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Reduction of Trimethylamine by Saccharomyces cerevisiae Isolated from
Fermented Food

Seul-Ki Park, Jae-Hwa Lee, Du-Min Jo, Min-Gyun Kang, Yu-Mi Jang, Yeon-jin Cho, Dong-lee Hong
and Young-Mog Kim*
Department of Food Science and Technology, Pukyong National University, Busan 48513, Korea

Trimethylamine (TMA) is a nitrogen-based aliphatic organic compound. It is a major odorous component of fish and
fishery products and is often used as an indicator of fish quality. The efficacy of TMA removal by various yeast strains
was investigated. The five yeast strains found to be most effective in removing TMA were isolated from fermented
foods and were identified as Saccharomyces cerevisiae based on biochemical and 18S rRNA sequence analyses.
These strains were designated as S. cerevisiae SK1511, SK1512, SK1513, SK1514 and SK1515. Yeast cultures were
treated with a TMA solution (0.3%, v/v), and the level of TMA reduction was analyzed by headspace gas chromatog-
raphy. The five S. cerevisiae strains removed 32.02-50.34% of the TMA from the solution. This study is the first to
demonstrate TMA reduction by microbial treatment.
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Ames, 1988; Song et al., 2005). 0] 2|3} o} 72] v AES
o o] HIdui= ol F Aol A A B Fuf 2y Fofl 7 AA 32 7H2A] 7|8 Bl AT 1 59k who] AlE Fo] gho.

AL AR =S A A Al ARt A S & o, Jung etal. (20042 50 Al Al 24 A 2|7 TMAS
T QL aRlef ofste] /g of 9lth(Lee and Rhee, 1982). = X730 AWHS fH4A]7|H sy 7ol A= Bab4oletal

e A4t 5 TS YR, AlE E ddlstol =7 BIR A H3E bl low, Hong et al. (2009)2 mass spectrometerS
o] FAE o2 B E I QItk(Josephson et al., 1984; Yoshiwa 719k8F AR E o] &3lo] TMAY A&7 Agt BHAS &

et al,, 1997; Campo et al., 2003). 53] 3% o1 FolA LAY} sko] Wh3- AJto] Aojd a5 o] FEd Aol Aojxittar 1
L trimethylamine (TMA)S $A4H20] A EO] A F&E F2 11813131, Lee and Rhee (1982)2 -5 HAR}F GC 4 Ayt
AR5, trimethylamine N-oxide (TMAO)7} AllwtA] 429 S7)AFE TMAS} B1-8-3}0] 0]&] 7hAd] &3} 9lon 87| Ak
Z1-g-of| ofsf 2he % o] TMAS A/d5l=tll(Castell et al., 1971; of o3k Bl A= =2 masking & }of| 7] lettiar Ht
Lundstrom and Racicot 1983) TMA2 13- -2 threshold A th T3 Kim et al. (2006)0] w2H TMAS v| A& G4
limit level (0.002 ppm)& 7H4 75t HIWE HAYA[A o] F H1-S-of 9]3}0] trimethylamine N-oxide (TMAO)Z3-E] 3+
o] Fuff gl 415 5} o] o= A o= el 4o th(Na- wof TSt R F2] 59 offofl o]itaty 4 §HE APt
miesnik et al., 2003; Chung and Lee 2009). TMAZ 13} ¢] o] n|AEE 74 Al A o] F o] AR QT B sk H) Q)
FollA sk Bl W= Av[AEolA] ol H = S1A] o] A t}. o] o) %= of 7o HIHAWE A A7 917t At A &=L
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o] TMAOZ A A8t A7 7, tiAL 5 A)7]= 59 A+
+ H[HIEE gholth TMAO| A HHAgsh= vl E 74 H Al
Ast7] YJaliAl= TMAOR AFSHA 7| A, Tf 2 SI3HE R Bk
< FEoh= o] otk TMAS TMAOR A$HA7]= a4
+ trimethylamine monooxygenase (TMO)= Yin et al. (2011)
of ¢Jatd vhgglof -2 flavin-containing monooxygenase
(FMO):= TMOS} -2 &J3h-g ghrfal Harg v} glow, sfef
T2l T]A&<1 Roseovarius sp. 2} Pelagibacter ubique 2 S5
ofl &38+= Saccharomyces cerevisiae 5-o\A W == Zlo2
B3k},

b 2 Aol Ae ol Foll Al HAsto] vl o] el
o] Bz TMAS thefet HaaFol A 223t S. cerevisiae2}
WRS A WA 4 24715 ol gste] by Al 2o u
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yeast extract peptone dextrose (YPD; Difco Co., USA) Hi A&
ARSI YPD v R 2A)2 554 1 L I yeast extract 10
g, peptone 20 g, dextrose (glucose) 20 g, sodium propionate
0.5 g¥} chloramphenicol 100 mg® A%t a1 o] B &
91ste] YPD HiA|= 30C oA 72417 A 96AI1ZE7HA] Bl <f
aFoIck. thofet A F AR 2RE ang 2ejaly| st 2zt
9] A& 25 g2 F3te] 225 mLe] HtH 0.1% peptone water
(Difco Co., USA)E H7ate] F23F 471 5] Al 22 AHS-5H
o}, @St AR A4 S-S o gsto] 10714 B)4let
o YPD uj 2] o] 13}0] 30°Coll 4| 724124141 964171714
et vrel g Alwalgich Hele At kel Heke )
9kt & API 20C AUX (Bio Merieux, Marcy I'Etoile, France)
Of ARG of whet 2 AE o]l HFRE 5 30T ol A 484171
A 72X 7 53 Rt 3 Rkt BHoll ek ol e =elst
of A3tehA 54e AAISHH

AP ESA WS o]8sto] EelitE 57E57] Sldf ge-
nomic DNA purification kit (Promega Co., USA)= genomic
DNAE F#&319 21, &% DNAE ¢854 18SrRNA F-
E5 91510 O'Donnell (1993)©] A|¢Fet universal primer NL
1 (5-GCA TAT CAA TAA GCG GAG GAA AAG-3") ¥ NL

4 (5-GGT CCG TGT TTC AAG ACG G-3))E o|-&3}%ich
Polymerase chain reaction (PCR) Hh-5- 2742 PCR premix
(Bioneer Co., Korea)©]| template DNA 3 pL, 2t primer 1 pL 3
7Rt 3 FEE 25 Lz gh5of =3Y5}giek PCR 535 202
pre-denaturation 95°C/15%, denaturation 95°C/20%, anneal-
ing 50°C/40%, extension 72C/90%, final extension 72°C/5%
o] 2716 2 303] HHa-sto] 18S rRNA TS 52519t

18S 1IRNA 7] A¥ E4-& o] 242 (Bionics, Seoul,
Korea)o] €]} 2™, NCBI (National center for Biotech-
nology Information, USA)2] BLAST program= ©]-83}¢]
18S rRNA ©HH 0] {514} 471 8 A4S 2A= 585K
TH(Baleiras et al., 2005).

M Z=7|E 0[8et 2

a3 vjofelat TMAS] dhgoll 4 WA 2] A7here 27
317] ¢J8te] WAl A= =4 7](Odor level indicator, XP-329
IIT R, New Cosmos Electric Co., Japan)E AM&-31o] 43141
o} WA 7= 247+ 13 = F454FHE(Stannic oxide, zine
oxide)= ZHE Wi A T U5 A= ARG, o] 5 o]-&3t
S|abA) AE B4 Hideyuki et al. (2010)2] WS AR5}
o 2eE RS TMAY BR3-A17]7] 9fste] YPDH A of 4
55 30T olIA] 72417153k W kstod 10%107 CFU (Colony-
forming unitymLz wo}E] Wikl ALgate] Agsleic. vy
& =] A ujeF 15 mLE 50 mL conical tube®] 71 &
TMA 30% (JUNSEL Japan) 5-84 A|oFS 215 55 03%
2 7k ol el A djopeuke] 1471 Bhgste] 50 mL
conical tube] 730l WAl 4 275719 £171% $2s}o]
1087 2732 391 W=tk AY 24 A AYLEE 25T
2 A3kt
Head—space gas chromatography (HS-GC)2
0|&st TMA 24

A= gl vkt TMAE £75}7] 915+ gas chroma-
tographyE- flame ionization detector (FID; Agilent technolo-
gies 6890N, Palo Alto, CA, USA )2} $7 head-space (HS)
WS A5l ch(Zhang et al, 1992). Z2H-S HP-5 (30
mx0.320 mm id, 0.25 pm)E AR5} 2™, injector tem-
perature 250C, detector temperature 250°C & splitless mode
2 AR5t Carrier gas+= nitrogen (30 mL/A2), hydrogen
(25 mL/%) 18] 31 air (300 mL/3)S AR5} 1, oven tem-
perature 72 557F 80T A, 150 C7HA] 10T/ 202 AF
S A7 apA gk 1582 150 CE A A1 7Tk 4] 3 post-run
time .2 587 250C AL A5t Alg= gt uljoF
o 5 mLoj| TMA 30% solution (v/v)& % %% 0.3%7} &
71E 22 mL glass vialoll 718t 3~ 4 M NaOHE A28} 55
o2 H7IgE 3 10T of|A] 757 WA F syringe (Hamilton,
1725SL, USA)E o|--5to] A|=.9] 45 714 250 uL= F5to]
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HI

B AToA AR E AFE 33 wEaldon, ATl
S5 SPSS (v.23.0, SPSS Inc., USA) 34 L2 1L 0|85
of 7t AW 2e] H@wh EEWAE 455} Duncan (1955)
o i gAY S AAJst] 7k AR T2k SolAE 5%
(P<0.05) 0] S0l 4 AZ3Hrh.

Zu " nF
229 =22 A 38

chefRh A Al EoA & 32F0 arE welstglon, APl
20C AUX kitE ©]-83t 43tel2] 74 A} 559 #5771 S.
cerevisiae 2 57 %It} (Table 1). API 20C AUX kite] &
23 ¥ A3} SKI1511, 1512, 1513, 1514 9 1515= 2% D-
glucose, D-galactose, D-maltose, D-saccharose (sucrose), 2
D-trehalose S &3l & = 9181 ow, 1511, 1512 2 1515= 57}

123

2] % 2 methyl a-D-glucopyranoside (MDG)E £3f] & 4= Q|
1o 15137} 1514= MDGE &3l514] 9t 1511, 1512,
1514 94 1515 D-melezitose ¥ D-raffinoseE £3f 713}
oL}, 15132 EalskA] HsliT). Kang (2008) W Kim et
al. (1998)°] ut= i Hhg AlZo| A B[t A7} glucose, D-
galactose, D-maltose, sucrose, xylitol, inositol, D-sorbitol, D-
lactose 2 D-melezitose 52 AlsH= A0 & el on B
Aol A Felgt AR E 9] Haeh fAksh AuE vrehf L 9l
o, API 20C AUX kit o]-8-3}o] A8t At SK1511%
B 15157}4] 242} 99.9%, 99.9%, 86.8% 99.0% X 99.9% = 1
= S. cerevisiae =2 A&}

o5 5%9] A% FFE 18S rRNA §AA}F G7|AHES o] &
sto] EAYESHA 087 54 A S, cerevisiael}t =& ¢V
A<D FAMEE HERH ItK(Table 2). o)/d2] Assh4] 4l 18S
RNA €714 g 25 F3sto] S719] 22 8= 7217 S.
cerevisiae SK1511, SK1512, SK1513, SK1514 9 SK1515%
wsaic

Table 1. Results of identification based on the biochemical properties of the isolated strains using an API 20C AUX-kit

o Strains
Characteristics
SK1511 SK1512 SK1513 SK1514 SK1515
D-glucose + + + + +
Glycerol - - - - -
2-keto-d-gluconate - - - - -
L-arabinose - - - - -
D-xylose - - - - -
Adonitol - - - - -
Xylitol - - - - -
D-galactose + + + + +
Inositol - - - - -
D-sorbitol - - - - -
a-methyl-d-glucoside + + - - +
N-acetyl-d-glucos- ) ) ) ) }
amine
D-cellobiose - - - - -
D-lactose - - - - -
D-maltose + + + + +
D-saccharose + + + + +
D-trehalose + + + + +
D-melezitose + + - + +
D-raffinose + + - + +
- Saccharomyces Saccharomyces Saccharomyces Saccharomyces Saccharomyces
Significant taxa . e . e e
cerevisiae 2 cerevisiae 2 cerevisiae 2 cerevisiae 2 cerevisiae 2
Decision Good identification  Good identification ~ Good identification ~ Good identification ~ Good identification

+, positive; -, negative.
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Fig. 1. Analysis of removal efficacy of trimethylamine (TMA;
0.3%, v/v) by the treatment of yeasts culture using odor level in-
dicator. YPD, yeast extract peptone dextrose (YPD) medium only;
YT, YPD with TMA; SK1511, SK1511 strains culture to YT;
SK1512, SK1512 strains culture to YT; SK1513, SK1513 strains
culture to YT; SK1514, SK1514 strains culture to YT; SK1515,
SK1515 strains culture to YT. Means within a row with different
superscripts are significantly different.

|85t By A A

AT
>
Y

af

AEAEONA 2t 559 S. cerevisiae &) TMA #7135} 2
e 2437 $istel WAl A1 ol et A A
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levelz U= A HFE=7]E o] &3t 4] Aol A Blagt
Hop g ofolS 1Rt Al ol A &4 22.02%71 4] X[
41.73%7A] 32 WA AEQ] 737t YA 24 = QT 24
W3 0.2 YPD WAITE AbgStel 24T 49 WAl A ghe
218.0+33.8 level = e} o1, TMAS A 7|5t YPD v A=
1,238.0+148.1 level2 Vet 28] aX = S. cerevisiae
SK15159] ¢ 7ra&0] 41.7%= 3¢/d WA =49 Axs}
7} 7P A et o™ S. cerevisiae SK15149] 7 Zae
0] 22.02%= 71 @A Urebgth Rogério et al. (2011)0]] w=
W ol F 24 43 A1F2] CO, 7k =4 A A4 7171 o
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Fig. 2. Analysis of removal efficacy of trimethylamine (TMA,;
0.3%, v/v) by the treatment of yeasts using head space-gas chro-
matography. YPD, yeast extract peptone dextrose (YPD) medium
only; YT, YPD with TMA; SK1511, SK1511 strains culture to YT;
SK1512, SK1512 strains culture to YT; SK1513, SK1513 strains
culture to YT; SK1514, SK1514 strains culture to YT; SK1515,
SK1515 strains culture to YT. Means within a row with different

superscripts are significantly different.
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A2 SKI511FE SKISISZA] 22 42.20%, 32.02%,
44.54%, 33.69% 9 50.34%= LERGTE WA A=) o] HS-

Table 2. Results of BLAST searching of the 18S rRNA region sequence

Origin Strains Species and strain designation GenBank accession No. Similarity (%)’
Wine SK1511 Saccharomyces cerevisiae strain Y169 CP033491.1 99
Makgeoll SK1512 Saccharomyces cerevisiae clone ITS MK262975.1 100
SK1513 Saccharomyces cerevisiae isolate 50 AY529516.1 99
Nuruk SK1514 Saccharomyces cerevisiae X55 CP033498.1 100
SK1515 Saccharomyces cerevisiae CR-Y123 KY273294 1 99

'Relation of similarity of nucleotide in 18S rRNA fragment between isolated strains and GenBank accession.
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Std Ao g HotEch

ghg AlEolA Ba)dt At TMASH HH-g-sto] WAl 2w
SA471E olgsto] S WA S 2R A3
34.36%9] 3 WA JES FH 0= AT
eI, Fdeh i o = A 23t A| &5 HS-GCHE o8
sto] TMAS 2417 Ao A Bt 40.56%2] TMAS r
o|H o g Faarle 43S yEtich TMA 2 A4 v
W 5] Azstet wsto] sjoll A= Az, A%, 714 =
9,97 Qo)A 2l £ of2] 717 442 o3t A7) 1
x| o] 2k 1 K(Lee and Rhee 1979; Lee and Rhee 1982; Heu
et al., 2008; Kang et al., 2014) &% 5 0|5 o] &3} <1+
£ A EEA] gttt AEE3] TMAOZ} AlS}E] of HAsH=
TMAL A Foll A Aol ofsfiA A dethar defA A
WH(Castell et al., 1971; Lundstrom and Racicot 1983), TMO
59 AE - A= TMAS AFSRA# TMAO FEIE A
S 4= glom E3 v AE f2 2] FMO+= TMOSF 22 <
S-S Bt At Ar) Qo (Yin et al., 2011) S. cerevisiae
O] % FMO a4 Wdlo] 7Hs3h #2 IeA Qioh 1 9
FMO 45 Wde 4= Q& AutF+= Schizosaccharomyces
pombe (Sergio et al., 1991) 7} Q1 2. 45F+= Roseovarius sp.
217 (Yin, 2012), Ruegeria pomeroyi DSS3 (Jonathan et al.,
2012), Methylophaga sp. SK1 (Andrea et al., 2008), Methylo-
cella silvestris BL2 (Peter et al., 2003) Y Pelagibacter ubique
HTCC 1002 (Mario et al., 2014) 5°] 2= o] Th(Yin et
al, 2011). FMO ¥ 7Hs 257} tjei4: sheF 2l 2
TMAO = TMA®] 39 ool thefo &t sk Edo]
EERE R E e A S CERE
o}, W g AEo| A 23552 S. cerevisiae £-8] v 5+= FMO
A4E LA 5 Q1S o2 AekEv(Suh et al., 1996; Tan
and Elizabeth 2008) WA =& o]g3slo] FHbA] WA A&
o] £47} HS-GCE o83t TMAS 2415 A1}, 4]
A ABo] folF oz hastal TMAQ] gl 428 o= 7t
a8k AE YERGIeh B3 2 Aol A= S. cerevisiae
7} & 3F 4= )= FMO7} bacterial TMOS} S-AF8t &33F8- 3F
4= Qth= B0 wiel(Yin et al., 2011) A3 Auk24 =
2 ARS o[ §5to] TMAS #Ad 4 Urke 7Hs i e 1
w3k o] A A o) RO Rty F ulYR| HHgo
2 <lsto] WAsts A0 Aed TMAS Alojshs A2e
WOLO 2 uAE o) Askgln o] thstel Fw A%

o] ¥ ot}
Al AL

o] EE-E 2018 Gk o] £ F- LA At o
AL B % LA o] Ao %]2120150220)

of ol =Y =] A5t
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