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FENET  (Pseudomonas aeruginosa) IR NMED 7T L&
PEARH TKIENY 22 EO HEEFRRER R FOBEN, ¢ b
PBFEMNIZIA CHEL TV A, @H TEFEESE CREEE 12
JERDI D 2 idizE A ER . UL, BiEgEEIZLIE
Ul g R B M 7 & O HATAEGDE 2 51 &2 L, Kl
BEELTLZ DL L0, ARG L CRIER
SNBERENLHETH LY. TNODOBEGAEIKICIE, T—
TR Eh S I SRR IR R AMR A LG 2 2 7HR T
SR BB E IR T 2 kIR 23 6 % s LTI
WHIZRALGEZ 2RISR H 5 2. 512, #kik
WE% < OFIEHET % L LARIR T IR ASE O HAEI LR #EG
bz 7263, IR OHETL LM E % H 72 motility (2,
18 AN AN D IEGL DFEZ. D I 70 & § AN AL D B R D —
D& 7% % BiofilmIEHGBRICBWTHEETH S, motility
L, MIRAAT ) EEEDO Z L TH Y, FRIRE AT EE)
PEIZIE, #EE % TR 2 #2855 % swimming motili-
ty, FREMAEKM % B E) 9 % swarming motility, #E % H\»
THEAZRE % B E) 3 % twitching motility 235 % 9. FRIEE O
HEBI X R EIEAE C, BEERIIE L TEWRIEL 5| &
3. LaLl, WEIEEEEMRORROENIZZ -
TWLZERs, BHEECBOTRIERIZ T VYY) 70
77 —ETHLDEED LT TH Y 15 T TLRS 1278 S
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AL T 2 2 &2 X ) WEA~ O E Al O B & [0k
HY &6, TuTrT7T—XREEMRREOBRIZLS
TE FORPZ AR 2 b BS-9 5. RRIRRIZZ 0 X O ik
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I. 7%

1. fEREZR
AR, o vay(va kst B 2R L.

2. {ERAEH%
WRRIX, FRIEHZ#ERR PAO1 (American Type Culture Col-
lection, KIE) %A L7z,

3. EAERMEROERSE

1 mL ® 1% Dimethyl sulfoxide (DMSO, &7 1V AHl
SRR S, KB HTH > v 3% 100 mg IEf# L T,
3IC TR S 72, 0%, % 15,300 rpm, 20
GOFMETELOSEEL, HHN EEY 100 2 3
TR & L7z

4.  Biofilm formation MRIE *'

Lihua Qi 5D 27 ) A¥ JUNA F Ly MgefaihztZ LT
1T o 72. Mueller-Hinton i K 55 # (MHB; H AKX 27 | »
74 v* vy (BD), HH) TMcFarland0.5 (1.5 X 10°
CFU/mL) IZFA# LWl % 1%Y ~ ¥ a vbEaH
MHB & JE&47 MHB T 1.5 X 107 CFU/mLIZAR L 96 /X7
L— b (E— T afgbkalatt, ) (S L - W%
200 u LEOHME L, 37 CTISHRHIEEE Lz, KBS
Fwell NOHWEREL 1% 7 ) AT VN4 Ly b Of
AL LSRN A, o) %200 pw L9088 L, =i
TI10 7 Egete L7z, Z D%, pH 7.2 IZF%% L 72 phosphate
buffered saline (PBS) 200 u L Cwell A % 5 [l ki L 72,
Fwell & T IZHE R S8, 99% % /7 — )V % 200 u L
LIS Es A2 L ctaRefim L it shzim
FE~vA Mz rL—r)—F— (x4 r7ua7L—} ) —F—
TNVFAFY VFC, v—FETA v XY —H AL T4 T4
7S, W) W THE 570 nm IS B 5 POt
ZillE L7z,

5.  Motility assay'? ¥
5-1. swimming motility

swimming motility % HI5E 9 % 72®12, NaCl (§L7 1V
LRGSR 4, KBR) 0.5%, Tryptone (BISIbZE#%
K&t B0 1%, MEHAER BRI EH, 1)

03% OXFH 2 FR L 72, ER L 72859 mLIZx LT 1
mL O > > a3 it (10%) &ML 1% > aw
TR EH O swimming B 2 E L 72, a2 bu— &
LC, % a viiesRifmne 1%DMSO (1 mL) N
Bodh 2L 7o, BRdhp O IR A AR B AR K 2 - T 10
CFU/mL\ZF# L 72 % 10 u L@ F L, 30 C, 18 K¢
THAAE L 72, Bl LIRS N RET OEAE R IE L
7z.
5-2. swarming motility

swarming motility % {#l 72 3~ % 72 (2, Nutrient broth ([¥
LSRR SHE, HE0) 0.82%, MR HER (BFLEmk
K&t W) 05% O a2 FR L7z R -5b%E
%W LTHh 5 Glucose (F+7 A4 v 2 HEHBERR &4,
KK % IEFE 0.5% 27 % £ 9 I2A@\IE L TR L 7.
VEBL L 7255409 mLAZA LC 1 mLOH > ¥ =3 7l (10%)
ZWINL 1% Y > 3 a v EH O swarming 55 # % {5
L7z, aryha— e LT, HryavifEkEmno
1%DMSO (1 mL) RINEEH A2 /EB L 72, BEdbh b Sl
AR AR K A FIV T 10° CFU/mL ICFRE L 72 % 10 u
LiET L, 35C, 24 REMCTRE L 72, Bt LI &
TIREFR Sy DWW WE L7z
5-3. twitching motility

twitching motility & 723 4 7212, LBiAE M (HA
BD, WH) 2%, MIWHER (BIRAbF MRS, HE)
1% OFHh 2 FEL L 720 FBL L 72854 9 mL 12K L C 1 mL
DY va v (10%) ZRML 1% > > a v
WEH O swarming B 2 F# L7z 2> fo— )Lk LT,
Iy a RO 1%DMSO (1 mL) AN %
TR 72, BRHh o LI IR B T B CEfil L, 2RI,
WA AR K % Vv T 10° CFU/mL I FiEE L 72 i % 10
pwLER L, 37 °C, 48R Z T 72 BRI
ENFRE G OEEEWEL 7.

6.  Skim milk agar assay'”

k=T 0T 7 —YEAEOHESEEZ RS 272012,
skim milk agar assay ¥ 17> 72. 5mL® 1%~ 3 2 7 i
WA & RARIMO LB broth (HABD, H3) 12 108 CFU/
mLOWHEE 10 u LRI L 24 BRI L 72, S o%;
Eili% A2 75274V — (02 um, ADVANTEC, KI[H)
THMEE L, 1.5% skim milk &4 LB R # (F+7 A
WV AHGREEE RS, KD oHdiiZ 10 w LT L7z,
COEEHE 37 C, 24 BRREEREE, BEHb | O clearance zone
ZE L7z
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oy a T IMEEAINEE & 2 T a BRI O
MEMFM 2 ZITREIC L > THEREL 72, 2B, p <0.05
RCRTHICH B & L 7.

. &5
1. $REEE O Biofilm L REEICH V¥ 3 U5 Z B E

1% % > ¥ 2 7N T, #RIRE O Biofilm LB AE
ERIRMO S D LI L THEZIH 2072 (4 1),

N w

Absobance ( OD570)

o

Control add 1% Zanthoxylum piperitum

1. $BRE D Biofilm FERLREICY > 3 U B R B E
19% H >3 a7 HHEIR NS KO #RIE # O Biofilm M REIA &
L PE ROz (p= 0.0017)

2. RBEEEOD motility I VY 3ohEZSHE

B 1 TR L7z &9 12 Biofilm S TH E 2 IR0 R % 52
D722 LD 5, Biofilm EHGEAEIZ BV TEIETH 5 motility
(swimming, swarming, twitching) |22V IR 21T o 7z

FERIE, 1% > 2 a BRSO b D12 N
DHDT swimming motility (% 2),
W THE T Z 72972, twitching motility TIZHE 2 #)
HIEI AR 2 RO o 72,

swarming motility (1% 3)

45

swimming zone ( mm )
o 5 H 8 B 8 & &
*

o

Control add 1% Zanthoxylum piperitum

2. fRERED swiing motility IcH > 3 VN5 X B7E
1% B> a7 MBI LR IE A © swimming motility
WA BRI ARz, (p= 0.00059)

v a v & D R R T o 3]

b

)
S

*

add 1% Zanthoxylum piperitum

swarming zone ( mm )
= N
(= n

n

o

Control

3. $EBEE D swarming motility [CH > 3 UHEZ B2
1% > a7 MR I K0ERIE 1R © swarming motility (&
AN 2 0720 (p= 0.012)

3. BBREO 27077 —CEERICY Y3y
HEZXBRE

1% Y > > a 7R ITMHEB (2 TH: 28 L 72 iR 3ok

TMOLOIHR, Y= Vv7aFr 7 —EoiEleliss

T &2 FRD 7z (M 4).

25

- - )
5} 7 S

clearance zone ( mm )

n

Control

add 1% Zanthoxylum piperitum

X4, BREEO N2 TOFT7—CEEREICY 3O
5Z55%
1% > v ay iR LR H o= v 7Fa 57 — B
BRI I E D7, (p= 0.0079)

V. ER

Biofilm (X kIR B 2575 £ O S A % 4 2 ko 1
DTHY), WERHIAERIHENSELR E 2 AT S
KD E NS, RRIRRE & Biofilm & 71 7 — 7 )V 1
8 FME I TR LR3I 7 & 0% % [HE T
52 b, BIASEDOERENRLEBMENLIZHEGT S 1%
Iy a TN X 0 Biofilm 2R O B % FE&
22 ens, Y rya TIIRGSEEELOTEIZIGH T &
LUREMEAYRIE S N7z, F72, TOREMEICBWTERE
Td % swimming, swarming motility D ¥l 2 FRe> 722 & 2
5, ¥ a7 idBiofilmEEGEEZ PIHIT A 2 LX)
BiofilmE e #HH L2 &AEzZ 6N b. LaL, [H
U HEFEIZ BV TEE TH 5 twitching motility (3 H1H]
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RO LN LpolzZl &b, MEEEIIHEL S 2 %
W I EATURIE S 7z, swimming motility & swarming motili-
ty lZF CHEEESE CTH D Z bW > a 7I3HEES O
WHNCBET 2L EZbNE. /2, =SSNV TUTT—
YOWMFDBRO SN2 L2 s, HEMADOERIZ L 5K
JEDEIEIL 2 TR 2 W ReMEAVRIZ S N7z, E612, 7
077 —EIEHCHTED EH 5 TH 5 Flagellin & 75 #5 5
CETHRIERDELEIZO G 5, Yy a vIdRRE
DfE EIRE PR 2 THE T 5 2 &1 X ) BRYSE D HRE(L
REMLEET L EEZ OGNS,

WP GE I B\ CERERE NICHEE T 2 RRIRE O &
WD~ v Aar—3a v icid, 7a77—EeiitiE
25952, JurT7—Xid, BEMROLF VED
KO T I X 2 5B AEICHES- L, S E)HENE
ACHET 2. SEOMETI =2 V7077 —¥, HE
EEIOWGZFBD/-Z &h b, vy a TIINRMEEGO
FHO—BNZ 3 ZAREMEARIE S Nz, Lo L, S HORM
S TIEMIBRAEIZOWTOMENIZITo TN Ehb,
Ltk MEETo TR LLEDND .

FrravidHriat—ued buiI— ViR EOK
BEGHETAEETHL. BHIZTY P AT — VT,
7T LR T & 5 Staphylococcus aureus X2 77 I & H
T# % Escherichia coli\Z Tig/NEE IR & i/ MR i
JEOIHIDFRD 5NT 2 9. SRIOME CTH 72 I FRIRE
DIFRERF KT BRI RPBO SN2 eh b, SHOH
BMELT, HrvavolsnThirbtrryat—uey b
047 = VI THE 217> TW K RED D 5.

+=
V- IIIZIEE

ASRIOENEY >~ ¥ a 728 2R E O E R T- o)
HIRIRIZ DOV TORBERRE 17> 72 KiRIL, Biofilm
JERHEE, swimming, swarming motility, F—% V70T T —
LOMFINE L RO L2 s, RRIEREHE R T % 5+
5 Z 82 &) AR IR GGE O EAEAL - 12 Lo FHio—B)
& BTRRMEDSRIZ S Tz,
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Effect of Zanthoxylum piperitum on Pseudomonas aeruginosa virulence factors
Yuuyu Mizuuchi, Yuka Goto, Yoko Mano, Nobuhiko Furuya

Graduate School of Health Care Science, Bunkyo Gakuin University

Abstract

Pseudomonas aeruginosa causes opportunistic infections in immunocompromised hosts but is less fatal in healthy people. In
addition, P. aeruginosa produces many virulence factors, which lead to aggravation and intractability of P. aeruginosa infections.
Zanthoxylum piperitum is an herbal drug and has been reported to have anthelmintic effects. Previous studies have reported the
suppression of pathogenic factors of P. aeruginosa PAO1 by Daio botanpito and Coptidis rhizoma treatments, but few studies have
examined the effects of herbal treatment on P. aeruginosa pathogenesis. Here, we investigated the effects of Zanthoxylum piperi-
tum on P. aeruginosa pathogenesis and measured biofilm formation, motility (swimming, swarming, twitching), and total protease
quantity after Zanthoxylum piperitum treatment. Biofilm formation was measured using the tissue culture plate method. Motility
was measured using the agar plate method. Protease activity was measured using a skim milk assay. The addition of Zanthoxylum
piperitum significantly suppressed biofilm-forming ability, swarming, swimming motility, and total protease activity. These results

reveal the potential of herbal medicines against P. aeruginosa-associated pathogenesis.

Key words Pseudomonas aeruginosa, Zanthoxylum piperitum, Biofilm, motility, total protease
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