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#EME T (Pseudomonas aeruginosa: P aeruginosa) (X FE &S @ 3 7 N E CTd 1), ZHIMTHERENEF (multi drug-resistant
Pseudomonas aeruginosa: MDRP) @ L H 2 54 H CIEZ B & 7 o TW 5. IR IEGE ORI 1, elastase, alkaline
protease, ¥}# 3% A, exoenzyme S, pyocyanin, pyoverdine, rthamnolipid, ') REV v #7414 N, ERLHER O 5N T %
EGEULHOFRENTIRGET 5. T4 2L AHMEOEE & P, aeruginosa DIFRIEIN T & OB OB % HEIZ T 572012, &
B A I EFZ O L L C Elastase & Protease 3 X ¥, Pyocyanin (22> C MDRP & non-MDRP [ T [l S % 17 - 72, A
ZeCTHWZERIRE I D P aeruginosa 14Fk1Z MDRP 7k, non-MDRP 78k T 1), JEGIEFEDOFEIMEIZHE-> TA I AL, T3
Hv,yTaTuadxt Y & TS E IR Lok % MDRP, 4 CIZE2 % 7k L 724 % non-MDRP & %23 L 7. Elastase &
Protease 33 £ U, Pyocyanin |3 % 1121, Elastin Congo Red %, Remazol Brilliant Blue-Hide {3: 3 X 0¥ Chloroform % i\ Cill]
E L7z B2, PCREZHCTHED 7 + 5 Lt > v ¥ ZRBIEF OWRH IR OBE %17 - 72. MDRP 2431} 5 Elastase & Pro-
tease B X UFPyocyanin ® 4 C O3 E A non-MDRP |2 LR THE LT L T2 72. MDRP, non-MDRP 3|2 4fED 7 + 5 A &
VY T BIETODNARBIIHER S N e o7z, QSHEERFORIOFEZIT TR, IS OBETOXEHED
EY, B D WIIMOHEHRIEERE O GacA/GacS 1§55 A T 4 % cyclic-di-GMP 7 & 28 SUGBIiE & B LT\ 2 W REMED D
L. RIF3ETlE, P aeruginosa DIRIZ BT 5 ZHTit V041513, Elastase & Protease 18 & U, Pyocyanin O LR OB %2 /R L
TW5,

F—DJ—F
FKNET , MDRP, MViik , 74 94207

1. i

FEMEE  (Pseudomonas aeruginosa: P. aeruginosa) &, 775
LEMEOMRMERE TH 1, WEEN TIIBEHG R, I
e g AEIE 7 &S 2 EREHIC AR 5720, HAIR
RPN EORRE & L TEEHI LTS, P
aeruginosa IEHHEDIHR I, WIRIEFE TH 5 LasA ° LasB
Elastase, ProteaselV, Exotoxin A, Pyocyanin, 2, 3 BI43i  A
7 & (T3SS) T % ExoU, ExoS, ExoT, ExoY X #EiE, 4 &
WELR ELHFOWERFIMKEL T D, Thb OfFEE
T3 EOF R & TN OISR L, WEMEZ %
BTLLEZILNTNE DY,

P. aeruginosa \ 39V T & % BHEH O Protease & FEAE T
A, ENOIE LR EERET L L0, E a7 R
TATY) il IERHERCIIE 2 SSE S5 2. 1
2, Protease (3fg EDfitr—7 7 7% » bt &H T,
I G HAE D AR E 2 5 A T d 2 E R EN T

% 2% Elastase (IREARDO L 7V = AMULICEHEG T 5 &HE
RN F = LR EORBIGEREE T L EHOMEE %
DIRET B 45, F72, P aeruginosa | HFRR DB TH 5 Pyo-
cyanin % A9 5. Pyocyaninid I b2 2 N T HOE TR
ERRC, EEDON Y T — ¥ DR, 73 EOMALA b
L A2 & o TP aeruginosa DEFEIZE L o 72{fil % 52T
Wb, B, A S 72 Pyocyanin (ZIFHERD TRk — 2 A
RFET L2 TRL, %77 7 —=VICEB TR
ZMEOEEZHET 5 Z L H%n viro T/REN TS 9,
INLONFEROFWEI ATy T (LT
QS) ¥ LITIIN D, WERTHEHRAL I bo— L5
AT LKA LT 5. P aeruginosa Tl Las 3 £ U'Rhl D
2ODQSHMAEETH Y, ThTN, 1 - HEIET (lask,
rthll) , R - #{57 (lasR, thiR) 225 ST 5
1 - BETHEWTH % autoinducer SRR IC L ) FhEh
3-0x0-C12-Honoserine lactone (HSL) , C4-HSL 2S& ik S 1,
CNEEEEEILE T (LasR, RhIR) (Z#EE L, WES
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HRERRNA T T AN LR EOHERFOFHEFEH L T
57,

— 5 T4, Z At AR IR (Multi Drug-Resistance
Paeruginosa © MDRP) 25§ HIIZHRIR 5 BE S v, €0 Fin)
AER SN T b, MDRPIEIZ L A L OHUEWE 1%
A3 7%, non-MDRP & i L T, SNE DR EIZES L7z
FEDBRGFERE L FETHRINT R E AEIT A BN\ & DR
HbdbY, £IT, Fkx X MDRP & non-MDRP [ 9 i
W Cdh %A (Protease, Elastase, Pyocyanin) |2
W HRET L 7z

2. 7k

2.1 HEE

BRI H12E MDRP 7 ¥, iR H1% non-MDRP 7 ¥R D EF 14 #
TRz BAEEOFEIZER L, £ IA L (IPM)
MIC=Z 16 ug/mL) , 73473+ (AMK) (MIC= 32 1
g/mL) , Y7 u7uaXxH T (CPEX) MIC=4 u g/
mL) & CIZMHME% 7R L7k % MDRP, & CIJ&ZME R L
7-# % non-MDRP & 7EF% L 7.

2.2 Pyocyanin EXEDEE

AEER T % R AR B AR K C 106 CFU/mLIZFH% L, LB
broth 5mL {2 10 uLF#AE L, 35T , 24 BEIRERT B 21T - 72,
IREIR B ORI F 3000 rpm, LT 10 7E 0k, %
3mL AT AREBREIZEE, 7uouk A% 1.8 mLZ,
K CRME, B L C3IMRMEE LA REXREE,
02N HCl%Z 1 mLil& , 6L C—MEE L7z, 7ok
VA RE R HUY B 727, PEE 520 nm CTHOGEEEINE 217 o
729,

23 Elastase EEENEE

LasB Elastase |3 10mg/mL Elastin Congo Red (ECR, Sig-
ma Chemicals) % F\>TATo 7z, LRI 2 R A= 3 A3
KT 106 CFU/mL (2% L, LB broth SmL {2 10 pLFEFEL ,

Table 1. Primers used in this study.

35C, IS HIRER 21T o 72, RERRZORWE
3000 rpm, Zif T 10 57350 %, 5 5172 17 0.5mL % ECR
#% % (100mMTris HCL, pH7.5) 0.5mL & ECR 10mg & {&
AL7z B, BRAW% 35C C o BlRE S &, AEtEo
ECR % [R5 % 720123 0 HE L 722, & 495 nm Tl
EL7Z0,

2.4 Protease EXENTEE

Protease (3 1mg/mL Remazol Brilliant Blue R-Hide (Sigma
Chemical) % F\>TAT - 7. HEEURE 2 dls A B ALtk ©
106CFU/mL (Z3#%5 L, LB broth SmL |2 10uL#%fE L , 35T,
18 FEM RS 2 24T o 72, IREEFT R ORI & 3000rpm,
FIWT 100 = 0%, o/ BiE (2mL) %, Remazol
Brilliant Blue R-Hide #% & i (10mMTris HCI, pH7.5) 1mL
& Remazol Brilliant Blue R-Hide 3mg & A& L7z, HIZ, |
EW % 35T T 1 KR YE S8, A% PED Remazol Brilliant
Blue R-Hide % 2.9 % 72123 L0 HlE L 722, IR 595
nm TlE L7z,

2.5 PCREZAWV: QS BEEGFDRE

MHAgar CHEEAR % —BiEs 3= L, R4 v (100C, 10 43)
12 & > CDNA O % 17> 72. TaKaRa Ex Taq (¥ # I3
A7), % primer (Table 1) , 3B X O L7-DNA Z{EAIL ,
PCR (94T 5%, 94C 14, 52C 147, 2C 145730 %
304 7, 72C 1043) %4T-7z. Tris-borate- EDTA #%& i
% VAT 2 % agarose gel Z{EHL L, 100 V, 50 43 B8 500K E)
%, ethidium bromide T 30 774t 217> 72, efafk, UV &
ML, N FOFER Y 1 ZOMEREIT- 72 1219,

2.6 et
ETONFEEDOFELEEIZBVT, MDRP & non-MDRP &
D DOEEZZRET A0, tREEIT- 72,

primer Genes Forward  Primers Reverse Primers PCR product size (bp)
lasl Autoinducer synthesis protein lasl | 5'-cgtgctcaagtgttcaagg-3' 5'-tacagtcggaaaagcccag-3' 295
rhll Autoinducer synthesis protein rhll | 5'-ttcatcctcctttagtcttcce-3' 5'-ttccagcgattcagagage-3' 155
lasR | Autoinducer synthesis protein lasR | 5'-ctgtggatgctcaaggactac-3' | 5'-aactggtcttgccgatgg-3' 133
rhIR | Autoinducer synthesis protein rhIR | 5'-gccagcgtcttgttcgg-3' 5'-cggtctgcctgagecatc-3' 160
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3. #ER

3 NERDEEE

MDRP 7 #£, non-MDRP 7 ¥:® Pyocyanin, Elastase, Prote-
ase FEAE R OFERZ R L7 (Figl). iZEMIESDERL T
V> % . Pyocyanin 2 & 12 815 A MDRP @ “F- 3 1 0.047
TH, SDIFL0.047 TH o7z, 72, non-MDRP DFI5fiti
120348 TH Y, SDIX0.153 TH 7. Elastase AR IZH
\7 % MDRP D393 0.061 TH 1), SDIZ 0.042 TH - 7-.
%72, non-MDRP O F-H#){1£0.452 TH ) , SD1F0.104 TH >
72. Protease FEE =2 BT H MDRP OF-34E1X0.036 TH 1)
SD % 0.032 T& - 7. 7z, non-MDRP O F-I 1 1% 0.229
THDY, SDIF0.082 TH-o72. MDRP & non-MDRP [ TD
Pyocyanin, Elastase, Protease JEA4E & T p<0.001 TH D , HE

%78 L72. MDRP TlZ, non-MDRP & HE L 4T DALk
FOEEREDMEMETH o7z, F72, non-MDRP 1FFEIZ L -

TEEL, REEOES, RESEOHENA S LD,
MDRP Tl HEEDFEENIT E A ETER I N o 72,

3.2 QS BEEEFDIRE

PCR % 72 QS B (AT O 7 /1 — A 7 )V EE SR E)
DERGKE) Y — &R LTz (Fig2). wkEh &% 1 7H0 prim-
erl22 & 450 %EH\vT\5. MDRP7 ¥k & non-MDRP7
RO QS BHELiE {5 T T 4 lasl, rhil, lasR, rhIR @ 4 ff4x T D
HEIZTDNAIRKIE L T h o7z A, iy & L7z as],
rhil, lasR, thIR @ 4 Ff primer Tld, MDRP & non-MDRP [ C
QS FAHLE (LT D DNA DOAHEIEFAD L it o 7z,

4. ER

7K B 3% T 13 MDRP & non-MDRP @ Pyocyanin, Elastase,
Protease FE/E 5, B & NQS HEEIEZ T OB OMHEIZ DWW
THET&4T 572, MDRPIZIZ & A &4 CORUEY R T
R L, BR EREH SN TS, LA L, nonMDRP &
HBL T, SNOHDPEEIZER L TV 72RO RAE D FEE
ERTCRICRE AAHBITRO LN WE Z EPHEINT
W5,

MDRP 7 #1238\ T, Pyocyanin, Elastase, Protease O 4=
FEE AR SIN D o7z, TNODRERIZ, P aerugi-
nosa DZHIHEDFERDY, WENFEROEEZIH L T»
AU REE 2 RIE L TWS, QSIEWV < DA DJREK T DIF
WIZZICES-LTBY, 2o o QSR ERIEK T 134
HICEELZMEEES L EME? SNTEY, BI5T 0%
X autoinducer D& 7% ENIE VP H L ENENOEEE

Pyocyanin p(u}_{_\,’_‘,]_
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Fig1. Comparison vitulence factor (Pyocyanin, Elastase,
Protease) between MDRP and non-MDRP.
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Fig2. The expression of quorum sensing genes lasl, rhll,
lasR,and rhiR.
Lane 1, 5,9, 13 (Positive control). Lane 2, 6, 10, 14
(Negative control). Lane 3,7, 11, 15(MDRP strain).
Lane 4, 8, 12, 16 (non-MDRP strain).
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7 S LT A, 4, MDRPIZEB W CHERE S - hb a3
DT 1M D QS MAF VSR & K F- DR T DT BE Ik b /R &
NEBRME L T RESEN DD L EZ HND.

MDRP & non-MDRP [ 12 51} % QS i#i = T DA IR O
Hiad TlE, MDRP & non-MDRP D4 T DOFRT 4 F 5T
FEHDEFE S 72, Karatuna 5 O ¥Ey 9 Tl QS KIEMEIE
PREOREL ZITICWEANZH 5 L STV DD, 4
[0l D% 5T ld MDRP T QS #5112 B3 % 52 B 136k

RENL o7z, L2L%BAS, P aeruginosa | VX35 JE K]
FEB Y Y bu— V3 B IHERIEEREDS, QS HERE LAt

CHHAELTWAZEDRHSL N E > TWA, QS B
T OFMIZITTIE R, SINSDOBELTORBEEDEN,,

B B\ IIM O IFEALZE TR D GacA/GacS 5T AT A
FERIBOZAIRNFE I EIS T 5 72O IHIH I & - T &

N5 EZ LB ERRE) = cyclic-di-GMP' 10 & (X 11
BNy FRAy Yy Ty =& 28R &0 IUBEHE & B
ML TWBIREEDH Y, SHROBEIRE L EZ 5.

5. f&s8

AWFFETIE, P aeruginosa DRI BT 5 L HIMEO SR
Elastase & Protease 3 & UF, Pyocyanin ® A4 & O i %
RLTWA
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Comparison of Exotoxins between Multi Drug-Resistant
Pseudomonas aeruginosa (MDRP) and non-MDRP.

Kouichi Suzuki ', Yoko Mano *, Nobuhiko Furuya h2

' Health Care Science, Graduate School of Bunkyo Gakuin University
* Department of Clinical Laboratory Medicine, Faculty of Health Science Technology Bunkyo Gakuin University

Abstract

Pseudomonas aeruginosa is a major source of nosocomial infections, and the emergence of multidrug-resistant P.aeruginosa.
(MDRP) is a serious problem in many countries. The pathogenesis of P.aeruginosa infections is multifactorial and depends on
numerous virulence factors, including the secreted factors such as elastase, alkaline protease, exotoxin A, exoenzyme S, pyocyan-
in, pyoverdine, rhamnolipid, lipopolysaccharide, flagella and pili. In order to further clarify the association between magnitude of
multidrug-resistance and its effect on P.aeruginosa virulence factors, we here compared the Elastase, total protease and Pyocyanin
activities, representatives of virulence factors between MDRP and non-MDRP. Fourteen clinical P.aeruginosa strains were used in
this study; 7 strains were MDRP and 7 were non-MDRP strains resistant to imipenem, amikacin, and ciprofloxacin were defined
as MDRP, and strains sensitive to all these drugs were defined as non-MDRP according to the criteria of infectious disease law.
Elastase, total protease and Pyocyanin activities, representatives of virulence factors, were determined using the Elastin Congo Red
assay, the Remazol Brilliant Blue-Hide assay and Chloroform assay respectively. Further, Four quorum sensing genes were examined
for holding status by PCR method. All mean values for production of elastase, total protease and pyocyanin in MDRP strains were
significantly smaller than those in non-MDRP. DNA defects of four quorum sensing genes were not confirmed in both MDRP and
non-MDRP. The discrepancy of production of exoproducts and between MDRP and non-MDRP strains may associate with difference
in the quorum sensing gene expression level and their different response threshold for the, GacA/GacC two component system, and
cyclic-di-GMP regulations. Overall, this study demonstrates that the extent of multi-resistance in P.aeruginosa strains decrease in

production of elastase, total protease and pyocyanin.

Key words Pseudomonas aeruginosa, MDRP, virulence factors, quorum sensing
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