5527 45 13 1) FEXRAFFERE Vol. 27,No. 13
202147 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2021

- YA -

T PR AL 22 4007 5 57 300 B ) A
T FF 420 b 4 5, 78 240 R 1 5 JEC A 90 B 9 40 40 L

R, B, Bk, MRS, MRES al'?, HeDET, Fat HRRY, EFY
(1. PAFPEHZR FPEEARAMEFHRZA, LF 100700;
2. EAFRAFEAH ISR, 1/ T4 336000;
3. PEATEAFR EF SR PbS, T 1007005 4. FEBAGE @B GARNS, B 710043)

[(HZE] BRI HRR T AT (RYN) A R Zme iz (LNZ) S i B 40 06 bR 4 o (00 38 4 BR 8 (MRS A ) B JH: A= 10 S %) 40 il 12
Mo F7iE R R B 5 RYN FILNZ X MRSA (4 e AR B ¥k B2 (MIC) 5 BFL AR T2 60 0 78 A= 0y 8 A= 4 i A2 v 4 A 1 1) 45
(0,6,12,24 h) i) MRSA 25 25 1 J&5 1 P (19 28 £k 5 56 L 85 W52 24 h ik MRS A JE 28 24 A48 1k 5 41 A AR 35 4 2% B AR A I 78 4 4~ i ]
U 2SR G T MRSA B PR PR/ A A i AR A . S5 R RYN I LNZ 9 MIC 435124 1/2 JEUi Al 4 mg- L', HLH]
LNZ(2 mg-L")0 h i @ & M i R R0 T 1/16 RYN 2] ,6,12,24 h W24 1/16 RYNfE T2/ LNZ., RYN 4 LNZ 78 4 i)
B) A5 B I VR 400 F o 4l . PG ER FHXT 24 hiF MRSA ZE W) BTG A8 S S5/ I R0 T B 41 . SRBERR IR 1 (cAMP) , —#
T2 B 1 (ADP) -D-AZ 4 A1 2- 7 5 T Wk Al A (2M-CoA ) J2 5 % BB AR OC 19 AR 5 LNZ %3 3 ARt Je iR 97 /8 L RYN 7
12,24 h 43 %F 2M-CoA Fil ADP-D-# 4l ™= A 5 ) ; A 25 8¢ FH7E 24 h 3% =5 A RIFEH o L& BR SR TN B L Fn 2% iR
JE LNZ (9 25 3R AR 35 A 56 04 A= 038 A R TR & R L I R R 8 R B AR A B, AR TR R R AR . - &R IR IR, LT = R
L AR Y 2 RYN (9 25 R0h5 25, AH DG 14 A= 1 388 B AT 2R T SRR AR R S R B B R R (9 AR 6 B L-( B0 T% , L9608, W
G- 1-E R 55 9 A I 5 0 24 36 T %) 24 280K O, A G 11 25 38 I8 T 2 B AW A TR 1) A 0 6 R, R TR TR T TR AR 6 5
B2 (0 A= B, BT AR 8 R AW A ORI SR AR . 8618 : RYN RS LNZ 1 7 MRSA 78 H Az W 55 Az 4K 1) 45 B 8] 6 359 5 410 181 1 %
A 5 400 350 B 85 1 L 16 5 cAMIP AR AR O 5 1 25 36 5 184 201 T 0 5 0T e A8 A WA R 19 A 0 5 T, 4 TR TR TR R R (0 R
FIA A B G . RYN 5 LNZ I W] VR M I R 97 MRSA YL (918 72 A 207 % -

[RER] HRETEN,; R, BANZT; T H SV R4 8 O E A BRE (MRSA) ; B, MEEA,; Ay

[FE4SZEE] R24;R378.1+1;R28;R969.3 [XEEFRIRFG] A [XEHS] 1005-9903(2021)13-0089-08

[doi]l 10.13422/j.cnki.syfjx.20210853

[ o) 2% H R 3t 3k ] https://kns.cnki.net/kems/detail/11.3495.R.20210207.1055.003.htm1

[M&HRBAHAT 2021-2-7 13:10

Analysis of Inhibitory Mechanism of Reyanning Mixture Combined with Linezolid Against
MRSA and Its Biofilm Based on Metabonomics

ZHANG Lu-lu'?, WEN Bo', LYU Cheng', YANG Wei-feng’, CHU Ya-jun*, BAO Mei'?, YI Jian-feng’,
LILi', DU Cheng-giang*, TAN Yong"
(1. Institute of Basic Research in Clinical Medicine,
China Academy of Chinese Medical Sciences, Beijing 100700, China;
2. School of Chemical and Biological Engineering, Yichun University, Yichun 336000, China;
3. Experimental Research Center, China Academy of Chinese Medical Sciences, Beijing 100700, China;
4. Tsinghua Deren Xi'an Happiness Pharmaceutical Co. Ltd. , Xi'an 710043, China)

[KFBEHE]  20201020(017)
[E€TB] BEZXELH LRI H (2017YFC1703700) ; -t 5 o [ 25 B H & R I35 H (1J2018-102) 5 7 [ B2 A} 2 e H PR & 1E 0 H
(GH201909) ; Bk 7648 61357 25 1 ik T AT 5¢ o0 TP i % (QHDR 181102)
[E—1EE] KBS, ML, 50 T 51, N0 2 25 BB (9 BT 5T, E-mail: jomi70@126. com
[BEEE] W W IR 5, A P BE 25 % MR F b & 5 ML AF 5T, E-mail : temtanyong@126. com
. 89 .



5527 55 13 1) HESSEFFFHRE Vol. 27, No. 13
202147 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2021
[ Abstract] Objective: To investigate the inhibitory effects and mechanism of Reyanning mixture

(RYN) combined with linezolid (LNZ) against methicillin-resistant Staphylococcus aureus (MRSA) and its
biofilm. Method: The minimum inhibitory concentrations (MICs) of RYN and LNZ against MRSA were
determined by microdilution assay. The microplate method was used to detect the changes in viable count before
and after MRSA administration at four time points (0, 6, 12, 24 h) in the process of biofilm growth. The
morphological changes of MRSA after 24 h were observed by scanning electron microscope. Metabonomic
technique was applied to analyze the changes in terminal metabolites of endogenous small molecules from MRSA
treated by the two drugs at four time points. Result: The MICs of RYN and LNZ were 1/2 of the stock solution
concentration and 4 mg+L", respectively. The inhibitory effect of LNZ (2 mg-L") against viable bacteria at 0 h
was better than that of 1/16 RYN. At 6, 12, 24 h, 1/16 RYN was superior to LNZ in inhibiting MRSA. The
inhibitory effects of RYN combined with LNZ were better than those of RYN or LNZ alone at the four time
points. RYN combined with LNZ caused more severe damages to the morphological structure of MRSA biofilm
at 24 h than RYN or LNZ alone. Cyclic adenosine monophosphate (¢cAMP) , adenosine diphosphate (ADP)-D-
ribose and 2-methylbutanoyl-coenzyme A (2M-CoA) , as the metabolites related to biofilm formation, were
immune to LNZ, but 2M-CoA and ADP-D-ribose were influenced by RYN at 12 h and 24 h. The combined use
of RYN and LNZ interfered with the three metabolites at 24 h. L-tryptophan, phenylpyruvic acid, cytidine and
sebacic acid were the pharmacometabolic markers of LNZ, and the related biological pathways were
phenylalanine, tyrosine and tryptophan biosynthesis and phenylalanine metabolism. Four metabolites such as L-
histidine, uric acid, and L-lysine were the pharmacometabolic markers of RYN, with phenylalanine metabolism
and aminoacyl-transfer ribonucleic acid (tRNA) biosynthesis confirmed as the related biological pathways. Nine
metabolites such as L-tryptophan, L-lysine, and sphingosine-1-phosphate were responsible for the efficacy of
RYN combined with LNZ. The related biological pathways involved aminoacyl-tRNA biosynthesis,
phenylalanine, tyrosine and tryptophan biosynthesis, novobiocin biosynthesis, and tyrosine metabolism.
Conclusion: RYN combined with LNZ better exerts the inhibitory effects against MRSA at each time point of
its biofilm formation, which is attributed to cAMP metabolism. The synergistic effect resulted from aminoacyl-
tRNA biosynthesis and phenylalanine, tyrosine and tryptophan biosynthesis. RYN combined with LNZ can serve
as a potentially effective solution to MRSA infection.

[Key words] Reyanning mixture; linezolid; drug combination; methicillin-resistant Staphylococcus
aureus (MRSA); biofilm; bacterial morphology; metabonomics
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Fig. 1 MICs of LNZ and RYN against MRSA
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Fig. 2 Effects of RYN and LNZ on viable contents in MRSA

biofilm at different time points
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c D
AU ;B2 mg L LNZ4;C.1/16 RYN4;D.2 mg-L"' LNZ+
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B3 RYN#LNZX MRSA R BER M (SEM, x1J7)
Fig. 3 Effects of LNZ and RYN on mature MRSA biofilm
(SEM, x10 000)

ZHAT6,12,24 h 5 0 h i) 22 S 17X L,
BT 345 MRSA A B AE K AH iR br i,
A3 50 g B W R IR (cAMP) , B R R 1 -D- A% B
(ADP-D-ribose ) Fll 2- B & T WE 4 i A (2M-CoA) , UL
F# 1. f£2 mg-L"' LNZ 4 44 B[RS AR o v,
2M-CoA F- R H . 1/16 RYN 4+ 2M-CoA 7E 12 h
Ak HF B LR A [ e ) s Al iR, 2 mg- LY
LNZ+1/16 RYN 41 H 24 h i [1] 1 2M-CoA 114 7% 1 A
BT R B[] 0 25 1 2 R R o RS AR . cAMPTEAE W)
JE A= 4 12 b B B0 il 3 [R) A 38 i g T R
%, 7E 2 mg+L" LNZ 20 H cAMP {V7E 12 h Y I [a] 5
WL, HL RS A )6 A A L B, AR
fa#A I, A EA R E X, 7E1/16 RYNZ 44
I A AR 3 B, cAMP 3E R HE B, W 1/16
RYN Xf H 5 Wi . 2 mg-L' LNZ+1/16 RYN 41
24 hIB} 8] 5 cAMP 1Y 25 i 55 [] B[] 6 25 1 2 AR L i
LA, FR W1 25 36 T BA VR 7AE . ADP-D-
ribose 7% ft il A= 4y BEE T 1L F [0) 34 il T 96k 20, 2 mg - L
LNZ 21 ADP-D-ribose 7E 6,24 h i B, 2 4> I 1] 45 1Y
o AL 5 R i) E] s B A R . ADP-D-
ribose 7F 1/16 RYN #H 24 h i} [] 5 H #, H & & 5 1A
B[] 28 L ZE AR L i BT X — 25 R 5 2 mg- LY
LNZ+1/16 RYN ZH Afl[6] , % W] 1/16 RYN A % 25 5k ]
¥JA] %t ADP-D-ribose #2 £ — 22 36 7 1E F .

3.4.2 LNZ Tl MRSA ) 25 %A br 75 0 A 4%
2 mg-L" LNZ 4 4 ] 5 5 25 4 0 hi i 22 AR
B HEAT X L, BT 4R B, i R TR
Wil i M 2% R N L- 0 S R (L-Trp) , W& 2. X
X AN bR S Y AT E B AT e R L, 5 LNZ 2

®1 MRSAEYEARBIURPRERFREH TN EHF
L
Table 1  Effect of different drug interventions on metabolic

markers related to MRSA biofilm growth

FC
20 51 t/h
cAMP ADP-D-ribose 2M-CoA
2 H 6 - -3.691 5.314
12 6.071 —4.600 6.878
24 4.493 -5.387 7.369
2mg-L'LNZ 0 - - -
6 - —6.439 -
12 3.192 - -
24 - -11.314 -
1/16 RYN 0 - - _
6 - — -
12 - - -6.797
24 - 4.462 -
2mg-L!'LNZ+ 0 - - -
1/16 RYN p _ _ _
12 - - -
24 -4.947 4.324 -4.962

< TR A PR Bk 1T, SRR B A i
R0 3 R O 4 3 % Ay A TR R TR R I R S R Y
FE A L RN AR

F£2 LNZFH MRSAMHHRBIRE
Table 2 Pharmacometabolic markers of LNZ against MRSA

o FC
AR &Y
0h 6h 12h 24h
L-Trp -3.519 -3.519 -3.016 -3.136
TN i 1% 13.099 7.271 13.628 3.852
M -3.472 3.857 5.180 6.889
2% R -7.178 5.586 7.127 9.140

3.4.3 RYN T il MRSA 25 5 fC il br s K 1/16
RYN 41 4 4~ [8] 55 5 25 (141 0 h 1) 25 AR 647
X AT, BT 4 AR AR A 4 0 R L-41 R
(L-His) , JKR & , L- % & R (L-Lys) F 5 & B -1-% 1R
(SI1P), W3R 3. XJixX 4 AR b 25 W i 17 3 #% 3 #r
Je BB, 5 RYN 2434 b 25 40 G 138 ik 2R T 2 R 1K
T R I A B A W A TR 1) A ) 6 B

3.4.4 RYN 5 LNZ KM 1 70 MRSA 1) 25 50 3 A
¥ 2mg L' LNZ+1/16 RYN 41 4 4>} ] 45 5 28
F12H 0 h ity 22 S AR P itE 47 % L, 45 51 & B0 9 SRl
b, 23 A L-Trp, JR 7 , L-1 & B (L-Tyr) , BEAE .
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%3 RYNTH MRSAHZHHREIHRE
Table 3 Pharmacometabolic markers of RYN against MRSA

- FC
R AR &Y
0h 6h 12h 24h
L-His - -7.303 -5.570 -5.450
JRTR - 4.076 5.099 10.603
L-Lys 5.753 -12.179 -6.079 -4.973
S1P -8.506 -9.526 -4.703 -10.876

L-Jifi & W2 (L-Pro) , K R 2 M2 (Kyn) , I 2 R W g
(TME),L-Lys,S1P, W3 4. %Fix 9 MU br & 4 vk
1730 B 3 BT IS R B0, 5 KA 1T 24 2 280 B 35 40 OC 1Y 3l
% h L5 B R AL R B AR B, RN R L
RN R WG N B A T R AR A ORI
AR

%4 RYNS5LNZEATH MRSA WAL RBHRE

Table 4
LNZ against MRSA

Pharmacometabolic markers of RYN combined with

FC
(Wit
0h 6h 12h 24h

L-Trp - -4.728 -4.714 -4.905
PRAY -4.361 3.564 4.267 3.777
L-Tyr -3.522 -13.241 -4.518 -9.918
REWE 8.015 12.130 12.954 3.546
L-Pro 11.643 5.078 4.311 4.521
Kyn -5.636 -4.006 -4.765 -5.055
TME 3.651 4.897 4.766 4.830
L-Lys -12.954 -8.378 -7.074 -7.645
S1P -4.580 -6.011 -4.664 -8.764
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EE —E MEIEH . 25 A, RYN B 7E MRSA
A W R A A Bk B I 25 A0VE R S TR AR R R
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