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ABSTRACT: Xanthomonas citri subsp. citri (XCC) is the causative agent of the citrus canker,
one of the most devastating diseases of citrus wordwide. It decreases the production and
quality of citrus fruits and can spread rapidly. The American basil (Ocimum americanum L.) oil
was found to inhibit growth of XCC. In this study, the inhibitory mechanism of basil oil against
XCC was investigated. The proteomics analysis of XCC which grown in the presence of basil oil
at the level of the sub—minimum inhibitory concentration (sub—MIC; 125 ug/ml) was performed.
Total proteins isolated from treated Xanthomonas citri subsp. citri were separated by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS—PAGE), tryptic in—gel digestion and
identified by LC—MS (GeLC—MS). GeLC—MS analysis identified 8,551 proteins which are signifi-
cantly differential expression, 172 of which were expressed in accordance with survival of XCC.
Analysis based on STITCH database, 28 out of 172 proteins were involved in bacterial response
to antibiotics. Seventeen proteins were predicted to associate with streptomycin treatment via
histidine metabolism, shikimate pathway and tRNA synthesis.
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Foade X. citri subsp. citri (XCC) uu
91m15uds NA vuflgunafl 30°C 1uiaan
24 alus yavfulelafidernientsuivanuty
voudeseewnaivan N8 Tildeautu (0.0.)
fiauenanau 600 nm Wwinfu 0.05 maufutisiy
mmwmmmaﬂmmmmmu 125 pg/ml szmlsdu
5%AU sub—MIC maamuuwamumsLLmaﬂmaLsua
XCC (Tuangrithaiwanich, 2016) Ummqmmu
30°C wionweiinuisaseu 200 rpm Wuan
15 wifl, 3 $alus way 6 Falus warldiwaddilale
ﬂuﬁuﬁflﬁummsmaLLmé’ﬂLﬁuﬂsiﬁ%mmu
dleasusmuananisegruniusiswnsnoui
5,000 rpm Hulaan 10 w17 d1angneuaaae
dhnduusirnndeuasiiumismnnznousnads
Branafinlusiuimunanwaduuadielnesiily
waduanaglulpsauman Yanavanendunay
dudsannnzneudl 10,000 rpm gaumgil 4°C
Wunan 10 i dhawlausnngnaulusiumie
10 % trichloroacetic acid 1uu’lLL‘UdLUuL’Ja’I
30 Wi wdnhludusnazneuil 10,000 rpm
gamadl 4°C WWunan 30 wifl azarenzneume
@19agay acetone ﬁﬁ dithiothreitol 0.1 %
(Gahlaut and Dabur, 2013)
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TUsunsu STITCH (Search Tool for Interactions
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(Howe et al.,
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Figure 1 The differential expressed proteins of Xanthomonas citri subsp. citri after treatment with
American basil oil (Ocimum americanum L.) at sub—MIC level (125 pg/ml) were analyzed
according to their (A) biological process, (B) cellular component, (C) molecular function.
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Figure 1 The differential expressed proteins of Xanthomonas citri subsp. citri after treatment with

American basil oil (Ocimum americanum L.) at sub—MIC level (125 pg/ml) were analyzed

according to their (A) biological process, (B) cellular component, (C) molecular function.

Lﬁa‘imeﬁmmamaaﬂéﬁaaﬂa‘l‘,ﬂiﬁuﬁié’
prelUsunsy MeV wundlusiudnuu 172 wia
HUSUIULEPIDDNADAAR DIAUNITHTINTOAVDY
FeuvaiiSendinnldsuifunoussimeusdn
nan1sAsIzEnfivedlusiu 172 wia e
lUsunsu STRAP aunsauusngulusiulaniy
biological process protein, cellular component
protein ez molecular function (Figure 1)

nguvealusiuditisadestu biological
process Saanunsaudaoantaidu 5 nau leun nau
Wsfunihil cellular process Amdu 65% wu
putative transcriptional regulator xerD,
ngulusuming regulation Aty 13% 13y
glutaredoxin histidine kinase, ﬂﬁjﬂﬂiaumﬁﬂﬁ
localization Andu 10 % Lau protein translocase
subunit SecD Wag inner membrane subunit,
ﬂﬁjﬂiﬂiau%ﬁﬂﬁ metabolic process Anlu 5 %
191 Dyp-type peroxidase family, thiamine ABC
transporter wagnaulusAuiiufduiustuad
warAslidindu Aeudu 5% LU invasion protein
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InvA, uncharacterized protein LLaziﬂiauguﬂ
AnLu 2 % 1w SufD domain protein (Figure 1A)

ﬂaq'ﬂ‘d‘iaumm cellular component U4
oonilu 4 ngu Ao ngulusAudu 9 Andu 6%
\Wu Hep Hag superfamily protein (Fragment),
putative exported protein ﬂ?jﬂ‘diauiu
cytoplasm el 17% Ly protein maf GTP
cyclohydrolase 1 ﬂﬁjﬂ‘diauiu plasma
membrane ALl 13% L invasion protein
InvA LLazﬂq'mIUiauﬁL{]u macromolecular
complex ALl 4% 1@ fumarate hydratase
class | (Figure 1B)

nqulusAumiy molecular function
anunsoudadu 6 ngu leun ngulusfuds
catalytic activity Ay 529% Ly nickel import
ATP-binding protein NIikE e shikimate kinase
nqulusfiu binding Andu 37% 9w histidine
kinase ag pyridoxal phosphate-dependent
enzyme ngulusiudu Amdu 7% 19y
glutaredoxin Wag protein translocase subunit



SecD, naulusfiu antioxidant activity Anidu
2 % LU heterocyclic compound binding, ngu
1Ushu molecular transducer activity Andu
1 % waz naulUsA structural molecule activity
Aot 1% (Figure 1C)

2. Ufduwusszuarelusiuveaide
Xanthomonas citri subsp. citri ielgFutinsiu
NOUTLALNIAN

HANTIATIERNTT wazydaveslusiiu i
fnsuamseonidsuwdadly elssuitunes
sEwgluean lasSeuiisudugiudeyanie
TUsunsy STRAP nudilusiufinsiunidai
$1uru 82 wila et lUAlesesife fauiusd
Feuleetunisnevauswaswaduuafiieseans
U¥ugaelusunsy STITCH 4.0 lagnuing
TUsfudiuau 28 wiinfidsedunisuaniasn
Wasuwladluluwaduuaildondsdudaiuans
Uity waedlsAuiduiusiunisnouaussse
an5UfTug streptomycin vieau 17 ¥ (Figure 2)
1AgdNIINTEAUN UL UBATY (metabolism)
vosnsnoziily histidine fnaiexlossionds his
protein (histidinol dehydrogenase) laun
XAC1830
aminotransferase), hisB (histidinol phosphatase),
hisl (bifunctional phosphoribosyl-AMP
cyclohydrolase/phosphoribosyl-ATP

(histidinol-phosphate

pyrophosphatase protein) wag XAC0452
protein (d-hydroxyphenylpyruvate
dioxygenase) wonanitonuin TUsay aroA
(3-phosphoshikimate 1-carboxyvinyl
transferase) aroK (shikimate kinase) wag xerD
(site-specific tyrosine recombinase XerD) R
Wuds ddiiAnnisdawazduiueasluiana
recombining DNA molecules wazdanumion
Tossgur13lUsAY truD protein (tRNA

pseudouridine synthase D) wag XAC0244
(pseudouridylate synthase) Fthiineuauedly
N38UIUNIT pseudouridine synthase a1n
uracil-13 @slug tRNAs (Figure 2)
wamsmmaa&agﬂié’d’]ﬁ’lﬁummzLmJ
wuedn fwadudinisiedyvecuuaiiie
Xanthomonas citri subsp. citri menalnAauaas
Auasu)yiue streptomycin HIULUKNUBETY
Yaansnagdlu histidine (Barbosa et al., 2002)
Fudunseeziludndurenisadguesunaiise
ua shikimate pathway Tun15daAs1%9% aromatic
compounds ¥iA#19 ¢ LU phenylalanine,
tyrosine, indole, wag flavanoids danavinlimin
nsudanisieuaes ribosome (Lafontaine
and Tollervey, 2001) iauﬁaﬂizéjumsﬁwmmaq
TUsfu RacA FavilsiAin oxidative stress response
wazyilmgaduuafiisaIinA1uAsen (Bandow
et al., 2003) wenanisatnaselusiu aro @9
Aendeatunalnnsadiansnesiiluelsunfingad
AMNAIAYRDNTITINVDILUATISEAY (Matthijs
et al., 2004)
dhifueuszmedanseangrisnistaninly
mié’hm%aﬁga%wLLasaWNWiaaaﬂqméLLUUﬂfwﬂ
(broad spectrum) (Al-Abbasy et al., 2015)
lagflosrUsenauneansdify 2 nqu Ao
wodu (terpenes) wazdalwsniusua
(phenylpropanoids) @13ngunaTuaILTAkUS
Junquees laun luluwedu (monoterpenes)
Wi limonene, citral, geraniol, linalool, camphor
waziaamdimelu (sesquiterpenes) 1¥'u
[B-bisabolene, B-caryophyllene, fennel Hudu
nauiilalnsnuesd 1ea eugenol wag anethole
Feflsreuinfinuandilunisdndodenaln
sumuderiuead wagilsenuia free fatty acids
(FFAs) flanansadudadonuniidels Tnesuniu
nsadesdianaseu UAseealnsiatu uas
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nsadrandsenlueed vievaeiBeduisad  2010) MemedFuiuduiifenlunisieras
yligaduan maeaaunisdudinisiinuees  dsunenssmenldaauaumaaiyvesuuaiiGe
ulsiuaznisivansons SadulfiSendidy  diludunisunms mainues waznisfuinw
wuund1ldianisianzas (broad spectrum  auenewns lnsanizegsdadelifonis wied
activity) Imnuuasnsiegs (Desbois and Smith,  nsvunisidansujduglunsnivaunuaiise

lig2

yagT

XAC1800

ompP6

tolB .
XAC0244
.ﬁ%

ssuBL polA

folE

XAC1074 lexAl

malQ

XAC0452

streptomycin
[ e ‘

grxC

Figure 2 STITCH 4.0 prodicted the relationship between antibiotics and protein obtained from

proteomics analysis including aroA (3—phosphoshikimate 1-carboxyvinyl transferase), aroB
(3-dehydroquinate synthase), aroE (shikimate 5-dehydrogenase), aroK (shikimate kinase),
folE (GTP cyclohydrolase 1), hisB (histidinol phosphatase), hisD (histidinol dehydro—genase),
hisG (ATP phosphoribosyltrans ferase), hisH (imidazole glycerol phosphate synthase subunit
HisH), hisl (bifunctional phosphoribosyl-AMP cyclohydrolase), hmgA (homogentisate 1,2—
dioxygenase), lig2 (ATP—dependent DNA ligase), polA (DNA polymerase 1), sseA (thiosulfate
sulfurtransferase), tolB (translocation protein), truD (tRNA pseudouridine synthase), XAC0452
(d—hydroxyphenylpyruvate dioxygenase), XAC1830 (histidinol-phosphate aminotransferase),
xerD (site—specific tyrosine recombinase), and proteins not found a relationship between
protein including grxC (glutaredoxin), lexAl (LexA repressor), malQ (4—0L—glucanotransferase),
ompP6 (outer membrane protein), ssuB1 (ABC transporter ATP—binding protein), XAC1074
(sensor histidine kinase), XAC1800 (phosphatidylglycerophosphatase B-related protein),
XAC0244 (pseudouridylate synthase), yagT (putative xanthine dehydrogenase iron—sulfur—
binding subunit)
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slewde X citri subsp. citri lsurisiumen
SNBUNENTITEAU sub-MIC (125 pg/ml) wud
WsAiuswau 17 sdafimilousumsnevaussse
a13U)Tue streptomycin YBWUATITE KUV
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streptomycin dneg
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