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Selection of Biogenic Amine-reducing Microorganisms from
a Traditional Korean-style Fermented Food, Cheonggukjang

Jae Young Choi, Sung Wook Hong, and Kun Sub Chung*

Division of Biological Science and Technology, Yonsei University

Abstract Microorganisms, having the lower decarboxylase activity, among the isolated strains from cheonggukjang and
rice-straw in this study were selected by using biogenic amine (BA) media. The selected strains were identified as Bacillus
subtilis HH12, B. subtilis HR254, and Paenibacillus barcinonensis KR97, by using 16S rRNA analysis. PCR analysis
showed that the histidine decarboxylase (hdc) gene was absent in the HH12, HR254, and KR97 strains. However, PCR
analysis showed that the tyrosine decarboxylase (fdc) gene was present in the HHI12, HR254, and KR97 strains.
Quantitative analysis of the selected strains by using high-performance liquid chromatography showed that histamine was
absent in the HH12, HR254, and KR97 strains. However, these 3 strains showed tyramine concentrations of 6.09, 3.68,
and 6.30 mg/L, respectively. These strains produced lower concentrations of amines (approximately 7.9, 0, and 9.3%
amines in the HH12, HR254, and KR97 strains, respectively) than the B. subtilis MC138 strain, which showed the higher

protease activity.
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FA1739] AAAGED e A0 A -l Hofgitt
(12). 3t BAsE= N-nitrosamines} 72 ItEd=z A3 4 gl

FAAR gl Aem(13), thFEFH L= amine tiARY
Aol Aall e A¥E Aeolle SEolU AR A 54
S YeERZ|E 3Hh(14). BAsH= AS31HE (putrescine, cadav-
erine, spermine, spermidine), %<8} & (tyramine, phenylethy-
lamine), 3= 322]3}5HE (histamine, tryptamine)S 717 FE|Z
ol ATk(1S5). T FEAFEQ A=} Y (natto)o| A= bio-
genic amines 59X 53| histamine?} tyramine &30l =& Ao
2 A7 wIHATKI6).
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Amine®] 3 F3F L2 histamine dihydrochloride(98%), tyramine
hydrochloride(99%)9} WH-%Z=222¢) 1,7-diaminoheptane, =3
Al2kel  dansyl chloride= Sigma Aldrich Co.(St. Louis, MO,
USA) AFS A3, o542 AE-3 acetonitrile?} ether
Aok HPLC S5 ARSIt

OdE =2 ¥ i

A I MRS A Fste] E A gl 1:9 H
&2 E38t ¥, homogenizer(Stomacher 400, Seward, West Sus-
sex, UK)E A3t 108 &<t ddsiste] dgdS A =3H3
o} o] dEtNS Hit A ETE SRR FA4g £ tryptic
soy agar (TSA; Difco, Detroit, MI, USA) plateol] 100 uL? =&
ste] 37°CellA 18A7FERt M st Foll nAE F2te] Feell
mE A2 o2 vAES EYsh

=y Al

EoE nAES] g8l 3y (decarboxylase) E4ZYS Bover-
Cid¢t Holzapfel(19)°] WS ¥MEste] S48l Zevd=
2 decarboxylase medium H]A](0.5% tryptone, 0.5% yeast
extract, 0.5% meat extract, 0.25% sodium chloride, 0.05% glu-
cose, 0.1% tween 80, 0.02% MgSO,, 0.005% MnSO,, 0.004%
FeSO,, 0.2% ammonium citrate, 0.001% thiamine, 0.2% K,PO,,
0.01% CaCO,, 0.005% pyridoxal-5-phosphate, 0.4% amino acid,
(L-lysine, L-histidine, L-ornithine, L-tyrosine, L-arginine), 0.006%
bromocresol purple, pH 5.3)0l &3t 37°CoA] s 24A]
Zrl X T2AIZVAA] 12417 7HA o R mj A4 Zke] WstE S
Atk oluf wjx]Afo] wmEhlo R wWahd 5/, wix|Ao] wahd
o2 Wt FHoE FAEA

BER §a0| BNEH

njdEe 83

g Adet vAES Gram G #v) #ES F3 FH
e EAJS ZAFSISIAL 16S ribosomal RNA gene sequencing
A& Fotd s AUmAAES] #AE FHstaL dHaE A
gl Aol #AE 28] M2 T DNeasy tissue kit(Qiagen,
Valecia, CA, USA)E AR&-3le] DNAE FE3I3T

FZ% DNAQ] 16S ribosomal RNA gene 5% $135ke] uni-
versal primer; 27F(5-AGAGTTTGATCATGGCTCAG-3)<} 1492R
(5-GGATACCTTGTTACGACTT-3") primerS A3t} PCR HF
SAl 0.4mM dNTP, 0.5 units Taq polymerase, 4 mM Mg**©] &
% Takara Perfect Premix(Takara, Japan) 10 uLol] DNA tem-
plate (20 ug/mL) 1pL, 1.0 uM forward primer®} 1.0 uM reverse
primers ZH7F 1pl¥ Y3 UHAE S/RTE 7kl § 7Y
7F 20 uL7t El=5 A|ZSIATE PCR £E2 Mastercycler gradient
(Eppendorf, Hamburg, Germany)2.2 =33} t}. PCR ®F&-&
95°Col| 4] 5%(initial denaturation), 94°Col|A] 45%(denaturation),

52°Col|A] 45%(annealing), 72°ColA] 13 (extensiony2 30 cycles &
ABFF AL, 72°Coll A 5E7F FF extensions AA| SR T

ZZH oF 1,400 bp] fragmentE T vector(Invitrogen, Carlsbad,
CA, USA) A3zl & A8 T vector sequencing
primerg ©]&3td H7IME AHE FRsiAen 1 e
BLAST search(http:/www.ncbi.nlm.nih.gov) program2 ©]-&3}<
GenBank(NCBI, Bethesda, MD, USA)©] ribosomal RNA gene
sequencing@} H]wsle] FA 3T

Decarboxylase gene &

Biogenic amines(histamine} tyramine) A§/d ol 3= hde
gene(histidine decarboxylase)3} tdc gene(tyrosine decarboxylase)S
AZE37] A3 specific primerg AHS-3le] PCR &5 43319
o e Ee] FAE st ddd A AL FAE 2
3] A#H3 % DNeasy tissue kit(Qiagen, Valecia, CA, USA)E
AME3l] DNAE F&3199Tth PCR S5E90 AE-8t primer= Table
13 72921, PCR HHg-2 95°COllA] 5% (initial denaturation), 95°C
ol A 45%(denaturation), hdc geneZ} tdc gene HES
annealing == 717} 529} 48°CollA| 45%, 72°Co|lA] 2% (exten-
sion)S 35 cycles AAISIAT, 72°CollA] 5E7F #E extension
AAEFATE. Positive controlZ= BERF G4 &40 wE A|ZH
ol Fduks-S el a2 A8t v, negative
control 2= W] ARE-gH HIRE ARESITE PCR product=
2% agarose gel JolA A7195S F-435le] DNA bandE &l
A=

Amine £

A A &S 0.005% pyridoxal-5-phosphate, 0.4% L-histidine,
0.4% 1-tyrosine®] FH+¥ tryptic soy broth(TSB)oll A& =,
37°CA 28 B R BPdE NS SmLg FEA] dansyl
chloride® -F-=A|3}sle] #2931t Dansyl chlorideE ©]-&-3F #
EAste B8 B ARS8 A7 1mLs vl €9 Al
Ao 3 oS WEEEES (1S) 100 ul 713 & 3} gt
UEEF €94 05mL, 1% dansyl chloride 0.8 mLS 7}5}e] &35t
T pHE st 45°ColA A7 fEAS) shaith st &
10% proline & 0.5mL, 9lHZ 5mLE 7}sle] 1087+ A &s}
3L ATNE FHet A 5% ] oKEYEZ 1mLE Ut
S} 0.45 um membrane filter(Advantec, Tokyo, Japan)Z 3}-3}
o] AT FEASAIZ] samples ©]83 HPLC £4]2
Shiseido NANOSPACE SI-2 A]28]lS Alg&lgly Zdygozs
Cepcell pak C18 UG-1202.0 mmx250 mm)S AR&3lch G5
02mL/min® 2 Ao ZAHL = 40°CE FAAHT ©]
o) ol gAo® A3 Guje] 2AL 55% oM EUELS Hx
1087F FA] & 15274 65%, 208714 80%=2 S¥7H 44 %,
27R7HA] 90%E Stod 5@ZF A, 358 7HA] 55%F Ste] 5E7)

Table 1. Primers for PCR amplification of histidine decarboxylase (%dc) and tyrosine decarboxylase (¢dc) gene

Gene Primer” Sequence (5' to 3") Tm (°C) Reference
HDC3-F GAT GGT ATT GTT TCK TAT GA
hde HDC4-R CAA ACA CCA GCA TCT TC 48 Coton and Coton (27)
TD2-F CAA ATG GAA GAA GAA GTA GG
tde TD5-R ACA TAG TCA ACC ATR TTG AA 48 Coton et al. (23)

UF (forward) and R (reverse) indicate the orientation of the primers in relation to the rRNA sequence.
K=G or T; R=A or G; W=A or T, Y=C or T; S=C or G; M=A or C; D=A, G, or T; N=A,GC or T.
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Isolate KR97
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Isolate HH12

Incubation time (hr)

Fig. 1. Selection of biogenic amines reducing microorganisms in
the decarboxylase medium. Negative reaction; yellow color,
Positive reaction: purple color

=

FABIAE HEES UV detectorZ ©]-§-31e] 254 nmoll A S
“g3l3it. Amine =443 A= ANOVA tests ©]8-3t
%3 Duncan’s multiple range testZ -F2]32 773 TH?20).
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Fig. 3. PCR products of decarboxylase genes amplified with
specific primers from selected microorganisms. M, 100 bp ladder
marker; 1, B. subtilis MC138 (positive control); 2, medium (negative
control); 3, B. subtilis HH12, 4, B. subtilis HR254; 5, P.
barcinonensis KR97. Arrows indicate the histidine decarboxylase
(hdc) gene (A) and tyrosine decarboxylase (tdc) gene (B).

3t Az, B35 HHI2E 482771, E2ld5F HR254= 60

2+t
NZWA], B2ldF KRI7TE AR S 2438 f4] 5]
HH12, HR254, KR97:S biogenic amines A4 v|YE2 Ats

$AthFig. 1). Ae HHI2, HR254, KR97 45 dn|73S =3

s E2] vAES] decarboxylase 4 H|1= decarboxylase nAES] FeHE dEe A3, aHd e R xAE PAT
medium “ARH3-S o] &-3ste] HSITE YRR E4do] §) S ARSI 45°Coll AF3PH catalase YIRNHSR] AoZ B
om AFAEA FH7FE ofm=Ate] CHCOOH Bz} gekat o} Bergey’s manual®] Bacillus sp.2} 521819t o A& 54
k3o o5 CO,7t mhA UrFAA F71eke pHel WSl wet < 93 16S rRNA gene sequencing A3}, HHI29} HR254E B
EghdoA Rt oz iz do] M3ls YO R decarboxylase subtilisF 97%2] FAMES YERAIT. KR97S Paenibacillus bar-
DS vttt 3533 H1d AlRERE 23 nAdES cinonensis$t 97%2] FAMdS HEllo] ol wAES 747 B
ZF 1,399F0| o, Eu]AE-2S decarboxylase medium®l| Z}zt subtilis HH12, B. subtilis HR254, P barcinonensis KR97E 4™
AEste] AANSES 1247 AR AR A3t F 139911— AL, Al AEES] A7IMES ol&st] BAEESH A
oA vl 481217 FERESS UEkd #1385 WL Ul AT=s dATHFig 2).

2} A9 th(data not shown). ELsH ZACE 23 AFE ZJ BAs A73E $13l decarboxylase medium®ll &L 3k vjkzA

Bacillus licheniformis (FJ435676)
o5 | Isolate HH12
100 Bacillus subtilis (EU729126)
|l_lsolate HR254
ad Bacillus polyfermenticu (AY 149473)
Bacillus thermoamylovorans (HM030742)
Bacillus benzoevorans (AY043085)
ﬁﬁljacillus circulans (EU124560)
70 * Bacillus nealsonii (F1544393)
Paenibacillus illinoisensis (FN422001)
50 Paenibacillus taichungensis (EU179327)
100 Paenibacillus pabuli (AB366401)
75 Paenibacillus amylolyticus (DQ313379)
g4 | | Isolate KR97
86 | Paenibacillus barcinonensis (AJ716019)
—
0.01

Fig. 2. Phylogenetic tree of isolated strains through 16S rRNA gene sequence homology. Sequences that were determined in this study are
shown in bold, and GenBank accession nos. are shown in parentheses for all reference sequences. The scale bar represents the Jukes-Cantor

evolutionary distance.
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Fig. 4. HPLC analysis of biogenic amines produced by selected microorganisms. A, B. subtilis MC138 (positive control); B, medium
(negative control); C, B. subtilis HH12; D, B. subtilis HR254; E, P. barcinonensis KR97. No detection of histamine is shown in parentheses.
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Table 2. Contents of biogenic amines produced by selected microorganisms using HPLC analysis

Biogenic amines (mg/L)”

Sample
Histamine Tyramine Total
B. subtilis MC138" 3.94+0.41*Y 16.47+1.48" 20.42+1.28"
Medium? N.D?Y 4.86+0.12° 4.86+0.26°
B. subtilis HH12 N.D 6.09+0.08™ 6.09+0.87"
B. subtilis HR254 N.D 3.68+0.26° 3.68+0.46°
P, barcinonensis KR97 N.D 6.30£0.42™ 6.30£1.14

Determination of biogenic amines were performed after cultivation at 37°C for 2 days in the tryptic soy broth contained 0.005% pyridoxal-5-

phosphate, 0.4% L-histidine and L-tyrosine
DPositive control

INegative control

*Mean+SD

YIn a column, means followed by the same letter are not significantly different at the 5% level.

SNot detected

tyramine 3F&©] 1,000-2,000 ppmlE AZHATIY B3I
wEhA] B Ao AdFFe] DNASE FE3HaL F=7golA
F2 ZZ%%E histamineS A= histidine decarboxylase(hdc)
gene¥} tyramineS AJ/J 3= tyrosine decarboxylase(tdc) gene<
PCR WS 53l RISttt hde gene A& 93 17195
ZAZKFig. 3A), B. subtilis HH129} B. subtilis HR254 w50+
hde gene® & FHEE 435bp band7} SC1EA| P P barci-
nonensis KRO7TAFAAE SRI=A] g9ttt 22}t 900 bp F+&
oA band7} BRIFA=H o= HI5e)H FFol| o9t band=2 Al
EFA v 12470004 decarboxylase -2 UERA 1)
AE FolA BAsY Aol #I3l= decarboxylase A4 T]AY
B2 AEEE B subtilis MC138 @94 band7t ER1=o] B.
subtilis MC138 <=4} histamineS A/dsh= A OZ2 AR =AU
tde gene(Fig. 3B)®] 73-%-= B. subtilis HH12, B. subtilis HR254,
P barcinonensis KR97 dFNA tde gene® = FAF= 1,100 bp
band’} EQlE o] 0|5 FFES tyramineS YA ZoE AR
Atk Coton 5(23) hde gene &S 3] HDC3/HDC4
primer setS AFE3lS W), PCR SZAHE-2 435bpo|™, tde gene
HAES %18 TDS/TD2 primer set2 AFE3S wl, PCR SZ4HE
2 1,100 bpetal B3IGATE AF SOl histamineS ThF AHAHT
A, Al I5EE U, T8, AAL A9, ZRh FEYY) F
o] WA F O (24), tyramine> 7P A U] fd
Hol Azbe 7ol Qe 2 4 AvkL IS TH2S).
Fricker 5(26)& PCR 71 Solid3t wIzgdo] Hojut Azt
o HAEo] 7hssithe Aol AR [Tl os F7H4d
20 87y, A QLPEAS H|5ol4 FFe o3 false-
positive®] 919 U 4 Aok Bghl gitk o]x¥ PCR
o]-2-3t biogenic amine®] &S AV JoH, B} ¢ A
3t A5 47] HeiME A3 primer?] A3 PCR 271 5
2HE ot 3

o fo mlo

>

Mdt O[MEe| amine A&l

A4 darAE FollA geitad g4do] e Ml
255 Lhistidine, L-tyrosine®] 04%(w/v) #H7FE  tryptic soy
brothell 2tz wjgsted Wi dE 52 amine®] -2 HPLCE
A% A= Fig 40 UERSlen, o] 2oFete] Table 201
UERN AT Negative control2A] ARt vl Falj <] ] ] g5
o A& histamine®] HEER %3 tyramineS 4.86 mg/L HEE
Itk B subtilis MC1382] ] 5ol A= histamine?} tyramine
& 747} 3949} 1647 mg/L2 HEEATE Z22]L}, biogenic amine

A st AWw|BEQ B subtilis HHI2, B. subtilis HR254, P
barcinonensis KR97 d52] 7%, histamine2 AEFA UL
tyramine Z}7} 6.09, 3.68, 630 mg/LE HAEHUT}. o|& 752
total amines $Fol|A] BIIA] f2] amines TS A|9|SIaL BAs
A DS MCI38 @59+ Bl ¥ HHI2, HR254, KR97 &
FES 47 79, 0%, 93% FF TR BAss A7 sk
Ao 2 YeRNSITE Biogenic amine AdF-55 PCR TZWH%
HPLC EAWHE A A3}, hde gene©] A=A ¢ B
subtilis HH12, B. subtilis HR254, P barcinonensis KR97= HPLC
EAol| A= histamine®] AEFA] RS, tde gene®] EF FRIE
Au A EEL tyramine®] FAEFIUTE Decarboxylase E/go] o
hde gene= $Hr3FA &3 HPLC E24{0l4 amines AJAlo]
B. subtilis HR254 55 3574 85I 2 /g =+ 3

Aozt AlEE ATh

o rlo R

2 o

2 ddMe =4 2 Aol 228 nAES decarbox-
ylase HiA||A] SEFg A o] Y& FF2 B subtlis HHI12,
B. subtilis HR254, P barcinonensis KR972 A@3}c}. o5 A
W vl A EE9] histidine decarboxylase(hdc) gene 3} tyrosine
decarboxylase(tdc) geneS ZAMSH A3, hde geneS HHI2,
HR254, KR97 #5llA= HAEHA Zkou, e gene> HHI2,
HR254, KR110 #FA AEHAch £3 HPLCE B3l A%
AFE2 w5 d T amines A FS B4 A3}, HHI2,
HR254, KR110 &5 histamine®] HE% A ZU3L tyramine
HH12, HR254, KR110 #F= 22} 6.09, 3.68, 630 mgL= A&
H At A3 biogenic amines A8 #FEY BAs B HFE
decarboxylase A4 PIRAERE AYRE = B subtilis MC138 &5+
o Bl A #AF] F2 o R T

B AFeE FEHER 59718718AME (2009-2012)9] A
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