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Survival strategies of bacteria in response to excessive reactive
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Abstract: Reactive oxygen species (ROS) refers to a category of highly reactive substances formed by
ground-state oxygen molecules acquiring electrons. ROS can be generated by aerobic respiration
electron transport chain that helps maintain normal physiological activity of bacteria. Lots of exogenous
ROS are generated and accumulated during cleaning and disinfection, medical treatment, etc. Excessive
ROS would bring oxidative stress, lead to oxidative damage, and even affect activities of bacteria. In
this review, we analyze the oxidative stress response induced by excessive ROS, the correlation between
excessive ROS and the formation, recovery or repair of special non-spore status of bacteria, and even
leading to their death, to provide reference for the innovation of effective control of spoilage and
pathogenic bacteria.
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Figure 1 The source, distribution, transformation pathway, harm induced by ROS in bacteria and their oxidative stress
response

e @ BN, B2 R B AERT AR A SN ROS; (2 -OH ANERIB T 40U, (R BE S A 20 IR0 S M F) B J5T 0 28 11 I3
@ MM HOp L S5 BB IK-OH, 44k DNA; @ SALiERT, FZAMARMISNRIE LY, @ LbEAk, F#
AL SR . PRI ; © ROS AfbIEIE, 1AL DNA BEsCU DU AL, Aivaa ool B smalm e, F%48
KA BRI DNA FEIEAbE . %R N VTG IV AU DI EREE VI, D ROS E b, MEESHAREA . SRR EAM
PP i 2 T S A Doy A D A 2R A 2 TR

Note: D Exogenous ROS produced by food processing, medical disinfection and treatment, etc.; 2 -OH cannot penetrate membrane,
but would oxidize lipids and proteins on inner/outer membrane; @ Intracellular H,O, translates into -OH by Fenton reaction, which
oxidizes DNA; @ -OH oxidizes lipids, mainly oxidizes unsaturated fatty acids to form aldehydes; & -OH oxidizes proteins, including
sulfur-containing, cysteine and methionine. @ ROS oxidizes nucleobases causing DNA chain crosslinking and breaking. Bacteria
repairs them by cutting and recombination with repair enzymes such as foramide DNA glycosylase, endonuclease 1V and endonuclease
VIII etc.; @D ROS oxidizes proteins. Bacteria repairs oxidized amino acids mainly by thioredoxin, glutaredoxin and methionine
sulfoxide reductase
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2R [1(Grxs) 16 52 SR P22 (A H AT R
g 2o S AR AH SCAE S B
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1% OxyRPl, OxyR RERUA H0, A HLid A Ak,
W, el bt Ak SUA S (AhpCF) . 3
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Figure 2 Relationship between different states of bacteria and oxidative stress response
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FLRE " HE B E AL TR R (TisB), X mRAESA T K
575 T HE AR BUIRA, T AhpF FIAMIEZE 1 F fig
FE SRR P B 0 R R0 R R R
2 It 5 E AR KA Sk

SRR ROS & ST, W5
R B S BR AN ABT AR 28 AR AR ST (19 i IR 2 i =
RERIEIR, B ROS My7F=A:, MR 40 B X i
e RITHZ AR A, AR TR Ab PR AR K
F5 B B RO MR, T DASEDU FAL B AR B ROS X
2 TR 25 1A SR B

gi LTk, AL N Y SOoXRS R4E .
DNA #4551 #2#9 SOS 2w A1 RpoS M i H & 5
HREHE IR, AhpF ARSI B E N, H
A 7 8 L TS 32 A s ol 200 A E TR TR )2 AR
MRS 2P0 T
2.2 ROS 54% VBNC RSB INE F
221 VBNC SHEFRIUESSHNHEIXR

VBNC R J& 48 A W AR IR o 2k 25
FARE ST, (AAIE AT AT & AR IR A AT B R Y
— R ERARHCR S, 40 T VBNC RS2
R ARG /N | FPIRAE RERIRAE NG, 4i e Fn 4
it JES 2t 2 A A i EL IR ST AN T A
B 2 AT AR B ACIEHE PP ARSI
VBNC ZJ&4b F R i o s R R IRR S (1 =3
FHARR — 2P0

Z Ry ASREE AN A VBNC &, k£
B SR R AG, IR ARE RS, EAE .
£ 0 BT R AN S A A AT g R
P Bh AR R P AL B2 T8O T TR 4 E A VBNC
A S FE DA Bl R i ab PR e 342 OH |
RSk A SR ST FAE A S, i A LA
HJEER S5 V0T T VBNC 280 % 5 B A G I
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BTG 2 S8 VBNC SIE a4, 3f: H CAT Fi1 SOD
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2.3 ROS 3F L BY4HE 2 A B9 220

L TR 200 TR 2 4 TR SR 2 R A A R A
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fdn, L IR, 5 ZF AT B (Bacillus subtilis) 97E 1%
% ROS HYRZ , 1fi E. ROS 5 BR77 Al e L HUAL #
SFMAT B AR R A A KUY S TR Bk
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L Y20 T 2 I8 1 AR A R AR LAE A, 4245 DNA
BEER . FRR-DUERES . YSIMERG L
isc KE[R, Hirhr, isc JERHE ISR AL A AL, MHIoF
i s A, Ay L YA IR AT, Y
EBRNHG L B TR A8 HRT 5 LA ML RE TR A T
W, T ELE S FCBAPE AT RE R 5 & L R i),
AW ANEPES B ROS 235 | S A0V, , AT
MPE R L BYNTAFENG , KBRS ReIK A2 E
WA, (HRRTTEE ZMuERIEIE ROS 2 5
7 L AU HLE
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WS M TR, s
1. NE WL AL RS R A e A
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SA MR ERIAEYEAIE RS ROS A6, H
T A Wy B RE VAR AL R 0T o A WESE R BT, M
fii 5 ROS 8] Ho0, Ab BRAH 1 2> 5 35 4 B (0 4 28
BRIATE AR, RN Ho0, 25 R BUE YIIRIE A%
(AH DL A TR RS sk 2R3 B, T g BR ROS
AFIF YT I SRt A7 BF 55 % ROS A
T LA W B, FF BRHG 25 3 R T (Listeria
monocytogenes) ) sod SR ERIE, A BAEYIRRIE
W2 BB, 0 HIE R T2 ROS, £W] SOD
VR — R AL A BT P s e e m
WL R M ROS 2 B 2= i 4 vl A= W IS i v 0 v
TEAG 500+, il A AL B I 5 A ROS TH R
FAm# ROS, &I ROS Ay ek T 4= ¥y e
AU, AN, SMEME ROS i R4 S A4
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T B A AL R SR A PO, e, AN

P TI A B F AW I, (R B L B P s
ROS =l bRt A M R 2 il A= WA I R, 7l
RES N IEYE ROS Z 5 IE W A AR PG sh A 56, (H
ROS i fE W AH T B P

735h, RpoS L5 4 A= Y I B TE A %
RpoS REAE AN N, IF BAT B T s 2 hk
psl JEDH B3R IA, T b 22 W A W S 2L s
22[36,80]0

3 HwE5RHE

ROS AIENF 5501215 4 b8 AL JTE A ) 3
T, {Hil & ROS 2y Rs s £ 2 A b ifs
EAEIE N EE . VBNC AR . L AIAIAE Y
EAFUIAENG , il B2 v 240 B ) Bl A8k I 38 s g
AT, anJA 3 SoxRS .. OxyR F1 RpoS %5 15 .
AR AL 7 3 AR 0 K S B D AT S B TR A
oo TEERZGALIEE | JHUEHA . N T &
AR 2= A ROS, MNP il A 2 41 1 1 F B ok
BHAFER I RIIEN" . — 5 ] F A
J7H 2 AR 8 A SR KA FE A H
(53— 7 THIHEA5 20 TR DA ARE IR DR B AR S5 IR 515 LA
FENETF I Ub HBEASIN , A1) T = 245 b 3L
A RPEFIE 4

HRT, — R 2 R ) 5 V5 T B I 0 53 ) e
B o BB WO A AE XA IE A — SRR IR AR
MRARAS, [RIIMAR BT . AR, B
Jiike BeAN, JCie B A B AR 259 %
BRI Z T, XA RR AR S R A
FERE AR, T H RS2 UOE LR R b,
A I L 385375 RIS U 20 PR R A AP IR A I AR
Hsgm, WABFRATE A, RGP g
FPAE ROS FFFA T4 A, DARBIA = il A 3
YT, IR KB AR ) B 1 .
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