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Selection and Characterization of Bacillus Strains Harboring the Gene for Biogenic Amine Degradation
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Ten Bacillus strains possessing amine oxidase activity were selected from 126 Bacillus isolates from meju
and doenjang (two traditional Korean soybean foods). Among the isolates, two B. licheniformis strains
(8MI05 and 8MS03) harbored the amine oxidase gene yobN. By conducting a gene search against published
B. licheniformis genomes, the possession of yobN was proved to be a strain-specific property. Both strains
degraded four types of biogenic amines (cadaverine, histamine, putrescine, and tyramine) supplemented in
tryptic soy broth during their culture. A recombinant harboring yobN also degraded the four types of bio-
genic amines during cultivation. Both Bacillus strains could grow at a NaCl concentration of 14% and

exhibited strain-specific protease and lipase activities.
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FRAYHE A2 dA Unt[6-8]. LAAF] 8 v}
oleAqotRl A AI HrE 2ot A& Ae|E F vhol
Aot AEE A AL $4 Ee ASAHEE A
7k 59 Wetol AEHUTHL, 6]. 1L, = da ko] Hhol
LAY otlE Bt e, FaE Adste 2HE 24
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Hopdl WA w5 E vtoleAdotl 23 #FE F4
02 ARgste] FaAFAA Y Hho] LA Yokl AR Al
Zskal Qloh9-11].
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Fol wordnt. 22u, %4 4 F A4E F 72 of
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Ego] A& o AP o
Aoz BuErH12, 13].
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cereus®t WA I o A WA E = Ho] @A Holqlo]t}t. B,
cereus 5 A3 &A -] B. amyloliquefaciens, B. subtilis
#77F AR 2R E ATEGIL[14, 15], Hio] A Yotrl &
3 A4S R83 B. amyloliquefaciens, B. licheniformis,
B. subtilis w5 E3F B2 = ith[16-18]. B AR/ TaE
T o2 Ady vholeAqotdl B84 Bacillus 52
FE| amine oxidase XA} yobN2| & o] &l =i cH19].
B9 Slohas AQHE A Bacillus 4 2 elofe] o
3t A7t X4 EE o8-+ Bacillus £0] A% HAe] Fu]
£ Fodtes $AHTLRE RuET §lo] HE HF HHY F
w22 A 2 7ol 17l WiEolth20, 21]. &
B ATAES AF 94 9E 9 4 34 3o 04E 2
o] B4 34| A Bacillus % 126 ¢35 Z1E 35} G TH22].
2 dAFo e ol £ #FF WAL R Hro] A Yotvl
AZste] 71& 4= $l= amine oxidase 84 Hf+ 455
R JobN SRS HG 9 HR UEE EFOZN
o 242 AEstatt

Mz WUy

25 9 W%

v 5o} "ol A Z83te] 16S ribosomal RNA 42t ¢
71 E BE4& F5te] 53 B. licheniformis 8243, B.
methylotrophicus 1845, B. siamensts 1745+, B. subtilis 9
278 vlol oA tolul £3] B g FF M) AE3HS
tH22]. Bacillus #5752 5742 shikimate 5-dehydrogenase
T2 aroE9] A714E A4S S5t AEAsHAT[23].
E Ao AM2E Bacillus w3+ tryptic soy agar (TSA;
Difco, USA)Q} tryptic soy broth (TSB; Difco)E Al-&3}4
37CoA 12417t v 8Lt

Oxidase &4 B4 #F A

9k M (sheep blood; BBL Microbiology Systems, Sparks,
MD, USAYS 5% (viv) =2 A7}k TSAZ A3t 370
o| A 12A17F vljoFsto] A E colony RO 100 mg/l =
N,N,N',N"-tetramethyl-p-phenylenediamine dihydrochloride
(Sigma, USA) 8N = x3}to] Absiuh-gof ost 47z ¥
312 ST 102 ol colony FHo] o] FS BA| ®
= 2 gho] A7)= 45 oxidase B4 Hf #FE A

st

Amine oxidase &4 &4

TSBoA 12417 wi et 5= Hj s =L TSBZ 3
A8lo] FFE(600 nm) 0.52 S U3} A7 ThS, v F 9
amine oxidase &4 Amplex Red Monoamine Oxidase
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Assay Kit (Molecular Probes, USA)E A-83lo] =434
ot a4 A4 1 unit2 20T, pH 6.004 202 52t pyrogallol
ZEH 1.0 mg® purpurogalling FAA|7|= abhFoz A

ol stgie.

Amine oxidase 342} yobN 27 8191 9 Z 24,43

Amine oxidase &ZAZ yobN Z7] oL 43t PCR
primer+= GenBanko| 52% Bacillus & 2§ yobN §3
A 714 & ClustalW program< ©]-&ste] Y43 ot
=, AEAdol ¥ FEE AA5HA A ATAF: 5'-
ATCGCCGACTCGCTTCTATGA-3, IR: 5-ATGCCCGTG
TCCTCCTATGCT-3). PCR $&& $I3t total DNA F&¢
+ DNeasy tissue kit (Qiagen, Germany)S AF&3}% 1L,
PCR 50 ul ¥F&-A o)A template DNA, 10 mM dNTP,
1.25 unit Taq polymerase (Inclone, Korea) ¥ Z+ primer
£ 05 uM =2 75t T-3000 thermocycler (Biometra,
Germany)E AHg-3to] a5ttt g2 95T 54 9
v7tg & 95T 187 WA, 55Co] A 30% annealing,
72CoA 18 S-S S 303 WHESHH AL, whA| et
72CoA 5EZE AEd F weE FHAIFT. $EE PCR
AHEL 1.5% (w/v) agarose gelZ o] 83t A7|GF5 o= &9l
3t 2™, Gel & PCR purification system (Inclone)& ©]-&
3to] A A5+ Genotech (Daejeon, Korea)ol| €] &|3}o] & 7]
AEE A A4 454 242 National Center
for Biotechnology Information database (NCBI, http:/www.
ncbinlm.nih.gov)?] BLAST program= ©|£3}4 GenBank
o 52 E7IAE AEE L2 +353

AT yobN 532} 52 38 PCR primere GenBank?]|
524 B. licheniformis WX-0229] yobN -F+ZHAHNCBI
accession number: AKQ73085.1)% ZZ3 4= Q=2 A&
3t (GF: 5-GGACTTCGTGCAGAGAGGATG-3, GR:
5-ACATCCCGTCAGAAGGCGGAG-3), PCRE yobN 44
A 24 Fels FAG AN SFSGE. SMI05 272
FE FZd 43 yobN F+Z3 A+ pGEM-T easy vector
(Promega, USA)E o|&3to] 284, FHA EdS
Q3 host2= Escherichia coli BL21Z AFE3I T} E. coli
BL21%& Luria-Bertani (LB) 8 A] (DifcoyS AF&3}o] 379
A 124 7F weFat Tt A2 vectord] AYE THL F7)
AE 2A4L Foto] Felskeh. Azt iz 2d
< LB vjZ]9] 1 mM IPTGE 7}t =3kt

Biogenic amine AFEA]

Amine oxidase 82} B 5ol &g vpo] oA Yoyl
A3 F4L 4T 7Y vhol 2 A Y obulE 3 7FgE TSBOJ A
24A|7F vF 5, ZHAsgE vho] @ Al obul-S AR A st 4



3ttt 4279 vlo] @AYol (cadaverine dihydrochloride,
histamine dihydrochloride, putrescine dihydrochloride,
tyramine hydrochloride)2 SigmaZ F¥ F£3H L, z+2}
0.25% (wiv) BE2 A7F5teITH24]. vol 2 Al obel L
AZ 32| wel dansyl chloride (Sigma)Z §-=A| 38t Tk
S, HPLCZ £43}%th25]. HPLCE= Agilent 1200 series
system (Agilent Technologies, USA)2 A3} 1L, Hfo] L
A obdle UV detectorE ©]-&3to] 254 nmolA HE3HA
t}. Nova-Pak C18 column (4 um, 154 X 4.6 mm, Waters,
USA)S B9 AH2319 T, €0l 1 mUmin £ 52 &8
Z9lth. AL acetonitrilex} 0.1 M ammonium acetate
£ 50:50 (v/v)o.2 Z§s5 fulE 198 F9F 90:100.2 W3}
A7) g, 282 F<2t 50:502 HBFAIF T vho] @ A Y ofyl <]
BAES A AFTAL 4379 vhol A Hotvle] Y i ®
#E4 1,7-diaminoheptane (Sigma)< 1,000 mg/l & 7}3}
of el 39hE e AR ATe BRI} EEAA
2 o AN,

Az 2ol ot vhol 2 A olal Aot BHE 45 F
9] upo] @ A obql-E H7Fgt LB brothol| A 24417k vl ek £,
4% vho]l e A YobRl L FFEA st SAstAT

N
Ir
ok

37t

F59 WH42 NaClZ H71g TSAo|A & AR &
ol Ath. 12%, 14%, 16% (w/v)e] NaClo] H7+=
i 2= 37CollA 79 Fet ¥t colony B &elst
gt #FE0l B T 2o 24 Eelde AR

2% (wiv), A A ZA4 o= glucose 2% (wiv)e}

S

2 Mo
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CaCOs3 0.7% (wiv)E A7}3t TSAS AFE39la, X2 B3
AL tributyrin 1% vv)E AH7FSE tributyrin agar
(Sigma)E AFE3}4 T} Tributyrin agar= 147} sonication
22 tributyring F3HAI7] o BHSHGTh ZF 7] &0l
7ve v Ao #FE FESHL, 37TAA 2447 B %Fsto] A
1 B AP SAS st a4 g/l v
A= NaCle] 93k Z+ 714 o] M7 vjA]o| NaCle 7t
shel SRelstaet.
27 Y o
Amine oxidase &4 ¥.§ 43 A

oF@o] H7HE TSACIA AR & 126 Bacillus % 7
ZF9] colony®] N,N,N',N'-tetramethyl-p-phenylenediamine
dihydrochloride & =23 Z3t, 435S YEtl=
B. licheniformis 3853F, B. siamensis 143, B. subiilis
1359 F 40575 At

At 4073 FE A2 amine oxidase 4 4%
Ay}, 7v7F 3 #F7F A= B. siamensis®t B. subtilis=
25.2 U/ml, 12.4 Umle] @4 Yettt. B. licheniformis
387+ oA 14BML13 ¥+ 31.8 UmlZ 7H} =2 &
A& 14BDL20 #F= 7.4 UmlZ 7} Z2 &AL el
Aok 7 AF IS $Jste] 19.0 U/ml o439 A4S o
Bl 10475 Adstgrh(Table 1). & Huf x| of A A3}
W3- Yet A &2 B. licheniformis 8DJ14 HF+=
2.8 U/ml9| amine oxidase 84S el o] vfo] 2 A Yo}ql
BAEFEAE g 2T o2 Adstqlot.

Table 1. Technological properties of 10 Bacillus strains showing amine oxidase activity and the effect of NaCl on activity levels.

. . Amine oxidase Growth Acid production Protease Lipase
Species Strain L

activity (U/ml) 129 14% 16% 0% 2% 4% 2% 4% 6% 0% 1% 2%

B. siamensis 0BML-1 252 +50 + + - - - - ++ + - + + -
B. licheniformis  7BDL06 21.3+£9.6 + + - - - - + + - + + -
7BDLO7 215+89 + + - - - - + + - + + -

8MI05 28057 + + - - - - ++ 4+ + ++ 4+ ++

8MS03 262+03 + + - - - - + + - + + -

14BDE25 205+ 4.0 + + - - - - + - - + - -

14BML8 28.1 £3.1 + + - - - - + + - + + -

14BML13 318+ 16 + + + - - - ++ o+t + ++ 4+ ++

14BML19 22932 + + - - - - ++ o+ - + + -

14BML25 194 £2.2 + + - - - - + - - ++ o+ -

8DJ14 28+0.0 + + - - - - ++ + - 4 4+ +

One unit of amine oxidase activity was determined as the amount of enzyme that produced 1.0 mg purpurogallin from pyrogallol

at 20 C and pH 6.0 in 20 seconds.

Abbreviations: +, positive activity; -, negative activity. Number of (+) indicates the strength of enzyme activities.
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Amine oxidase 5%} yobN &4 331

Amine oxidase 84 £3& 53t AYH Bacillus 107
FE A2 2 amine oxidase X} yobN £©]% primer
IF9} IRE ©]-&3te] PCRE ZI3y3t A, 8MI05, 8MS03 o
FEEE o4 27]19F YA k= oF 400 bpl] FF AHEC] &
A} & FF2HE SZ2H DNA ©H2 B. licheniformis
WX-02 #39] amine oxidase AR} 100% A5 L U
e o], 8MI059F 8MS03 w52 yobN F-H2F /71 &<l
=3t

7} =& amine oxidase B4 YEHH B. licheniformis
14BML13 #57} yobN 3235 Hf81A] ¢ Aoz B
o} yobN &} o % amine oxidase Aol 7]T 4= 9l
= 371 aRlo] E2AF 71540l glo, ol gt 714
At7F s

Amine oxidase A X} yobN X §-o] 23l vlo] A4 o}
9l A5t

yobN A9 2471 &eld 8sMI052 8MS03 ++&
4% 5 Hho| @A Hotnl S H b3 TSBo Al w3t b5, vb
ojeAqotdl o] ZAaF eIttt 8MI052F 8MS03 + 5
il o 2 RHEE AU RS 8DJ14 #F viFY o] 4%
F HpoleAdolrl 2t gRIE 1, £3] SMI05 o529
A3t 5ol 2 AL 2 YE g th(Fig. 1). 27 HH|
8MIO5 = 45 Hio| Aol B4t 444 ppm A
AR, 8MS03 3+ Bt 279 ppm A FTH

yobN §2428] 71574 +78< flste] sMI05 5 22
AT yobN FHAAE Z2Z3t9] pGEM-T easy vectoro] At
A Y2F SeAuE pGBAOS L5, o] SetAn
EE HGe Azt 3t 457 vho] A Youl o] 2

—=
45 I A3tz oy Ak EIEH. 7P =
1000
@8DJ14 W8MIOS [18MS03
800
E
g
o 600
£
£
©
L
S 400
[
g
3]
200
0

Cadaverine Histamine Putrescine Tyramine

Fig. 1. Biogenic amine degradation by B. licheniformis strains
8MIO5 and 8MS03 during their cultures in TSB supple-
mented with four types of biogenic amines. Oxidase activity
negative strain 8DJ14 was used as the negative control.
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Fig. 2. Biogenic amine degradation by E. coli recombinant
harboring yobN during its culture in LB broth supplemented
with four types of biogenic amines. The yobN gene from strain
8MIO5 was inserted into pGEM-T easy vector, and designated as
pGBAO. Recombinant containing pGEM-T easy vector (pGEM)
was used as the negative control. The expression of yobN was
induced by IPTG addition.

A2zt ghelE tyramine®] 7% 775 ppm®| A7t g
Hx, 7P B2 A3 UEhd putrescine 59 ppm
Fa7t UesthFig. 2). A2 t59] vro] Ay opyl
A3t &/Jo] gl Wt yobN 312 Hio] @AY of
w3l 7150 A= .

1o o rlo

&

a

i

=

Bacillus & | 2]o}9] yobN A} B4

AF7HA AE ARolA &2 € vrol oA dotnl Eaf &
A B8 Bacillus < ¥tH|2lol= B. amyloliquefaciens, B.
licheniformis, B. subtilis, B. idriensis2 %7 % A4,
yobN §AA 9] B8 B subtilis®} B. idriensis 459 A
Tk SHRIE A TH19]. £ Aol A= B. licheniformis w59
yobN A} B 37} amine oxidase &3 X517 o
o, #F EolHQ EAHL 2 It wakA GenBankol
SAA AE7F 525 B. amyloliquefaciens, B. licheniformis,
B. subtilis #575 A2 Z yobN 24A 9 R85 HES]
ot

2017 49 7|E, F 8dFY AT FHA FE7}
GenBanke)| 7= B. licheniformis®] 7%, 5457} yobN
FAAE R Sl A2 2 SRIE Ith(Table 2). 718 &
L $AA AR} 525 B. subtilis®] 3%, 537459 &ASH
FAA FE FoA 47atF9] ER{7F RIS 2, F 20
439 &S $HA AR ZANE B. amyloliquefaciens®)
3%, yobN FHAAE B/3 F5= SA=HA ¢ker, 30
w30 B4 FAA JEANE SR GEgte}. whabA
B. licheniformis®} B. subtilis®] yobN §AA R8= 45
Eo|Zel EA o2 UEtL, B. amyloliquefaciens®] yobN



Table 2. The existence of genes yobN, hdc, and tdc in the pub-
lished Bacillus genomes.

Published genome Target gene

Species
Draft Complete yobN hdc tdc
B. amyloliquefaciens 30 20 0 0 0
B. licheniformis 40 8 5 0 0
B. subtilis 89 53 47 0 0

Searches for the target genes were performed against the com-
plete genomes registered in NCBI (https://www.ncbi.nlm.nih.gov/)
as of April 29, 2017.

TR HE{= F(species) 5o]HQl EPoz FHHT
3tH, Eom et al. [19]& histamined} tyramine®] AJAo]
T4 3}l+= histidine decarboxylase A} hdc} tyrosine
decarboxylase A A} tdeE R -§3t B. subtilis H'J53-3 o
F9] 2 & B3It B. amyloliquefaciens, B. licheniformis,
B. subtilis #52 ¢4 FHA JEE J G2 hde %
tde A {5 HAES A3, o] FHAAE ERet o
F= ZA51A] ESkth(Table 2). WA B. subtilis H'J53-3
#3E hde B tde FARE HA43 S2A0|EF 7HR] 2 §)

2 Aoz 239}

2 da g FHLEN 754

TG A Y YL A Ta D SAo] dojub= &
A ag Faol 7HAo A3 2otk R U=
ol e & Fid DA Ao BaE St E9%
E79 #5A% EA0] Uehtr] wiEel vl 9 24 &
3 S T AL 7|Eol E 4 Qinh & dAFolA A
45} amine oxidase 4 B8 B. licheniformis 9952} B.
siamensis 1975 o2 B3 Ha B 7l5A4S 37}
s} tH(Table 1).

AR E #3523 257 14% (wiv) NaCle H7HeE TSA
A ASE Ue o] BF NaCl 5= 12%¢] FA o)A 9] A
== A7} fle AL= yeidt. 348, Bacillus 455
9] f7IAF AAZ A Aol A ALY SRIE A Ftrt.
109 25 NaClo] H7hd 2| of| A #5 Eol&
protease?} lipase 4L YeEFA X4, NaClo] 6% z3}5}o
A7t A% protease S YEUE #4F= U
Lipase &4 =43 43 tributyrin 4% (wiv) ©]49
NaCl F=oA =] o i NaCl F7HFS 28 = ¢l
Agk, Aago] AR EA8t= AH oA Bacillus w57}
lipase 845 Uetd 2o FA€H

B Ao A A= B. licheniformis SMI05= B}o] 2 A
Hobel A3t &de Eastar glon, WagERt ofyzt
protease ¥ lipase &4 WA A4S Yed o, BE
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sty g et o3t S W1 B Tao) #e3H
EAS TN 4 S AR dAtdT. A" 79 7]
A0 % g2 ot EETH S YA S
o2 @ Had 7|og AR J|dHn
o of
L0 =

o9t B A Bagt Bacillus & 126735 o2
amine oxidase E4S UEtd 10455 &9t 1 5,
B. licheniformis 8MI05%2} SMS03 #5= SY3t d7|4 <4

S 7} amine oxidase FAAH(yob NS {312 It &
W& B. licheniformis 4AA ARE thACZE yobN FHA
o] &5 AMT A3}, yobN FAA Hf= o5 5olF2
5402 FUHYT F 75 2T 455 vho| 24 Y obul
(cadaverine, histamine, putrescine, tyramine) &3 &4
= UL, yobN FAAE A48 2ol A= Hlol
LAY otql 23 &Aool =Tt Amine oxidase FHAk
HO FREQ 14% NaCl = A BS 7t538t91, 5
Eo] &<l protease ¥ lipase 244 Ueb it
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