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GCATCATC-3', Fii#: 5'-CGCTGGCCCATACGCT
CGAGC-3)#HTHV%& PCR X 7%, Fge:
SERTGYE, AJCT5 FOo A R LA 15%Hl-80 °C
PEATARAF o AEARTIESE Q2R S R ik 5 A 1 %
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~A(1)

R

1.10 AW Bl &

J T SRR TR BT R R TE AR SR T
TE A VIR RE T, TR 5 A5k gk o R
Ji 3 TR AR FIATE 245 Tk A W I U 8RB ) DA K hin 24
Qb P A= P BT 8RR 5 T 2o B AT T 2 s DR e
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ATCC27853 HATHEAL 30 U5 , ZRMeAF I ATCC27853
XFE RN MIC B#H IS &, B2 80 fUF "4
FREMPLATAR(R 1o B IEEEREY, Sk
WHESL Y R 18R, R IMEAT R ATCC27853 7£
A e XS % R IEA BT 21
2.2 PightaE g

PONSCEE - PR 7/ B 7 S = 3/ S o
ATCC27853-88-2 Hi itk , 7E 02 MH 7557
S ESALAR 10 WIEXTE R MIC {HH B A8
b, a5 RF WP % R NRFF I ATCC27853-88-2
ey thiskase ; (Hl 10 AR 2R, MIC {HA
FEAR A Fa A

=1
Table 1.

ERENRIKATE

2.3 REXHIAHEER

231 HHEAYMARER: NR2TLUES, 5§
JRIRTERRAI LG, T RABXTEREAF I ATCC27853
HEDE AR AN, BERA T R
e itk SRR . KA %
KitH % B Z 38038 Xhi gtk

1 2 3 4 5 6 M bp
2000

— 1000
— 750
— 500

—250
— 100

400 bp

1. FRHAE ATCC27853 IF S HIFRE % PCR

Figure 1. Colony PCR of P. aeruginosa ATCC27853
before and after induction. M: DL 2000 DNA marker; 1:
P. aeruginosa original strain; 2,3: P. aeruginosa 82-1;
4,5: P aeruginosa 88-2; 6: Control group (sterile
water).

FSRIE MIC B L
MIC comparison of tachyplesin-I for strains (pg/mL)

Strains Trial treatment

Generations

MIC range of Tachyplesin 1 concentration

tachyplesin I/(ng/mL)  during induction/(ug/mL)
P aeruginosa ATCC27853 Original strain 0 5 0
Trial induction groupl 31-1 20-30 10
42-1 20 15
60-1 20 20
77-1 3040 25
82-1 40 30
Trial induction group2  31-2 20-30 10
41-2 20 15
71-2 40 20
88-2 >80 30
Control group 33 10 0
43 10 0
59 10 0
88 15 0

The resistant strain naming was based on the strain name and the transfer generation, for example 88 serial transfers P. aeruginosa
ATCC27853 resistant strains was named for P. aeruginosa ATCC27853-88-2 resistant strain, which strain was as the following trial

strain.

http://journals.im.ac.cn/actamicrocn
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#2. FERFESSHEM/LMREAMAENE

Table 2.

Antimicrobial susceptibility determination of P. aeruginosa before and after induction

P. aeruginosa ATCC27853-88-2 resistant strain

P. aeruginosa ATCC27853 original strain

Antimicrobial agents — -
& Inhibitory zone diameter/mm

Judgement result

Inhibitory zone diameter/mm Judgement result

Cefoperazone 28.5+0.5 Susceptible 28.240.2 Susceptible
Polymyxin B 16.0+0.3 Susceptible 12.8+0.2 Susceptible
Ofloxacin 29.25+1.20 Susceptible 31.14£0.6 Susceptible
Amikacin 12.754+0.60 Resistant 23.24+0.2 Susceptible

232 PIEKHHIZH PR MIC Ul PRI ARATIE T DL A A g AU, FATTR Ay

M 3 AT, 3X 4 FhAb2s G BT B Sk ik
FFE ATCC27853 J5UR IR A SR M 22 B R, 5
R M MIC [EA L, B RIFEIEZLYERK tachyplesin
111 F1 polyphemusin 1 X £ fAT B A8 BEUBME B AR .
ISR T RAH L, 2RI T ATCC27853-88-2 %3
Bt 25 1 Fk X pexiganan . tachyplesin III Al
polyphemusin I YU W AR, JUIHE XS
pexiganan HUEE K L 45 R KB, %2 5 pexiganan ,
tachyplesin III Al polyphemusin I 2 [B]f£7EAS ]2
JE 158 XAk .

2.4 B
N T BT AT ATCC27853 X # 2 ¥i2h

ARERIE . WFR 4 RalLIEH, ST R
ATCC27853 i 24 MR AL o2y K F2 5 i A= KA O
BF AR TR B E R S, (H SR R A K R A s
R MES B E MRS, PrimtkmE
KB R AL T X5 BRI BRI 45 2R 3R B 4 A R
ATCC27853-88 4 R HL 2 WKL L2 IR B T 2 DA
JEA SEA A R A KA Y . BIEAZEN T, #t
2l TR AR 1 A K 3 B S R Y B B R 4
VLIS IEAT 7 ATCC27853 Hi 2 Bk REIE N — 5E
2R UK P PR
2.5 SERFFEHIZAREIE RAME B EHE R
HE 2 AT, SEIRFT I ATCC2785388-2 #1i %

% 3. Pexiganan FIE KX RE ¥ ATCC27853 IS8 fm MIC LLE

Table 3. MICs of other antibacterial peptides for induction strains (ug/mL)
. MIC
Strains - - - -
Tachyplesin I Pexiganan Tachyplesin III Polyphemusin I
P. aeruginosa original strain 5 15 50 45
P. aeruginosa-88-2 resistant strain 100 120 > 165 > 165

*4. ZERHERARKINBEREALEREREPFHERKNE

Table 4. Growth of control and resistant strains in unsupplemented or containing tachyplesin I medium

MH(B) medium 2.5 pg/mL tachyplesin I 5.0 ug/mL tachyplesin I
g;“r;t:ter P, aeruginosa -88-2 P, aeruginosa P aeruginosa-88-2 P aeruginosa P. aeruginosa-88-2 P aeruginosa
resistant strain control strain resistant strain control strain resistant strain control strain
K 1.3925 1.4755 1.4065 1.1760 1.3380 0.1140
Vinax 0.4775 0.2270 0.4470 0.4520 0.3600 0.0350
lag(h) 13 6 13 22 14 37

K: maximum absorbance; ¥y, Maximum rate of increase in absorbance (h™'); lag: lag phase (h).

actamicro@im.ac.cn
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L4+ o P. aeruginosa-88-2 resistant strain

121 BP. aeruginosa original strain
’ T

1.0
0.8

0.6
0.4+
0.2+
0.0 L L :
12 18
t/h

B 2. ZEMEREERMTAEKRARIE IR E R
s EREEENE

Extracellular protease activities of P

Diameter of clear zone/cm

24

Figure 2.
aeruginosa resistant and original strains at different
time incubation (M£SD).

2R AR WA 1) I AN B RO P D T R
, FEAREIRIS R SE R, JEHAE 24 h SN
PG P22 50 B A R R W SR IRAT IR 0 K
AL R RE S EURANE AU BEE TR L, E

S A5 0 2 R BT DA TG MR i — D IR
2.6 SRERATEDIZIETE KB LIERN BRI
PR
H1Z2 5 AI%, SaRIRAF IR R AR T R 4 i I
TR L, SR RAT T ATCC27853 88-2 il W
EPURTEHE AR, fe R R AT T
P & BT R M N 7 e E(0)
SN FERIREAR T R PR T
2.7 SERFFEHIAREIE KB HIEW SDS-PAGE
N TRV 25 T AR R RO L AR B2
JEAr I E A R, RAT BT 2T
JE R B AT T SDS-PAGE., i I i E
FEIE R 3-A A1, SEIMFT I ATCC27853 J5iR TR
BRI ATCC27853 88-2 i SHiZh itk A A
SIS 25 5, BRI TR 88-2 B2l SRR Y

x5 ABEEHERSERES ShREEEE

Table 5. Effects of tachyplesin I treatment with culture filtrates of P. aeruginosa strain for 5 h on antibacterial activity

Treatment MIC/(pg/mL) Inhibition rate/%
Culture filtrates of P. aeruginosa original strain+tachyplesin I 10<MIC<20 53.2%<P<69.8%
Culture filtrates of P. aeruginosa-88-2 resistant straon-+tachyplesin I MIC>40 -
Medium+tachyplesin [ 5<MIC<10 41%<P<92%

— shows no inhibition rate.

A kpa M 1 2 3

662 — I‘ |

43.0— &

B 3. LR HEIMARTER SDS-PAGE &

Figure 3.

SDS-PAGE analysis of P. aeruginosa before and after induction. A: Analysis of culture filtrates protein

in P. aeruginosa resistant and control strains. M: Low molecular weight protein marker (14.4-97.4 kDa); lanes 1,2:
P aeruginosa ATCC27853 88-2; lanes 3,4: P. aeruginosa ATCC27853. B: Analysis of extracellular proteases in P.
aeruginosa induction strains. Lane 1: P. aeruginosa ATCC27853; lane 2: P. aeruginosa ATCC27853 88-2.

http://journals.im.ac.cn/actamicrocn
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AT R 2 TEMFT I ATCC27853 iR
BRo AN (RS R 3-B R, SR ORF R
ATCC27853-88 #7124 Pl MR A J5 s 11 R 430k 1) B 471
TR 1 B S L D R TR AR G e L B R 3 R S
55 DA B A0 AR 9 G 5 1T BE R SR IR B A
Ptk R Z —
2.8 AYIRTIE BAME

WE 4 Fros, EMHEINSET, SRR
ZyRtk ATCC27853 88-2 % J5UlA MR A Wy i)™
W, CEIIPLZY AR E S IE UAE IR . TS )k
% A PEWIRN I RE 36 h S, X TR S R
A AN TRIRR B s /b B ok B AR =X, (A SR HeAT
R AR THARAE 5 pg/mL % R AL PR 5 i 25 R AR
ML Hk ATCC27853 88-2 F&MEA &, 14
RFEM 5 pg/mL ¥ B (MIC) Y % & BED I S AT 2
TR TR AR AE IR B, (AR B2 T bk 88-2 2B )
HE AR TR J A i A 55
2.9 RERAFR KIS ZHERI AR AL

WE s Fros, kR AR 1 I A SR AT TR

O P. aeruginosa original strain
B P. aeruginosa-88-2 resistant strain

2.264
55| _J_ 1.984 1.908
1.822 _L
200 T 1.562 _L
215
S
1.0}
05} 0.255
0.0
0 2.5 5.0

¢ (Tachyplesin [ )/(ug/mL)

Bl 4. EFMRKTEREERFAMAEK 88-2 £1)
P T B B 22 i)

Figure 4. Effect of tachyplesin on biofilm formation
of P. aeruginosa original and resistant strains (M+SD).

actamicro@im.ac.cn

0.008
0.007 | {
~ 0.006 [

£ 0.005}

E 0.004}

5 0.003}
o=
(@]

S 0.002
0.001 -

Extracellular polysaccharide
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Figure 5. Extracellular polysaccharide content of P.

aeruginosa original and resistant strains (M+SD).
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TEADITEF, SRMAT R —Fh A -F LA
PEPERG IR, Bl BE B MIFRAH ) S5 g Y T 22
IR Z—, TR Z TR, 1k
IRGUSHIRTT A B R B AL X 5
FE AP, 23 ™ H TR R R Y T BB
W Z—, HME R A R BRI AR IR A
A7 3 2R B — SO DA OO S AT TR A ARG 400 1)
VERTAN LL-37 | % 28 A <5 PRl w412 B BRUe 25 1
Ik (BF)3 .

TEABETE R, UESE T Zad 2 = 2515 )
HRECRT 30 105, SMEITE ATCC27853 7Efk
SMBBEXS R AL BT P . TR IR AR T Bk
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MFF R CGMCC1.260 (T 60 188 ) AL H X 4
RPUTE . AP E XU AR A8 ST 2 P
IR, S5AR B, A Sehi b v R S5 TR X R U
A TR FATL A AR AL A M e IS T R AL AR T
BT IR REF= B BU 2 e AR
TA S5 AL UE ] T S AT 18 2 R HU 25 28 B AR TR g
e ARR X A [T 952 B AN [ A Y5 R B B R RN R 25 40
MBUSME . SR, RTERE TR 22 Xt
PRI AN TS 2 o AR AT A PIBIETY, FRATTHEN
A RE RS PO R A T KO I EAE )
TV B S LR 375 P R S R BT T R R Y 2R B
o B A, BRI BLEIAT R — 2 B
Habets %51V U0 & BLAN BB B K= 2E B 25
A AT BEREARPLIAR B B R [ A S ge R, JE XL
FH T SoAG AR KR . S8 F LA B RFsR$R, FRAT)
I 7E AR B 5 o Al ) S AT T R 5 A
Rk AR TR K A 2 U At B TR A B R
PUAER T AP IER AT RE, IEs A i —
P2 NN

HEHEFIA SRR, MEESSERIK
B2, S0 BEAELL, 15 S 2wtk
7E CN BUAR AR FAR R, WO AL A SE 4
FPAEGMRER IR M A 2R, AR RIE SR
PRSI 2 . BB A I i A T —E
MARAE . FEASBIFGY Hh ik & B Ak MR DA B 24 TR Ak A
TC2 B B A K Y S T I P 2 AR
P45 S 5T R GE 1) 78 T 2 1 3% 35 v 5 0] BT
FALE, U2 B R 246 2 TE A (R B ) F 2 1 5
B — H5Z P46 52 il AN Z s A — 3P
2, DU KT 251 T Rl o AR AR AR AR K
R FEARE ™ A B A AT

L B ZIF S 2 AT D 32 038 3 LT JLAR SR
W HCHTHL T K A9 VE P+ 440 o 8 v 8 0 2 7 7R K
MG aE A, REOIRES . 25 11 R i K fg e
K, SMNHEZE A ROE B e AR RE, A=Y
TERGAERO 2 A e A TR 3 ) B 1A 1 R ok
HhRETE ERTR . UNSRBRFT BT . FEMABR B A 4
04 75 Bk TR 22 35 1 i A0 2K 11 T8 RE 5 B i A i1k
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Characteristics and resistance of tachyplesin-I resistance in
Pseudomonas aeruginosa

Jun Hong#*, Jianye Hu", Kun Liu, Chaohua Wang, Chunyun Zhou, Kunmin Yan,
Shuangshuang Gao

College of Life Science and Engineering, Henan University of Urban Construction, Pingdingshan 467036, Henan Province, China

Abstract: [Objective] To explore the safety of tachyplesin I as an antibacterial drug for wide clinical application,
we induced Pseudomonas aeruginosa resistance to tachyplesin 1 and studied the preliminary resistance
mechanisms, which may provide theoretical basis for the widely application of tachyplesin-I. [Methods] First, we
induced P. aeruginosa resistance to tachyplesin I using continuously increasing concentration selection pressure and
monitored bacterial resistance. Second, we studied the stability, cross-resistance and cost of resistance of resistant
strain. Last, we investigated the potential role of extracellular proteases, extracellular polysaccharide content and
biofilm formation in the resistance mechanism. [Results] After more than 30 serial transfers in P. aeruginosa
ATCC27853 under increasing concentrations of tachyplesin I selection, the MIC values for P. aeruginosa was
gradually increased, whereas high resistance to tachyplesin I was produced until 80 serial transfers. P. aeruginosa
ATCC27853 showed resistance to tachyplesin I under long-term, continuously increasing concentration selection
pressure. Cross-resistances between tachyplesin I, amikacin and other antimicrobial peptides (pexiganan,
tachyplesin I1I, and polyphemusin I) were observed in resistant mutant. Our resistant strain displayed a substantial
cost of resistance mainly in the form of a much longer lag phase in the absence of tachyplesin I in P. aeruginosa,
whereas in the presence of tachyplesin I, resistant strain had a shorter lag phase and greater growth rate. The
resistant strain P. aeruginosa ATCC27853-88-2 exhibited increased levels of extracellular proteolytic activity and
reduced the antimicrobial activity of tachyplesin I. Under the same conditions, extracellular polysaccharide content
of the resistant strain was higher, more easily to form biofilm than the original strain. [Conclusion] We demonstrate
that long-term continuous exposure to high concentrations of tachyplesin I can induce resistance in P. aeruginosa
ATCC27853 and the potential involvement of extracellular protease and biofilm formation in mediating this

resistance.
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(R RBET)

Supported by the National Natural Science Foundation of China (31540060), by the Key Scientific Research Project from
Henan Provincial Higher School of China (12A180001) and by the Research Ability to Enhance Engineering Projects of Henan
University of Urban Construction (2016QY016)

*These authors contributed equally to this work.

"Corresponding author. E-mail: hongjun@hncj.edu.cn

Received: 6 November 2017; Revised: 26 December 2017; Published online: 18 January 2018

actamicro@im.ac.cn



