R AR APR 20, 2012, 39(4): 468-476

Microbiology China © 2012 by Institute of Microbiology, CAS
tongbao@im.ac.cn

2T B S A SRR A MR RS 5

> 2 1,2 1.2* W 1.2
Kz ™ fime " B
(1. LR K% TAAEYHEARHBRELLEE L 8 214122)
(2. TLRERY: W TRBE VL9 Jo8  214122)

B OE: (8] AWEFSHRAENE BRAGEEFABLLR S HMAEN TEAERS
MAEMEFNKRETAR., ATHERABADOFF AN, BFAEARBRELRE
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Organic-solvent-tolerant mechanisms of Pseudomonas putida
based on proteomic analysis
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Abstract: [Objective] Most microorganisms can not grow under organic solvents of high con-
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centration due to their toxicity. To elucidate the mechanisms of organic-solvent-tolerant (OST) of
microorganism, an OST mutant P. putida JUCT1 capable of growing in the presence of 60% (V/V)
cyclohexane was obtained by gradient adaptation in cyclohexane. [Methods] Two-dimensional gel
electrophoresis (2-DE) was used to compare and analyze the total cellular protein of JUCT1
when growing in the presence of 60% (V/V) cyclohexane or not. [Results] From 22 proteins
whose intensity values show over 50% discrepancies under different solvent conditions, 3 high
abundance protein spots were identified by MALDI-TOF/TOF spectra as 3-hydroxyisobutyrate
dehydrogenase, protein chain elongation factor EF-Ts, and isochorismatase superfamily hy-
drolase, and their corresponding genes mmsB, tsf, and PSEEN0851 were expressed in the E. coli
respectively. These the solvent tolerance of JIM109 was significantly increase by these three pro-
teins, particularly 3-hydroxyisobutyrate dehydrogenase. [Conclusion] In this work, proteomics
analysis was proven to be an effective strategy for exploring OST mechanism of microbial cells.
Importantly, this work provides molecular basis for constructing OST whole-cell catalyst for in-
dustrial applications.

Keywords: Organic-solvent-tolerant (OST), Proteomic analysis, Pseudomonas putida, Adaptation,

Cyclohexane

REFIAWLIE R e 5 R
(4, A7 AL 39 RE A% Tl R 20 M RSS2 1T PO B iR AL 43—+
J2, AN L5 Y gE By sesebE, m S
e AT A, BRI, AHLIAH
XoF 240 Jf %) B /N BT AR 3R A = B ALK
SYBCREU(Log Pow) KR, Log Po IMEREAT,
PRIZIRF BB K PR, AR A ) A
KB SR A A AL R S v, T A
Y II I E RS A YA S5 0 B R G, 2
ERRSOCR, W TR K AT MU AR iR 10,
BARTAEY A B BA —E RS20, (A4
R HAA YR A DL I 32 G, L=
0.1% (VIV)IIA HLE LT DL 2504 i 1 24 ot
T DRHAR TS W T IR, SRR
A=y AN LA MLV R it 32 PRk AR L EE L

19894, Inoue Z575 Nature | B YR3RGHE T ik
K15 Pseudomonas putida REUSTTHZ 50% (V/V)
SRR R IR e . IR R pleas 7
AT A (8 A8 A= 200 200 B T 3 i 2 A AL 7)o
PIAT B, TR W A i i 7l 2 Mo

AT HERIPERE. 1991 4F, Aono F1 Inoue FIAFFFT
/N HRAE T 3R S AT AR BE AT NT G 1528 sl D)4k
5T RIAAF B 92k OST RANEHE, %
INERLRTER W FT B OST WK A5 R, X T4 g
FEE B 7K A T S 5 M ) — G 4 i FBE 2 3 Y 2 18 7K
TSR M R R AT TR A0 B SR i 52 M i 2 S A

AN FRORE 28 LPS (Lipopolysaccharide) i,
ST RGN B0 T AR AP BT ACPEREAR, DT 2
PR 52 PN e HAT I R 32 2
PRI 5 LB AR R SR A TR R I A R U A B, 4
L 47 % 10 R 2 985 g B 1 A A 0 2 L
VIR B ARG . Billn, AMIEER 1A TolC b
I LK robA F1 marA 25 B i gk il DR B K
P BT A 9 R0 T 52 4 B R RS R (DNA
microarray) B b FH AL 45 B 22 iR 5 771 P A DG
PB4 BE, Shimizu 45 % 3 glpC H& K 4w 1) — Fil
JESEE 1 (DR i -3-Bh R I AU C L), fig!
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KT LA SCAR A0 B RS T B R, el X A
SRR R, DT F5) (GF O Je) B i 32 1A 5
FHREWL AT, KRNI
T DA A2 1 B R 190 45 ) e o R - 4R A S 3 A
&, BRIE I A W T SR 4 AR DG HIL AR A A
PLEE, HHT, SRS A gk R 5T
ol A= A T 8 390 1 AR AL 7 [ P B A B i
SIEBUR

B T 2 e PR ARAE R i R i
AR e RIS i, AT LM AN R
R A RIA 225, i SR R EA
44y, AWFFERH e m ik ik, i
ST 52 A 0 SR A B P, putida JUCT 1 7E
RRER M FEALANREES, B ER
IIE R TR AR SC A 28 A 4148, T B A AR 5G4 43
FHLHL,

1 MRS

1.1 Ekk. RAFIEFRE

A ELR U Pseudomonas putida JUCT
5z 1% (VIV)H 2R 18 A: B R PE P. putida JUCS
TER RS N YMETRAR, 76 60% (VIV)HIFRC b
AR R, KB IM109 AR S 2 R
A pQE-80L 14 | T QIAGEN A,

LB JEFRdt: BRAEAR 1.0%, BEEEE 0.5%,
NaCl 1.0%, pH 7.0, 1x10° Pa K% 20 min,

BHRRGTRE: EAK 1.0%, +RWEF
0.3%, NaCl 0.5%, pH 7.0, 1x10° Pa K& 20 min,

LBGMg };#:dt: LB 5 &dimA 0.1%
(W/V) %41 10 mmol/ L MgSO,.
1.2 B&ECH

Zu kAR JRZE 8 mol/L, ik 2 mol/L,
DTT 65 mmol/L, CHAPS 4% (W/V), Tris B
40 mmol/L FIYR i % 0.001% (W/V).

Jie 4 A 1 JRZE 8 mol/L, SDS 2% (W/V),
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Tris-HCI (pH 8.8) 0.375 mol/L, H7iHi 20% (V/V)AFil
DTT 20 g/L.

JE 4 A 11 JRZ 8 mol/L, SDS 2% (W/V),
Tris-HCI (pH 8.8) 0.375 mol/L, H7iHi 20% (V/V)AFil
WL MR 25 g/L.

13 FH*

1.3.1 ERREE IJUCS BEkBIHIL: HL, P
putida JUCS 7EWRNNA 1% (VIV)HZE(Log Pow =
2.5) S TR AR RS, 30 °C. 200 r/min $EIK
K37 10 h 5, BAERIEA 5% (VIV)IHCHE(Log
Pow = 3.2)EFRRIAIGFREE T, $RIREEFE 10 he
PR A TR IR A AR, 7P ES 500 pL BR
e, 30 °C FHE T FR BB Ak . Pk Pk
FIBATETE, EASA 10% (VIV)IRE kel st
FEIRIGFE 10 h, PR RRIR A A 800 pL M
FF-A o 8 3 R O 355 % T A O 8 1) 38 B AR A T
AT LB B R R AR R R AR, FES
i 12 feriEEYIfe)E, 2SI Z 60%
(VIV)IRC e E kR, Jfr4a°A P putida JUCTL,
1.3.2 BHHIEFREEFWIER: ERB IR
JUCTL Zpildfh T8 F NI IR R B S A
60% (V/V) %5 (Log Pow = 3.2) 07 552 N 17 A
i e 3k, 209 %W, 30 °C KR K59% 12 h, £
8 000 r/min Fl 4 °C Z{4F T &0 10 min, R
&, I HIA R ZER KBRS 2-3 1K

PSR B A PR EE, %5 200 mg PR
BT 1.5 mL 42 oRb)l . IRl Tk L
HEAT R P I G A D3 300 W, A R T I
SR 1s {5 3's, 30 min), f4NESE EWERE KAl
UREREE T 4 °C. 20 000xg 2.0 15 min, Z=ERT
FE R AT R F, B3 B A 0 ) 4 B R
K H RC-DC # il £ (Bio-Rad /A Al )X Ff
DURE LA T
1.3.3 4 ik: fEmscm S, i IPG 3-10
(7 cm, GE A RN)RFIHI T4, LI & 1 ik
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a3 A DI, g SRR, 4 R ZHE A
3R X3k pH 4-7 Z[H), FULER IPG 4-7 1
P T e 4 (13 cm, GE Al). W& IR S T
SR KAL) R B E 1.6 g/L, FRRery 250 ul
HERESE ToRAE R, 0] T e 4% i e T S50
(= ST (TS = ST el [21 w2 SW €
20 °C #OLE 16 h,

i ] Ettan IPGphor 3 system (GE /A &) iE47
SIS AR (IEF), 75 20 °C &b F, SE
JFUR: 50V, 30 min; EF+Z 150 V., 30 min; 1 h
FEFAES500V;2h EFFE 1000V; 30 EHAE
4000 V;3h [-F-% 8000V; 8000V {#E,
40 000 V/h, H: Volt-Hours M~ 67 400 V/h,
IEF J&, B 10 mL B4 1, /K
PR R 2 5 S 10 min J5, A 10 mL Jig 46°F
BRI, KRR ARS8 37 5% 15 min, 2
Jo B ISR B Al K B R VR I IR, 2 12%
SDS-PAGE fig I, 7E 10 °C #Ef755 " AHHLTK, &5
—_#H SDS-PAGE Hi Tk 73 Wi 47 D2 WIK 7%,
1 h; @8 WIES%, 4 ho HUIKE I B e i
Y tn 2 h i, BB TE FEE,

1.3.4 EAWMSHETE: KaeaHE, A
PDQuest™ 2-D Analysis Software (Bio-Rad 2\ #])
S3HT O B, IR FH 2 B A B O G e g

B B AT ISR B (MALDI-TOF/TOF) %)
AHOCHE T s i T2 o

1.3.5 mmsB. tsf #1 PSEEN0851 £ [ /Y 5epEFn
EEEKBMWE: LI P putida JUCS YR H
DNA SRR, 2% 199541535 PCR Y4 mmsB .,
tsf il PSEEN0851 LK . Fik#kik pQE-80L Al
PCR F*Y&Wy] . T, M SR G, HA
AR IR AL KA AT B IM109 . B R RRTE
2 IPTG 55 35)5, 8 000 r/min, 4 °C &4 F
B0 10 min, AR, R 1:8 (W/V)ITA
20 mmol/L., pH 7.0 MBFFREEZE miilk, AR,
PRI VK FB PR (R R 2 A<k 300 W,
PP E #1515 3s, 3£ 20 min), 2rBIECR
BLORYBE AL 4 °C 8 000 r/min 514 F L
10 min (¥ _EiE R T SDS-PAGE FIkIRiIE,

136 EHEKRBBTIMZ MR KIHFFE
IM109 &7 HLIA IR IR, 7€ 2% (VIV)IIER
CbE(Log Poy = 3.2) A K 58 il . Al B
1) 35 R 20 3R 8 J5 X KA T IM 109 Fé) T ¥ 711
PERZOA, K EA R T LBGMg SRk,
Br 3 in Ak B2 0.02 mmol/L /Y IPTG,

37 °C #IRHEFR R ODego 5% 0.2, FERFFRILH N
A 3% (VIV)RIHC bela, dh2ih53E, JF7E ODeso
T I B A ARG T

®1 ALBHPATASY

Table 1 Primers in this study

N 5%
Gene Sequences of primers (5 —3")
e F: ATCGGGATCCATGCGTATTGCATTCATTGG
R: CCCCAAGCTTTCAATCCTTCTTGCGATACC
F: CGCGGATCCATGGCAGCAATTACTGC
o R: CGCAAGCTTTTACTGCTTGGCGGCAG
PSEEN08SL F: CGCGGATCCATGGCTTTCCACTACAAC

R: AACTGCAGCTACTTGGCCAGCTTGCTG

T MR BRI RO

Note: The underlined sequences are the restriction enzymes sites.
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2 HGiR50MH

2.1 P putida JUCT1 BRI

HF A= kE P. putida JUCS 5 IMEAS3 (4 B bk
P. putida JUCT1 7EA HLIAFIHAE K i ZaniA 1,
£ ODgeo 5% 0.2 J&i, TERGFRIETIMA 60% (VIV)
B C ke, BFEHRE P oputida JUCS 2 KAl
212, 8 h J5H: ODggo {iA % 0.39, MTEAUINAE
LR35 7R AR K ODego AI 34 1.0; P. putida
JUCTL MIZEA HLIA I H A K 45, 8 h J5 ODeso 1I
PLEE] 0.9 7247, SABIANLER A K2
SR/ RADMRA KRBT S 0 07k, il A
Wi = PR A ALV AR B IR AS 21 P putida
JUCT1 Btk 5HFA: Fikk P. putida JUCS AL, H:
A LN A2 AT B KR = . [RIAS, YL
RTEIEH IREE T A Kol R A 2 BI5E M

oD 660

t (h)

1 BHUAFIXE#E P. putida JUCTL R HEF 4 Ftk
BIE K

Fig. 1 Effect of organic solvents on cell growth of P.
putida JUCT1 and its parent strain JUCS

[ A: P putida JUCS, RANGHLEA; m: P. putida JUCT,
FIA PR, AP putida JUCS, JiIA 60% (VIV)IFR LG
o: P. putida JUCT1, JIA 60% (V/V)FR T HE.

Note: A: P. putida JUCS, no organic solvent; m: P. putida
JUCT1, no organic solvent; A: P. putida JUCS, add to 60%
(VIV) cyclohexane; o: P. putida JUCT1, add to 60% (V/V)
cyclohexane.
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22 ZHHEXDHARIEFEMT P putida
JUCTLI MIEHRIEEER

FEFEEL P, putida JUCTL 9 B it fE v, 2R
FHER 75 R Pl 240 B S8, 24 R AR W 1 B T
(T ZAUHE IR R ABNR) DU R 53 1 7% 1L 57
CHAPS. iR J5 5 DTT 1 Tris Bl BE A% (8 & {4 P 119
KR AR KRR (50 2R .l =R
PRRELO R BRI, 3300 8 RS IR R
FELBE AR T BRI N R R I T, sk fe 1 A 2y
ARSI B A . B2 0.2 g BT HEEY
HHEZH 10 mg.

e AR YOS RGN E] 486 AR A
(B 2), HAE A SRS SCkRE RS P. putida UW4
RS R P S BRI T, R sk A B R A 7 B
MIITIEETIATI . SHERBINA B R R 2k
rh A K P. putida JUCTL FRE(E 2L, 76
60% (VIV) 3 C %% (Log Pow = 3.2) Hh 4k K 1Y
P. putida JUCTL BE#E(El 2B)A 22 MM AR
T 50%. M 4k UK R T LA R,
REHFRIR 2 F R KB S AR R
M. HEH 3 MM A RIS 25 IR F] 70%10
FEHEAFUS(E 2), R MALDI-TOF/TOF %32
JE BT X, 3 AR M TR & S T
R H VLR RS, AT 3-RER TR
it SRt . A SE R T EF-Ts FILR0 S R K i
fifg 48 T, g 5 3L R 4 g &2 mmsB | tsf Al
PSEENO0851, 3-F83L 5 T M il A B2 45 s iR X1t
AR T, T RE S Ak AT Ak
W L-3- L 5 TR AL B SE 0 R 1, B
JoTHEAH R~ EF-Ts 758 1715075 8 ) A2 A s 1 i B
BE T EZEMEN, Btk EF-Tu-GDP &
YIRTIE L, R4 G2 FE-IRNA s, F0 %
2 7K e g 8 3 IR 1) ELA D BRI NI A8, 1 JC SCik
it
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pH 4 pH7

pH 4 pH7

2 Bk P putida JUCTL EARRI BHLAFIERFH THEER 4 ikE
Fig. 2 2-DE images of total protein extracts of P. putida JUCT1 grown under different solvent conditions
TE A B RPN S LA, Br B3R HE T 5 60% (VIV)IR T, Cr A SCI SR UM AR A BT, CL-C3 Rl icR I, & kAT

TR AL B PRI PR 2 S R 5090 B

Note: A: Nutrient medium without solvent; B: In the presence of 60% (V/V) cyclohexane; C: Magnification of C1-C3, the protein
spots selected in this study are circled. Arrowheads indicate the protein spots exhibiting intensity discrepancy of over 50% in samples

Aand B.

2.3 mmsB. tsf #1 PSEEN0851 X Hy5a g FKik
PCR 944 H R, mmsB, tsf AL /N2
“}7 900 bp, K PSEEN0851 £ 600 bp (/& 3), %
PR 220 7 Ji 5 B A TR R 3 PR 9] B i Pt A 7 L
Xf, DNA J39I584—3k, R AT ke
SERIE, [RIERHERA i RE IS AR P, putida
JUCTL AN 32 PR e Tl 2 B T AR A
RHER K A= 98788, 5 HAE R g A oG

HEARRE IPTG 573145, SDS-PAGE %K
UEFRIR W), 3-8 55 T R I Sy . 4 11 o e fofr ]
+ EF-Ts IR 8K/ 35 kD, #4913
FRK il R G H 4T RN 25 kD, H
3 MEA PR B R & AT (E 4). F,
3% 3N HIET P. putida JUCTL AU AME LN 7 K
FFEE IM109 (1 A] ik 3Rk Ry B ik e PR Rk X 1
20 R 7R P M R T AR
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bp M 1 2 3

3 mmsB. tsf#1 PSEEN0851 EF & PCR F=4)

Fig. 3 PCR product of mmsB, tsf and PSEEN0851
Note: M: Marker; 1: PSEEN0851; 2: mmsB; 3: tsf.

kb M1 2 3 M4 5 6 M7 8 9

4 EFE mmsB, tsf #1 PSEEN0851 RYE A KA =)
A SDS-PAGE 4 i

Fig. 4 SDS-PAGE analysis of recombinant expression
of mmsB, tsf, and PSEEN0851

1 M: Marker; 1, 4, 7: E. coli IM109/pQE-80L £ IPTG 5%,
2: E. coli JIM109/pQE-80L-mmsB %55 [ it 11; 3: E.
coli JIM109/pQE-80L-mmsB %S )54 if&E ; 5: E. coli
JM109/pQE-80L-PSEEN0851 55 niAMEE H; 6: E. coli
JM109/pQE-80L-PSEEN0851 iS5 4l H; 8: E. coli
JM109/pQE-80L-tsf % F 5 nl A M ; 90 E. coli

JM109/pQE-80L-tsf 175 55 Al i M 2K 1.

Note: M: Protein marker; 1, 4, 7: E. coli JM109/pQE-80L as
control; 2: E. coli IM109/pQE-80L-mmsB soluble protein after
induction; 3: E. coli IM109/pQE-80L-mmsB total protein after
induction; 5: E. coli JM109/pQE-80L-PSEEN0851 soluble
protein after induction; 6: E. coli IM109/pQE-80L-PSEEN0851
total protein after induction; 8: E. coli JM109/pQE-80L-tsf
soluble protein after induction; 9: E. coli JM109/pQE-80L-tsf
total protein after induction.

http://journals.im.ac.cn/wswxtbcn

2.4 mmsB. tsf #1 PSEEN0851 £ & &Y 3 A&
T8 4 RamT A 700 1% B9S2 0

B EH %R &7 0.02 mmol/L 1 IPTG
LBGMg 1573 1% 9% 2 ODeggo 4 0.2 )5, HILA 3%
[ IR O ot I 25 28 ML 70 189 Jm A6 7R 1) A K
FEARAIR S UNIE 5 Bits, X BB AR KT B IM109
e 3% (VIR LEAER, #53% 8 h 5
ODggo HHEK: 0.06, 11 H AT Fa A% F4 975 771 4 TR
ETA G, EARE 3RS T R A
() TR R ODego 5 2 1.7 2245, 1M BE 2H 2235 26 11 o 4iE
T EF-Ts F1S0 2 R 7K fff Tl 8 20 1R 14 R R A
1 ODeggo FHXT T-XF BRI #4531 $2 =5 0.36 F11 0.65.
R, 31X 3 N IET P putida JUCTL (3R K&
PRI RRAN )R B 4 730 A 2 FCH 1 v o R
TR B 7P, Horp 3- 5 S T W i A i XT
B R A TRHVA 700 1 R ) B, S0 S PR K S il
KRR Z, TR BEff R EF-Ts Y52 GE
B

20
.
gy
15 ¢ s
g 1.0
05_ (iH J.J'-Lll 8 *
0 2 4 6 8

t ()

B 5 &0 3% (VIV)IA SR 'L FRIE mmsB, tsf, A
PSEENO0851 B KB+ E E ¥k A K F2 00
Fig. 5 Effect of 3% (V/V) cyclohexane on cell growth of

recombinant E. coli strains over-expressing mmsB, tsf,
and PSEEN0851

Note: V¥: E. coli JM109/pQE-80L-mmsB; <: E. coli
JM109/pQE-80L-PSEEN0851; A: E. coli IM109/pQE-80L-tsf;
o: E. coli IM109/pQE-80L.
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3 itk

AR @ R B AR it R e 22 AR O, o,
FEAT SCHRFR B 5T, IR 7 e 0 B S TR
REFVET AR AT, HE R LS K £
5 B AL A IR I SN A IARE, TR 57
PR KA AT B BRI DR | T 40408k NTG 5748,
1715 L LR 750 P — et e P g 22 715 A
WE5E b, 3 IS T 3 i A R ERBE G A BILIA 79
B, INRIAEEVELEE 7, X E A WSS A 7 R0
P. putida JUCS #1751k, JFEZA5 I REASTE 60%
(VIV)ERC e A K BB I T R o X T RO R LA
HAFE AT IR GE s, E0xE LTS 2 e g it
% 3% (VIV)ACLE bk, Sk ik sith 5
B G YT A0, i85 A AR 5L
MR A PR PR AR OC

MRAE AR AR T #3815 K 7 AL
12 i A G 1 2R A B4 43 (TolC . MarA . SoxS .
RObA | GIpC %) s E AR R 2 DI A B
THERIKE A IR AT R, T
T S BT A A B i v 5 R — e R R B O 1Y
A BRA gD, TEARERIRE T Rk
A I 3 25 e W B 1 AT R S TR M A A B
JE 7 38 S AT A2 BE Aol R, I
B 22 55 81 00 5 YA 5 0 A 0 1% i 5 351 1 A O
Ao FHLH A A B . AR

36 o0 2 TR PR 5 0 TR T 3R 2 K LT
(Kl 5), EAFE 3-F2HEF T MR S (i I A
mmsB) i B XS T A IR AR R, 3-8 5% T
RIS G-I A e U ) s 1 3Rt
ABGZNE, W AR RO AL AL HLEL A R AR
1, I+ B R A IEOR IR, KR,
6~ 15 ] 2 A O g 118) 2 RS 2L L 1 mar-sox 1
FEIN, mar-sox P IR 2R 7 I vy v 2 A
(U robA. soxS. marA FE)UEITIEEE, EERISMER

11 AcrAB-TolC A ICHE I FRIR NI ™% 3245 T
S FEI IR o AR 70 S M HEE I AL (A
Mex efflux ZRZ0)RIRIFEAAAE TR, HIt,
ATLAHEN 3-F25E 5 T IR A M (GRAS 5L mmsB)5
VERSMER RPZEDLH B AROC, B IR RIS
PE R RRAT ML RS2 A IR KA E R

FERIANF R T, 553 S R/K kIl T LR K i
SO YIRA 2,3- -2, 3- A AR ER A R R
AR, (E BRI T 09 S0 SR K S Tl AR R (U
3L PSEENO8SL) I HAR BEIAANTEHE . i
RELRITH X, SRR TR B v 1 5203 SR
IK A B 0 55 R VR T KT B 1 S 43 S e K
fift Tt A R 7 S R JE PR 1) 94% ., TR T PR B
HH AR S ST K ik R G AE R T AT T P A
BB TRATAF AT R A TR TR P4 s, (AR
75 A FHUR AR E— B0 sE b B e i
7 EF-Ts (Zifi%dt A tsf) i 25t AEis i R
B PO TRA R A — 2 i3, o IR 7 U
TS HEATES, W R RN E A
FARH B VIAAC,

2 R SRR W A LA R SZ EF R
A 20 ARy, ARJA N 52 F LA 58
SIHRE . AEREBIR R, RN K
FE B TR R AL A AR Z AL Ak, s o
FEL ] 020 0 235 A P J A ek AR 29 AR S R
W1 T 3z FH 8 11 20 2 10 5 I I 5 i A i s 39 1
BT, A IO UE T R A B R K B T
PR TP BIL A — S AR, TRTERESR 3 P
TREFBAE S TR maERI T, i Es
T T AR FH B4 5 700 T 52 7 2 A 4 i A= 0 A
PR T TR S

2 % 3 Wk
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