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ABSTRACT Objective: To analyze the inhibition effects of antimicrobial peptide human B defensin 3 (hBD3) against Pseu-
domonas aeruginosa PAO-1. Methods: Antimicrobial peptide hBD3 was synthesized. The direct inhibition on PAO-1 was detected with
the MIC (minimal inhibitory concentration) test, antibacterial activity test and the analysis on some important functional genes. The pep-
tide was combined with azithromycin, tetracycline, rifampin, chloramphenicol, streptomycin, and ciprofloxacin for the effect on antibiotic
MIC values. Results: The MIC of hBD3 against PAO-1 is 32 p.g/mL, the bactericidal activity was observed while the hBD3 concentration
as high as 8 pg/mL. The peptide hBD3 can improve the expression of ahpF and reduce the expression of aprA and rhIR. When 5 pg/mL
peptide was added, the MIC values against PAO1 of tetracycline, rifampicin, chloramphenicol, streptomycin were dropped down. Con-
clusions: There is considerable bactericidal activity of antimicrobial peptide hBD3 against P. aeruginosa PAO1.
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inhibitory concentration, MIC) F¥5400, SRARTTEPTEE I hBD3
FH T 18 6} A A1 B PR R R P A 7 o

1 R 575

1.1 ##

HALRAR BRI P R % PAOT F A SEB0 (A7 . HLPA K hBD3
R A R R A R AR, 2K 45 MR, T
& GIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRK-
CCRRKK., i MH 37 & IR A LA Rk 5
R 40 RNA 4 | S % 5% JOE & PCR R &5 11
H RARA & ;96 FLATMIIE F-AR I [ BD Al ;5856 E it PCR &
NiFE ABI 7500 FAST {4 2% (32 ABI A A]) 147,

1.2 HiE

1.2.1 $HE Ak hBD3 AR EME PAOL B IMIE XK
MIC 5 B, 32 FROBS BE R R 3  7E 96 FLARMIRE 3245 1=, 1]
KFIEFE AN (MH) R BURAERY hBD3 2 256,128 .64,
32.16.8.4.2.1.0.5 pg/mL B SE, AFL 100 L, FRER i By 1
27 [CIURE A SR SR IT PAOT F MH (R FR B 100 £, 4551

JIA 100 L, iXkE, &FLAY hBD3 B2 B 4351k 128 64,32,
16.8.4.2.1.0.5.0.25 pg/mL, ¥ 96 LA TR E T 37 C %
B 18 /NI, B AR A LR EA MR . IR A A K1
£/ hBD3 ¥ B {4 hBD3 %f PAO1 ) MIC {H.
TEE R AW kb, ¥t i35 1 PAOL A =

10° CFU/mML Y& J¥ 5 , 40 & 6 DI04, M4 3 mL, 437
A hBD3 B ELHKEEHR 0.4.8.16.32 .64 pg/mL, HT 37 CHg
B3 /N 3 LA A R T A A A DN 45 S A 174 T AT e
B o
1.2.2 $iE Rk hBD3 RSB LA E PAOl EEINBEERERIE

ORI OREETEEESFRAY PAOTL M E 10° CFU/mL 5, N
A hBD3 HZEZMRE N 10 pg/mL, & T 37 CHEE 3 /N, flife
H mRNA, L) 16stDNA £ 5, ST E & PCR(Q-PCR)
B A A CT J7 3 & i 43 BF 47 2% 8 5 i 5§ PAO1 [ ahpF |
pa3187 .aprA rhIR Al rpoS N FYFIAIEM, AKX LI
ZHFTRR / XHIR R A R =222T, RNA #i# 5 5 & Q-PCR
g 35 HR AR A w1 7RI e B 45 B ABI 7500 FAST {3 253158 B
Bl 7o

x| AR BREMEMANSIYEFTI

Table 1 Primer sequences used in P. aeruginosa

%' N S1YF5 KBt
No. Gene Primer sequences Sources
P1 16s tIDNA TCGTGTCGTGAGATGTTGGGTTA &
P2 GGTTTCGCTGCCCTTTGTATTGT
P3 ahpF ACCCAGTTGAAGGCCTACCT &1
P4 AGGGTGATCTTGTCGGTCAG
P5 pa3187 AGTCGACCCTGATGAACTGC e
P6 GTACAGGGCGTAGGACTGGA
P7 aprA CGGGGCGGGGACGAATTGGT &
P8 GGGCCTGCTGCTGCGCGGAA
P9 rpoS CGATCATCCGCTTCCGACCAG B8
P10 CTCCCCGGGCAACTCCAAAAG
P11 rhIR CTCAGGATGATGGCGATTTC &
P12 AATTTGCTCAGCGTGCTTTC

1.2.3 HiE Rk hBD3 {EF TSR EME PAOL 4 & MIC

9% EH LRAHR RO R BRI, KT PAOT X4
R AER R E FIET ESR HER AR EN
MIC {520 . Rl 704 1 22 G EE 9 PAOL F5 ¢ 100 58T, 5
YE—Z M AR ML hBD3 i 5 B i) hBD3 ¥k 10 pg/mL,
RIBLEA K hBD3 [ e 2B U EE 5 pe/mL o #4 96 FLANME S5
WET 37 CHEE 18 /N, WAL ILESAME ALK, L
i€ PLEA K hBD3 1F H FHI SR T PAOL Z )5, HoxdHiA:
Z MIC B2 .
1.3 SGitEHiE

PIRATE 3 R kA I B xR R MIC BRI H#EAT 3

UM 256, IS 45 R P (ARt 22 , & ] SPSS17.0 3
TG00, SIS 020 ) 770 TR TR o LR H ¢ 436
P<0.05 S EFH G2 Lo
2 R

2.1 $UHE AL hBD3 33 A4 R LM BRI EEH

ik MH R B A5 B Ik hBD3 i 4 41 5 B 7
PAOL ) MIC 2 32 pg/mL, 7ERSE BRI 5, 24
hBD3 2k 35 31| 8 pg/mL B, 3 /A5 A9 7 i B S5 0 R 2
BEMEZEF(P<0.05), 1WA 1,
2.2 HUEAK hBD3 3R B EME PAOl ENEEEERFFKIX

AL Q-PCR S AR FRALC CT ) -5 FFa 3 PR (A 0 5 ik
Ht, LU 16sTDNA JER g Py 2, A3l Sl ek ik / % AL %
P20, JELUSIIO MK L / XAk R AR T 2
HIHFE L LI NT 0.5 HIRHFE B E T, 2558055
ik hBD3 {if ahpF #9335 B, i aprA A1 thIR f9335 FH;
F pa3187 Fl tpoS Fik MM i35, W3 2. 4% Rl L i1
FL PCR 45 R LA 2,
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Fig.1 In vitro bactericidal test of antimicrobial hBD3 against P. aeruginosa
PAO1
iE: CFUmML; BEAEERA LN ;*, 53T RAMLL P<0.05,
Note: CFU/ml, colony formation unit per ml; *, P value < 0.05 compared

with control.

2.3 HiE Rk hBD3 fEA T &R R A E PAOL X 4EE MIC

MH {45 A 7 F B MIC A 45 50 7%, R 20 (B i 7
PAOL X5 2 PUHZ FIRE AHE HHZ HHDE
ff) MIC 43 5 4y 8.32.64.32.8 il 4 pg/mL. 4 il At B Jik
hBD3 EZH i 5 pg/mL i, B2 1) MIC {H3% A oh2s , DY
W AT AR R YRR MIC 4851 1.4.8,
1 #1 1 pg/mL,

3 e

SR BT 2 A0 T SRS A B it R
i, B R REEE I A F7 o M 7E R B, 24
S SBT  BE B g , i D) A AR S e | ICU R B
5 B SR A T I M 1 A o A )
B~ PRI i 5 R E) M52 5 M HE A T 02 25 0 0
LAV 1 A s 5 AR TR W L % 22 i 1 250 7 A T 2

*® 2 AR AME R ahpF.pa3 187 aprA rpoS 1 rhIR EERAER
Table 2 Expression of ahpF, pa3187, aprA, rpoS, rhIR genes in P. aeruginosa

GioalllE= 0]
ahpF pa3187 aprA rpoS rhIR
Detected gene
SXF IR FA A L (E
Ratio compared to 5.633% 1.6561 0.613% 0.249 0.200+ 0.278] 1.470% 0.453 0.186% 0.217]

control

L EXT 2 FIARERE R, BENT 05 HIARZEZ T,

Note: Gene expression was significant improved when the ratio > 2 and reduced when the ratio <0.5.
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Fig.2 PCR electrophoresis for detected genes of P. aeruginosa
i :M, 100bp marker; 1, 16stDNA; 2, ahpF; 3, pa3187; 4, aprA; 5, rpoS; 6,
rhiR,
Note: M, 100bp marker; 1, 16stDNA; 2, ahpF; 3, pa3187; 4, aprA; 5, rpoS;
6, rhiR.

X FHUR KA A AE A5, HRira PR EZ0
R 2RISR, i TP AR R AR A PR, SEaE 5
SN R BRI AN HS s (A DRI R T hiAE R
HAAIE A 22 3L R g R B MIC a2 U2, 2RS4 518 X
BT R XL Ik hBD3 4 4% R 5 i & PAOL AOAE AT T
K, 45 5 % BRI Ik hBD3 % PAO1 fit) MIC 2y 32 pg/mL, ifif
16 3 /NIRRT, 8 wg/mL 9 hBD3 % PAOL O\ 44 i 2
FIARTEVEH o 3% — &5 48R J6 i R T 8 A e MIC 52 34

AR K ERE TP , A0 BRI S AN PP bR o

AHIE TR I T 5 2% ik H L 7 ahpF \pa3187 .aprA .rpoS Fl
thIR JEPRIAYIA T Hirh ahpF 244 S0 i 1 8 A N DTy
A EZIEA JB T oxyR-recG #YL T B , S5 Gt boe i
AR, R A B S A T AL LT B AT DNA &
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A 51852 0 AprA Sl it 25 11 , 2 H 2B P ML TR ) 25
BTz —, ImT R EAMAE AR R M. PR R
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BB TR ) A SR8 4 PR, LA TR A ] 5 0 o {1 P o o 2
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rhiIR PR A 2838 i o DA o A S BT A 00 JBEF) T ok 41
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41, pa3187 gifithit) ABC iz 245 8 F T B B R 701 #1757 IR
%3z 5tpoS ihh RNA R, 740 TH RNA 5 B A= W) AL 1
TR FEEEAE AU B K hBD3 X i3k 7 S R OG B
P B A —E
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