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Proteomic analysis of stress response proteins from Vibrio anguillarum.

Eun-Young Kim

Department of Biotechnology, The Graduate School,
Pukyong National University

Abstract

Vibrio anguillarum is a halopilic and gram-negative bacterium that universal marin
pathogen causing vibriosis in marin fish and other aquatic animals. In general,
bacteria have developed strategies to survive in-harsh environments. V. anguillarum
also encounter <various -stresses with seawater and. hosts. 'In this study, we
investigated differential protein expression of ithe V. anguillarum in response to pH
and temperature stresses. V. anguillarum was cultured under stress'condition A (15
C, pH 7), stress condition B (25 C, pH 10), and normal condition (25 C, pH 7),
respectively.! Proteins were separated by 2D-PAGE, and' these  proteins were
observed different. expression in | each conditions, and | identified by
MALDI-TOF/MS. About 550 proteins in normal condition, about 530 proteins in
stress condition*A, and,580 proteins in/ stress condition B were expressed on the
gel. Among them, 40 proteins. were indentified, and.2 proteins were commonly
down-regulated under somestress conditions. ‘This -proteins were identified as
putative C4-dicarboxylate transport-sensorprotein and oxidoreductase short-chain
dehydrogenase/reductases family protein (OSDR). Especially, OSDR was
down-regulated at pH (5), NaCl concentation (2M), and bile salt (0.1%). OSDR was
included in short-chain dehydrogenase/reductases (SDR), and it has distinct
sequence motifs as TGXXXGXG. Analysis of transcriptional level with RT-PCR
showed that OSDR gene was reduced by time course. As a result, expression of
OSDR protein was regulated in transcriptional level. To the best of our knowledge,
this is the first report describing stress-responsive proteins of V. anguillarum using
proteomic approaches. Our results provide a useful strategy for detection of

changed environment with V. anguillarum.
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01, 02, 1831 O3 type®] fishll vibriosisE FESTH10]. V. anguillarumol
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©] 3t hemorrhagic septicemia 5742 =2 HALE S 4o7|7] wfol st
G Aol meig dAlAE HelE do12]. wEbA oy d FAA &4
< 97 et V. oanguillarmel] dgk A77F Qs V. cholerae, V.
parahaemolyticus R V. wvulnifnicus 52 human pathoegenic Vibrio species®] Tt
& Agrto] 23] SR o V. anguillarumol] W3 Biie vH|E 4
goltt.

Fish & shellfish pathogenic V. anguillarum-& | 2 o] 5o EA)stthrt
host AW Z HF31H, Ul A colonizations &3} septicemiaE f23Hct

[16]. wetA] host AU ZE TS V. anguillarum-2 temperature, pH shift, salt,

osmotic stress 2 bile salt 52 %3l host AW 274 2] stress s}oll A A =3}



o obnt sl o] gk oA AESH] 913 mechanisme ©]-8-FHTH11, 16].
Bacteriax= TFF3 S8 WSS oA =W o2 gk S wstd A AsA A&
o whepA o] g A wstel] thgh bacteria®] A&
2 HkSof] 3 FHLE WSEA, infection mechanism % virulence factors
HAA bacteria® Ao v FE8AHKRE A Fsth. o] 23 mechanism<
T3] 918 A= TdstA AlEE AW genetic level 2= protein level
2 o]l A =902, 7, 11, 18, 19]. kAR, genomic X2 B {212
screening Y42 T3 AT = TFS 2 I S AR 7leS 99
Z1o wi-%- o Febe AR o] A7) ot 5F SF A =835t 7%
S el AT E USdSk stress 3tolA]l protein®] WHS Hlw, XM=
proteomic analysisol] 23l E&H 9= visx gIT}H18].
T} poteomics analysis™ i FollA] two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE)E ©|-83 Wo] vi-¢ FR{stA AHE = kot
[7, 11]. 2D-PAGE< bacteria’} t}F3t stressoll o3t 2 &S+ total cellular

protein mapS AT 4 1o1 o] 3 protein spot mape] HluE F3}H
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A 235t A Tdo] 2Fo]7F Y= functional protein spotS S 4 Aot

[7, 11]. W&t EF 37 stressoll thdk o] 2138t protein] 7]5& 7 3}17]



Agsttt. T3 2D-PAGEE 53t matrix assisted laser desorption ionization
- time of flight /mass spectrometry (MALDI-TOF/MS) % amino acid
N-terminal sequence #41& §3to] 54 T do] ojust Tl dlr} 9
& g A7]

2 dFolM = V. anguillarums temperature, pH, NaCl, 123l bile salt
concentrationS W3} A 71 thekdl environmental stress 1S 283k T} 9]

2k stressoll ot @Ol Aol Y= protein spotES Zrohflow,
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MALDI-TOF/MSE 53t #4422 5F spotd protein®] ] 3t protein?]
A g Aok 28] el @9 E S encodingstil e FAAe] FRE

Uit HEdl FAA S A ES o] 831 reverse transcriptase-PCRS

T3Y3tod genetic levelol| A1 9] regulationd] #sld AFE 33t A T



o. A& & IH

1. Preparation of proteins

1-1. Bacterial strains and cultural conditions
A AHEH V. anguillarum strain 012 Helmstrom and Gram (2003)2]
A& AHE3IA 2™ Brain Heart Infusion (BHIL Difco, USA) broth®} 1.2%

agarZ &3k BHI plated] A 25T, 180RPMO.2 ¥ 5 HiFstA ) T3 20%

glucose®} 7% dimethyl sulfoxide (DMSO)E A}-8-3l -70CollA] B33 Th

1-2. Stress conditions

V. anguillarum O1¢] stresse= =% (15°C),pH (5, 10), NaCl &% (2M), bile
salt % (0.1%) 3ol 242 A3ty WA V. anguillarum 018 X5 vl ¥
3le] optical density7} 600nmel A 0.47F =S = AA4AEE (4000RPM, 10

min, 4C) 3} cell& B2 & Z}7}9] stress 710 9 vl 2] of| resuspension

of

S} T}, Stress =710l F-3Fsk vl

O

A1 7Ee 2M NaClell A 1A417F, 15Tl A 2A]

Zt, pH 59} pH 10, bile saltell A Z+7} 3A1ZEo. 2 3o w[12], 1ml 2 A4+



2] (12000RPM, 2.5min) 3} cellS 20Tl K A3},

1-3. Sample preparation

Im¢ 2 D472 g cell2 lysis buffer (7M urea, 2M thio-urea, 4% CHAPS)9]
0.0154g/m¢ Dithiothreitol (DTT)?} 2040/ml pharmalyteE F7}gF lysis
solution 150091 4 4-16A1%F &<F multi-vortex 3l 5 &3] lysis A7l & A4
2] (12000RPM, - 5min, 4TC) 3}e] cell debrisE A ASFAL. Aol
supernatant= 2-D Clean-Up~Kit (Amersham Biosciences, USA)E ©]-8-3}
preparation 3} 2. W, dry¥® A H| 2] sample lysis solution 50-1004L°] 4-16
AlZE &<t F/3] lysis AlZ T

Protein Bradford assay'iol we} A= 5131 2™ standard curve= bovine

serum albuming ©]-&3) 23T}

2. Analysis and identification of proteins

2-1. 2D-PAGE

First-dimensional IEF®} second-dimensional SDS-PAGE+ Amersham



Biosciences manual®l|] @z} 5Pt Th 2H2HE] lysis solution®ll FiE-3] lysis
H samples A& 3 150-2001g%] proteing F# & ¥ 05% IPG buffer (pH
4-7)9} 5% bromophenol blue XZ38}-&N-& 3713t v g rehydration AlA ¥
2 IPG strip (immobilized pH4-7, 13cm, Amersham Biosciences, USA)°]

loading3} A th. Isoelectric focusing 1 stepoll A 1413t &<+ 100VE A8

ol

o1, 2 stepoll A 500VE 1A17F 302 A3 3L, »EX = 3 stepoll A1 8000V 7}
A gradientdtAl zZedske] 80000Vhr7hAl A#-& &%t} First-dimensional
IEF7} €% gel strip< equilibration buffer (50mM Tris-HCl , pH 8.8 , 6M
urea, 30% glycerol, 2% SDS)ell 2t7} 1% DTTS} 0.5% idoacetamideE 37}t

solution® & equilibration A%l ¥ 12% polyacrylamide gell loading3d} it

Second-dimensional -SDS-PAGE  130VZ  ZAASATH Geld Ao

I~

Heukeshoven and Dernick®] siliver staining'y ol Wit} 2D-PAGE= 717}

stressoll T}eh oA W ol Sasle] ARE wEAAT

2-2. In-gel digestion, MALDI-TOF/MS analysis and protein identification
Silver staining3t gel®] spot< 8l 25% ethanol®} 7% acetic acid7} 3

¥ solutiond] 2o} spot i+ o] Atetd W 71A] destaining 3T 1



% in-gel digestione trypsing ©]&3] FdATt. 2L 0.1%
trifluoroacetic acid (TFA) 7} 0.1% &% 50% acetonitrile solutions ©]-8-3l
gelol A peptideE & 3ARTE ©] & vacuum centrifuge® XA 7] 3L, tripsin
S A8 3sle] MALDI-TOF/MS ¥ MALDI-TOF/MS/MS #4418 A3 &l9ch
[9]. Peptide mass fingerprint datax~ Mascot search engine (http://
www.matrixscience.com/home.html)¥ SWISSPLOT-S  ©]-§3}4]  protein

database9} Bl A3 T

3. Gene sequencing

3-1. Design of primers for sequencing

MALDI-TOF/MS/MSE._ &3l fojdl &332l sequencest o] &&H 7

e

Vibrio sp.9] Z}7}¢] DNA sequences Bl OS2 ¢i1A} 3t= proteing coding
St gened] sequencingeS 91§ primers Z}/J3IATE Sequence similarity

analysist= NCBI serverol| ] BLASTS} FASTA networkE ©]-8-3} %t

3-2. PCR analysis



V. anguillarum®] chromosomal DNAE template® 3} 50409] reaction
mixture (250uM dNTP, 50 10X PCR buffer, 10pmol primer, 0.5U Taq DNA
polymerase, distilled water up to 50u0)E 95C A 53 &<t denaturation Al
Zl % 95TolA 30%, 56TCollA 30%, 72TCAlA 30x=E 30 cycle AXOoH, 7

2CANA 7% &t 2 w3

o

TE AR

3-3 . Sequencing

PCR product® sequencing> ABI 8730xl 96-capillary ' DNA analyzer
(Applied Biosystems, USA)E ©] &3} 2™ gene®] open reading frame
(ORF)E Totarzt 53 329 74 <9ES& DNA Walking SpeedUP Premix

Kit (Seegene, Korea)& A}-&-3}th.

4. Gene expression analysis

4-1. Total RNA isolation and ¢cDNA synthesis

Total RNAE TRIzol Reagent (Invitrogen, USA)E ©]|-&3} InvitrogenA}2]

protocolol] W} EZlslR o, £ F DNasel (TaKaRA, Japan)S * 2|3}



o] DNAE Al A3l puregt RNAE LA} Total RNAE First strand cDNA
synthesis kit for RT-PCR (Roche, USA)S ©] &3] mRNASIA cDNAZ &

Astgh A E (DNAE 20CoA BT

4-2. RT-PCR

RT-PCR2 /3 H cDNAS} A7} 3h= gene?| specific primers Z &3t 50
(2] reaction mixture (250uM dNTP, 510 10X PCR buffer, 10pmol primer,
0.5U Taq DNA polymerase, distilled water up to 50u0)E A A+ PCR

HA4 3 FdsHA 1S AlFH.



m. 43 2 13z

1. Differential expression protein of diverse stress conditions
Z+E stress dFolA up E+= down reglulation == V. anguillarum O19]

proteins #4331}, spote] WEYF 7Y W™ 15T pH 105 T4

f

T AS 34 210& W A7l & 2D-PAGEE F3l €23 proteing &
st AX W] T3 AdPS wbEsi QIS E=dH 2 A V.
anguillarum®] 25°C, pH 7¢| Al BZ3sk= A% % spote] 4= o 5509 7l ol
A 15T 2] stressE W& F9 4 spote] ¥o] 5300 M= 743 dhd, pH
stressE WL wo A$ F-5800 A= FUkstdoh (Fig. 1, 2, 3). V.
anguillarum®] =8 protein- ‘spotZ} W S}E  protein spot T UWHOZE
MALDI-TOF/MS¢} MALDI-TOF/MS/MSE A8 A3}, & 40709 spot

identification & 4 A ATk F 64719 spotoll A 41 A7} clear $F pickE

12

A

alfe

of| = EF3lal 247l spotd] 79 data base F= S 2 identificationd}A]

%3t} Identification® X proteins-2 Fig. 1% Table 1o A5t

10
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Fig. 1. A proteome reference map of Vibrio anguillarum. Proteins were

separated by 2D and then visualized by silver staining.

11



Table 1. Vibrio anguillarum proteins identified from the reference map.

SPO e finition Origin Accession[p  Molecularmass o 410
no. (kDa)

1 Rib leotide -diphosph d subunit alpha Vibrio cholerae O1 biovar eltor str. N16961  gi[15641269 86 -
2 Rit leotide -diphospt d subunit alpha  Vibrio parahaemolyticus ZP_05909994 86 -
3 General secretion pathway protein D precursor Vibrio parahaemolyticus RIMD 2210633 £i[28896907 73 +
4 Heat shock protein 90 Vibrio parahaemolyticus NP_797200 72 -

5 Aspartyl tRNA synthetase Vibrio parahaemolyticus NP_797426 65 +

6 Carboxylase subunit B Vibrio-vulnificus NP_760495 64 - +
7 ABC transporter, ATP-binding protein Vibrio splendidus CAV18694 61 +

8 Hypothetical protein VCA0199 Vibrio cholerae O1 biovar eltor str.N16961  gi[I5600969 74

9 CTP synthetase Vibrio splendidus 12B01 £i[84390113. 60 -
10 6-Phospho-beta-glucosidase Vibrio cholerae Ol biovar eltor str. N16961 . gi[15641566 21 +
11 Unidentified

12 Phosphomannomutase Vibrio vulnificus CMCP6 NP_760581 47 +

13 Unidentified -
14 Unidentified

15 Unidentified +
16  Hypothetical protein Listria monocytogenes ABB99935 43 -

17 Unidentified +
18 HistidyltRNA synthetase Vibrio vulnificus NP_759422 45 +

19 Unidentified

20 Putative C4- dicarboxylate transport sensor protein ¥ibrio parahaemolyticus ZP_05908166 77 - -
21 Elongation factor Tu Vibrio vulnificus CMCP6 gi[27364738 43 -
22 Hypothetical protein VP1087 Vibrio parahaemolyticus NP_797466 . 78

23 Adenylosuccinate synthetase Vibrio cholerae Ol biovar eltor str.N16961 = NP._232230 46

24 Asparagine synthetase B Vibrio parahaemolyticus NP_797205 62 +

25 Glucose - I-phosphate adenyl transferase Vibrio cholerae O1 biovar eltor str:N16961  gil15641731 45 M
26 Protein recA (RecombinaseA) Listonella anguillarum CAH57105 38 +

27 Hypothetical protein MED222_19679 Vibrio sp. MED222 gi[86146956 44 +
28 Unidentified +
29 Unidentified +
30 Probableperosamine synthetase Listonella anguillarum AAB81626 40 +

31 Unidentified -
32 Unidentified +
33 ADP - glycere-D- hep 6-ep Vibrio splendidus 12B01 2i[84386892 35 -
34 Adenylosuccinatelyase Bartonella henselae str. Houstoa 1 gil49475719 49 -
35 Unidentified +

36 Unidentified

37 Probable perosamine synthetase Listonella anguillarum 8i[2558977 40 -

12



Table 1. Continued.

Spot Definiti Origin ionp  Molecular mass 15C pHIO
no. (kDa)
38 L-threonine3-dehydrogenase Vibrio cholerae O1 biovar eltor str. N16961 ~ gil15601640 38 -
39 Unidentified -
40 Fructosel-phosphate kinase Vibrio splendidus 12B01 £i[84385734 35 +
41 Cysteine synthase A Vibrio cholerae Ol biovar eltor str. N16961 gi15640984 34 +
42 Leucine transcriptional activator Vibrio parahaemolyticus NP_796729 36 +
43 Unidentified +
44 Acyl camier protein S-malomyliransferase Vibrio vulnificus CMCP6 27366282 3243
45 Unidentified -
46 Unidentifiied -
47 Dx i ol ldol: Vibrio cholerae O1 biovar eltor str. N16961-_gi|15642347 2794 +
48 Threonine dehydratase Pseudomonas syringae pv. fomato str. NP.795019 30 +
DC3000
9 Unidentified
50  Ribosomal protein S2 Listomella anguillarum 220451753 3901 -
51  Peptidyl-prolyl cis-trans isomerase, FKBP-type Vibrio parahaemolyticus ZP_05909259 72 - +
52 Unidentified +
53 Hypothetical protein mir6547 Mesorhizobium loti MAFF303099 gill3475468  42.63
54 Oxidoreductase, Vibrio alginolyticus £i[91224782 - -
short-chain dehydrogenase/reductase family protein
55 Unidentified +
56 Transcriptional regulator Vibrio cholerae O1 biovar eltor str. N16961  gill5601325 2804 +
57 Unidentified
58 Uracil phosphoribosyltransferase Vibrio splendidus 12B01 284389758 226 -
59 Unidentified +
60 Unidentified +
61 Putati b Ti i Vibrio parahaemolyticus RIMD2210633 228900251 1238
62 S-Ribosylhomocysteinase Vibrio cholerae O1 biovar eltor str. N16961  gill5640579  19.13 -
63 Unidentified +
64 Unidentified

13



pH 109] stressZ FUS 4%, 64709 spotE F spot 3, 6, 10, 25, 40, 47,
48, 51, 56 <= HIE3IH 23709 protein spot=©] up-regulation ¥ oW,
spot 1, 2, 20, 21, 33, 34, 38, 50, 54, 58 52 E33 187§ 9] protein spotE©]
down-regulation ¥ It} Up-regulation protein® 2+ gluconeogenesis 7
o] o]& %= carboxylase subunit B&} 6-phospho-beta-glucosidases Hl &3}
starch®} sucrose®] metabolism®] AF&-%+= glucose-1-phosphate adenyl
transferase, fructose, mannose metabolism®| 2 3} fructose-1-phosphate
kinase, 12]3l pentose _phosphate pathway®] - deoxyribose-phosphate

aldolase & glycolysis?} # &gt enzyme=©°| F5 ©]FATH35]. Amino acid

o] FAdel BHS}= enzyme 5 cysteine synthase A$} threonine dehydratase

o] protein spotE%® 573 EFS HY, pH 109 714 Aol 447
cysteine metabolism¥} “isoleucine biosynthesis®l| F&FS F= AR o FH

o 1 9% transporto] #3F= general secretion pathway protein D
precursor, protein folding®l Z}-83k= peptidyl-prolyl cis-trans isomerase
FKBP-type, 12]3l transcriptions 43} transcriptional regulatorZ}
up-regulation = $1tH14]. (Fig. 2, Table 1)

HHH,  ribonucleotide-diphosphate reductase subunit¥ adenylosuccinate

14



-

lyase, uracil phosphoribosyl transferase ‘5 ¢] transcription®] ## ¥ protein
spot=¥ elongation factor Tu, ribosomal protein S2 5 9] translation?} 3
¥ protein spot=°] down-regulation = ATH4, 5]. =3+ lipopolysaccharide
biosynthesisoll ¥ 3}= ADP-L-glycero-D-mannoheptose-6-epimerase®] spot
o] Fisle EEFS Hom, glycine, serine, threonine 52| metabolismell
©]§% = L-threonine 3-dehydrogenase®} oxidoreductase short-chain
dehydrogenase/reductases family protein (OSDR) &< oxidoreductase

enzyme”} down-regulation ¥+ E &S H AHHI].
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Fig. 2. 2-DE patterns of V.anguillarumO1 strain incubated under pH 7 (A)

and pH.10 (B).
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V. anguillarum-& 15Co| A v &gt 2§, 25TAA vjFgt ol B3] spot
57,12, 18, 23, 24, 26, 30, 42 5= H|E3I 11709 proteinE ]
up-regulation E%lem™, spot 4, 6, 20, 51, 54 T 67/1¢ spot=o]
down-regulation =+ E&F& & 4 AAT (Table 1, Fig. 3).

pH stress®t= RHHZE 15CY stress 3toll A=  transcriptionol] o 3h+=
adenylosuccinate synthetase, leucine transcriptional activator®} translation
o #3l=  aspartyltRNA synthetase, histidyl-tRNA synthetase %]
protein spot=°] up-regulation = ITH6]. =3+ asparagine biosynthetic
process®l | ¥3l= asparagine synthetase B9} mannose biosynthetic

process®l ¢]-8 %= phosphomannomutase &< HIE3SH WY spots

it}

flo

pH

b

stress}oll A up-regulation <= F&3 FAFSHAL YERET. 1 2] ion

transportol| 4] 283} = ABC transporter ATP-binding protein®] S 7}3}=

7

E2H5S BHAT. WA, down-regulation® spotEoll= heat shock protein 9,
gluconeogenesis®] ¥ 3} carboxylase subunit B, 123l protein folding
of Z-&3l= peptidyl-prolyl cis-trans isomerase & ©°] Slth. Carboxylase

subunit B¢} peptidyl-prolyl cis-trans isomerase™ pH stressol|A] & H 4

FHe gy A

rr

&S By



Fig. 3. 2-DE, patterns of V.anguillarumO]1 strain incubated under 25C (A)

and 15T (B).
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Probable perosamine synthetase®] 74-%- pH 10| X< 743t St 15T

Ae 239 F7lele E5S Bt ©] enzymexe V. cholerae®] O-antigen?l|

flo

A & 4 U= 4-aminodeoxysugar?] perosamineE FA = EAT 2
EAR oA JH1]. o] EZO| stress 3t Al down-regulation HTH

3}
=

kel

o, vy

N
%2

+ AME -2 bacteria®] pethogen?! O-antigen®] 7H4~E U
2 15TCoA up-regulation Eth= A2 O-antigend S7FHE Y| + 3
o "o pH, 2% &o|% Z+E stress condition 3t A V. anguillarum}
fish pethogen AFo]¢} probable perosamine synthetasel] e 571 283
Ao = HY (Fig. 2, Table 1)

54 spot OSDR¥} 20% spot putative C4-dicarboxylate transport sensor
protein® A% pH 1084 15C¢ F 7}A _stress’ XA EF
down-regulation®] 1 tF.-putative C4-dicarboxylate transport sensor protein

signal transduction®] 2 ©]-&% ™, C4-dicarboxylate transport system<] 2}

ol oo

rok

il B =T 53] system WOl A succinate, fumarate, L2] 3L
malate®} Z-2 C4-dicarboxylateE up-takedh=H AH§-EHTha &&A ATH17].
OSDR< short-chain dehydrogenase/reductases (SDR) family®l] <3l

protein® 2 SDR family= = o] JA 2 o}F & protein family©] .

19



SIAIRE family WjollA] & 3 sequence motif7} &A1t Johal HIE ok
[13]. T=3F OSDRY 7% 91 F 7}A] stress ¢]o] pH 5, NaCl &% (2M), bile

= AXZ AFME FA

o

salt &%= (01%) wW3E F= A

-

.

down-regulation® &= EFS B, hofst 3744 29 Wl disiaz

75 Wakshe mee Bl
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2. Sequencing and analysis of V. anguillarum OSDR

V. anguillarum O19] OSDR genew sequencing 3}7]%3l] MALDI-TOF
MS/MSE Fal B35%X amino acid®t V. cholerae, V. wulnificus, V.
parahaemolyticus oA o]7] B 11¥ DNA sequenceE alignmentst™] A%

7}

H
flo

FiES WESE primers AFsien o] HIEOSZE DNA
Walking SpeedUp Premix KitE ©]&3}] 759bpe] ORFE ©r3low, 252
amino acid A €< 23t} (Fig. 5, 6). ©] amino acid A €2 Vibrio sp. EX25
9] dehydrogenase 3 V. alginolyticus®] OSDR¥} 84%<] 71 =& &84S
B (Fig. 6).

B3 SDR familyoll A "EA kR sequence® HHE AT OSDR
protein®] amino acid A1 8] 12-19¥ A o] EA) 3= TGXXXGXGE coenzyme
°] binding ¥ = regione] ™, 61H A 2] D= ¢Fs} Al binding == coenzyme®}
adenine ring pocket®] stabilizations ¢3¢t Z7|2 B I =ATHS, 13]. 87-90H
o] NNAGY -+ 419 B-sheet +FE stabilization A|7]+=H| o] &H )
dH A o, 112HA2S] No| active site©]TH13]. Active site= ©] ] %=
139-152-156"1 & amino acid?] S-Y-Kol®= ZEa13cH8]. 180 Ao N&

substrate®] binding loop®} activite siteE connection A|7]7] €&o|H,
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184-185H Aol = LHEH © 2 PG7} HE5 9] reaction directiong HJ3Hch
&2l amino acid Q1HI[8, 13], V. anguillarum¥ RE Vibrio species®] 7%

o] R PS7t EAEA. riAetoE 189 Al 9] T+ nicotinamide ring<]

carboxamide®l| H-bindings ¢]3F 935

rol

Thal B 315 QITh13].
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* 20 * 40 * &0 * a0 * 100
ATGAATGGTTTAACCCATAAAGTCGCTTTAGTCACGGGTGCCGCCARCGGCATCGGCTTTGCGATAGCACAGCGTTTATATGATGAAGGGGCCALTGTLAG

* 1zo * 140 * 160 * 150 * 200
TACTGGCCGACTGGALTGAAGAGCAACTCGCCACCGCCATCGAAGC TTTTGACTC AACACGCGTCGCGGCGCAAGTGATTGACGTC TCCGATCCTARLAL

* zin * 240 * Z60 * 280 * peuln}
AGTAAAAGCCATGATCGATAAC GCCGTATCACGCTTCGGTARGC TCOAC ATTTTAGTCALC AATGCGGGCATCCACATCCCCGGCTCOGTC TTAGRALGT

* 3in * 340 * 360 * 380 * 400
AGCGTTGAAGATTeGALGAAAATATCAGC GG TGAATATTGATCGCGTCOTGTATTGC TCTAAATTTGCCTTACCTGAACTGC TAAARACGCAGGGGACCA

* 4z0 * 440 i 460 * 450 * S00
TAGTCAACACCGCTTCAGTCTCTGGCTTAGGTEGCGACTGGGGTGCCGCATTTTAC TGCGCCAGTALAGGCGUGGTAGTCAACCTCACGCGCGCCATGGT

* san g 540 i 560 F 580 * 600
GCTAGACCACGGTGCCGC TGGCGTACGAATTARCGCCGTGTGCCCARGC TTAGTTALLACCAATATGACCAATGGTTGGTCGCAAGAGATTAGAGATALL

* 620 * 640 i 660 * (=1 * 700
TTTAACGAGCGCATCGCACTAGGACGCGCCGCAGAACCGAGCGAAATTGCCGCCGCAGTGGCCTTTTTAGCCAGTGACGATGCATCATTTATCALTGGTG

* Tin gl 740 .
TCAATTTACCCGTCGATGGTGGCGCTACCGCTTCCGACGGCCAMCCTAAAATCGTTTAL ¢ 759

Fig. 5. A sequence.of OSDR gene from Vibrio anguillarum.
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cholerae
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angustum
alginolyticus
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6. A sequence of OSDR amino acids from Vibrio anguillarum and

* 20 * 40
MNGLTHEVAL ATAQRLYDEGANVVLADWHEEQLATATEAFDSTRVAAQY

MNREEGEWVW ARAHRFASEGATIVVLADLY QDALDEVHSELTAEETLCVE
MRGLENEVAL ATARRLYEEGANVALADWNEEQLANAVEGFDEQRVSAHS
ATAERLYEEGAT LALADWNEEQLAIVIEQFDSARVYAQK

MEGLTHEVAL

g0 * 100 *
MIDNAVERFGELDIL HIPGEVLESEVEDWKKT B A
LIEQTTENFNEIDIL HIPGTILDGETIQDWEKTI &S NGATYCEEYALPYLIESKGCT VNN,

LISDVVTRFGELDIL HWVPGEVIEGEVEDWEKI GG
LWVRETVERFGRLDIL HIPGTVLECEWVQDWRRIAR

*

160 *

SELEEDWGEAA] AVVINLTRAMALDHGAAGVE
SCLEGADHGAN ATVHLTRVLALDFGLOGVE
SELEGDHGAA] AWV LTRAMALDHGADGVER
SELEGDHGAA] AVVHEF TRALALDHGAQGVER

220 3 240 £3
AEPSETAAAVAFLASDDASF INGVNLPVDGEATASDGEOPKIV -
AEPEEVAAVMSE LASDDASEVNGVNLEPVDGEVIASDGOPEIVA
AEPEETASVVIFLASDDASE INGVNLPVDGEATASDEOPEIV -
AEPEETAAVVAF LASDDASFVHGVNLEVDGGATASDGOPRI V-

other' Vibrio species.
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DEVVYCEKFALPELLETQGTIVHT

DY CAKFALPELLETEGCMUTT
DY CAMHALPELIKTRGCMVTNT

MTNGWEQEIRDEFNERTIALGRA
MTHCHPEDTRNEFNERT PLGRA
MTHCWPODTRDEFNERTALGRA
MTHGHPOATRDOFNERTALGRA



3. Transcriptional analysis of the OSDR gene

OSDR protein®] #&o] oj= oA WAs=A] Lolr 12} RT-PCRES
A3t mRNA levelol A gene® T3S #&3IATE 15Tl A stressE W
< V. anguillarum stressE WA &2 V. anguillarum . ZF-¥ total RNAE
23t om, HA o]E vlE O E stress A7 WE mRNAS cDNAE &
/38t OSDR genes PCR= F3 AAAAZ . 21 A3} 25T = stress A
Zto] 325 FUdodE FLH ¥ band7F YEfLE= Aol ®Es] 15Tl A=
stress A|ZFol/ Aol whe} bando] Age] Eol=c EFS BT ol
transcription 4 o A1 ¢] ¥ &l= OSDR protein®] 3] gene levelo A =4

He BHAFAH (Fig. 7).
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Fig. 7. Vibrio. anguillarum gene expression profiles: stress-related gene;

OSDR gene, internal control gene ; 16S rRNA.

27



Bacteriaw= T}3l environmental stressoll & =& o low, o]t
stress Sl A= bacteria®] homeostasisE A5l o st} o] st F ol A
bacteria”} -&3l7] 93 A = metabolisme] W3} HE+ cellular structure
compounds®] TEE HHEFOoEHN TJhesith EI o3 WhE2 gene
regulation 59| transcriptional levelo| 4] 24 %+ mechanism¢] & F&
3L, protein®]  synthesis =  post-translational modifications <]
translational levelo|A Z& ¥ = mechanism ¢ 4 T A ol =4 7|2}
of 93le] up-E== down-regulation =& A T @A oJste] TheF
Sl environmental stress®ll A2 = UA Hot.

2 AFNANE TS stresss AE SIS W V. anguillarum®] total
protein®] WHE Zt7} vt 57 stress 3ol Aol W gk proteind] W& o]
shift B S 24 stressoll o] WSk protein®] #&o] J+=A& Wt T3 2 A

75 Bl V. anguillarum® OSDR©] theFst 3747 stresso]l dis] vi-¢-

L)
flo

sensitives} Al 2& 3% Bgon, o#dt ARE vl o2 V. anguillarum®)

stress A F-E =A 3= satellite makerZ#4] OSDRo| H&slth= 228 =&

st
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V. 8¢

nAERZ AA F oFo Z FA)E Fa Juk ol V. anguillarumS Tk
k3l B AZA  stress Jlo] EoEH  olo wWE AR wyHS
2-demensional  electrophoresis 9} matrix-assisted laser  desorption
ionization-time of flight/mass spectrometry (MALDI-TOF/MS)E &3l &4

sttt 1A% wild typed] A% 5504 JHS] spoto] WERGEO ™, 15T <]

jus
flo

2<% stressE e A$ spote] o] 5304 = A WA pH
stressE W2 T A F 5804 72 FUISIATE °]= spot T 40719
spot©] identification- E ATt 2% stress® 7-F--aspartyl-tRNA synthetase,
ABC transporter ATP-binding proteins HIE3l 1170¢]  spot©]
up-regulation®] 1 ™ heat shock protein 9, putative C4-dicarboxylate
transport sensor protein & 6709 spot®] down-regulation = %th. pH
stress® 7ol general secretion pathway protein D precursor,

adenylyltransferase 5 237H¢] protein®] up-regulation ¥ 1 °2™ Ribosomal

protein S2, ADP-L-glycero-D-mannoheptose-6-epimerase 5 1870¢] protein
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°] down-regulation ¥ %It} oxidoreductase short-chain dehydrogenase/re-
ductases family protein (OSDR) ¢ 73-% &%¢ pH stressE B %3] NaCl
% (2M), Bile salt % (0.1%)% W& % protein©] down regulation =

At Stressell W73HA ¥H-S-3= OSDREY DNA sequencings 3l 759 bp

o
rok

o] ORFE Y¥3gow, o] vl&to = 252 amino acid AEE Zgth

OSDR protein®] 32| %4 mechanismS 2t1AF RT-PCRS 2 A)E A}

<

| pastgs

ol
S
e

stress 271 3t A} OSDRE Al7ro]l Aol wigt =7

0

3 OSDR protein®] &L Z4 o] transcriptional levelo| A dojds ¢
T AT B AFE F8l V. anguillorum® OSDRo|] thFst 744 stress
of thall wi¢ sensitivedtA] ZEFS BFRO™ EEF ol g AIE uiEg o

2 V. anguillarum®] stress HFE 543l satellite maker= OSDReo| &gt

rr

e dge =Esigo

of
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