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[fE=] B8 - W85 E  (Mycobacterium tuberculosis, MTB) 25 B Wiz #h 84 2 (polyphosphate kinase 2, PPK2) #%Ri&EME
XA MTB B BOR . 5k - B AR B2 75 150 Bt MTB PPK2 5 0508 8 55 43 UL s S i O Rl 01, A gt PPK2 ALk, Jl
SEEGIE EEAZ T RR 44T (enzyme-linked oligonucleotide assay, ELONA) {ll|5g PPK2 ¥ 2 i& e A5 MTB ARtk H,Rv, FA4 (BCG),
MEYR 5> BeAT A, MR IR RS . RS AT S & o)), B PPK2 BB R AR M LTS TP & 24 h, 38 H SR eI HL Dk 4 i
FEMLTE I A PR . R B 90 R 3 B i Il s PPK2 BXIR & BC AR %t HoRv 1Y de (AW 3K ) (minimum inhibitory concentration,
MIC), ¥ H,Rv 5 1 umol/L iy PPK2 ¥ FRERC AL S [CHE 77 3k B35 5% 10d, MUBHE AR, BN E 5 AR R E ) PPK2
B G IE A SE RS 3% 10 d J HoRv B #Y D(600 nm) {A, M %2 PPK2 %82 & Fe Ak 4f HoRv AR g mi, G558 - AW fs B2 ik
PPK2 #EALR R, HRv 1y PPK2 2 [ 55 WP 3 51550 5 D ows Ji oA o 5 PRI, 5l 23k 10 BF G0 A1 53 5% 0% R AR 80, ELONA g 25 2R
7~ PPK2 R E NIk AE 5 Ho Ry S Pebh 45 & . SRR RE AR v Uk 73 A7 i 7 PPK2 %R ik e AR AE I 3 vh 2 /D R e A7 4E 8 h, PPK2 BRi&
Bef*) HyRv ) MIC 5 50 nmol/L, %' G35 37 58 o 7% AE K &5 R B 7n PPR2 SRR HoRv AR B IRIE . A4 50 R WA b
PPK2 #% B2 BC AR ik BE 340, HRv ) D(600 nm) 30 FRitass, i PPK2 %8R & Be A *t HoRv A R AFFEMGIMEM ., 4518 - PPK2 #%
BRI AR XS Ho Ry B HY B GF 4B i 1k
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Evaluation of anti-tuberculosis effect of Mycobacterium tuberculosis polyphosphate kinase 2 aptamer

YANG Yang, LI Dai-rong, LI You-lun, CHEN Yu-han, WAN Qiu, LIU Jing-shu
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[Abstract] Objective - To investigate the bacteriostasis effect of Mycobacterium tuberculosis (MTB) polyphosphate kinase 2 (PPK2) aptamer on MTB
in vitro. Methods - The bioinformatics method was used to analyze the homology of MTB PPK2 and common pathogens of respiratory tract, and the
PPK2 phylogenetic tree was constructed. The binding affinity of the PPK2 aptamer to Hy,Rv, BCG, Mycobacterium smegmatis, Pseudomonas aeruginosa
and Acinetobacter baumannii was analyzed by enzyme-linked oligonucleotide assay (ELONA). The PPK2 aptamer was incubated for 24 h in serum
and its biological stability in serum was analyzed by agarose gel electrophoresis. The minimum inhibitory concentration (MIC) of the PPK2 aptamer to
H;;Rv was determined by micro-azure method. H;,Rv was inoculated with 1 pmol/L PPK2 aptamer or random sequence on Roche culture medium for
10 d and colony growth status was observed. H;Rv was co-cultured with different concentrations of PPK2 aptamer for 10 d, absorbance at 600 nm was
measured by microplate reader. The effect of PPK2 aptamer on the growth of H,,Rv was observed. Results - PPK2 phylogenetic tree constructed by
bioinformatics analysis showed that PPK2 protein of H,,Rv was not closely related to the common pathogens of respiratory tract, and it was relatively
close to Pseudomonas aeruginosa. The ELONA assay results showed that the PPK2 aptamer binded selectively to H,,Rv. Agarose gel electrophoresis
analysis showed PPK2 aptamer in serum was at least stable for 8 h. The MIC of the PPK2 aptamer to Hy;Rv was 50 nmol/L. The colony growth of Roche
culture showed that PPK2 aptamer had an inhibitory effect on H;,Rv growth. Growth inhibition test showed that the absorbance at 600 nm of Hy,Rv
showed a decreasing trend with the increase of PPK2 aptamer concentration, which indicated that PPK2 aptamer had an inhibitory effect on Hy,Rv growth.
Conclusion - PPK2 aptamer has good antibacterial activity against H,,Rv in vitro.
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ATFHIHE DR B i AR R RGBT 254, L gpl20, HCV
NS3, % BRI 2 (polyphosphate kinase 2, PPK2) #
& MTB [y B S 2540 25 ™, Sureka %5 B 58 % B PPK2 il
i35 MTB W% iRl (nucleoside diphosphate kinase,
NDK) A8 H.1F &4 MTB EA4uig i GTP 14 B, LA
REMBEEAE R A IESFNF S RTRER LR (P08 A BIFRA
PPK2 {2k K| R 2SS REAS R oy i AR 4NN GTP /Y& 1, =W
MTB {EHLIR PSR PPK2 RERZSIAERF MTB f-GRIE
@R (aptamer, BeFR “fLEPLik”) & —2FI A&
SR B R ——HE S R EL R R GL L AR (systematic
evolution of ligands by exponential enrichment, SELEX), M %
W5y - SCPE R BRI SE B2 HTIR  (DNA B RNA, L) DNA
), REEER RIS FE S IR BERR T 5E A b
kAL, TEEARA S G, TN G, M Xt
FLATEEER D REX hp et 46, $EER D RER 2352 3
i, I s AR BRI R, PRI R DA R R A 2k
WRITHR . A, B RO LT R A R I 25
ERGE, LA STHBRIE A TR AR R, JAVERE
AN, AN, BURZER S TR B Y, Shum % © i ik
th PPK2 R FIEIE e, JFSEIE T HfE S MTB [ PPK2
EALE, il PPK2 BE Pk, ik 4s fhxt PPK2 i
GRS RO, A SLe B AR — PR JE Shum 55 0 16 2 Y
PPK2 iR IE R A Je HAE B st b Hy Ry RO BTGP

1 HHS%HE

L1 bk

Bk Y5 4> B #F 1 me2155 (CMCC 93202) . MTB 47 #E #
H,Rv (CMCC 93004) H & REEFHR M@ —Bb P2 5k
WA KIDIRFAE, SROHHRE. s IE.
fity A AN AT AT EH B IR R R R A [ A 9 SR O = TR AT

1.2 26450

THO Ty, FIRI MW H EE BD & &l B bE
Wy RARAMFHE (AL3R) ARAaFE; JJREWAXE
Sigma 2\ & ; PPK2 BRI BLIEFS (5-AACACATAGGTT
TGGTTAGGTTGGTTGGTTGAATTA-3', 45 % JC biotin f%
it). PPK2 %875 (k¥ 5l (5-AACACATAGCTTTGGTTAG
GTTGGTTGGTTGAATTA-3', M 5' — 3' v 10 Mgkt G
RAE ) C). MEHLFF] (5-AACNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNTTA-3') ¥ A4 T A TR (L
W) ety AR FIA B IEE A S 23 e B AL st
HRA D R A MR 2y | Streptavidin-HRP W 5 A= T A4 T
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(E#g) Bty AP TMB & (i, quickblock b if
(PBS) Wy 3R RAMFHE A ],

1.3 PPK2 5 1 ] D5k 50 Bt B 53 1 REAR bR 4oy it

iz 3 B E K AW E AR E & o (NCBIL htttp:/
www.ncbinlm.nih.gov/) 2L E 3 $dE 218 2215 3 PPK2
B AR R AR T 5] (NP_217749.1) 41 f, Ff HoRv Y
PPK2 J7%I| 5 NCBI i 4 v O &AL L 5 5132847 [ 5
PS5y #7, iz DNAMAN £ fff 5 HEYR o B AP . R
v (BCG), S5rkeAfid, Sk iageRkid. /it R BEek
W, KRIWRAE, @2 AHFE, MR HEAE. ek
R EA T 2 )P A1 b, &5 8 H MEGAS #fi-%
84215 (neighbor-joining, NJ) Flifx KR 7EE (maximum
likelihood, ML) #y L, Ak 2 FAsIa] 5 i i f 2
AIBEALRRZEAEL, AR A B LR AT 5

1.4 jfijd ELONA il PPK2BEZ G AL A 5 Hy Ry £545 5%

V]

g Bt 25 #% 1 % 4 ¥ (enzyme-linked oligonucleotide
assay, ELONA) #EL P[RR G WMt (ELISA),
BT OF HyRv, BCG, HEI54rF AT B I R 2k R 2
MIBA. 602 A AT R, H B B2 1 mg/mL, & T
65 C/kitr 30 min; BHEFR, MALEMLE. WIEHEDE
SEFNFEALEE 30 min PR 3k, DALBR AL B T4,
PHRCH S BRI 96 fLHk, 4fL 100 uL, 4 Cidf, @
PR3 PR A 30 min J5, R AL BT R A A= i im0 Y
dRLA GERAZR D 500 nmol/L, 242 A 90 CAb
B 1 min, HEFEE4C) A 96 fLtk, AL 100 uL, =
WmIEE 1 h, PRIk 4k, Bk 10min, @ fnA Streptavidin-
HRP (1:1000) 100 uL, =@ #F & 2h, BRI 6 1k, Hik
10 min, @A TMB B Ak, W% 3 min, SRJEMNZ LR,
B AR LNE R D (450 nm) {H,

1.5 Mg PPK2 BZRIE RCORAE s A0ty A R P

53 B2 20%., 10%., 5% IfiL{E R A 25 I i PR BRI
W PPK2 A% 218 Bie A F FR 249k 4 500 nmol/L, 37 CHiF
Ho oBIF 0, 2, 4, 8, 24 hHu, £ 3% MUEENatkEk
HL P T HAE AN [RIR JEE 1ML 37 v ) AR g e

1.6 it J) R B Ak PPK2 B RL A% Hy Ry i)
T AW e g
Z WP FES" TR B0 E e (% 10 1 ik
(minimum inhibitory concentration, MIC), ¥ 4nT: O 7

SRR (BN L 2018,38 (1) ()



38 | LiszmmA®®iR (k)

96 FL A A AL N THO K5 55 4k 100 pLs 58 1 4L A PPK2
TR, NEESHBEAEE O, KL ERAERE
we B 4 Bl Sh 64, 32, 1.6, 08, 04, 0.2, 0.1, 0.05,
0.025 umol/L, @ Ht%3% 10 d fy H,Rv, & 0.05% M-{i3
80 Fy A FRER KRR 5 1 mg/mL, T EEFR4E 1:20 5 Fi ke
Ja, %1 ~ 10 JLEALEERR 100 pL, BB 11 FLA BT
M (TR EE IR 48 ), 55 10 JLoAPHPEXT IR (Chn
B IE R AR ), 5. OMHEREE N, T 37 CleE
6 H, TE5 10 fLANERE M 0.01% J) K 30 uL, 4k
LA E 24 hy 4n5E 10 JLA BB AL, MR A & L%
=R, HENH 24 h JFidkEEsit, g 10 4L
A, WBER LR, 6 TR €48 Ay RN 7 dl
A . DACREEIE G iR AR 254K B 4 MIC,

1.7 PPK2 555 L AR oA 3 P 555

OB FCEFRIED: : H THO PiAEE TR 1) HoRv BIF & b 7L %
P, SRAIZE LU E ik fE, 10 f5FRE S 10° mg/mL,
% B PPK2 & fid & 5 HL,Rv 40, Bl HL)F %1 5 HoRv 41,
H,Rv 4, {ff PPK2 J&Rcfk, BlHLT 5112k B oA 1 pmol/L,
Sy BIERR 100 uL BB CEFRIE, 37 CHRE, 4 JHIauges
Ro QIRMEEFED:: Kl AWK RT, A 96 fLik, 4
4L 100 pLs FRAMA S EARBESG Y PPK2 i@ Ak . PPK2 i@ fic
RRAS M, {R2), (EERALKIRIE R4, 3.5, 3, 25, 2,
15, 1, 05umolL, 37 CHFE, 4 BIT4 10 H{# H Eks
(il D (600 nm) fE, O:Ff THO P ismss 37 M HLYG 4 kAT
PR FI(E S d B g B I Ak R R SRR IIRA I . & e
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EREFRBEE 10" mg/mL, JIA 96 fL#k, 4L 100 uL, JIA

H PPK2 JERL iR (Z9R)JE 3.5 umol/L), R4, KR
B A O AT ER T AL S LR S H AT B 4 B 37 CHiF e
12, 48h, liEH D (600nm) fH,

friy
~F

18 il )ik

S HEARR 4 P T 3 APAT4L, B i
i SPSS 24 GETHH A HT, 2 ALECECR I ( #a, P<O.05
W% ARG

2.1 PPK2 M AL i

MTB g i io P W5 T J e 1T 300, AN S 0 i P o
UL D B B 43 H WL B B A AR, AT
MTB ) PPK2 & H{Eix S bk p A KRR EE, 32
f3H1 PPK2 B2 LR RE 5 5 Ho R i BEMEES &, ki
Jil DNAMAN #t47 £ T 551 L, 5a i NT . ML 4y
LR, 23] 2 AR e R, T B A A5 R g
algE (B 1), LR o HyoRv 1Y PPK2 & 3 544
B AN B PPR2 28 [ 3R 0% A ARG, SHEYR 4 kAT
B BT . S BATE . SR AR, R
BRI . KIpRAE. AT, i RO HE AR REZ L
Rk, EARGRARBEHESEAEFEMRE, RELRK
TEMEE & PR ERRAR, #EM PPK2 &2 El ik 5 H R /Y
PPK2 & (4L &, TN H Ry (96T
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Fig 1 PPK2 protein molecular phylogenetic tree
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2.2 ELONA il PPK2 BRRiGE AL M Y5 HoRv I REPESS &

Shum % " IS4 T B % PPK2 K% R & Mc (4 ik 5 34,
PPK2 i & 8 I, A 5556 Fl ELONA J5 35 3k I
PPK2 ¥R i&E i fi 5 HoRv AU PR EE &, S50 Bonid fid
& +H,Rv 41 D (450 nm) [ #H Lk BCG, k35 45 B #F 14
(e ) R I TS RN o I B2 S TS 3 (8 O
21 D (450 nm) TR Hy,Rv HULAMAOH A2 (B 2), 45
REG P, HoRv, HA4k{ER PN A 5 I 22 B
AYHE L (3 P<0.05), HyRv 4 54044 2 M 41
IRA B ZES (P=0.015), AR R RN H,Rv 3
iR .

0.5+

0.4 T

=
LFY]

IN450 nm)

=
3

BCG s Ak WdFe
EEETR AR AT

I “P=0.002, “P=0.000, 5x}IELELEL,

2 EEXERHERAITE PPK2 EREE A S /LM E WEREI =7

Fig 2 Affinity of PPK2 aptamer and several common bacterial strains detected by
ELONA

0 T T
AfEE]  H.Rv

2.3 PPK2 BXgIG AC A A ke P

WL5E PPK2 RXR 1 BC P A5 A ] e BE I {5 v ) AR B
P, K PPK2 BEHRE B AR IR A & 20%, 10%, 5% IfiL i K
TG RIRRER 22 3% BUIRHERE Tk BT, 253 0,
2, 4, 8h Al WLME— SN AR S AT, £ 24 h IR
PlorsEl g (E 3). W] PPK2 AXRRIE KL £E A R 1M

HH R E A EE 8 h,
24 h E Mh
24 h E Mh
AL TG s B. 5% (i s C. 10% IfiLiF ; D. 20% IfiLiF .

3 PPK2 EE{AFEINE H A EMTRE N
Fig 3 Biological stability of PPK2 aptamer in serum
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2.4 PPK2 F51% 5 i A H A i P
ik 7) R B Al PPK2 A% IR Bt M % Hy,Rv 1)
MIC {& 24 50 nmoL/L (& 4).

1 2 3 4 5 6 7 & 9 10 I

4 PPK2 ZEIE R AT Hy R SRR E R
Fig 4 Minimal inhibitory concentration (MIC) of PPK2 aptamer to H,,Rv

BRI R W ARG LA 5, 85K /R PPK2 &
Bc P 20 55 35 R4 I JC PR R AT ALY H Ry A, BEALIZ1I2H
xR A EE AR,
HATIHIEH

50 PPK2

T8 A A % H,Rv K

l'

55
7. A.HiRv 41; B. HoRv 41 + BifLRE5141 s C. HyRv 4 +PPK2 k%% At il .
5 H RV T REFER

Fig 5 Roche culture of H,Rv

THO R B S 4B A RAB DL L I 6, 38 FH B b= (U &
AN Tl e BE PPK2 4% % 3 B (A B 3L 28 25 14 5 H Ry I B2 55
10d 5, WK D (600nm) {h, &R BI~, & PPK2
AR R N, HRv 5 D (600 nm) {A S BB,
Ext BAMLL A B EEES (3 P<0.05), FW| PPK2
F il e Aot Hy Ry AR B RIFE A, i 2828 p I i
FREH

3.5 umol/L PPK2 ¥ it A Xt KpiR 7 i, &t
BAERE . HEYE0 BAT E IR E 7, SRR,
KIHBRAW, SEOHGRE. BEHAFRASE A
Xt HEZH Y D (600 nm) {HJCHIR 225, 1fi HyRv 45 H %

SRR (BN L 2018,38 (1) ()
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MHAAWIEZSR (P=0.035), KW PPK2 B B ik xt  AIAERE . BRYE o BT M ME SR AW

H, Rv RILH RAFAIIIBETEE, mix KRG H. &8

- HiRER
201 = BRGER IR L
1.5
2 1.0
= T (3
0.3
0 . i . .
0 I 2 3 4 F
e N umalL)

TE: ©P=0.040, "P=0.034, SEEER K RA L,
6 REIRE PPK2 IZBRIEEL AT Hy Ry ROHIHIE M

Fig 6 Inhibition activity of PPK2 aptamer on Hy,Rv at different concentrations

TS Bt 5 H bR B A R 45 & 0D, FFRedD
HEEERAThRE, i 2B Thith B FH T AS [R] 1 A i B R 40
B, AEEREYREL. EARS I, WA k. ity
B, BRI REEST ", 2004 4R, H MR IE AL
RZj¥y “Macugen” FTFVRIT BRI, 235 E AN
2y B R (FDA) itk b, FEHERSERL IR
TT 75 W R AR e i Je . FLRT, B NS L2 B T
W F % Fh MTB & i fk, Hh MPT64, CFP-10. ESAT-6.
ZXL1, AHAS. ManLAM. EsxG # i & F Tk oMo b i
F5E ", ASTESTE I PPK2 B fid f A T Pusia 55,
JE IR A& MTB ) PPK2 2 [ TG M e\ Rk, %
I IhRE & FIl H polyP A Bt 1 = #lik, R4 AL polyP
B4 k) ATP [ [ o7 i 2 8 A B polyP s 361y 838 % 7,
O IR W £ B R Eh i i 2 /N BRUTE MTB K i b6 75
(9, HAERARRRRE bl mii S et s g R 1 (Aol B R i
LR T) BZeik; JF B PPK2 SERHIFRE T IHRENS FRAT
MTB {£ W 40 i o i A7 e 0, if 40 il PPK2 Fy i 4 ]
WA 22 2R W IR 0 S80S BRI O R 81, S T 10l MTB 11y
A AP
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O e
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Bk e
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Fig 7 Antibacterial activity of PPK2 aptamer

AR S50k T PPR2 A% FR Y& le ik F T Hudh R iR .
J3 7 Wt PPK2 3 e (R 2 D REfS 5 HyRv Feefhsh &, 3K
A% T PPR2 BEfLR, &5 3R WoR HoRy 544 e i i
9 PPK2 2B SRS K R FHIL, 5 CA MR MR R R
JERIZHAY BLAST &g Ry & ™, ik —2 il id ELONA
S UEUA PPK2 38 fic R RE 5 Hy,Rv ) PPK2 2K [ ik 1k &%
G AR EME LR B PPK2 & Be (R {E AN [RHR 5 A IfiL T
/D FEAF(E 8 h, KW PPK2 J& Bl 0k /£ IMLi5 o REOR 5
AR E M . e 7 R E 3 Be (6 Hy Rv iy MIC
43 50 nmol/L, % P ¥ 45 . i o PPK2 3& Bt 4 % H,.Rv
AR AFAEANHIVE s Bt — B A RIIR E PPR2 &tk 5
HRv L5555 10 d, 55 R BIRAE— @ik TG B N BE & i Bd
PRI LS4, MTB A IR PEFEAR, % B PPK2 BXiR & il
PR A B F2 1) HoRv LA B4 A AN A i . PPK2 AR
T BC AR AR S Ho Ry 45 B2 A HITE R, A 2 E IR TT &5
BRI 258, 1fi Chuang %5 ™ ff 52 & Wi PPK2 3 T4
YR PN LA U o) T RN OR FE— R BUAS A% 25 S SR A2 40
ML D OB R A TR, A I SIS AR 7% 18 PPR2 R
T C AR IDCHH S AR R 25 S5 A% A AR R 52, (A SESS
W RS, i B RINSESS, S50 A R NS
it — P UE RN
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