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Isolation and Characterization of Nicotine-Degrading Bacterium
Arthrobacter sp. NU11 and NU15
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Minimal broth containing nicotine as a sole carbon source (MB/N) was used to isolate novel nicotine-degrading
bacterial strains from tobacco plants and field soils. Comparative analysis of 16S rRNA gene sequence, phenotypic
test and morphological tests showed that the position of these isolates were in the genus Arthrobacter of the family
Micrococcaceae. The highest 16S rRNA gene sequence similarity of the isolate NU11 and NU1S5 to type strains in
the genus Arthrobacter were Arthrobacter equi (98.2%) which was presumably a novel strain and Arthrobacter
nicotinovorans (99.8%), respectively. Both strain NU11 and NU1S showed rod shaped, Gram-positive characteristics
and catalase activity, but did not show oxidase activity. The novel strain NU11 was found to degrade efficiently
nicotine in MB/N medium by the analysis of UV absorption spectra and could be used as an organism in
bioremediation technique.
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ll(Nicotiana tabacum)oll= FZZ 02 v o 257
9] YR o|EE(alkaloids)o] EA5HH, o] &2 HHje] 2 Y
L2 Mo]| 7|odsl= Aoz da] L&A rtHAndersen et al., 1991).
FAAY7HA] G A EAFS A4 E71SEEQ R
9 gshqtzE= 12,0000 Fof Eotm, A& Al terpenoid T
2907 thokst A o 2 G A Qlth(Croteau et al., 2000). BHll=
LR o= 204 FL EslAL 9o, 90% =S ARk =
QFZF20|=7} nicotine (3-{[2S]-1-methylpyrrolidin-2-yl } pyridine)
olm(Jeffrey and Eoff, 1955), B AZXEF9] °F 0.63.0%
Z}A|$HcH Armstrong et al., 1998).

Y E AL 7RI Solanaceae) ZHEo)| A 22| 8Ha] &A
< 7} tropane YL E 0| B9} -2 Z1315HA 7|9 7HA] AL gl e
o, |71/ otu|eAlRl arginineo|t} 0] 2] EaAHES] omithine
oA putrescined F7HA|Z dlo] WEo] Ztk(Katoh et al.,
2005). Y€l 9] 2Z314)-& nicotinamide adenine dinucleotide
(NAD) salvage A2 W F7HAH<} ornitinine™} putrescineS 73
£-5to] §- =% methylpyrrolinium cationz}2] Z3}o] oJ8) w5
o] Rt} wrabx] YEE-L2 pyrrolidine ring®} pyridine ring &2
TRE BeolA FAE] xylemE Fdto] F71¢F HER
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(acrial part)?l it oh2 2Z 9] Hi(vacuole)o] FHHHTH
(Shoji et al., 2000; Katoh et al., 2005). ©]&et UZE-& 7|91
o} 75t A4 Ed R g8A glem, F(rat)ol]l tigtk LDso
Zko] 50 mg/kg, AF (mouse)= 3 mg/kgo|w, Al of thgh XAk
E=+ 40-60 mg (0.5-1.0 mg/kg) B E o] g1 Okamoto et
al., 1994; Solarino et al., 2010), o= A9 A=}
750 mgo]gt= B % Qlth(Mayer, 2014).

ool Azt o] BRAE 2 EEe UzHe
235l T2 9k H7] LFES WAIAIZItH(Novotny and
Zhao, 1999). §teF o]2j3t @ HEAEC] obFH X2 glo] e
A o2 fARGE, TR BHS 2PAY Bk opfe
Ul 2k WS HeLE A B AolckChen e
al., 2008). wrehA, S AlE 233 AHE L HEEY U=
9 RS Fol7] el w2 o] asitt

ngEe] oFt YZd Eaf= o]2jg gl LAES ATste
B A Fag TS & = St v =S ANSSHe BETHE
Q1 HPHE G847 Hlgolghe SHA S84 B e
W Bt NS Ech FR7ER] Arthrobacter?} Pseudomonas <(Ruan
et al., 2005; Wang et al., 2007), Rhodococcus 4(Gong et al.,
2009), Aspergillus orizae (Meng et al., 2010) =9 n|YEEQ]
YZE Fafjof o3 PAate = FAES B4, A, oA
H 5L= FHol= A= dEA Ut o|Yol% Bacillus <,
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Achromobacter nicotinophagum, Microsporum gypseum®] A
FRo} o] BROIRE UTEE Bafe 4 ik wasiich
(Brandsch, 2006). U=l E3)|9] tAMARLE 500 | ARE =
7HA] 9] n| B ARESe] A E]QlT) Decker 153} Rittenberg
122 Arthrobacter nicotinovoranss ©|-25}9 1, Wada 152
Pseudomonas 40| WPYES 01-83}o] A51{ct (Brandsch, 2006).
USE 232] A2k pyridine ring (pyridine pathway, Arthrobacter)
o ARE=AY; pyrrolidine ring (pyrrolidine pathway, Pseudomonas),
T = g g sKdemethylation) & 2 AJZHE T}

2 AYA = SuidlE I A B 9 gl 9L, £7]
FeloA URRE Boliste Al 28R, 1 5 g o5
7} Arthrobacter 2] |28 #5FYd 71540 9= NU11L
der 1 EA4E AT

Mz @

x| 2 Al2}

Y=g Eafl v 2ot 2 98l AMS-E MB/N HiX]= 4
| z] o] w4t UFELS 212} 0.1%% H71ste] eI 2
AH|R)E 1 Lo 25420 0.3 g KH,PO,, 0.7 g Na,HPO, - 12H;0,
0.3 g (NH:)H,POy, 0.7 g (NH:),HPO, 0.1 g (NH,),S05, 0.05 g CaCl, -
6H,0, 0.25 g¢ MgSO, - TH,O0Z A7}ste] Az}t njsFds
=119 5549 3.0 g MgSOs - TH,O, 1.5 g nitrilotriacetic acid,
1.0 g CaCl-2H,0, 1.0 g NaCl, 0.5 g MnSO, - 2H,0, 0.18 g
CoSO4 - TH20, 0.18 g ZnSO4 - TH,0, 0.1 g FeSO, - TH>0, 0.025 g
NiCl; - 6H>0, 0.02 g KAI(SO4); - 12H,0, 0.01 g CuSO; - 5H,0,
0.01 4 H3B03, 0.01 g Na2M004 . 2H20, 0.3 mg NaZSeO3 . 5H20
£ Arlste] A|x3HETk U3aEE Alfa Aesar (A Johonson
Metthey AP 2] &= 99% (S)-(-)-Nicotine2 ©]-83}% th.

ME 2ot LIZE! S uelziote] 2zl

2 AFo] AME B AlRE 2010 690 FHEE YA
o7 Fuveka EgAlEakuto] Gl She-A(36737 49N,
12727 7Byl AT o] A 28 gt
qlglem, gl ma) okl we) o, £7], el Fad
o2 ste] BFH conical tubeo] Tol LusAT. 23t
Az 13 77F glo] vk Aslo) ALgT.

A ABSE 221 g4 20 mle] FFef Y3 587 3
SHAEAA, A4 S Fa) 107714 Sl4stsck 10°e)
1078} 3)443F 8- 100 plS MB/N Hj|of| E2+511 30°C of|A]
5714 e 3U3h et 3U%k WAl T A 2
UE ohA) Al2e MB/N TAMAZ §74 30C oA 323k 44
o Aejulore Fato] w42l S sholt of ), wix|o] A s}
2 ol 2RUSS Uad Ba ejgolz 2481 o] 5o
AL WL

165 rRNA QXL MES S8t HApISE 28
AR g3o) ASEFE 9218 dohry] fJste 22y
PCRE a3tgict. B2UE 20 plo] B SF-rol AA71a,

Ale+2] 16S rRNA -§-ZA}2Juniversal primer?] 27F (5-AGA
GTT TGA TCM TGG CTC AG-3)2} 1492R (5-TGA GGY
TAC CTT GTT ACG ACT T-3)2 A3t #52] 16S rRNA
{ARE ZZAFE PCR BES-S 1X ¥H2-8-9H (20 mM Tris-HCI,
100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 0.5% Tween 20,
0.5% Nonidet P-40, 50% Glycerol)©f 2.5 mM dNTP, Z} primer
2 ul, A7) 224 de-g-H(template DNA) 1 pl, Taq polymerase
1 unitZ H7}ste] 2|F 295 20 pl= stof BEEsHch vh3-=
-2 95C 9| A 28.7F predenaturationS A X 3 95C o] 4] 30%,
50C oA 30%, 72 CollA 4522 303 HHE & 72TC oA 58 &=
Qb ubx]ot AlRIE S S-Helsich S5 AH2E PCR purification
kit (Real Biotech corp., Korea) & o]-&3}o] At & SolgentA}
(Korea)]| 9|25t H7|AE-& AA 8IS

E4H 16S rRNA FARFe] REA H7|HE-L SeqMan
43 E9o|(DNASTAR)E AMEslo] Zatalo] S 4714
2 0|83l ZAB/A Y u]yE FLS EzTaxon server (Kim er
al., 2012)& o]-&-3to] Skt

AT} TATEY] 16S rRNA F-4A A E 9] alignment
+ Clustal XZ2IHE o]-gstglom, F22} Alo]&] 2ol
BioEdit Z2 18 A}&35te] HH 54} AEE= MEGA 3
= 2 I3 (Kumar et al., 2004) ]| 4] neighbor-joining ¥ (Saitou
and Nei, 1987)2.2 243} 2™ branch] A& %= (bootstrap
value)= 1,0003] 2] A E AR E2FE M2 trees 2HJ5H
o Alirettt.

|2 FeHE W] 8 30ColA 3d B2t
MB/N s Z|ol A viet Mt 5 SRl e 345t
2)4F2} & 1| (Nikon 80i, Japan) 21,5004 vl-&of| A a4
t}. Gram A2 B 20 pl o] 5745 slide glassof] Hojx=g]
31 Pt oFpAIE 0]-85ke] MB/N HljA|of| A 347 vl et o
FO FRYE H3l FEAA & the ARAA Azt 3Hof| 2-33]
g 13& Atk G922 BD AbolA AlF8k= Grams staining
kit (BD, USA)S ARE-5}od, ARG Al of whet =851t

Mo Y M3IsHH B 2M

Catalase2} oxidase A]E-& MB/N HjZ]ol|A] 30°CofjA] 3U7H
HiFEE NUL1 455 o83t 224 9 3% (v/v) HO.§ €
omel 5 /)T BT BES Fo catalase A HL A
1, oxidase A|E-2 ZZY $]9] oxidase reagentES Bojx=& Z
21je) slo] Hepo 2 MBER=A|E Selato] ZAlsHC,

T AF A S, whagl 9l W o) Fa AT 9l
< 93l API 20NE, API 32GN& AHgst4tt. Ag i At
AL API kit AZANA AZSHE g NGNS uhet Ay
stglow, ATpE2 30T ol A 2447k 48417 W 9] T2k
w2 ojoj3ic

Te| ol u2 LIZE =l ZAL

9] 7ol B U318 28] 24K Meng 52010 ¥



Table 1. Phenotypic characteristics of strain NU11 and NU15.

Usd 2] 22 2 54 69

Both strains could assimilate L-alanine, citrate, D-glucose, L-histidine, inositol, 2-ketogluconate, 5-ketogluconate, DL-lactate, D-maltose, D-mannitol, D-melibiose,
potassium gluconate, L-proline, salicin, L-serine, and D-sucrose. Acetate, N-acetyl-D-glucosamine, L-fucose, glycogen, 3-hydroxy-butyrate, itaconate, malonate,
propionate, thamnose, D-ribose, D-sorbitol, and suberate were weakly assimilated. Negative reaction were found in arginine dihydrolase, S-galactosidase(PNPG),
assimilation of capric acid and adipic acid, fermentation of glucose, hydrolysis of esculin and gelatin, indole production, and reduction of nitrate to nitrite or nitrogen.

+, positive; -, negative; w, weak reaction.

Characteristics NU11 NU15

Urease + -
Assimilation of

L-Arabinose W +

4-Hydroxy benzoate w +

Malic acid W +

D-Mannose + w

Phenylacetic acid - w

Valeric acid + w

5] ThEat o] 2ARSHITE. MB/N A A]of|4 30 C ol 39
2 uigRE NU11E 5 ml9] MB/N HAuf=]o] 34Este] 30°C
oA 4U3t FulgstAet. 1 5 200 ml2] MB/N HAJuj 2] o] &
vkl 1% 53t 30°C g v st v gehe <t 24]
Zh ek EiFH 1 mlZ 19,000 x goflAf 1027+ A4 #2137t o
ASolT A2 Bk AAEE 1 mlo) ZH4E ol
3 AEEr A]Zl T2 UV spectrophotometer (Optizen 3220,
Mecasys, Korea)Z 3= 600 nmztS S431o] #49 54
gl , A5 100 plE 2.9 ml 0.1 N HCloj| 3|43t th
& 5 744 1 nm2, 200350 nm Ajole] FHES Al
260 nm STl 4 U228 HaSo] 1k Selslsc.
2nly 2
LIZEl 2al del2jofe] 22|

TS ZAF AAEfRINA Y2E Za Alet2 9] 4
ol w2t fragolu =4, S0 2 WstEra Haugo] ¢l

¢

Fig. 1. Color changes on nicotine containing medium during the
bacterial growth. Strain NUI1 and NUI1S isolated from tobacco
field were capable of converting the medium color to faint yellow at
early stage and then to dark yellow. (A) MB/N medium without
cell, (B) cells grown MB medium without nicotine, (C) time course
color changes of isolate NU11 and NU15.

ok ol2e U=™ Z3HuR o] A ¥sk= YA Fafjo wHAE
A2 OE dAEE FHE 9T AY At 33 H(Chen et
al., 2008). Arthrobacter nicotinovorans= UI €S tA}5},
BlAe) Mg wRe R MPD, Yol WEHOR uGL
B 113}9 © 1 (Giovannozzi-Sermanni, 1959), Pseudomonas <
5 HF-1 5402 9 A8 ANels oe 422 39 Uz
€& Ba|ErhT ¥ 1519 cHRuan et al., 2005).

o3t Z|EEIE v o 2 gl Bk Julie] ¢, &
7], BE|2HE UId 23 n|AES £2sty] flste 2 A
vzl A AHE WES FerstaL, F]4ste] LA oA A
WIS Hol: 52 YUZH £35S 7+ 75t
of 2Estich B FHY B EEE F #5771 U™
Z33E MB/N 3R] Aol A AJ7ke] 7 1tof| what Ry o A
3 =S YeEh o HF o R HILE B, olg o
= 7}7k NU11, NU1523 B 3atgchEig. 1).

N 2 o

HI

2|l HElStH, 2| - Mlelx £
H29 NU11Z NU159 224 ofelR 2] Aa FeiS 7}
A glom, 7PgAtEl= Auket FEiE 7HA L Asich A
Aol ] 327k WeFk NULL 9 NUISE i @njzoz 2
A5 A3 Fe F T 77 FeE HojE o], Gram
A g A3 F = BF HEtE wl= 20 R Hof Gram
A #o 2 EIEUHALR u|AX]). Arthrobacter 4:2) type
species@l Arthrobacter globiformis-S vW|¥z719] 3L AE=
Gram 3749 7k, Wi ¥7]9] Al Z= Gram 9] 422
H 31 E]o] 9] ©(Conn and Dimmick, 1947), A. nicotinovorans-<
Gram %A] 9] 7+-FH# o2 X 115 o] 9Jth(Kodama et al., 1992).
RojE = 2re) Yesiel S48 AT, NUI #57}
urease ] E4J-& 7HA|= BHH, NU15 o5 urease E4d0] §i3ich
(Table 1). BF|2 phenylacetic acid®] -9 NU112 o] &8
= WHH, NU15= 9FsHA| o8-8 4= 913itt. o] 2]of| L-arabinose,
D-mannose, malic acid, 4-hydroxy benzoate®} valeric acid2]
o]-gof glo] T 3t o] 2pol7t UUAIT T £]9] &
2 FARBFATE NU159] -9 D-glucose, L-arabinose, propionate,
citrate, L-histidine, D-ribose, inositol, malonate, 3-hydroxy-benzoate
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£ 0|8 4= UYL, nitrate 2] EYPo] E7F53}L adipic acidS HILE BT 5 Qo U A &
o] &3}R] B3l= A. nicotinovorans I AR THKodama et

al., 1992). Catalase®} oxidase Ao HE 913+ A} = 43 FHE 9 2XMiEsSH £

BT AZLS YA A catalase YA 0] F AT, oxidase 2] 7 A 2] #5759 16S rIRNA &

784 Arthrobacter oxydans (X83408)

89 rArthrobacter polychromogenes (X80741)

Arthrobacter scleromae (AF330692)
Arthrobacter phenanthrenivorans (AM176541)

Arthrobacter defluvii (AM409361)

Arthrobacter niigatensis (AB248526)
Arthrobacter chlorophenolicus (AF102267)

63 Arthrobacter equi (FN673551)

Arthrobacter russicus (AB071950)

Arthrobacter stackebrandtii (AJ640198)
Arthrobacter roseus (AJ278870)
Arthrobacter sulfonivorans (AF235091)

Arthrobacter sp. NU11(KJ170893)

85 Arthrobacter aurescens (X83405)
Arthrobacter nitroguaiacolicus (AJ512504)
Arthrobacter ureafaciens (X80744)

Arthrobacter ilicis (X83407)
Arthrobacter histidinolovorans (X83406)
rthrobacter nicotinovorans (X80743)
Arthrobacter sp. NU15 (KJ170894)
Arthrobacter monumenti (AJ315070)
Arthrobacter gandensis (AJ316140 )

Arthrobacter koreensis (AY116496)
Arthrobacter luteolus (AJ243422)
91 Arthrobacter citreus (X80737)

Arthrobacter methylotrophus (AF235090)
86 Arthrobacter alkaliphilus (AB248527)

59[" Arthrobacter parietes (AJ639830)

rthrobacter subterraneus (DQ097525)
61 Arthrobacter tecti (AJ639829)

94 Arthrobacter tumbae (AJ315069)
Arthrobacter flavus (AB537168)
Arthrobacter agilis (X80748)

Arthrobacter woluwensis (X93353)

99 Arthrobacter humicola (AB279890)
] Arthrobacter oryzae (AB279889)
rthrobacter pascens (X80740)
Arthrobacter ramosus (X80742)
Arthrobacter globiformis (X80736)
Arthrobacter rhomb (Y15885)

Arthrobacter sulfureus (X83409)
Arthrobacter psychrophenolicus (AJ616763)
Arthrobacter kerguelensis (AJ606062)
Arthrobacter gangotriensis (AJ606061)
Arthrobacter protophormiae (X80745)
Arthrobacter soli (EF660748)
Arthrobacter creatinolyticus (D88211)

Arthrobacter uratoxydans (X83410)
Arthrobacter bergeri (AJ609630i)
Arthrobacter ardleyensis (AJ551163)
Arthrobacter nicotianae (X80739)
77U Arthrobacter mysorens (AJ617482)
55" Arthrobacter arilaiti (AJ609628)
Arthrobacter crystallopoietes (X80738)
Arthrobacter nasiphocae (AJ292364)
4|:|j/vmfobacz‘ef castelli (AJ639826)

100 Arthrobacter pigmenti (AJ639827)

56

0 /
100 Arthrobacter albidus (AB248533)
Arthrobacter sanguinis (EU086805)
Arthrobacter albus (AJ243421)

99 ~Arthrobacter cumminsii (X93354)
Beutenbergia cavernosa (Y18378)

—
0.005

Arthrobacter psychrochitiniphilus (AJ810896)
Arthrobacter psychrolactophilus (AF134179)

Arthrobacter echigonens/ (AB248531)

Fig. 2. Neighbour-joining tree based on the 16S rRNA gene sequences showing the phylogenetic position of strain NU11 and NU15. The sequence
of Beutenbergia cavernosa (Y 18378) was used as an outgroup. Bootstrap values (expressed as percentages of 1,000 replications) greater than 50%

are given at nodes. Bar, 0.005 substitutions per nucleotide position.



g2 A% Z3 NU11-E 1,387 bp, NU15%= 1.386 bp2] |7]
AEg 99, GenBankol| Z+z} KJ170893, KI1708942 52

tath ol A E& ©o]-§5te] EzTaxong ©|-85}] type strain
2 o2 AFA ZALE §F AT NU11-& Arthrobacter equi
9} 98.23%, A. ramosus®} 98.17%, A. nitroguajacolicus®}
98.09% %] AE HoFgom, 97% o9 S Hel
type straing A7|#-g& EZF3le] 21F0]Qth. NUISE A
nicotinovoransi} 99.78%, A. histidinolovorans2} 99.64%, A.
nitroguajacolicus®} 98.76% 2] A4S EFon 97% o]A+9]
AL 47 55 EF 2359 type strainso] EASHEAT

EAYS 53 a2 NUIL ¥ NU1S #52] B5738H7] 93]
£ gotE7] 8 NU11 W NU15 732 16S rRNA 5=} A
HE o]-§5te] o] & (genus)®l] &3}= type strainsT A TA|
| 3= 9] 16S IRNA |47 7| E& Eof As5E 2
AR chFig. 2). 2 A3 NU11 ¥ NU15 5= Arthrobacter
nitroguaiacolicus (AJ512504), Arthrobacter histidinolovorans
(X83406), Arthrobacter aurescens (X83405), Arthrobacter
ureafaciens (X80744), Arthrobacter ilicis (X83407), Arthrobacter
nicotinovorans (X80743)2} b te] clusterE® FASFR o
NU15% Arthrobacter nicotinovorans®t 7V 717H8 TAE &2
o, NU11 o]& clusterof| A U2 BEFE Qi)

olgt 54 2 Als EAAue o] 49 A, At
s+ AP A3S £33 B NU15= A. nicotinovoranZ 4
H 4t} H2Y Al F e F $Y 165 IRNA §-47-9
B714E Zpo]7} 1.0-1.3% Y 73-%-olli= DNA-DNA Z/443} A g
2 £33 & FEE 4= 9) 21 2 (Stackebrandt and Ebers, 2006)
NU112 A8 7Fs/d0] e, 4159 55 atstr] 93]
M BE2TFFE57 DNA-DNA &3} A9, A4 24 59
A A7} Lt

o ol

2

L= S5 5

Meng 5(2010)& W31810] 260 nm 264 Sol2e] &
2 ghn Bastgch. 228 F5 NULLS) Uzd 29 %
2 3elst] 9lstel UsEe o ix|o) 4 NULL F58 v
oFshiAl 9] o] e Ue He1E 245 $18 UV &
FBEYS 2AECHFig 3). NULL 27 §27]9] Hj%
247k U le] oF R WS 74 Eateh), B4 2719
e 8AIZEO] 4] 260 nm F-2e] U So] F 3R 4
it T547] 2719l 48AIZl A2] Aute] YzElo]
B3= 9, joF 7240340 A7) 7170 ASH o2 Est
#po] b4} vl Bo] 280320 nmell A EaE Uzele] HhatrE
Ego] F7hEE A VAL 4 Yk WG 1204k B
£ Yaelo] Bajsgln, o= sh BAE AMEE o) §
HE TP R A 2 & 4 et ol e 238
HEIA e w2 W USRL 120402714 s fiA)5]
£ AL BaRR AN 4719 UnRe) S| FYuhg da
ZENULLS) 3] ogh 2823t 912 o 4= 9igict.

£ Aol BeE NUIL @5 gole] Alzaby Fof o
Aot e 2 9Ee A2 oR Aeshe o A48T 4

18 o

==

Usd wadze e W B 71

Absorbance

200 220 240 260 280 300 320 340
Wavelength (nm)
Fig. 3. UV absorption spectra of nicotine degradation by strain NU11.
Seed culture solution of strain NU11 was inoculated into NB/N medium
and incubated at 30°C. UV absorption spectra were measured at

wavelengths from 200 to 350 nm with the wave intervals at | nm at each
time after culture supernatant was diluted with 0.1 N HCl as 1:29 ratio.

om, gujol YFEThS Agz oz 7tary)ed &84
Ug AR Y7y, 7|29 FER = dE 2L TIS I
shaL FE7E 7H U2E EalAE Rl tist 71 a7t e
F A 02 QYzhEc.

Ofr o‘)j

¢

)
S4BT ) Eopo =R E HauKlo] 5 Tad
o2 el 7k AMBN)Z ol §ste] Umee 2

3= 2L F30] B2 A =34tk 16S rRNA &
ZIME 4 28 A F FEjEhy Ao B
Micrococcaceae I}2) Arthrobacter 40| L= 452
Ttk NU15E Arthrobacter nicotinovorans2}t 99.8% 2] Ak
S B9, NUL1E= Arthrobacter equi®t 98.2% 2] AFEAdS
o] 15 71540 YTk F 25 BT e 2ol
catalase %F4J, oxidase 40|tk 4134 7155410 9J=NU11
#+39 UI™ 255 &<Ist7] 215k MB/N Al x| o 4]

kY
by
lo
lo g

N
(L
ofd [

off

?;'E
22 31 & 4 gglon, EeFEe Und 09 Bels)
o 488 4 9le Ao ke

ZAte| gt
o] =S 20124 % FEheka ShEATA ALY ]

A Yol oJ5te] A% <5 Y THThis work was supported by the
research grant of the Chungbuk National University in 2012).
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