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Abstract: Objective To investigate the mechanism of the inhibition of the growth of methicillin — resistant Staphylococcus aureus

(MRSA) by a novel indole — benzoquinone compound HL — J6. Methods The minimal inhibitory concentration (MIC) and minimal
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bactericidal concentration (MBC) of HL - J6 against MRSA were determined by the broth microdilution method. The effect of HL—J6
on MRSA gene expression was analyzed by RNA transcriptome sequencing (RNA — seq) and verified by the real — time RT — PCR.
Results The MIC and MBC of HL - J6 against MRSA252 were 2 pg/mL and 8 pg/mL,respectively. The results of gene RNA - seq
analysis suggested that HL — J6 might inhibit the growth of MRSA by affecting the peptidoglycan synthesis — related genes such as
MurA, MurD , MurG , MraY , folic acid biosynthesis — related genes such as dfrB, glycerol phospholipid metabolism — related genes such
as pgsA,ABC transport — related genes such as MniC,bacteria secretion system — related genes such as SecA,and ribosome — related

genes such as rpsD. The result of real — time RT — PCR confirmed that HL — J6 down - regulated the expression of MurA and MurD.

Conclusion

HL - J6 can inhibit the growth of MRSA, and its mechanism may be inhibiting peptidoglycan and folic acid

biosynthesis, glycerophospholipid metabolism, ABC transport, bacterial secretion system and ribosome — related pathways.

Key words:HL - J6;methicillin — resistant Staphylococcus aureus; RNA — seq;transcriptomics
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Ll =y oAl B N T 7 NN R UL 7 NN = s ST NN
FOILE R RS ME i HL - J6 XF bk 2 Fh i Rk Y
MIC ¥ 2 Fh BRI KR B R B 2 109 efu / mL, B 196 pL T
96 FLH 1, Bl JE A 4 w345 2y e, (i Ho b 205
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AR T ALEE GO 4R FI KEGG 38 3 5 5 017 o
Horp GO & 4 3 W G 4 AR Wi B2 L A D20 1 0 1 Sl e
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RT - PCR. BT HIZEN K51 L 1.
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Tab.1 Gene and primer sequences
AR HEZY: 211
MurA F 5" = TGTGCACCTTGCAATTGACT - 3’
MurA R 5" = CCGTTTTATGCATGTTGCAG - 3’
MurD ¥ 5" = AGCCTACAGATTATTTAGTTACAGAGT - 3’
MurD R 5" = TAAATGTTAGTAATTATAGCAATGTGTG - 3’
16sRNAF 5" = GGGACCCGCACAAGCGGTGG - 3’

16sSRNAR 5" = GGGTTGCGCTCGTTGCGGGA - 3’
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K F SPSS 22. 0 4t it 2% # 4 43 H7 , Graphpad Prism
9. O BRAFAERL PR IR LL AT e A 5 o P < 0. 05 M 22 5% A
it Lo
2 #£R
2.1 MIC %1 MBC

HIR 7 R258I%F ATCC25923 B MIC /353114 2,2,32,1,
0.5,1,4 pg/ mL,MBC533i04,4,32,2,0.5,1,8 pg/ mL;
X MRSA252 ) MIC 43 5124 > 128, > 128,128,0.5,1,
0.5,2 wg/ mL,MBC 435} > 128, > 128 ,128,1,1,1,

8 mg/ mLo i W HL — J6 A AT #l il MSSA , i AT 41 4l
MRSA BRI, BRI MIC & T 0l 3 31 M A i 25
Il R—Z 259y, (EBAT5 AT B I TR RICR
2.2 FRAER—REHE
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Tab.2 Quality of sequencing data
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b 7993450 7943700 1.2G 0.03 9%.81 9105 36.52
¢ §343636 8303364 1.26 0.03 9%.65  90.69 35.51
d 7628034 7591164 116 0.03 9%.9% 9135 35.47
e 7815416 7776890 1.26 0.03 9%.45  90.27 3.7
f 8842844 §782350 1.36 0.03 9%.56  90.59 35.57
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Fig.1 Characteristics of differential genes
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Fig.2 Enrichment analysis of differential genes
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Fig. 3 Peptidoglycan biosynthesis — related pathways affected by HL — J6
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HESEIHE T 23 IE N L KEGG & HE M T 58 %

£ AT A4 A R 1 A3 Sk BRSO S ) R Pl IR R
AR 22 2 IR E5 K, CRRERSE  BRERE T 2 5 40 A
M AR TG, SURTR AP A R T A8 0 2 B 1 s HA SR
KL, KRR L A A& 2 TTE P RIS 2
— o MurA JE IR ERMEHAT AW 6 R — 20 SO (R A AL
B AEAL UDP - N - £t 2 345 %5 % (UDP - GleNAc)
SR N ERER (PEP) KW AR, UDP - N — L2
LA A PG RN R ER 16T, CHABAN 2507 IRJF 5T & #i4k
AYREER FBHFER 20- FE RERKR -y- N
i XoF 42 B 09 2 BRI A BT R AE S Murd G, BRIk
MurA 7] BEBLA I & B BT AR 2 — A R AL 25 0
TEARB G HL - Jo /E T MRSA J& , MwrA i 2
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A UL HL - J6 78 AT 8 8 1 310 i MurA e BH Wi
MRSA 24 K o 55 &b, MraY 38 53 AL B R — MurNAc —
FRM UDP = MurNAc — H K5 75 Al & 2 18 T 284K
TR S L, I B UMP 1 — 6k 05 8%
i — MurNAc — ik, 6 B 76 IR R A% 10 24 9 & it 72
W, MraY XA A AF AT AR BRI, 2 H RTPL R 259
B e A gt 2 — (180 KW AK 2553 1 il 45 3 TR ket
BRI R A 20 (JH - MR - 23) 1] 4 50
MraY , % 4 B €0 R 25 BR TR AT MV FH o 72 0 5 38 4 % 2%
LYY SAR 43 B 2 B, 26 BB MO 86 X T 3061 Mray 1
U A o3 EERAE N AR R RNA - seq Y45
MRSA A AFFH R R WE G UL ] MraY 55T BRZHAH LT
JAIK 1. 27 4% . K HL - J6 AR AT R 1o TP 40 A B )
BT 20 MRSA A A7 AR HAASR A 254 T30 T MraY,
MurA (4 W KA J S5t g vh e — 258 3)

ik 200 16 BE G B AH DG 6 PR A, I R A5 i AH 6 i R 4
AT U R T A AN B AR R T T B — R )
B, PS5 A R A AR ) S B T BB AN BT P 24
PIVE R 5 2 — 120 e A I R B, H AR BE (TMP)
RIS frle Y W 347 W] 400 o 48 B 2 65 13, R 1T, ZANDER
U, R BT ZEXT R B A T PR 4 R X B
AT AR A B N TS 20R T M R 5%
TR I E M A RS LT A R RGP
HR4E NCBI 7] 1 dfrB 4 % DHFR , 3% 5 R 78 AR Yk S 56 v
TR 1L 7065 AE SR LS g T W S IR RS M A 2
Pyl o i vh R S AR AR AR T S 22 R
5 H A 255 F LA T ARG R

BT =R 4s & G is I (ABC s 1) 2 —
2 5 RO K 1, £E R 22 Ak B A b R P T R A
22 M€ BRI ABCHZ2 ARG Z—, H 3091
RIEFRAIN, 7> F it My 34. 7 kDa, fe—Fh R 1w E H ,
HLA i 5 32 B RN 2R 06 4410 HANDKE 4512458
T s PR R SO (— b n] 7 A R N A A R R A
Y1) ) MIC VTl MneC %o 4 5 (045 45 BR B AL R 3
BT, L F W], MniC #5535 5 S0P Fh 43 2 (638
25 BR AR T FE L SORS 1 OB S, T Mine € R 236 1)
PRI R AR 2 B H ) G SRS A FIRP 1 o AHUJA 45025 R H
TARYUIAR - BEI ] MneC BTGV | 80 4 5 (0 ) A BR B
X A ) SRR R A BT ks in , 33X B8 N5 B HL - J6
FIREIE i ABC #5121 44 PR 4 v (0 R A BR v 2 4

G v (0 R A BR A AN A Fh PG 2 R B S e S
DA R U i 45 22 P g I 2L i 1200 o R R o R 0 TR Tl

R H I L CoBERR AH DGR R 1 A8 Ak (0 PG AHSCEE R PgsA

KA T R A pgsA (7 T AN AR -, & PG &

) K S, A7 T PSR IO =2 ), AT L R -
TUREFEH W (CDP - DAG) % 1k b i B B H il e R
(PGP) , PGP B e 12 it 25 s 1 Ak , 2 ok oA vt ol 12 35k 141 DA
M7 A PGL27) LU A5 283 i 2 1 s e sk R B R
TR (CSA) B AL G 1) 5b IE 2 LA pgsA 8 83, %t
21 A B 7= A S ) AT 7 A B TR T A o DRI pigsA 1T BE
HL - J6 AU A5 .

i LRI A T PR A8 AR 5E H 8 & B SecA A
—E R I o SecA 11 5743 Wb — LE H B (Y 2K 11 T, 7F
Ui T o B AR ST L X A A KA s
CULZERO 58 3R B, o in P Br 2T sl — g 21 (RB) 28
I SecA HAMHIF] , %F N315, Mu3, Mu50 3 Fli 4 5 (4,
T R DA R S4B G A A ERT VR FH o 1 5 — i SecA 114
FISCA - 50 i MIC ] 4 wg / mL, WA BRI EER.
PRI , SecA J2: A5 H A R B9 MRSA i 40 5 e FR A1 1Y
I, SecA [RVAEA BT N U, B HH HL — J6 7] BE A SecA
SOEIERBATS

B, SRR G B AR CFE R rpsD, rpmld , pl T
WA T T, UL A IR 25 9 i 1 TS 4034 1T fig
rpsD .rpml \rplT . 40 B W) 40 I N AEAEVE 2 A AT B
TP A R AR A Y FE AR TR L 508 T30S WE
Fe—RYI T 70S pEIR , 308 W HE4E A mRNA JfE ik
ff A5 T S0S 3 19 1 FH b i AL BRI S 8 bty (PTC)
A 1 IR 1.2 A BIF T 3 B, R 2 e e e X 4 B
4 IR TR YA 250 I 250 B RE R R 508 A 308 E
B, A E R BE - (RNA 5 508 LAY 4550k A&
K 4 AR A BRI, HL - J6 X MRSA 44101 i
Y& 7] BE 52K A B B9 AH S FE K rpsD , rpml, rpl T HY
TEA G

FiAN EARBE G iR Z BT F LR SAOUHSC_
00202 F: SAOUHSC_02258, F I H: K SAOUHSC_02925,
SAOUHSC_02426, SAOUHSC_00718, SAOUHSC_01292
I i R B 1 HL DD RE BT R B, BATE
HL — J6 1] 4 ¥ 0,5 48 2K A7 2ok 2 v BT Ak A 1 R A 1

L5 LAk B s | W R TR 28 259 HL - J6 mT LUEAIR
o Y R T 4 0 7 A R TR A R % 2
PI AL T RE 238 o TR A I RE 9 A A SE M DHFR 1)
B B E PR A BRI 24T A 40 i B R A 4y
A R MRSA B
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