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Abstract: In our previous study, we isolated and characterized
a 1-deoxynojirimycin (DNJ)-producing bacterium, Bacillus
subtilis MORI, from chungkookjang, a Korean traditional
food. B. subtilis MORI was subjected to y-irradiation and the
resulting bacteria were screened for increased DNJ production.
A mutant was identified that produced 7.6 times more DNJ
and named B. subtilis MORI 3K-85. In this study, the protein
profiles of both strains were compared by one-dimensional
and two-dimensional gel electrophoresis (1-DE and 2-DE,
respectively) under both native and denaturing conditions.
The 1-DE native-PAGE and 1-DE SDS-PAGE analyses
identified 5 and 7 bands, respectively, that were found at
higher concentrations in B. subtilisMORI 3K-85 than in B.
subtilis MORI. Similarly, 2-DE analyses identified 20 protein
spots which were found at higher concentrations in B. subtilis
MORI 3K-85. The peptide mass profiles of these 20 proteins
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were analyzed by MALDI-TOF and compared with peptide
sequences of B. subtilis and B. amyloliquefaciens in the
MASCOT database. This screening suggested that three
dehydrogenases, an aldolase, a synthetase, an isomerase, a
reductase, and a peroxidase are elevated in B. subtilis MORI
3K-85. Based on this data, one or more of the elevated 8 enzymes
might be related to the DNJ biosynthetic pathway.

Keywords: Bacillus subtilis, two-dimensional gelelectrophoresis,
1-deoxynojirimycin, a-glucosidase inhibitor, proteome

1. NE

oe] T/ AEH} MAEEZFE FH A=
polyhydroxylated alkaloidst= g Wl +71¢] AV 1E ZEar
A7 AR AFEo] Y= 1A EAS zl= EAE
A|=7HA] ok 1000]F0] L&A 31w O]%% CRA] 22
o] Zpelell w2} piperidines, pyrrolidines indolizidines,
pyrrolizidines, nortropanes®] 5AIE =2 79} [1,2]. ©1%
piperidine 7€ monocycle?] 681 T35 2= alkaloids
2 719 t3AQl E2 2= 1-deoxynojirimycin (DNJ)O] 3
ot DNJ7} Zh= 2 A3shs] 759 2= o-glucosidase
of gt &4 A7 e 5 At 2 iz Al
2= A 2 U] 3 7 A3 9] maltose, sucrose,
lactose & ©1FFY glucose=2] 3} &JA|9} [1,3-5], T+
Hio]E 2 (HBV)H AIDS Hlo|# 2 (HIV) 2 FobA] A}
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Hlo]giA (BVDV) £} 22 39t o] 2] glycoprotein 3=+
&/del B 23k glycosylation ] Aaljel] W nlo]# 0] L2
A7} LA L Qe [6-11]. ©19F <> DNJ 2] o-glucosidase
AslAkE-2 olg3sto] Qlad HloEY Iy FRES flgt
HdstAl 7k W 2R Q159 vlole 2 el thsh g
ol Az 2] o] g WRle] A5 HEE I U} [1,2,10,11].

o213t DNJ2] Aj17] oGl Tt =2 7]chell -85}
K} A1 DNIE] ArbdHo] R Qlek, #AR7HA]
DNJ& ¢ WHoss 2= 521 [12], 3814 3434 [13],
s HaY [3,14-17] 0] €EIA Qi olF AE =
N2 7P 28 AFE A7 x18Eo] $kovt DNIe) ik
7do] Htal =5 Yol At alkaloids Ado] TR = $h-
wo] Qlof T, FAlde] ojefzol Jlom FehA IS
I AP Betal B o dHAIES] PR Il =
Az O] FAPE A 9= o] Sk [3]. olell vls) ndE
R AoV A ] Tkt Tsste] Al
Aol oA 7 23k DNI AabHolg} &k 4= Qi

G AT g AlsEelA 22st 200702] Bacillus sp.
5o UVdCE a-glucosidase A3l1&7do] $3hH FA]
off DNJ AJako] 9423+ Bacillus subtilis MORI (KCCM-
10450) 75 A5l o [18], Yozt o] ol v}
F-& Aglste] DNJ BAaHdo] 7.6v] S7He =<iwo]
I B. subtilis MORI 3K-852] 5ol A¥3lit) 2,
7} 5 [19]-> MORI 3K-85 #F=25-E] DNJ Akl o]
= 3709 KA gabTl, yktcl, gutB1-2S BHEko] o]
= AA}2] putative transaminase, fructose phosphatase,
dehydrogenase 7|55 EUIZ glucose ZH-E DNJ7HA| <]
AFY AZE Fst vf Sk [20]. TeF ol5 FxE 4
Ztel] €5t DNJ A3 A=7t WeketA walxickd /-4
58 71 5ol 23l large-scale 2] DNJ overproduction®]
7Fs8t 4= Qlal o= A= Brh a&%o|w #2421 DNJ
o] W= 7FssH s Ao Vet

AAFE2 Bacillus 3o141¢] DNJ A3 AZE ¥3]7]
Qe o] Ao 4 o] whild HEls 2L
t}. =, DNJ A w5221 B. subtilis MORIS} ©] #+2] 7n}
A 2ol o8] AAsHA DNJ AAdo] S7hel E¢iio]
5 B. subtilis MORI 3K-85 7+2] whlzl wjglo] xjo]&
12 4 231 A7|9gs o Bk o 7F roF
2J0)5 Kol A5 o] MALDI-TOF 4] 2 MASCOT
tlojelHo] X ANE Fal sl dHES g5kl ol

DNJ AJEPYste] pigel wel e siic.

2. 45 29y

2.1. FF vjF E A BZA

7] T 1S Qfsl =gl w2l dt DN it 7
B. subtilis MORI (KCCM-10450)2} ©] w50l b3
S #g)ste] DNJ AJAto] 764l S7He Selmo] 5 B.
subtilis MORI 3K-85% ARE2IICEH [18]. 74 + A5 2+
Z} YM broth 100 mLel| 33-&3taL 37°C, 180 rppm O 1 3¢

HjoFate] FtS FHIEIILE e S w10 mLS
YM broth 1 Lol 433k 37°C, 180 rpmellA] 1 b ik
T e (4,500 x g, 4°C, 20803k wAIE TSI
o] Aol PBS buffer (0.5 M sodium phosphate, 0.5 M
NaCl, pH 6.8) 50 mLE 7}t dEsla sUsh 2102
AREEsislct. o] 2 38 wkEst 5 Hojxl AlE HE
PBS buffer 5 mL% @AE3te] -20Cell X, Fgol whe}
Aol A71%9% AEZ ARSI

2.2. 149 A7] 9% (1-DE)

5 5 7re] whA zlo)i= Bollag 5 [21]2) WHel wje}
Native-PAGE 2} SDS-PAGE 270l 2J3l] H]wa}STt. Native-
PAGEE ZAel] f18ll, Weiat 321 A5 5% dllsst
o] 71¢] & A9 1 mLE sonicator (Sonics & Materials,
USA)ZE 33t 5 Bradford 3 2= A5 Wjo] Tfals A=k
SIQlth A58 Az T2 oA Y ZF 10 pLell 5
= 70 pLe} 5 x sample buffer (60 mM Tris-HCl pH 6.7,
25% glycerol, 0.1% bromophenol blue) 20 pL& &3}t &
3.4% polyacrylamide stacking gel®} 7.5% polyacrylamide
separation gel-& ©]-83] 71952 AT A719%
o] 2F=% gel 0.1% coomassie blue R-250, 50% methanol,
10% glacial acetic acid®] Z3Fe|A] 3AIZF A3t
50% methanol®} 10% glacial acetic acid®] & +oofA
33] 245 SI9itt SDS-PAGES AAlsh| SJall, eyt
TAAN® d5F dlssta 19 dE FA A2 UV-VIS
spectrophotometer (UV mini-1240, Shimadzu, Japan)S
o]gato] L2 Lt HEE AT AR XAl
B #A AR ZF 10 pLell S5 70 pl$} 5 x sample
buffer (2% SDS, 60 mM Tris-HCI pH 6.7, 25% glycerol,
14.4 mM 2-mercaptoethanol, 0.1% bromophenol blue) 20 pL
E 3% o3 100TCellA 5323t st Fnlsksitt.
SDS 171962 4.5% polyacrylamide stacking gel ¥} 12%
polyacrylamide separation gels ©]-8-5lo] AAISIATY,

2.3.2%3¢9 A7]9% (2-DE)

2-DE A 52| A5 918 %41 PBS buffer AL 4]}
1 mLE e-tubeoll $713L 42] (5,900 x g, 4C, 53}
s NS A ALY o] e-tubeoll 100 mM EDTA 5 L,
sample lysis buffer [8 M urea, 60 mM dithiothreitol, 2%
immobilized pH gradient (IPG) buffer 4-7, 4% (3-[(3-
Cholamidopropyl)-Dimethylammonio]-1-Propane Sulfonate)
(CHAPS)] 495 uLE Y37 sonicator (Sonics & Materials,
USA)E olgslo] Mg ahfst & 4ie] (16,000 x g,
4°C, 603l Lo sle 20 Coll BBt Als
uje] whilz] Yeke- BradfordS ©]-8-3tlth. 5847
% (isoelectric focusing: IEF)<> Amersham Biosciences
] 2-DE principles and Methods [22]¢] w2} ths3} 2ol
s3It 941 Immobiline Drystrip gel (18 ¢m, pH 4-7,
Amersham Biosciences, Sweden)°ll 8 M urea, 0.2%
dithiothreitol (DTT), 0.5% IPG buffer, 0.5% CHAPS 4!
0.002% bromophenol blue”} 3% rehydration buffer
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350 uLE Agste] 16A17F B AlskE slgick thar 1 mg A48 9 10% methanol, 10% glacial acetic acid -§-<4¢]]
o] vhilgo] -4 sample lysis buffer (8 M urea, 60 mM A AT}

DTT, 2% IPG buffer, 4% CHAPS) 100 uLE A}5=3}% strip

gel®]l loading3tal Ettan IPGphor II system (Amersham  2.4. MALDI-TOF £-4]

Biosciences, Sweden)< ©]-83l0] A9 5 AA
skt 58 A719% 2] 20CE A-A15HEA] 100 voltage
oA 1A}, 200 voltage©IX 1A13F, 300 voltage®l A 1AI17F,
linear gradient™ 1,000 voltage”}4| 177}, linear gradient@
8,000 voltage”7F4] 1AI7F, 8,000 voltage®lX] 8AIXY, 50 voltage
of| Al SAIZE Bt AT dFo] EH strip gel 5+
1% DTT7} -+ H33} buffer (50 mM Tris-HC1 pH 8.8,
6 M urea, 30% glycerol, 2% SDS, 0.002% bromophenol
blue) 10 mLof| 1032 7+ 4] ¥ ThA] 2.5% iodoacetamide©]
$hie! 333} buffer 10 mLel| Wol 103 XF F-E=50A] Wyt
A pH B 324o] k54 strip gels< Ol A7
2 A3 th12.5% SDS-polyacrylamide homogeneous
gel (25.5cm x20cm) Al =31 71 9o 2 mLe] agarose
sealing %< (0.5% agarose, 0.002% bromophenol blue,
25 mM Tris-HCI, pH 8.3, 192 mM glycine, 0.1% SDS)=
Tt 5 A719%F ef3int. 1719952 Ettan DALT six ©|
2 7195 A28 (Amersham Biosciences, Sweden)=
o]-83}o] SDS electrophoresis buffer (25 mM Tris-HCI,
pH 8.3, 192 mM glycine, 0.1% SDS)Z 15CE F-|aaA]
30 mA/gel2] A= S o3k A7|Ygso] B
gel=> 40% methanol, 5% phosphoric acid 52| &3g-2o]|
A 12A13F 31783k 17% ammonium sulfate, 3% phosphoric
acid, 34% methanol, 0.1% coomassie brilliant blue G250
(Bio-Rad Laboratories, CA, USA)2] &g-g-oefA] 12A]7F

Coomassie brilliant blue G250°.% AME gel ZH-E &
7 kel ZjolE HolE spotsa st ¢ AAt o]
Yonsei Proteome Research Center®l] 2]¥|3}%] MALDI-TOF
(Applied Biosystems 4700 proteomics analyzer, USA) &
A& 3Tt 5 3159 spots<> SDS, & 9 fAeF 55
AA8E7] Y3k 60% acetonitrile®l] 50 mM ammonium
bicarbonate 0.5 mLo] H7}e & o Aojufjar, {718
+ speed vacuum concentrator (Heto, Denmark) % 7133}
o] AlASFITE AZH gel F27toll trypsin (12.5 ng/uL in
50 mM ammonium bicarbonate) 5 pLE& 347}t A5l
45+ F<F WX]$ ¢ thA] 50 mM ammonium bicarbonate
10 uLE 371810 37°ColM 12413F F<t REGAI7]L HF
0.5% trifluoracetic acid 5 uLE 37}t RE&-& A A]
). o] A]E.E resin [Poros 10 R2 resin: Oligo R3 resin
2:1D]°] EA% columnol] THAA A& A A% F
acetonitrile 5 pL= F=3813Ith. =3+ JEFO| =0l matrix
solution [10 mg/mL o-cyano-4-hydroxycinnamic acid (CHCA)
in 70% (v/v) acetonitrile and 2% (v/v) formic acid] 1 pL&
Yy &35k U3 MALDI plate (Opti-TOFTM 384-well
Insert, Applied Biosystems, USA)°ll ¥1l, MALDI-TOF
(Applied Biosystems, USA) 42 331t MALDI-TOF
= FE o] ARS8kl MORI 9] %5 <1 B.
subtilis$} -2 Bacillus® <8P DNJ 4k w2 dejxl
B. amyloliquefaciens®l] sk MASCOT H|o]EJH|o|~E 3l

Table 1. Potential identity of protein spots from B. subtilis MORI and MORI 3K-85 by comparison with the B. subtilis database

Mascot database search result

Spot No.”

pl MW (kDa) Accession” Homologous protein Score®  Coverage (%)
1 4.95 49.9 gi|118672 Dihydrolipoyl dehydrogenase 157 47
2 5.20 35.8 gi|120685 Glyceraldehyde-3-phosphate dehydrogenase 1 85 48
3 4.92 33.6 gi|1708969 Malate dehydrogenase 107 53
4 5.19 30.6 2i|543796 Probable fructose-bisphosphate aldolase 157 55
5 5.64 2.8 2i|2632340 Cysteine synthase 141 54
6 5.00 27.2 gi|6175067 Triosephosphate isomerase 130 56
7 5.55 20.6 21/6225248 Peptide deformylase 2 43 39
8 5.78 21.5 2i|551736 ORF3C 43 35
9 4.48 20.6 gi|1703216 Alkyl hydroperoxide reductase subunit C 53 42
10 5.05 50.2 gi|121359 Glutamine synthetase 42 34
11 4.97 42.5 gi|1730911 Uncharacterized protein ypgR 42 29
12 6.74 82.3 gi|44887474 Exopolysaccharide polymerization protein 36 19
13 9.62 44.7 21221322516  Hypothetical protein BsubsS 06352 37 28
14 4.89 18.3 21/6094509 Probable thiol peroxidase 100 66
15 5.41 18.1 21239938931  50S Ribosomal protein L10 64 37
16 10.32 67.2 gi|3122736 50S Ribosomal protein L32 37 62
17 8.67 34.8 gi|134763 Sporulation sigma E factor processing peptidase 35 32
18 6.07 28.8 gi|48428568 Sirohydrochlorin ferrochelatase 46 27
19 4.72 339 gi|3334468 Major intracellular serine protease 48 25
20 8.80 53.9 2125453340 Uncharacterized protein yjeA 59 21

The numbering corresponding to the 2-DE image in Fig. 2 ®Accession number in NCBInr; “Score is -10 x Log (P), where P is the probability
that the observed is a random event; Protein scores greater than 51 are significant (P < 0.05); dPercentage of the protein sequence covered

by the matched peptides.
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waS Fst.

3.89% 4 1%

DNJ AJAF #5221 MORI9} o] w#of| Anpd A2le] ost &
Ho] 4= DNJ AJte] 7.68] 5718F MORI 3K-85 w++2]
A S-S Native-PAGES} SDS-PAGEE H]wa}S]t}.
4] Native-PAGES] 7%, F o5 7t 2719 dede] 7
el zjoli= whAsk 4= ¢1lar vhit RytFEof| Bl MORI
3K-85 wtFollA 5709] band”7} tHh WA GAE o] o]&
o] T SIS & 5 AT (Fig. 1(a)).
o]213t T2 band Q] % W3h= SDS-PAGE #-JollA %
A=At =, SDS-PAGES] -, A F o= 7k 718
A SEe FUste] AR TilE ] SHo 4~HT
22 37 Wsl= AEA] 943k} Native-PAGE 2] 735
9} o] & 5= 7F ThlA pand 2 EEoA o7t A H ]
=8l o5 59 66.2 kDa oA 15, 32~45 kDa -]l
A 4%, T18)31 21.5~32 kDa F-9JolA 2%, 5 EF 759
2] band7} Ed=5eol] B]3l MORI 3K-85914 R&lA G
E|ct (Fig. 1(b)). 1€} 2] MORI =i 13| DNJ AJAF
o] FA Ak MORI 3K-85 w=rolx] B2 whal4 pand 2]
T SRISItRE AP ol 574 whEEo] DNJCJ
AT} o= Aw A¥Io] 9SS AR A who}
St 13U 123 719% B0l ot o) v

FE HAsEC 2= A4S 7 Qs K| shA7E Qlo] K
= A7 ) 231 771993} MALDI-TOF

Fig. 1. Native- and SDS-PAGE analyses of proteins isolated from
B. subtilis strains MORI and MORI 3K-85. (a) Native-PAGE analysis
(lane a: B. subtilis MORI, lane b: B. subtilis MORI 3K-85), (b) SDS-
PAGE analysis (lane M: protein molecular weight markers, lane a:
B. subtilis MORI, lane b: B. subtilis MORI 3K-85).

221 719520 A 4 W whiiE spotEo] HEY
o 2-DEell vERd T 159 spotE> SFOE 171
A QUSHA g vwshEA FAF 1k ApolE AR
t} (Fig.2). 1-DE 7904 ¢} o] 2-DEAIME F434 &
Zlol= o) wAsk AR 9 (1 mg)9 loading =74
U2 spot5-> Far=o]l H|3l] MORI 3K-85 w0/ 1t

Table 2. Potential identity of protein spots from B. subtilis MORI and MORI 3K-85 by comparison with the B. amyloliquefaciens

database
. Mascot database search result
Spot No. 5 - S 7
pl MW (kDa) Accession Homologous protein Score”  Coverage (%)
1 4.95 49.7 2i|154685879  Dihydrolipoamide dehydrogenase 103 42
2 5.36 35.8 2i|154353382  Glyceraldehyde-3-phosphate dehydrogenase (GapA) 58 29
3 5.06 33.6 £i|166232928 Malate dehydrogenase 55 44
4 5.26 30.4 gi|154687827 Fructose-bisphosphate aldolase 112 56
5 5.28 32.8 gi|154350443  Cysteine synthase (CysK) 53 33
6 5.00 271 gi|166229997 Triosephosphate isomerase 116 51
7 5.45 10.6 gi|154685855 Putative transition state regulator (Abh) 42 52
8 4.82 40.2 2i|154688196  GTP-dependent nucleic acid-binding protein EngD 28 19
9 4.51 20.5 gi|154353946  Alkyl hydroperoxide reductase subunit C (AhpC) 54 42
10 9.11 22.0 2i|166225941 Probable GTP-binding protein 44 28
11 5.29 333 2i|154688070 myo-Inositol catabolism protein (IolH) 34 28
12 4.75 17.4 2i|166200649  Transcription elongation factor greA 40 40
13 8.78 90.8 2i|154685987 Primosome assembly protein PriA 38 25
14 4.99 18.2 gi|154687070 Thiol peroxidase 42 43
15 5.23 18.0 2i|166229705  50S ribosomal protein L10 44 22
16 9.88 19.0 gi|154687021 Translation initiation factor IF-3 38 44
17 8.24 345 gi|154685369 Putative ABC transporter (YhcH) 53 33
18 6.93 352 gi|154686084  Bifunctional riboflavin kinase/FMN adenylyltransferase 54 31
19 4.81 81.6 gi|167016811 UPF0435 protein RBAM 008100 39 54
20 6.97 20.8 2i[166199305  Peptidyl-tRNA hydrolase 42 33

The numbering corresponding to the 2-DE image in Fig. 2 ®Accession number in NCBInr; “Score is -10 x Log (P), where P is the probability
that the observed is a random event; Protein scores greater than 51 are significant (P < 0.05); dPercentage of the protein sequence covered

by the matched peptides.
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FAAE v T o] st A o R SRS &
T A8, o= 7R R v TV Kol 2070
9] spot= A173}] MALDI-TOF 2 F1E|=9] Zaks- 74
3kal MORI 2] 3= 572 B. subtilis?} 22 Bacillus©l|
431 DNJ Arkt=2 <& B. amyloliquefaciens® T
§F MASCOT HloJE{Ho] s Sal] TaS S7d kit
A MORI 9] 35 3721 B. subtilis 2] T 57
A3} 20719 spots 7H-Hl 13 (spotno. 1,2,3,4,5,6,
7,9,10,14,17,18,19)2 a4, 183l YHA] 7% (spot
no. 8, 11,12,13,15,16 ¥ 20) &4 ©]29] 75 B+
ke TA R HAEGT T899 1359 a4 35
dehydrogenaseS H]53}9] aldolase, synthase, isomerase,
deformylase, reductase, synthetase, peroxidase, peptidase,
ferrochelatase %! protease o= ZRIE AT} (Table 1). 3t
3 DNJ A 7= X B. amyloliquefaciens©l t$H
chld AA Awt o]F 20712 spots> 10 (spotno. 1,2,
3,4,5,6,9,14,18,20)2] &42} 103 (spotno.7,8, 10,
11,12,13,15,16, 17, 19)2] &4 0]2]9] 7|55 2= Wi
Z dHgon dd 842+ 359 dehydrogenase £]°]]
aldolase, synthase, isomerase, reductase, peroxidase,
kinase/adenyltransferase, t-RNA hydrolase 5% B. subtilis
AM Aol ofgte] AjolE K1) (Table 2).

pl:4 7 pl:4 7
(b)

Fig. 2. Two dimensional gel electrophoresis of crude protein extracts
of B. subtilis MORI and B. subtilis MORI 3K-85 stained by
Coomassie brilliant blue G250. (a) B. subtilis MORI, (b) B. subtilis
MORI 3K-85.

o] MASCOT dloJEfHlo]~E 3l 9153 2070 spot
E9] oA gr el DNJ2| A wedAdel disl s
R7|2 S} WA B subtilis?}2] T A} S
2052 ©hlES0] MORI #F2] ool o] ]3]
DNJ A2Fs80] 7.64) SthEl MORI 3K-85 w0l Al
Ao Fro SV HAthal st o]E0] EF DNJ A
Ao Pojsh= i dolgtar wgaly|i= o) n). Zkad
o]l 2J3k A2 Woli= DNJ 2| A3} s thek
St o] vhid vke] o 2 vERd 4= Q7] wiEo|c). tivk
o5 2052 TR E0] f304] 71 2oL} EdAwo] it
of 2J3ll DNJ Aol ZolE Zh= 7 d55 3l ERlE
ATh= Hollx] ol5 Tl 53] §452] DNJ A=
A 7FsAdol A71E 4 ok

HA7HA] 41z DNJ A A2 2= Bacilli®t

Streptomyces oAl AQFE glucose 2 H-E] amination,
oxidation, epimerization 52| *’g-= 7X|x= C2/C6 cyclization
A= [23,24]2F BE (Commelina communis)o< 15
C1/C5 cyclization = [25]7} 1o A F7HA] 2150}t
HA=ellA DNIS] B3 A= slids fIsh 2941 4
At Fmael] ek Bars QIelvh #2745 [19]2- MORI
3K-85 = H-E|l DNJ AAbel] #olsh= 370¢] -3zt
gabTl, yktcl, gutBl-& SR8}l Lol7) o= fFA}ke]
putative transaminase, fructose phosphatase, dehydrogenase
9] 755 EUE glucose=T-E] DNIZFA| 2] AEA] 7=l
kinase, aminotransferase, phosphatase, dehydrogenase &
452 @49} cyclization, epimerization, deoxygenation ‘&
o] T3P} fofd Zloje= U-le] DNJ AP F=2E
4% vF 0t} [20]. 22 o) DNJ A A wel] o]
3 70% A% 45] 545 71ev] & A7) 2DE ¥4
of &J&ll #E¥ EA dehydrogenase 0]l LA
359 Gt ERI5A T,

SHA dehydrogenase s A 23t UHA] 105 &49)
DNJ AHd o] Aol s obd ow gt Aot
AeS W 571 glok ot & AFellA] ZRle 359
dehydrogenase®l] &J3l A3 ==0] wiZiAZ A= o]
A A O Z DNJ Aol Hofshe Aow 49t
83 22 Bacillus% 2. 24 DNJS| A2 o4
X B. amyloliquefaciens@}2] W2 vl Ay} 359
dehydrogenaseS 333t aldolase, synthetase, isomerase,
reductase, peroxidase 5 82 T47t B. subtilis St FAF
Pwe] Baw el AP WS ezl oo B
sk 2 B. amyloliquefaciens =5 X 31% DNJ A4t
A 58 gabTl, yktel, gutB1S- 5217} B. subtilis MORI
3K-85=H-F ERIst DNJ f-3xke} AA|$Ho =4 [19,26],
T 172] DNJ AR #e ol a4t 3o #-l
= 7FsAe odE 7 7] wiiEeln. @A AE
u23E 5ollA glucoses AT E Sh= W DNJ A3
BE7F BaE = Qo) obd 34 ol whbA] oF
O % DNJo| thgh Kt} vhekabar H5det AA Az o]
A e oPdshas a5 DNI A A= el 71
5252 o sl ok

iy

o] =2 2007 N (WSAAAFL Y] AP =
ezl AEe] A ol =8E A7) (KRF-2007-313-
C00645).
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