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Antibacterial peptides buforin II analogues on bacteria by
inhibition of DNA synthesis
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JiangNan University, Wuxi 214122; 2 School of Life Science and Technology,
Southwest University for Nationalities, Chengdu 610041)

Abstract  Objective To study the intracellular action of analogues buforin II-A (BF2-A) and buforin II-B
(BF2-B) of the antimicrobial peptide buforin II on bacteria. Methods In vitro, the bond of genomic DNA with
BF2-A/BF2-B and the change of DNA structure after the binding was investigated with atomic force microscope (AFM)
and fluorescence spectra respectively, and the competitive intercalation of BF2-A/BF2-B and ethidium bromide (EB)
into genomic DNA were analyzed by fluorescence spectra. In vivo, transmission electron microscope (TEM) observed
the cell membrane ultrastructure of Staphylococcus aureus treated by BF2-A/BF2-B. Then flow cytometry analyzed
the change of bacterial cell cycle after treated by BF2-A/BF2-B. Finally, binding action between peptide and genes
related to DNA synthesis that was harvested by PCR were researched by gel retardation assay. Results BF2-A/
BF2-B bond to DNA. Both the peptides could weaken the fluorescence intensity of EB-DNA complex. BF2-A/BF2-B
penetrated into cell without destroying the cell membrane. Bacterial cell cycle after interactions of BF2-A/BF2-B
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with bacteria specifically changed and BF2-A/BF2-B binded with key genes. Besides, all the experiments showed that

BF2-B was stronger than BF2-A in the DNA-binding, membrane penetration and blocking the cell cycle. Conclusion

BF2-A/BF2-B penetrated into bacteria, and block DNA synthesis phase of cell cycle of bacteria by binding to genes
related to DNA synthesis specifically. Above effects of BF2-B are better than BF2-A.

Key words

PR IR O A 0T 40 TR R L B A )32 B
R AT, SR TR KBRS . 2 F
U KR IE H bR E D LS, A PR s, —Fh
T, SRR BE T T T s A A B I TR B T
Re T ol e mUm AR BN . 7 —FilRest, 4t
RIDR AT fi 8 o 0 L A B e N0 T, &5 3R S
PN oy 7 b, THeEAIm R shae. Har, A
—UOHRAE PR, PUR KT DL gl I H AE T DNAY
RNASKINFI A & 14K . G0, tachyplesin T#%ilE W4
F T DNAUEE 1) /N A R N rp v 40 B IR- 11K
BN FE S ARG % RO R H3 TRah #6312, 43
B 4 U i buforin 11, B%IF B 1] LA 5 K gk
75 B IDNAFIRNAZE 58, H H 5T e AT 2 12,
PP N 4 B4 PN 2 75 4 5 | B BE LU DN A X 3,
B S P 1 5 RS A B 0 B AR B HLRE I AR L . Ak, 3k
115 7 P Nbuforin II(BF2))2R14, buforin II-
A(BF2-A)(RAGLQFPVGRVHRLLRK)AHlIbuforin II-
B(BF2-B)(RAGLQFPVGRLLRRLLRRLLR). #F5%iE
B, 3K PR N TR TG V8 e o) o 22 B 1 3 2 B e T 3 R
H e BEIRBF2 58 4F (A0 R 5 PR, WP IR R
T H 5 K735 A5 BFIDNA S5 & i il i BEBSICAS S 56 %
(IBF2-A/BF2-BIkJE Z % 1if \NWETTEE ). 2T e
NG AN G, TERA S DNAZ SIS X455
i 0T 4 B JE T 5 1 A DA SR

AT S #EBF2- A/BF2-BYEAR AN 5 45 3 (0 48] 24
BRI AIDNAZ & K46 07 Ko RGBS s
1 52 U IKBF2-A/BF2-B & 75 47 Rk N 4 0 (6,45 45 Bk
WP, WAl AW 58 BF2-A/BF2-BH fir T 43
075 28 BR A 40 M R B WA I B, SRS S UEBF2-A/
BF2-B 2 1 of 5 AH I R 1) 46 45 1T e 2 (1) BELS T 4
JH I — B 3 IR S R
1
1.1

7 WETH-7000 80 (H A H LA A J5
T BB (AR R AR AR A IR AR 26t
fE1H650-60 8 (H A H A F]); i 41 Ml {XFACS
Calibur(3&[EBD A #]).

7L IKBF2-A/BF2-B( H )ik i it 282 B R4

Antibacterial peptide; Intracellular action; Cell cycle; Staphylococcus aureus

A PR FLR [ AR A2 A i, A =95%);
SO A ER R, i WATCC 25923, NS a4
1fs G ORI BRI N 41 DNAH CTABIAOE L, 2
ARy SEIETHRIELA ) /A, =1.89>1.8, TF{ s
3Ky WAL ZEE(EB)IY H AmerscoA H]; PCRETH G
P B 2\ A s 4R R IR R S B e R LR A
Yoy, AR A o prat.
1.2
121 DNA
50pg/mL ) 4 3 (0 25 BR 1 2k [N 40 DN A VS W
TN TR BE PR ARDS), =R 0 5 10min. Kb
JIK-DNA K A4 10uL i Jn 218 e 340 25 1 4 2= BER R,
WiRl45 %, bW mL AN SR, 37C FRE
10min. 95 Jo B il 25 AR i T 57 ) BB 1 A
& AR 0, S5 R 100pm 2%, A
PERRES, AR R 122 10nm, 1 5Z0158N/m
H218N/m, FIHlHR012-115Hz. KB A H AP
21T T AL, W BRI TS B
122 EB DNA

ERE T IMA0. Ilmg/mLIDNAW K 1mL,
100pg/mL EB¥ 151l FF A [RIB6 5 94 (1) 4t
PRSP Tris Qi 3 A s AR A3 2mL o
FH 6 FE A PBSZE i 537 °C TH T /K ¥ Hh 8 s i
H10min, {£550~750nmyt Fl N AT ZOGFIHIE. IR
ZEWE NE =E =5nm, BFORKBIKA=535nm, FEMEA
lemAT JEith
123

55 5% 20 HOY) 1 4 0 6 45 Bk e I PBSHR R 22
10°CFU/mL, JIABUHIKBF2-A/BF2-B, &K N
SXMICH, 37°CH¥ & 20minfl12h. AL )5 )41 B 41 B
FH2.5% P 38 — /22 i 8] 22 The 40 I P 1% R BRI/
E PR E The 1% 2R WU Al e (0 )5 T 2T B
JEWAK, ARG EHAEM RS . ZZ P~ 0. Tmol/LIT
IR IR B 22 L (pH7.4) o D) v FH 1 208 BL A 48 194 il
%, H2%H 2B SR AN AT B IR A e 00, 3 1 3
S5t LB UL S BT A TGS 40 T SR ) &5
124

WAL A 0o 50 A K SO A T A RS B 1 OBCF U/ mL ) AT


zhk
线条

zhk
线条


.192.

Fp AR 22012483 H 453745 531

W, MMABF2-A/BF2-B, K N5xMICH, A,
DATG R AR B 72 3 % 4L 37°C . 150r/minks 97
0.5h. HU R 5L S ImL, 2000r/min 02 3min,
v FIEW, R S rh (pHAE M 7.0)PE53 U0, N
A 1170% L BE 1mL,  4°C [ 3 30min.  FHWFRR L% il
VEBR3UG, NN & ST FHPLA M ImL,  4°C e
B30minjg, AHLAG IR,
125 DNA
(D519 ¥it S PCRIESRAS 42 1 (04 45 BRIRTDNA & 1%
AHOEIE A

N T HE BRI, FATIIE T ) LA DNAA B
AHOCGHELE], 18 i DN ABEIBH A 5256 K 46 iE T BF2-A/
BF2-BHIXJLFAHCEE R 4545 . M GenBankH i $k 5
G O A PR DNA G AR G K. DNAEEREA
WH(gyrA). ZHIEELS T(DnaA). DNAR ARG B
£ (DNA polymerase 111 subunit beta). DNA{E ig B ¥
H(gyrB), Wit IFGAHN P, B 30ng DNATE
FiR, 95°CARME120s)5, %95°CAEME30s, FHMN 514

1B KR IR K 30s, 72°CHE(H30s 1T304 PCRY 1 .
55 )i 72°C ZEff1 10min.
(2)DNA-JIk &5 ki BH i S 56

GEABEMB(5% H I, 10mmol/L Tris-HC1 pHS.0,
Immol/L EDTA, Immol/L DTT, 20mmol/L KCI,
50png/mL BSA)% fi# i B JIKBF2-A/BF2-B. 100ng
FIDNA G BAH KPR 43 51 55400 pg/mL I\ BF2-A Fil
200pg/mLIABF2-BEARIR A, 37 CIHE/KKIFE
10min /5 H172% ) DNA B I &l ik .. FHHUVP
B G RZ A C G R
2
2.1 DNA

Bl 1(a) 2 AR MPUE L IDNAS 7, I K BE
RYIEIADNA 737, BERAEET R, BB, JFH
IRZ A DNABEA TGS, B — PR Rk
R . EI1(b) 2 I A400pug/mL BF2-AJ5 [FIDNA
SR, BB A EN SO IR T W RUE
FIDNAHE EHIRZ XM E BN, B ZRIR

6.7Tnn
6.00nn

5.00m
4.00nn
3.00nn
2.00nn
1.00nn
0.00nn

1 BF2-A/BF2-B5JEK4IDNA 45 &
Fig. 1 AFM image of Staphylococcus aureus (S. aureus) genomic DNA with BF2-A/BF2-B.

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



PR ikbuforin TAT EW) A0 BAZ IR 75 O HLIBIE 5

.193.

LEPI, E (o) & IAA KR EBF2-BJ5 [DNA
o TEIE, fE10pug/mLI (left), 7 LA 2K T
M ZEDNA%BE ; 24400ug/mL(right)i, H-FBF2-B
LiDNAMIBRA S5 A6, DNABE FWL I 5 2 i k4
T TR AN SR AR = 1L (5 D
22 EB DNA

RAK 20 (ethidium bromide, EB)ig&—Ff i & A
Bm e R AR, FA A0 LUK ADNAHER B FE
Z P =P AR . B 5 REEDNAR 456 7 U
PR — i F AR 5 OUEEDNA. R IR 1 A 4
Gy BB HAOEVE A, 2 ik N1 U7 46
ARUEEDNABRIERT 0], MGk TN G, HFim

SRS ENIEA EAER, 235 DNAS G IEBRE
PRGN, LA 5 L i 25 vl G Rk B s
EB-DNAK AW %9675 K L% A7 45 - DNATR YL k)
= HH20~301% . e FIHE S DNAK AR AAE T
I FIAEI, M I E 4 S DNAM &5 &, 90050
JEIRTSS . HHER2AT LA, EB YR58 eRFE g 4E
610nmAt, FEAE A KIHUE ABF2-AFIBF2-B# B A
Wik, 2 eom s i B B, P IS REEBF2-BI)
K B 2 H s KR S KR AR, H610nm# )
600nmf i1
23

MEBIIA. BuJLLEH, S OH%EKE 5BF2-A

435
40 [
33 -
30 L BF2-B
25 —1.0pg/mL
20 ¥ —2 ul}lg)a mL
15 100pg/m
10 —3.200pg/mL
3 —4.400pug/mL
350 600 630 700 750

J/nm

2 PUHIKAEB-DNAK & 1R R 2 9ot i

45
40 lI
35 | ! Q
30 & BF2-A %
25 4 —1.0pgml 32
%{5} —2.100pg/mL %
10 —3.200pg/mL 5
(5; —4.400pgmL
550 600 650 700 750
A/nm
Fig. 2
A B

100nm

100nm

T TR AT IR ) N )
3 BN BT G 0 4 BR R 42 BF2- A(A) MIBF2-
B(B)AL B i 1A 40 B ol 4 K A2
Fig.3 Transmission electron micrographs of S.aureus treated by
BF2-A for 20min (A) BF2-B for 20min (B)
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Fluorescence spectra of the titration of different concentration peptides of BF2-A/BF2-B on EB-DNA solution
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Fig. 4 The cell cycle of normal S.aureus and those treated by BF2-A/BF2-B (SMIC) for 20min by flow cytometry
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Tab.1 Primers of genes related to DNA synthesis

Primer Sequence (5' to 3") Length Annealing Temperature
DnaA sense AATAGCTATGTACTTGTCTAGAGAG
74bp 60°C
antisense ATGAGCATGAATGACGGT
DNA polymerase III subunit beta sense ACGATGTTGAAGGTGGTAGCC 119 60°C
p
antisense TTGCGTTACCGAGTCGTCAC
gyrB sense ATTCTGAAGTGCGTCAAGTTG
86bp 58°C
antisense ACGTGCCGCCATAATACC
gyrA sense CAACGGGTGTGAAAGGTATTAC
127bp 60°C
antisense ACCACGATTTGATAAACGATAGTC

5 6 7 89 10 11 12 Marker

1: BF2-A+DNA{EJEREAIE; 2: BF2-B+DNAfEFERFA W 3L
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A+DNAEERFBIEHL; 11: BF2-B+DNA{LHERFBIIL; 12: DNA{E
JiE BB L AL
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Fig. 5 Gel retardation electrophoresis of genes related to DNA
synthesis binding with BF2-A/BF2-B
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