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Studies of an alcA Gene Involved in Alcaligin Siderophore Biosynthesis in Bordetella bronchiseptica.
Hwang, Ho Soon, Young Hee Kim, Sam Woong Kim, Jong Earn Yu, Ah Young Yoo, Ho Young Kang

and Tae Ho Lee*.

Division of Biological Sciences, College of Natural Sciences, Pusan National University,

Busan 609-735, Korea. — Bordetella bronchiseptica, the agent of swine atrophic rhinitis and kennel cough
in dogs, is a mucosal pathogen and produces the hydroxamate type alcaligin siderophore under
iron-limited conditions. Genes involved in alcaligin siderophore biosynthesis are contained in an
alcABCDE operon. In order to provide direct evidence for the role of AlcA in alcaligin biosynthesis,
we needed a B. bronchiseptica mutant carrying alcA gene deletion. A 0.6 kb alcA 5'-flanking and 0.7
kb 3'-flanking DNA fragments were PCR amplified with the use of pCP1.11 as a template DNA. The
5-and 3-flanking DNA fragments were joined in a suicide plasmid, resulting in a recombinant suicide
plasmid pDM1. After introduction of pDM1 into B. bronchiseptica by conjugation, the allelic exchange
technique was performed and a B. bronchiseptica alcA deletion mutant, named B. bronchiseptica H1, was
obtained. The mutant strain produced reduced amount of siderophore as expected. When a plasmid
containing complete alcA gene was transformed back into the mutant, the complemented mutant re-
covered ability of siderophore production. These results indicated that AlcA is one of essential compo-
nents for the alcaligin siderophore biosynthesis. The mutant strains obtained in this study will be used
in the further studies for the biochemical function of AlcA.

Key words — Bordetella bronchiseptica, alcaligin, siderphore, alcA

M B

Bordetella 49 Mo & AlES T3
718 W& dodle HYA A i
A7 A Wigs
Bordetella bronchisepticas %
Aete AWE fEsioil

B. pertussis®} B. bronchisepticn’s 38719 AYA FH

tella pertussisc

29 YoIAY BHE B e 2H0E Rol4A
% B4S AT o BATO 4L olFA FE

%
o 8450 #Asted 12 %011*1 H(iron)o] F2E
82002 AR FE TE HTAM B4 UL E 2
AZ WolXe dudo] 233 g2 &
Astez HYAd Ado] 5T ¢ e AFEZE Hfree
iron)& AgA ot wata AP HFEe] ZEE olFE
gl glojA] AgE 20N HE o8 § A AAUES
VEA7IE Ao] B otH13]. B3 He AFEA 54
AAZA ] J¥E $Hr}4,589,16].

AFe dirder IS 537 4 F X9 A=
£ o] g8tk 1 & s ironchelating soluble siderophore

ol
rir
K}
(2
T %
H
N

*Corresponding author
Tel : +82-51-510-2267, Fax : +82-51-514-1778
E-mail : leeth@pusan.ac.kr

Z Hol| i3 52 A4S o] &3te Wyol1[12], 2
e £F gld=z “E1 HETEHAY & transferrino] vt
lactoferrin®} 2& &3 F&A42 F3) 2gzoz L g
=3l 7,4\<?']E}[2,10,11,17]. B. pertussis$}t B. bronchiseptica®=
putrescine2 ATA 2 3}¢][8] alcaligin®] g} hydroxamate
el el siderophore® AJ4rsl=d macrocyclic dihydrox-
amate siderophore alcaligin®] EA}7z91 1,8(s),11,8(s)-te-
trahydroxy-1,6,11,16-tetraazacycloeicosane-2,5,12,15-tetrone
(molecular formula, CisH2sN4Os; molecular weight, 404)2.
2 S =AY oH13,14](Fig. 1).

Alcaligin®] A gAoll< alcA, aleB, alcC, aleD, alcE S+ AR}
Eo] #odstn, o] FAA Eﬂf'ﬂ- Alc-LacZ fusion pro-
teins A7 A o] ale FAREL alcA FHALY] A5 105 bp
BEd 94Xt Y= dc promoterA Z%g HE operon
2 olgolA Jde Ao w3 H 6] Bordetellad) X A E
+ alcaligin R34 2 2= ornithine decarboxylased] &4
o 2Ja]A putrescineo] A4S 1[8], 9517 putrescine©]
succinate9} ¥H-3-3}4] succinyl-hydroxy-putrescinee] A A &
v AL® FAHE g1 glon, o] vhg-2 alcAV} codingdle
AlcA9] olpxst MEE vgoz {FEHE oxygenased]
99 93 FujEE AoE Az Qitt o]Y ¢ al-
caligine siderophore®] A¢}4 #Z& o] SHAA FHL
g5 A4 AHHoz FHE v 7]
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Fig. 1. A brief scheme of initial biosynthetic pathway for
Bordetella alcaligin. Putrescine is made up of ornithine
decarboxylase from precursor ornithine. Alcaligin is
synthesized by unknown mechanism from putrescine
and succinic acid.

B dpdMe alcA §AR7L B. bronchisepticad) alcaligin
o] QA g &S steA Lolr7] A3 alcA 4
A5 A&AZ B. bronchiseptica®) EQWo|FE P& F
complementation A ¥ 2 2 alcaligin siderophore A §4] ofl
deA %79 AAHY Bolg FYAYT Yoz A2
ABeY Q72 AY AARE FRAA

ME 2 ey

NERF, EotAni=t tIYEA

Ago] A}&3 F329) EejAn| = Table 19 YR Yok
Escherichin colig-e Ze}2n] =0 282 913 donorZ A}
L=tk B. bronchiseptica®] NA ] FE A3 Luria-Bertani

Table 1. Bacterial strains and plasmids used in this study
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(LB RS ALEEHT 37CHA 26412 WFagic. DA
ke LB wjAle] 1.5% (w/v) agars Ffrdhe Hoe] A oA
335t B. bronchiseptica2] k48 9} alcaligin siderphore
AR A g golsty] Ysjae Chrome Azurol S (CAS)
Bl A2 ALESHTh AHEE CASH|A|E= Stainer-Scholte (SS)
basal medium (sodium glutamate 10.72 g, L-proline 0.24 g,
NaCl 250 g, KH2PO, 050 g, KCl 0.20 g, MgCl,-6H;O 0.10
g, CaCl, 0.02 g, Tris 1.52 g /1000 ml H:0)9} SS vita-
mins(1008] &2 stock: L-cystine 04 g, FeSOy4r 7H,O 01 g,
ascorbic acid 0.2 g, nicotinamide 0.04 g, glutathione 1.00 g
/100 ml H0)& #7hg MAZA 4G AEXHL 49 @
TAAM o] &8 WEE A3 THE] CAS WA ¢ AHH=
EE 2A7|FEL 4 M HSO2 A3 g & F 34 FHRTFE
AHE st d RS AAS AT

Allelic exchange el 9§ Q| FE 7537 4
8| A 5% sucrose7t H7}E LB agar WA E A&, AF
o] dAld wet HelH o2 ampicillin (Ap), tetracycline
(Tet), diaminopimelic acid (DAP)-& Z+z} 100 pg/ml, 15 ug
/ml, 100 pg/ml¥ wj Ao Hrhete] AHEHAT

O

4

Saixt x5

A2 Z&Z-& Sambrook ef al.o] ¥WH[15]0.2 AAER
th E coliz2 9] 32 A& calcium chloride WY =+ elec-
troporation®] .2 A A3} Nucleotide sequencing
ABI 373 automatic sequencer {PE Applied Biosystems)dl] 2]
3 AA =T

B. bronchisepticad] G DNAE templateZ 3 Accu-
Power HL PCR premix (Bioneer) 20 plol] d7}5te] PCR&

Bacteria or plasmid Characteristics Referencs of sources

Bacteria

Bordetella bronchiseptica wild-type Lab stock

Bordetella bronchiseptica H1 alcaligin siderphore biosynthetic mutant This study

E.coli DH5a transformation host for cloning vector Lab stock

Eicoli x7213 E.coli DH5a delivative(Aasd),DAP required Lab stock
Plasmid

pGEM-T Easy vector for cloning of PCR products Promega

pRK415 cloning vector, blue/white screening, Lab stock

RKori {broad-host range},TetR

pCPL.11 Tet® , alc operon in pCP13 cosmid vector Lab stock

pDMS197 suicide vector, requird DAP, Tet® Lab stock

pHS1 pGEM-T Easy with Al; Ap" This study

pHS2 pGEM-T Easy with A1:A3 ; (AA2) Ap" This study

pDM1 pDMS197 with A1:A3 ; (AA2) DAP, Tet® This study

pCalcA pRK415 with alcA’ ; Tet® This study

SRS . R . .
*ApR, ampicillin resistance; Tet", tetracycline resistance
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33ttt PCRE Applied Biosystems (Gene Amp PCR
System 2700)2 A}&-31911, PCR 24L& 95CoA 587t
pre-denaturationA] 71 % denaturation& 95T A 1%, an-
nealing& 55T el A} 1&, extension& 72T oA 1222 30
cycled #3331 v}A 9} chain extensiong $3) 72Col A 7
w7 9hgatgn. @01z PCR 452 TAE (40 mM Tris
acetate, 1 mM EDTA, pH 8.0) bufferg A}-£-3F 0.8% agarose
gel 44 271952 F4 Helsach PCRo) A3 oli
gonucleotide primers= Bioneer Co. (Cheongwon, Korea)d]
A 5 AFsIE 1, A oligonucleotide5 9] 714 E-&
Table 29 Yehi R

pHS13} pHS29| &

Alcaligin A g4 o) &8l alc operong i3t e
pCPL.11 &2} v[= DNAZ template2 3§} alcA H-49
Zt% DNAE F3ZA717) st 2t 9] 5ol F<l pri-
mer(Table 25 23k |

acA A& EAHFE FT2357] 9ste pCPLI1 Zeka
tj= DNAE template2 3}o] primer sF9} aRE o] &-3]A
alcA9] 5'-flanking DNA fragment& PCRYO.E S EZ35HT
oA AHE-& pGEM-T easy vector (Promega, USA)oll sub-
cloningdti ©]& pHSlolz} BRIt FU Wyo=
pCPL11 Z&tAu|= DNAE templateZ &4 primer s1FS}
alRZ o] &3)A alcA9] 3'-flanking DNA fragmentE PCRY 2.
g ZFE3le dojA AEE pGEM-T easy vector (Promega,
USA)ell subcloning@ 3 xﬂﬂ;&* BamHIZ SaclZ A a)shad
?0}7 3-flanking DNAE T4 AFEAZ Held pHSL
£} =9 cloningd}o] “E}*ul pHS2E %30

M=g E2A0|E pDM1Y 75
Allelic exchange 3ol 93 alcA §HA} A& B0
TFE 47] 9138 suicide vector?] pDMS197 plasmid &

Table 2. Nucleotide sequences of the primers used in this study

Ab£-3}] recombinant suicide vector plasmid pDM1-S 13
stk Ajgast Kpnld Sacle 2 A= pDMS197 DNA
vectord] pHS2E Kpnl/Sacle.2 HEste dojz 5- &
3'-flanking & Eﬂé‘}% DNA fragment& ligationgt & E.
coli x 72130.2 A A33lo recombinant suicide vector
pDM1& #5383ttt

Allelic exchange®f| 28t alcaligin siderophore2 M
gtMote REXL &3 E"d"-“OIX'II Mgt
pDM1E& X &sl= E coli x72130.2R¥ F4749 B
bronchisepticaZ. 23 3+ol} 23] suicide plasmid& =317 9
3 ohS3 Zo] AAE AT €3 FE7E o83t 660
nmo| A 3% 08~1.0 A =74 wjest & donor:recipient
£ 419 ¥ & 3o 12,000 rpm, 4T, 557 443 &
pelletg& Ak FolA pellet2 LB broth 1 mlel] £43] re-
suspension A7) %, 12,000 rpm, 4°C 5871 AARZ 3o
pelletS ¥ #3& 33 wEs & 7472+9] pellet LB
broth 30 ulo] =< donor$} rec1p1ent-E~ 2+ 583l DAPS:
st LB 1A wfxo] HEE & 37T g0 A 184
7t wj okslod matmgo}ﬁit} Single crossover7} o] Fojx &
Awo] FFE tetracyclined 73k LB A Ao A A
eufokaled 5% sucrose} A7FE LB 1A 3 Huf zloff 100 ul
HE ST F 37T MPsI0N 1847 Wepstel 4usy
t}. Counter-selectiong $13] 5% sucroseE &&= LB
A B Al X 9} tetracyclineS 3Hf-3le LB a4 3 Fhuf &) o]l A
replica method 2 #-% toothpicking3d}e] 5% sucroseE &
e oA M FF-E o] F 1 tetracycline Bl A A&
A&3A] ¥ colonyE MEegY. AEE 79 F4A
DNAE %34 alcA mutant identification primer(Table
)5S AHEdtd PCR %& AAsHch tizFe= B
bronchiseptica oFAJ 8-S E Y3 primerES A1-8-3l¢] DNAS]
A71E MR T A alcA FHAS] BEARE RIS AT

Characteristics

Primer Sequence (5'—3)

alcA mutant primer

primer sF GGGGGTACCAGATTGCCCAGGGCCATGACC
primer aR GGGGGATCCGATACCGATAGCCACGAAGTC

primer s1F GGGGGATCCAGTTCTCTCCACCAGCAGACG
primer alR GGGGAGCTCGAAGGCAAGGCTTGCCGTCIT

alcA mutant identification primer

primer s2F TATTGCAAACTCACCACCCGC
primer a2R TGGAAATATTCGGTGTAGTCC

Complementation primer
primer-F GGGGGATCCCGCGCGAAATGCCGGCGG
primer-R GGGAAGCTTCGTCATCATCGCGCTTCC

Amplification of Al gene, contains Kpn [ site
Amplification of Al gene, contains Bam HI site
Amplification of A3 gene, contains Bam HI site
Amplification of A3 gene, contains Sac I site

Amplification of alcA internal region
Amplification of alcA internal region

Amplification of alcA gene, contains Bam HI site
Amplification of, alcA gene, contains Hind III site




CAS gM0jl 2/t alcaligin siderophore®| A&

alcA F-R A7} B2 B. bronchiseptica HIZF6) alcaligin
siderophore?] A§4-8 AE37] As)A CAS agar 8l A
EEg 53 A8 AAsH T CAS agar wj Ao = irono]
AYYE H2u A MIS AHE-319 1L, alcaligin siderophore2)
ZATE clear zone?] A R E {Aoz #HAEYT.

alcA FHEXIQ complementation assay

pCP1.11 E&g}2v]= DNA7E 7FAT Q& acA |AAR
H¥ complementation primerE¢l primer-F& primer-RE
ol &3 4] PCRE A A5} alcA promoter ¥-947 88 &
AEH acAE 943 £E3le DNA fragmentS Z %319
2, o] PCR A&& broad-host 94 Zak~vw] =9 pRK415
vectorol] A A A BamHIS}H HindlIE A #3te] ligationg:
AAstgh A AE Az Eghsn =9 complementation
T8 gy Y8t A= alcA AE FdolF
o s Zgavsy FAAES FAs] A tet-
racyclineo] 7}g LB 314 % ol x| o] A A8 314 1, alcali-
gin siderphored] &4 %38 CAS A HFAufx oA &
HE =

ER

e

it
alcA R8Pt &8 MEE suicide plasmid 7SS
2|8t subcloning
B. bronchiseptica®] alcaligin siderphore A &4 #oJs}
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N

& 49 ornithine decarboxylase frAAFe] Hé Edo]
T2 B89 AFA alcaligin AT Y BF AT Z pu-
trescineo} Tojdttie Abd olul gr&A 9o [3](Fig. 1).
old| alcA FARE AEA7)7] Y& WA alcaligin 4 F/3
o Bostes 5709 FAAE T3t alc operond: 7HA=
pCPL11 Zg~vj= DNAE Y7922 3)A primer sF
5 aRS ol g 34 pHSIS T5E 9% 49 ¢ AAsEnh
PCR ®og dojzd 06 kb alcA 5-flanking DNAS}
pGEM-T easy vector2 ligationA|Zl & E. coli 5o 4
ABA A Eeld Zeiiu= DNAE Agas Kpnl
Kpnl/BamHIS #2)89S uf 3.6 kb 2 3.0 kb/0.6 kb
DNA Z71& 3R o2 A cloning 4He& &AT + U
r}(data not shown). pCP1.11 &} v = DNAE FH7 et
o2 A primer s1F9} alRE o] &34 07 kbl alcA
3'-flanking DNAZ ZZ3} %t} 5-flanking DNAE &8}
I 31+ pHS1 DNA vector(Fig. 2)¢l| primer s1F¢} alRE At
£3to] PCRE £38) 853 07 kb 3-flanking DNAE 7}z
A& A BamHl/Saclo. 2 H2]8le ligationAlA A2 Z
glau) = pHS2E 75314t Eet&W = pHS2 DNAE A
S FA Sacl, Sacl/BamHIS A2)3tR-& w 43 kbst 30
kb/13 kbe] DNA Z7]& &2 Yste Feo Ax
g DNAZ F5HUSE 98 4 SIUtH(data not
shown).

alcA REXQ ALEEAHOIF 75
alcA®] 5-3 3'flanking DNA7} AZA o] alcA fA A7}

T oer | a,cc>rm>f;re>_

pCP1.11
K B
6 flanking  worrreerd 0.8 K brsereerereereeee
3’ flanking -------------------------------------
K B
S Py
pHS1 1 0.6 kb I~
K B S

pHS1-3'flanking m 0.7 kb

Fig. 2. Schematic overview of the genetic organization of B. pertussis alcA genes. The 5'-flanking DNA fragment of
alcA gene was PCR amplified and cloned it into the pGEM T-easy vector, resulting in pHS1. A 0.7 kb alcA
3'-flanking fragment DNA amplified by PCR was digested with the enzyme BamHI and Sacl, and then it was
subcloned into pHS1 at BamHI and Sacl sites, resulting in the pHS2 carrying alcA deletion. Abbreviations: K,

Kpnl; B, BamHI; S,5acl
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A¢d AZE DNAE i3l 3l pHS2Z 5 ©] DNA
fragmentZ suicide vector pDMS1972 &7]< 28 3%
o}, pHS20l A|gHEL Kpnl/Sacle AHejahe] sk Az
DNA fragmentE Zehiln Y AFgsrz HHd
pDMS1973} ligationdt ¥ CaCl, W22 DAP 8 +59 E.
coli x72130) ARG} alcA FHA A& AT A2
suicide Ze}An =& APt 24 Q2§ suicide Z 8}
2022 A A4 Kpnl, Kpnl/Sacl®] g9k PCREA &3
4429 2712 69 kb, 5.6 kb/13 kb 2] 1 13 kb2 39
st ¥ thdata not shown). A% AZF suicide E2tArj=
£ pDM1o.2 9982 chFig. 3).

B. bronchiseptica$} E. coli x7213/pDM1& 419 H| &2 A

(A) >

Eg3te] DAPS $# ¢ LB Wi 2 4ol x| pDM1 plasmid
DNAE Hgol &3] B. bronchisepticaZ A3 Hct. dlE
Atolgde]l H7tE LB nAF W)z o)Al single cross-
over7} o]Fo]A #& dAF oz Mg T double cross-
over7b 4ojubA alcA FAA7E 24 E mutantg FE3)7)
g8 o BYS APt gAHog AeE colony
LB AR A A 27t wjeksta, 5% sucroses} Teto] A7}
" LB nAZA Aol tooth pickingd}e] counter-se-
lectiong A A8l T} 5% sucrose Bl A et AASE col-
onyE H4H DNAE Fdtq PCR Wioz s &
alcA AR BEH EAH 0|58 B. bronchiseptica Hlo) 2}
3 B A alcA KA AEE AT oA

s1

EcoR V
HinD 111~

IcA
alc a—J

(B)

Wild-type chromosome

—%—— Mutant chromosome

Fig. 3. Construction of alcA deleted mutant by allelic exchange from B. bronchiseptica. (A) Diagram of pDMI. Relative location and
orientation of primers used in the amplification of alcA flanking DNA were designated on the map. Ligation of PCR ampli-
fied DNA fragments were indicated with dotted lines. A recombinant suicide plasmid pDM1 was presented in a circular
map. ori, replication origin R6K; sacBR, positive selection marker on sucrose media; fet, tetracycline resistance gene, (B) A
process of allelic exchange. The 5-flanking DNA(black box), alcA(white box), and 3’-flanking DNA(sliced box) were
designated. Cross-dotted lines indicated recombination of allele between chromosomal and plasmid.
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Fig. 4. Confirmation of alcA deletion mutant. (A) Genetic confirmation of alcA deletion mutation. Lane 1, size marker; lane 2, PCR
product from B. bronchiseptica H1 with primers sF/alR; lane 3, PCR product from B. bronchiseptica H1 with mutant identi-
fication primers s2F/a2R; lane 4, PCR product from wild type B. bronchiseptica with mutant primers sF/alR; lane 5, PCR
product from wild type B. bronchiseptica with mutant identification primers s2F/a2R. (B) Definition of siderophore pro-
duction of the mutant. B. bronchiseptica H1(number 1) and wild type strain(number 2) were patched on CAS agar media
and incubated for 24 hrs. Siderophore production was identified by the observation of orange zone around cells.

o &) CAS s 249 alcaligin siderophored] &2 H|
W8} t}H(Fig. 4). B. bronchiseptica H1-& B. bronchiseptica®)
ofAl ¥ I WwEYe W HA3F F& alcaligin siderophore
o @4e vehiith ol e R4 A, Asts s dydas
B3t alcA FAAVE ZEE EQWOIFE Fls g e B
bronchiseptica H1o)2} 4t QAt}

alcA FEXIQ complementation assay

alcA7t AL " EdwWo|F9l Bordetella bronchiseptica H19)
alcA 53219 complementation assay-2- 93} pCP1.112] DNA
MM alcA F7AAe promoter F-HE TS alcA FAANE Z
£3}7] 9% primerZ primer-F9} primer-RS  FASHAT
(Table 2). pCPL11 Z&}4v]= DNAE templateZ 3} pro-

(A

) [ alcA |alcB| alcC
fir box

% (®)

moter§ X33 alcA FAAE FFAIZ £ pRK 415 ¥Eo)
DNA ©#HE ligationA|7] ¥ Ecolio]l HRAAIA|Z I Fig.
5-(A)). alcA7} AZFE Eo2vEE alcA FHA7 AL &
ArHo]39l B. bronchiseptica H19) electroporation 0.2 33
HEE AT} alcA F-AR o] E4o] complementation =]
CAS sl zjel| A #18tAth. Fig. 5914 veh}= utke} 2o alcA
FAX7} AeE B bronchiseption H1L 22 alcaligin side-
rophore®] #4& BQl whd, ofBE T alcA {FHAY com-
plementation®] o}FZ) B. bronchiseptica Hl/pCalcAL &L
g8 B¥ok 28y B. bronchiseptica H1/pCalcAo] oFA & o
vt ozt BAAEA 49 FES BEed I ofT
A & 471 A

ol Ang ZHNH alcA FAAE B. bronchiseptica2]

Fig. 5. Complementation of alcA deletion. (A) The genetic map of the plasmid pCalcA. A part of alc operon containing alc promoter
region was diagramed. The physical limit of DNA fragment used in complementation of alcA deletion was designated with
expanded line in pCalcA. (B) Certification of the siderophore active recovery of plasmid pCalcA on CAS agar plate. 1: B.
bronchiseptica H1, 2: B. bronchiseptica wild type, 3. B. bronchiseptica/pCalcA
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alcaligin siderophore 4§40l A A4 oz Adgtie A
¢ & ARNen, & AFolM +%E B bronchiseptica A
o)F1} pCalcA Zefxml=t o2 Hd AlcA T geo
AsetA ol 7% BAd G834 A1RE AR AlRE

o (& o

=

o' Of
4007

A& H=A 819 el kennel cough?] Yol B.
bronchisepticat 2t <79 A% 5E7|H Fo J&FS
FHste AT o2 Ho] BE5k F74 hydroxamate
type2] alcaligino] 2} siderophore% A 2+gic} Alcaligind]
Aol Adsts F2RAA FalcA FARY V)55 W
8 alcA AEEAWo|FT F5E Tt s
alcA FA2 A& SAHlE Y3 0.6 kb alcA 5 flanking
DNAS$}l 07 kb alcA 3 flanking DNA fragments%
pCPL11E 822 3ty PCRY O £Z3 3,5 flank-
ing® 3’ flanking DNA7} |Z2%® A)x3 suicide vector
pOM1& &35l A E H3-S E3] B. bronchisepticn® =
AAY. E94E pDMIe 2B allelic exchange®o] <s
alcA F327} A" EAMO|F B. bronchisepticn HIS @
S 4 A uh B. bronchiseptica H1-2 kA& B. bronchisep-
ticaol] W8} alcaligin siderophoreE A 2] A 3}A| £5ty
o} alc L3 & % promoters} alcA FAANE pR = A=
3 Ze}2u|=& B. bronchiseptica H1o| =39-S o) alca-
ligin siderophores] 4j4to] 3|29g el & Ik of
49 AFH22Y alcA {AATL alcaligin A FFolA o) &

za9 4¥e FdaE 42 & & Aok
ZAe 2

B d7E SAUSE A594) LAY A9
=

=g
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