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Screening of 5-Phosphodiesterase Producing Bacteria for Food

Flavor Enhancer Production

o 6 AL 0.
a7, auuel ynyihu**
DIIITOh NI ***

2 o £ e
AF.A7LAND ﬂiﬁwg\]qﬂa\lsﬁawwﬁrw

UNAAL

[
A Ao

a v 6 ‘ﬂl (% A a A
NIRRT UsERsdiNadaEanuUAfSe
Andenanlasl 57 -wWoalwlooamassanindmau
NMII AN TRADILU AT WS DNTTIF NN FANIE
Awsnyas lumandeia s Lﬁaﬁwvl,ﬂmzaqm@ﬂ%ém%u
Nﬁ@%@qﬁqﬂLL@iaﬁamﬁiuamwwiaVLﬂ MIAaLAaN

A A ~ K a A 8

wafiEy 20 o lmandlansnaninlady iadnm
ANNENHTD WAL k] s Noa W laeawase
uuawauds DNase test agar-methyl green uag
Tuawnawan Sehgal and Gibbons Complex
(SGC) Adunfaladen aaalsranudndis 0-3.0

6 1 a A t&l a 1 t&l A
Tuans wud Lm@mﬁmmamauvlﬁﬂ@qwq@w A0
a A [ o a A t&l
wuefielalman AN 150 MsSeauunuUafiEed
(% A % =4 (% (% a = =
@(ﬂLaaﬂvLﬁI@iHﬁﬂHWﬁﬂHMBWWGGM§1%QVIEIW Fuad
wasFeuWsuaeuwaEaas 16S rDNA fuwUafiSe

maﬁuﬁﬁu wu wuediselalsan AN 150 @a

Bacillus altitudinis waziuuuaiisasausnas
wuaSeTauwmnaa Bacillus altitudinis AN 150
snarnndaen sl lGRTga R 6.0 grmgi 37 asen
wadus Tuonsman SGC Afindelnfanaas lse
1.0 Tans msfnmmsaSyuasnandeion losvas
uuefise lusnswan SGC Tussminawe 5.0 aas
WU uueiiBadsnaninmsuaaen e Uy
mswIauaznaaen lml ldgegawhiy 382.50 wiey
N, Wawnzdoaiung 36 Falas ARG RIRTG)
wnglunisshwansdselyldn lumaesasan bl
nnuuefisuiesh U s lamissfugnanmnsss
= 6" £ 1 U d! o U 6
mﬂmamaﬂsﬁsﬂmaaﬂugﬁml,t,mm%wﬂmLauvlfm
femunssnifnamnuanih WlFuwlnsznumsnae
Sogugousasamnd luenvns e

| SRvpsiusumTR AT UAR N TINMIM TG Usednt] 2557

#pamilssdinuesmaiamagstieewns amiumsiemsilygniien

EOEYEY) & ° = 1 a (% A (% a
T aﬁ%ﬁﬁ?&lﬁﬁzﬂﬁﬂmzmﬂiﬂzﬂa&Jﬂ‘ﬂfﬁ?&l MO N%?’J‘V]HWGUW]@I%I@ mmmwamyaﬁ

#rER S INEOTNIEL TRV lWlaEmmn AR INIINNBAT AN EUNEOITFESS

Christian University of Thailand Journal

Vol. 23 No.1 (January - March) 2017



28 MadadanuuadiSafindaalasd SLWaﬂIW‘IL@Laﬁmaﬁﬂlﬁai’%ﬂﬁ@ﬁ@@ﬂ?dLL@idiﬁ“maELum%ﬁ

Abstract

The objective of this research was
screening of 5’-phosphodiesterase (5"-PDE)
producing bacteria from raw fish sauce.
Identification of selected bacteria and
optimization of the conditions for maximum
enzyme production for further application in
food flavor enhancer production were
examined. Twenty pure bacterial cultures
isolated from raw fish sauce were selected
for 5" -PDE producing ability on DNase
test agar-methyl green medium and
Sehgal and Gibbons Complex (SGC)
liguid mediumn containing 0-3.0 M NaCl.
isolate AN

could produce the highest 5° - PDE activity.

The results showed that 150
The selected isolate was further identified on
the basis of morphological, biochemical
16S rDNA
bacteria. It was concluded that isolate AN 150

and compared to other

belonged to Bacillus altitudinis and

ANNFIAgyLasilgmn

asitheney s-Thedlolnd (s-nucleotides)
Hwiagugeudssamd luawns (flavor enhancer) 7
s WinAadnsiamssamaniudensamn i
"' (umami taste) GogninlHidusanad s 7
Laﬂ5ﬂmimmeh<mmﬂsmaﬁu§m 4 96 A IEVNU
SHON iamém wazsdaN (Bachmanov, 2010)
alsznauineilang danamda mludn 5"~ lal
wWadgw® (guanosine 5’ -monophosphate,
5" -GMP) waz Bludu 5 -luluwese (inosine
5’-monophosphate, 5'-IMP) (Ying et al., 2004)
sstsynay s"-fhedle nd ssudsssnfivasemns
wavnAeTusanmasher) i gudSagL LsmiifedniSa
a1l il siaeitidauasanramaashan) g ma
¥snsisznau s"-fedle g lumsdgsusdssaomnslsl
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classified as halophilic bacteria. A
halophilic B. altitudinis AN 150 could produce
the highest 5°- PDE activity at pH of 6.0
and temperature of 37°C in SGC liquid
medium containing 1.0 M NaCl. Growth and
production of 5'- PDE from B. altitudinis AN
150 in 5.0 L fermenter using SGC liquid
medium was investigated. A typical pattern
of 5°- PDE production showed that enzyme
production was coupled to cell multiplication
and the maximum 5" - PDE production of
382.50 unit/ml was observed at 36 hour culture.
Researchers have suggested in applying
the research results that bacterial enzyme
preparation for industrial application should
be prepared in dried powder form to
possess certain desirable characteristics
including long-term stability and easy
handling during application in food flavor
enhancer production.

Wigss (Mmonosodium  glutamate: MSG) FIM3
V3lnensgsa uSsnadisnniiuly - anavih1%duslne
YNNUNAONNRAUNG 1 ﬁmmﬁrﬂml,t,as%augmm
Fhn B duea TUrth Tuunuis Minen Shmuesens
¢ wiwthan e laliezein Lazondinasioane
Tugruiierugumsasuydulatazsruulsyanen
(M Hesnastw, 2531, Husarova and Ostatnikova,
(% 09: = A Lo 1 a
2013) mumﬂmmﬂmmﬂqqLmaiﬂﬂﬁmhmmi
tsurm s’ -fedle lne 1w 5'-GMP uag 5'-IMP #
v lAAessm@gand luansuAeniumass ulids
1 Y A
mamzm@]azﬁmwmamuﬂm (Ledesma-Amaro
et al., 2013)
£y a , A A’ 6 o
Eluﬁazguumiwa@ 5’ —feale lneensnsnasyi
IgmaneAdleun masteandiadallaaass mansindie
NAGTINAE [a lRantin lEnTeLun W B ISR e
Waendheale ndleni s ~fealalne nmadaamet
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MENTTLIBMIMALAL uazmstaadaansaiinnaen
Tnaeduanstsenay s° -fhedlalndsnewnled
(Kuninaka et al., 1961, Olmedo et al., 1994)
nIsLAUMIREaaTUsEnaLiana o adaansyuau
mamaanladaansn ewlsiatacie Afunas
ngdunsduazis 1gu fesndlsludiniied
(deoxyribonuclease, DNase) waelslufedea
(ribonuclease, RNase) Feavelsaensaiinaaan
londuansisenauiianale namlugululunasme
(guanosinemonophosphate, GMP) ag@ludu
lulunasiwia (adenosine monophosphate, AMP)
lafidululunasina (cytidinemonophosphate,
CMP) eisfulalumiasivia (uridinemonophosphate,
UMP) uselyinlulimassne  (thyminemonophosphate,
TMP) Fariio 27 3" uway 57 (Gundampati and
Debnath, 2009, Guo-Qing et al., 2006) shsawlasd
fisnsnsneesamensaiindan ildameansisznou
Thedla neatie s~fhaalone e wilssd s—waalw
lowoamaiss (s”"-phosphodiesterase, 5°-PDE)
Feastioaaanse lslusieaan (ribonucleic acid,
RNA) Ieegiaisnasiuny s”-woa lowamas (s'-
phosphodiester linkage, C,-O-P(O, H) -K -
C.) lefuanstszney lslufhedlolng 57 -lulu
wWaae (ribonucleotide 5”-monophosphate)
dasanansiszney healolndain s - @s s -
GMP way 5~ IMP whilufiagrn liRasam@ganilu
rAnFiavns dotaenlasl s -PDE Sefemsnh
awlalunmmb U aaeaiinsand luawns (Deoda
and Singhal, 2003, Hechang et al., 2008, Shi et
al., 2007) fhqiudayaifeaiumsouled s-PDE
MnqAunAdiaiities Setumadadenuuaiiais
anuEaIn lunandeiewlzd s ~PDE anunasehee)
Sefiensnhanla TnaawemsdadenuaiiGaini
Uandn issnnuuediedfumum shdaasuda
euleiifie ¥ lumadossmensnianddniiter lush
dm W ldduanstsenay faedlolne leauuafise
Adadon [davansnsoni Wr@nenlmsid sy linaaans
Usznau s -fhedlendeoly Fafudnmadonnit
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EouneGuLRMS 20 Tolman Fauuefice
A P H A v €
Auenldanthuandu Teeotiug yaythu uazen (2558)
Eadsnanmavgniiueg/luevsiu Sehgal and Gib-
bons Complex (SGC) (Sehgal and Gibbons,
1960) MFsndeladenaaalss (NaCl) ansdndu

6

0-3.0 a3

nseatdanuuafisafindaiawnlas s'-PDE
UVWDINSID

©° a A a Q‘

uuefiFeusans 20 leloan w1geas
uuawnsude DNase test agar-methyl green #
Gisnda NaCl Wideadindi 0-3.0 Tuand vl
figamnd 37 asmwades Junm 10 T dune
meolfaufidisla (clear zone) aniwiane
Wurhungudnatsaasusnamsiionuiidin e
(clear zone) wazanslaladh dadan lolasand lsan
sussmhawnadirhueuinasasEnumafionud
s lauazaaslalaigeluyldlummasasiudaly
(Ikeda, 2000)
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Fujimoto et al., 1974) Toe l¥ansazaneanlad 1.0
05805 dmSuhuffsefuasacaansatsiudia
Aaa A Ao a Aaa [~ 6
PR8N 1.0 188869 (N3 k5 luTAAEN 0.1 WasiFud
MgSO,. 7H,0 0.16 lua3 Tuansazanetiines Tris-
HCI emsudiadin 0.04 Tuans s 7.0) Usiigaimgi
40 BeFnETaRHE Wi 2 Falua wq@ﬂﬁﬁ‘%&nt,auvbﬁaj
AENITRNETAZA LIPS LANALNOUNTARIAREN
=) a [~ 6
(aranvanlufanluduen 025 WosiEud lunae
6 a Y v [~ 6, a
WaTaaaInaNRNNIL 0.25 WadiEue) UIuas 2.0
fedaes Gans Bsaihudeni 20 wift Tuwdeouen
ALnausanNeIeIaItiuAe 1hdm laf ke lidaan
MILNNEW 50 Wh ﬁnvl,ﬂ%@mmﬁ@@mﬁmmﬁmman
AAU 260 Wilues iarevasfangTaenla
I o 5;:'1 o 2 A :dl
whitunBsnawasenlmsfiivh lFehmsganauussiians
IR 260 WIANGT WA 1.0 e meldenae
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msdasdanuuaiiiefindaianlas s'-PDE
UUAIMTLT

MR R 20 lalsan fuen
s anAUs e L sEsNsa i arEaetlsd
5'-PDE uua11s DNase test agar-methyl green
Fidsndn NaCl Tslensudiado 0-3.0 Tuas wams
VARDIUFAISINTIN 1 PMNANMIVIARDINLH WEN
ﬂmgml,%aﬁaqmmﬁ 37 asenaaEE duna 10 Tu
funeiidy 12 lolman Fansnsosdnenlas’ s” -PDE

' [%

1§ loedanalsaniuriaiula (clear zone) e
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U DNase test agar-methyl green loel
wuediselalaan AN 150 aglidamainsswingdi
dugudnaseossnmmsifieiuisin lauazaas
I@Iaﬁqaﬂq@mummﬁﬁmL%aﬁ@mmﬁa NaCl e
it 1.0 Tuas waes lidiun uwwefise lalaen AN
150 ghasnNAewlzsd 5'-PDE iﬁg&ﬁqﬁ LUATIEEIR
naMarAGen muariuaanIuenas atae
sanemneeandlsluthedan (deoxyribonucleic acid,
DNA) gafudusmmuasiiodiuastsznauideton
Fusiianau (methyl green) mradenmely wén
Fudussnomlsanan (lkeda, 2000) Fetidsdindan
wuediselalaan AN 150 dwisulElumenesasiie
sinlal
nsdaLAaNkUATLIafinGaLaw las 5 -PDE
Twannsvad
Sovhiua 7 finaaenlsl s-PDE uuavs

c < o X A
wfavis 12 lolman svhmamnzdes lwanswanis

= ¥ v 6 4' I
1nde NaCl anudadi 0-3.0 lua1s Uwa3adwen
AILANUIDHN 37 BeFn@alud ANNSI 250 T8
] A @ o o ~
giaw¥l s 3 T NanImenaelaaIiegLi 1 an
NAMIABBINLT LUATIBEY 12 o lnavansnsnnae
wnlzsdle TeanuafiGelalman AN 150 &ssnNae
wnlmsd s -PDE 1¢gefiga (310.10 mbesiafiadaens)
:ﬁl = a (% a A ‘ﬂl
WauBousuiuuuedsylalaendn namsvaaad
HINENENAARBINLMIVAFILANNEINITO LMTHAS
wilwd 5 -PDE uuomsuds eetiwuuaisey
lolman AN 150 SsgnéiadenBsmiulElunmseda
wiwlesd 5"-PDE einlil
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a (% A Aa A a e _, G A a A a 6 ¥ Y
199N 1 ﬂ?i@@Lﬁ@ﬁLLU@WLﬁHWN@@]La%\l"ﬁm 5 -PDE uummﬂmmmmaahmamaav[w ANNLUYNAW O—

3.0 s

aa Y] v v %4 v d %4 v ¢ =
HUfANLIE AANAIUISHINUAHATURHENAN (M) uazmumguﬂnmﬂﬂiau (1)

olasan 0 M NaCl 1 M NaCl 2 M NaCl 3 M NaCl

AN 010 1.10 - - -
AN 020 1.00 - - -
AN 030 - - - -
AN 040 - - - -
AN 050 - - - -
AN 060 - - - -
AN 110 - 2.00 - -
AN 120 - 2.20 - -
AN 130 - 2.50 - -
AN 140 - 240 - -
AN 150 - 2.95 - -
AN 210 - - 1.50 -
AN 220 - - 1.65 -
AN 230 - - 1.45 -
AN 240 - - - -
AN 250 - - - -
AN 310 - - - 1.25
AN 320 - - - -
AN 330 - - - -
AN 340 - - - 1.35
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5-Phosphodiesterase activity (units/ml)

Bacterial isolates

51 1 MadadanLUaTBLARa NI manaawwlesl 5-PDE luawnswaifidsinda NaCl anw

¥ Y 6
FINYU 0-3.0 I&Iﬂ?i

msswunuwuafisefindaiawles s’ -PDE

anmshuueiidelelmnan AN 150 gafiu
wefBsftnnussnsnlumsnaaenlss - -PDE
Iogs sndusnaiievesuueiiGelaednmdnsmwms
Fugninenuazmaiedl noh weiiGeleloen AN
150 WhinuafiGaunsuuan lnlatiildndy wadianyo
JUwvian mmimﬁzy@ﬂ@fléﬁaqmmﬁ 30-50 896N
waELE Mozszring 4-8 luanmefsinds NaCl e
St 0-3.0 Tums (399 2) MsdnmENHIEIM
Fuafilaslfiemosiuunefiogdurassaludd VITEX
2 Compact weeana weTeft 3 ANANWOLHI)
mediiianenuasmsiefivesuuefizelalaan AN
150 wuuuefidelelman AN 150 aziisnwasiinde
Fuuuefidy Bacillus altitudinis #swamssiumn
uuafielalman AN 150 avganadasiiumsanmaes
Suntinanalert (1978) Fol@uenuuafiBHaneesng
s inemuunefis lungumouinouasmundedie
Bacillus sp. Fosnsnsnnaaenlmiuaiiunmly

NSEUIBMTRENUM
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M3AIIAHDUNIIAUTAIEAS LuLaNaYo
wuefiBelolaen AN 150 leemamanduwsans
8% 165 rDNA @uiasasmaduinasaluda
(automatic DNA sequencer) wazi3auiieuans
willansssdduwarasuaiiselalanan AN 150
ﬁuéwéﬁmumaum@ﬁL%aﬁﬁa@ﬂugm%’aaﬂmaa
GeneBank lag/14li/sunss BLASTN wuid wuaiiise
lalgian AN 150 fenuadieadsiuluailisy
Bacillus altitudinis (98.50 % similarity) B. pumilus
(95.10% similarity) B. aerophilus (93.40 %
similarity) waz B. stratosphericus (93.20 %
similarity) (gﬁ‘ﬁ 2) Lﬁaﬁwﬁﬂwmzmﬂﬁmgm‘iwmLLaz
ANWULNTUAN JNNTINTINTUNAM TS Budiey
SMeuwanasdin 16S rDNA wud wueitEelalaan
AN 150 Sianuouzenss) aanarfulua?iGy B. altitudinis
e iEeiiotu sademlehuueiide lals

@wn AN 150 dauuevisy B. altitudinis
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dl o L2 a a A A
MTNN 2 ﬁﬁ‘]ﬂmz‘ﬂwﬁm‘;@?%’]'ﬂF_ﬂLLﬁ%ﬁ?iL’ﬂ?EysﬂadLL‘].J@V]L?EI\/LE’]IGITLﬁVl AN 150

Characteristics AN 150
Gram stain positive
Pigment cream
Shape rod

Cultural characteristics :

Growth at : 30, 37, 40, 45, 50°C +
Growth atpH : 4,5,6,7, 8 +
Growthin:0,1,2,3 M NaCl +

HUYLYA : + = Positive reaction

- = Negative reaction
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139N 3 ﬂﬂﬁm%%ﬁx‘]sﬁ’DL@NﬁJadLLU@WL‘EEJ\lBIGHLﬂ‘V] AN 150

Characteristics Reaction
Gram reaction +ve
B-xylosidase +
L-lysine arylamidase +
Leucine arylamidase )
Phenylalanine arylamidase -
L-proline arylamidase +
B-galactosidase -
L-pyrrolidonyl arylamidase +
o-galactosidase -
Alanine arylamidase +

Tyrosine arylamidase
B-N-acetyl-glucosaminidase

Ala-Phe-Pro arylamidase

Cyclodextrine

D-galactose

Glycogene

Myo-inositol
Methyl-a-D-glucopyranoside acidification
Ellman N
Methyl-D-xyloside +
o-mannosidase
Maltotriose

Glycine arylamidase
D-mannitol )
D-manonse
D-melezitose
N-acetyl-D-glucosamine
Palatinose

L-rhamnose
B-glucosidase
B-mannosidase
Phosphoryl choline
Pyruvate

a-glucosidase
D-tagatose

D-trehalose

Inulin

D-glucose

D-ribose

Putrescine assimilation
Growth in 6.5% NaCl
Kanamycin resistance
Oleandomycin resistance
Esculin hydrolyse
Tetrazolium red )
Polymixin_B resistance

nuevie: +ve = Gram positive bacteria ID Message Confidence Level % Probaility
+ = Positive reaction Excellent 96 to 99
- = Negative reaction Very Good 93 to 95
(+) = Weak-positive reaction Good 89 to 92
(-) = Weak-negative reaction Acceptable 85 to 88
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AN 150

AJB31842 Bacillus altitudinis

AY 876289 Bacillus pumilus ATCC 7061

AJ831844_ Bacillus aerophilus_ 28K

AJ831841 Bacillus stratosphericus

51# 2 Phylogenetic tree aasuuaitielalaan AN 150 AldanmsnSouisumduwsanstinieS rDNA
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weiBaazainy | #iign lwomsidasEefiinde NaCl
v o ¢ A &
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e Wifivan B. altitudinis AN 150 iuiuailised
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d! [~ A A Q‘ 14 A 13 % :// 1
Fadulluanganaasmatnga NaCl @naiaaneaue

1.0 - 4.0 lua$ dwSumaady (OK et al., 1982)

= ¥ v A 1 a
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Bacillus altitudinis AN 150

SuaqLauiﬁsﬁazﬁazma@éwaqauﬁuq@mimwmﬁm
a ¢, A X
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