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Abstract: The osmotic stress induced protein (OsmC) and organic hydroperoxide resistance protein (Ohr) were two
antioxidant enzymes which play an important role in bacteria defensing organic or inorganic peroxidation. The osmC
gene (DR_1538) and ohr gene (DR_1857) of Deinococcus radiodurans (D. radiodurans R1) encoded the two antioxi-
dant enzymes in the OsmC superfamily. Fusion PCR of three sections in vitro and linear transformation method were
used to firstly construct the spectinomycin-resistant mutant stain (AosmC) and the kanamycin-resistant mutant strain
(Aohr). The AosmC, Aohr mutants strain and wild-type strain were treated with CHP (cumene hydroperoxide), H,O, and
NaCl stress treatments. The result showed that AosmC mutant is extremely sensitive to H,O, compared with the wild
type, while Aohr mutant is more sensitive to CHP and the two mutant strains had no changes after NaCl stress.
QRT-PCR results displayed that the 0sSmC gene of the wild-type strain were up-regulated in both H,O, and NaCl stress
treatments, and the 0smC gene in H,O, stress levels was significantly upregulated. The ohr genes in wild-type strain
after CHP and NaCl stress treatments upregulated approximately 2-folds. From above, it was presumed that there may
be different at the preference of two peroxidases in OsmC superfamily selecting substrates and the mode of those inter-
acting with their substrate; OsmC proteins may mainly use inorganic peroxide as its substrate and Ohr protein may be
primarily based on the organic peroxide as its substrate.
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TEHRRNE R R4 B HEAT CHP(R A 2R 1 LA« Ho0, F1 NaCl e abBE, g5 ER, 5EARME,
AosmC RAFKEXT H,0, i BUK, 1M Aohr B4 CHP FHUK, PANRAEMRST NaCl s #% A KAk
QRT-PCR 4R EIR1E HyO, A1 NaCl i N EFAE BBk osmC FE[RIER L, ot H,O, Fhia F I H K
F; {f CHP 1 NaCl ffipift N8 AE Rk b ohr JERIE R B KL) 2 504G AR I 45 BAHEN ))& T OsmC # 5Kk
AN IS E A Y I BRI R i v 5 R R D7 Nn BB HF A —FF, OsmC 2 v] B 22 DLEHLIE A 1 E MR
W, 1M Ohr £ [ 7T 8 32 B2 LA ML E A NI -

X MR R EERE: osmC 5 ohr JE[H; SBRE; B

il

1. 5]

i % 5t S5 BR T (Deinococcus radiodurans R1, D.
radiodurans) e — ML AEBURTE, REER RPN T A4
KA 22 RPH TR B, AR R Bt v B A 2R A 2
UF, PR S T O R R i
L) s 43 28 S e 5 3K B i o i DR 2EL 0 Y 1)
HREMG Y, ERPRE KT, TR
HERE B B 1SR RT DULR A 4 i S 52 AL
EiAL /I

—fckul, SEAIRREIRE, S E N R
ST DRI, S S A R B Xt A A D A7 R e " kb St o
BB T2, Seb LS SR Uo7 ZEZEZ;Z?;T% PRSI
PR AL TE LI A S B i R i S SR A
AhpC, Tpx, Ohr fl OsmC &I mZ i 4 it 2. MR5FE
VIR Rl . 1 A AE S G A LS S B R 11 MR
F1(Ohr), BEMHE S HE H(OsmC), LALVFZ HAh
RENREAFRHE T OsmC B K. SR RY% 2.1.1. E¥k. Bk
B, ANAT A, AR ER AR EEZRTAER ARSI BT AR AR AR 1 B, KB T
YR, Gutierrez %5 N W1/EE K IAT B TP OsmC LB £53#3£(1% Typtone, 0.5%Yeast extract, 1% NaCl,
TER— AR FE BT A SR, BRURRERN  pH 7.0, 121°CHEEKH) 37CHFE, it st 5 % Bk
R R ERTE H 1 OsmC 5 Ohr P FH IS AL YR 1 D) T TGY £:7%3£(1% Typtone, 0.5% Yeast extract, 0.1%
REIRA = L. glucose, 112°CE & KE)30CH T

i 2685 53 5 5 BR 1 (D. radiodurans R1)H osmC & [#]
(DR_1538)55 ohr £ [X(DR_1857)% 5l4ifi T OsmC 5
Ohr Wfiid E ALYl . N OsmC 5 Ohr 7] BEAETL 4
A BEE SR T EAER, AR B R i ST B
B X AR ) BRI RE R S B, KIEA
TEAE . G, AR AR A = Bl & PCR J7iEAIA
WHE AR E T osmC 2 [F 1) 58 42 6l ok 58 A8 bk
AosmC 5 ohr [l [1) 58 42k 2 S AEHR Aohr o I8 1} B
AR FEAT AosmC . Aohr ZEZFFEREAT AN [R] () iy 38
(CHP. H,0, Fl NaCl)AbEE DL K 4341 95 /> 5 AL A AS [R] oy
B TIHIRIEE, ¥IPRZET D. radiodurans R1(DR)H

Table 1. Strains and plasmids of this research

® 1. SCRRATAERF B

Strains and plasmids characteristics Source
Deinococcus radiodurans R1 CGMCC 1.633 Store in this lab
AosmC, 0smC gene deleted-mutant This study
Aohr ohr gene deleted-mutant This study
E. coli trans10 Competent strain TransGen Biotech
pKatAPH3 Km" Store in this lab
pKatAAD2 Spe’ Store in this lab
pGEM-T Easy Amp" TaKaRa
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2.1.2. EERF

PrimeStar HS DNA Polymerase ExTaq . dNTPs
) TaKaRa /A %); DNA marker. ZHE3EF 4] DNA
PEGAF & Hil DNA 4l &. Bk /N EHEE
RS BlEEER I DNA R &5 B b ai R
WAL A REIEN VIR H NEB A7]; RNA ##
BUAA &I H Promega A#]; SEHF 2 & %% PCR K
74 SYBR® Premix Ex Taq™4 F TaKaRa A#]; 1L
WA AT at.

2.2. =k AosmC. Aohr BUHEE

F| A Primer Premier 5.0 1 DNAMAN #f4F¥#it
PCR 5. 73 7 LA 45 53 SR B BRI ZH P ) osmC
(DR_1538)J& A ohr J:[FI(DR_1857)LAf % H Z&: (A |
TR HIA bR & A 800 bp) AR BT RS
() _E R A B PCR 5140, B33 )i v BA pKatA AD2,

pKatAPH3 # &7 51| B i fitE & B PCR 514,
19 H R 2 Fios.

PARAZ K AosmC [t Jyfsl, FH 514 1538-U-
F/R. 1538-D-F/R 435l 14 DR_1538 F:[K (1) b T i [F]
J5E (524 bp F11498 bp), 514 1538-S-F/R # AL WL 25
RPUME B EE DN S m) AN 51942 bp) o AVI R RIS
SAMERLE B BONBAR, & B R E AN AN
519, BEATWEERLA PCR [P, PCR [N 55—
SNFEF N 95°C 3 min; 95C 15s, 60°C 20 s, 72
‘C 6min, 11 cycles; 72°C 10 min, 5 - PCR XM
FER4 95°C 10 min; 95°C 305s, 54°C 20s, 72°C 1
min, 35 cycles; 72°C 10 min. @& F By 1888
bp. PCR 4T I &l PrimeStar HS DNA
Polymerase.

[ B Rl Fr B A(72°C 10 min) 5 pGEM-
T Easy #fh 16 CIERIT I F L 3RS E AR

Table 2. Primers for fragments amplification

=2 BREBRYEARAKNSY

514 SIIFFFI(5°-3%)

1538-U-F GGGCGAGTGCCTTGGTGA
1538-U-R CCAAGGTAGTCGGCAAATAAGTGTGCTCGCTGCGGGGC
1538-S-F GCCCCGCAGCGAGCACACTTATTTGCCGACTACCTTGG
1538-S-R TCAGCCTTCGAGAATCGCTTCGAGCTCGCATGGAGACC
1538- D-F GGTCTCCATGCGAGCTCGAAGCGATTCTCGAAGGCTGA
1538- D-R GGCACATGCTTGACCCTGACC
1857-U-F CGCTCCCACACCCAGAATCAC
1857-U-R GTTTTTCTAATCAGGATCCTCTAGGCGGTTGCTTCGGCGGTAT
1857-K-F ATACCGCCGAAGCAACCGCCTAGAGGATCCTGATTAGAAAAAC
1857-K-R GTGATGGTGGAGTCGGCGACGGTATCGATAAGCTTGATAT
1857-D-F ATATCAAGCTTATCGATACCGTCGCCGACTCCACCATCAC
1857-D-R CGCATTCTTCTGGGCACCTAC

1538-1-YZ-F AGCGCAGTACTCGTTCAAGA

1538-1-YZ-R GTCGAGCGCCTTGATCTCAT

1538-O-YZ-F TGCCGTGGTAGATGTTTTCGTC

1538-0-YZ-R TGGGGACAAAGCAGGCAC

1857-1-YZ-F AGTGACGACCGCCTCAACCT

1857-1-YZ-R CCAGCGCACCCTGAAAGC

1857-O-YZ-F CAGTGACGACCGCCTCAACCT

1857-O-YZ-R CCAGCGCACCCTGAAAGC
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BN trans10 BEZAS, FI R B BRI R B
TR . RSN PR IER S, SREUTRL,
B i1 3 DI Neol/Pstl XUV, 45 2B ) Bod it
[ B 2H g v 3k DR, F iR BE P H AR 3 Spe
(20 mg/mL)f7iide 56 4 B 2R AT K . PRHLI 5 5 b 1 (1)
FNH 2 1538-1-YZ-F/R 51 ¥R ¥AE DR 1538 P4 &Rk
KIEEF (165 bp) & BAEERAL T . 4 1538-0-YZ-
F/R 5140 REGIE Rl v B [ Yt o 2E 37 1) T 2
RAF Aohr F{IFEE 5 RAL K AosmC [IHE i 77 %
Fpoh, Hp R RZ PG R NI T ohr ZE[A],
ohr FE[ b N [FVEE S Hiit &R & F BN
2104 bp. AR 20 pg/mL Km 3%, §75 3% 1) 5077 b
THEMHNAH 1857-1-YZ-F/R 5 1857-O-YZ-F/R 5|44
FIBGAE S A bRk rh DR_1857 J K| i 25 A 8 20 () 15 .

2.3. CHP(RAFETSELE)E

EEFEFAR 4 R A2 B ER A% DR AT AosmC.
Aohr FEAEH B e b T 14T 50 mL TGY WAR: %
F(EPUER)F, 30CHEFEZE ODgo 21N 0.6, HAH
PRI 50 mLTGY AR B 73 2% 5 4> 10 mL B 44,
S BIMAR AR CHP, 43R A 0 mM. 1 mM,
2mM. 3mM fl 5mM, 30°CHEKIEF 0.5h, HUALHE
JE 9 100 pl BT PBS(FRAN 22 ) 15 LU R RS
ANFBERE S 8 pL fSAE TGY kR FR% E, 30°CH;
77 2~3d, WEHEEAKEN.

2.4. H,0, 3

MBE 75 H P AR b5y 3 P ECET A B R vk DR
AosmC. Aohr FEAHI BB EBE 4T 20 mL TGY )
MR FRFL(EPUER)T, 30°CHIFRZE ODgoo 214 0.6,
P E 1 mL A, BSOS, 4N 1 mL PBS(H R
M) E R, IAARFEEF HO,, [FLIREN
0mM. 20 mM. 40 mM. 60 mM. 80 mM, BRI i
FEiREE 0.5h, BAEHE ST 100 uL B H PBS(BEER
BRZE PR RE LR RS, TR E I 8 L s AE TGY
A R L, 30°CHIR 2~3 d, MBHEEAEK
Al%z‘{l)—lj_‘[lo]o

2.5. NaCl 43

MR IR EE PR L 2l BEHCEF ZE R TR Bk DR AN

112

AosmC. Aohr FEAEHK e PR T 20 mL TGY )
B FREEPUER)P, 30°CHFEE ODgo £1N 0.6,
P 1 mL A, BROWCRETEE, B A 1 mL
2M A3 MNaCl HE, 30°CIEKRE 4h, AHEH
VR PBS(BERRE i) (i LURR RS, AN MRE S &
8 uL FU7E TGY [BEAR: FR 3 FR F, 30°CHE 7% 2~3 d,
WS B R A KB T

2.6. AEIPMBT osmC EE. ohr EEM
FTILHr

MIFFRIEP AR PR A R vk DR, #T 4
i 20 mL TGY ¥R AAR:FRAE R, 7370 ok 1 i Ak 2
7723547 2 mM CHP. 80 mM H,0, 1 2 M NaCl 4b ¥,
DA Ab FH (1) B A T R AR A HE . KRR B R, $2
RNA, DU #3513 51 cDNA MR, J8id QRT-PCR
43 M osmC FE[RE H,0, 1 NaCl it AbHE Rk
5 ohr 2 K7€ CHP Al NaCl BB AbBE N (35 S Rk
IR

3. BRE54h

3.1.0smC EE. ohr EEFH|EHEHES
R RHIE

AFEME T OsmC 5 Ohr &AM [FJEMES &
R, EATRMAMLKEA" . OsmC 5 Ohr WA %K
B R AFAE T 22 IRPH RS 2 AR H, FR H 5 HA
{10 SR BB B 1 R e R I A R R T A
NCBI 3£ [X % 345 Deinococcus radiodurans R 1 (il 48 5
S ERE ). Pseudomonas aeruginosa(Hi 5B F i B )«
Xanthomonas campestris(JH % 5 FL i B )+ osmC 5 ohr
RIS, it DNAMAN #5355 5180 3 R
RIHEIR AT RV 7 51 LEXS (8] 1) OsmC 5 Ohr T
EAS HRFTRMELE 40%~60%2 18], WK R
] R 29 20% I [FIJENE . % TP &Rkt Cys 2t
IEB 2 AhpC i S8 AL B AU A AL S AL A S 1A
2 0smC 5 Ohr WS RIEA 1 ELE AR <7 IR BE R
Ui (1) AN AN AR )~ e S R Tk B 0TI Bl SR A ALK
FERBEMEAER . OsmC 5 Ohr Wk 2 (M AN Al Z Ab1E
T AP R IR R AR AT M 2 B 7 41, Ohr XK
TG 5 AL R (Cys 125) AR (M & 5L e 7 41 A0
T —AVCPY %%, 1 OsmC WEKJEF HAEE (H

Open Access
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O=mC DR.S5SEQ MHSGSVEHCIEGRESREREALFRSEHTGRHMADIARE HWEEDLEREHNGTITT . ESGVLSQL 59
OsmC XC.SEQ . ......ccivnnnnnnnnnnnnnnns HMGISE HWEEDLETEEGLLSTFSGLMENT 33
OsmC PA.SEQ  ........ccccveannnn MSIHS5GGVOMEER VHQEGLENEEGTLST . ESGALELDN 40
Ohr DR.SEQ  .......ccivennnnnnnnnnnnnns HMANVY TATEG . ReTTESSODORLHLLOLSY 32
Ohr PA.SEQ  .....c.cevveennnnnnnnnns HMOTIEALY TATEG . ROEERAVSSODGVLOVELST 35
Ohr XC.S5EQ . ...ccivcircnnnnnnnnnnn MASPEEVLY TATlEG . REEERAVSSODEALDARLST 36
Consensus a a g g

O=smC DR.S5SEQ QY¥YSFETRFEHGE QM .LSRHE [MQLSALLLAEHG.HEIEALDTODATCEMVELGE 118
O=mC XC.S5EQ RYAFS5RFGLEE QM TLLLHE g [MALSLQLTELG. FFFTSLOTRAOVLOLSHEG. 91
OsmC PA.SEQ PY¥GFHTRFEGAE M TCLAHE SMALSHMMLGELG . LTRAERIETRAEVILOEQSD =k
Ohr DR.SEQ PAEMGG. .OGGE 2 MMELLCYR JGALGVVSREQEIDVEPADSTITARVGLQEAGL =14]
Ohr P4.S5EQ PRELGG. . QGGAR D MMEFLLCYE g [GALEFVAGQREQTLPADASITGEVGIGLIEG 93
Ohr XC.S5EQ PRELGG. .AGGD 2 MMELLCYR 1 [GAMEAVALOLDELELPGEVSIDSSVGIGLIPG 94
Consensus tnpe 1 cf

OsmC DR.SEQ GFETHMHMHLEVRAQLTESCQALDFEAHVEIEAEE | ERTHOGHNVEVTHEATLEG 172
OsmC XC.S5EQ GPQLSQIRLELEAMVHEITEAEFRELADTREEER iR_KELSE?P.ISLETEFSS 144
OsmC PA.SEQ GFATITAVHLVLEARVHELLAQTFEQIANERELC ~ (VEEVLHNLE . .ISLOASLDG 151
Ohr DR.S5EQ LFAL...OVELEGHFHeLSREQLECLHMHAN HFR]S AATENH. .VOVRELEVERE 139
Ohr P4.S5EQ GFGL...EVELHISLHeLEREALEATL VL AN HO RIS MATRGH. . IDVRLHWVSV 142
Ohr XC.S5EQ GFGI...VWELRIAVHeMLEAELQTLVIOEREH] HMATRGH. .IOVTLTLA. 142

Consensus g

a cp S

T EOHER AT R ERR, 4R VCPY 3£)3; DR: Deinococcus radiodurans R1; PA: Pseudomonas aeruginosa PAO1; XC: Xanthomonas

campestris pv. campestris str. ATCC 33913,

Figure 1. Amino acid sequence alignments of OsmC and Ohr

1. OsmC 5 Ohr EEMEEBEFFIEL 3T

1)o VCPY /7 PR R AL T 5 8 SR A M A B
SECE B R T A B UK. OsmC 5 Ohr F
HKNG 2 ) S 46 1 22 57 1T e 5 300 S W2 R 1) Th REAS
—H.

JEIL PCR J7i56E AosmC F8 75 #k [ 44 2 2 75 il
I, DATRAERR I HE RO, B AR 7Y DR BERZH A%
NBATEXTHE, FH 1538-1-YZ-F/R. 1538-O-YZ-F/R FiX}
19053 S BIE osmC K 5 EhA v BK /e PCR 3
4 R B B R 1538-1-YZ-F/R 5149 1
165 bp K/NW B, RAMRH A LB, £
AosmC 54k osmC; 1538-0O-YZ-F/R 5|¥4EFH
PEXF IRy 1 Y 1542 bp, (ESRARKKTRI 110 BN
2018 bp, KHPHMERPUMEE OB DR_1538
FH .

[F]HEF 1857-1-YZ-F/R 5 1857-O-YZ-F/R 5|¥)4%:
1E Aohr S8R, PHIEXT BN BT A=) DR FEH4H . 45
S, BHERT R 1857-1-YZ-F/R ¥ 14 Fr BE K /N 124
bp, RAGKRFARY W H%, KW Aohr FAE
& ohr Z[H . LIFF AR DR R4 AR , 1857-0-YZ-
F/R Y1 AL DR 1857 JE K b Rz e 41 s I A B
(1942 bp), LAFSARKRIEDR AR, 748 [0 2715 K/
42723 bp, RHRIERDUIER LI E#: DR_1857

Open Access

RH, K18 Aohr ZE#,

3.2. DR 5 AosmC. Aohr ZEZE#REAE P b 3E
TR

i 4% 5 ERE OsmC A1 Ohr 43 J& THANTER
R, EATREBIAANE B A X DR E R A%
9T AL JeHt DR 5 AosmC. Aohr ZEZFHE—Fk
EXTA LAY CHP (i 52 HET T 9e: R4k
M =MREKH—FE, | mM CHP &3 1 h 5, =
B A8, H =R MK BIEL—F, 2 mM
CHP 4 1 h J&, AosmC RAEHE S DR KHEAL—H,
I Aohr ZEA KRN 2 mM CHP (B URE L DR B B
B 2). 48R EW Ohr 7EMHFRA NI E Wi
Rt HEER . B AARKRER H0, &4F =k
E IR B, 5 DR AL, AosmC ZRAEHRAE 40 mM H,0,
AL R B X H,0, B, BE & H0, WREE R InK,
UBRPER SR, 80 mM H,0, AH = MR HI45 R 2
Fr7R, 1 Aohr RAZFRXS HoO, AL BRI 5 DR —#f
KA, g5 R R OsmC 7535 R TCHLS S it 72
A BERER . AEREER NaCl B0 =R
AbFRAN[RI [B] () 25 SRIF AN, =R 3 S AR Ak
LI R TR 3), (H =R MK 2 5,
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T4 5 5 BR TR osmC 55 ohr JE R RASHR MG 22 K D BERIE 5T

M 12 3 4 M5 6 789

2018 bp 2723 bp
1542 bp 1942 bp
o ' o

M: Trans2K Marker; 1,3,5,7,8: 1538-O-YZ-F/R. 1538-1-YZ-F/R. 1857-O-YZ-
F/R. 1857-1-YZ-F/R 51 BHMEXT IR 2, 4: 1538-O-YZ-F/R. 1538-1-YZ-F/R
5| ¥ 1% AosmC Z825Hk; 6, 9: 1857-O-YZ-F/R. 1857-1-YZ-F/R 5| ¥J5iiE Aohr

Figure 2. PCR assay of the mutant strains of AosmC and Aohr
2. AosmC F1 Aohr ZRFEHRAT PCR WHE

OsmC F Ohr 7E =75 2514 (NaCl) ~ Al REANEANEF .

3.3. FEIMBALIESS osmC 5 ohr BEEEFKFE
N

FATVE FH S2i) 52 B PCR BR - ¥R % DR B AL AU B
Pk osmC 5 ohr FAHEIZIE A NaCHAE A
(H,0, 8¢ CHP) FYEH: KPRk . B 4(a)FI4h
RIR osmC HKIE AL AL E (80 mMH,0,) T 41
XfFRikE A T4 8.9 £, FBH osmC £:[F % F| H,0,
RS, MEABZEMEQR M NaCl) F X RIE

DR

cK
2 mM CHP
80 mM H,0,

3 M Nacl

VE: RV ERIR A A B AR RS (107 107, 107

1074, 107°) SR ERA IS 5 17 AR -

B ET 742 £, N osmC FED R REZ B EE A
73 ohr BAMIMXIRILEAGHAIE CHP
NaCl 2 N #8_ETH T 2 £ 224, I ohr FE47] 552
BRI gt

4. #He

WHEAEN T, Ao FREEN, RS TIEH
I} 2 R S MR A ROS!M. A ) ROS 44k
ML B KT, 055 DNA FIfI§ /5 . ROS fift S5 B Rl
THEEND IR RS T EER . 25 ROS
TR i R ) MR S A A IR AE
PR A ST, 2070 B R B I A L U
U e 1 Al A S AL S A A o I 19 ol it o 4
FEAH B BT HaO, RE 7R H B 22 . OsmC 1 Ohr &1t
=Ry T A E AN Y LRI 3 4 = P E|
FEFIEAEA R A AR e T 2, IR SR BT
W A —FE. — L4l B HAF7E OsmC 5K Ohr
drf—#, i M. pneumoniae(fii % 37 JE44), Vcho-
lerae(EEHLINE) S X. fastidiosa(H 7= ARATE)H HA
Ohr [AYE#, T1fi E. coli A OsmC [FFEY). H—1L
P OsmC Fl Ohr #AAELE, il H.pylori(Kal 12

AosmC Aohr

Figure 3. Effects of various stress (2 mM CHP, 80 mM H,0,, 3 M NaCl) on growth of AosmC, Aohr and DR strains
& 3. AEMEXLTEQ2 mM CHP, 80 mM H,0,, 3 M NaCh%f DR 1 AosmC, Aohr BEHkHIEM

Y 10 ¢ o 10,
=N 9 mosmC —g

%‘é 8 - 5 g mohr
2z 45| i 2

i S L Lz o6l

0z 6 R

® 5 5T foge)

E s 4 F £z 4

@ L 1 F B

° 0 __- . = 0 - L L J

£ CK 2mM CHP 2 M Nacl
CK 80mMH,0, 2M Nacl

(@

(b)

Figure 4. (a) Relative expression levels of osmC in different stress; (b) Relative expression levels of ohr in different stresses

4. (a) TRFHBFHT osmC ZEIFERFIEKTE; b) TRBEFRHT ohr FEEIHERIFIAKF

114

Open Access



TS %8 565 S H BR TR osmC 55 ohr Jik K] SRAZ R IR AL i 1 D e 7

FFE), M. tuberculosis(£54% 73 SZFFE), N. meningiti-
dis(I0i 55 96 XUBR B ) S 4 B o i 58 ) 5 BR A PP A7 A
OsmC 5 Ohr FiFifg, (H'EN1HIEAMIERH IR AN
.

AT FT IR T T A R ER B T osmC 5
ohr JEPRIFIERA R A, HhRALKK AosmC %} H,0,
fipiE AR FE LA AL Y CHP il b 2 58 UK,
1fii Aohr FRAFRX A ML A4 CHP AbFHEE UK, &
B DR 1] OsmC 5 Ohr 7EJERPDE Bl bf- 1% I A —
Ff. DR " OsmC i S A0 58 f i %6 % JEALid 80 4E
Y, i Ohr Bkl iEBEA HLL A

L5 48 55 7 BR 1 A [R] 92 E. coli 1 OsmC &
FEHAHB Y Ohr DIRERML, #REFIH H.0, 5HML
HAEAEITENERY) 12 OsmC 54 % A HLid et e
1,71 Atichartpongkul %5 A\ 72 HE 5 S AT T osmC
BE TR ) RAR PR 5  o 8  BRUR P SG 0, L e LR
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