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Abstract

Rhizobium inoculant was applied with legumes in order to fix nitrogen from the
air and turn to be fertilizer for the plant. Some strains of rhizobium not only contain
nitrogen fixation ability but also having the activity of 1-aminocyclopropane-1-
carboxylate (ACC) deaminase enzyme to promote plant growth under stress
conditions. However, the level of ACC deaminase activity in rhizobia is usually lower
than that of plant growth promoting rhizobacteria (PGPR). To improve the activity of
this enzyme in rhizobium, the metabolic evolution technique which is the technique
that can improve the ability of strain through the natural adaptation under the
selected pressure was interested to be used to improve the ACC deaminase activity of
rhizobial strain without genetic engineering method. Bradyrhizobium sp. SUTN9-2 was
used as a model in this study since this strain could symbiosis well with several
economic legumes. The results showed that the metabolic evoluted strains could
adapt itself tolerate to high concentration of ACC and used it as N-source. The ACC
deaminase activity of SUTN9-2 wild-type was 292 + 0.16 pmole of alpa-
ketobutyrate/h/mg of protein, while the enzyme activity of metabolic evoluted strains,
SUTN9-2 2.5 and SUTN9-2 3.0 increased into 3.20 + 0.78 and 3.98 + 0.04 umole of
alpa-ketobutyrate/h/mg of protein, respectively. The nucleotide sequence of acdS
which involved in biosynthesis of ACC deaminase enzyme in these bradyrhizobia was
determined. The result showed that both metabolic evoluted strains had 2 positions
of nucleotide change, at position 419 changed from G to A, and at position 843
changed from C to T. Base changes resulted in changing amino acid in one position
from serine (S) to asparagene (N) in both metabolic evoluted strains. The stability of
enzyme activity was also investicated and it was found that the enzyme activity of
metabolic evoluted strain SUTN9-2 2.5 was stable after 3 consecutive generations of

growth, while the enzyme activity significantly decreased in strain SUTN9-2_3.0.
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1. elilddelslafouifisysuianssuvenoulas ACC- deaminase Wiudulagld
WALA metabolic evolution
2. 1ilelimsusysuAanssuveoulesd ACC- deaminase luidelslaTouisiiunns
waulagldwmata metabolic evolution
3, Lﬁaslﬁmfmsﬁau”amwﬁuqﬂﬁm warALLades (genetic stability) vesdudildly

nsas1aeuleyl ACC deaminase Masuwladluvendelslalouniiiunisusulsalneld

WiAtA metabolic evolution



1.3 YaULUAYD9lATINIGAVY
suflunsuiudgaidelsledeusuuuulilisesuianssuvesoulesd ACC  deaminase
disdulaeldmaiia metabolic evolution w&InsIaaoUsTRUARNSsUvReulmiiaulY
Wasuilsuiuidesaiy antuimseauenduiildlunisadiaeyles ACC deaminase 9101
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unntulpgldimaiia metabolic evolution
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2.1 Mmaisfianssuvasaulysi ACC deaminase Tnewafia metabolic evolution

1. dhide Bradyrhizobium sp. SUTN9-2 11a523@0UAMNam1salun15iaseylue1ms
wia (minimal medium + 10% HM 7ifians ACC JussiusznaululFunasing 9 (1, 2, 3, 4, 5
fodluans) WenmnaouUiunumesas ACC fiunnfianfidelsludoneintanunsaiasylilae
LifeliAnmudufivdowad udnsiedeusasinisieiagvende (srowth rate)

2. vhnsdfiusyduianssuveneuled ACC deaminase Ingldimafin  metabolic
evolution tneidsaaadlue1ms minimal medium + 10% HM fifians ACC Wussddsznou
Tuseiumnududuiidodinaasald mﬂﬁ?mﬁm%mﬁayﬁﬂéﬁwz mid log phase TWiidei
g starter iflevin1sugnidesialulueims minimal medium Aifin1sanU3aduna
989879113 YEM aemudnsiu sunseiisldidefiannsaasalaly minimal medium il ACC lu
seeumududuvindudussdusznevlnefinisiiy 10% HM  #il4 Yeast Extract Jud
dudsznauiies 50% antuinisiiussRuauiduresans ACC luemsidsade
audsu auldideftanunsawdalaluemsfiiusana AcC galasialy Measrimsfiuigels
Todeuluusazsziuresnsiasuntamududuves AcC Blu -80°C iievnidoluusaz
sefunaTiadeuianssuveoulusl ACC deaminase Tildsundasdiulneiouiieusuie

é'?dlﬁm (wild-type) (Jantama et al., 2008) Iu%umauﬁiaiﬂ

2.2 n15AsIvdaUNINTTUVaWaU LYl ACC deaminase

Ue  Bradyrhizobium sp. SUTN9-2 Alauunisisuilagldinaiin - metabolic
evolution TulsiazszAUTDINITIUABULUAIAULTNTUYDY ACC UIATIVFOUAINTIUVD
¢ . L= ‘24 (Y & . . . aq
oulwal ACC deaminase InalUSeuliisuiul®e Sinorhizobium sp. BL3 1138013053980
Aanssuvoaaulel ACC deaminase lagld spectrophotometer m1u35A15v04 Tittabutr et

al. (2008)

2.3 n1sAneINIsasuLUaIvesdu wasadnuEnesvawaulysl ACC deaminase luwals
T T 8uNHIUNITNAINIA8MALA metabolic evolution
1. yinmseaukenduintylunisasiaweulasl ACC deaminase %38 88U acdRS 99NNNLTD
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metabolic evolution Wsllfnuendussnuimewmailn PCR-cloning lagld primers Fisumziu
§u acdrs voude Bradyrhizobium sp. SUTN9-2 udndeuseidniu pGT19-T vector

2. ayreERUAULLA (DNA sequencing) vesdufidausnldiuseuifivufuiuvenie
mLmJLW@“LWmwauamawuﬁﬂiimaa&JumiéﬂumimwLaulszm ACC deaminase i
Wasuudasluvesdelsludeuiiriunisuiuusilagldmaia metabolic evolution

3. ATINEBUANULADEININNUGNTIN  (genetic  stability) veudelsludoniiniunis
Usudgilaeléinafin metabolic evolution lngvinsidsadelsladeuiluoms Hv il
naLALE1s ACC Imaﬁwnwﬁmﬁaﬁqmmﬁ 30 earwalaULASeIETIANISITEU 180
rpm Fiuiireiidectu 3 eeneration udnsreaeuianssuveneuled ACC deaminase v8s

Woiasuwlasluluusag generation

2.4 ANSIATIZUNEDA

NANISNAADIIIUIU 5 91 NEAINWAALNISNARDY bAUIUIIATIZANEDR Laaly
TUSWNTU SPSS version 17 Windows (SPSS Inc., Chicago, IL) lngdiAsizsh Anova Way

Duncan’s multiple range test (Duncan 1955)
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o lslotdeunuiunisiiuseaunanssuvaaulesl ACC deaminase dWABILY
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Tmaiian metabolic evolution @wnsatasglatue il ACC waztasglannin SUTN9-2
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21sN1T ACC Fauanaliniiuin ACC dwasenisiasvesdsluiiuresninuduiivisiwas
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ﬁqﬁ?umsﬁL%jafwmmmLﬁ]‘%zyVLéTL%amﬂanmwumaqmzwmiﬁﬁm AdlAUEILNTAlUNT
dovaarvarsdananlioglusuiliidufiv viededindnenafissuudesfuarsinviite
fantuiolfieadnusoasdananld Fafusui 2 Tduandidiuindefiinunssuiuniada
seaufanssuveaaulesl ACC deaminase lngldinatin metabolic evolution din1sUsusialag

nsmunalnuised sy ligaganudeauduiivees ACC 1a Tuguil 2 fazidiudn

v il
a v A

SUTN9-2 anesiugaaiy d9uiuvetaananatedsitvdAydlonSouiieuiusenineweims
HM (100% Yeast Extract) #ududuiuadneudsslueimsiifl ACC fu HM (50% Yeast

extract) MUSUAMUTUTUYBIANS ACC TAdu 25, 3.0 way 3.5 Hadluars Wuai 10 Ju

v a

nsdanauansliiiud areiuslslodouniunszuaunsiiussaufanssuvesouledd

Y

FIUIUAR BULANANA LN ALI I UB111T HM (50% Yeast extract) My ACC 2.5 wag 3.0

=

fadluans fusms HM (100% Yeast Extract) ae19lsAnua111s HM (50% Yeast extract) 9
a A a ~ ° Yo A Aa o P 8
Wy ACC 3.5 Tadluans dnavilidnuiuvesgadanatainfufiiiuiueadeyivsyanal 10
. 9 Be X B 4 X 4 2 4o ¢ a
fi9 10 Midluenuiu wasemiunszuIuMSiLsEAUAINTSUTaRoUley mFeagiusyiin
6 o X i v o ¥ . - .
10" CFU/ml ndudsslus1umsinid ACC uan 10 Ju fdatuaziiui walla metabolic
evolution finavinlidaiinn1susudiielvmuse ACC wazdaiunsald ACC 1Huunasvas
Tulasiauls wszdnisiasyvontoNaudutures ACC i1 9 Tua1msianuIunmuuey yeast

extract a1 50% Wlawlsuduwanasy setuiianudulilsimaiia metabolic evolution

wanaNaziinaviligaiinn1suSuduielinusie ACC umdienausuugeianssuvaaoulsy
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ACC deaminase TALTY fatudsandudasyinnisnsiaaauianssuvasaulaiainadtudan

o v & = a o & ¥ a
Wauwadeellisuiisuiudenanu

A B.
0 mM ACC 2.5 mM ACC
14 1.4
1.2 1.2
e Wild type
| - 1 e Wild iype
e S1TNO-2 TACC 2.5 E
E e E e STMS-2 TACC 2.3
S (.8 e SUTN9-2 TACC 3.0 0.8
= = s SUTMS-2 TACC 30
2 2
2 0.6 206
0.4 04
0.2 0.2
0 0
0 48 9% 144 192 240 0 48 96 144 192 240
Time (hrs.) Time (hrs.)
C. 3.0 mM ACC D. 3.5 mM ACC
1.4 1.4
1.2 1.2
1 e Vil d typE 1 il type
E 08 el SLTNG-2 TACC 2.5 z 05/ i 1 TNG-2 TACC 2.5
§ - =t SUTNS-2 TACC 3.0 é “Sa e SUTNG-2 TACC 3.0
= 0.6 )\ 2 0.6
) .p'l =
0.4 ‘ 0.4
0.2 0.2
0 0 |
0 48 96 144 192 240 0 48 96 144 192 240
Time (hrs.) Time (hrs.)
SUN 1 LanInauesanududuues ACC (2.5, 3.0, 3.5 fadluaid ) AR 15193 vouuAiilse

U

WSguniguiusEnIng SUTNS-2 aawdial wag SUTNY-2 Amunalewmala metabolic evolution

(SUTN9-2 2.5 uag SUTN9-2_3.0)
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mWildtype ® SUTN9-2 25 B SUTN9-2 3.0

10°

106

10!

HM (100% vyeast extract ) 50% Yeast extract 2.5 mM  50% Yeast extract 3.0 mM  50% Yeast extract 3.5 mM

JUN 2 uanmaresduIuwaaLUAiilss SUTN9-2 Aadi wag SUTN9-2 Niauisnlginaile
metabolic evolution (SUTN9-2 2.5 uag SUTN9-2_ 3.0) nautdsslueuisiid ACC aau
WUTU 2.5, 3.0 way 3.5 Jaatuans wWisuiieunuraanisiassiue1msnd ACC fisveziian 10

[y

U

3.2 fanssuvasaulasl ACC deaminase Tu@olsludeufiriunswaunlagldinada
metabolic evolution

wiadla metabolic evolution wenanaeiinahlideinnisususuiielinuse ACC
wdsdnalumsuiuussianssuvasaules] ACC deaminase THifisdu ms1efl 1 1éuansan
Aunssuveseulesl ACC deaminase MwSsuliisufiusswiradosuiy (SUTN9-2 wild type)
uay aewugkunTEUINMSRNsEAURINsTIveaoules ACC deaminase  wuiiaewug
SUTN9-2 2.5 uaz SUTN9-2 3.0 ilrAanssuveseulesi ACC deaminase wisdu Tngarniiu
agjﬁ‘d’izmm 2.92 + 0.16 umole of alpa-ketobutyrate/h/mg of protein Wity 3.20 +
0.78 wag 3.98 + 0.04 umole of alpa-ketobutyrate/h/mg of protein AUAINU AIAINTIU
vesouleiiiutuluge SUTNG-2 2.5 waz SUTN9-2 3.0 fmnuiluldldfienainnsiaey

Yasdsuadsdanaransas1alusiuludiunenaazlu active site vasoulwiido1vdanadin

Tieulasianunsainduivansiaulafvy  wazdwasion1svinufizenduseninueuluduazeans
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HIAUTRTU  AINUNISRSIAADUAPUATRITUTNEITBIRaNShandeanvaaules]  ACC

'
a

deaminase 3ududdAguazauiunsnenilauaniualunisnaassneaini

A15199 1 wansANaNssuYeauleyl ACC deaminase WS8UgUNUSEUINNTDALANNUAY

v

wiNIunsEUINNSiINsEAuAInIsuveteulel ACC deaminase lngldivalln metabolic

evolution (SUTN9-2 2.5 wag SUTN9-2 3.0)

Sample codes ACC —deaminase activity

(umole of alpa-ketobutyrate/h/mg of

protein)
SUTN9-2 wild type 2.92 + 0.16¢
SUTN9-2 2.5 3.20 + 0.78bc
SUTN9-2 3.0 3.98 + 0.04ba
Sinorhizobium sp. BL3 4.77 + 0.48a

There is a significant difference at a P value of 0.05

3.3 %’agam\aﬁuqniiu LAZANNULEAYS (genetic stability) vasn1sad1gtoulasi ACC-
deaminase

drutinealalnavesdu acds Fududuninertesnunisduasizieulesd ACC

[

deaminase Tul@aNrIunsNRAUIAEWMATA metabolic evolution easa8NUs (SUTNY-

9

[
IS IS)

2 25 uay SUTN9-2 3.0) Qﬂ%Lﬂi’]%ﬁLLﬁ%L‘U%S‘ULﬁUUﬁUﬁWﬁUﬁ?ﬂakﬂﬂﬁsﬂaﬁEJUUELUL%JEJ
SUTN9-2 saidial (1157471 2) wudhdrsuiaadlelnaiinisideuuvasd 2 duvis fie G @y
\wail 419) uaz C (@uwuad 843) Waswldu A uay T fialuide SUTN9-2 2.5 waz SUTNO-
2 3.0 agalsfinu wannsdsuluvesdrduiandlelnd G Msumis 419 vilvinsmesily
Wil Falu SUTN9-2 saiu azilunsaesiily serine (Ser/s) Ty asparagine (Asn/N) 7
Tu SUTN9-2 2.5 ag SUTN9-2 3.0 (AN51391 3)

Weiinaa1nn139 Alienment  drdiunsmoziluvende SUTN9-2 madu fu SUTN-
2 25 uaz SUTN9-2 3.0 Wisuiflsufuilde  Salmonella  saturnus  (yACCD) wae
Pseudomonas putida UWa (bACCD) LLamﬂﬁLﬁuin'}Lmﬂqnmazﬁiuﬁm?{sJuIUﬁ?uagﬂuahu

Mu conserve region lunguitauazdumang s (1ndl 3) Ing Min Yao wazaaizlisneaulud



2000 1331 dumisvesnsnogilufiudsuluegluduiidu small domain (residues 58-169)
vonoulwsl ACC deaminase adummmaiivhliiaiAanssuveseulys ACC deaminase iy
MnFeRaRy uregslsRnudm U acdR ldwunswasuvesdduiinalelng daunns
\finAanssuveaeulasl ACC deaminase frewmalin metabolic evolution yilidenuseas
ACC wazeniiudszdnsamlunsvhuiisentuans ACC Wity fensidsuudasiinile
Ingurssunisfisinavhliadunsnesiluuasull nasnmsiasuluvesnsnesilufinane
conformation vosiaules] ACC deaminase T1u%a019dHANTENURD active site vpaLoulesl
AELTUAY

uonaNiLilonadauAILLETES (genetic  stability)  vesnisadnseulusd ACC

¥

deaminase lul¥a SUTNG-2 fsnunsiamndiemaila metabolic evolution (SUTN9-2_ 2.5

(% [ [

wag SUTN9-2 3.0) Jandensaesangiugiiunbeduomisideaeuniludans ACC Ju
¢ ° 1 g0 A & \ . v o

aeAUsEneaU lagvinisiieudeseiilonlussesiial 3 U (generation) WANNINTIAEDY

Aanssuvesouleyl nanlanuanslun1snei ¢ InNanIsnaasInUIIAIvefRanssuveaulesl

ACC deaminase #1ina1ni@e  SUTN9-2 2.5 darumsivesarnanssuvesouleyd wWeodes

o w a

Aosiafiu 3 Ju iuldnAvesianssuiliunnaaiueadfedAyneada Ao 2.99 + 0.18

o

pmole of alpa-ketobutyrate/h/mg of protein Tuie SUTN9-2 25 &y 2.83 0.22

H+

umole of alpa-ketobutyrate/h/mg of protein 1u§u1‘7i 3 usegnalsAniy A1vBIRINTTUVRS
wulesd ACC deaminase lu SUTN9-2 3.0 linsl lnenuindanssuveseulssianasesisd
pdANEnAaIN 4.28 + 0.33 pmole of alpa-ketobutyrate/n/mg of protein 1Ju 3.43 +
0.22 umole of alpa-ketobutyrate/h/mg of protein Tu SUTN9-2 3.0 'uju‘ﬁ 3 e
SUTN9-2_2.5 flavnadiosvesduiildlunisadrsenles ACC deaminase 1nnda 1o SUTNY-

230
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A157199 2 ansuiratelnauesdy acds Ty SUTNO-2 pawdyl kagNimuinigimailn metabolic

evolution

SUTN9-2 wild-type

SUTN9-2 metabolic evoluted strains
(SUTN9-2_2.5 wag SUTN9-2_3.0)

GAAA

GAAACTTCCGTAAGAAAATGCTGTTCTGGAAGGAATATTAGCTATCGCCGCAACTTTCGCAAGAAATT
GCGCAACATGGCCGCAATATTCGAGAGCACATTTTCCCGACGCGATGCTAGGGAGCCGCCAACACCA
ACGCCAATCGGGATTGACCCATGAAGCTGGACAAATTTCCGCGCTATCCTTTGACCTT CGGCF GAC
GCCCATCGAGAAGCTGGAGCGCTTGTCGAAACATCTCGGCGGCCAAGTCGAGGTCTATGC CGC
GAGGACTGCAATTCCGGCCTCGCCTATGGCGGCAACAAGCTGCGCAAGCTCGAATACATTATCCCCG
ATGCGATCGCCTCCAATGCCGATACGCTGGTCTH CAATCGGCGGCGTGCAATCGAACCACAd(fCGCAT
GATCGCGGCGGTCGCGGCCAAGCTCGGCATGAAATGCCGCCTL GGTGCAGGAAGCCTGGG‘TGCtGﬂ:AC
GAGGACGCGGTGTATGACCGCGTCGGCAACATCATGCTCT CGCGCATCATGGGCGCCGACGTGCGCC
TGGTCGACGACGGCTTCGATATCGGCATCCGCAAGAGCT! GGGAGCAGGCGATCGAGGAAGTGAAGGC
GGCGGGCGGCAAGCCTTACGCCATTCCCGCCGGTGCCTH CCGTGCATAAG'I'I'CGGCGGCCI' GCT/ AT
GTCGGCTTTGCCGAGGAGGTGCGCAAGCAGGAAGCCGAGCTCGGCTTCAAGTTCGACTAC
TCTGCACCGTCACCGGCTCCACCCATGCCGGCATGCTGGT! CGGG'I'I'I'GCGGCGGACG(:’.C
AAAGGTGATCGGCATCGATGCCTCCTT CACGCCCGCCCAGACCAAGGCCCAGGTGd C
CAGAACACGGCAAAGCTCGTCGAGCTCGGCAAGGACCTCGTCACTGACGACGTCGTGCT!
ACTACGCCTATCCCGCCTATGGTGT GCCATCGGAGGAGACCAAGGAGGCGATC‘(‘ZGCCT84
CCTCGAAGGCATGATCACCGACCCCGTCTATGAGGGCAAGTCGATGCAGGGCCTGATY
CAGAAGGGCTATTTCGAGGAGGGCGCGAAGATCCTCTACGCCCATCTL CGGCGGCGC CGGCG
ACGGATATGCGTATGCGTTCAGGAATGGGTGAGTGAGAGCGTAG CGCGCGTCATACAh GCT &
TCGTCCCGGGGCGCGACGAAGTCGCGAGCCCGGGACCCATACG@GCAATCGTI"ITGQ'GAGGAC
3

AAA
GAAACTTCCGTAAGAAAATGCTGTTCTGGAAGGAATATTAGCTATCGCCGCAACTTTCGCAAGAAATT
GCGCAACATGGCCGCAATATTCGAGAGCACATTTTCCCGACGCGATGCTAGGGAGCCGCCAACACCA
ACGCCAATCGGGATTGACCCATGAAGCTGGACAAATTTCCGCGCTATCCTTTGACCTTCGGCCCGAC
GCCCATCGAGAAGCTGGAGCGCTTGTCGAAACATCTCGGCGGCCAAGTCGAGGTCTATGCCAAGCGC
GAGGACTGCAATTCCGGCCTCGCCTATGGCGGCAACAAGCTGCGCAAGCTCGAATACATTATCCCCG
ATGCGATCGCCTCCAATGCCGATACGCTGGTCTL CAQT&:GGCGGCGI’ GCAATCGAACCACACCCGCAT
GATCGCGGCGGTCGCGGCCAAGCTCGGCATGAAATGCCGCCTGGTGCAGGAAGCCTGGGTGCCGCAC
GAGGACGCGGTGTATGACCGCGTCGGCAACATCATGCTCTCGCGCATCATGGGCGCCGACGTGCGCC
TGGTCGACGACGGCTTCGATATCGGCATCCGCAAGAACTGGGAGCAGGCGATCGAGGAAGTGAAGGC
GGCGGGCGGCAAGCCTTACGCCATTCCCGCCGGTGCCTCCGTGCATAAGT TCGGCGGCCTCGGCTAT
GTCGGCTTTGCCGAGGAGGTGCGCAAGCAGGAAGCCGAGCTCGGCTTCAAGTTCGACTACATCGTCG
TCTGCACCGTCACCGGCTCCACCCATGCCGGCATGCTGGTCGGGTTT GCGGCGGACG(EACSCGTGCGCG
AAAGGTGATCGGCATCGATGCCTCCTTCACGCCCGCCCAGACCAAGGCCCAGGTGCTCGAAATCGCG
CAGAACACGGCAAAGCTCGTCGAGCTCGGCAAGGACCTCGTCACTGACGACGTCGTGCTGATCGAGG
ACTACGCCTATCCCGCCT ATGGTGTGCCATCGGAGGAGACCAAGGAGGCGATCCGCCTTACCGCGCG
CCTCGAAGGCATGATCACCGACCCCGTCTATGAGGGCAAGTCGATGCAGGGCCTGATCGATCTCGCC
CAGAAGGGCTATTTCGAGGAGGGCGCGAAGATCCTCTACGCCCATCTCGGCGGCGCGCCGGCGCTGA
ACG “TGCGTATGCGTI’CAGGAATGGGTGAGTGAGAGCGTAGCGCI' CGCGCGTCATACACTGCTG
TCGT@GGGCGCGACGAAGTCGCGAGCCCGGGACCCATACGCCGCAGCAATCG'I'I'I'I'GCGAGGAC
3

' ¥
] oA

MUY drunfinundadudin Ao acdr; drnududn fe acds wazdnwsiudunswazdoduld e 4

adlelndfinuifinsasunlatiuanndu acds veadanaiu (wild-type) Ao sumilsil 419 uay 843
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AN5197 3 aeunsAriiluYesdu acdsS Tuwe SUTN9-2 Aawiy kasinaunmiemaila metabolic

evolution

SUTN9-2 wild type

SUTN9-2 metabolic evoluted strains
(SUTN9-2 2.5 uag SUTN9-2 3.0)

MKLDKFPRYPLTFGPTPIEKLERLSKHLGGQVEVYAKREDCNSGLAYGGNKLRKLEYII
PDAIASNADTLVSIGGVQSNHTRM)IAAVAAKLGMKCRLVQ EAWVPHEDAVYDRVGN
IMLSRIMGADVRLVDDGFDIGIRKSWEQAIEEVKAAGGKPYAIPAGASVHKFGGLGYV
GFAEEVRKQEAELGFKFDYIVVCTVTGSTHAGMLVGFAADGRARKVIGIDASFTPAQT
KAQVLEIAQONTAKLVELGKDLVTDDVVLIEDYAYPAYGVPSEETKEAIRLTARLEGMIT
DPVYEGKSMQGLIDLAQKGYFEEGAKILYAHLGGAPALNGYAYAFRNG

MKLDKFPRYPLTFGPTPIEKLERLSKHLGGQVEVYAKREDCNSGLAYGGNKLRKLEY
IIPDAIAS NADTLVSIGGVQSNHTRMgAAVAAKLGMKCRLVQEAWVPHEDAVYDRVG
NIMLSRIMGADVRLVDDGFDIGIRKNWEQAIEEVKAAGGKPYAIPAGASVHKFGGLG
YVGFAEEVRKQEAELGFKFDYIVVCTVTGSTHAGMLVGFAADGRARKVIGIDASFTP
AQTKAQVLEIAONTAKLVELGKDLVTDDVVLIEDYAYPAYGVPSEETKEAIRLTARLE
GMITDPVYEGKSMQGLIDLAQKGYFEEGAKILYAHLGGAPALNGYAYAFRNG

S #ie serine (Ser/S), N Aa Asparagine (Asn/N)

40 60 80 100

Swecies/Abbrv
1. Amino acid of acdS of metabolice 2.5 and 3.0 strains
2. Amino acid of SUTN3-2 WT

3. Amino acid of Pseudomonas putida UW4

4. Amino acid of H. saturnus

160 180 200 220

Species/Abbrv
1. Amino acid of acdS of metabolice 2.5 and 3.0 strains
2. Emino acid of SUTNS-2 WT

2. Amino acid of Dseudomonas putida UW4

4. Emino acid of H. saturnus

LEEvE-2BEv] IIAILIFIEIIIWIIVIII
F|

280 300 320 340

Species/Abbru
1. Aminoc acid of acdS of metabolice 2.5 and 3.0 strains

2. Eminoc acid of SUTNS-Z WT

3. 2mino zcid of Pseudomonas putida UW4
4. Bmino acid of H. savurmus

Swecies/Abbrv
1. Amino acid of acdS of metabolice 2.5 and 3.0 strains
2. Amino acid of SUINS-Z WT

3. Emino acid of Pseudomonas puida TW4

4. Bmino acid of H. saturnus

cractEEE-REE=HvoEvELEE-

o i3

nuewe dydnualinanduniansiibnivensnesiluiuasuluves SUTNG-2_2.5 uway SUTN9-2 3.0

o

ee ©

a LY

ho)

Ufi 3 wanana Alignment v03nsneviily veseulasl ACC deaminase ¥844%8 SUTN9-2

WA uay SUTN9-2 fifmusiemaidia metabolic evolution (SUTN9-2 2.5 uag SUTN9-

2 3.0), Pseudomonas putida UW4 Wag Hansenula saturnus




AN5197 4 wanarnanssuvasaules] ACC deaminase UBIBNHIUNTEUIUNTAUTLAU

Aanssuveaeulel ACC deaminase MauAsATBAINGIRBLIDITUY 3 JU

Sample codes ACC -deaminase activity

(umole of alpa-ketobutyrate/h/mg of

protein)
SUTN9-2 wild type 3.30 £ 0.22b
SUTN9-2 2.5 2.99 + 0.18c
SUTN9-2 2.5 generation 3 2.83 £ 0.22c
SUTN9-2 3.0 4.28 + 0.33a
SUTN9-2_3.0 generation 3" 3.43 + 0.22b
Sinorhizobium sp. BL3 4.65 + 0.078a

There is a significant difference at a P value of 0.05
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uni 4

dyunan1Innay

AsEUINNSHNsEaunanssuvaauleyl ACC  deaminase lagltwmalla  metabolic
evolution  finasion1sUsUM kA TIBLiNUIEANSAMNIsINUGATevadeulel  Tnenisimun
nalnuneeganazyinliwadnusaaluiwres ACC s1usvinlrasuinaalelnagu acdsS 7

Talunnsduasgsiauleyl ACC deaminase wasuwladhl 2 dunds Aa G (@uuan 419)

¥
a a =

waz C (@wuwuan 843) Uiy A waz T Tuwe SUTN9-2 flgainisimuimewmadall 39819

dsnalminnisiasuwladlassasiswaaaulasl ACC deaminase War@INAMADANNINTIUVDI

] [
e

wulgd ACC deaminase lUlunanAvu egrlsiauanuiatssvesianssuvesoulsliuiu
Wousazuin Iaglunsveassinuinde SUTN9-2 25 damuadvsvesfianssuvesioulsd
N1 SUTN9-2 3.0 satlunisiiiudanssuveseulsdludelsladeuansavilalagnisld

wiAila metabolic evolution Fulun1susulsatelnivszavzamuniulaeefonisusudi

WarNIARLERNMNS ISR I LA anldneusvs orualTRn uAaInsine lladun1sin

q

@ v & e o & A Y] 2 o va o ' ]
ABNUINTIU @Quu’ﬂmaqquﬂuqL%QWNqUﬂqiwwuqﬂiaﬂi‘UUEQﬂmauU@@ﬂﬂaqﬁlﬂiﬁuaﬂWWbLi

1%

19934 durziluswmenmsiauigelsly deulilinuauiinavuseziiluldldessely
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