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Construction of recombinant auxotrophic Edwardsiella tarda mutants and

evaluation of their usage as a biomonitor

Byoungcheol Kang

Department of Fish patholohgy, Graduate School,

Pukyong National University

Abstract

In the present study, we have generated recombinant auxotrophic
Edwardsiella tarda mutants expressing green or red. fluorescent protein (GFP or
RFP), and evaluated their possible availability as a biomonitor. At first
recombinant auxotrophic E. tarda mutant expressing GFP was rescued by the
allelic exchange method, in which the chromosomal alanine racemase gene (alr)
that plays essential roles in bacterial cell wall biosynthesis was replaced with an
expression cassette harboring a high constitutive promoter (EtPR)—driven GFP
gene. However; this .'E. tarda mutant was not sensitive to monitor
concentration—dependent-toxicity of certain molecules, because of the presence
of only one copy of the~GFP- gene,. which might lead to the decrease of
sensitivity. Furthermore, to maintain the alr knock—out E. tarda mutant, D—
alanine should be supplemented in the growth medium. To complement these
shortcomings, we have conducted additional experiments in that the
chromosome—based GFP expression system was replaced with plasmid—based
RFP expression system, and newly generated the aspartate semialdehyde
dehydrogenase gene (asd) knock—out auxotrophic E. tarda mutant. Additionally,
a newly constructed asd expression cassette was inserted into the RFP
expressing plasmids, which allow the plasmids can be maintained in the asd

knock—out E. tarda without use of antibiotic—resistant genes and the mutant E.

iv



tarda can grow without supplementation of a certain nutrient. By using this
recombinant E. tarda system, we observed different levels of RFP expression in
response to different concentrations of ampicillin or ZnSO4 In an extensive
salinity environment, suggesting that the present asd knock—out E. tarda

expressing RFP might has a potential to be used as a marine biomonitor.



Edwardsiellosis & ©F/|8li=  Edwardsiella tarda + AT &8k
Gram &7 @3t o= oA sEwel] o Ao ARV EAshs FRA Aot
ol A AARoR gy FAHL Qe wFold el Foo fAolFel
HA=ol FalE 433 vk (Thune et al., 1993; Plumb, 1999) E.tarda & 334
el dist Agd Wel7F §a-(Waltman and shots, 1986; Aoki and Takahashi,
1987; Aoki et al., 1989) t}9k3t O—serotype & E£2RZ. <& (Tamura et al.,
1988) FAYAZE A EsFA Y vaccine & 71dgel] glo]-FS o H o] Ut

HL B AFAAME allelic exchangeE ©]23F homologous recombinations

=3 &3 target gene®| knock—out HAAY =2 ttE FAAxE XFE o

T E. tarda mutantss AZFSFATH olgsk =dwlo] I = I} APES
B Fa ofstel e sl FAE £ UY] el O AARIeEE bHSH
Mo zM e HeAds AU len (Chei and Kim, 2011), U2 B4 d&
HAA 7| AY =& DNA vaccined HAYEFE AFFE ¢ Slv 5 2F ol
WA st B og S 85 AEel gl ok

=
2 AFNME AMFY e FA FEFFHAR] aspartate  semialdehyde
dehydrogenase gene (asd) ¥ alaneine racemase gene (alr) & 27t knock-—
outAlA Z+zte]l goF QA EAS dYgE Foorwt o] AE T £ %

=
=
ot we B APelAL Bdwe] FEE AL o), 1w WAL
=
=

SAUE S8 849 5A4S S4E 5 2= biomonitor2AE & 5 Q%
knock—out® =  FAAY] QAo Y wwAS AHALD F Qe FHF
cassette® HAYUSAY =& FFs WHHs = HHE o] &35t AAE FHow



manna®t 2L FHF FANEES MY SAEH AT ol wEAN F 1
+% AHY AMEAEE FstAY,  Vibrio  fisheri®l LR As, E. colitt
Bacillustt2] 34

1999). =17y FHF FALES o] &3 SASEAENS it MAES ddT
S FASES sk Aol WAF JHAlFe AR A AdHE ]
Aol didow "ojAle @io]l Slvk (Mowat, 1976: Ribo et al., 1987).
gy g mAEelY AW '4AE o83 FASASEAYHS Aol
st vlgo] Huw, @ JHAIE e R HrtstrE Aol w2 HAARE
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MicroTox8 LumisTox¥H< SHeAEASY FERS =X4AZES Y
Ll o7 LumisTox® & MicroTox® 3 A3 v o g
3 ok M| 2 Vibrio fisheris EAEAo| wZste] 7 whgero] 7hAs =431
W o]t (Brohon and Gorudon et al., 2000). o] WX Aoy 195 E 719
Hel7h BAgsElgle W 58Ede did As ARV A
@GHo] TAET ol HF HAlE &) Slete] At EF e vl e
AREshE WRe] ATrE T dn Ty A8 e e Axe oS lux
ABE WHH-AAZ AFEsIA L ool 2T e g2 n—decanalel g 11719
714 o] ®hgnkg-o & Q 8ktk (Lampinen et al.,, 1990;Paton et al., 1995). o]# st
G VAFAR Ak dAel B S SR AL V1A Aol mE HlES

Z7IX 7141 Ft} (Preston et al., 2000; Geiselhart et al., 1992).
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ZA4ol Bag Adgolrh ojo] B ATl sel AAFHA FAG] o)fe]
MAAZ 4§ AT B warda 8 OdoR Fud Axg AEe AL 5

BEEUHEAY B87154S 2Asg



1L 43 #45 3w =4

Ao Ag-® 72 Luria broth(LB; Difco)E& Atg-3to] vt 2 Hete
E.coli DH5 ¢+ 50 ug/ml ampicillin(Sigma)©] X3gt% “LBE A}g3to] 37TColA
wjeFstith. E. tarda NHI1S  F27olA A RIAMKGE S dAlolAA &3,
FAEAL, 1.5%9) NaCle] EalskE TSBuDifco) i olA wiF=] Ak, AP e
AY2¥l Aalr |E. tardaw D-—alanine (Sigma) 50 ug/ml¢|, Aasd E. tardat™
Diaminopimelic acid (DPA; Sigma) 50 ug/ml¥} 1.5%°] Agarose’} ZAlsh=
B g <] ol A ml &FeF L .

2. Green Fluorescence Protein && Aalr E.tarda®) A&t

Alrf+7d A7} knock—out® 1l GFPE Wd3dh= E.tarda: allelic exchange
mutagenesis®] 9 AZFHUTt. o] ampicillin WA FHA9+ SacB genes
3= pCVD442 vectorell 93] A ZElon, o] pCVD442 vectors sucrose?
A eksh e SolZl el MRS APESE o} A]7]= suicide vector©]t.
ole] 1 WA= GFP gene cassette® Ao, 3 cassetted] AHEH
promoters= E. tarda® ¥+ 13 promoter?] EtPR C28-1 promoter:

3



A3t} ool transcription enhancer Shine—Dalgano sequence$} GFP ORFZE

ligation¥r © 24 A 1 W& E = GFP cassetted #|2FslAtt.

2—1. Allelic exchange mutagenesis F+%5% vector® =%+

E.tarda NH1°]4 Allelic exchange mutagenesisE F+%3}7] 9Y3to] suicide®
pCVD442 vector constructions AASES. 2+ FA1A ] gt primers
GenBankel] 25 o] 9+ E. tarda (NC_013508)2] sequenceZE o] &3dlo] F&,
A& 1L, oS E. tarda®l E2l¥ DNAZ template® 3o PCRES A A&k T
B Ao AFE-¥ primer= 3 19| YEWATE alr 7822 N—terminal A&} 73
vt2  2k9] sequenced} C—terminal € HES X33t TU3 sequence:
M Adstd o), Z+ZF restriction enzyme site2} 7 325bpet 312bpE A AT
o5 Z}7+ alrf-Fo—Sacl, alrf-Re—Xhol#} alrb—Fo—Nsil, alrb—Re—Xbal®. %

cloning 3} %3 t}..



Table 1. Oligonucleotides used in this study.

Primers

Sequence (5° =3 )

alr f-Fo—Sac I
alr f-Re—Xho I
alr b—Fo—Nsi I
alr b—Re—Xba I
TE+SD cd
TE+SD re
EtPR—Fo
EtPR—Re

GFP Fo

GFP Re

GAGCTC GACCTTTAACGGTCAGTGGTCG
CTCGAG GTAGGCGTTGGCCTTCACCACG
ATGCAT GATACCCGTCTCGGGGTG

TCTAGA CTACGCCTCTTCGCCGATATA
GATCTTAACTTTAAGAGGAGGTATA
CTAGTATACCTCCTCTTAAAGTTAA

GACGTC GGGTAATTGCGCTGC

CCATGG TGGCTATGACCTCGCCAA

ACTAGT ATGAAAGGAGAAGAACTTTTCAC
CCGCGGE TTATTTGTAGAGCTTATCCATGCCAT

(Underlined nucleotides indicate restriction enzyme sites)



2—2. Total DNA 2] #¢]

Total DNAi= E.tarda NH1+#5% LBHIAE o]&, 27TCelA 1241k ujekst
wjokelg 4 g F ©]F LaboPass'" Blood Mini Kit (COSMO GENETECH)
ARgste]l vt 2 R R RStk A pelletel PBS 200 uls

roteinase K solutiong F7Fst3it}. ©] % buffer BLS 200 ul ¥
56CellAl 10&3F HE-S-A1Z1 & absolute ethanols 200 ul H7}stsit). o] &3+l
spin columnel] &7 ol 8,000 rpmellA 187 dAEEE9 T Columnes AMES
collection tubee] 74 Y& & buffer BWES 700 ul@7}se] 8,000 rpmell A
123 A2t Al E Al & -collection tube®l| columne %7 Tl buffer
NWE 500 ulE #H7EsF FH 8,000 rpmel 1&7F 94+ E AAsta, o]F
collection tube®] ®Ql oJTHE A F1 ¥ AN columns 12,000 rpmol A
2E 1 AAEE slol ok mixjEle. &2 ol column= A EE eppendorf tubedl
%7 buffer AE 50 ul®7}sle] 287 A 204 HE-SA| 7|22 287 12,000 rpm o2
A8 & Fduh Fel®E total DNAE 0.7% agarose gel’dolA 0.5X TAE
bufferg& ¢F&How skl 7|9 & F ethidium bromideslr @48k

UVZelA DNA band% #Hlskgitt.

oL,
(SO

2
-z
Jo
>
Y
Lo
o

o

2—3. PCR

+2¥ DNAE template® 3t M ¥  alrf340 sequence$t alrb300
sequences S&otqlth. Z7te] FAAe] AgtEA siteE FH7Fske]  primerE®
AAskdal, olE E. tarda®l #2l® DNAE template® 3t¢] PCRE A8kt
Premix (Genetbio) & ©]-&3t31 o, 31L& 43%7ke] 95T pre—denaturation}7 3},
95T 9 denaturation 30%, 60TC2 annealing 30%, 72TC9% extension 30%2]
k-39 30cycles? post—extension®.Z 72Co|A 7202 Z+zFe] 7 xbef| tfslo]

FAs 2.



2—4. Gel extraction

PCRAHES 0.7% agarose gel’dell 7|95 3 ¥ ¥ bands ZEhuo]
eppendorf tubeo] &7 ©& & LaboPass ™ Gel extraction Kit2 ©]&3}o] t}& 3}
2o oz A Zebd band’F ¥70 eppendorf tubeo] Z# agarose
gel®] Aol oF 3ujel] 3 dat=(600 ul) GB buffers 7}t o] & 56CollA oF
1084 = HF2-Al7 agarose gelo] €A3] =4 At Gelo] &A3] tf oW 1
mixtureo] <A =HF  agarose gel? FARE (200 ul) 9 isopropanols
H7VekitE. o] & pipettingdle] & Aol ¥ 1 mixture® kit FEHAUE=
spin columne] SAEL % 12,000-rpmolA 1587 944 2= 3t1, Columns
AMZ-E collection tubedl 7 B2 F column®l NW buffer 700 ulE #H7}st &
12,000 rpmelA 13t 44 E2E soith olF oIk dF AT H
column¥te]  EA)sE AFEjolA 12,000 rpmolA 233 W4 wEE S,
npA e o 2 o] Wl columnga AE® eppendorf tubeo] &7 EB bufferg 20
ulF7hste] 28 3F Ao A WE-EAIZ]aL 232k 12,000 rpm o2 A & T

18] 1 cloning g 3t7] ¢35 AAS DNAE A2 A7A] —20°ColA H BT}

2—5. cloning

AJAst DNAE pGEM® T-—easy vector system Kit (Invitrogen)& AF-&-3}o]
cloningdFith. ¢4 A3 DNA 4 uls MEE eppendorf tubeo] &% ¥, 2X
buffer 5 ul, T—easy vector 0.5 ul, T, ligase® 7}l & ¥ ©]& # pipettingd}o
Aol spin downdt  F  25TCelA  1AFERF  WESAIZY 0 Hel
transformation?}d 0.2 <A A|&st E. coli DH5a competent cell 100 uls
A7Fs] on icedl X 30&3F HESA]Z]AL, 42TCeoA 1% 30% F<F heat—shocks
TA o]F FA] iceZ HA 3% B WESAIZIAL SOCHIA] 800 uls #H7hstod

37CeNA 90%7r ZEufersldet. vieFe H43ke] pellet® X—Gal 40 ul/ml,



ampicillin 50 ug/ml, IPTG 20 ug/mle] #7}E LB plateo] =@t 37CeolA

24A17F ¥iekskith. o] Blue, white colonies®] #gs ##-st3lt

2—6. Plasmid®] #¢

v oF¥ blue/white colonies oA 3}e] white colonyE 3] ampicillin 50
ug/mle] H7Fg LB brothwj x| el HE3t ¥ 37Tl 242175 W5 vjFseid),
o]% wjekle A ste] LaboPass™ Plasmid DNA Purification Kit (COSMO
GENETECH) & Ah&3te] t57 22 #A S =% Plasmid DNAE #&lak3ith. WA
FEas AAT JdH pelletel Rnase A7F &F%¥ S1 buffer 250 ulE 7}
s AgA e, 1 F, oldl S2 buffer 250 uE FH7bsle] 43AE
invertingsle] /&3st FH ZA| S3  buffer 350ulE  H7lste] 43 A=
inverting3t e}, o] £ NS 12,000 rpmollA] 10237F 94 Zsigin. 94 ¥
A7 N FHEC] AAHEH, ol ALdd ATAE  FTEHUE spin
columnell &7 Hol 3hH ¢ 12,000r pmeollA 187 AAEZE AT o] &,
o] ol A AL Columne ME-E collection tubeol] %7, AW buffer 700 ulZ
columnel #H7Fll& % 12,000 rpmel 1%3F g4 et H 22 W o2 PW

buffer 700 ulE H7Fskal 13 12,000 rpm oAl €4 2259 o

o] % ot AE AAS F columnite] EAIgt ZFejelA 12,000 rpmolA] 23
A F2E e, mHAEe® o] Wl columng AlE-E eppendorf tubeol] &7
EB buffergs 50 ul7tsto] 283F A2eox w¥-gA]7]32 283 12,000rpm .=
dAdEe & Foloh. #2l¥ plasmid DNAE @714 %2

enzymes A3k dl A3

o

BAS}I restriction



2—7. Restriction enzyme®] * 2] 2} ligation

=23t plasmid DNAE 7Z}7t9] siteo] %= AgtaiZ digestiondtSith. A
backbone % ®t plasmid vector?l pUC18el ad FHAES ligation?
9+ multi cloning site (SacI—Xhol—Aatll—Spel—Sacll-Nsil-XbaD) & ¢33,
olgd A ol vector®s pUC18 MCS2F "1 3k3itt. o]l digestion® alrf$} alrb
genew ligase(Elpis biotech) & ©]&3Fo] 25TCelx 143t o] ligationsto]
pUC18 MCSe|A alanine racemase gene = 584 bp7’} =23 plasmidE
A5ttt A E vectord alrfel alrbe] Abole] <A cloning3dt EtPR TESD
GFP cassetteE ligationdt®] pUC18—=alrf=EtPR—GFP—alrb vectorE A|Za}3 11,
o]& pUC18—alr—GFPzF WHsalsith. 99 plasmido A FE Sacl—-Xbalx & &
&3to]  alr—GFP genes digestiondt ¥ ©o]& WAl pCVD442 vectorel
ligationst A th. HE A E pCVD442—ale—GFP vector= ampicilline] Zg¥
v =] o A1 SM10 A pir ol transformation® o} A® =31, ©]5 ThA] plasmid
B E E3slo] FEFH B coli X7213¢F | transformation, ampicillin® D-—

alanine©] &A= LB agarose plateolA] &g, #j¢k =it}

2—8. Conjugation=" £%k pCVD442—alr—GFP vector? 4F3]#

selection

eHd e pCVD442—alr—GFP vectorg W’ 5<% E.tarda NHl1el 2l3h7]
9lsto] wjFe pCVD442-alr—GFP vectors AUl Q= X7213759} E.tarda
NH1 #+& 727 & wjefsidley. 39 dE5 S48t 445 A & +
A4 REE o4, LB brothulA= 23 AT
ampicillin®] ¥3r¥ LB brothujA]o] Ad"E F 4
o]& oF 12A17FE 27T wikst¥ I, ©]E ampicillin®] X&% LB agarose

plate°] =ato] 24 X3k 27°Coll A wiFataltt.



272} selections  flste] A WAl selectiono] €m®E TTFE 10%(w/v)
sucrose’} E3E LB brothuf#|e] zEujeksldct, o] o, pCVD442¢] E3H
SacB gene°] ZgdtH o]E RSt Qe SFE Fsked], ol W] flshe]
SacB7}F ¥38td HES genes AATE A
mutagenesis’} dojut}. o] wjo] Aopge HFF= HseE WO E mutation©]
42 H mutanttT wild typel® =0kt #E U¥ =4, o|& LB plate, ALB
plate, D—alanine®] #7}¥ LB plateo] Z+Z} wioksl] B2 A mutant 5 A

T 5 ek

|

iy
E

o] 7]&el  Allelic exchange

3. Aasd E.tarda®] A%+

Aasd E.tarda= GFPER& Aalr E.tarda®l @3S ®st7] gste] MEA
AZEon | o] A oA AFS GFPEE Aalr E tarda®l ARAWI T
allelic exchange mutagenesisel] s AZEF At o] AFEF primers= FE29]

e 9l

Aspartate semialdehyde-dehydrogenase gene2l N—=terminal?} C—terminal &
9] AdX = gene cloningd}9 2.1, restriction enzyme< ©]£38Fo] digestiond} % Tl
ANalr E. tarda 9 AZF Al AFE3F pUC18—MCS vectorE backbone® & 3}
digestiond}t$ 2w, o]o| semialdehyde dehydrogenase(asd) gene? ¢F Z 330bp
o} ¥ % 312bpE 4%3ste] semialdehyde dehydrogenase gene® &2 plasmid
5 gsigith. o] pUCL8-Aasdol#a WwWargith. ¢d® pUCL8—Aasd
vectori= pCVD442 vectorel ligation® ¥ E. coli X72139 transformation¥ %l
1, E.tarda®}2 conjugation®}A 3} allelic exchange mutagenesis® %3t Aasd

E.tarda?} 9F=olFth o] 9] selectiono+ diaminopimelic acid?} AFE5 1t}

10



Table 2. Oligonucleotides used in this study

Primers Sequence (5" =3’ )

asdf Fo Sacl GAGCTC TCCCCCTGCGGTGC

asdf Re Xhol CTCGAG TGCGAGGTTGAAAAAAAGACCG
asdb Fo Nsil ATGCAT AGGCGATTCCGATCGATGG
asdb Re Xbal TCTAGA CGGCGGCGCCCCACAG

(Underlined nucleotides indicate restriction enzyme sites)

11



4. Antibiotic resistance gene—free and heterologous gene—

expressing vector & |z}

ANasd E.tarda®l A&ZAQ AAY red fluorescent protein® WaS 9

o

S|
vectorE A ZsFAtTE o]E 984 GO2 promoter®t asd gene, RFP gene
ARESETE.  asd genel] Wil AEHZ QL WMEZES FAA7I7] fldke]  GO2
promoterS A3} 1, termination sequence® rrnBT1S A&ttt siwd
genee EF pGEM-T easy vector& 7}%=% 3}o] #|ZFH o, o]F Antibiotic

resistance gene? =3} 343 RFP ¥d FRA2Q] 4¢lo] o] Fo] 5}

olo] AME-El primers T E3e] LbEhYSICh

12



Table 3. Oligonucleotides used in this study

Primers Sequence (5° =3’ )

GO02 Aatll Fw GACGTC CGTCCGCGCCGTCGGTAAGCG

GO2 Spel Re ACTAGT AGAGAAGAATGCCGGCGGGAAGATC

asd—ORF Fw ACTAGT ATGAAAAACGTTGGTTTTATCGGCTGG

asd—ORF Re GAATTC CTAGAGCAGCAGCCTCAGCATACGGC

rrnBT1 Sacl Fw ATAAAACGAAAGGCCCAGTCTTTCGACTGAGCC
TTTCGTTTTATAGCT

rrnBT1 Nsil Re ATAAAACGAAAGGCTCAGTCGAAAGACTGGGCC
TTTCGTTTTATTGCA

MCS—-UP CCTCGAG GACGTCACTAGTCEGCGGATGCATT

MCS—-DOWN CTAGAATGCATCCGCGGACTAGTGACGTCCTCGAGGAG
(MC

HCE Aatll Fw GACGTC GATCTCTCCTTCACAGATTCCCAATC

HCE Spel Re ACTAGT TATA TCTCCTTTTT CCAGAAGTGT GAA

RFP—-ORF Spel Fw | ACTAGT ATGGCCTCCTCCGAGAACGTCATCACCG
RFP—-ORF Sacl Re = GAGCTC CTACAGGAACAGGTGGTGGCGGCCCTCG

(Underlined nucleotides indicate restriction enzyme sites)

13



4—1. Restriction enzyme 2] * 2] ¢} ligation

T8¢ plasmid DNAE 7Z}7t9] siteol 9= AlstaA = digestiondtSlth. GO2+
Aatll®} Spel, rrnBT12 Sacl® Nsil® %, asd ORF¥= Spel# EcoRISo® Z+7}+
digestiond}it}. dE AHEES ligationd] & 4 A= vector= pGEM T—easy
vectors ARE3FATE ZFZEe] restriction enzymes A st Ast= AHES 0.7%
agarose gel oA A7l FFI T UVAA o] gel extractions
A A1 e, 8" DNAE backbone©] & vectorol T4 ligase (Elpis biotech) &
o] g3slo] =x1H O F ligationdst¥ o™, ©|& Escherichia coli DH5 ¢ competent
cellol transformationdtth. GO2 promoter?t asd ORF, rrnBT1¢] Z+zF Arel=l

A vectors pGO2—asdet "1 3F3l T

4—2. Antibiotic resistance gene® A|A @ RFP -F4=ke] 2&d

pGO2—asdl A Antibiotic resistance gene (AmpY)<S #7387 $lste] A|g+E A
Dral®} Narl2'AF-&39ch oleo] multiple cloning site (Dral—Bglll—Ncol—Scal—
Nsil—Nar]) 9] @714 E33e] B3t oligonucleotideE A4St o =z A
Antibiotic resistance-gene®] #HAH pGO2—asd=MCS vectors A|Z3}3Att. o]of
pdsRed2—1 plasmidolA] cloning®F %] Spel¥} “Sacl© % digestiondt RFP4%}9},
o]2 Wl F7] 3 HCE promoterES Aatlle} Spel® 2 digestiond}o]
Ao ZM pG02—asd—HCE-RFP plasmidg A|&3t3ith ©]9] ¢ Antibiotic
resistance gene®| A|AFHAYE NG 7] Wl Escherichia coli X72130F%E
0] 83}o] transformationd}$lal, plasmidis knock out¥ o]+ asd geneol| 2J35H4]

selection¥ 1 t}.

A HE pG02—asd—HCE—RFP plasmide plasmid 82 E3lo] A =% 5191,
o]& 10% glycerold ©|€3t Aasd E.tarda competent cell A& slo] o]o

electro—transformationdtit}. ©]& heat—shock®je} =wFF7IXIZ  SOC  HiA
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800ulF7F 5 903t 27°ColA 7 wheket # A & Eob LB agar platenf <l
Tuksle] 27 CollA 2441 7F B oksld o)

5. Red fluorescent protein Hd <9 =74

Red fluorescent protein & =42 96 well plateoA AR o, o]&
2l3le] 96 well plated] LB agartf A= 100 ul® #F3te] #|zsFi T o] % #)|ZFo]
&5 % pG02—-asd—HCE-RFP/&asd E.tarda 55 LB brothoj#|ol] FF3}o]
27ColA 24425 ZgujeFstalet. o] & HixA L] AAE ko] HdAIT F
PBS&9 el washingst= #H8S A3, FAE <ol ODgoeelA | 1.00] HESF
sttt g FEoE WX HAle mlE ®RHEYE 96well plate LB
agaril Al ZFzZb 10ul® AHeetla, olel digk gz o=M, B tarda NH1S

Qg zoz Mg W Aelsfel 2o o M wiHe) HEHAE. BE
_]

off

1>
i)
Ml

of et ETZ oAM= #A7E HolA o2 349, 5 PBSEAS Hixel

o 1=

i)
of\
o

| i gow ulashh

Al tg GFAA 9 Bd AL fste] AsEde FAst A==4

1o
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gulz o] galdoldds BEE olgsAh 727

1% ampicilling 30 mg/ml, zinc= 100 mMEH
Folstglet. olel gt gz oEE 3ak

ot BF 3% FHTE
FERE, A AFFE

10912 whA S A ste] TREAI R o]

FREE Folatg.

7

Seret AEe xde WE ATE
dstel BT zAstel @Esh ThE AFEBAL Folsdrh  Ampicilling
30%= BEE AAeAT, e 2AS B FAshl shark

zincZ+2t 15%,3%

340 LER 3T
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Table 4. Conditions of stimulating substance

pG02—-asd—HCE—RFP/Aasd E.tarda E.tarda NH1

NaCl 0% Amp 30mg/ml NaCl 15% Amp 30mg/ml NaCl 30% Amp 30mg/ml
NaCl 0% Amp 3mg/ml NaCl 15% Amp 3mg/ml NaCl 30% Amp 3mg/ml
NaCl 0% Amp 300ug/ml NaCl 15% Amp 300ug/ml NaCl 30% Amp 300ug/ml
NaCl 0% Amp 30ug/ml NaCl 15% Amp 30ug/ml NaCl 30% Amp 30ug/ml
NaCl 0% Amp 3ug/ml NaCl 15% Amp 3ug/ml NaCl 30% Amp 3ug/ml
NaCl 0% Amp 300ng/ml NaCl 15% Amp 300ng/ml NaCl 30% Amp 300ng/ml
NaCl 0% Amp 30ng/ml NaCl 15% Amp 30ng/ml NaCl 30% Amp 30ng/ml
NaCl 0% NaCl 15% NaCl 30%
pG02—-asd—HCE—RFP/Aasd E.tarda E.tarda NH1

NaCl 0% ZnSO4/100mM NaCl 15% ZnSO, 100mM NaCl 30% ZnSO, 100mM
NaCl 0% ZnSO4 10mM NaCl 15% ZnSO4 10mM NaCl 30% ZnSO, 10mM
NaCl 0% 7ZnSO, 1mM NaCl 15% ZnSO4 ImM NaCl'30% ZnSO, 1mM
NaCl 0% ZnSO, 100uM NaCl 15% ZnSO4 100uM NaCl 30% ZnSO, 100uM
NaCl 0% ZnSO, 10uM NaCl 15% ZnS0O, 10uM NaCl 30% ZnSO, 10uM
NaCl 0% ZnSO, 1uM NaCl.15% ZnSO, 1uM NaCl.830% ZnSO4 1uM
NaCl 0% ZnSO, 100nM NaCl-15% 7ZnSQ04 100nM NaCl 30% ZnSO, 100nM
NaCl 0% NaCl 15% NaCl 30%
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Zyzbe] 7o who] HEW FAE 27TColA wgH oW fluorescence
reader (TECAN, POLARION)E o]&3}o] Excitation wave length 485nm,
Emission wave length 635nmeol| 49 1 d#3kS vl w3t}
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1. Allelic exchange& ©¢]£3l alanine racemase gene knock—out—

GFP expressing E.tarda®] A&+

E. tarda & W’F°% Alanine racemase (alr) A& knock—out Al7]3 1
ZF2] o]l Green fluorescent protein (GFP)ZE W& 3l= cassetteE AH9lst GEM E.
tardas A ZsFA ). Alanine racemaset L—alanines D—alanine .2 H$A]7]=
24, D—alanine tiF-#2] AlrollA] AZ® A &ZQl peptidoglycan®] A3 ol

a
/\
T%o

R4

el ol
12
i)
o
ok

o o] w&el alanine racemase FX A7} knock—out®
auxotrophic mutantZS wj¢F Al D-alanine> A7lflFA dod #A= 3 4
T AlxWs Akl sk APESHAl ®Th E. tarda alanine racemase gene
knock—out<| Escherichia eoli x 7213 (dasd) % pCVD442 suicide vectorE
o] g£3}9] two step allelic exchange #4AS T4 A8tk A3t GFP+ E.
tarda® A F-€] ol 7} sl censtitutive  promotereol] 2l WHEE=E 3Tk

(Fig. 1).
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pUC18-Aalr
Sacll

GFP cassette

Aat Il & Sacll digestion

pCVD442

AMPR

SacI

Xho I
Aatll

1 GFP cassette AMPR
pUCI18- Aali-GFPcassette i"_f}l SacI & Xba I digestion w1
alrB alrF
Xbo I
Xbal Aatll
. GFP cassette

Sacll
Nsi 1

S3B LCVD442
-Aalr- GFPcassette

AMPR

alrB

mobRP4 Xba I

AMPR

Fig.1. Construction of a vector, pCVD442—Aalr—GFP
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pCVD442 suicide vector®] AUz o]o sucroses H7IFo=2ZH F wW
cross—over & F3Fo] alanine racemase gene©| knock—out¥ il GFPE&
cassetteZ} 219 E. tarda mutantZ A2 = At

A Z¥ auxotrophic mutant E. tardas D-—alanineo] $li= wix|elA culturest
A vjeko]l =7 T Ae & F qUdem, ofe] whe] D-alanine©] 7h¥
iAo M= o]} glo] wikEglem Y el GFP7F BdEE AS #91d
A9t (Fig. 2).
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Fig. 2. Confirmation of GFP expression in wild type and mutant type E. tarda.

8000

6000 -

4000 -

2000 -

GFP fluorescence identity

0 T 1
Wild GFP

Fig. 3. Aalr—GFP E.tarda fluorescence assay.
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2.  Allelic exchangeE  ©]&€3%F aspartate  semialdehyde

dehydrogenase gene knock—out E.tarda®] Azt

E.tardas WA OS 2 aspartate semialdehyde dehydrogenase(asd) genes
knock—out A7l GEM E. tardags A2t} asd genex A2 Ao A2l
lysine®}  threonine, Z#]3  methionineS = FAs=d IFAA Q49
diaminopimelic acidE A= FAAEHA, o]A o] knock—out® auxotrophic
mutant DPAE A& o7 Fga] F4 dow Ate] A& 9 Fdo IS
WA 53 #HEA o2 E Abdshl Erh
E. tarda®] aspartate ' semialdehyde 'dehydrogenase gene ' knock—out<>-
Escherichia coli 7213 (Jasd) 2 pCVD442 suicide vector® ©]£3F two
step allelic exchange 42 EFaiA FHAO Y, o]= DPA7} A4 L=
Hj A el A g o), w7t g QIolth. TS chremosome DNAE

N genel] =9 Hio] deletionde] Y= AL el o 4

olr
9|l_5
o)
o
u.:
r

ol

sequencingdlt 2 ¥}

At

3. pG02—asd—HCE—RFP/Aasd E.tarda @52 A2

GFP expressing E.tardatts+5 Wk Qo] AR A 249 Fojo] &
Ao A W BEFe] WstE B]os AAEE sFelA e LBuiA S HE gkl
GFPe T713e] o]z} Ax] oo} A7} WSt At ald GFP A7t
chromosome®| 1 copyZRt EAjat7] wite] 54 =48 skol uE 54 WH3E
EYUHHE st7]ell= reporter @A GFP wra®Fo]l Uy Agla, =2 A& vk
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T7F "ol @Ro] itk agrlel ole] #EHE&EE ®ol7] flstel GFPY
excitation peak®} emission peak”} z}o|7} vy Aol A A glo] &3 EHE= &3
W3] oA el Red fluorescence protein DsRedS E.tardaolx] WaEA|ZTE o] %
i plasmid vectorol asd gene™d cassetteES AFstoEH DPAS FHFallFA
Stol= o] ApES A7t g, dABAE AFLSHA] %31 % plasmidE selectiond}
H, plasmid®] QA & #A 2 +d EF FAHA FEF ik

o5 F4 2 A wild type E.tarda®l RFP @ %e] vl Fd A& 57t
Ho 50ui7HA] EEFe] zolE UERlE Zo®E BT ole] #AIZE e
=gt S st T wE FHE A #59 RFPEUA ®EF FolE
501519

= 1o
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A7 sl 7+ FEW REPLEFY Aol=
sobmoitt. AL P wiAel Fwolt ogdo] glE 72AMA S

s L,
3e) NBTE Fol 7 gte] FFAT Tarel nlmaAT

LB agarose plate #ix] oA 2] 7|2 RFPYE=S HA A3 2] negative control®

shglom, Zhzre] SAgtelA ol Aste] e gt

4 g bacteria®] W3 WETFOZE Etarda NH1E FSd3 7oz
HAE st el v wsksl .

A=Edol Fof HA o2 AHelMe EH A Erardadl % 3UA
S Ay HAx LEFYOoH) ol dehtdAR S e R RJo

21 Z7)of uhgl =xpA o g 7 eS| Zo| 5Tt

o]Z E.tarda NH1%} 838} H S wols 1 2po|= ¢ A & 5 AUY}. E.tarda
NH12 9] A& e mel REPS] & gto] &% S7skl o 1 %pol7F Aw| skl 1

FA=AY] sy ALEH AT wWE RFPF4e] Wgo] v
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Fluorescence

4000 -
—&—— 30mg/ml
3500 H B EETTRe Q-eeee 3mg/ml
———%—— 300ug/ml
{| == 30ug/ml
30007 o 3ug/ml
——0——300ng/ml
2500 | ——o——

RFP Salinity 0%

Fig. 4. RFP expression level+=3days-in (LB plates. Bacteria cultured in 27C
Stimulation substance, ampicillin.

26



AG2AR] FE5S 3T Qo) AY FHAL ¥ gusk FA AR @79
ol Gee mAA e gulolo Atk ole] ZnS0,2 33 FRSel el 1M

2 AFe H 10 @A s|AsiY. o] & 0.2um 749 syringe fiters

o] g-3to] ofnsto] g3t

>
i)

] e}

AAHQ AP FAYR oz AP 9 FA

ERER Y

7}

il

off
M=
o
BN
e
ol
ol
<

E.tarda NH12] 7% $12] Ad 3 w7tz 9] d3e| mE RFPO U
zol7b AL gl Aox _SEAHGoH, ofdg HAvid] &+ FF A AT
FTa%Y Fxdd wEb AR dgEel FUHsIAL, ol w5 == RFPY
Eixg ISdas S A=

oL

obrd AF BAE A G%e MY dAx wEIY Aot 3d dd

#F7h dzie @5l dlste] oF 9uel Fo]E el Aow g9 AP:
bS] =

27



RFP Salinity 0%

6000 -
—e— 100mM
5000 1 [O XTI IOmM
——v-—— 1mM »
— = 100uM s
. 4000 {| —-=— 10uM 7
2 ——0-— 1uM ////
2 ————  100nM s
£ 300091 o Control /// i
S 7,0 s
= 2000 -
1000 -

0 T T T T
Oday 1day 2days 3days

Fig. 5. RFP expression level; 3days in LB plates. Bacteria /cultured in 27C.
Stimulation. substance; ZnSOy,.
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3—3. Salinity e] W3} 23t Y2 o] o3k 5ol

mlm

2= EAZO Ampicillin o Al 53 AN HE A=F BEA du
H3lA A ZFZbe] AolE el 15%3% 30%% ampicilling£ <
A zstglom o] thAl Z47Ee] ampicillin F o] wel Foato] HEH A oA

mlo

1o

REPZE ¥l wsholct.
A dEE FAYY MW % WP} g 2ANA Ao,
Folsh: AT RS duvt WAHAT

A9 Z7lel] wE PA He w9 RFPHHAFL Apolg JeERA Z3taloH,
IR FAAA w29 Fae] wEl REPEEF LS w4 S7HE vErloh

AP 27 Etarda NH19 A9 o& iz AdH ssstA 954
G EA ] kel WE RFPUHEM3sE g Ao Jehutt
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RFP Salinity 1.5%

4000 -
—&— 30mg/ml
........ Qvevnene 3mg/ml
——-v%—— 300ug/ml
3000 4| ——~v— - 30ug/ml
— &% —  3ug/ml
o ——0——  300ng/ml
5 ——6—— 30ng/ml
% 2000 1| —>—— Control
g
=
=

Fig. 6. RFP expression level in salinity 15%. Stimulation substance: ampicillin.
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RFP Salinity 3%

4000 -
—&—— 30mg/ml
........ o RSTN 3mg/ml
——-%——300ug/ml
3000 1| — v~ 30ug/ml
— % —  3ug/ml .
8 ——0——  300ng/ml o
g ——o——  30ng/ml 7N
% 2000 {| —">— Control A
2 A
=
=

1000

Fig. 7. RFP expression level in-salinity 30%. Stimulation substance: ampicillin
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A3 BARY ZnS0, Fol A EEW AN HAE AT B4 9u
MaA7 247te Aolg FaAddrh 15%7 30%9) ZnSO.FENE ALHYC
o]% Al 77 7nS0, FEel wek Folstel ¥EFW @AY RFPUAZL

A iz 38 A¥S ko] Ay 22 2delM A EHN o,

Folsh 4G Aww WA

Axo Zrto] WE P2 A w7 REPUHAZE Ajo|2 vpehx byl o,
=]

PRI R S5 s dadd wEt RFPR AR w24 7 UE

ok
>
i)
ik

x4l Etarda NH19 3% o2 iz 4339 S5 a=u
o] wWE RFPUA Wil 9iA o8 et}

oot
ox
i
>,
1o
o
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RFP Salinity 1.5%

5000 -
—e— 100mM
AAAAAAAA O 10mM
4000 4| ~~ v~ 1mM
———- 100uM
—-=— 10uM
[-5]
g 3000 1| — o~ 1uM
g —<>——  Control
=
=

Fig. 8. RFP expression-level in salinity 15%. Stimulation substance: ZnSOy
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RFP Salinity 3%

5000 11 o joomM
(((((((( O 10mM (m]
4 |- 1mM 4
0001 _ 100uM
— =% —  10uM :
7 /)
3 || == 1uM 4 7
53000 ——e——  100nM // ”
§ —<>——  Control .
=
= i
= 2000
1000 A

Fig. 9. RFP expression level in-salinity 30%. Stimulation substance: ZnSOy
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A ES 7] TS oy FEA Rl techniquesE 7Heskl ST 1 F
live attenuated bacterial vaccines® #|Zgre] Qlo] allelic exchanged ©| &3+
homologous recombinationS E74 target gene= knock—out Al7Z|AY & &
22 28 e 7FeA S AU vk (Geng et al., 2009)

ol ol&ste] AT fFAA T ALY HEr-HOE Q9%H=  aspartate
semialdehyde dehydrogenase (asd) gene®]t} alanine racemase gene (alr) 3}
2o ok o E-e gt FHAE knock—outAlH A T -+ knock—
outd AR ok =4E HIbsto] Folokwt AEF ¢ QUAEC. olAH
allelic exchange® '©]€-3 homologous recombination 7]&< 574 vAYE9)

AEo tg 2d5 es] s @ = A stH (Sun et al., 2010).

O

B Aoae o]l9k S homologous recombination < ©]-&3to] s FF
AR E.tarda €75 FFLTA EAWO|S Al7|aL olo FF Id deAs

AR Adete A2 Akt

ANz E.tarda ©] A2 Alanine racemase gene (alr) S knock—out A|7]3l 71
Zg] ol &A] 29E promoter o 98] ¥E T = green fluorescent protein (GFP)
FAAF cassette & AYsteE Aoz o]FoF Tl Alanine racemase + L-—
alanine & D-—alanine 22 #A%A7]E= &4 24, D—alanine < tH-52] AldolA
A3ZE A2 peptidoglycan 9] AgH/del] 521 -5 vt o] Wil alanine
racemase FAA7} knock—out ¥ auxotrophic mutant = ®j¢F A] D—alanine =

AANFA gom #AE 73 B F AENS FYSHA Fato] Adahl k.

Aydor 2 AT 93 vlFAl D—alanine ©] A olWA FAle| GFP & 1

Aol ddsts 545 7= 9% o7 Edd0l E. tarda 7F AlFHE ST
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J#v GFP & W¥ste AR Edarda & olE€3tol AERYEEA]
A7 chromosome © 1 copy ZERE EA]3}7]

o mE 54 RskE RYEY 7ol reporter Tl
AQar, O Qlste] W ErE Wojx= @ilo] Utk At

g dAES wieksrel Qo] AMEEE LB agarose HiA| Q] o] :53Al Az

GFP 9 9#S 7 &3} excitation peak £ emission peak & =1 ko] ZA}slo]

olgst daS Besty] fa 2 A AFelX = reporter FFEWMAE GFP 7h
obd AM A2l Red fluorescent protein (RFP) DsRED & A5} ™, RFP
1d cassette 9] copy T AEAE HAsH] 98] L H cassette & plasmid el
Abelstodty, mESE Etarda 9] chromosome 7ol 9l aspartate semialdehyde
dehydrogenase (asd) gene < knock—out A7]11, asd A} 23 cassette =
RFP 23 plasmid o A Addste] o|&= asd 7} knock—out ¥ Gk T4
EAWo] E.tarda | transformation OSEHX FAA UAFHAS] v &
stol = RFP ¥ plasmids & #FAE F S AXS Etarda AAFS

FE 3l

el
i}

Red fluorescence protein DsRed = Discosoma sp. (mushroom) S 285 F
A g 0y G EER A FEe] et toxieity 7ForthERA] ¢ba, A A
Alatell Al Wglo] 745 (Knop etal., 2002) StER-ol5 & Ao 83 5 9l
Green fluorescence protein & 2% EXAAESAHOF m]-¢ F83 =T ZH
Wofoll A AREEo] gko) & A oAM= LB agarose iAol oj& o] 7h
#Ha3}str] flako] o]e] ARE-S wiAlEAT

@ d
o e

rx  §2
flo

KoN
=

I8k W8 ¢ RFP DsRed £ constitutive promoter <1 pHCE
promoter & W#AZl Aasd E.tarda RFP w55 A8, 1 wHa ko] tfst
Hu ag gAY AEE 9 AFES vuEsith. RFP DsRed '] oigh
AL excitation wavelength 558nm ¢} emission wavelength 583nm A I

Aol Aol wlwatrh,

w
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THlE A AS 77l P o =4S Folgtel S, I didE FEAY
TEHoE  AAsh. A WHAER A" AFELAE F SZEH
penicillin A12 2] Ampicillin ©]t}. ©]+= B -—lactam &2 9] 3}st1F21S 71X 1 Qo]
B —lactam A @A v At Abgo] AsiAwt gstA o7 EQbdste] W, o,
Abae] x=EHW gl TAHAY EsEnt esdels dAYdd A F9
TAE oAy 7HA ZAF]l AN ofA A= A AR g AREE

El
30
o

(Shitandi and Sternesjo, 2004)

T AAR AT A5ELS FTEEOE ZnS0, o FEAS ARESHITE ofd

B TEELRE A dAA ol EAZ A wAsEEe AW AT HEE

o3t A oA EAES FEEZE AFES W o el AezRg 9
A2gol YehyAl =i, 22 QAste] e JF A3 #F0 AE At
RFP W&l go] 745 714 24 ©t}.

olAd RFP ZadZe v 542 498 o4 =459 s55 i+

L
o
N
ol
30
rl
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A7 Hol gkor, & AMts tde® g A ALY o] FoyA A P

Aol A= sfikell AAsHaA FAlel ofFel WHAR Fgets A Etardas
fdes FFLdd A Ads A% T AEEUHEAY &87]s8ds 45181
o}, HA AEI E. tardall AF-E allelic exchangeZE ©]€3}l9] chromosome DNA
ol alanine racemase gene (alr)< knock—out A7]1 1 Ag]e| dHA| e
promoter®l] ]3] W& ¥ = green fluorescent protein (GFP) %A} cassetteE 4F
P =M wx]o] D-alanine®] FH{lol= A2 F oA FAl9 GFPE L Al
Ao BH e ST =AW E. tardas ARSI, 1y o] GFPE ¥
ot A Eo tardas oJf3te] AEEUE 2A S L7k S A A
GFP %27} chromosome® 1 copy@ W EA8t7] wiiol] 54 E29] Fio u}
=4 W35 RUEY 7] o= reporter &ACQ GFPO] w0 Y&F Hlar,
Oz A8 uAE7E Hojx|iz ol St ol s @S meety] fla 2aF Ay
o= &Pk A GFP7 okd Red fluorescent protein (REP)® v}l ow,

RFP ¥4 cassette?] copy <+ TAE 237 Y& 20 4d cassetted plasmid

v

!

off M]3ttt T3t E. tardal) chromosome?toll 93 aspartate semialdehyde
dehydrogenase (asd) +AAFS-knock—out A7, asd 42 W& cassetteZ
RFP & plasmido] &4 A8kl ©]&  asd’}b knock—out® E. tarda®l
transformation SO0 24 A WA B-HAR] AFE9lo]= RFP ¥3 plasmidsE

AT 5 e AR B tarda A2WE TEAQL oA TER AZF E. tarda

= o] €3] ampicillin ¥ ZnCl, %% RFP @3S 543 43 Fxo] W& RFP
o] W gFo] ztol7t A YEbFOER AERYEZEA S o] teds & F 3
Rom, E ¢ AETEE X g dRsEtdrE 2 At vEebd
O ZM g vl LEUEEA S 8ol Ass o AT
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AL ARSI @S-G, 293 AA e FAS kA A s gAbeThe
W S A3, AR OFE6) HAIE G su e rhgol Futh 90w
g AAS debs @2 Sela 3 oA wE AAn Qa Al we
Asta AUtk Mg ASelAE vigrsihe % s e
ol # rubsh Al 27 AFelAE AAbekn ® Algha ekn HgUh
a9m BEE wu AW W QAL delA $Aska AAFUAY vl el
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