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M A RS T AL CAn PR FLABERY | AR | 55K
B L AFAEARLZ AR TP IR ZE AR Y
ek, ARSI B R LA S IR AT A B TR K
P7 (GLRRALLRLLRSLRRLLLRA), HpimisH:
5 T BE IR (e fR A Rk P2 5 432 pmol/L), 4
HEPEAR(4-32 pumol/Life J4 31 il P JGH M 35 7)™

BT, X R FPLR AT 5T 32 24 hAE
L2 A A B8 H BRI B LA B, B IR ARAE
FHE A BLR B b BT — e . JARRRAVE T Y
L PR3 P AT I A 240 L P i 32 e 2R L PN
YIik . SA%IRSE A (WBuforin 1™, Tachyplesin™4%).,
TP 25 1 B Y 3 72 (Pyrrhocoricin®™ . Histatin
SUUAE) . MR R A A5 (W Indolicidin™ |
Letoferricin B4 ) i 235 B B B AR B 1Y H 19
PU IR IKF 1R B R 4 B 0 R A SR A (0 A0 B, (]I
ZEA MENDNA™M S 05 R LAXAT IR KT o
G V(0] A BR A ) A0 I EE AN I, I HIDNAAR,
PR BN RSP TIE KA B T E &
B, PTHGAN KA R R E 7 e, A R 248 i e )
SEREE, [RIBT 2R KT IR A MRS, e M P SR AR
It SR K DNAZS & A EIG Y, HEXP7S
MINDNARAS SR RO . 5582
Je KR G 5 PR 3 K 114 5 M LA R A R 0 I3 5 T )
SN S A3 AL AT EE D o A SGHE— A0SR
P7ANTHIR A e B9 53 F-HL B o IR o 5
BLHI A5 S SRR Lt

1 ARy i

1.1 8

1.1.1  BE¥R: KT E (Escherich coli ATCC
25922) th o8y i g T B FE il rhuo R AR . BT IR
H i O 2R A BB A B A R A S A
4li iE>98%,

1.1.2 FEEF RS : L5 EB)IE [ 3 E
AmrescoN Al ; ML EE(PT)FI4°,6- — JPkFE-2- 2K 3
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H5|&(4°,6-diamidino-2-phenylindole, DAPI)I H 3
Sigma’s ] KT 2 [ 241 DN A $2 Bt 5]
£ . RNAFEBGAR & X BEYLS [ B A4 T A T
FE( LA R A s M-MLV I SR [ 55 [F
Promega/A F]; SYBR Green Master Mixl4 H 5 [E
Bioneer/s Al 3 H g5 ¥ A E = drali, F-
70005 Y6436 T, H ANHitachi/A ] ; FACS
Caliburfii s 4MEAY, & E Becton Dickinson’s 7 ;
KS-900 8 /5 I 40 M A AL, T e BHAEAER )
PTC-200E K4 144, SEERIMIZAF]; 790038 &
PR S 5 BEPCRAX, KE N AV RS
w5 SpectraMax M5ZEOGOGEETE, K
Molecular Devices/\ F] o
1.2 KGFFEEESHDNAKRE

2 AN T JE K 4 DNASR G £ 5 44
1.3 BRSEBRESFHLA DNARTIIEE T

S HRLIE" " M K S EB e 445 A DNA
DT . HZRIRACKH KT I 2 K ZH DN AF
P M50 ug/mLIIAR, Bl mL DNAZRIIALS uL
100 pg/mLIEB# K . SOWIRIE ) f5 137 °CHb:
BEE 10 min, JIAT mLAS[RIR AP (16
32, 64, 128 umol/L), X} R FHZFARFAYZ&1 K
B NBIRAIG B T SRR 37 o Cilbl
BFE30 min, FHZSH O EEETHAE SN ZESS0 nm
F750 nm 98 [ 92868 BE (A excitation=535
nm, A emission=550 nm),
1.4 R R g o 40 B R 3 e s v

FH 90 =X 20 B AR 43 B R X 200 T 4 30 )
Wi, A4 SteenFIBoye ) )5 iR MMUE "o B
AR E T 1.5 mLELCAEN, 2000 /minf.0>5 min
AN, FPBSTEE3M f5 A LBRE FR AL F
}1.0x10° CFU/MLIY R B . AR i &k
FE RS RAN BB, 1R T37°C. 150 /min
PR H53%0.5 hy 4 °C, 2000 r/ming5.0>5 mindi 40
HAIM, 5 E3E, FIPBSTEVE2ME . [ UTHE R H 40
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HEIMAT mLFA (—20 °C)AY70% LB, B T4 °CiK
FA T . FHPB ST i1 5 5 7 20 71 4 M 37c
JEFIIAS500 uL7 1 mg/mL RNase [ PIZL {4,
IRA)G T4 cCEEOEIFF 15 mine F 241 AL
WA I ModFit LT 308434 14047
1.5 RRREE KEGIFEE I DNA TS T
HL400 pL K7 1 3 R ZH DN AJE I A2 mL
BN, BT AR IEL, vk T
1 min, TIR20 %, HREHFLADNAKIZ /N T
100-1500 bplt) B, B T4 °CokFfs . Friite6.s g
1,6-C . 2 gJu/KBEPREAFNL g FeCly, T 15
R, A0 mLIY L . KhelfiE 50 °C
HRIZIERE h B R A BHRGRERRIA
B R N 2T, B G E T 198 °CRAZ6 h,
VA 2 B IS R R A SO ) T TG K BRI R 46
K E I VRBOR 2 LRl To . #2Be0™
Yyt RIAS ) & b ik . BU1.5 mg & LGBk
AL1.5 mL 5% W, 137 °C. 200 r/min
P72 ho WO S5 —ERS W, HHPBS Hik
Jo B T4 CCURFE & o ) G I Ak 1) 2 JL 3k
HOIA300 pLE KW, F37 °C. 150 r/mindiz 3%
1 ho WEATES, Wesr Lis. F PBS WG VEREBREGH
VER ARG A MR IR #EER A L.S mL
1%2F L35 LA AW, 37 °C. 100 r/min{z %
2h, DM, #asEs s, H
PBSH VEHGH I H &, #bE T4 cCUKFH.
IR BRI REER & TS, W B 5 S PBSZE i
WG IMAA450 uLI R AT RIDNA F BOS W, 1S
JEH B0 T37 °C, 100 r/mindR % E 0.5 hy 7
OYESSE A E, FHPBSZRMREEGH f5 I A450 uL
HY TEZE mhif $2 UG ER B I AR ZS 5 IUDNA
WAEH S B i ik, R REER SR Tk}
JRZE G HIDNAFA T E % . LR WDNAK
A5 20 S SRR il T Fssb (FRBEDNAZE S8 )
dnaG (DNAF|¥IB) . dnaB (DNAf#IENE). ligB

(DNAEFER) . dpol (DNAREGEE 1), rnaseH (%
WA REH) . dpolll § (DNAEE i I B 3L Fil
dnaA (EHIEGF)FEE DR ey 1 Bn, 2
SR X A AR, FPrimer SERIFH G 1HI(F ),
T LIGHEEG LY TR BRA RIS . XHBIR )
TSI TPCRY 1, LI kAR R4 &
kT A DNAK HlAH AT 5] . PCRY G450 )5 38
Ik 2% A R R RE I FEL VKOS B A R, e
WEHUR R GEC sk o X T AR Y 3 5l 1
TR ZHPCRALF T4l , ZHE I A
FARA BRI R AT R T o
1.6 BRA DNAK il HSEEEI Rk R

WAL OB R A FF B 40, FHPB ST k3 i
JEEEH1.0x10° CFU/MLAYH 2 . IARKIA K
P LA B2 g B AR R BE (R, TR A) )5 37 °C.,
150 r/mind& 7 553%0.5 h, B HEREA B OEN,

x1. ARBPEARIZI
Table 1. Primers used in this study

Primers Sequences (5'—3')

ssb-F ATGGCCAGCAGAGGCGTAAA

ssb-R ACCACCCAGCATCTGCATGG
dnaG-F ATACCCCCAAATACCTGAACTCG
dnaG-R CTTCTTTTCGTACCAGCGTGTCA
dnaB-F ATCTATATCGATGACTCCTCCGG
dnaB-R TTATTCGTCGTCGTACTGCGG

ligB-F TACGCAGTGGCAACGCTGCT

ligB-R CTGCGTTAGAGTAAAACCTGCGG
dpol-F AACCATTCTCTTTGAAAAACAGGGC
dpol-R CTCATGCCATAAATCAGACCAAAGT
rnaseH-F GTATGTCCGCCAGGGTATCAC
rnaseH-R~ CCAGTTCATCACAGCGTTCGTT
dpolll -F  GTGCCACCATTTCCATCTC

dpolll -R TCCTACGCTACCGATTCTC

dnaA-F AGCAGTCCATTGATATTATTAAGG
dnaAd-R GATGAGTTACCAGCCACAG
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5000 r/minfZ5.02 minfCE KRG H AL, FKE
JK PR3 S5 [ UTHE A S0 wL A TEZE i Fl 45 {4
FUNEHEEAR, BT 37 CKIBIFEO0S he IFH
SERE ST EIANAL mLiY Trizol, Z:HRIRAF &7k
HURNA, $2EUWRNA, FERHLE |4 AL SR i)
YEFH T 23 P A5 W 5% SR licDNA . 3 JE Greenstar
gPCR Master Mix & & J7 X K g 16S
rRNA . DNAX i MSOSHif6 &2 R k1752 9
JEE HPCRIMHT . PCRY HFYFICE A : 95°C 5 min;
95°C20s, 62°C30s, 72°C30s, 457EH;
95°C 15s, 60°C 15s, 95°C 15s, FHAACH:X}
SR AT, BEEAY L DR B AR X s K i
5 R KN 16S rRNAY IR
1.7 B KEGFFEDNAFIRNA G BRI

JRXT KA DNAFIRNA £ 1A 52 i MR 4
VRV T R A . R IO BN K R R
i, FHPBSTE V2 5 BB M 1.0x10° CFU/mLY)
TR R TR o I A V5 R ol JH 22 Wk 2 Ay i AV A1 R ik
B, IRS)ET37°C. 150 r/mindR % 153%0.5 he
ADAPI IR (AR SE 15 pg/mL), #EEHRT 10 min
Je FZ 43 e BE T S A TR DN AZE G 38 B (L
excitation=364 nm, A emission=460 nm)FIRNAZ¢ Y
5 & (A excitation=400 nm, A emission=460 nm),

2 GRAH

2.1 PT5EBRESHE A DNAKTILIE

TR1E ZBEEBJE—Fh Al LAFIDNAZE & 128t
Yok, BHMAAER 2GRS, M5 DNAFH L,
BIFRIALE, B LLRIETEH S5 DNAZL & i
ABEIEXT T, SR SR R 2083015 . A
EB-DNAR AWK R Y, EBWHYK A7
DNA FEBTE 4 TR, K5 B9 G0 2 %
i, DLWl SEB—RE LU AR AE R 5
DNA%E 4. AR EB-DNAE &1 5 55 4 W1
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PR B GIE AR A E Te ) 2 B WL R EB— 4
ity XU S DNAZS & .

SEHRANE 1R, DNA-EBE SRR PSR
JERE TR BE IS NI AR, BAMIP745 & KIGHT
P L 41 DN A4 #1248 T DN A B IE X 1 EB 38 4+
Tk, BEBLURAAR )T X SDNAGS G, e
EBJlii 2 DN Afifi {4 22 1 5 R BE LSS o
2.2 PTXKEGITEE 4RSI

TESRAZ AN D, 40T B 4 MR 5381, R
D 3B, M A 3 4 5] DN ATF 1R &2 6l 1) o
FEF AT, MY T EZMEMAYGLI; M
DNAK HI R RIA Y T EAZAYSIH; RI—H
56 AE L HEEE 20 B 3 2L DI T A DNA G
AE G2 2 R IE# KA # Ak T SRy
YNIEC R 15.86% . PTYERIJG, #E A ST 4 1%L
BN ZE22.61%,

2.3 PTRFHEEESE KGR HIAHXDNAFS]

W 1 2R A8 R KT IR 45 & DN AP B 64T &
£ DMRIZ 5P745 4 IDNAF S 51 ¥ % & 4 1
DNA R BLlb A9 34, yias R mE 3R, P74
SRS B rnhA (KJFE193 bp)F5) ., REBHIZ
s YL B IR A, AT 58 45 FAE s,

60 —=— 0 pmol/L
il —o— 16 pmol/L
> —4— 32 pumol/L
£504 —— 64 umol/L
§ —+— 128 umol/LL
£ 40 1
3]
5 30
s
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04

SSIO 6(l)0 65IO 7(I)0 7|50 800 '
A/nm
[E 1. P7XIDNA-EBE S5 32 E HUS2 00
Figure 1. Influence of P7 on the fluorescence intensity
of DNA-EB complex.
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Figure 2. Effects of peptides on the cell cycle of E. coli cells. Cells were incubated with phosphate buffered saline

(A) or P7 (B).
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Figure 3. Specific DNA sequences that P7 bound. M:
DNA ladder; lane 1: rnhA.

P74 55456 KIGHT R DN A il 1Y 5 36 R 7 51
KA # A DNAK il o
2.4 P KIGITEDNAR HIFIDNAGEE A
RERREHZE W
FEEEDNAZ TR IIRE A B, RS EER
G55 IR IDNAIE & A BT fg, JER R
WS L, F4-ARREPTRERT, i
B8 DNAK MM K EH h ssb. dnaG .
ligBMrnhAFE R FRIRKF- S5 A, HIA
) 5 1 25 1 (P<0.05),  BIP7H2 00 K AT B

DNAR Gl Z A A Fik . PTrmhdf 5
IR KT 22445 . E4BWI/RP7A] DL 2 -
JEIDNAF A1 B A K recA M rec N3 R 32 15 7K F
(P<0.05). P7XIDNAZK il Ffii £ 18 55 3L N ik
MR Hr R, P75 RGFFIADNAMIER, S35
KIGFFRDNAR;, DNAK il 32 2] .
2.5 PTXRKEGFFEDNAFIRNAS BRI

M EI5-ART AL, P75 KA AT BEAE FAS [ 5[]
JEDNA &=/ TR, MP75 KRGF EEH
3.5 h, ZEIEHREE LN R4 I8709.43%, B K
FFRIDNAM & BE L . E5-BR/RP75 K FF#
YEFASRI B[] 5 RNA B 35/ 0 F X IR, P75 K
Fa kT VE 3.5 h, RNAIZEGHE /0 11.87%,
UL KIAFFBERNA 7EP7IT T F & s, H
P7XTRNAG B2 MK F X DNA G B

3 Wb
YL 22 B DN AZE F 75 (b 2 S DNA S

BRI IE AL, Al LR A B RE DA R 32 B 5
M. ParkZ:"F5% % B8 Buforin 11555 K FF 4
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Figure 4. Change in expression level of replicated relative genes (A) and DNA damage repair relative genes (B)

induced by P7. CK: control (sample without peptide treatment). Different lower case letters superscripts indicate

significant difference (P<0.05).
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Figure 5.

Influence on the synthesis of DNA (A) and RNA (B) by P7. CK: control (sample without peptide

treatment). All values are mean+tstandard deviation for triplicate experiments.

JHLJE J 55 0 PN DN A FIRNAZE A, WA T 49 400 i
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DNAIZEE/ T R, PT45 & IE4f A KB #
DNA XURGEL5H T, i3 DNA x5 If &
ARG AR . PR AR AT PTX K
FF TR A0 M SR B s, S5 5 R, P7AYALER T
Z 1 KT v 20 s B e S, Ui PTX K A AT
B AP FHJEESH . i SHIEDNARY & HI), B
P ZE G . 1A KT B I 41 DN A5 +-BH A%
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Uyterhoeven5"” iz AU AL 10 0 Mt
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BIPT G PE 5 HAE S DNAM G, Buforin [T 5DNA
PRI EE A AMUAEEAE R S R S|, (R
JERC P B 0 5 A DA S 2 DNABRZUZE 4
ARWFF KB, P7i RS S KT A
rnhAJTH, SEWARGFF IDNARYE G, AT & 44
PR TR

] A 4 TR JE A TR AL S 0 o T AR T A
20 0 5 AR A RN A R BB AR o TR R RT E a
THFR S s AR M RN A5 A% T SR, els
R AE AR, AR . 7RI I K
FLIRI A R B AL 53 )22 AP R K Temporin LA 2 3
IS, aureus 4R HOBEVE ST F VraSR [ 5 KR
IR S B BT R K Cecropin A, fHE. colidmt
AR Z AR R B EE, (HiX 5L 1 AR
ARFETFE. colitfe 835, . BBEMAINE T
FE PRI S K BRI s SR 5O E FEPCR 4y
BrP7XE I AT PR DN AR il 3 PR 38 19 5 i) ik 7w
P7{Hi rnhASE R kK V-0 2 F 22445, [FRt S
5K HRDNAE HIAH R ssb . dnaG. dnaBHI
ligBIE R IR K- 2 T I#(P<0.05) KIAFF R TE
DNASZ #I| 7™ 5 11 75 8 % DNAS il 2 452 B0 1
O, AR R R e B AR S AT R, &
Ja51SOSE K . SubbalakshmiZEAF5E A3, HA
DNAZES TG A Indolicidin, #IHIDNA . RNAFI
BEA B, BH LR 405> 2O S DN AR 47 1Y
SOSIBEE (F 2 ™. PT2E A KA FF 4G 5
DNA/EHi& BDNAZS 14 ()22 (L FIDNA K i DI RERY
MR, BEV5EDNA#IM . BR T 9a i KA AT &
DNAK il 5530 #& 19 24 s il o (4 i) B IR 3=
KRR EASN, d 5 E KT EDNA i1
W recAMIrecNA R B 3% F#(P<0.05). AR FLA#
1) 240 O P9 355 B 7 Ik Indolicidin™ ' # Lactoferricin
B, fE AT AU E DNAK & R E L, B
S A0 R DNARI A o T FRAT AT A E 52 L
Jil N DNA K #EBR B9 4T B BRP 7R (I K A T TR DN A

RNAME o

AT 538 3 % P70 KA T B 14 o3 AL 7
GIRTRBL, PTEEE KIAT R A A AR A A 240 i A S
LIIDNALZS G, Hxdfi ADNAXURTESS F4 Y 57 7K
X, BAEDNAZER), P7T5DNAFHIRZE FE5 &
3 DNARIE # A= BRI REZ B RE A, FE 175 M0 K
AR R 5 AR I . P7RRSF &S BrnhAJF 515
25 K IGFF R DNALK Hil A7 G 1 5 PR ) 2R 3A 7K
WE T, DNABIEEFEN W3 Fi, FEIR
AT RIDNAFIRNAR G 1. ZHAEHEE R T2
KIGFT TR A R A BET
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Non-membrane mechanisms of antimicrobial peptide P7 against
Escherichia coli

Xuan Chen, Lirong Li’

Yunnan Institute of Food Safety, Kunming University of Science and Technology, Kunming 650500, Yunnan Province, China

Abstract: [Objective] The molecular mechanism of antimicrobial peptide P7 against Escherichia coli was studied.
[Methods] The binding mode between P7 and DNA was analyzed through fluorescence spectroscopy of P7 binding
with E. coli genome DNA. The effects of P7 on E. coli cell cycle were determined through flow cytometry. Magnetic
beads coupled with peptide were ussed to enrich peptide DNA-binding fragments, and PCR methods were used to
analyze specific DNA to which P7 bound with. The influence of P7 on the gene expression levels of DNA replication
and SOS damage and repair was analyzed through quantitative real-time PCR. The effects of P7 on E. coli DNA and
RNA synthesis were analyzed according to the fluorescence spectra of nuclear stains. [Results] P7 intercalated into
the base pairs of E. coli genomic DNA and then formed peptide-DNA complexes. As a result, the fluorescence
intensity of the EB-DNA complex decreased. P7 could significantly increase the number of E. coli cells in phase S.
The effect of P7 on normal E. coli cell cycle could significantly inhibit the DNA replication of E. coli. The binding of
P7 with rnhA4 down-regulated the gene expression level by 2.24 times. The gene expression levels of ssb, dnaG, ligB,
and rnhA that participated in E. coli DNA replication significantly decreased, and the gene expression levels of recA
and recN in DNA damage and repair were significantly up-regulated under the effect of P7. P7 reduced E. coli DNA
and RNA synthesis. [Conclusion] P7 also bound with rnhA. This binding resulted in DNA damage and inhibition of
DNA replication of E. coli. P7 down-regulated the gene expression level of DNA replication, and the gene expression

levels of DNA damage and repair were significantly up regulated. P7 reduced DNA and RNA synthesis of E. coli.
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