ROk pET28a~Rv3790 TR pGro7-Rv0440 7 BL21 Hibitdiize; Kl B o4 IPTG 155 pET28a~Rv3790 Fl pGro7-Rv0440 FE
BL21 (1) DprE1 2 1L,
B 3 HIWEN DprEl 767 pET28a-Rv3790 Fl pGro7-Rv0440 itk BL21 H 13k
Figure 3  Expression of DprEl in E. coli BL21 strain harboring pET28a-Rv3790 and pGro7-Rv0440
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— = 5§ 8 8§ § ey =
a ! 4 3 : S b 1 2 3 4 5
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—y 10KD2

?‘;'--

T 2005 k3R HIWA 1 DprEl Frfefi s 8 A A FRE 000 DprEl 2B 5500 I B AR FIFTRAfREE 2 51 Dprikl & 1A S
Tt sa 4 25 C, 1 2R 250 pe/ml BTRLARE  E3§ .2 208 250 pg/ml BTRAFHE R, 3 78 1 mg/ml BTRLFIE IR, 4 208 1 m/ml BRI -
Wb 4 20 C, 1 35 1 mefml BERCAFURE . _E35,2 %05 250 pe/ml FERAFUE _E35,3 2058 1 mg/ml BERLTHE A, 4 35 1 mg/ml BTRLHE .

E 4 DprEl R FAT R

Figure 4 Optimization of DprE1 protein expression and purification conditions
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25 o5 DprEl ez AR ITC &—
PP A I 7, AT N A G S B A R A &
sk T M R A R RS AR 5 . AR 9 PR A
%@Wﬁw DprEl R B N E AFEA, FAMA
SHAE A DRl B AR REA, 435 ‘ﬁ
OPC-167832 . DMSO A HFEA 745 R 2 , WSR2
A A, IR N TG Y 55 E}ﬁﬂ’a*ﬁﬁ
YEFH L S2Ee 25 61 OPC-167832 5% DprEl 2 A
(IAEAR T S To i AR Ak, WL 7Aa; 5 &4 DprEl
B WA E A R R, IF B OO N
(AQ<0),&MILAY S DpEl A MEAER, W
&l 7Ba. BIE DMSO Xt BEZH RN FH M S 00k BE 2H 5
A B AR e TR EAZ L, WE 7Ab.c FIE 7B
b.c, KW DMSO . F4HHF 5 DprEl & 1A & AEAHE
YEF . ik, 0PC-167832 54lifbfy DprE1 & 7 1E
FHEAER

RT: 0.00-70.00

1004
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90
853
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653
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50
ss]
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EEIE
7 2.84

45
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5 3 3 © o &
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g 8 ®§ & £ =2 B §

o4 e ~ = = + ' =
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5 Dprl &S A EIRE I 1E BL21
PN el SIS e
Figure 5 Co—expression of DprE1 and Mycobacterium
tuberculosis chaperone proteins in E. coli BL21
55.75 & 56.43 NL:
2059
TIC WS

40714-
DPRE-

5297

59.39

51.21 | 5319

3 8651 6683

65

Time {min}

E 6

EHR TIC BB R

Figure 6 Total lon Chromatogram (TIC) of protein gel electrophoresis

2.6 OPC-167832 5 DprEl & & it H LT 3t4

7 DprE1 3G AL S H, OPC-167832 5 HxHEF 23T
AL Ty R AL B, R () B -
5RO 15 DprEl BUESS G, WIEL 8. yuiEAe )
() 43 F [ 4 3222 & A= #F DprEl 2 11/ Cys387.
Phe369 . Lys367 .Lys134 .Gly117 .Gly133 .Leu317 %% 3&
s, WIS 50 DprEl AL G AL
Asn385 . Lys418.GIn336.Ser228 Typ314, ik 2 45 &

P FEEANLT Pro316, FALY AL A A AL N
His132,Asn364, i DprE1l 2 1 f Leu363 . Typ230,
Val365 25 G s kAl w - Le g G o,
OPC-167832 H ) donor % A1 5 DprEl 2 H 1 ()
acceptor J& A 2 [A] N PUCEL , Fr L Asn385.Ser228 .
Typ314 Fl Val365 i s & £ i AH AR AR A 5k
AFE o
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Figure 7 Thermodynamic changes in the interaction between drugs and DprE1 protein
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