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Research technique for action modes of bacteriostatic agents and DNA
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ABSTRACT: Preservatives are indispensable in the food industry, but there are still some problems such as few
kinds of food preservatives, drug resistance and safety of food preservatives. It has been the focus of researchers to
develop new bacteriostatic agents and study their mechanism of action. Deoxyribonucleotide (DNA) is an significant
target for the action of antibacterial agents, which interact with DNA to inhibit the growth and reproduction of
microorganisms. The action modes of bacteriostatic agent and DNA included direct binding and indirect influence.
Direct bonding is mainly non-covalent bonding, including electrostatic bonding, groove bonding and intercalation
binding. The indirect influence is to affect the normal physiological function of DNA by inhibiting the activity of key
enzymes in DNA replication. The research technique of combing and exploring the action mode of bacteriostatic
agent and DNA is of great significance to clarify the bacteriostatic mechanism. This article summarized the research
techniques for action modes of bacteriostatic agent and DNA, including spectroscopy, electrochemical and
thermodynamic methods, as well as emerging methods such as molecular docking, molecular dynamics simulation

and single-molecule force spectroscopy, so as to provide ideas for the research of mechanism and the development of
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new antibacterial agents and their applications in the food industry.
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method

0 31 5

B P S AH EENERYIR, 5% BIA YR R Gem
JEESRAR 5T, 3K BN A A R SR BT S e .
B JE R — R B S0 T-Be, B 5 AT AR £ b P R
PR B, SER LRI . (EUR H AT An B T R 2Ty
B, KINEH 57 A 257k, AERCR B TR, sk,
LA B IR 22 A E BT, AN ARREL | AR ER AR
PRERSE, FIRES N N B A R i il — S 1 22 A KUK, A
SEVCAN 5T LB, IIFLRRENF RSN F5 (9 A AARSH A
IR L AR AT S A i, T RE 20 A A VR A Y 7 T A
Filo BORUMBEGR AOIEA C O AR A SR IR S, V2R
JURFIAR 4y 45 HOCP) A0 LA ARG B TRBOR, HAH LR AL 27 B
JEERN LR | 2o | ATy =AM 251k, S R )
TR IR AR, B AL L
AETRN, WG T ORI R BT A S R, A FUE
TR BV LT A RE T ARG A S LS,
G Mt FH T B Tl v o TR 3 e A AR B
A )5 3 Ty T A HEAT, Frh )-8 A ) 5 (DNA)
AR AR B 2%, BIFFEimTasnl 5 DNA B9FEHJT 204 BY
TIRAGES A A LR, PRI A SCH 2k
TGS DNA MR Trik, s T aRTs a5
DNA 4557530, SE W EEFREAG R R . ife
D7 AR 277 1A WO %, LA AT LA 3 S A v A )
RO B 20 T4 L 238l 1 A BEAUL R B0y 1 1 B HR 45
HTTE, VIS EHLH DTS | B R e R 10T A S AE
o Tl P L SR

1 DNA Z#51hke

DNA #5714 A 5 RNA FIEE H BT s L5 8, &
AP IR N BB R BAL Y, SR ORUE U PR R B R
FELEAFERT . FEANIR SRR, DNA Z L4 FI2E B-DNA
SERAEAE, Je PRSI AT 2 R IRt BRI S R — Ol
MIRRAT TARTELs 4 . S ] A BRI B0 VA, Rk
N2 1.2 nm A8 ), BIRARIA(Z) 2.2 nm 22 X), KIAF
IINEER 2 B TR EHERRR] DNA B3 s, B
SEAEEAL S, PRI TGS DNA KR/MAMZE &M
T G E, BB RO . DRSS FA i — 41 i 445
U BUBE 52 2% (AR 25 () 2540, FLrh, BRI ESS A4 1= R 45 44
FEBER, o R R R AN P E LAY IR L

2 HEFS DNA HERAR

WA AT LIS DNA HH4s & 1 DNA (52 il
T3, ] DIE I 320 DNA & 3R i oG s s vk i
R DNA IER A6, /NMrFY 5 DNA ZIRIES
BALFEIL A RIS Y SRS BAT — 0%
BepERE R /N 15 DNA Bk 2 (8] & A it 4,
fdt DNA RUXUEEfRIETT A= 25, HEROW AT, JEAR 1
FJE48/Vr 75 DNA S5&id frh AW AL BRI 2L, &
B 3 MR 1): B E . WIS A ANRIAS G .
HiHLZE G 24 DNA A G A A R 128 S0 T Ry 1 H
S ML, WAL F R, WP kB, 2R
FLERAT LA S/ i DNA RZERFHIZE &, 520 DNA IEH
MAESIRE . SERAS G AR, WSS SRR G A
EFEIE RSS2 FE TR S DNA 1Y RV B/ Y Bl
xR GG, TR A G . R
FE R UM S fORS DNA 4567 oA RESE & . i1
A RIEME Rt A DNA fSExtrh, HAEM 82
- IR R KPR . A B AU & BPL U6 2 1 i
BCp12 A LAtk A KIAFF B (Escherichia coli) DNA XU N
FREBRIE XS, RN DNA IIEH &2l ME5H 5 DNA 454
B2 RAEIM A5 &, i, KZEANE 5 DNA HE
LM AE EAE AT LA DNA W4 K T, 9 r) g T3
DNA HEIK %L, DNA Il A% st # h s 22 Mg o £ 1,
41 DNA RE 1. DNA bt miEss . i i ik 52 21 5%
M) DNA Bl FRAUR 2 BH, X2 A7 5 DNA /R &
FEMHINREN N — BB . o- IR 0-3-T0M 2 B AR
FEORS I 9 SRRy, IR e B b A 4 %o 2 U A R B
155 FE V> 1) B (Salmonella  typhimurium) 4 75 {0 %5 % BR &
(Staphylococcus aureus)/¥ M FHIME 11, RNA A REA

DNA A MEAAT KA H 3 i 8 L
-~ NH;
H;
ARG E
B 1 EEHS DNA BRI A0 B AR R

WSS biali iy
Fig.1 Non-covalent binding mode of bacteriostatic agent and DNA
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Table 1 Binding methods of several bacteriostatic agents to DNA and spectroscopy
B DNA ik LI S 30wk
2R 1 I 2k A i A X
KL TR PIRRA Sk wAsA el
AL EEHFE I (Bacillus subtilis) SRAN-RT LIRS . e HRIRLE A [23]
e- R BR ‘
SV O M ER T B i HRIRLE A [24]
P[RR L iR PO AN W 2 v 2 R T 2 hhn] W IROERE . P lap i Er S [25]
. B g . Sehh-n] WO NN
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Mtz 22 - () B9 ct-DNA LHh-A] WO . 2k WIS A [27]
AR NI VIAE S H AR 2 hhn] W IOERE | PEEEE Ay EA A [28]
Tl 2 % S E AR [ —fm g 2 ah-n] WO Ay EA e [29]
- SAh-n] W IRORTE | BRI L 3k NN
3 ct-DNA P WRESE A [30]
SUMER CecX]-37C, ol B A 4 5 AR b WL WSS B
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F DNA WER A, H a fl k IS5 LM, 3 BEAHEEix
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BB IR LA R @ ERRIT S DNA HH
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Rt AL 2= B R R BT 25, DNA - Lk 22 A A Ik
TSR AY R R o ZRLT BN £ T Xt R S R R 1Y R
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TAER, RS B R [ sk A SR E YL T,

S48 DNA A5 o A rpr 2R S ik 31 g R (i — 2 i i TR
DNA 5MHERGE A/ ST T AL, — Bk,
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NP S G 2 AR E 1 — 30, HEMDIRE S A HEE
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Z B 155 8., T LASE R AR KPS 2 43 1)
7 B ANEE R AR S H 5 MR 22 (root-mean-square
deviation, RMSD) . 4 /7 #8 7 3l (root-mean-square fluctuation,
RMSF). 50 A I 21 X 3 (solvent accessible surface area,
SASA). EEEE e A2 (R Z M5 DNA JE A
B VIR E R I E SR AR, WAL ArF AR -BUR 258 3R
[fi #(molecular mechanics/Poisson Boltzmann surface area,
MM/PBSA)J5 i AT 5145 & i - ZAHIN 0005 S
FE RSB AUR S5 DNA TR, gk
HIP AL P 7E DNA I/ INAFERME], 4568840510 -7.6
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AP RMSD %hF45E, RMSF ik . SASA 7E{L
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PIFPECIAR Y DNA AHEAERIZS AR B2 R e T, 5
S FRHEEE IR B UL EBR R b 2 o A AR
PR G A P s Ak 2= 5T, FIORS Y DR 43 B 4
W SRR DNA 192546772, (HIRT 20 & RE A4k
A5 P SEATLER A I EAd 2 i 1 AR 2 R
322 #5ThiEk

O T TG HARRTE 0§ N5 0 1 AR AR B
T A, RN T25955 DNA ZRIAH AR R arset 2,
B 35 B R A S R T O B B (atomic force
microscope, AFM). RESE. B AIAE PR R ET 504,
FETIEF 1 BB 5 Ik B 2K A DNA 41
AR SRR ZIN, AR5 mE RN, il s Iy b
K B 1) AR AR 30 g B 22 ) Tl 3 1o Tl A s R I T
P/NERIB B L DNA 40, EER A B®RERNH
JEAXT A L /NIR N  ER AR/ N BRI HE. DNA 3,

#3431 DNA S RsaE G J1 2 th & 2R 10 o0 nr LA
WP B2 . BAZONI ZE5OF I A4 T 3R T 1
S DNA PERBLS], J1aEfithze . B A AT
TR I T PR [E A 25 G, BIMIR 25 1ok B2 B 1) /1N
TEES& A 25k BE I A 45 6, PSS & i i 5 %
HIRIE M —3 . XA DNA S b sh L i e 1 sete L
i FSF T 43 4 M Ay G 5% A8 I = HL T 2 ke AR Ak, B
F 7R E AR W] LA R s S st in N 2 LA TCAR IR T,
LA B R 2 A R ANREIA I . 75 )i (acoustic
force spectroscopy, AFS)/EUT4FH & TR AL B9 A FH 75 5 i it
FEELAYF I TR, 32 B i 4R F R UK B R L T
P, A b R 7 A S R G T ki 3h 1078,
AFS B IR, V2 BA T O T #RAE AR
B, ATLARI B R T RO I i AFS 28 B TR B, AAREAIR,
JE 8Lt ] LI F TR 5 DNA A EAR R .
323 T ERAMERS

T &5 (quantumdots, QDs)J&—FiUHT I A 4 K 98 Yk
w FR L ER(CdSe) . LR (CdTe) FIAT LR (CAS) 55
WA, ARSI TR IC A B, TR RO R R
Z RN, AN RIS RE I BT B T AE A 0T
1R BB T N A BRAT WM s B 5 25 X E B I R A OG-,
MR 2. WA F s 3R A B, S ROt
[ (IR N e o ) R BN O o s W0 0 ] U
“OFF-ON"f% /s, HA MR, RE. PN, TR
R SRR E PRI FE S DOt R R . O
755 BT 5 % # (photoinduced electronic energy transfer,
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MEEF R AR, 2OBATH . BT, & FS0b
w22 e S BR IWATGY, ARt ml AZEM RS
DNA W/EAtR T R HEERIEM.
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ST ) SE AR B T 00 F A R b, R ] 45
W) T A A R BT AT TR A R R RE 22, BT
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3.3 MRFERLE

ek . AL IR S R B R R MR S
DNA M E AR E I, SR 2 B R IS AN [,
WA T AR AR SR U DA o M F 98 B ESE
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Table 2 Summary of methods on the combination of bacteriostatic agents and DNA
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