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Phosphate Solubility and Siderophore Synthesis Properties of Burkholderia caribensis
RE230 Involve in Rice Growth Promoting
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fiudnaenamnanuzd 105 anasaniay wansinnalnaesnisdaasunisiasianinaasivelugaunisazany
‘V\lfamL‘V\Immm?mmﬂsﬂmeaiiw'a?rﬁmmLﬁm%\iﬁ’umimLzﬁumm?tyﬁuimmﬁm edmnsianfuia
289 mutants waziRanifaufusuansiiu wuiusnepaneiiu wasiiddoy Mutant 085 finaneiugluns
avarenedwn § Tn5 transposon dunsniiau ATP phosphoribosyltransferase (hisG) SaRandasiunis
FOLALDITRIE AN feanazenmsuazAaandenii/asuulas EUNNFTIASIEBINNT WITDANIZURS LA

Adany: lslauuaize nsavaaneams nsduamzilameismes neulngey nisnanesiug

Abstract

Mutagenesis of plant growth promoting rhizobacteria (PGPR) of rice, Burkholderia caribensis
RE230 with EZ-Tn5™ <KAN-2>Tnp Transposome™ by electroporation, was investigated. One hundred
and six of Tn5 transposon mutants were screened. Four of each Tn5 transposon mutants, which abolished
phosphate solubility or siderophore synthesis properties, were selected and tested for plant growth
promoting potential on rice (Oryza sativa CV. KDML105) in pot experiment under greenhouse condition.
All of mutants gave lower the growth promoting potential than wild type. These were indicated that
phosphate solubilization and siderophore production involved in plant growth promoting of B. caribensis
RE230. Transposon tagging sites were characterized by sequencing and comparing with the GenBank.
Several genes were identified and mutant 085 which deficient on phosphate solubility was tagged on the
ATP phosphoribosyltransferase (hisG) gene, that involves transcriptional regulation based primarily on

nutrient and environment conditions such as nutrient deficiency and drought condition, was also identified.

Keywords : rhizobacteria, phosphate solubilization, siderophore synthesis, Tn5 transposon, mutation
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AN

Burkholderia caribensis RE 230 wuAfFaunsuay liaviaunss uenisialfainfusausin fiivain
ulasunilgndnananenuzd 105 eagninnin N15740'13"/E103"48'55.3" AUaiainu 811949950 49min
Py = = | A wa ANa A " a a a Iy Y 1 Ao o o
foandn annnisAnsmudndanasimdulsTauuanGe 'vfl,ﬂmLmum@mmLmuimmmﬂmfamquuﬂmmm
Arunsnazargnadim (phosphate solubilization) wazdaaszsilanalsnes (siderophore syntheS|s) fidne
fwwmmmmaﬂslumummﬂfamqmnm M igudaldsusmuanuas ﬂ\ifawaummm‘i@w'auq 1T NDILAY
wazdens@ U lunnsssyinlals (snsol, 2560) elidnladanalnfifiendeaiunsdaasunissny
wulpweasiell AinnsnanaWuii@ie B. caribensis RE230 fngl EZ-Tn5™ <KAN-2>Tnp Transposome ™
v a4 o ealu . . . o .d. .
AnaaNITaNNANERLE NEnNsazaanasim uaznsdaunszianslimelsesflusciunanad visensalainy
nsduAnziuueIMmasel wazAnaAuilaresduiangs newFeumeuiugiudeya GenBank

, r - o - I Rt .

(Hoffman and Jendrisak, 1999) iNassyaiinaastiu uazdinszimnnudanieaena iniinaadesiunaniis
dudTunTasAUInIa NG

ansaluazdgnig
m‘inmﬂﬁ’ué:l,%"aﬁ"w EZ-Tn5™ <KAN-2>Tnp Transposome™
NNTLATEIN competent cells Tae 1438410 Instruction Manual of Gene Pulser XcellTM
Electroporation System (Bio-Rad Laboratories, USA) wazanliladannaas Mack and Titball ( 1996)
711 competent cells Vlvl,m mmnmmsnmmwuﬁmmvuu EZ-Tn5™ <KAN-2>Tnp TransposomeTM
(Epicentre®, illumina® company, USA) mmﬁmi‘wmmﬂmuuvm TngLANAIULRY Transposon neu
kanamycin resistance (Kanr ; KAN-2) LmeﬂmmmmwmmuLummw] {1191 19 bp ‘1/151;1)1 transposase {N
41 (19 bp mosaic end (ME) Tn5 transposase recognition sequences) fil wulsd Tns transposase N 1AL
siavili Transposome (EZ-Tn5 Transposome ™) %mmmvﬁﬂﬂLmaénuu‘llm‘iu‘[snmmLLumﬁﬁﬂImﬂdu anel
ﬂumm B. caribensis RE230 1agl electroporation mmmm Gene Pulser XcellTM Electroporatlon System
m”l,ﬂL@mmmmﬂﬂuumumm Luria-Bertani medium (LB) ‘1/1 LA kanamycin mmmmu 50 ppm ‘umﬂmmu
30 °C fluwnan 3 4 B. caribensis RE230 mutant %L’ﬂ?ﬂ;%ﬂl&@ﬂﬁ’]ﬂ@ﬂ LB VleJ kanamycin RIS
50 ppm 11 mutant 1ﬂﬁ”mLﬁfanmmmuammuuﬁﬁé’mmiﬁifaiﬂ (Figure 1)

~3 days
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Figure 1 EZ-Tn5™ <KAN-2>Tnp Transposome ™ protocol for bacterial gene mutation (Epicentre® ,USA)
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nsagaagauauantnradlsiauuaiiFaaanugnarzlunisdassunisasypulnvasie
nrazanaNaamm nIIageLAae8111s National Botanical Research Institute’s Phosphate Growth
Medium (NBRIP) (Nautiyal, 1999) ﬂm‘%@ﬁ'@mmﬁ 30 °C 11980 5-7 §i S0 3 91 IFaTinzanerlagine
laaziinaslaseauinlatizesuuniize (Nautiyal, 1999) tuiinuaaunnaela (halo size) saulalafizesuwumiBe
Ainsesinadnalilsunsu R Iaen1snanadeuAiLede uLduLAL (Duncan's New Multiple Range Test, DMRT)
nsvan1sdanzflanalsnes nagauu1aIung chrome azurol S (CAS) ﬁm‘%@‘ﬁ'@mmﬁ 30°C iilu
1981 24-48 T3, 41U 391 BFendnlmeelsnes Ranvnsasilasuandin udluddusenialad (Alexander
and Zuberer, 1991) Tuin{a2UAWARN (orange halo size) savialatizeauuaiiFe Inszinadaalisungu
R TAEINNIMI9A8 L AL ALILLIL FULAL (Duncan’s New Multiple Range Test, DMRT)
nmsnagaulszansmwlunisdassunisiasupulnaasngluszaulsaisau

\wieisl B. caribensis RE230 mutant N1z iaesly LB 7 kanamycin AN 50 ppm LAZaI1g
LB dmiu B. caribensis RE230 WT ﬂml,%@%ﬁ'@qmugﬁ 30 °C weAaEAIINLTITAL 200 rpm LTuAN
24 - 48 1. TuNTuREANPZNaTATIAIEATEY 5,000 X g U 4 °C lunan 5 wn ansmagsag
0.85% NaCl §1uau 2 A5 azanudag 0.85% NaCl diupnadaduremadlidAnisganausas 0.3
ﬁﬁq’mm'mﬁlu 600 nm (Mack and Titball, 1996)

WrgNWNAATIE1FUNIMAgeL HanT1aAenI1IReNNEA 105 Aau 50 wan tddnines i
snaulsivian ﬁwiﬂuﬂuﬂ'wﬁﬂmmmﬁmmﬁ wusinau grunnd 57 °C luaan 15 Wi Fanal8lidn an
Shutinelliug g 70% ethanol e 1 177 WAZANIAANE 1% sodium hypochiorite (1aan 10 117 A
vhangegneinnguan 5 Ak (Patten and Glick, 2002) TuandnnilgAuldnusfisinge

ansazaneide B. caribensis RE230 s AL 13 ml adluzanufafifindadng Usiiguingd
ias unan 36 9. uunssnRBAUANLLLAY (negative control) Tdudlu 0.85% NaCl 13 ml antisng
windn aLunsEa s EaTiTu Tuauuiamnzie ﬂu'ﬁ'qmmﬁﬁmlﬂumm 24 3. ATLIUENAUN
PAITINNBNANLNAR é’wiﬂﬂqﬂmau 800g ?ithummi%%@‘tmﬂmiﬁq é’fmiﬂ“ﬁw (autoclave) Tunsznnanwanasn
PUAEUHIBAUENAN 12 3. AIINES 10.5 BH. AU 5 LHAARBNTZAN ATUIU 3 51 91 UHLNN TN AADILLIL
gulanauysal (completely randomized design) Widaatinndunedaniluna 7 u fudsnindulivion
wileRofuLlszanns 1 g, 1Wunan 15 44 (Ng et al., 2012) ANEALEYL 1 wazsIndng auue A
WBeuflantiviinuaazanueatedu 1 warsn deslsunsu R IngnmageLAeaeLLILf LAY
nsATIARAUEY kanamycin resistance (KAN-2)

NNZIREM B. caribensis RE230 mutant Tue1vins LB AiAu kanamycin A:dNW 50 ppm WEas
ﬁ”Lrﬁfmmﬁm genomic DNA fngl PrestoTM Mini gDNA Bacteria kit (Geneaid Biotech Ltd., Taiwan) FinGne
wlalfinamng (restriction enzyme) Pst | (Udau Tns Transposon) waz Ecor | (dauzealasTulaw) 1in
DNA mm"ﬂﬁu?zgw%rﬁw phenol/chloroform (1:1) ANAZNAUALE absolute ethanol AN9AZNAUAEY 70 %
ethanol LaYaTaNE&aEiNgy 1E DNA fiFaud (linear DNA) udeusiaLu DNA 2ana (circular DNA)
sineilalas] T4 DNA ligase (Martin and Mohn, 1999; Fernandes et al. 2001; Rouws et al. 2008) n3iadal
! kanamycin resistance (KAN-2) 284 genomic DNA Laz DNA 2ana Tnainaila PCR fagl primer KAN-2
forward waz KAN-2 reverse fINNA8N152895HARLUET InENANRREL KAN-2 Haunmtlszant 400 fiua (bp)
Lﬁ@ﬁuﬁud%ﬂuimuﬁﬂmaﬁuﬁ:(mutant)
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m'a‘fiLﬂiﬁxﬁﬁﬁﬁumammﬁuﬁgnuwinﬁw EZ-Tn5TM transposome

‘f‘ammxﬁ@"ﬂﬁummmﬁuﬁ@'qgmmiﬂé’w EZ-Tn5TM transposome lagitnATiA inverse polymerase
chain reaction (IPCR) 5am@1wﬁm§ KAN-2 FP-1 forward waz KAN-2 RP-1 reverse 5@Hﬂﬁﬁ?m PCR m1d
38N ENARLLEIN HnaNARTeATa1 PCR fFunin\isgnadag 1a GenepHIowTM Gel/PCR Kit
(Geneaid Biotech Ltd., Taiwan) Inainananuesljisen PCR AzRUUIANINNGN 123 bp

dananan PCR Awasnzarduiua laalduinisannussm First Base Laboratories, Sdn Bhd
(Malaysia) ThénduILaTesEneAEweRlE uminnnadeusiadndaeu Tnalilsunsy Segman 284 DNA Star
software uag tdsunsy Contig Express project 984 Vector NTI software LLﬁ'Jﬁ’ﬁJ'@N”@@"’ﬁUL‘lemgu‘ﬁlvlﬁ
Lﬂ?ﬂﬂLﬁﬂUﬁUﬂ’miﬂgmm GenBank singiTsunss BLASTN (http:/blast.ncbi.nim.nih.gov/Blast.cgi) Lﬁlm‘m_ql
sfinesfiuuardinsziannuiiandesiuanuaansalunisazanaveaa uaznnsfaasziloneslswes
U84 B. caribensis RE230 mutant

Nﬂﬂ']ﬁ"ﬂﬂﬂ’f]\'ﬂlﬂgaqqiﬂi

N5ASAENUFNAEAEAT electroporation

Tpennstng EZ-Tn5™ <KAN-2>Tnp Transposome™ idingiiag B. caribensis RE230 #aeRs
electroporation A= nalnIesEufiifaadasiunsazaanesmnuardanmeilnnalses Andan
B. caribensis RE230 mutant 1§ $11191 106 1naw S84 u9uANn91aInN1sAnEI T84 Fernandes et al. (2001)
LAz Rouws et al. (2008) 1agl Fernandes et al. (2001) ﬁﬂmminmﬂﬁuﬁ’mm Rhodococcus rhodochrous
CW25 Tpain130n8 Tns transposon fing Transposome (Eplcentre Technolog|es) sTULRERAU AnaenTAaL
7% Tns transposon ld#anua 1,500 Taau wuimauwummmawuﬁmmnum’mmmmsmimmi
(auxotrophic mutant) A7U31 20 TAaU ez Rouws et al. (2008) ﬂﬂmmmmmwuﬁ;mum AFemaalulngia
Gluconacetobacter diazotrophicus PAL5 a1ngas IneRgnisineniu wmmﬂﬁ FEATUIU 1 Iﬂ@u‘ﬁlﬁﬂ’]?ﬂ@ﬁﬁ
g ludauaesiiu figA- homologous AINATUIU 31 Im@uwnmmwuﬁ #3PNATIS LI mutant ANNNTANEE
W B. caribensis RE230 NiAN mmummmmwmmﬂu competent cells mﬂmﬂmﬂlmvﬂmqmmm
log phase mmnmam%mmﬂu electrocompetent cell ms@glumqmummmmq 189 log phase
(Dower et al., 1988) Usenauriu B. caribensis Lﬂul,mﬂﬁﬁﬂﬁ@%d extracellular polysaccharide 112110
Asdanaliidilse@nsnnnistnapiduadnguiad danas
nspsaadaLAMENTANsALasHNsasyAulnrasiguadlslau i anananug

nsavaneNedAnIIR@aLA8a1113 NBRIP WU41 B. caribensis RE230 mutants Jusz@ngninlu
nnsazananaanl&dnNngn B. canibensis RE230 WTUAZNLAINNLANANINER Aatinedliiedn fry (P <0.05)
Ha7uau 66 taau tae B. caribensis RE230 mutants ﬁ@mmﬂ@@mlmﬁ@ﬂ‘ﬁ'@m A 4 Taau Tun Taau
Mutant 082 Haunmaela saulaladl 4.3320.29 1w, Iaau Mutant 085 Jaunaasla 4.33£0.29 1u. TAau Mutant
088 Haunmaala 4.3320.29 1. waz TARY Mutant 097 Juunanala 4.17+0.29 NN, (Table 1)

nsdaianzianslanalsnasnsaaeufieaniisudegns CAS TuAnLaTWIA9A4N saulalall
2a9UUATEE WULN B. caribensis RE230 mutants Husv@nsninlunisaiaanslomnelsneslsdesndn
B. caribensis RE230 WT waziipnuuansnaneainaeneiiiaddty Haiua 29 Tnaw InalsTouuafiFanans
fufnRUszangnmlunsa¥eanslameliveeafign a1 4 Tnau Iéun Tnau Mutant 008 Haunaaedda
saulalall 0.80£0.10 1. IAaw Mutant 049 Huw1A29A&N 1.33+0.25 €. TAaw Mutant 066 HUuNAA&N
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0.65+0.56 TN, wazlAau Mutant 076 NUUNANAAN 1.4120.42 3. (Table 1)

Table 1 Burkholderia caribensis RE230 mutants evaluation on phosphate solubility (NBRIP medium) and

siderophore production (CAS medium) properties.

NBRIP medium CAS medium
Clone
Halo size (mm) Orange halo size (cm)
Wild type (RE230) 6.37+0.19 2.11+0.22
Mutant 008 6.33+0.29 0.80+0.10
Mutant 049 6.25+0.25 1.3340.25
Mutant 066 6.00+0.00 0.65+0.56
Mutant 076 6.00£0.00 1.4140.42
Mutant 082 4.33+0.29 2.1020.22
Mutant 085 4.33+0.29 2.26+0.38
Mutant 088 4.33+0.29 1.7840.32
Mutant 097 4.17+0.29 1.91+0.25

The experiment was done with 3 replicates per treatment.

manegavlsz@nsnwlunisaagsunisiasyiaulnaasdng

ARLABN B. caribensis RE230 mutants ﬁﬁﬂizaw%mw‘lumm:mﬂw'ﬂ@LWmﬁ'qﬁ'zgm AU 4 Tnau
#ur Taaw Mutant 082, 085, 088 WA 097 Wax B. caribensis RE230 mutants Aiknnsdainszianslaiaels
wlafiiasfign s1uan 4 Taau téun Tra Mutant 008, 049, 066 uaz 076 1 limagayludaiugaianen
uzA 105 Wudn B, caribensis RE230 mutants 41uau 3 Taaw v ldiiminusesduuasly aendge
AAUANLLILILAN B. caribensis RE230 WT 16uA Mutant 082 (3.35%) Mutant 008 (5.52%) az Mutant 049
(10.69%) waziliinusianessniianas 5 Taaussi Mutant 049 (1.38%) Mutant 088 (3.28%) Mutant 082
(3.97%) Mutant 008 (5.17%) Wag Mutant 066 (10.17%) LLﬁiiaqumwLmnﬁmmmﬁﬁmmmmmu
(Table 2) Tnalaaufivnlinamurainuinuiaesdunasly uazaessndn ﬁﬁﬂdﬁqmmu@mmumn QU
3 TnauAa Mutant 008 waz 049 ﬁﬂﬁiﬂmﬂﬁuﬂumiﬁqLﬂiﬁ:ﬁlﬁﬁlﬂ@‘lﬁﬁ/\lﬂ‘f uaT Mutant 082 ﬁﬂ@wﬁuﬂu
NTazANEWAAWANWLAN B. caribensis RE230 mutants a1191 6 Taau in A uenaassulazluanatan
n1INAgauAae Wild type l6un Mutant 097 (0.06%) Mutant 066 (0.25%) Mutant 085 (0.76%) Mutant
008 (1.23) Mutant 076 (1.91%) wag Mutant 082 (1.92%) 42UAINENIUBIIIN WA B. caribensis RE230
mutants A1 4 Iﬂ@u‘ﬁﬂﬁﬂ’]WﬁJﬂ’]']’ll@\‘i?’m’s%/uﬂ'ﬁ’mﬂﬂ')‘l_lﬁ]ll 15uA Mutant 008 (0.22%) Mutant 049
(0.39%) Mutant 066 (3.16%) uaz Mutant 088 (5.77%) mﬂsimnsiwmmﬁﬁ (Table 3) Tl Mutants 008
uaz 066 MNlAMNLNAA9AY T LAaYI8ITIN mumwmmmu (a2 ‘Emumumiﬂmﬂwuﬁmmimmevu
Tanalsnes wildnwuAnuuanmA1anneadia m@Lu@q@’mma‘mq@m‘lummmmqumﬂme 15 du em@ﬂ
Tum\mmmumumimmLm‘uIm
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Table 2 Effects of Burkholderia caribensis RE230 mutants on shoot and root dry weight of inoculated rice

plants, 15 days after planting.

Shoot dry weight (mg/pot) Root dry weight (mg/pot)
Treatment

MeanzSD % Increase Mean+SD % Increase
Positive control (B. caribensis RE230) 56.73+10.00 a - 38.67+3.14 ab -
Negative control (0.85% NaCl) 48.93+3.19 a -13.75 32.47+3.83 b -16.03
Mutant 008 53.60+15.76 a -5.52 36.67+1.81ab  -5.17
Mutant 049 50.67+6.91 a -10.69 38.13+0.58ab  -1.38
Mutant 066 57.80+8.70 a 1.88 34.73+2.76 ab  -10.17
Mutant 076 62.40+6.16 a 9.99 42.80+1.74 a 10.69
Mutant 082 54.73+12.09 a -3.53 37.13+3.16ab  -3.97
Mutant 085 63.13+5.95 a 11.28 39.13t2.66ab  1.21
Mutant 088 62.40+3.60 a 9.99 37.40+2.46ab  -3.28
Mutant 097 64.40+7.03 a 13.51 38.67t11.23ab 0

Means with the same letter are not significantly different by DMRT (Duncan’s New Multiple Range Test) at P < 0.05

The experiment was done with 3 replications per treatment, 5 plants per replication.

Table 3 Effects of Burkholderia caribensis RE230 mutants on shoot and root length of inoculated rice

plants, 15 days after planting.

Shoot length (cm) Root length (cm)
Treatment

MeanzSD % Increase  MeanzSD % Increase
Positive control (B. caribensis RE230) 36.47+0.96 a - 14.40+£0.51 ab -
Negative control (0.85% NaCl) 34.80+2.28 a -4.56 13.11£1.55 b -8.96
Mutant 008 36.02+0.40 a -1.23 14.37+1.33ab  -0.22
Mutant 049 36.72+0.30 a 0.71 14.34+1.07ab  -0.39
Mutant 066 36.37+2.84 a -0.25 13.95+1.22ab  -3.16
Mutant 076 35.77+2.37 a -1.91 15.56+0.77 a 8.04
Mutant 082 35.76+0.46 a -1.92 14.94+0.43ab  3.74
Mutant 085 36.19+1.64 a -0.76 14.49+0.51ab  0.65
Mutant 088 37.14+1.29 a 1.86 13.57+0.43ab  -5.77
Mutant 097 36.44+2.23 a -0.06 15.63+2.07 a 8.52

Means with the same letter are not significantly different by DMRT (Duncan’s New Multiple Range Test) at P<0.05

The experiment was done with 3 replications per treatment, 5 plants per replication.
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n1sATIARAUEY kanamycin resistance (KAN -2)

nsAsIageLEU KAN-2 Faflufiugnumiuse kanamycin Ui EZ-Tn5TM <KAN-2> transposon ez
gnunsnegilu genomic DNA 2184 B. caribensis RE230 mutants 4112 8 Taaw 1oun Mutant 082 085 088
uaL 097 ﬁﬁlqﬁm?nmﬂﬁuﬁ:‘lumummzmm@aw\Im WAL Mutant 008 049 066 uax 076 ﬁlnmmﬁuiﬂum?
'5\1Lmﬁwwlfm,miiwaﬁ?LL@:ﬁm@lﬁmm?cyLﬁuimaﬁw%mmﬁqnmﬁwﬁuuﬁq 1t genomic DNA fifiagae
ulmslfns1mns Pstl wax EcoRl Lazann DNA fideuiflurenandaeiavlas T4 DNA ligase (DNA 29nau)
FagmAtiA PCR WU9N B. caribensis RE230 mutants ‘1;7\‘1 8 Tnau HEl KAN-2 289 Tn5 transposon AUA
szau 400 Aiua unsnag (Figure 2)

| st Genomic DNA Il Circular DNA --——---------——-- |
008 049 066 076 082 085 088 097 WT 008 049 066 076 082 085 088 097 WT NTC M

5,000 bp
2,000 bp

850 bp

et k¥ e S e we B S e <400 bp
100 bp

Figure 2 PCR amplification of kanamycin resistance (KAN-2) gene (400 bp) of genomic DNA and circular
DNA from eight Tn5 transposon mutants of Burkholderia caribensis RE230 WT: wild type:
NTC: non template control; M: DNA Marker.

008 076 085 049 049 049 049 066 082 082 082 088 088 097 097 M

p——
b1

Lo 610 kb
= &— 3kb

— R € 2kb

o —— —— .o - 1.5 kb
1.2 kb
Lo/ o g 1kb
[ =

9k

- — —by 0.9 kb
- p— 0.7 kb

& 04kb

< 02kb

Figure 3 Inverse polymerase chain reaction (IPCR) products of eight Tn5 transposon mutants of
Burkholderia caribensis RE230 by KAN-2 FP-1 forward and KAN-2 RP-1 reverse primers.
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Table 4 Characteristics of identity of inserted sequences of the mutants.
Inserted
Identity of inserted Accession  Identity
Clone sequence
sequence number (%)
size (bp)
508 ribosomal protein L28 (romB) and L33 (romG), CP013102.1 99
Mutant 008 1,029 L-aspartate oxidase
B. caribensis strain MWAP64 chromosome 1
Guanosine-3',5"-bis (diphosphate) 3'-pyrophosphohydrolase CP013102.1 98
Mutant 049 516
B. caribensis strain MWAP64 chromosome 1
204 30S ribosomal protein S12 and S7 CP013102.1 99
B. caribensis strain MWAP64 chromosome 1
30S ribosomal protein S12 and S7 CP013102.1 99
Mutant 066 794
B. caribensis strain MWAP64 chromosome 1
Formyltransferase CP013102.1 99
Mutant 076 843
B. caribensis strain MWAP64 chromosome 1
O-succinylhomoserine sulfhydrylase CP013103.1 99
Mutant 082 850
B. caribensis strain MWAP64 chromosome 2
204 30S ribosomal protein S12 and S7 CP013102.1 99
B. caribensis strain MWAP64 chromosome 1
ATP phosphoribosyltransferase (hisG) CP013102.1 929
Mutant 085 265
B. caribensis strain MWAP64 chromosome 1
Gamma-glutamyl kinase CP013102.1 100
Mutant 088 50
B. caribensis strain MWAP64 chromosome 1
Gamma-glutamyl kinase CP013102.1 100
Mutant 097 50

B. caribensis strain MWAP64 chromosome 1

MFAATINRIALLLRURIBEUNNUNTNATE EZ-Tn5™ transposon

]RINNITNULN B. caribensis RE230 mutants ¥14 8 Taat ﬁﬂu kanamycin resistance (KAN-2) 1484 Tn5

' . ° a a a v a
transposon LLV]?ﬂ@%GLu genomic DNA 1AL DNA 3NNAaN UNHINHNANAREUAILINAUA inverse polymerase

chain reaction (IPCR) WLANHHANARATN IPCR NHawALlszanns 200-2,500 Aiug (Figure 3) Wavaadingnzi

MWIAALLLEA mmmﬂ?ﬂumaunmmm@umm GenBank faalisinga BLASTn (http:/blast.ncbi.nim.nih.gov/
Blast.cgi) W11 Mutant 085 mLmu\mmsmﬂuﬂu ATP phosphoribosyltransferase (hisG) muﬂumuhum

WINIRINTTUIUNIAUATIEWNTARZETY histidine NWJ’]N'&’Wﬂﬂo_,lsluﬂqﬁ‘ﬂ'g‘i_lﬂNﬂqﬁ‘L’%‘Q_JLWLII[”W@\‘iLL‘]_Iﬂ‘VlLi“F;I

(Piszkiewicz et al., 1979; Lohkamp et al., 2003) Ingifiu hisG Tmanud1AtyAaNITRLALAIIILLATNFEsR
annwpdaNasuwlasianslumas (intracellular) BAZAEUBNTAR (extracellular) ALANANGFUNINNGN

30 52U (Pirrung, 1999) KU 4N12:11AA19971919 Maiasuulasranuiunsa-Ang Tnaenariupunslan
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aaansmdunse gluconic acid @zmwl@@L‘V\Imﬁ@mﬂuﬂ@x‘[mﬁﬁi@mnﬁmLﬁu‘l‘m@ﬁmiﬁ (Bhattacharyya
and Jha, 2012) Ww11 siderophore mutants 1#un Mutant 008 T¥eaanuunilugiu 50S ribosomal protein L28
and L33 wag L-aspartate oxidase ‘ﬁlwﬂu B. caribensis strain MWAP64 ﬁﬁlqﬁmﬁmﬁumaﬁumﬁzﬁ
nicotinic acid WA nicotinamide metabolism ﬁLﬂuTNL@Q@ﬁ'ﬂam&mm (Marinoni et al., 2008) Mutant 049
2 ALANAR PCR 516 @LU@IﬁN@“ﬁWLLuﬂLﬂuau Guanosine-3’,5-bis (diphosphate) 3'-pyrophosphohydrolase
(spoT) wu'li B. caribensis strain MWAP64 Lﬁﬂ'ﬁ@dﬁﬂﬂ’]?ﬁdm‘m:ﬁ ppGpp (guanosine 3'-diphosphate
5-' diphosphate) mu@um?m‘uzmmm'mmquﬂ?{ﬁuuﬂmmmwmmmm? WAZUUNA 794 FLUA 189811 30S
ribosomal protein $12 and S7 wulw B. caribensis strain MWAP64 chromosome TAau Mutant 066 ﬁuﬁlgﬂ
unsnilaunm 794 @:L‘]_IZQ 22481 30S ribosomal protein S12 and S7 wulu B. caribensis strain MWAP64 La%
Taau Mutant 076 Anainliaauezessiuuazly deandngarouaNuLLILaN ﬁuﬁlgmmmﬁmmm 843 ALua
At Formyltransferase wu'lu B. caribensis strain MWAP64 (Table 4)

T linudnfiuaesina Mutant 066 uaz 076 faafiandeslneasaiunalnresnisdanszt
loinalswas uazBurasinaw Mutant 082 "Lsiwum’mLﬁ'm%\ﬁmm\'iﬁmavl,ﬂﬂnmmimL@?mmm?tyLﬁ‘uim
eI BNTELIUNNTAzAaNadINe Taau Mutant 088 LAz 097 HaW1A 50 ALUA 999811 gamma-glutamy
kinase (GK)(Fujita et al., 2003) ﬁﬂﬁz‘q”mﬁuﬁ“l,ﬂuﬁqmfmﬁuﬁummxmu proline UAZAYLIANNIIAUATIEN
proline SemauauasFaaNINATEARN WU A Avm Eudu atislsfmunimanasiifefisuou
L%@‘ﬁ‘n@mﬁuﬂﬂmﬂmﬁ@ﬂﬂumﬁmezﬁmmL%@uimmiﬁﬂmmmﬁﬂumiﬁﬂﬁﬁ@mmuu“ﬁmmzmﬁ
Waawmmnuaznisdunmeflanalswasues B. caribensis RE230

G

m@ﬁﬂﬁnmmﬁuﬁfmmL%mmﬂﬁﬁﬂﬁ@dqm?mmim?‘tyLﬁuimaﬁm Burkholderia caribensis
RE230 ﬁﬁ@m@uﬁﬁmmmmﬂ@mm waznsdansilamalsvias fog szuy EZ-Tn5™ <KAN-2>Tnp
Transposome™ WUL%@ﬁﬂ@ﬂﬂﬁuﬁ: (mutants) ﬁ@@mmuﬂﬁﬁmq atiaa 4 Taau 71 8 1Aaw Lilanagel
WReuifeufudedady wua nalunisgaasunisiasyiiuinsadioanananuzd 105 aaad LAAIII
@mmuﬁﬁmmmﬂmﬂmmmemiéﬁLmﬁ:ﬂeﬂm@‘iiw'ﬂﬂmmmﬁﬁﬂL'ﬁ'mﬁﬁmﬁumimLzﬁumm?n;tﬁuim
89413 NN uiuEuiiiesdeaiunsneuauesseantarmnaeuuaseeemsuas
AATNUAARRN 1T §1 ATP phosphoribosyltransferase (hisG) £ Guanosine-3',5-bis (diphosphate)
3'-pyrophosphohydrolase (spoT) e gamma-glutamy! kinase (proB)

a a
naRngsusenA
a o da’ Vo o Ly | a ¥ e 0 o o o a K
uddsildfunsatuayuangudauiiudasumalulagianmnems dnwmuntngadnm
wazddefnuInemansuazmalulad dinsuAnenITuNIINIANANEI NIENIeAnENENIe uazlAFun
gANLUNIIAY UszinmindginAnmn Uszandl 2558 a1nd1unauAnznIsun1sIau UG
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q9nsad Uueg. 2560. ma‘ﬁmLﬁ@nLmﬁﬁﬁ‘ﬂu‘?‘wmmﬂ%qﬁﬁ@m@uﬁﬁmLﬁ?umﬂfﬁﬁyLﬁuimmﬁ’m WaZNAlNIRINIIALETN.
AnentnusliyanUFgnaediudn (nalulagdaniminems) TonaaneNay SnanefunEaIANans Ngunne.
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