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UNARLBNTHIBINEY

Thermotolerant strains of Corynebacterium glutamicum, PP25, PP29, and PP80, with an
ability to produce L-glutamic acid at high temperature were isolated from soil contaminated with

avian feces collected from northeastern region of Thailand.
The PP25, PP29, and PP80 are able to grow at a temperature range from 30-40°C. The

optimum temperature for L-glutamic acid production of these strains is around 38 to 38.5°C which
is not an appropriate fermentation condition for the typical strain. The ability to ferment L-glutamic
acid at an elevated temperature of PP25, PP29, and PP80 suggested that genomic profiles for
thermotolerance and glutamate productivity of these strains probably evolved spontaneously in
nature.

The evolutionary of 16S rRNA gene profiles of PP25, PP29, and PP80 were determined by
phylogenetic tree analysis. The results showed that PP25, PP29 and PP80 were phylogenetically
distinct from the C. glutamicum ATCC13032. The results suggested that PP25 diverged from a

common ancestor of PP29 and PP80.

Keywords: Corynebacterium glutamicum, Thermotolerant, L-glutamic acid
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C. glutamicum Aifin19193tyuazadwnsnngnidalfiasdafigomgfige sddeienisdnuan

|
=

aneiugreade C. glutamicum Ainwsewaaiuwiadafiindnenmaniiiaainanls afiaz

iUl unszuaunisnannsnesfiulussfugaannssusia(y

=

Uszamedulszmaluuouidugudgasnfienniaden-gu fgomgf ugaeiugaiau

9

=

8 v @ PoAa oA A P =X @ '
aanatl daidinunssfifinasnainatensdanimannndniuiiluuauaweslan faduunsed
faaunnnzanlunisfnusnidanquinugungfige sendade C glutamicum 91388
TagUazaATunsAnuenaneiugaa®s C. glutamicum NEAnENTANWEDN A1NNT0IA3TYUAS
a319nanezdlungafdaléfigongAfigendn wid type uazifinsanniiuiiluuaunin

nzinsanifisewilorasssmalvenfigomnliefsnasalgendnginiaduesdsamauas ey
WAEHTEIUNITARLLNIBEAIRNUTNNIEUIRY C. glutamicum 9NYRNIARNNNDY NYNAYITATY
=
Fefianuanlaluniasdauennidonidonaindnluuoui Tnogendsdmailfainenideiias

iU unnsimungaairnssunisndnnsangafinsaniensaesfluadgsindu 9 Tu

ch;:ﬁfaiﬁmmuamqmwgﬁ Lﬂﬂmwé’ammmzﬁunumﬁmﬁmezﬁuqmmwmw



1.6 UstTanifitéisuainnisise
1. WduaaadAnguluniaimuigaaimnasanisnannanezflulnsuuaiide
C. glutamicum i WiReUFuUg9anazn i Iimanzan WuSudganeingqaunad tindn
nanasAuligeuasiusandainaanay
2. insrAvBnmnianannanedlbufianiadin
5. USutlgegmuennarssgiaraststmatudiauniandnnseafily ieannisiniinen
ZaNIERN TG
4. Fnefifad wauns nae TwansanssenisUsygdeinissesiusngs
mireuiiazrinantstde s lom
1. aondugaNAnE12893TULAzIaNTY
2. nawnsAnsmans walulafiuazdsuanden
3. NITNTNYATINNTIH
4. AMUZNTINNITITHUTNER
5. avinameimmnAngmansuazmalulaguiens

6. 4D1UNRIFYAN |

7. USEVINARNGALR N80



10

uni 2

FEaRRNI5ITY

2.1 BWNslAB S BLATINIIE NSRBI T
ansAsIEeT i unsusnuU AT BRennsdaagnefiuAe Lysogeny Broth (LB) UAZ®ANS
glucose minimum Tag LB fdautlsznay (NSuspans) sl tryptone 10, yeast extract 5 uaz NaCl
10 §1915U glucose minimum medium A8auls¥nay (NNADARS) A9f glucose 10, KH,PO, 1,
KyHPO,4 3, NH,Cl 3, urea 2, MgS0,-7H,0 0.5, FeSO,~7H,0 0.01, MnSO,-7H,0 0.001, casamino
acid 0.5, thiamin-HCI 0.001, biotin 0.00003 &g metal mixture 1 ml ANSIHFEH metal mixture 11
Thaazany FeSO,~7H,0 0.990 g, ZnSO,~7H,0 0.880 g, CuSO,~5H,0 0.393 g, MnCl,-4H,0
0.072 g, Na,B,0,—10H,0 0.088 g WA= (NH.)gM0-0,-4H,0 0.037 g Tuwin 1 ams tiagnenis
W3ENEMITUI A8ViNn19BN agar 1.5% a9 UTudannas mmiﬁﬁf%l,f“mmm"w’uﬁﬁmmdwma
naaeeazld LB agar Waz/am Nutrient agar (NA) Aifaanszna (% wiv) §aii peptone 0.5, beef
extract 0.3, NaCl 0.5 waz agar 1.5 M5U8IMNST AT UARNISa3 I uasnARBUN1Ta5 19N
ANgAAARS glucose minimum
mmmﬁyﬂ\iL%ﬂnﬂ%ﬁm:mumiﬁwm@m%yﬂéﬁfmmm%@u%uﬁ 15 Upudsan1919ia
aoumqfl 121 asaaaiBed waan 15 wiit Wauuaidefinazidesuneimisazinuntind

a

gomgR 30 v 37 avAnaaded Wie gomgRNmanzan unsARDIN o
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dal a A s 1 =
2.2 nswamawuaiiisaainfaattefie
1NFat19RN 1 N3N Tam9ll flask ATBMITIALIEBLAAT LB 20 NA. WANFIE nalidixic

acid 50 pg/ml of WAL sodium azide 20 pg/ml HransazaEFtag19AniueTI AT [Uivgd

a

ANIET 120 90UFARWNT NN 37°C W% 24 F9 188 NAIFINIHENAITRYRNLANNIYIN serial

dilution T normal saline (0.9% NaCl) udagasaag9aNsazaIefinina1Ndeas 1:10 fv 1:10°

31 0.1 8@, WB1IIN19 spread plate a9I4914819115 glucose minimum AN&H nalidixic acid 50

ug/ml of uaz sodium azide 20 pg/ml W19 He9Ans Wunf 37°C Wunan 24 Falus Waaawin

& 1 1
TnlaflvssuuaiiBeUsinguuauamis fulalafififdnuoe nan Aasufounissmns Fens

fuANEMLYaI®a C. glutamicum (Biievinn1a/nen

4
2.3 n1sawUNEe C. glutamicum atReUlaal#38 Polymerase Chain Reaction (PCR)
P a o a o & #
B ANIRINENTUNIZ2BEB C. glutamicum
A9ueBeN DNA  uHuuuyinleeldis  freeze-thaw  IeelfUana(fianiulaandaiis

p=1 ] 4 al/ = tiléj ¥ ﬂl/ g Adl | I
Talafiawnmindana@eafignuwaiueimssnazaslinnaulasnd@s 10 pl Aildeglnasn
Tuwizauin 1.5 wa. dmasaiulludil -20°C via -80°C auansavanu@nqdawEdul

NAIANNIN WMaaA U 37°C aua1TaraIeBaasaneiingadnan Ynd1lseniod 5 As
SEAINTAVININGG  freeze—thaw  WHINEITRANUIES WAABATIININANFILLASEY  vortex—mixture
Hnszey o Wetaaliigaduaniiu nasainyii freeze-thaw i masadulUiumiesiinamsa

9,000 g W 1 w1¥l ieugnazneuTadenn gaannlaUFunns 5 il il genomic DNA Uust]

TuTif14 DNA template Tun9%in PCR
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BusunnzAlFunNssuLnide C glutamicum s WNVENLABEW ndh TwURTIA A

ou(3 NADH dehydrogenase n1amsaavinduiilu@afianndnandn ¢ glutamicum vinlael¥

1
o

orimer S1WITITUTUEN ndh 289 C. glutamicum Wins primer ﬁjﬁsf%"fum‘jﬁq PCR #A® C.ndh-N1
FflAsuIUa CTTGCCGTGCGCGTCGACCAGCAAACGCTA (Nantapong, Kugimiya, Toyama, Adachi, &
Matsushita, 2004) waz C.ndh-C3/1 Fifld1sulua GCGGAATTCACCTGCGGTACCTCACACGTC

|
aaa =1

(Nantapong et al., 2004) n9zuanN13¥1 PCR vinlnamansaulsznaululfizenaumsni 2.1

a5t 2.1 daunantulA3en PCR AT#e primer C.ndh-N1 L C.ndh-C3/1

Aunanlul§isen PCR Usnes (pl)
1. DNA Wi 5
2. Top Tag master mixed (2x) 12.5
3. C.ndh-NT (10 mM) 1
4. C.ndh-C3/1 (10 mM) 1
5. WinauUasmide 5.5
3N 25
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nEsINHANAIUTENEUIBIUGA3EN PCR aelunaan PCR uda nszuamnnsifindman
%14 DNA =998 ndh vinlneT¥iaaas DNA thermal cycler 299 BIO-RAD (USA) Inaannay
N9LRaE DNA Liugsfl
Preheating 71 95°C Lfiuiaan 5 unft e iaegans DNA wiuLuusneananfunsngausal
vi1 PCR 30 501 Taelé gosmnfid1m3u Denaturing 7 95°C 1w 30 Asnit
AOMMRFM3U Annedling 71 65°C w1 30 Al

BONHRAMIU Extension 1 72°C 11w 1 W19 30 A9

\WaAsu 30 58U 284 PCR %11 Extension 98UAYINegoungl 72°C Wl 7 W7l

2.4 AsIuNNLEa C. glutamicum Tag38RIR1AULLAUM 165 rDNA
2.4.1 Taanu@utin 165 rRNA amaafuuaiiSeding pUCm-T vector
NS IWTEN 165 RNA annimasuuafiGenaseulaaldaa PCR Sennswsdus DNA
WHULUUEM5UY PCR 1oBanlneds freeze—thaw snudiasunalihusinie 2.3 ANSRNS LT
165 rDNA vinlneT¥ universal primers &1%5U 165 rDNA fisnnziuimasllsaalen Tne forward
primer e 27F AfisWUILA AGAGTTTGATCCTGGCTCAG (Lane, 1991) §9% reverse primer Ae
1525R Fifldndulue AAAGGAGGTGATCCAGCC (Lane, 1991) @9uWaN283n19¥1 PCR uamalu

A7 2.2



14

aaa

9t 2.2 danantufAFen PCR AT primer C.ndh-N1 il C.ndh-C3/1

Aunanlul§isen PCR Usues (pl)
1. DNA uauuy 5
2. Top Tag master mixed (2x) 12.5
3. 27F (10 mM) 1
4. 1525R (10 mM) 1
5. Wnaulaenide 5.5
39U 25

nisINHaNEILUTENaUIaIGA3EN PCR aelunaan PCR Ui nszuamnsifindman
%yu 16S rDNA yinlne MAses DNA thermal cycler 284 BIO-RAD (USA) Tﬂﬁlﬂﬂ"n‘:ﬁﬂ’]ﬂﬁﬂ%‘u DNA
httot
Preheating 7 95°C ffuiaan 5 uft ilaliansrzes DNA winuuLsnasnanfuas9auyso]
vin PCR 25 901 Tna T goimgfd1m3u Denaturing 7 95°C 1w 30 Asnit
aomnfAFM3L Annealing 71 50°C 1% 30 A
aomnRdm3L Extension 1 72°C w117 30 At
Hamsu 25 81 189 PCR ¥11 Extension FaUgATINEAignmgR 72°C um 7 undl
3§15 165 rDNA 7il#ann PCR snlaswdinwatafianamad pUCm (Bio Basic, Canada)

A5 @ansiad 16S rDNA fuwatafia pUCm vinlaat¥ieulesd T4 DNA ligase d9uisznavaas

Ufjf3annns@ensin DNA uanstumnsnei 2.3



aaa

A197199 2.3 dounaneesUfize1n19i@endu DNA

Aunan il §izen

Usums (ul)

1. 10x Ligation buffer

1

2. pUCm 1
3. B 165 rDNA 71{#a1nn19vi1 PCR X
4. Ynaulaen @ 7-X
5. T4 DNA ligase 1
39N 10

15

NAHAIUUSZNBUATNATGN 2.3 IWNaaailuauna 1.5 Na. Widaius wdavinnaas 4

Unigoungf 4°

165 rRNA unanag 7Farns@ense Wnguwaduuaiadntion £ coli

CW1n 1 A (Jazanns 16 9 18 Falue) Weansunan inanafingnuandiagu
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2.4.2 danafagnuauiifidu 165 rRNA dingiaas E. coli lagds CaCl, uaz Heat shock

NPBNTAR E. coli Iflisz@nBnmgs (competent cells) Twn195u DNA annaneuen
\BAALFTENIINE1YWNE DH5OL (Woodcock et al., 1989)

AM9LFBENIYE (pre-culture) 284 E. coli DHSQL vinlae wnzi@auuailiBaasluanmis

a7 LB U3n193 5 wa. fiussqegd wvasnenisides@enuin 15 wa. inasa(Uinlaenis

a

\enl 200 saUABMT gaungi 37°C wintlszanns 18 alu dieviade 1 na. aslu flosk 2um

U

300 w4. AU55981M194A@% LB Be] 100 Ha. 11 flask [Uindl 37°C wianisadnfimanaisa 200
sauApud AinannsesguesdalaanisinAinNguAaeLASeY spectrophotometer A3
#19AAW 600 nm (ODggo) LB HAT ODggo ﬂ%'sfm'm 049905 Tﬁ‘l/‘iﬁqmﬁﬁﬂﬁﬂ WAIHN flask AR

L‘%ﬂw‘%zy@gmu{fuﬁ%ﬁwm 10 89 20 W17 wU9@eann flask avlaan conical Uaanide

2117 50 H&. 7 prechiled Turnudonuda dmaanussqide (Uiluniasfigumngi 4°C

U

AHLES 7,000 g iiwaan 5 wifl maswinlafis §1aead lnaazaranznaumadiun o fag

{ o

0.1 M MgCl, fil1sn15uLel

o

UNILAT U3N1915 30 HA. Hiaaa Wilkmdsaiannasnausaan

°C A3HL59 7,000 g WK 5 Wit mHnladauLNie azatensneueadfan 0.1 M

AUNYH 4
CaCl, uthifin UsHms 30 wa. Urnanntuinudonn 30 widl udavinlihuieedt 4°C aaaida
7,000 g W1u 5 Wil maansnlafie avaeaad ua13azaty 0.1 M CaCl, Waw 15% glycerol
WS UBH1RT 1 1. WNEI9ATANITAR ANAEATMIATEIIHIA 1.5 HA. NapAas 100 ul

ansazaneinaad annnanii (U Hdn competent cells iasuansingnIsnanaauenieas (#

yiudt vaaamsafiuBdmsuTiemtuennan Tagshlguiulnlpseumanfisaduissinning

1
v Y

° L@ a
saadauasiniundutudegoumni -80°C

Y



17

A9618M8A (transformation) WANERAFNNENIEFITAA E. coli DHSOL #iagdE heat shock

inlilag wan DNA U competent cells Tw3anld Tunaanthuiaseuin 1.5 44, imasn LU

Twiudeum 1 Falie naseniuliin heat shock Tneniasallugiigomgfi 42°C wm

9

60 AT LA IPADARIUE BIUNUTUT W 3 Wf Beenamian LB UBNIaS 1 Ha. a9l

napAtuwAes dnaea(Uund 37°C w1 $alue ndseniuinasarasadUiuinsg 50 i

Tuyinnns spread plate T Tdamnsudis LB inanenufBans ampicillin mansdisd 100 pg/mi fiu

X-gal Ansdindin 80 pg/mi siamluing 37°C wiu 1 fu Talafifvafiusnguuauensie

Vv

Talafiisunanafingnuan (pUCm 78w 165 DNA unaneg)) Winll dalalaiiain audulalad

[

fisuanng vector pUCm Winlunneluerad

an vV

2.4.3 Fasiziansuianaleiaasiie 16S rRNA WAy m‘sa’éw,mugmqmmms

(phylogenetic tree)

v

FIANAIEIAGNNEN (recombinant plasmid) 8B 16S rDNA UN9NBLBNNIANTAR

E. coli DH50L sinwanafiafiafimeanuiUAinsnsianduiuaundu 165 NA laalHiade
Automated ~ Sequencer  Wazl¥  universal  primers MI13/pUC  Forward  ARRNAULE

CCCAGTCACGACGTTGTAAAACG (Helianti, Nurhayati, & Wahyuntari, 2008) waz M13/pUC Reverse

2

ARG AGCGGATAACAATTTC ACACAGG (Helianti et al., 2008) o primer giazfidndiuig

1
o o o o/ =

dngiuiuansuuaiinguw vector pUCm Twsinwmdsiiawmudineiugu 165 DNA Aunsnagumn

=h_

vector 11 siwaress R LanA e 7 K lUAmszhiNentdnarsiuwaees 165 DNA #ilHan
fagnemseiuuuafiGeeiinla TaenilUifleuiugdesyasss GenBank NCBI
shanduiuanssdin 165 rRNA Ailfuvinnnsiisnziuazadneunngfiddmuinis Tnali

T15un4n BioEdit way MEGA 4.0
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2.5 N19IANISIAIYFIBITIAAIAIMNYRTAINEIIATE 600 nm (ODggo)

BN Fprasaneiugfiazinnisesnlaemnzlalafines 1 Talall vaedennaey

avluTuamsnan LB U5nnms 5 wa. fiussgng lunasanaanszuim 20 sa. Unfigaumgi 30°C
WEBNIRETIAIHIEY 200 FBUAANIT WK 18 §9 20 H9ln9 greEeUsnang 1 Na. adiu

AIITIMA glucose minimum U5H175 100 HNA. ﬁU‘j‘j@g@ngu flask 2171@ 500 HA. {7 flask Tuus

o [

= APy o/ a LA @ ' A @ o/ ' '
WQMMQNVIT NIWIUIANTTLTEY T@I?—.IL‘?.I?—.I’WIW]’]NL‘;?’] 200 59URBUIY NUAIDHUWEARTIN flask

[% 1 @) o 0 o/ v 1 1 1 [
BNNIAAT ODgoo HiWazay dnafi i lUadnsnammsndnsdrmuguiuag

2.6 ms%Lﬂsﬂzﬁﬂ’%mmﬂsﬂmﬂuﬂgmmmﬁw"ﬁ% Thin Layer Chromatography (TLC)

£4 1

R Be7feIn1931Aein1sa3ensangandaluem1s glucose minimum U3n195

1
aa

100 ®a. wmﬁ@T‘u flask #1191 500 wa. WnlUinfigaumgRfiazinnisinszsd Taennswgnfos
ANLEY 200 9aURBWNT ia@aieseyderiag late log %38 early stationary Wfiudaueaasinaes

@anndavmlanminaangmiia Ingnemddss@inysans 20 fe 50 pl aeuuusn silica gel 60

o

(Merck AG, Germany) Uaspaliusisfiasmagiiies s siica gel Wudluloufionfidvinazans

UsznaulU@ag butanol:glacial acetic acid: vin Tusmangan 60:15:25 qummvi

9

=Y

AOILTTHUY
2 Falug WIBIUAWINRTABAREUTINI AR UALA BB NFUNTaaBgULNY silica gel (svee 1.5
= 1% 4' a3 o | o I . v v @ [%

fiv 2 o, anUane A Fneadaasing s siica gel TdannTAuisluganadu (fume hood)
WHRNTAZANY 0.2% ninhydrin a9 UMW silica gel agatane imuLﬁuﬁgmﬁmqmaﬂim
ﬂ@mmﬁﬁqﬂgw AIUITIANAN retention factor (RF) 2846naeind wansn[Usuduansazans

4 ! o
UIgnoaBINIANgaId ﬂﬁ?“h’Lﬂuﬂ’]‘i@tﬂ"lﬂﬁ\lqm‘iﬁ’]u
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] A 0w ] ] pay P = A o LA o |
AT RF ABAIBATININTENIN FTHUSYINVINTANGATHALANDUY (ALAUIVIVIEARIBEIN

o o p

fegafananensnsiieg) de szasnsfidainazansinfondt (Fuwmidiveadaesnsfeiiumi
FavinazaneARDuit)

UBrnnsesnaanganRada Flns 1inasddiasiiifaususu siica gel nnarin udasinfudn
AN ANAUUAS Tnednadifinasdnasennuss siica gel 11wzl 0.005% CuS0,-5H,0 Th
75% ethanol UaxnA3 2 wa. suisliigamgfveadumaan 2 §alus gadansintannianiagands
LANTINNZIBINTANGARATIANEIIAAN 570 nm UAsnninannganfintudaetnad i

91nNTUIE U UAIN1TRANARLANTLNINYBIFITRLANLNTANGARANIATF 1WA AN T

0.1, 0.3, 0.5, 1.0 way 2.0 ymole ATNANGIL
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un 3

HANISITYLALDAUSTYNANTSIY

' 14 4 [
3.1 MsinUsEANEnwas Raadtefilduan Corynebacterium glutamicum anAaaLn
A

Asuenzanu A3 gandaag1slusssnEfnnlEa1niaUasinn Selective uaz/naa

=

Differential fiiAaNswNzAEafifasnisuan Inga1nsdsadead Fdeslsuss Wi dasiiniun

UDansgusiaagnaadaiunn uazmis [Uannisesgeesdetndeulfiadaivndeafign T
a o g y & p=y [ ) N o 4 Ao 1 P o
YuziRgaiuensAsdafnsinmanTAduss s IMidefidesnisueniedadurnnnniign uanali
=4 ' ! o T ‘[ Py Y Ao o & A d'\’f 'y VEQ/ P
WinAHLANANIATNant e lalafiaes@affosnisusniudadudond (Néasnis s Hasen
a o dgl9/ dl o Y . o/ 1 a g [ ) o 1 dld
IMUATaRAaINITaLAnLaNEe C glutamicum a1NAIBEINAN FeTaLduFaat19AR AN
va1nras udnurfinuazsuanss@eqdunadanudnegs evnsiilidaden C. glutamicum a1
o 1 a K A D72 A ' v v o 1 & o 1 p=} = o
foag1afinasarslinoantfandinana(Biinesiu atelsfin Salsneiinissiasmfizatuaimig
. dl o 1 g P\ .
selective MI9UNZFRTBULATIEE C. glutamicum
Tl A 2007 fuyAngiinuisneesunisfauen C glutamicum ansnegnaRululsune
TneTaeMemnsman D2 (Kithakarn & Trakulnaleamsai, 2007) TINANAN3EUEINNSI3 QYBDIqANYES
TuAnrfingun (Hun Nalidixic acid maudindis 10 pg/ml wae Sodium azide mauindiu 2 pg/mi lag
. LA (2N o & o P ~ A $
Nalidixic acid 34@mﬂwumfﬂ%u%eﬂﬁ§WWﬂﬂu%@GL'ﬂuf‘?m DNA gyrase TuwuafiBawnsuuan Fad

wnlmidfyfiraddioslilunisaatsindes supercoil 311919092 U914A1T DNA replication 1110

\ou 3T DNA gyrase (111974 N92U9N13 replication 4 gndudy e s NAIHITOIAF QY UATLLNAY

1
=

T4 dwafﬁmaﬁmw?qum (Boyle, Cook, & Goss, 1969; Cook, Brown, Boyle, & Goss, 1966; Goss,
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Deitz, & Cook, 1964) C. glutamicum daiuuuadiFaunssuan Admlgadudousesndni@aunssuan

A
o '

vin o T Weandananiiaia®eu peptidoglycan gnitasiufagiuaasansiaznaulssinm(aiiu

=%

fBand1 mycolic acid AEaeRinA LTINS U TATURd wazfaflaneaindn 44 mycolic acid
g lUdnmanenisin ndidixic acid dingirasuuafiiBa 39l C. glutamicum Saaamuniuse

nalidixic acid (Park et al., 2008)

¥
o o

Sodium azide (NaN5) tuanafifgmaniRdudanszuaun19a3 19 nasey (ATP) 2891584

T TUsusan1svineneaenl@d cytochrome oxidase (Sousa et al., 2012) Aivimntinfianas electron

¥
o s

Tugnldausng electron ianszuann1sauas electron 2earadgnduds wad Natu1saa3ns ATP

1
=

T danaliiradanetuiign n19fl ¢ glutamicum SAanamunauste sodium azide iflas91n wads
NTTUAUNNTENES electron ABAETS ATP WAMEETY MINNMTRES electron HmLew (sl cytochrome
oxidase §NEUHI LradRaTIN1T0a519 ATP HAN159UAY electron @18@uTH (Das, Silaghi-
Dumitrescu, Ljungdahl, & Kurtz, 2005; Kabus, Niebisch, & Bott, 2007) L%ﬂﬁx‘iw%iﬁuﬂﬂmzﬁlﬁ
sodium azide {#

HATuIEuduinnIsuenida C. glutamicum aandaestsdiulaaliainis LB Anan nalidixic
acid waz sodum azide Twazdumradndudaaduifianas il a.a. 2007 (Kithakarn &
Trokulnaleamsai, 2007) wan1anaaasnudn filalailansqaunadduniuuomianatsein auly
ANHNTOIIIN 9138 AALEN C. glutamicum BENNIAINSINBMNTI (FUT 3.1) uansTiiiid ans

(%
o/ o/

vsan1sUNd e Eeinanas U uanisanass IR na LA ANT AN
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suit 3.1 Talatlesdauudontuinnsneiu wsatuwnunislalatsends ¢ glutamicum uusimns
wHs LB fimaw nalidixic acid 10 ug/ml wae sodium azide 2 pg/ml
WefiazamErnunisuuionsasdaqauidenaulinnige §Adulkvinnisdnunde
Uutqamanadiadufivanzanend ndidixic acid uag sodium azide twammnsidsside Tnavinnis
naagaUAsuUaIANdNdues nalidixic acid waz sodium azide THaMnsIALIEETINANY 7 TEAL
TnawAsundasszsiuamudisduges ndidixic acd faust 5 [Uauds 65 ug/ml WXL sodium azide
Asziuasmadiniusous 2 Tuauds 26 pgml wdaktamisfifimnudinduees nalidixic acid waz
sodium azide Tuszdusing o nummdauuAfdsnarauiionanutuiienliuos i THud Bacilus
subtilis, Escherichia coli, Bacillus cereus, Staphylococcus aureus Wag Pseudomonas aeruginosa L7
e Corynebacterium glutamicum wiadansinaasdsdiuszsuladi@enaaey B. subtils, E. col
B. cereus, S. aureus Wz P. aeruginosa (H193ty uiide C glutamicum 1a3ey (i
AINHANITNARBIT TR T TANT1971 3.1 agUd1 Banaaauanuasands C. glutamicum

a1u13n1e3 ey (Hue1nsfiimanadinduess nalidixic acid 10 pg/ml wae sodium azide 2 pg/ml &

\Humaadingud 4 uenuadaaes Kitchakarn (Kithakarn & Trakulnaleamsai, 2007) tilamaudindi
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2849 ndlidixic acid WAy sodium azide WNNNTW TRAvadenaaaufiesy Fiananiuasy wasd
AaNdR 299 ndlidixic acid i 45 pg/ml wag sodium azide n 18 pg/ml wudn Gifidenasey
Falaaseyld Twaousdt ¢ glutamicum Seasnsaaseylé (an9197 3.1) Aszupaadinduges
nalidixic acid t814 55 pg/ml wa e sodium azide L 22 pg/ml wudn C. glutamicum (8195 gy
(97971 3.1) §AdaFadonTisziunanuilindngeqgaues nalidiic acd WAz sodium azide 7

C. glutamicum f8150195 ey [# Ae Aimanudinduens nalidixic acid Winfiu 50 pg/ml WAz sodium

azide WINfU 20 pg/ml NENASTHEMNTRMSLAALENTRINAIB LR
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A15197 3.14@ 889289 Nalidixic acid ag Sodium azide ABN151938Y289 C. glutamicum WATNFHIED

a A dl dgj o/ 1 a
wuAfBaneaaufioranuludanuludans 196

ATHLANAY (pg/ml) \Favasay
C. glutamicum

Nalidixic acid NaN3 B. subtilis | E. coli B. cereus | S. aureus | P. aeruginosa
° 2 v v v v v v
10 4 v v v v v v
15 6 v v v v v v
20 8 v v v v x v
25 10 v x v x x v
30 12 v x v x x v
35 14 v x v x x v
40 16 v x v x x v
45 18 v x x x x x
50 20 v x x x x x
55 22 x x x x x x
60 24 x x x x x x
65 26 x x x x x x
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'ril?_l’NTﬁﬂﬂ LNEI@’] EI‘Vlﬂﬂﬂ\‘lL‘]JNEIHEI"M’]?LNH\?L%ﬂ@’“lﬂﬂ’“l‘lﬁ"ﬁu"ﬂ\‘i LB T‘]JL?J%@’“I‘VT"I?LL?N glucose

a e

minimum Wu91 sHAe9gaunIdnUndennsendnenisAnuen C glutamicum 91NA2BE195Y

L= =

anad NN (FU7 3.2) 47 v3adentFamnsuds glucose minimum Was nalidixic acid 50 pg/ml WA

sodium azide 20 pg/ml Tunsusn C glutamicum INAIDEAN

sUfi 3.2 anuouzlalafioeyBaqRunidiiugnaindaeg9AuunaIuenns LB (A) uaz glucose
minimum (B) & nalidixic acid 50 pg/ml & sodium azide 20 pg/ml (Rauiignesd A

Talafifianadnandu ¢ glutamicum)
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¥
3.2 nMsuanLa thermotolerant C. glutamicum a1NAIBE9HY

® o ' a & A o a A = ¥ .
Lﬂ‘]_IWJ?ZlEI'Nﬂu@ﬁﬂWl&WTHLLﬂUﬂ’]ﬂmzquﬂ’ﬂﬂLQ?—NLmeﬂLWﬂLLHﬂW‘IL%ﬂ C. glutamicum Tﬂf—_l

ﬁ"lﬂﬁiLW”lzLélmﬁ 37°C UNAINIS glucose minimum ﬁw@m nalidixic acid 50 pg/ml ae sodium
azide 20 pg/ml asliiladuianisiadyeeadeuaueingu Tnedgnisedwandonssung (3l
undt 2 wadie 2.2 Andenlalafififlany s naneszanades C glutamicum Aa SRWADY
Talafinan vauidey (Uil 3.3)

angageRniiuniong woeniilaladindne C. glutamicum By 120 isolates Tng)

Trgeanesiugiiiu PP1 fla PP120 pamdndiu

sUfi 3.3 anwoizlalafiess@ongs PP 1@3ayit 37°C UuBMNT glucose minimum
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3.3 ﬂ"l‘i”sﬁLLuﬂL%’ﬂ C. glutamicum mm%@ 120 isolates
sindaiis 120 isolates smagavatnsngia q dududs C glutamicum vaaTd Taminly
YonRunay uazvin PCR Tnal¥ primers Aiflananswnziug ndh 989 C. glutamicum
nantstionAunsawLdn @esis 120 isolates AnRunanuan gudnafiuandu Tiasa

aUes Benssnunniantfiveate C. glutamicum (U7 3.4)

'\" - o~

s .é.. . (.b-
t 4 . -

fo? o> i -&.ﬁh'
R :Q’ - s
P T
= bt P S
~, - ;Oﬁlgm

sUfi 3.4 dnenznisRndunsnuazgUsneesad saaseseiug PP a1y 24 Falus 137

37°C UNBIN49 glucose minimum (Bar = 10 um; ANANTEILABININ = 1000 i)

evindeis 120 isolates #1910 PCR Taa ¥ primers AifiAa ns 1WAz (C.ndh-N1 uay
C.ndh-C3/1) siadw ndh 289 C. glutamicum wudn fiftes 44 isolates fianunaa amplify Fusam
4477 2 kb 9998% ndh 910 primers 414W1E C.ndh-N1 uay C.ndh-C3/1 7 (U7 3.5) dasis 44
isolates A® PP24, PP25, PP26, PP29, PP30, PP37, PP40, PP41, PP43, PP45, PP46, PP48, PP51,
PP52, PP53, P54, PP67, P68, P69, PP70, PP71, PP72, PP79, PP80, PP81, PP82, PP83, PP84,
PPO1, PP92, PPO3, PPO4, PP95, PP105, PP106, PP108, PP109, PP110, PP112, PP113, PP114,

PP117, PP118 uag PP119
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;i‘lJ‘?ll 3.5 Agarose gel electrophoresis 284 PCR products 2141@ 2 kb ﬁf@imﬂ primers C.ndh-N1
wae C.ndh-C3/1 ?I?J\‘il,%yﬂ 44 isolates

(M e A Hind Il marker; + A® positive control; 1 Am PP24; 2 Aim PP25; 3 Ain PP26; 4 Aim PP29; 5
fim PP30; 6 Al PP37; 7 Aim PP40; 8 fim PP41; 9 fim PP43; 10 Aim PP45; 11 fim PP46; 12 fla PP48;
13 flm PP51; 14 fla PP52; 15 Aim PP53; 16 Aim PP54; 17 fie PP67; 18 fia PP6S; 19 fim PP69; 20
Aa PP70; 21 i PP71; 22 Aim PP72; 23 Aia PP79; 24 fim PP8O; 25 Aia PP81; 26 #im PP82; 27 #i
PP83; 28 fim PP84; 29 fim PPOT; 30 #ia PPI2; 31 fim PP3; 32 e PP4; 33 fim PPI5; 34 A g
PP105; 25 e PP106; 36 #im PP108; 37 Aie PP109; 38 Aia PP110; 39 #ia PP112; 40 fia PP113; 41

Aa PP114; 42 e PP117; 43 fAin PP118; 44 A PP119)
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\HevnTevia 44 isolates TUnaaeunMsainsAngafiaegnensng q 7 37°C Twamns
A9 glucose minimum U399 5 Ha. Wud1 JLies 3 isolates fim PP25, PP29 way PP8O 7

AHTaEETYuaTa3NNIANgaNRAFAnda wild type (C. glutamicum ATCC13032)

3.4 3 uRnLda PP25, PP29 uaz PP80 taal#in1sifiuusau nucletides 2@98 165 rRNA
nnansaaeULieguiudde PP25, PP29 way PP8O \wide C. glutamicum vinTalag

AIMIBIRULLNYDEN 165 rRNA LNena s uiugiudeyalu GenBank 41mseiuize

I agd

C. glutamicum W3 {d A3n1531AT1LEN 165 rRNA aBune 3 luundl 2 viadiedt 2.4

NANTINARBINLINANF UL FBIE1 16S rRNA 289128 PP25, PP29 uay PP80O Amqny

AR ARSI C. glutamicum ATCC13032 Gaifiuateiugaaifnanadesiail adis 99%

q U

-4

(5U1 3.6, 3U7 3.7, 3U7 3.8) Aeaqidn @B PP25, PP29 uaz PP8O flugnlAainfin ifluaneiig

3

18918 C. glutamicum



PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

PP25

ATCC13032

gﬂﬁ 3.6 \WAHLTURALILAY8E1 165 rRNA s93nai@n PP25 U C. glutamicum ATCC13032 (99% identity)

30

GGGTCTAATACCGAATATTCACACCACCGTAGGGGTGGTGTGGAAAGCTTTATGCGGTGTGGGATGAGCCTGCGGCCTATCACCTTGTTGGTGGGGTAATGGCCTACCAAGGCGTCTACA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey 1
GGGTCTAATACCGAATATTCACACCACCGTAGGGGTGGTGTGGAAAGCTTTATGCGGTGTGGGATGAGCCTGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGTCGACG

GGTAGCCGGCCTGAGAGGGTGTACGGCCACATTGGGACTGAGACACGGCCCACACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCACCGACACCCCG

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e PE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeer 1l
GGTAGCCGGCCTGAGAGGGTGTACGGCCACATTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT GGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCG

TGGGGGATGACAGCCTTCTGGTTGTAAACTCCTTTCTCTAGGGACAAAACCTTATGGTGACGGTACCTGGAGAAAAAACACCGGCTAACTACATGCCAGCAGCCGCGGTAATACGTAGGG

FEREEEEEEE et Teee e e e e e e e e eer e e e e e e e e e e e e e e e e e e e e e e e e e e e C e e e e e e e ey
TGGGGGATGAAGGCCTTCGGGTTGTAAACTCCTTTCGCTAGGGACGAAGCCTTATGGTGACGGTACCTGGAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG

TGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTGGTTTGTCGCGTCGTCTGTGAAATCCCGGGGCTTAACTTCGGGCGTGCAGGCGATACGGGCATAACTTGAGTGCTG

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
TGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTGGTTTGTCGCGTCGTCTGTGAAATCCCGGGGCTTAACT TCGGGCGTGCAGGCGATACGGGCATAACTTGAGTGCTG

TAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCAATGGCGAAGGCAGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCATGGGTAGCGA

FEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCAATGGCGAAGGCAGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCATGGGTAGCGA

ACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGGTGGGCGCTAGGTGTAGGGGTCTTCCACGACTTCTGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
ACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGGTGGGCGCTAGGTGTAGGGGTCTTCCACGACTTCTGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCA

AGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGCTTGACATGGACCGGATCGGCGTAGAGATAC

RN RN RN R RN RN R R RN R AR R NN RN RN AR R RN RN AR RN RN RN RN AR
AGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGCT TGACATGGACCGGATCGGCGTAGAGATAC

GTTTTCCCTTGTGGTCGGTTCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTATGTTGCCAGCACATTGTGGT

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e ey e
GTTTTCCCTTGTGGTCGGTTCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAAGTCCCGCAACGAGCGCAACCCTTGTCTTATGTTGCCAGCACATTATGGT

GGGTACTCATGAGAGACTGCCGGGGTTAACTCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCCAGGGCTTCACACATGCTACAATGGTCGGTACAGCGAGTTGCCA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
GGGTACTCATGAGAGACTGCCGGGGTTAACTCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCCAGGGCT TCACACATGCTACAATGGTCGGTACAGCGAGT TGCCA

CACCGTGAGGTGGAGCTAATCTCTTAAAGCCGGCCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGT

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
CACCGTGAGGTGGAGCTAATCTCTTAAAGCCGGCCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGT

TCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTTGGTAACACCCGAAGCCAGTGGCCCAACCTTTTAGGGGGGAGCTGTCGAAGGTGGGATCGGCGATTGGGACGAA 1314

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTTGGTAACACCCGAAGCCAGTGGCCCAACCTTTTAGGGGGGAGCTGTCGAAGGTGGGATCGGCGATTGGGACGAA 1473
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1200

1359



PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

PP29

ATCC13032

Ut 3.7 WBsnifsudnduiasesiiu 165 rRNA szwinaide PP29 fu C. glutamicum ATCC13032 (9% identity)
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AGCTTTATGCGGTGTGGGATGAGCCTGCGGCCTATCACCTTGTTGGTGGGGTAATGGCCTACCAAGGCGTCTACAGGTAGCCGGCCTGAGAGGGTGTACGGCCACATTGGGACTGAGACA

FEEEEEEEEEE R e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e v L e e e e e e e e e e e e e e e e e e ey
AGCTTTATGCGGTGTGGGATGAGCCTGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGTCGACGGGTAGCCGGCCTGAGAGGGTGTACGGCCACATTGGGACTGAGACA

CGGCCCACACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCACCGACACCCCGTGGGGGATGACAGCCTTCGGGTTGTAAACTCCTTTCTCTAGGGAC

FEEEEEE PR e e e e e e e e e e e e e e e e e e e e e e e e e e e e e tee e e e Peee e e e e e e e e e Py
CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGGGGGATGAAGGCCTTCGGGTTGTAAACTCCTTTCGCTAGGGAC

AAAACCTTATGGTGACGGTACCTGGAGAAAAAACACCGGCTAACTACGTGCCACCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTG

FEEEEEEEEE e e e e e e et e e e e e e e e e e e e e e Ler e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GAAGCCTTATGGTGACGGTACCTGGAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTG

GTTTGTCGCGTCGTCTGTGAAATCCCGGGGCTTAACTTCTGGCGTGCAGGCGATACGGGCATAACTTGAGTGCTGTATGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e et Le e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
GTTTGTCGCGTCGTCTGTGAAATCCCGGGGCTTAACTTCGGGCGTGCAGGCGATACGGGCATAACTTGAGTGCTGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATA

TCAGGAGGAACACCAATGGCGAAGGCAGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGGTGGGCGC

FEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TCAGGAGGAACACCAATGGCGAAGGCAGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGGTGGGCGC

TAGGTGTAGGGGTCTTCCACGACTTCTGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGG

RN RN RN RN RN AR RN R RN RN RN R RN RN RN N AR RN RN RN RN RN RN RN AR
TAGGTGTAGGGGTCTTCCACGACTTCTGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAAT TGACGGGGGCCCGCACAAGCGGCGE

AGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGCTTGACATGGACCGGATCGGCGTAGAGATACGTTTTCCCTTGTGGTCGGTTCACAGGTGGTGCATGGTTGTCGTCA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e
AGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGCTTGACATGGACCGGATCGGCGTAGAGATACGTTTTCCCTTGTGGTCGGTTCACAGGTGGTGCATGGTTGTCGTCA

GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTATGTTGCCAGCACATTGTGGTGGGTACTCATGAGAGACTGCCGGGGTTAACTCGGAGGAAGGTGGG

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTATGTTGCCAGCACATTGTGGTGGGTACTCATGAGAGACTGCCGGGGTTAACTCGGAGGAAGGTGGG

GATGACGTCAAATCATCATGCCCCTTATGTCCAGGGCTTCACACATGCTACAATGGTCGGTACAGCGAGTTGCCACACCGTGAGGTGGAGCTAATCTCTTAAAGCCGGCCTCAGTTCGGA

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
GATGACGTCAAATCATCATGCCCCTTATGTCCAGGGCTTCACACATGCTACAATGGTCGGTACAGCGAGTTGCCACACCGTGAGGTGGAGCTAATCTCTTAAAGCCGGCCTCAGTTCGGA

TTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTTGGTA

FEEEEEEEEEE e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
TTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTTGGTA

ACACCCGAAGCCAGTGGCCCAACCTTTTAGGGGGGAGCTGTCGAAGGTGGGATCGGCGATTGGGACGAA 1269

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
ACACCCGAAGCCAGTGGCCCAACCTTTTAGGGGGGAGCTGTCGAAGGTGGGATCGGCGATTGGGACGAA 1473
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PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

PP80

ATCC13032

gﬂﬁ 3.8 WRAHLTURALILAYSEK 165 rRNA 3991919188 PP8O U C. glutamicum ATCC13032 (99% identity)

32

GCACAATGGGCGCAAGCCTGATGCACCGACACCCCGTGGGGGATGACAGCCTTCGGGTTGTAAACTCCTTTCGCTAGGGACAAAACCTTATGGTGACGGTACCTGGAGAAAAAACACCGG

FEEEEEEEEEE R e e e e e e e tee e e e e e e e e e e e e e e e e e e e e e e e e e e Per e e e e e e e e e e e Ferrt
GCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGGGGGATGAAGGCCTTCGGGTTGTAAACTCCTTTCGCTAGGGACGAAGCCTTATGGTGACGGTACCTGGAGAAGAAGCACCGG

CTAACTACGTGCCACCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTGGTTTGTCGCGTCGTCTGTGAAATCCCGGGGCTTAACTTC

FEEEEEEEEEE e C e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
CTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTGGTTTGTCGCGTCGTCTGTGAAATCCCGGGGCTTAACTTC

TGGCGTGCAGGCGATACGGGCATAACTTGAGTGCTGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCAATGGCGAAGGCAGGTCTCTGGGCA

FEEEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GGGCGTGCAGGCGATACGGGCATAACTTGAGTGCTGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCAATGGCGAAGGCAGGTCTCTGGGCA

GTAACTGACGCTGAGGAGCGAAAGCATGGGTAGCGAACAGGATTATATATCCTGGTAGTCCATGCCGTAAACGGTGGGCGCTATGTGTAGGGGTCTTCCACGACTTCTGTGCCGCAGCTA

FECEEEEEEEE e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e L e e e e e e e e e e e e e e e
GTAACTGACGCTGAGGAGCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGGTGGGCGCTAGGTGTAGGGGTCTTCCACGACTTCTGTGCCGCAGCTA

ACGCATTAAGCGCCCCGCCTGGGGAGTACAGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTA

FEEEEEEEEEE e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
ACGCATTAAGCGCCCCGCCTGGGGAGTAC - GGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGAT TAATTCGATGCAACGCGAAGAACCTTA

CCTGGGCTTGACATGGACCGGATCGGCGTAGAGATACGTTTTCCCTTGTGGTCGGTTCACCGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGA

FECEEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
CCTGGGCTTGACATGGACCGGATCGGCGTAGAGATACGTTTTCCCTTGTGGTCGGTTCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGA

GCGCAACCCTTGTCTTATGTTGCCAGCACATTGTGGTGGGTACTCATGAGAGACTGCCGGGGTTAACTCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCCAGGGCT

FEEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GCGCAACCCTTGTCTTATGTTGCCAGCACATTGTGGTGGGTACTCATGAGAGACTGCCGGGGTTAACTCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCCAGGGCT

TCACACATGCTACAATGGTCGGTACAGCGAGTTGCCACACCGTGAGGTGGAGCTAATCTCTTAAAGCCGGCCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGC

FEEEEEEEEEE et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
TCACACATGCTACAATGGTCGGTACAGCGAGTTGCCACACCGTGAGGTGGAGCTAATCTCTTAAAGCCGGCCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGC

TAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTTGGTAACACCCGAAGCCAGTGGCCCAACCTTTTAGGGGGGAGC
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Abstract

Corynebacterium glutamicum, having a thermotolerance and an ability to produce high level
of L-glutamic acid, was isolated from soil samples collected from Nakorn Ratchasima province and
Roi-Et province, Thailand. As a result, we obtained PP25 strain which was identified as
C. glutamicum based on colony morphology, cellular morphology, Gram’s reaction and 16S rRNA
gene analysis. This strain is able to grow at temperature range from 30-40°C. The highest yield of
L-glutamic acid production of PP25 is obtained at 38°C (16.30 g/L) which is not an appropriate
fermentation condition for the type strain. The ability of L-glutamic acid fermentation at an elevated
temperature of PP25 suggested that genomic profiles for temperature and glutamate productivity of
this strain is probably be evolved in the nature spontaneously. Thus, PP25 might be applied to the

fermentative production of L-glutamic acid on a large scale industry.

Keywords: Corynebacterium glutamicum, L-Glutamic acid, Thermotolerance

Introduction and Objective

Corynebacterium  glutamicum is an
aerobic, Gram-positive, non-sporulating and
biotin auxotroph bacterium. It was first isolated
from soil by Kinoshita in 1956. C. glutamicum is
an important industrial microorganism for its
high production of amino acids such as glutamate
and lysine [6, 9, 16]. L-Glutamate in the form of
monosodium L-glutamate (MSG) has been used
as a flavor enhancer, a precursor of drugs,
cosmetics, pharmaceutical compounds, fodder
and as supplements [2, 17, 18]. Various methods
of culturing C. glutamicum have been employed
in order to maximize the productivity of
L-glutamic acid. For example, excretion of
glutamic acid can be induced by biotin
limitation, surfactants addition, antibiotics
addition and temperature shift [14, 5, 12, 4].
However, biotin limitation strategy is the
dominating process used for the commercial
production of glutamate [19].

In the process of L-glutamic acid
fermentation, temperature is one of the most
important factors directly related to the

P-IX-03

production efficiency. Most of microbe-based
industrial strains are usually high temperature
sensitive. The productivity of L-glutamic acid is
gradually =~ decreased when the culture
temperature is raised by heat released from the
cells along the fermentation. Thus, a cooling
system has to be employed to remove the heat,
providing an appropriate environment for cell
growth and amino acid production. Therefore,
thermotolerant strains are preferred in the
production processes due to their low cost in
temperature control. For these reasons, the
researchers have been trying to isolate the novel
glutamate producing bacteria that can grow at
high temperature. In 2002, Fudou et al. was
successfully isolated three L-glutamic acid-
producing bacteria Corynebacterium efficiens
from soil and vegetable samples, which capable
of growing at temperature above 40°C. The
fermentation of glutamic acid of C. efficiens does
not reduce at 37°C, a temperature at which
L-glutamic acid production of C. glutamicum is
strongly decreased [7, 11]. This is particularly
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relevance to reduce costs and
productivity of glutamate fermentation.

In this study, we attempted to isolate
thermotolerant C. glutamicum strains that could
efficiently produce and secrete high amount of
L-glutamic acid from soils in Northeastern
Thailand.

improve

Materials and Methods

2.1 Bacterial strains, growth and
fermentation conditions

A type strain of C. glutamicum KY9002
(ATCC13032) was kindly gifted from Kyowa
Hakko Kogyo (Tokyo, Japan). C. glutamicum
cells were pre-cultured on 5 ml of Luria-Burtani
(LB) medium [13] at their individual optimum
temperature for 24 h. An overnight culture was
then inoculated into 500-ml Erlenmeyer flask
containing 100 ml of glucose minimum medium
[10]. The incubation was performed at 200 rpm
shaking condition by varying fermentation
temperature. The cell growth in early stationary
phase was measured turbidometrically at 600 nm
using CE 1011 UV-VIS Spectrophotometer
(Cecil Instruments, UK).

2.2 Determination of L-glutamic acid
production

For determination of L-glutamic acid
production, the fermentation was carried out
under the conditions mentioned above. The
fermented broth was applied to thin-layer
chromatography (TLC) for quantitative analysis
of L-glutamic acid. The solvent system composed
of butanol, acetic acid and distilled water in a
ratio (60:15:25 v/v). Ninhydrine in saturated
butanol was used to develop the color of spots.
The spots developed on plates were scraped and
extracted with 75% ethanol containing 0.005%
CuS0,-5H,0. After incubation for 2 h at room
temperature without shaking, the extracts were
measured spectrophotometrically at 570 nm on
CE 1011 UV-VIS Spectrophotometer (Cecil
Instruments, UK). The glutamate concentration
of samples was determined by using calibration
curve. A calibration curve was generated using
L-glutamic acid standards of 0.1, 0.3 and 0.5
pmole.

2.3 Isolation of C. glutamicum from

soil by conventional spread plate technique
Soil samples were collected from Nakorn
Ratchasima province and Roi-Et province,

P-IX-03

“Renewable Energy and Global Care”

Thailand. One gram of soil sample was
transferred into 20 ml of sterile LB broth
containing 50 pg/ml of nalidixic acid and 20
pug/ml of sodium azide (NaN;) and incubated
aerobically at 37°C on an incubation shaker at
120 rpm, for 24 h. After incubation, the medium
was serially diluted with sterile saline solution
(0.9% NaCl) and plated on LB agar containing
50 pg/ml of nalidixic acid and 20 pg/ml of
sodium azide (NaN;). The plates were incubated
at 37°C for 24 h or until colonies appeared. The
yellow, smooth and circular colonies similar to
those of C. glutamicum were selected and used
for further study.

2.4 Identification of C. glutamicum by
16S rRNA gene analysis

Total DNA was extracted from cultures
by freeze-thaw technique. The single colony
grown on LB agar plates was transferred into
microcentrifuge tube containing 10 ul of distilled
water. The cell suspensions were incubated at
-20°C for 5 minutes. Then, the samples were
thawed at room temperature. The freezing and
thawing of cells were repeated about 5-7 times.
The suspensions were centrifuged at 12,000xg
for 5 minutes and the supernatants were used as
DNA template for PCR amplification of 16S
rRNA gene. The 16S rRNA gene was amplified
by PCR with primers 27F (5'-AGA GTT TGA
TCC TGG CTC AG-3") and 1525R (5-AAA
GGA GGT GAT CCA GCC-3") [8]. The
amplified fragment was purified from the 0.8%
agarose gel by Gel extraction kit (Qiagen,
Germany). The purified DNA fragment was
directly sequenced using an ABI PRISM 310 (PE
Biosystems, USA). Sequencing data was
analyzed wusing Clone Manager Software
(Scientific and Educational Software, USA).
Sequence similarity was determined by
comparing to 16S rRNA sequences available in
the nucleotide databases of the GenBank (NCBI,
USA).

Results and Discussion

Isolation and identification of thermotolerant
C. glutamicum PP25

The strains of  thermotolerant
C. glutamicum having an ability to produce high
level of L-glutamic acid were isolated from soil
samples collected from Nakorn Ratchasima
province and Roi-Et province, Thailand. The 42
isolated strains named PP1-PP42 were roughly
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Figure 1. Comparison of the partial 16S rRNA gene of PP25 with sequences in GenBank database.
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classified to the genus Corynebacterium based
on Gram’s reaction, cellular morphology and
colony morphology [1, 15]. The cells were
Gram-positive, rod-shaped, non spore-forming.
Their colonies appeared yellow, smooth, circular
and translucent on LB agar plates incubated at
37°C. They were individually used to determine
L-glutamic acid fermentation at 37°C where
PP25 secreted highest amount of L-glutamic acid
into the cultured medium. Then, a 16S rRNA
gene analysis was performed in order to identify
the species of PP25. Comparison of 16S rRNA
gene between PP25 and the GenBank database
revealed that this strain had 16S rDNA of more
than 90% similarity to that of type strain C.
glutamicum ATCC13032 (KY9002) (Fig. 1)

“Renewable Energy and Global Care”

Growth and L-glutamic acid fermentation of
PP25

In order to determine the growth and L-
glutamic acid production of PP25, bacterial cells
were cultured on 100 ml glucose minimum
medium by varying incubation temperature from
30-41°C. The results showed that PP25 could
grow at 30-37°C which was similar to type strain
KY9002 (data not shown). When the
fermentation temperature had reached 38°C, the
growth of KY9002 was ceased while PP25
continued to grow (Fig. 2). Though, PP25
excreted lower L-glutamic acid than KY9002 at
30°C, its L-glutamic acid production increased
with increasing temperature which was even
higher than that of KY9002 (Fig. 3). The highest
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Figure 2. Growth of KY9002 and PP25 strains. The white and black bars represent the cell density of

KY9002 and PP25, respectively.
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Figure 3. L-Glutamic acid production of KY9002 and PP25. The white and black bars represent the L-
glutamic acid production of KY9002 and PP25, respectively.
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yield of glutamate of PP25 was observed at 38°C
whereas L-glutamic acid production per cell was
achieved at 38.5°C. These results indicated that
PP25 possesses enhanced thermotolerance
glutamate fermentation.

In 2012, Zheng and coworkers improved
the thermotolerance of C. glutamicum by genome
shuffling technique. Ultraviolet (UV) irradiation
and diethyl sulfate (DES) were used as the
mutagenizing agents to generate the initial
population diversity of mutants from two
ancestors, C.  glutamicum  S9114  and
C. glutamicum ATCC1376. Mutant strains of
S9114 and ATCC1376 with subtle improvements
in temperature tolerance were used for genome
shuffling. The technique of genome shuffling
was performed by 3 rounds protoplast fusions.
The shuffled strain, F343, could grow at 44°C,
while even no growth was observed for parental
strains. The yield of L-glutamic acid of F343 was
increased by 1.8-time comparing with that of the
ancestor strains at 38°C. The genetic diversity
between F343 and S9114 was also evaluated by
Amplified Fragment Length Polymorphism
(AFLP) analysis. The result suggested that the
phenotypes for both thermotolerance and
L-glutamic acid production in F343 were
evolved. PP25 obtained from this study shares
some characters with F343 in which it can grow
and produce L-glutamic acid at 38°C or above.
However, the temperature limit for growth and
optimum temperature for L-glutamic acid
production of PP25 are different from F343. The
highest temperature for growth of PP25 is 40°C,
while F343 is 44°C. F343 retains the same level
of L-glutamic acid production at temperature
32-38°C  whereas the highest glutamate
fermentation of PP25 is around 38°C. Therefore,
we suggested that some of the genomic features
of PP25 may be similar to F343, while others
may not. Our future plans may involve the study
of genetic variability of PP25 by genomic
mapping techniques, for example, Amplified
Fragment Length Polymorphism (AFLP),
Restriction Fragment Length Polymorphism
(RFLP), and Rapid Amplified Polymorphic DNA
(RAPD) analysis. These techniques might reveal
the molecular mechanisms of L-glutamic acid
production at high temperature of PP25. The
study of how PP25 capable of excreting
L-glutamic acid at an enhanced temperature
could be beneficial for improving L-glutamic
acid production on an industrial scale.

P-IX-03

“Renewable Energy and Global Care”

References
1. Abe S, Takayama K-I, Kinoshita S.
Taxonomical studies on glutamic acid-

producing bacteria. J Gen Appl Microbiol.
1967, 13: 279-301.

2. Bourke SL, Kohn J. Polymers derived from
the amino acid L-tyrosine: polycarbonates,
polyarylates and copolymers with
poly(ethylene glycol). Adv Drug Deliv Rev.
2003, 55: 447-66.

3. Fudou R, Jojima Y, Seto A, Yamada K,
Kimura E, Nakamatsu T, Hiraishi A,
Yamanaka S. Corynebacterium efficiens sp.
nov., a glutamic acid-producing species from
soil and vegetables. Int J Syst Evol Microbiol.
2002, 52: 1127-31.

4. Delaunary S, Lapujade P, Engasser JM,
Goergen JL. Flexibility of the metabolism of
Corynebacterium  glutamicum 2262, a
glutamic  acid-producing bacterium, in
response to temperature upshocks. J Ind
Microbiol Biotechnol. 2002, 28: 333-7.

5. Duperray F, Jezequel D, Ghazi A, Letellier L,
Shechter E. Excretion of glutamate from
Corynebacterium glutamicum triggered by
amine surfactants. Biochim Biophys Acta.
1992, 1103: 250-8.

6. Hermann T. Industrial production of amino
acids by coryneform bacteria. J Biotechnol.
2003, 104: 155-72.

7. Kimura E. L-Glutamate production. In:
Eggeling L, Bott M (eds) Handbook of
Corynebacterium glutamicum. CRC press,
Florida. 2005, 439-57.

8. Lane D. 16S/23S rRNA sequencing. In
Nucleic Acid Techniques in Bacterial
Systematics. Edited by E. Stackebrandt & M.
Goodfellow. Chichester: Wiley. 1991, 115-
75.

9. Leuchtenberger W, Huthmacher K, Drauz K.
Biotechnological production of amino acids
and derivatives: current status and prospects.
Appl Microbiol Biotechnol. 2005, 69: 1-8.

10.Nantapong N, Kugimiya Y, Toyama H,
Adachi O, Matsushita K. Effect of NADH
dehydrogenase-disruption and over-
expression on respiration-related metabolism
in Corynebacterium glutamicum KY9714.
Appl Microbiol Biotechnol. 2004, 66: 187-93.

11.Nishio Y, Nakamura Y, Kawarabayasi Y,
Usuda Y, Kimura E, Sugimoto S, Matsui K,
Yamagishi A, Kikuchi H, Ikeo K, Gojobori T.
Comparative complete genome sequence
analysis of the amino acid replacements

480



The 24™ Annual Meeting of the Thai Society for Biotechnology

responsible for the thermostability of
Corynebacterium efficiens. Genome Res.
2003, 13: 1572-9.

12.Nunheimer T. D, Birnbaum J, IThnen E. D,
Demain A. L. Product inhibition of the
fermentative formation of glutamic acid. Appl
Microbiol. 1970, 20: 215-7.

13.Sambrook J, Fritsch E.F, Maniatis T.
Molecular Cloning, A Laboratory Manual. 2™
ed. Cold Spring Habor Laboratory, Cold
Spring Habor, NY. 1986.

14.Shiio I, Otsuka S. I, Takahashi M. Effect of
biotin on the bacterial formation of glutamic
acid. . Glutamate formation and cellular
permeability of amino acids. J. Biochem.
1962, 51: 56-62.

15.Takano H, Shimizu A, Shibosawa R, Sasaki
R, Iwagaki S, Minagawa O, Yamanaka K,
Miwa K, Beppu T, Ueda K. Characterization
of developmental colony formation in
Corynebacterium glutamicum. Appl
Microbiol Biotechnol. 2008, 81: 127-34.

16.Tateno T, Okada Y, Tsuchidate T, Tanaka T,
Fukuda H, Kondo A. Direct production of
cadaverine from soluble starch using
Corynebacterium glutamicum coexpressing
o-amylase and lysine decarboxylase. Appl
Microbiol Biotechnol. 2009, 82: 115-121.

17.Tokuma F, Uyama H, Kobayashi S.
Polymerization of polyfunctional
macromolecules: synthesis of a new class of
high molecular weight poly(amino acid)s by
oxidative coupling of phenol-containing
precursor polymers. Biomacromolecules.
2004, 5: 977-83.

18.US Department of Energy. Top value added
chemicals from biomass, volume I-results of
screening for potential candidates from sugars
and synthesis gas. T. Werpy and G. Petersen,
the Pacific Northwest National Laboratory
(PNNL). 2004.

19.Zheng P, Liu M, Liu X-d, Du Q-y, Ni Y, Sun
Z-h. Genome shuffling leads to rapid
phenotypic improvement in bacteria. Nature.
2002, 415: 644-6.

20.Zheng P, Liu M, Liu X-d, Du Q-y, Ni Y, Sun
Z-h. Genome shuffling improves
thermotolerance and glutamic acid production
of Corynebacteria glutamicum. World J
Microbiol Biotechnol. 2012, 28: 1035-1043.

P-IX-03

“Renewable Energy and Global Care”

481



Burapha University International Conference 2013
Burapha University, Thailand
July 4-5, 2013

ST0439-12

Isolation and improvement a novel thermotolerant glutamic acid
producing Corynebacterium glutamicum PP29 strian

Pawantree Paisrisan'", Nuannoi Chudapongse? and Nawarat Nantapong!'

!School of Biology, Institute of Science, Suranaree University of Technology, 111 University Avenue Rd,
Muang District, Nakhon Ratchasima 30000, Thailand.

School of Pharmacology, Institute of Science, Suranaree University of Technology, 111 University
Avenue Rd, Muang District, Nakhon Ratchasima 30000, Thailand.

ABSTRACT

Corynebacterium glutamicum is a soil bacterium that widely used for the fermentative production of
glutamic acid. In the glutamic acid fermentation process, C. glutamicum always releases heat during
fermentation resulted in temperature increasing. The cooling system is necessary to remove heat from
fermentation process to maintain the sustainable condition for C. glutamicum metabolism. However, the
cost of cooling system is relatively high. Therefore, improving the temperature tolerance of C. glutamicum
will reduce the cost for temperature control. Thus, the main objective of this study was to isolate the novel
strains of thermotolerant C. glutamicum having an ability to produce high level of L-glutamic acid. Isolated
strain, PP29, was isolated from soil samples. This strain was identified as C. glutamicum based on colony
morphology, cellular morphology, Gram’s reaction, and 16S rRNA gene analysis. The phylogenetic analysis
of PP29 strain based on the comparison of 16S rDNA sequences revealed that PP29 was closely related to
C. glutamicum ATCC13032 (99 % similarity). PP29 was able to grow at the temperature ranging from 30
to 40 °C. The highest yield of L-glutamic acid produced by PP29 could obtain at 38.5 °C (5.37 = 0.04 g/L)
which was an inappropriate fermentation condition for the wild-type. The ability of L-glutamic acid
fermentation at an elevated temperature of PP29 suggested that some of the genomic profiles for temperature
and glutamate productivity of this strain might probably be evolved in the nature spontaneously. Thus, PP29
might be applied to the fermentative production of L-glutamic acid on a large scale industry.

Keywords: L-Glutamic acid, Corynebacterium glutamicum, Soil bacterium, Thermotolerance, Cooling

system

Page 602



Burapha University International Conference 2013
Burapha University, Thailand
July 4-5, 2013

INTRODUCTION

Corynebacterium glutamicum (C. glutamicum) was discovered in 1957 by Kinoshita and coworkers
(Kinoshita et al., 1957). C. glutamicum is an aerobic, Gram-positive, non-sporulating and biotin auxotroph
bacterium. It is widely used for the fermentative production of amino acids such as glutamate and lysine
(Herman, 2003; Leuchtenberger et al., 2005; Tateno et al., 2009). L-Glutamate in the form of monosodium
L-glutamate (MSG) has been used as a flavor enhancer, a precursor of drugs, cosmetics, pharmaceutical
compounds, fodder, and as supplements (Bourke and Kohn, 2003; Tokuma et al., 2004; US Department of
Energy, 2004).

In the process of L-glutamic acid fermentation, the temperature is one of the most important factors
directly related to the production efficiency. Most of microbe-based industrial strains are usually high
temperature sensitive. The productivity of L-glutamic acid is gradually decreased when the culture
temperature is raised by heat released from the cells along the fermentation. Thus, a cooling system has to
be employed to remove the heat, providing an appropriate environment for cell growth and amino acid
production. Therefore, thermotolerant strains are preferred in the production processes due to their low cost
in temperature control. For these reasons, we attempted to isolate thermotolerant C. glutamicum strains that
could efficiently produce and secrete high amount of L-glutamic acid from soils in Northeastern Thailand.

MATERIALS AND METHODS

Reference strain

C. glutamicum KY9002 (ATCC13032) was kindly gifted from Kyowa Hakko Kogyo (Tokyo, Japan).
The organism was maintained on Luria-Burtani (LB) agar (Sambrook et al., 1986) at 4 °C and sub-cultured
bi-monthly on the same medium.

Isolation of C. glutamicum from soil

Soil samples were collected from Nakorn Ratchasima province and Roi-Et province, Thailand. One
gram of soil sample was transferred into 20 ml of sterile LB broth containing 50 pg/ml of narlidixic acid
and 20 pg/ml of sodium azide (NaN3). The culture broth was incubated aerobically at 37 °C on an incubation
shaker at 120 rpm, for 24 h. After incubation, the medium was serially diluted with sterile saline solution
(0.9 % NacCl) and plated on LB agar containing 50 pg/ml of narlidixic acid and 20 pg/ml of sodium azide
(NaN3). The plates were incubated at 37 °C for 24 h or until colonies appeared. The yellow, smooth, and
circular colonies similar to those of C. glutamicum were randomly picked and streaked on LB agar plates to
ensure purity. After purification, pure colonies were roughly identified as C. glutamicum based on cellular
morphology, and Gram’s reaction.

Comparison of growth and L-glutamic acid production of selected strain with wild-type
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A wild-type strain of C. glutamicum and selected strain were pre-cultured on 5 ml of LB medium at
their individual optimum temperature for 24 h. An overnight culture was then inoculated into 500-ml
Erlenmeyer flask containing 100 ml of glucose minimum medium (Nantapong et al., 2004). The incubation
was performed at 200 rpm of shaking speed by varying fermentation temperature from 30 - 41 °C. The cell
growth in early stationary phase was represented by measuring optical density at 600 nm using CE 1011
UV-VIS Spectrophotometer (Cecil Instruments, UK). Simultaneously, the fermented broth was subjected to
centrifugation at 12,000 g for 5 min to separate microbial cells and supernatant. The microbial cells were
re-suspended in water and once centrifuged. After discarding the supernatant, the cells were dried at 105 °C
for 4 h before determination of the cell dry weight. The supernatant was applied to thin layer
chromatography (TLC) for the quantitative analysis of L-glutamic acid. The solvent system was composed
of butanol, acetic acid and distilled water in a volume ratio of 60:15:25. Ninhydrine in saturated butanol was
used to develop the color of spots. The spots developed on plates were scraped and extracted with 75 %
ethanol containing 0.005 % CuSO4-5H>0. After incubation for 2 h at room temperature without shaking,
the extracts were measured spectrophotometrically at 570 nm on CE 1011 UV-VIS Spectrophotometer
(Cecil Instruments, UK). The glutamate concentration of samples was calculated by using calibration curve,
which was obtained using L-glutamic acid standards of 0.1, 0.3, 0.5, 1.0, and 2.0 pmole.

16S rDNA and phylogenetic analysis
Total DNA of the selected strain was extracted from cultures by freeze-thaw technique. The single

colony grown on LB agar plates was transferred into a microcentrifuge tube containing 10 pl of distilled
water. The cell suspension was incubated at - 20 °C for 5 min. Then, the sample was thawed at room
temperature. The freezing and thawing of cells were repeated about 5 - 7 times. The suspensions were
centrifuged at 12,000 g for 5 min and the supernatants were used as DNA template for PCR amplification
of 16S rRNA gene. The 16S rRNA gene was amplified by PCR with primers 27F (5'-AGA GTT TGA TCC
TGG CTC AG-3") and 1525R (5'-AAA GGA GGT GAT CCA GCC-3") (Lane, 1991). The amplified
fragment was purified from the 0.8 % agarose gel by Gel extraction kit (Qiagen, Germany). The purified
DNA fragment was directly sequenced using an ABI PRISM 310 (PE Biosystems, USA). Sequencing data
was analyzed using Clone Manager Software (Scientific and Educational Software, USA). Sequence
similarity was determined by comparing to 16S rRNA sequences available in the nucleotide databases of
the GenBank (NCBI, USA). Multiple sequence alignment was done using CLUSTAL X software and a
phylogenetic tree was constructed by the neighbor-joining method using MEGA (Version 4.1) software.
The confidence level of each branch (1,000 repeats) was tested by bootstrap analysis.

RESULTS
Isolation and identification of thermotolerant C. glutamicum

To isolate the thermotolerant C. glutamicum, soil samples were collected from Nakorn Ratchasima
province and Roi-Et province, Thailand. As a result, we obtained the isolated strain and named it as PP29.
This strain was roughly identified as C. glutamicum based on colony morphology, cellular morphology and
Gram’s reaction. After cultured on LB agar plates at 37 °C for 24 h, PP29 appeared yellow, smooth, entire,
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circular, and translucent colonies as shown in figure 1. When observed under the microscope, this isolated
strain was rod-shaped, non spore-forming and Gram-positive (Figure 2).

Figure 1. The colony morphology of C. glutamicum wild-type (A) and isolated strains (B) grown on LB
agar containing 50 pg/ml of narlidixic acid and 20 pg/ml of sodium azide. The plates were incubated at 37
°C for 24 h. The red arrows showed the colonies similar to those of C. glutamicum.
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Figure 2. The cellular morphology of C. glutamicum wild-type (A) and isolated strains (B) under a light
microscope (100X). Scale bar represents 10 pm.

Comparison of growth and L-glutamic acid production of PP29 with wild-type

To determine the growth and L-glutamic acid production of PP29, bacterial cells were cultured on 100
ml of glucose minimum medium by varying incubation temperature from 30 - 41 °C. The ability to grow
and produce glutamic acid of PP29 was compared with C. glutamicum wild-type ATCC13032. The results
showed that PP29 could grow at 30 - 37 °C which was similar to wild-type strain (data not shown). When
the fermentation temperature had reached above 38 °C, the growth of wild-type strain was ceased while
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PP29 continued to grow (Figure 3). Though, PP29 excreted lower L-glutamic acid than wild-type at 30 °C,
its L-glutamic acid production increased with increasing temperature which was even higher than that of
wild-type (Figure 4). The highest yield of glutamate of PP29 was observed at 38.5 °C (5.37 £ 0.04 g/L). The
highest L-glutamic acid production per cell of PP29 was 2.82 = 0.11 (g glutamic acid / g dried cell) (Table

1). PP29 could grow at 40 °C, while no growth was observed for wild-type strain (ATCC13032) at this
temperature.
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Figure 3. Effect of temperature on growth profile of C. glutamicum wild-type (A) and isolated strain PP29
(B). Cells were grown in 500 ml-flask containing 100 ml of glucose minimum medium with shaking speed

of 200 rpm and incubated at 38.5 °C (filled-diamond), 39 °C (filled-square), 40 °C (filled-triangle) and 41
°C (filled-circle).
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Figure 4. L-Glutamic acid production of C. glutamicum wild-type and isolated strain PP29 observed after
24 h of incubation. The white and black bars represent the L-glutamic acid production of C. glutamicum
wild-type and isolated strain PP29, respectively. Error bars represents SD.

Table 1. L-glutamic acid production of the isolated strain PP29.

Product yield
, Cell dry Glutamic acid yiex
Strain Temperatures (°C) weigh (g/L) roduction (g/L) (g glutamic acid/

ghig P & g dried cell)
30°C 53.97+0.70 1.28 £0.05 0.02 £ 0.00
35°C 3426 +0.34 1.12+0.11 0.03 £0.00

ATCC13032 (wild-type)

37°C 18.31 +£0.63 0.81 +0.08 0.05+0.01
38 °C 1.72+0.21 0.37+0.04 0.22+0.01
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38.5°C 0.83 £0.05 0.28 £0.05 0.34+0.07
39°C 0.58+£0.15 0.17 £0.04 0.29 £ 0.05
40 °C nd. * nd. * nd. *
41°C nd. * nd. * nd. *
30°C 45.97 +0.90 0.94 +0.06 0.02 £ 0.00
35°C 49.45+0.56 1.05+0.07 0.02 £ 0.00
37°C 32.49+0.73 3.08+0.10 0.10+0.01
38°C 17.16 £ 0.05 5.01+£0.07 0.30+0.01
PP29 (isolated strain)
38.5°C 1.90 +0.09 5.37+0.04 2.82+0.11
39°C 1.74 +0.06 4.88 +0.05 2.80+0.24
40 °C 0.91+0.23 0.91+0.04 1.00+0.14
41°C nd. * nd. * nd. *

* n.d. not determined due to no growth; Value represents the mean score (n =3) £ S.D.

16S rDNA and phylogenetic analysis
Accordingly, a 16S rRNA gene analysis was performed in order to identify the species of PP29. The

1.25 kb sequences obtained from this strain was aligned with all the presently available 16S rDNA sequences
in the GenBank database. A phylogenetic tree was constructed using the neighbor-joining method, as shown
in Figure 5. The phylogenetic analysis of PP29 strain based on comparison of 16S rDNA sequences revealed
that this strain was closely related to C. glutamicum ATCC13032 (99 % similarity).

DISCUSSION

A large number of C. glutamicum have been isolated from various sources such as soil, soils
contaminated with bird feces, sewage and manure, vegetables, and fruits (Abe et al., 1967; Kinoshita et al.,
1957; Udaka, 1960). However, no selective media or enrichment procedures are known that are specifically
suited for these organisms. In our study, the thermotolerant C. glutamicum was isolated from soils
contaminated with bird feces obtained from Roi-Et province, Thailand. Narlidixic acid and sodium azide,
used to inhibit the growth of unwanted bacteria, were added into the medium. Nalidixic acid was blocked
DNA replication in susceptible bacteria by inhibiting a subunit of DNA gyrase (Crumplin and Smith, 1975).
Sodium azide inhibited cytochrome oxidase (complex IV of the mitochondrial electron transfer chain) and
growth of gram negative bacteria (Smith et al., 1991). Therefore, we suggested that these techniques could
reduce the number of unwanted bacteria that cannot grow on this media. However, C. glutamicum could
grow on the medium that contained both of Narlidixic acid and sodium azide.
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The isolated PP29 was preliminary identified as C. glutamicum by colony morphology, cellular
morphology, and gram reaction analysis (Abe et al., 1967; Takano et al., 2008). PP29 was confirmed as C.
glutamicum by using 16S rDNA and phylogenetic tree analysis. 16S RNA gene sequence similarity values
of isolate PP29 to other strains of the genus Corynebacterium were in the ranging of 93% - 99%. These
values and the phylogenetic position shown in the phylogenetic tree (Figure 5) indicate that isolate PP29
belongs to the genus Corynebacterium, and was closely related to C. glutamicum, with 99% sequence
similarity.

C. glutamicum PP29 could grow at 40 °C, while type strain (ATCC13032) failed to grow at this
temperature. Though PP29 excreted lower L-glutamic acid than wild-type at 30 °C, its L-glutamic acid
production increased with increasing temperature which was even higher than that of wild-type. These
results indicated that PP29 possesses enhanced thermotolerance glutamate fermentation (Zheng et al., 2012).
Thus, PP29 might be applied to the fermentative production of L-glutamic acid on a large scale industry.
Importantly, the use of thermotolerant C. glutamicum PP29 in industrial fermentation process would
reduce the cost of cooling during the fermentation process.

The ability of L-glutamic acid fermentation at an elevated temperature of PP29 suggested that some of
the genomic profiles for temperature and glutamate productivity of this strain might probably be evolved in
the nature spontaneously. Therefore, our future plans may involve the study of genetic variability of PP29
by genomic mapping techniques, for example, Amplified Fragment Length Polymorphism (AFLP),
Restriction Fragment Length Polymorphism (RFLP), and Rapid Amplified Polymorphic DNA (RAPD)
analysis. These techniques might reveal the molecular mechanisms of L-glutamic acid production at high
temperature of PP29. The study of how PP29 capable of excreting L-glutamic acid at an enhanced
temperature could be beneficial for improving L-glutamic acid production on an industrial scale.
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Figure 5. Neighbor-joining phylogenetic tree deduced from the 16S rRNA gene sequences representing the
position of the isolated strain PP29 and other related taxa. Numbers at nodes are percentage bootstrap values
based on 1,000 replications. GeneBank accession numbers of the sequences are indicated in the parentheses.
Bar indicates 5 nucleotides substitution per 1,000 nucleotides.
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