Thesis Title Proteomic Analysis of Acid-Induced Bradyrhizobium japonicum

USDAI110
Author Mr. Napat Puranamaneewiwat
Degree Master of Science (Biotechnology)

Thesis Advisory Committee

Asst. Prof. Dr. Hataichanoke Niamsup Chairperson
Prof. Dr. Shegeyuki Tajima Member
ABSTRACT

Bradyrhizobium japonicum is an agriculturally important microbe due to its
capacity to nitrogen-fixing symbiosis with plant legumes, especially soybean (Glycine
max). In this report, we studied acid-tolerance metabolism of B. japonicum USDA110
using proteome analysis. From studying growth curves and pH curves of B. japonicum
USDA110 at various pHs in HM medium, the bacteria could grow at pH 6.8, 6, 5.5, 5
and 4.7. During the growth, decreased pHs of medium were detected. However,
negligible growth rate was observed at pH 4.5. It can be concluded that the B.
Jjaponicum USDA110 was able to grow in mild acid condition (pH 4.7).

Two-dimensional electrophoresis gel image analysis revealed 568 and 628
protein spots of cells grown at pH 4.7 and pH 6.8, respectively. Only 84 protein spots

were further identified by Matrix-assisted desorption ionization time-of-flight mass
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spectrometry (MALDI-TOF MS). The annotated proteins were assigned to four
different classes: (i) proteins produced only in pH 4.7 condition (15 proteins such as
D-alanine aminotransferase, 2-haloalkanoic acid dehalogenase and periplasmic
mannitol-binding protein); (ii) proteins produced under both conditions but strongly
induced in pH 4.7 (27 protein spots such as triosephosphate isomerase, UTP-glucose-
1-phosphate uridylyltransferase and glyceraldehyde 3-phosphate dehydrogenase); (iii)
proteins down-regulated during growth in pH 4.7 (25 proteins such as GroEL, acyl-
CoA dehydrogenase and ATP synthase beta chain), and (iv) proteins specific to only in
pH 6.8 (17 proteins such as ATP-dependent protease ATP-binding subunit, N-
utilization substance protein A and 2-isopropylmalate synthase).

The identified proteins were classified to 4 categories using COG database:
category I: the protein of cellular metabolism such as carbohydrate transport and
metabolism group, amino acid transport and metabolism group, lipid transport and
metabolism group, etc. For category II, the proteins of this category is cellular
processes and signaling proteins such as signal transduction mechanisms group, cell
wall/membrane biogenesis group, cell mobility group. The information processing
proteins were classified to category III such as transcription group and translation. The
last category is a group of proteins which was poorly characterized including
dehydrogenase, Glyoxalase 11, and 2-haloalkanoic acid dehalogenase, etc.

The acid tolerance property of B. japonicum USDA110 was related to a wide
range of bacterial metabolic pathway including bacterial transport system (blr2269,
bll5782, and blr3208, etc.), P-oxidation of fatty acid (blr0573 and blrl1158),
posttranslational modification (bIr5308, blr5626, and blr5626), glycolytic pathway
(bl11523), and ATP synthesis (bl10440 and blr1378, etc.).

The data of the differential protein expression can be used for preparation of
mutants in order to further characterize their functions in the acid response of B.

japonicum USDA110.



y a a d a d a a . N . .
¥or30aINeNNus MsAATILHNe1U5A lelinves Bradyrhizobium japonicum

USDA110 igniiieniaensa
= v J Ao d
il WeUANS 1sanid i

=Y a (%) a S
Sayan I ansurIl g (na 1y 1aganin)

A= a a J
ﬂﬂ!%ﬂﬁiﬁlﬂ1§ﬂﬂiﬂ‘tﬂ?ﬂﬂ1u‘wuﬁ

WAL A, UNMIYUN (HOUNTNE 1J5£51UNTTUNT
f. A7, FYN NIV NITUN3
w \]
UNAALD

'
= o v 1

. . ¢ . | a A A 9
Bradyrhizobium japonicum 11uaun3 dNNANNEIAY06 19NN NANEATNITY

g

iosdeanuaninlumsnielulasnuldnuiwasznand Taemwzlunuwaes (Glycine
dy = = Y] 9
max) Tus1wuiise AN UNIINUAN1IZMINUNTAVDY B. japonicum USDA110 Tagld

minszinaldsalen viamsAnwinsimsnsay@uls vag aswlmiiey vedls B.

[

Jjaponicum USDA110 nuaiGeamnsoniy@ula lan fier 6.8, 6, 5.5, 5 nazd.7 Tavh Wi
dy 1 a a ] 1 ] < ~ dy
D% VD0 MITRBIZANANTENINMIRT YA Tnaina1n 9d19 lsnam anngiier 4.5 150

v
uuafisel luamnsonsayauleld a51'1401 B. japonicum USDA110 ansoniaayla
{ o !
laluanngiilunsavou

a 4 a aa an v
MIAATIZTHNINVDUADLAANTONDTTAUVVADINA  WUIUTIEINTONY ﬁ;ﬂiﬂiau

I

U 568 tay 628 90 dmTuraaNIYyly Wew 4.7 ag 6.8 MUY uaies 84 yaN

gnis¥ae 11 Tae Matrix-assisted desorption ionization time-of-flight mass spectrometry



viii

(MALDI-TOF MS) 3mgiautsllsauiiiinsziosniiu 4 s1wnnfiuandredude (1)
Tﬂﬁauﬁgﬂwﬁﬂﬁuiuamazﬁm% 47 wintu @wudiss 15 § @y D-alanine
aminotransferase, 2-haloalkanoic acid dehalogenase tta¢ periplasmic mannitol-binding
protein Wudu) (2) Tﬂiauﬁgﬂwﬁﬁma“l,s?l“nzmmﬁmamLsigﬂmﬁmﬁmmﬂdmﬁm% 4.7
(muTdsaudmau 25 @1 U triosephosphate isomerase, UTP-glucose-1-phosphate
uridylyltransferase ttag glyceraldehyde 3-phosphate dehydrogenase Fudu) (3) Tsdu
ﬁﬁ1J'§3Jmsﬁaﬂaaizwdwﬁé@m?miuﬁmw e 4.7 (wuldsausuiu 25 §9 1wy GroEL,
acyl-CoA dehydrogenase ttag ATP synthase beta chain Audn) way (4)Iﬂi§u‘ﬁwu
mwizluanng Moy 6.8 (wuldsaudwiu 17 @2 1wy ATP-dependent protease ATP-

binding subunit, N-utilization substance protein A 1ag 2-isopropylmalate synthase

Fudu)

a '8 v o o 1 {
TilsAungnimsizrudrzgnimilu 4 San Tasldgmdeya COG Tdun wani 1

£ = aR g J 1 aR o J
“]NHJHTﬂi@]umﬂﬂ!ﬂﬁ’]ﬂﬂacﬁulcﬁaa YU ﬂquﬂ’liﬂluﬁﬁllﬁglﬂﬁTlJ'ﬂﬁc]ﬁJ"U@\iﬂ'liT‘le,alﬂiﬁ, IGEY
' aR a 1 1 ak % < 9
ﬂ’l'ﬁ"UuT;’NLm%!ﬂ@nﬂ@ﬂcﬁﬂﬂl@\‘]ﬂiﬂﬂ$uiu, ﬂ’qum‘iﬁuumuaxmmuaamumm‘lmam 1Wuau
o [ A =S dyd A A a [ Y o 4 1
TINTUNINN 2 IﬂﬁGIUW'Jﬂuﬂ@ I‘]Jﬁ@]uﬂlﬂﬂ?ﬂ‘ﬂﬂigfﬂﬂuﬂ'ﬁllﬁgﬂ1§1ﬁ U1 vodLlsan 1y

! @ v o ' ) ) % § g9 % ! 4 .
ﬂquﬂahlﬂ illuilﬁil\l‘l/li'luﬂﬂﬂfu, ﬂqumiﬁiwwmmammm%nm%aa, ﬂq@JﬂTi!ﬂﬁ@uﬁﬂl@ﬂ

S & Y A AaA o Y o Y A ' 1 o
g8 Lﬂu@lu Iﬂi@]u‘ﬂLﬂ&l’Jﬂ‘Uﬂig‘U’JUﬂTTﬂN"Uﬂuﬁﬁgﬂﬁ]ﬂul'lsluW’Jﬂﬂ 3 1Y ﬂ@lﬁJﬂTﬁﬂﬂﬂiﬂﬁ'

WugNIsy  uazmslasianugnisy ‘waﬂqﬂ1/91'1fdeuiﬂiﬁuﬁuﬁyﬁﬂymﬂﬂ%’mw 1
dehydrogenase, Glyoxalase II tta¢ 2-haloalkanoic acid dehalogenase Wudu
Auauiianuninues B. japonicum USDA110 fianuduiusiuitmuuaiueady
youANGeaedIn  saudeszuumsvuadslumaduuanGe  (blr2269, blIS782  uaz
b1r3208 1Wludu), waresndaguveansa lvify (bir0573 uag blrl158), msaauasluana
menasmsuasianugnisy (blr5308, blr5626 uaz blr5626), 30 Inalalaga (bll1523),

[ 4 [ I~
uaxmﬁmmwwwawmiugﬂ ATP (bl10440 e blr1378 Lﬂus?fu)

9 A A 1 Y] o 9 = 491 Y] 4 A

suayammmmﬁmiﬂmummﬂﬁNﬂummiam"lﬂ”lﬂummsﬂm%aﬂmﬂwu‘h; WD

1 lumsAnpimiivesTusaulumsaeuausssonsaues B. japonicum USDA110 s 'l



