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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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WALA metabolic evolution
2. 1ilelimsusysuAanssuveoulesd ACC- deaminase luidelslaTouisiiunns
waulagldwmaa metabolic evolution
3, Lﬁaslﬁmm%’au”amaﬁuqﬂﬁm warALLades (genetic stability) vesdudildly

nsas1aeuleyl ACC deaminase Masuwladluvendelslalouniiiunisusulsalneld
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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. vhnsdfiusyiuianssuveseuled ACC deaminase Ingldimafin  metabolic
evolution Tneiasaeadluams minimal medium + 10% HM fifans ACC \ussduszneu
Tuseiumnududuiidodinaasald Q’]ﬂﬁ?mﬁm%/m%%@vﬁ’]éﬁsaz mid log phase TWiidei
Tasndu starter Lﬁ@ﬁ’]ﬂ’liﬂ@ﬂL%@Gi@iﬂiua’lwl’i minimal medium #ifinsanuSunadiunay
989979113 YEM aemudnsiu sunseiisldideiiannsaasalaly minimal medium il ACC lu
seeumududuwindudussduszneulnefinisfiy 10% HM  #il4 Yeast Extract Jud
dudszneuifiss  50% antushansifinseiuauditureans ACC lusmsidsaie
mudu auldideftanunsawdalaluemsfiiiuuna AcC galasialy Measrimsfiuigels
Todesluusazsziuresnisiasuntasmududuves AcC Blu -80°C iievnidoluusaz
syfulmsIvdeuAanssuveaeulyd ACC deaminase Tildsuudadiilna3oudiouiuie

é'?dlﬁu (wild-type) (Jantama et al., 2008) Iu%umauﬁialﬂ
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Ue  Bradyrhizobium sp. SUTN9-2 Alauunisisuilagldinaiin - metabolic
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oulwal ACC deaminase InalUSeuliisuiul®e Sinorhizobium sp. BL3 1138013053980
Aanssuvoaaulel ACC deaminase lagld spectrophotometer m1u35A15v04 Tittabutr et

al. (2008)
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mLmJL‘Wﬁﬂ,wmwauamawuﬁﬂiimaa&Juﬂi’ﬂumimwLaulszm 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

Woliasuulasluluumag generation

2.4 ANSIATIZUNEDA

NANISNAADIIIUIU 5 D1 NEAINWAAZAISNARDY bAUIUIIATIZANEDR Laaly
TUSWNTU SPSS version 17 Windows (SPSS Inc., Chicago, IL) lngdlasizsh Anova Way

Duncan’s multiple range test (Duncan 1955)
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HM (100% Yeast Extract) @aidusiuiuwadneudsduamsiia ACC fu HM (50% Yeast

extract) MUSUAMUTUTUYBIANS ACC Thdu 25, 3.0 way 3.5 Hadluas Wuai 10 Ju

v a

nsdananuansliiiud areiuslslodoufidiunszuiunsiiussaufanssuveseuledld

Y

FIUIUAR ULANANA LN ALIIUBI1MT 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
o 9 Be X B 4 X 4 2 4o ¢ a
fi9 10 Midluenuiu wasemiunszuIuMSiLsEAUAINTSUTaRoUley mFeagiusyiin
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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
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OD 600 nm

SUN

U

1.4
1.2

0.8
0.6
0.4
0.2

0 mM ACC

e Wild type
e SUTNG-2 TACC 2.5

e SUTNG-2 TACC 2.0

48 96 144 192 240
Time (hrs.)

3.0 mM ACC

g ild type
i SLTNG-2 TACC 23
s GLTNG-2 TACC 3.0

0 48 96 144 192 240

Time (hrs.)

O 6b0 nm

1.4
1.2

0.8
0.6
0.4

0.2

2.5 mM ACC

i Wi ] 1y
i SUTNG-2 TACC 2.3

e SUTNS-2 TACC 3.0

48 96 144 192 240

Time (hrs.)

3.5 mMACC

g V11 Ty e
s S TNG-2 TACC 2.5

s SUTNG-2 TACC 3.0

48 96 144 192 240
Time (hrs.)

1 LARINaT8IALITNTUIBY ACC (2.5, 3.0, 3.5 fiadaluans ) IlANITI95QUILUATLSY

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

JUN 2 uanmaresduIUTaaLUATILTs SUTNY-2 Aald wag SUTN9-2 Niauslginaile
metabolic evolution (SUTN9-2 2.5 uay SUTN9-2_ 3.0) neutdsslueuisiid ACC aau
WUTU 2.5, 3.0 way 3.5 Jaatuans wWisuisununaanisidesiue1msnd ACC Aisveziian 10

[y

U

3.2 fanssuveaulasl ACC deaminase Tuiolsludoufiriunswaunlagldinada
metabolic evolution

wafla metabolic evolution wenanazinavilideinnisususielimuse ACC
urdfsdnalunmsuiuussianssuveseules ACC deaminase THifisdu ms1efl 1 1éuansen
Aunssuveseulesl ACC deaminase MwSsuliisufiusswiradonuiy (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

Yasdfuadsdanaransas1alusiuludiunenaazlu active site vasoulwido1adanayin

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 %agamaﬁuqmm WATANULERYS (genetic stability) vasnsad1gtoulasi ACC-
deaminase

dreudindlelndueadu acds Fadudumieirtesdunisduasizaules ACC

[

deaminase Tul@aNrIunsNaUIAemATlA metabolic evolution Vasa8NUs (SUTNY-

9

[
IS IS)

2 25 uay SUTN9-2 3.0) Qﬂ‘imiwﬁuamﬂ%wL‘ﬁsmﬁuﬁﬁuﬁmﬁia%ﬁmawuﬂuﬁ?@
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'}LmﬂqnmazﬁiuﬁLﬂﬁaulﬂﬁ?uaguﬁ,uahu

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

;4

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

(% [ [

wag SUTN9-2 3.0) Jadndensaesangiuiiiunbeduemisideaseuniiliians ACC Ju
12 ° 1 XA & ' . Y o

aeAUsEnaU lagvinisiieudeseiilonlussesiiat 3 U (generation) WANNINTIVEADY

Aanssuvesoulesl nadladsuandlun1sied 4 AnranIsnaasInuIIAIvefRanssuvetoulesl

ACC deaminase #11A91ALE®  SUTN9-2 2.5 fanumsiivesainanssuvesoulel ileides

o w a

Aasiafiu 3 Ju iuldnaAvesianssuliunnaaiuegaddedAynieada Ao 2.99 + 0.18

o

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

H+

umole of alpa-ketobutyrate/n/mg of protein luguil 3 usiogslsfiniy AvesRansTves
wules ACC deaminase lu SUTN9-2 3.0 liasii lnenuindanssuveseulssianasesnsd
gdANEnAIN 4.28 + 0.33 pmole of alpa-ketobutyrate/n/mg of protein 1Ju 3.43 +
0.22 umole of alpa-ketobutyrate/n/mg of protein T SUTN9-2 3.0 'uju‘ﬁ 3 e
SUTN9-2_2.5 flavnadiosvesduiildlunisadrsenles ACC deaminase 1nnda 1o SUTNY-

230



AN5197 2 aeuaralelnavedu acdsS T SUTNO-2 Aaisl kagh

evolution

10

Y] v a

AlIUINLNAUA Mmetabolic

SUTN9-2 wild-type

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

5
CTAAAATTCCAGTGGCGCGTTGTCGACGACTTCCTTCATCACGAAGAAGGTCCGGGTCTGGCGCACG
CCGGGGAGCGCGATCAGCTGCTCGCCGTGGATGCGATTGAAATCCTCCATGTCGCCGACGCGGATCT
TGAGGAAGTAATCGAAATCGCCGGCGACGAGGTGGCAGTCGAGCACGAATTTCAGCTTTGCAACGGC
CTGCTCGAAGGTGGCAAAGCTTTCCGGCGTCGAGCGGTCGAGCACGACCCCGACCATCACCAGCGTG
CCCTTTGCCACCTTCTTCGGCGCGACCATGGCGCGGACATTGGCGATGAAGCCGTCCTCGAACAGGC
GCTGGGTGCGACGATGGCAGGTGGCGGGGCTGATCGCGACCGTTTCGGCCAGCTCGGCGTTGCTGAG
CCGACCGTTATTCTGAAGCAATCTCAATATCTTGAGGTCGGTGCGGTCGAGCCGGGCAGCCATGAAA
GAAACTTCCGTAAGAAAATGCTGTTCTGGAAGGAATATTAGCTATCGCCGCAACTTTCGCAAGAAATT
GCGCAACATGGCCGCAATATTCGAGAGCACATTTTCCCGACGCGATGCTAGGGAGCCGCCAACACCA
ACGCCAATCGGGATTGACCCATGAAGCTGGACAAATTTCCGCGCTATCCTTTGACCTTCGGCCCGAC
GCCCATCGAGAAGCTGGAGCGCTTGTCGAAACATCTCGGCGGCCAAGTCGAGGTCTATGCCAAGCGC
GAGGACTGCAATTCCGGCCTCGCCTATGGCGGCAACAAGCTGCGCAAGCTCGAATACATTATCCCCG
ATGCGATCGCCTCCAATGCCGATACGCTGGTCTCAATCGGCGGCGTGCAATCGAACCACACCCGCAT
GATCGCGGCGGTCGCGGCCAAGCTCGGCATGAAATGCCGCCTGGTGCAGGAAGCCTGGGTGCCGCAC
GAGGACGCGGTGTATGACCGCGTCGGCAACATCATGC TCTCGCGCATCATGGGCGCCGACGTGCGCT
TGGTCGACGACGGCTTCGATATCGGCATCCGCAAGAGCTGGGAGCAGGCGATCGAGGAAGTGAAGGC
GGCGGGCGGCAAGCCTTACGCCATTCCCGCCGGTGCCTCCGTGCATAAGT TCGGCGGCCTCGGCTAT
GTCGGCTTTGCCGAGGAGGTGCGCAAGCAGGAAGCCGAGCTCGGCTTCAAGTTCGACTACATCGTCG
TCTGCACCGTCACCGGCTCCACCCATGCCGGCATGCTGGTCGGGTTTGCGGCGGACGGCCGTGCGCG
AAAGGTGATCGGCATCGATGCCTCCTTCACGCCCGCCCAGACCAAGGCCCAGGTGCTCGAAATCGCG
CAGAACACGGCAAAGCTCGTCGAGCTCGGCAAGGACCTCGTCACTGACGACGTCGTGCTGATCGAGG
ACT/ ACGCCTATCCCGCCTATGGTGTGCCATCGGAGGAGACC/-\AGGAGGCGATCCGCCT&SACCGCGCG
CCTCGAAGGCATGATCACCGACCCCGTCTATGAGGGCAAGTCGATGCAGGGCCTGATCGATCTCGCC
CAGAAGGGCTATTTCGAGGAGGGCGCGAAGATCCTCTACGCCCATCTCGGCGGCGCGCCGGCGCTGA
ACGGATATGCGTATGCGTTCAGGAATGGGTGAGTGAGAGCGTAGCGCTCGCGCGTCATACACTGCTG
TCGTCCCGGGGCGCGACGAAGTCGCGAGCCCGGGACCCATACGCCGCAGCAATCGTTTTGCGAGGAC
3

5
CTAAAATTCCAGTGGCGCGTTGTCGACGACTTCCTTCATCACGAAGAAGGTCCGGGTCTGGCGCACG
CCGGGGAGCGCGATCAGCTGCTCGCCGTGGATGCGATTGAAATCCTCCATGTCGCCGACGCGGATCT
TGAGGAAGTAATCGAAATCGCCGGCGACGAGGTGGCAGTCGAGCACGAATTTCAGCTTTGCAACGGC
CTGCTCGAAGGTGGCAAAGCTTTCCGGCGTCGAGCGGTCGAGCACGACCCCGACCATCACCAGCGTG
CCCTTTGCCACCTTCTTCGGCGCGACCATGGCGCGGACATTGGCGATGAAGCCGTCCTCGAACAGGC
GCTGGGTGCGACGATGGCAGGTGGCGGGGCTGATCGCGACCGTTTCGGCCAGCTCGGCGTTGCTGAG
CCGACCGTTATTCTGAAGCAATCTCAATATCTTGAGGTCGGTGCGGTCGAGCCGGGCAGCCATGAAA
GAAACTTCCGTAAGAAAATGCTGTTCTGGAAGGAATATTAGCTATCGCCGCAACTTTCGCAAGAAATT
GCGCAACATGGCCGCAATATTCGAGAGCACATTTTCCCGACGCGATGCTAGGGAGCCGCCAACACCA
ACGCCAATCGGGATTGACCCATGAAGCTGGACAAATTTCCGCGCTATCCTTTGACCTTCGGCCCGAC
GCCCATCGAGAAGCTGGAGCGCTTGTCGAAACATCTCGGCGGCCAAGTCGAGGTCTATGCCAAGCGC
GAGGACTGCAATTCCGGCCTCGCCTATGGCGGCAACAAGCTGCGCAAGCTCGAATACATTATCCCCG
ATGCGATCGCCTCCAATGCCGATACGCTGGTCTCA,%FQCGGCGGCGTGCAATCGAACCACACCCGCAT
GATCGCGGCGGTCGCGGCCAAGCTCGGCATGAAATGCCGCCTGGTGCAGGAAGCCTGGGTGCCGCAC
GAGGACGCGGTGTATGACCGCGTCGGCAACATCATGCTCTCGCGCATCATGGGCGCCGACGTGCGCC
TGGTCGACGACGGCTTCGATATCGGCATCCGCAAGAACTGGGAGCAGGCGATCGAGGAAGTGAAGGC
GGCGGGCGGCAAGCCTTACGCCATTCCCGCCGGTGCCTCCGTGCATAAGT TCGGCGGCCTCGGCTAT
GTCGGCTTTGCCGAGGAGGTGCGCAAGCAGGAAGCCGAGCTCGGCTTCAAGTTCGACTACATCGTCG
TCTGCACCGTCACCGGCTCCACCCATGCCGGCATGCT GGTCGGGTWGCGGCGGACGEQCZ’CGTGCGCG
AAAGGTGATCGGCATCGATGCCTCCTTCACGCCCGCCCAGACCAAGGCCCAGGTGCTCGAAATCGCG
CAGAACACGGCAAAGCTCGTCGAGCTCGGCAAGGACCTCGTCACTGACGACGTCGTGCTGATCGAGG
ACTACGCCTATCCCGCCTATGGTGTGCCATCGGAGGAGACCAAGGAGGCGATCCGCCTTACCGCGCG
CCTCGAAGGCATGATCACCGACCCCGTCTATGAGGGCAAGTCGATGCAGGGCCTGATCGATCTCGCC
CAGAAGGGCTATTTCGAGGAGGGCGCGAAGATCCTCTACGCCCATCTCGGCGGCGCGCCGGCGCTGA
ACGGATATGCGTATGCGTTCAGGAATGGGTGAGTGAGAGCGTAGCGCTCGCGCGTCATACACTGCTG
TCGTCCCGGGGCGCGACGAAGTCGCGAGCCCGGGACCCATACGCCGCAGCAATCGTTTTGCGAGGAC
3

' ¥
' SN A

wunewn druiifiiundadudi fe acdr; duinduding fe acds wardnuwsidudunwasinduls fe 4

'
oA

andlelnannuindinsidsundasiiandu acdS veaionaiu (wild-type) As funus?l 419 wag 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

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 L]

2. Eminoc acid of SUTNS-Z WT L]

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

TLa

3?0 3E|30
Soecies/Abbrv =0 R
1. Zmino acid of acdS of metsbolice 2.5 and 3.0 strains rifcal rEEEzN: 2= HoEE-
2. 2mino acid of SUTNS-2 WI b | |
3. 2mino acid of Pseudomonas pusida THE vl v 2
4. BEmino acid of H. saturnus crantMEBE=ANE=HvedvEL BB

o i3

nuewe dyanualinandunuansiinivensnesiluiiuasuluves SUTNG-2_ 2.5 uway SUTN9-2 3.0

o

ee ©

a LY

ho)

Ui 3 uanana Alignment vasnsnoziilu vosoulsy ACC deaminase vaidie SUTN9-2

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

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



13

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 Tue SUTN9-2 flgainiswmuimewmadadl 39819

dsabinansiasuluadlassasnavasoulesl ACC deaminase WardINafaA1NaNITIUVD

[

wulesl ACC deaminase TUlumsidzu sgrslsAnumnueaissvosianssuveseouleiuiu
Wousazuin Iaglunsveassinuinde SUTN9-2 25 damuadvsvesfianssuvesioulsd
1NAI1 SUTNG-2 3.0 satlunisiiiudanssuveseulsdluwslsladeuansavilalagnisld

walla metabolic evolution Fudunsusulsaelifiuszavsnmunntulagendonisusud

WarNIAALARNMNS ISR I lAaNldnwurus oauauTRn uAaIn1sinelladun1sin

q

1 o U :.’I = o d’l dl 1 o A U va o 1 1
ABNUINTIU @QU‘U’N&W@JWiﬂUWL?IEWIN’]UHW?W%JU?Wﬁ@UTUUEQﬂmﬁuU@@ﬂﬂﬁTﬂﬂiﬁuﬁﬂWWli

1%

19934 duazilumuwmensiauiigelsludeulifiguauiinfvuseziiluldldessely
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