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2, ¥¥e8 e %(Vibrio sp.) EJY3, AMFE3 A~ dlzaeb a2 (Saccharophagus degradans) 2-40, T
2R U2 o5 HE|FH( Pseudoal teromonas atlantica) T6c 52 fefel AL & dar, o= Eo], HBEL &
(Vibrio sp.) EJY3 521¢] SEQ ID NO: 19] 4714 2 SEQ ID NO: 29¢] o}n]:=it A= EAIE 4= Qo).

A7) 3,6-ctsfolma A EYal A ZF2o|ABLEAE 3,6-¢tlolmgzdgd YLt & FRE JSA]7)HA o]
dAstete] 2-AE-3-USA-AREYAoR HEshE AR, B &(Vibrio sp.) EIY3, AFRIAZ2 b
Z1eyk~(Saccharophagus degradans) 2-40, T+ FEUHZEU2 o} 5 HE|FH(Pseudoal teromonas atlantica)
T6c o Feil Ad 5 3, ®Bry FAHeR, AFLRIAAL~ b ek (Saccharophagus degradans) 2-40
frefe] SEQ ID NO: 39 dvIAE(ebw=ab AME: SEQ 1D N0t 4), TFEEHEREUZE  olEdE I}
(Pseudoalteromonas atlantica) T6c 219 SEQ ID NO: 59 47| A (ol At A&: SEQ ID NO: 6), HHE L
%(Vibrio sp.) EJY3 21 SEQ ID NO: 79 A71ME(olnx=Ait AL SEQ ID NO: 8) & o= 3u=E HAIZ

+ 9
WOUWAES MG AFES % Sl 3,6-cttel SRAL-ZEL s Dol =R AUASY 2ol AHE ot &
ARAES FATT WS AHgstel A7ke aNAEe] H5sn BANSS ANF A3, 36-Astol =R T
EYAHelet AHGA' @ o= Setes] waglel AP 2-AE-3-uSA-2YEYAS YYFE 3,6-9
Solu AREYN NFRoYARELE A2E BHFA.

weba], & e SEQ ID NOS: 4, 6 = 89 olu|xAil ME F o= SUZE BAIHE 3,6-8lo| =2 g EY
A A ZF 20| A A3 E A (3,6-anhydrogalactonic acid cycloisomerase)S X8l 2-AE-3-HSA-ZAFEY AL
Aarg 2AES T3 A Fs.

wek, B g2 SEQ ID NOS: 4, 6 & 89 oAt A F o= R BAYE 3,6-¢tslol =2 At E YAt
A ZF 20| A3 F A (3,6-anhydrogalactonic acid cycloisomerase), 7] 3,6-¢tslo| =24 EYA Al F

A kel vAE = A7) uAES wjdAE S 3 6-¢tslol R A4S E YA HFSA]A 2-A E-3-T
SA-ZAFEYAS Akt IS AlEeit.

F7) 2-AE-3-t A - AT EYA Qe asE 2-AE--HSA-EZHEYMS 2-AE-3-HSA-EAT L EY
Ato 2 QAEA7= &4, H¥BEE Qe E(Vibrio sp.) EIY3, AMMEIAAL dlzelbd(Saccharophagus
degradans) 2-40, =¥ FELEHERUA o}EWE| I Pseudoal teromonas atlantica) T6c =9 Fa#lgl AL 4
9lar, SEQ ID NO: 9¢] 947144 2 SEQ ID NO: 10¢] opm|wit Md= gAE & 9}

A7) 2-AB-3-UZA-EAE AT EYA dEgolAls 2-AE-3-UFA-EAX A EYAS yFHAo R K3
A7l B4R, BB &(Vibrio sp.) EIY3, AFFE3A vlagbd 2 (Saccharophagus degradans) 2-40, =
= FEYHEZERU o5 TEFH(Pseudoal teromonas atlantica) Téc 52 fFalQl AU 4= A3, SEQ ID NO: 11
o] A7IM<E Z SEQ ID NO: 129] otk M2 xAlE 4 Qo).

ded FAAES 5249 B 38t G4S 2k shu o] ofmite]l AA, XE, Ag) 9/EE FUtR
dds m9gshs FYFIUeEHEE 3t odd, SEQ ID NO: 1, 3, 5, 7, 9 E= 110 71AE o= 3
el wEEUE=E Foketa, mie = o4 SAE Ze diAS adcts S Ed e =] A%
271 Bt A E4stsle FEwEdEHEE XS, 'A% 2dstA EA4slsle EEwEYHEHE 2
2, g ARAe 7led 2T8H0.5XSSCE 2T dAF Al fEH o 42T A A& )4 ECL A4
Ak #2352 HE Al (Amersham Pharmacia Biotech)S ©]83le], &4 ©idAzRY Qlojyoz Mey
Aol 20, whEABHAIE Aol 309 AEA J7I(dE E°], 40, 60 E= 100 A% 7)o AES sk
Shut o]4e] Z2H DNAsell E4slele ZYFEUALHEE Teith, 2 W ZwIEeHEs wYE 9
FEALHES et 'EE wEULHE ' 2 dddor dAste ZYwEUE = HlE olgh
P2 EAske ZYFEULHEE itk dF 5o, & AEAY Almel SFE ¥E 2 ZEwEdel
== A7 294 EYwEdedEed x3dr. 3, A7) £9d ZYwE Ul Q== oDNA, PR AME, E=
Ak dAo2A Aol ZYFIEULHEE X8Sh. 3, 3 duAS IHsE EYFEULEEY B2
S 2A AMREHE ZYFEYdHEE 'EEE EYwEUeEHE o g 23ET

Fedt B U aAES IYste FEwEAREEE odE B0, sh7] W o ¥ 4 vk SEQ 1D
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Rl Zheh(strand) S 2187 98 BAE AL 7%
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e 119 wE2HLEHE Mholl 71x3 Z4zke] PR Zeto|wE AAIStaL, 3 (template) o
AA DNALF cDNA 2hol B gl & o] &3 P(RS 53

Sle] E o] DNAS A+t

ek, 2 I ZYRIdeHos ZRBEEXA dojl DNA vE ol gste], FEY A3, Foa 43}
X -
T

-

] O
oA S
L
e

A Zepan s E9lstal 4] o)
:;:

(b) cDNA gfojBejgol] ek ~=2dS

(R Z2to]me] AA; 4
=]

, 120, 621-623 (1988)). 3 =

ZYFEULE == RACE Hoz dojz 4= <9lth(Rapid Amplification of ¢DNA End, 'PCR Jikken Manual

(Manual for PCR experiments)', 25-33, HBJ Publishing Bureau).
A7) gon FRYHE A DNA R DNl Hele], R o] %)
T h Ry
WAHES AEobse ddE BRAR =
svE WE, mxns WE, S el My ®
E

dAuEE TR2RE, el

B ool "AxG WE'S AYY SFAZANA BH @A
JRET I

W w3l 3 6-¢tlolER--AFE L A~ t]dto] =2 AYA|(3,6-anhydro-L-galactose dehydrogenase)S =

A2 H 2-AE-S-USA-EAYATREYL dETolA|
aldolase) & IH3e AR FAHEE A& AxE AT v

AR} 3,6-¢tslo| =2 AT EYA A FEo| A3 E A (3,6-anhydrogalactonic acid cycloisomerase)E
Yol AR 2-AE-3-dSA -2 EYA Qlaksl g A (2-keto-3-deoxy-galactonic acid kinase)E Y3}

(2-keto-3-deoxy-phosphogalactonic acid

@, HFAES wekd wuA W P £4 o] tEA uehinz, Bhd sbg A8d $FAEE A

T
“ste] Ahgstd ek,

SFEANELRE WA (Escherichia coli), B2 NBEE X~(Bacillus subtilis), Z2ZE@WEnFO]MA

(Streptomyces), =Sy (Pseudomonas), XEZEE|-$-2 vlgbda]lx

(Proteus mirabilis) H+ B2 FAFTA

(Staphylococcus)9t 722 A&l o} oo AsH= AL oYty =S, A (dE E0], ofxmdy

(Aspergillus)), ARE(AE E°], IHXo} IxEL=(Pichia

pastoris), AMFFEulolA|Z A Z2H]A]of

(Saccharomyces  cerevisiae),  FZAWVZEvA|2=(Schizosaccharomyces), w2232 AgAH( Neurospora
crassa))s9l ALl AgE 5 gJot, old AgstE F ofUth. V] YAHIAE V] FAXES

TP A2 NHE Qoo TR EQAY oA FolsH|

urh FAHOR, 36-0tekel ERAL-ZPEL A Tstel =R AL
3,6-qrstol RS EA A SRl ASELE DY FAAE

GEG AUSELE TP FAAE TPAE AxT WE; 2

_9_

Az 4 gt

Agehs e 2ehs A wWE;
FeE A WYy; 2-AE-3-uSA -2
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[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]
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oMlE mPee HAAE LI AxY WHE GAA8Y 5 A

v, 3 6-talolER L geEe s YalolmRAAE THeks S84 2 3,6-delol =R
HARELE YR FAAE LT AT NE; 2AE3-USA-ZEGL ANRELE 198
RS 3 z

Az WE; 2 2B U SA-EAEAREYY dEdelAE 2

ol
ol
ol
rlr
Ho
2
Y
Ll
l_,
i
ol
ol

3
AE-3-USA-BREYS A ELE 2

A FEebolAE HYSHE FAAE T AT WER FAE 5 Aok,

]

;:O

g AE S o] 3,6-A16E AR 5
of wa 204 qBes 44T + v

&5k
(i
LA
>

W 2 = pas
wopel mi @ FEAdE oleld Ex wol E@ulel Qo] BHELs W/EE 3,6-M6E AR AT
SN S WTEAS AN oAtk Y] MRpAe @ wEe] FUEAR Wk 204 Jues
SR

olsh, B MHe ANAE F3 AN ARAT ] Al B oAES A AY B R 4y el
7] AAele] #YEE AL ohvt

<AHAle 1> 3,6-¢sto|E2-L-AFE A Yol 2 AYA] A7 wAES] Alx

HBalQ &(Vibrio sp.) EJY3 &8 3,6-¢tslo|m@--Z&ES A Usfo]mZAAS F2Y3dc). o=
&, 3,6-¢tstol=2-L-dEgE A ylol=2AuA 29 FAA(O0RF Names: VEJY3_09240)¢ that 7ML
ARE 7o g gy 78 Zololn AEZ A28t

Ak Zelol 1: 5'-gaaggagatataaggatgaaacgttaccaaatgtacgttg-3'(SEQ ID NO: 13)
oHlgk xElol 2: 5'-atgatggtgatggtggtcgaaattcacatagaatgtette=3' (SEQ ID NO: 14)

THEALAANSS T3 SFH 4o &4 F4A+= pBAD (Invitrogen, Product no. V440-01 #E ¢} o}w]
dotel] 6709 slAEd 7|7 Uk WdEE pET2la (©]3 pJL) ¥WHC S29d¢ thg EdE digael o4
T (E. coli) BL21 (DB3)ol| FAAgkste] LdAAZIth. ofw) A&3h FFEAANNE 21 o33 2. 1) =
7] WA Z7(Initial denaturation): 97T, 30%, 2) oJd=® Z7A: 35 Alo]Z: 97C, 10% - 57C, 1&¥ - 72

T, 2%, 3) ¥% 9% ZHA(final extension): 72C, 5%&.

pBAD #WEle] ZFE2Y3 3,6-¢tslo|ER-[-ZASTEQ A~ Tslo|E2AVAE FEARE 0.2%(w/v) ofepH]=AE o] &
sl 16°C, 200rpm 7oA 18AI7F &<k WS FXaldch. A (E. coli) BL21olA THd A7l g4+
His-trap AH-S AF-8-3t] FA 3T,

A7) AAE 3,6-¢tslo|=2-L-Z2HE QA tdlo] =2 ALkA] 200xgS 10mMe] 3,6-AHG = 1.5mMe] NADP H.Z91x}
¢ g7 20mM  Tris-HCI(pH 7.4)elA 30TCelA 1A7F &9 wHbgA|7]a, wWeAHELS GC-TOF  MS(gas

_10_



[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]

[0070]
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chromatography-time of flight mass spectrometry)® ¥A13}al, 2% NMR(nuclear magnetic resonance)
A& F3 s Fx2E fEeT.

7] GC-TOF NS #2418 93] Ax=AZ a4 ‘&%’L%Oﬂ FrEA s S AASHITE. 40mg/mLe] HIE Aokl &)
o|l= Jii}olc(methoxyamine hydrochloride)E 3|2]9(Sigma-Aldrich, St. Louis, MO)oll =91 £ 5u0
dolE $F 30TolA 9023F W AIZATH 1 —T_F 4510 NHE-NEYHEALE EF Q2o EMto] = (W
methyl-Mtrimethylsilyltrifluoroacetamide, Fluka, Buchs, Switzerland)& Wi 37TCelA 30&%F
HES A AT, §EA8 A7 WME2 Agilent 7890 A GC(Agilent Technologies, Wilmington, DE) coupled to a
Pegasus HT TOF MS(LECO, St. Joseph, MI)E A}&3}e] FEA3itk. RTX-5Sil MS A (30m><0.25mm, 0.25-um
film thickness; Restek, Bellefonte, PA)S AF&3}5lom 1ol AMES HEE RE(splitless mode)E T
(injection)dlPct. Q8 &x= A& 50CAA 187 HEE A7FE a1, 71 3o 20C/nine £E2 330
THA $2A71 3 583 HEE NS FAuh. o] 422(lon source) 2%+ 250CRL, EAWxAy kol
(transfer line)9] 2%+ 280C . w2~ A E- (Mass spectra)e] 27 W= 85-500 m/zX T}.

=

$AHE2 Sephadex G-10 ZHE AM&3to] AR, =, 2mg2 7L7L94 AAE W-3AHE-S Bruker Avance 11
900 MHz MWR spectrometer AMg3to] 'C NMR, H- C HSQC MR 2 H-'C HMBC NMR £4& E8) sle722
walgon olw A&3 UF ZTFEEZA(internal standard)S 3-(Efdgadd)-Z=23904Y-2 2 3,3 -4, A=
(3-(trimethylsilyl)-propionic-2,2,3,3-dacid) 2 3} t}.

T 1AE 7142 AFL3E 3,6-AHGelH, & 1BE 3,6-¢tslol= - -A=E 9 ~ Ulslo]= 2 A LbolA|obe] FA WS
AY} gHSAMER 3,6-¢tslol e AgEYite] AFES YERA Zlolt,

L 2= 3 6—°P6P°]EFL—L AHEQ 2~ Yslo| =2 A YA HEEAHES] NMR 24 AdE, 1 ghhel 1/ Fie
A# 2ol YERA o} 3,6-AHGe] LHIF|=7]7) 3,6-¢telo]l = R-L-ZAFEQ A o]l 2 AUAe] 4
<l 9]811 AFHASTS & 5 ANI(E 24), 3H &4 6 429 FF(correlation)o] HEE o=
Ho}l 3 6-¢otslol= Agre a2 FA7 ®H AR 1H e Agbo] 180 PPM FZolA U omR | 3 6-
AHGS] &ulsl =717t FtR2HAV]2 Jtstd AS B 4 AATHE 2B).

oA 3,6-qbsto| ERAL-AHES A tslolERAAlS] B4 vk AbE S 3,6-qtslo| mR A EYARIE
- A

<AAld] 2> 3, 6-¢tsto| ERAHEYL AFRedEdstas AT v Az

AR A2~ b gl 2~ (Saccharophagus  degradans) 2-40, TFELH RRUX ol S5 E|FH(Pseudoal teromonas
atlantica) T6c, B|B.2] % (Vibrio) EJY3 fr#l9l 3,6-¢teto]|E2-L-AREQ A Tsto|=2AUAE F233
t}. ol= 98, AMFIEIA~ dlagbe~(Saccharophagus degradans) 2-40, TTELHEZREU~ olETE|F}
(Pseudoalteromonas atlantica) T6c, ]Hﬂ‘”i(wbm’o) EJY3 #AA MEZRE Aol ACI F-AA 4L (F
HAEAAYESFA A (EMBL) 7] EdolgHol~ A¥¥H3: ZHZF CP000282, 1152nt ¢} CP000388, 1137nt 1]
ﬂC%%ML1%%0%thi%i%7h,ji@%ﬂ1¥%iﬂﬂﬂAﬁé%ﬂ&&ﬁ@.

o] 1: 5'- gaaggagatataaggatgaaaattcataacatgaaaaattttatcaa—3' (47mer: SEQ ID NO: 15)

o] 2: 5'- atgatggtgatggtgtcattcagcaaaatacactgtctte —3' (40mer: SEQ ID NO: 16)

o] 1: 5'- gaaggagatataaggatgatgagtgtcattaccaaactagaca—3' (43mer: SEQ ID NO: 17)

o] 2: 5'- atgatggtgatggtgagaatgtttaactaaatagggaagaag-3' (42mer: SEQ ID NO: 18)

o] 1: 5'- gaaggagatataaggatgaaaacaacaatcaaagacatcaaaa—3' (43mer: SEQ ID NO: 19)

o] 2: 5'- atgatggtgatggtgcacttcgtactgagcaattttgt-3' (38mer: SEQ ID NO: 20)
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]
[0080]
[0081]
[0082]
[0083]

[0084]
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A% AT AN e FPo pRE Bl A%l faldE FEA,
_]

vejy3ACT DNAS N-deh RE2 25 AAE 8 6719 3|~gHd 7|& E@@ %33
H pET21a (°)at pJL)®MEle] LIC (Ligation Independent Cloning) ®H<S Algste] 243 & 2wdR
w3l E. coli BL21(DE3) o FARAZeIU}. olnf AFE3 TFaLAdMe =1 s 2k, 1) 27

WA ZZ(Initial denaturation): 97°C, 30%, 2) oJd¥ =7 35 Ale]&: 97T, 10% - 57C, 1# - 72T,
28 3) #F= A x7A(final extension): 72T, 5%,

sdeACI, patlACI, vejy3ACI Z+zte] 47 289 A 23 ZeAu|=S £, coli BL21 (DE3)o] A A3 tj
S 50mg/Le] Nu|AH FABA| 7 So]9)E Luria-bertani HiAO] HE&FaL 37°Col A ODg=0.5~1.02 wj7}%

JErfeksloitt. 1 3o 0.5mM/LY sX=E isopropyl-B-D-thiogalactopranoside(IPTG)S AF&3&to] 16T ol A
24X ZF HoF WS feslgdth. wiekdS 4000rpmoll A 15% o AR sFe] 20mM Tris-HCl, pH 8.0 ¢4=§&
Ao et FAE & MG WEJT. ZFEFHL 4TolA 15000rpm

7 F7]E AE-ste] ?Zﬂ e 2395

i oA Pk, ZEANLE 0.45m AHAR A7k & ‘%
AXoz Rty Z=ZrfEDY Y, ol wg F=2viEnYy], agau 4 o ABRrEIYIE ALE5te] W
A& AAsHAT

10% SDS-PAGE &4 A3}, tjgF 42 kDa 7|9 48 9& F Yt EAH).

AAE 3,6-¢rslolmR AT EYA N F2o| A5 a A (vejy3ACL) 25ugS A7) AAd 164 4L BESAFE 3} 30
CTAlA 1A Eok M AT, MSaAELS GC-TOF MSE 2431, 231 MR B4 3 38t 2= 733
9 om  Sephadex G-10 HAHL A}-£3} XM% sttt 24 2 ﬂxﬂmt{j% A7) AAd 13 T3 AA )

[e]
At FFEAR ) 2-AE-3-U2A-ZF

rl
—~
(f)
0Q
=
m
-
—
=}
[aN
=
o
-
=
O
—
[\
)
~
=
v

O
—|—’
o
ol
-

H
—
(@)
2

| bebg sks} o], whSAREe] 2-A E-3-u| S A- et E Y k) & Felstelnh.

% 32 3, 6-cttolmm AT e YAl A|IFRo|HAZ T A (vejy3ACTH) Y] ¥HEAHES] NVR 4] 232, 2-AE-3-H=
A-FFF2H(2-keto-3-deoxy-gluconic acid) EF=d9| v~ AAEHAIN T 109 3,6-¢tsto| =2 dFEYAL A
= 3oR Hol 3 6-¢slo|l =AY EYL AEFR
-AE-3-HSA-S R A e BAFY 22 7RE 23 ol BEAYE
2 ' o] | AE 7] (hemi-ketal structure)®] ¥ =7}
6 F47re) A ~F(correlation spot)o] VENGA] @8 Ao ® Hol 1¥H

429 Fl2EA7IE OgE eSS 4 F k(& 30). EF 39 w4l 69 w49 A4# ~3H(correlation
A A & T e, 29 A 61 AT

243 23] VeI 3D), Hnt o].l,]a} 3 -otafo] =2 ZerE Aol A UERE 7122 A4k 0 180 PPI) Al
o] 3,6-¢tslo| =R AT EYA A SFRo|A A

¢

e
o
4
=
fr
e
L

5

1:1
HU
E
AU

>«
L
Tm

o
i
24
rlo
4
=
:[o
>

i

<A 3> 3,6-¢t8lolER-L- A EQ 2~ tsto| =R AUA B 3,6-¢sle| =R AR EYL AlZ R A5t E A9
ANz mAE Az

Azt idwe] A APS 98l vrele £(Vibrio sp.) EJY3 fr#f 3,6-Q8lo| Em-L-deEQ 2~ tslo]=
ZAYA Z 3,6-¢tsle| =24 EY Ll A FR2o|dAslatE A e 279 a4 Y FHAE SA]l pBAD
WEo] F2Y 3t tFF(E coli) K12 MG165591 HAAS AJZTh. ol A}&3 Zololw AR ey
Hrk:

1. 82 A7

v

il

=295 4

1.1. 3,6-¢sto|=r-L-ZREQ ~ tato]=RAUA Y 4 AF(O0RF Names: VEJY3_09240)

Arsk o] 1: 5'-gaaggagatataaggatgaaacgttaccaaatgtacgttg-3'(SEQ ID NO: 13)
GraF xetolm 2@ 5'-atgatggtgatggtggt cgaaattcacatagaatgtette-3'(SEQ ID NO: 14)

L.2. 3,6-qreto| Rt EYdt AjF o] ddstas 51 FdA(ORF Names: VEJY3_09370)

Ak Zelol 1: 5'-gegetcgagatgaaaacaacaatcaaagacatcaaaac—3'(Tm:61.9, Xhol) (SEQ ID NO: 21)
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[0085]

[0086]

[0087]
[0088]
[0089]
[0090]
[0091]
[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]
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An}el sglolw 2: 5'-gegtacgtacacttegtactgageaattttgte—3'(Tm:61.8, Snabl) (SEQ ID NO: 22)

2. EAE T F24Y3 AL 3.6-¢Usol=2-L-AgES A filol =2 AYUA FY FHAH(ORF Names:
VEJY3 09240) 2 3,6-¢tslol=2date it Ald2o)ddstas I | ZA(ORF Names: VEJY3 09370)

2.1. 3,6-UASPo| =R L-dHEQ~ Tsto|=2AYA Zd FHXHVEIY3_09240)

o
o
o%

Zglol™ 1: 5'-gegetcgagatgaaacgttaccaaatgtacgttg-3' (Xhol) (SEQ ID NO: 23)

12
oz
)

xglolw 2: 5'-gecgtctagattagtcgaaattcacatagaatgtct—3' (Xbal) (SEQ ID NO: 24)

[\
[\
w

Qo =2 At EYAL Al F 2ol ddstas IY FHAHVEJY3_09370)

o
oz
)

Xglolw 1: 5'-gcgtctagaatgaaaacaacaatcaaagacatcaaaac—3'(Xbal) (SEQ ID NO: 21)

12
o
%

xglolw 2: 5'-gegtacgtacacttegtactgagcaattttgtc—3'(Snabl) (SEQ ID NO: 22)

3,6-¢talol=2--2FE e~ talo]l=2AUA 7Y FAAF(ORF Names: VEJY3_09240)¢} 3,6-¢tslol=azdetE
Yil A|F2oA A aAr AW FHAAHORF Names: VEJY3_09370)= sAlo] pBADol 24 & uo+=
VEJY3_09240 Ez}olw 29] Xpal A|Fa AeleF VEJY3_09370 Zeto]™ 19 Xpal A|F-aiAtz]7) glo]Alo] A Hh
S A MR AZEA 9o AZE VEIY3_092409F VEJY3_09370 2ok Z2]e] Xnol9t Snabl AF+a A 2]}
pBAD WE 9} AAFHE=F ).

pBAD WEd] 22 3lo] AE(E. coli) K12 MG16559] FRAAZ A7l z}7te] G4A5L 0. 01%(w/v)91 ofghH] =
22 Abgate] @A R 47t g4 FY FAA Solde WAL, coli) K12 MG1655 #5E W& e N9
x| of A wjeFEtdtl. M9 wiA o Az HhHe | 59 M9 & &9 E7] 3 2.5g91 NaCl,
5¢9] NH,C1¥ 250mMe] Tris-HCl €+&89N(pH 7.4)F 1L9 Eol ¢ Fof| HFAZTE. 200mLe] 5 3% M9
A godlo] 2mLe] IM MgSO;, 0.1mLe] IM CaCl,, 20mLe] 20%(w/v) 3,6-AHGS} 20mL2] 5%(w/v) YNB(yeast nitrogen

base) & ¥ ¥ WUFE F FI7F IL7F HES JUEE) AT A2 G (E. coli) K12 MG1655 ] Wi
#2712 30T, 200rpme] ATt

grdoz 1%w/v)el 3,6-AHGE AMgstar, FEZAZ 0.01%w/v)e] ofghn]ieiE ARg&te] A7) Axg 7
52 wjdst A3, &= 4o eRt nle} 7_4_—0], o 27 ¢l ul wEu 9= 7

coli) K12 MG16557F A& AdebA] efgkem zHzhe] ah 3,6-Ugfo|lmR-L-ZgEQ ~ 1
3.6-¢tatel=aae EY st ASRolddstass HHste AXH dtS otk Al on 3,6-kato| = -
L-ZEgES A Halo| =2 AYUA 9 3,6-UAslo| =2 @S EYA A SR ASEaLE T HdH= AT O
Ade 7MY =& S Bt

A7) Az RS sS4 204 M9 HiAl A 30Tl 96A17F B¢ widt ¥, 600 moll Al FHE
=Asch. olu, BAdo R 20mLe 20%(w/v) 3,6-AHG, 3,6-AHGS ZABEQ ~7 F& IHH oprlE A Il
HES AT, olw, BFAYO R 3,6-AHG, 3,6-AHGSF ZFES AV} F2 IHHE oprlROA VSR ES

to Mz

SoAT, A6 Bafeld Az ddE N A, 36-deolmr-l-agtEe s taolEaAYA Faxe)
& by

I
3,6-dtolmedHEYL A FRGEASELE FAAE AR MR AFsE AE FAAH (=
5a). T3 ZFE A A= ‘i B—‘] H (empty vector)®l 27§ EAFHAAE B2 2olA vlg A =
e UERler (& 5b), AHGS} ZHES A7F T2 SiHo] e optrs JledaE wad 2H0AM = 27
ARWPAA = AR A ‘/lrE]rlﬂ‘ZVP a olFE= 29 aARAAE B2 A FUHA S o

EFIITH (&= 5¢).

T, A7) AT PSS vAE7]EZA(nicroaerobic)oll A olgbE WE AFS HYSUTE. 7] ARF A
AES TaAF AAE A2 oets EFEH FTREHE GC-FID ¥4 AAste] HATAS el
Hjokol S AARE] & F(16,000rpm, 4T, 5&), AZNS o] BAFgon A e they @yt F¢
T(Inlet)o] &%= 250C, spl1t ration 20:1, ¥ 11.567 psi, A ZTE 24mL/min, septum purge T&
3mL/minolglom, AME AlRE 1 FHSFAC. 2B 352 InL/min, QF 2% ZHS Aol 40ColAM 3.5
3 wFE Fol 50C/mine] £E= 150T7HA 2 AW F 183 #EFF AIRE FUv. 2§ 20C/ning]
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EE8 1B0T7HA T2 A F 283 w5 AHE FJom F EAA7H 10.27 0|0, FIDO] &%+ 300
Teo =4 71~ 38 40mL/min, &7] &5 350mL/min, EHF7F- &5 15ml/minelAtt. = 69 7AA

I} y=245.18x+12.24(y=93 99 (peak area), x=°¥F2 &=(ethanol concentration, g/L))2] F4&
ARoH o5 nig o e FLE AT

nAs 7|z A e AXEEE Hl WE F Y aaxfFAAE ¥e 2ddA BEF s vYEReH (=
aFE ST A, dHE sl iﬂl%}% Hl =8l GEb AR, 2 EQ~E BT 4| 244
= 7 Y AAFHAAE 92 oA AIGE &Mt Ao YERGHH(E 7bh). olgE A T
AAE €& oA ® ¥y xdRt A4 Yetgon, 42A1044= J Wy 21 div] 2719

<HAl 4 > 3,6-AHG Al o &4 o] A7 PAEY] Az

3.6-AG thAtel WRE &, F, 3,6-%sol=R-l-zeEe s Tstelm A, 3,6-2stel =R el
NEZOYAREL, 2-AE-3-USA-ZFEDY AMFEL P 2-AE-3-USA-ELELREGL SE ol
& WAE WFF(E. coli) KOIL FL #5o) =stArt. olu) 8@ Tefolm) i thgat Puk:

1) 3,6-Qr8lo| =2 -2 E S~ yslo|=2AUA Y S A AH(VEIY3_09240)

o
o2
o

Zglol 1: 5'-gcgetegagatgaaacgttaccaaatgtacgttg—3' (Xhol)(SEQ ID NO: 23)

12
o
odt

Zglol 2: 5'-gcgtctagattagtcgaaattcacatagaatgtet—3' (Xbal)(SEQ ID NO: 24)

N

2) Z_H]E—S—E”‘%}\‘I—Z_:}_‘Q‘—EHJ ?_]_}‘\_ﬂ_‘—é—_—]d i%
GAA + 3,6-¢tslolEmASTEYA A F 2o
VEJY3_09370)

AAF + 2-AE-3-HSA-EAX AT EYL dETgolA 7Y

2-
dair IY FAA(ZZ VEIY3_09380 + VEJY3_09375 +

oX,
X, Ho

ek Zelol 1: 5'-gegtctagaatgagtttggaaataaaacaagatacg-3' (Xbal)(SEQ ID NO: 21)
oHlgk x2lol 2: 5'-gegtacgta cacttcgtactgageaattttgtce=3'(Snabl)(SEQ ID NO: 22)

3,6-¢talol=2--AFE o~ tslol=2AUA =29 5AA(ORF Names: VEJY3_09240)9} 2-#A E-3-d]&A]-z+e+
EYiE A a s 79§33 + 2-AE-S-HEA - A 4G EYLL dEdtolA] 29 FHA + 3,6-Qtslo| =R
g EYal A ZF2oldA3as A9 FAX(ZHZE VEJY3_09380 + VEJY3_09375 + VEJY3_09370)= 5 Alell pBADOI
29 & uol= VEJY3.09240 Z&ho]lw 29] Xpal A& A9} VEJY3_09380 + VEJY3_09375 + VEJY3_09370
zepoln] 19 Xpal AFEs Azt gtolAlold wkg Ao M= AZ=A sglen] AZ® VEJY3_092409)
VEJY3_09380 + VEJY3_09375 + VEJY3_09370 &t =2]e] Xhol$t Spabl Algt@E s AHE]7} pBAD WE &} AAH =S
shleh. Az Ut (£, coli) KO11 FL #59] &4 od 2 njeF By 7] Ao 1 9 29 AxF o3
T(E. coli) K12 MG1655°1 4 AR&-gt Wi at Fd3tA aitt. oju] vix]o] @AYo R 199 AFEQ X~ EE 1%
ZAYEQ A~ + 1% 3,6-AHGE AFR3H3ITH.

il

A7) AxS vAES wYdstd A AdS AAE. wix] 2L At e M9 aiAE
Brfoz BAYdS ¥x &e XAWRT), FEEFE flo]l 1%(w/v)<] 36—AHG‘3P ge x7, %

0.01%(w/v)e] ofgpH] =21t 9= ES =R

IRAas e R=

T 8ol uEhd mpel ol 1%(w/v) ] 3,6-AHGOl 0.01%(w/v)e] ofghnli=is Yo AR AlE Hre] F7}

7] Az rAES oPtR s FEAER ATEQ 29 3,6-AHG E3E 7oA HaE AAIEAT. ol
A o] BrfozE 1%(w/v)e] ZEE A 3y (1%(W/V)4 ZgEQ A + 1%(w/v)2 3,6-AHG) ZZoA &
as Algsisler 0.01%w/v)el olgn| e~ FEEAZ ALEsT.

L= 9o vpebd mpep o], EFF xolA 1%(w/v)e] AR AW Yol R AZXLErF ¢ =4 uE

271 AT MAES vAlsTI 2004 7] AAle 39 W s dRe Ha PSS APl

5 100 vERE vie} Zo], &3 I F A 4.11 g/LY] S A, ABFEQ A BE AldlE 1.93 g/L
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k1
N
~

v 3,6-Qt5I0|EE-L-HHER A

>

=2
3,6-QtSlO0|ERHEE| L
v
1000 - G o
HO,
OH
800
129 i o OH
600+
OH
157
400 4o 217
200- 17 19 202
JARUT (3 g FPr | o @
AHGD 100 150 200 250 300 350 400 450 500
W_N‘\L_AJ m/z
C 2-A|E-3-H A -HEEL L
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KOREA UNIVERSITY RESEARCH AND BUSINESS FOUNDATION

<110>

<120>

<130>

<150>

<151>

<150>

<151>

<160>

<170>

<210>

<211>

<212>

<213>

<400>

atgaaacgtt accaaatgta cgttgacggc cagtggattg acgctgagaa cggcaaagtt

gatcaggtta ttaacccgtc aaccgaagaa gtgcttgetg agattcagga tggtgaccaa

Recombinant microorganisms metabolizing 3,6-anhydro-L-galactose

and use thereof
P14U13C0477
2013-0051134
2013-05-07
2013-0069750
2013-06-18

24

KopatentIn 2.0
1

1443

DNA

Vibrio sp. EJY3

1

80 100

_22_
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gatgatgctg
ccegegegtce
gagcatcttg
gaagtcgatg
ggcgatattg
ggtgtegtgg

ggaccagcac

gcaacgctag
atagttaccg
atggtcacta
aacatggctc
gctgatctgg
gtatgtacat

atctttatgg

atgggtccta
ttgaaagaag
aagggcttct
catgaagagg
attgattacg
aagtatgtac

catggagaac

gatggaaaat
taa

<210> 2

agcgegtttt
aacgtgctga
cagagttact
tagctgcatc
ttcaatctga
tcgcgatcac

tggttgeggg

agttaggcta
gtggtggage
tgacaggttc
acgttcaact
agcaagctgc
gtaacgaacg

agaaagtcca

aagtaaacaa
gcgcgcaact
ggtttgaacc
catttggtcc
caaatgatag
atcgcttaac

agcatcaagg

atggcttcga

<211> 480

<212> PRT

aagtgtggct
actgttgaga
cgtgagcgaa
ttttatcgaa
taatgtgaac
tgcatggaat

taacactatt

tattgctgaa
aagcttaggt
aacacccgtt
agagctcggt
tgccgetgcea
tatgtatgtg

aaatatcaaa

acgagagctt
tttgcatggt
cacaatctta
aattcttcct
tgagtatggc
tcacgagctt

tttccataat

acaatattta

<213> Vibrio sp. EJY3

<400> 2

aaacgtgcac
aagtttgctc
caaggcaaat
tacgcctgtg
gaacatatct
ttcccatttg

gttgttaaac

aaagtaggta
ggcgcetttaa
ggtcagcaga
ggtaaagcac
ctacattcac
cactctagtg

gtgggtaatc

gatcatatgg
ggcaagegcec
ggtaatgttc
gttataaaat
ttggcaacta
gaatgtggtg

ggatataaac

gagaagaaga

aatctgactg
aagaaatccg
tataccgagt
actgggctcg
ggattcaaaa
cattagcagg

caacctctga

ttcctgcagg
ctagtcaccg
taatcaaagc
cgttcatcgt
gcttcgacaa
tctacgatga

ctatggatcc

aagcattagt
ttacggaggg
aacaatcaat
tcgacacttt
tgatttgtac
agatttatgt

tgagcggaac

cattctatgt

gaaacgagtg
taataaccgt
tgegttgggg
tcagatggat
aattcctcgt
tcgcaagata

aactccgcta

tgtactcaat
ttatacaaat
atctgcgaat
aatggaagat
ctgtggtcag
attcatggcg

agaatctgat

cgcgcaggea
tgagtttgga
gacgattgtt
tgaagaagtc
gcgaaatatg
gaaccgtggt

tggtggtgaa

gaatttcgac

Met Lys Arg Tyr Gln Met Tyr Val Asp Gly Gln Trp Ile Asp Ala Glu

1

5

10

15

Asn Gly Lys Val Asp Gln Val Ile Asn Pro Ser Thr Glu Glu Val Leu

20

25

30

_23_
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300
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600
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720
780
840
900

960

1020
1080
1140
1200
1260
1320

1380

1440

1443
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Ala Glu Ile Gln Asp

Val

Arg

65

Val

Cys

Val

Leu

Thr

225

Asn

Val

Ser

35
A

a Lys Arg

50

Ala Glu Leu

His

Leu Ala

Ala Leu Gly

100

Asp Trp Ala
115

Asn Glu His

130

Ile Thr Ala

Pro Ala Leu

Thr Pro Leu

180
Ile Pro Ala
195
Gly Gly Ala
210
Gly Ser Thr

Met Ala His

Met Glu Asp
260

Arg Phe Asp

Ala Gln

Leu Arg

70
Glu Leu
85

Glu Val

Arg Gln

Ile Trp

Trp Asn

150
Val Ala
165

Ala Thr

Leu Thr

Pro Val
230
Val

245

40

Ser Asp Trp

55

Lys Phe Ala

Leu Val Ser

Asp Val

Met Asp Gly
120

Ile Gln Lys

135

Phe Pro Phe

Gly Asn Thr

Leu Glu Leu

185

Leu Asn

200

Ser His Arg
215

Gly Gln Gln

Lys

Gln

Asp

Val

Tyr

GIn Leu Glu Leu Gly

250

Ala Asp Leu Glu Gln Ala

265

Asn Cys Gly Gln Val Cys

45

Arg Val Pro

Ser

Pro

Leu

155

Val

Tyr

Thr

Thr

Ala

Thr

60

Gly Asp Gln Asp Asp Ala Glu Arg Val

[le Arg Asn

Gly

Phe

Val

Arg

140

Val

Asn
220

Lys

Lys

Ala

Cys

Lys

Lys

205

Met

Ala

Leu

110

Ser

Val

Arg

Pro

Val

Ser

Pro

Ala

270

Leu Ser

Arg Gln

Asn Arg

80
Tyr Arg
95

Tyr

Asp Asn

Val Val
Lys

160
Thr Ser
175

Lys Val

Ser

Thr Met
Ala Asn

240
Phe

255

Leu His

Asn Glu Arg Met

_24_

ZIHSd 10-2014-0133455



275
Tyr Val His
290
Lys Val Gln
305

Met Gly Pro

Val Ala Gln

Arg Leu Thr

355

Ile Leu Gly
370

Phe Gly Pro

385

Ile Asp Tyr

Thr Arg Asn

Gly Glu Ile
435
His Asn Gly

450

Ser

Asn

Lys

Asn

Met

420

Tyr

Tyr

Ser

Val

325

Leu

Val

Leu

Asn

405

Lys

Val

Lys

Gly Phe Glu Gln Tyr

465

<210> 3
<211> 1152
<212> DNA
<213>

<400> 3

atgagtaaat gcctgatgga aagtatagtg gaattagagt tgcctcaagg taacccaatt

aaaataaaat ccgtagcagt cgagcattac aaggttccgc tagctgaagt gttgtctgat

Val

Lys

310

Asn

Lys

Pro

390

Asp

Tyr

Asn

Leu

Tyr
295

Val

Lys

Phe

375

Val

Ser

Val

Arg

Ser

455

280

Asp Glu Phe

Gly Asn Pro

Arg Glu Leu

330
Gly Ala Gln
345
Gly Lys Gly
360

Ser Met Thr

Ile Lys Phe

Glu Tyr Gly
410
His Arg Leu
425
Gly His Gly
440

285
Met Ala Ile
300
Met Asp Pro
315

Asp His Met

Leu Leu His

Phe Trp Phe

365

[le Val His
380

Asp Thr Phe

395

Leu Ala Thr

Thr His Glu

Glu Gln His

445

Phe Met Glu

Glu Ser Asp
320

Glu Ala Leu

335
Gly Gly Lys
350

Glu Pro Thr

Glu Glu Ala

Glu Glu Val

400

Met Ile Cys
415

Leu Glu Cys

430

Gln Gly Phe

Gly Thr Gly Gly Glu Asp Gly Lys Tyr

460

Leu Glu Lys Lys Thr Phe Tyr Val Asn Phe Asp

470

Saccharophagus degradans 2-40

475

480

_25_
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gcaaagcacg gggatcatac ctattttgag ctaatagtta gccgtatcac ttgccaaaat 180
ggtgtagaag gtgtgggtta tacctatacc ggtgggtccg geggttcegge aatctattceg 240
ctattagtcg atgaaattaa gcctatgett gttgggeggg acgcecaccca aattctagec 300
atatgggaag aaatttattg gcgcttacat tatgttggge geggtggttt agttagettt 360
gctcagtcag cggttgatat tgcattgtgg gatattcget gcaagttgtt ggggcaaccce 420
ctgtggaaag tggcgggcegg tttaagcaat aaaacacgcet getatgecgg cggtatagat 480
ttaaattttt cgcaagaaaa actattaagc aatatacaag gttatttaga cgcgggcttt 540
aatgctgtaa aaattaaagt tggcaaagat aatattaaag aagatattgc gcgtgtacgce 600
gcagtgcgag agttaattgg caaagatacc acatttatgg tggatgccaa ctactccatg 660
accaaagaaa aagccattcg ttttgctaac gccatagaag accaaaatat tacttggttt 720
gaagagccaa cattgccaga cgattaccaa ggctatgeccg atatcgctca agcaatatca 780
atacccctag ctatgggtga aaacctacac actattcacg aatttaccta tgccgtgcaa 840
caagccaagc ttggtttttt gcagcccgat gettctaata ttggtggtat tactggttgg 900
ttgaacgttg caagtttagc aaacgcacac aacttaccgg tgtgcagtca cggcatgcaa 960
gagttgcacg tttcacttat gtcgtctcag cccaatgecgg gttatttaga agttcactcc 1020
tttcctatcg accaatacac aacacaaccg ctagcaatgg aaaacggtta cgcactagca 1080
ccagatatag aaggcacggg tgttgtgttt gtcgatgaat tattacgtgg ccatttggcet 1140
aaaaaatcct aa 1152
<210> 4

<211> 383

<212> PRT

<213> Saccharophagus degradans 2-40
<400> 4
Met Ser Lys Cys Leu Met Glu Ser Ile Val Glu Leu Glu Leu Pro Gln
1 5 10 15
Gly Asn Pro Ile Lys Ile Lys Ser Val Ala Val Glu His Tyr Lys Val
20 25 30
Pro Leu Ala Glu Val Leu Ser Asp Ala Lys His Gly Asp His Thr Tyr

35 40 45

Phe Glu Leu Ile Val Ser Arg Ile Thr Cys Gln Asn Gly Val Glu Gly

50 55 60

_26_



Val
65

Leu

Leu

145

Leu

Asp

Lys

Asp

His

Pro

Ser

305

Gly Tyr

Leu Val

Ile Leu

Arg Gly

Asn Phe

Ala Gly

Glu Asp

195
Thr Thr
210

Ile Arg

Glu Pro

Ala Tle

Glu Phe

275
Asp Ala
290

Leu Ala

Thr

Asp

Leu

Ser

Phe

180

Phe

Phe

Thr

Ser

260

Thr

Ser

Asn

Tyr

Leu

Arg

Ser

165

Asn

Met

Leu

245

Tyr

Asn

Ala

Thr

70

Ile

Trp

Val

Cys

Asn

150

Arg

Val

Asn

230

Pro

Pro

Ile

His

310

Gly Gly Ser Gly Gly Ser Ala Ile Tyr

Lys Pro Met Leu
90

Glu Glu Ile Tyr

Ser Phe Ala Gln

120
Lys Leu Leu Gly
135

Lys Thr Arg Cys

Lys Leu Leu Ser
170
Val Lys Ile Lys

185

Val Arg Ala Val
200

Asp Ala Asn Tyr

215

Ala Ile Glu Asp

Asp Asp Tyr Gln

Leu Ala Met Gly

265
Val GIn Gln Ala
280
Gly Gly Ile Thr
295

Asn Leu Pro Val

75

Val

Trp

Ser

Tyr
155

Asn

Val

Arg

Ser

Lys

Gly

Cys

315

Gly

Arg

Ala

Pro

140

Met

220

Asn

Tyr

Asn

Leu

Trp
300

Ser

Arg Asp Ala

Leu His Tyr
110

Val Asp Ile

125

Leu Trp Lys

Gln Gly Tyr
175
Lys Asp Asn

190

Leu Ile Gly
205

Thr Lys Glu

Ile Thr Trp

Ala Asp Ile

255

Leu His Thr

270
Gly Phe Leu
285

Leu Asn Val

His Gly Met

_27_
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Thr

Val

Val

Asp

160

Leu

Lys

Lys
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240
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Glu Leu His Val Ser Leu Met Ser Ser Gln Pro Asn Ala Gly Tyr Leu

325 330 335

Glu Val His Ser Phe Pro Ile Asp Gln Tyr Thr Thr Gln Pro Leu Ala
340 345 350
Met Glu Asn Gly Tyr Ala Leu Ala Pro Asp Ile Glu Gly Thr Gly Val
355 360 365

Val Phe Val Asp Glu Leu Leu Arg Gly His Leu Ala Lys Lys Ser

370 375 380
<210> 5
<211> 1137
<212> DNA

<213> Pseudoalteromonas atlantica T6c

<400> 5

atgagtgtca ttaccaaact agacacacct gccatgaaca gttcacaaat tcagtcagtc 60
aatgttgagt tattcaacgt gccccttgac gaagtgttga acgatgctaa gcacggcegat 120
catacccact ttgagctgat cctatgcacc attacttgta ccgatggtac tcaaggegtg 180
ggttatacct acacaggtgg taaaggtgga cgcgctatat actcactgcet taatgacgaa 240
ctaaagcctt tcttgatggg taaagatgcet agctgcatca atcatttatg ggaagaaatg 300
caatatcact tgcactatgt tggtcgtgge ggtttagtca gtttcgccat atccgcagtce 360
gatatcgcecc tgtgggacat tcattgcaag gttcttaatc aacccttgtg gaaagtagct 420
gggggctgcea gtgaccgegt aaactgttat gcaggaggca ttgaccttaa tttttccact 480
gaaaaattgc tcggcaatat ccaaggctac ttagactgcg gcectttgaage ggtcaaaata 540
aaagtgggca aagaagatta tcgtgaagac gtggcccgeg tggeggetgt gcegcaacctg 600
attggtcctg atgcgatatt tatggtggat gcaaattatt cacttacagt caataaagcc 660
attaagtttg ctcaggcgat agagcagtat gatatcacct ggtttgaaga accgaccatt 720
cctgatgatt ttgccggttt tgctcacatt gccagcaaaa tcaatattcc gttggecatg 780
ggcgaaaacc tgcacactat ttacgaattc aaccaagcga taagccaagc caaacttggg 840
ttcttacaac ctgatgcatc gaatattggc ggtatcactg gttggctaac ggttgcccag 900
atgggctacg cgaacaactt acctatttgc agtcatggca tgcacgaatt acatgtatct 960
cttatggcat ctcagccaaa tgcgggttac ttggaagtac actcgtttcc cattgaccga 1020
tataccactc accctctgaa acttgaaaat ggcaaagccg ttgcgcccag tacacceggt 1080

_28_
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gtaggcgtcg agttcaagac agagttactt cttccctatt tagttaaaca ttcttag 1137
<210> 6

<211> 378

<212> PRT

<213> Pseudoalteromonas atlantica T6c
<400> 6
Met Ser Val Ile Thr Lys Leu Asp Thr Pro Ala Met Asn Ser Ser Gln

1 5 10 15

Ile Gln Ser Val Asn Val Glu Leu Phe Asn Val Pro Leu Asp Glu Val
20 25 30
Leu Asn Asp Ala Lys His Gly Asp His Thr His Phe Glu Leu Ile Leu
35 40 45
Cys Thr Ile Thr Cys Thr Asp Gly Thr Gln Gly Val Gly Tyr Thr Tyr
50 55 60
Thr Gly Gly Lys Gly Gly Arg Ala Ile Tyr Ser Leu Leu Asn Asp Glu
65 70 75 80

Leu Lys Pro Phe Leu Met Gly Lys Asp Ala Ser Cys Ile Asn His Leu

85 90 95
Trp Glu Glu Met GIn Tyr His Leu His Tyr Val Gly Arg Gly Gly Leu
100 105 110
Val Ser Phe Ala Ile Ser Ala Val Asp Ile Ala Leu Trp Asp Ile His
115 120 125
Cys Lys Val Leu Asn Gln Pro Leu Trp Lys Val Ala Gly Gly Cys Ser
130 135 140
Asp Arg Val Asn Cys Tyr Ala Gly Gly Ile Asp Leu Asn Phe Ser Thr

145 150 155 160

Glu Lys Leu Leu Gly Asn Ile Gln Gly Tyr Leu Asp Cys Gly Phe Glu
165 170 175
Ala Val Lys Ile Lys Val Gly Lys Glu Asp Tyr Arg Glu Asp Val Ala
180 185 190
Arg Val Ala Ala Val Arg Asn Leu Ile Gly Pro Asp Ala Ile Phe Met

195 200 205

_29_



Val Asp Ala Asn Tyr Ser Leu Thr Val Asn Lys Ala Ile Lys Phe Ala
210 215 220

Gln Ala Ile Glu Gln Tyr Asp Ile Thr Trp Phe Glu Glu Pro Thr Ile

225 230 235 240
Pro Asp Asp Phe Ala Gly Phe Ala His Ile Ala Ser Lys Ile Asn Ile
245 250 255
Pro Leu Ala Met Gly Glu Asn Leu His Thr Ile Tyr Glu Phe Asn Gln
260 265 270
Ala Ile Ser Gln Ala Lys Leu Gly Phe Leu Gln Pro Asp Ala Ser Asn
275 280 285
Ile Gly Gly Ile Thr Gly Trp Leu Thr Val Ala Gln Met Gly Tyr Ala

290 295 300

Asn Asn Leu Pro Ile Cys Ser His Gly Met His Glu Leu His Val Ser
305 310 315 320
Leu Met Ala Ser Gln Pro Asn Ala Gly Tyr Leu Glu Val His Ser Phe
325 330 335
Pro Ile Asp Arg Tyr Thr Thr His Pro Leu Lys Leu Glu Asn Gly Lys
340 345 350
Ala Val Ala Pro Ser Thr Pro Gly Val Gly Val Glu Phe Lys Thr Glu
355 360 365

Leu Leu Leu Pro Tyr Leu Val Lys His Ser

370 375
<210> 7
<211> 1089
<212> DNA

<213> Vibrio sp. EJY3

<400> 7

atgaaaacaa caatcaaaga catcaaaacg agactgttta agattccgtt aaaggaaatt
ttatctgatg caaaacatgg tgatcatgac cactttgagc tgatcactac aacggtcacg
ttagaagatg gttcgcaggg aaccggctat acttatactg gtggcaaagg cggttactcg

atcaaagcga tgctagagta tgatattcag cctgcgctaa tcggcaaaga cgcgacgcaa

_30_
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attgaagaga tctatgactt tatggagtgg

tctacatttg cgatgtctge ggtagacatt
ggcttgecgt tatggaaaat ggctggtgga
ggcattgacc ttcagtttcc acttgagaaa
agtggcttca atgccgttaa gatcaagatt
cgcattaagg cggttcgega getgattggg
tattcgttga cagtagaaca agcgatcaaa

acgtggtttg aagagccaac attgccagat

aatacagcga ttccgttgge catgggggaa
gcaatggacc aagcaaagct tggctactgce
accggttggt tgaaagcgge ggacttgatt
ggtatgcaag agctacacgt aagtcttgtt
cacagcttcc cgattgatga atacaccaag
gtggcgtcca atgagccggg tatcggggtce

gaagtgtaa

<210> 8

<211> 362

<212> PRT

<213> Vibrio sp. EJY3

<400> 8

catattcact

gegetttggg
aaaaacaata
ttgctcaaca
ggtcgcgaaa
ccagatatca
ctgtcaaaag

gactacaaag

aaccttcaca
caaccagatg
acagaacata
tcagegtttg
cgteectttgg

gagttcgatt

atgtcggtcg

atctaaaagg
cctgtaaagc
atatttgtgg
atatgcaaga
cctttatgat
cggtagagca

gttttgctga

ccattcatga
cctcaaactg
atatcccagt
atacaggttg
ttgtagaaaa

gggacaaaat

tggcggtatc

taaacgagaa
gtactgtggt
ttatttagaa
agatattgac
cgatgccaac
atatgacatc

gattgctgac

gtttggttat
tggtggcatt
gtgtactcac
gctagaggtg
cttcegeget

tgctcagtac

Met Lys Thr Thr Ile Lys Asp Ile Lys Thr Arg Leu Phe Lys Ile Pro
1 5 10 15
Leu Lys Glu Ile Leu Ser Asp Ala Lys His Gly Asp His Asp His Phe
20 25 30
Glu Leu Ile Thr Thr Thr Val Thr Leu Glu Asp Gly Ser Gln Gly Thr
35 40 45

Gly Tyr Thr Tyr Thr Gly Gly Lys Gly Gly Tyr Ser Ile Lys Ala Met

50 55 60
Leu Glu Tyr Asp Ile Gln Pro Ala Leu Ile Gly Lys Asp Ala Thr Gln
65 70 75 80

Ile Glu Glu Ile Tyr Asp Phe Met Glu Trp His Ile His Tyr Val Gly

_31_
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Arg Gly Gly

Trp Asp Leu

115

Gly Gly Lys
130

GIn Phe Pro

145

Ser Gly Phe

Glu Asp Ile

Ile Thr Phe

195
Ile Lys Leu
210
Glu Pro Thr
225

Asn Thr Ala

Glu Phe Gly

Asp Ala Ser
275
Leu Ile Thr
290
Leu His Val
305

His Ser Phe

85
Ile Ser
100

Lys Gly

Asn Asn

Leu Glu

Asn Ala

165
Asp Arg
180

Met Ile

Ser Lys

Leu Pro

Ile Pro

245

Tyr Ala
260

Asn Cys

Glu His

Ser Leu

Thr

Lys

Thr

Lys

150

Val

Asp

Asp
230

Leu

Met

Asn

Val
310

Phe Ala Met
105
Arg Glu Gly

120

Cys Lys Ala
135

Leu Leu Asn
Lys Ile Lys
Lys Ala Val

185

Ala Asn Tyr

Val Glu GIn
215

Asp Tyr Lys

Ala Met Gly

Asp Gln Ala

Gly Ile Thr
280

Ile Pro Val

295

Ser Ala Phe

Pro Ile Asp Glu Tyr Thr

325

90

Ser

Leu

Tyr

Asn

170

Arg

Ser

Tyr

250

Lys

Cys

Asp

Lys

330

Ala Val Asp

Pro Leu Trp

125

Cys Gly Gly
140

Ile Cys Gly

155

Gly Arg Glu

Glu Leu Ile

Leu Thr Val

205
Asp Ile Thr
220
Phe Ala Glu
235

Asn Leu His

Leu Gly Tyr

Trp Leu Lys
285
Thr His Gly
300
Thr Gly Trp
315

Arg Pro Leu

95
Ile Ala Leu
110

Lys Met Ala

Ile Asp Leu

Tyr Leu Glu
160
Asn Met Gln
175
Gly Pro Asp
190

Glu Gln Ala

Trp Phe Glu

Ile Ala Asp

240

Thr Ile His
255

Cys Gln Pro

270

Ala Ala Asp

Met Gln Glu

Leu Glu Val
320
Val Val Glu

335
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Asn Phe Arg Ala Val Ala Ser Asn Glu Pro Gly Ile Gly Val Glu Phe

340

345

Asp Trp Asp Lys Ile Ala Gln Tyr Glu Val

355
<210> 9
<211> 966
<212> DNA

360

<213> Vibrio sp. EJY3

<400> 9
atgagtttgg
gagccaatgt
agtggttttg

gttggaatgt

gaacagcagg
tattttatta
gccagtttaa
catatcactg
attgaaacag
ctatggtcac

tgcttceecta

atcgattttt
gcgacagtgg
gatgcgaccg
gagtctttag
tttggtgcag

aaatag

aaataaaaca
ttgagtttag
gtggtgatge

tgacacaact

gtgttagcag
cgcacgatga
tgacaccgca
ctattactca
cgaaagcgca
tgcaacgcgc

gtattgacga

acctaaaagc
ctaatgagca
ctgctggtga
agcagtgtct

ttgcccecttt

<210> 10

<211> 321

<212> PRT

agatacggag
ccaagttgga

ttcgaacttt

tggcgacgat

ttcagctgtg
tgagggacac
agacttacca
ggcgattagt
cggcactcaa
tcgcgecatc

agcacgcttg

aggcgcegaaa
tattaggcat
ttcatttgca
tgcgtatgca

accgacattt

<213> Vibrio sp. EJY3

<400> 10

tctagctata
caagcaggtt
gctatcgcag

gaattcggta

tgtatactac
catttttctt
tcagatgcga
gattcaagtt
gtgtcctatg
attaatgaaa

gtgactggcc

gttgtcgtac
ttcatccttc
ggctcattct
aatgccaccg

gagcaagtgc

350

gcgatattct
caggccagcec
cagcaagaca

agegttttgt

caaataaagc
tcttgcgtaa
ttgccaatgc
gtgactcagt
acaccaactt
ccgegtcact

ttgaacatgc

ttaaacaggg
cgcataaagt
gtacgcatta
cgtctatcac

ttgagaaaat
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tagctttggt
tgatttcttg
aggcgcatca

tgagctgtgg

aacgggcegtt
gaactctgcg
taagcttctt
gtttgcagca
gcgcttaaag
agtcgatgtc

tgacgatatc

tggtgacggt
gacacctgtt
tgtcaacgga
gattactggt

caacgaatct

60
120
180

240

300
360
420
480
540
600

660

720
780
840
900
960

966
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Met Ser

Leu Ser

Gly Ser

Asn Phe

50

Thr Gln
65

Glu Gln

Ala Thr

Ser Phe

Leu Pro

130
Ile Thr

145

Leu Arg

Glu Thr

Arg Leu

210
Leu Lys
225

Ala Thr

Leu Glu Ile Lys Gln
5
Phe Gly Glu Pro Met
20
Gly Gln Pro Asp Phe
35

Ala Ile Ala Ala Ala

Leu Gly Asp Asp Glu
70
Gln Gly Val Ser Ser
85
Gly Val Tyr Phe Ile
100

Leu Arg Lys Asn Ser
115

Ser Asp Ala Ile Ala

135
Gln Ala Ile Ser Asp
150
Thr Ala Lys Ala His
165
Leu Lys Leu Trp Ser
180
Ala Ser Leu Val Asp

195

Val Thr Gly Leu Glu

215

Ala Gly Ala Lys Val
230

Val Ala Asn Glu His

245

Asp

Phe

Leu

40

Arg

Phe

Ser

Thr

120

Asn

Ser

Leu

Val
200

His

Val

Ile

Thr

His

105

Ser

Thr

185

Cys

Val

Arg

Lys

Val

90

Asp

Ser

Lys

Cys

170

Arg

Phe

Asp

Leu

His

250

Ser

Ser

Phe

Arg

75

Cys

Asp

Leu

Leu

Asp
155

Val

Pro

Asp

Lys
235

Phe

Ser

Gln

Tyr

Val

Ser Asp
15
Gly Gln

30

Gly Gly Asp Ala

Ser

60

Phe

Met

Leu

140

Ser

Ser

Arg

Ser

220

Gln

Ile

45

Val

Val

Leu

Thr
125

His

Val

Tyr

Gly

Leu

Gly Met

Glu Leu

Pro Asn

95

His His

110

Pro Gln

Ile Thr

Phe Ala

Asp Thr

175

Asp Phe

Gly Asp

Pro His

255

_34_
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Leu

Trp

80

Lys

Phe

Asp

160

Asn

Asn

Tyr

Gly
240

Lys
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Val Thr Pro Val Asp Ala Thr Ala Ala Gly Asp
260 265

Phe Cys Thr His Tyr Val Asn Gly Glu Ser Leu

275 280
Tyr Ala Asn Ala Thr Ala Ser Ile Thr Ile Thr
290 295

Ala Pro Leu Pro Thr Phe Glu Gln Val Leu Glu

305 310 315
Lys

<210> 11

<211> 621

<212> DNA

<213> Vibrio sp. EJY3
<400> 11
atggatctca atcaacgttt agctaagctc aaagttgtge

gcgcaagata ttttgecttt aggtaaggeg ctggtagaga

attacctttc gctctgacge ggcecgactgaa gecattcegtt
gacatcttga ttggtgcggg tacggtattg aacgaagctc
gcgggtgcetg actttattgt ttctccagge ttgaacccaa
aaacataaaa taaccatcgt ccctggtgta aacagcccat
gagcttggtg ttgatactgt taaatttttc ccagcagaag
ttgaagtcgt tgcttggecc ttatcaacaa atcaaagtga

caaaacaaca ttcatgatta tctggctctt cctgctgtac

atggtggata aatcactggt acataaaggt gcttgggatg

gaaattgtcg ccgcagtata g

<210> 12
<211> 206
<212> PRT

<213> Vibrio sp. EJY3

<400> 12

Ser Phe Ala Gly Ser
270

Glu Gln Cys Leu Ala

285
Gly Phe Gly Ala Val
300
Lys Ile Asn Glu Ser

320

ctgtgattgc tgtagataat

atggtttacc agtcgcagaa

tacttcgtac tacttatcca
aagtaattga ggcaaaagag
tcacagtaaa agcatgtcaa
cgttggttga gcaagctctt
cgtcgggcegg tctagegatg
tgcctacagg tggtatcaat

ttgcttgtgg tggtacgtgg

aaattggccg attggtcaga

Met Asp Leu Asn Gln Arg Leu Ala Lys Leu Lys Val Val Pro Val Ile

_35_
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600
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1

5

Ala Val Asp Asn Ala Gln Asp

Glu Asn Gly Leu Pro Val Ala

35
Thr Glu Ala

50

Ile Arg Leu Leu

55

Gly Ala Gly Thr Val Leu Asn

65

Ala Gly Ala

Lys Ala Cys

Pro Ser Leu
115
Phe Phe Pro
130
Leu Gly Pro
145

Gln Asn Asn

Gly Gly Thr

Asp Glu Ile
195
<210> 13
<211> 40
<212> DNA
<213>
<220><223>

<400> 13

70

Asp Phe Ile Val

85

GIn Lys His Lys

Val Glu GIn Ala

Ala Glu Ala Ser

135

Tyr Gln Gln Ile

150

Ile His Asp Tyr

165

Trp Met Val Asp

Gly Arg Leu Val

Artificial Sequence

Ile Leu
25

Glu Ile

Ser Pro

Ile Thr

105

Leu Glu

120

Lys Val

Leu Ala

Lys Ser

185
Arg Glu
200

10

Pro Leu Gly Lys

Thr Phe Arg Ser

45
Thr Tyr Pro Asp
60
GIn Val Ile Glu
75
Gly Leu Asn Pro
90

Ile Val Pro Gly

Leu Gly Val Asp
125

Leu Ala Met Leu

140
Met Pro Thr Gly
155
Leu Pro Ala Val
170

Leu Val His Lys

Ile Val Ala Ala

205

gaaggagata taaggatgaa acgttaccaa atgtacgttg

15
Ala Leu Val
30

Asp Ala Ala

Ile Leu Ile

Ala Lys Glu

80

Ile Thr Val
95

Val Asn Ser

110

Thr Val Lys

Lys Ser Leu

Gly Ile Asn

160

Leu Ala Cys
175

Gly Ala Trp

190

Val

Forward primer 1 for 3,6-anhydro-L-galactose dehydrogenase
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<210> 14
<211> 40
<212> DNA

<213> Artificial Sequence

<220><223> Reverse primer 2 for 3,6-anhydro-L-galactose dehydrogenase

<400> 14

atgatggtga tggtggtcga aattcacata gaatgtcttc 40
<210> 15

<211> 47

<212> DNA

<213> Artificial Sequence

<220><223> Forward primer 1 for SdeACI

<400> 15

gaaggagata taaggatgaa aattcataac atgaaaaatt ttatcaa 47
<210> 16

<211> 40

<212> DNA

<213> Artificial Sequence

<220><223> Reverse primer 2 for SdeACI

<400> 16

atgatggtga tggtgtcatt cagcaaaata cactgtcttc 40
<210> 17

<211> 43

<212> DNA

<213> Artificial Sequence

<220><223> Forward primer 1 for Pat1ACI

<400> 17

gaaggagata taaggatgat gagtgtcatt accaaactag aca 43
<210> 18

<211> 42

<212> DNA

<213> Artificial Sequence

<220><223> Reverse primer 2 for Pat1ACI
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<400> 18

atgatggtga tggtgagaat gtttaactaa atagggaaga ag

<210> 19
<211> 43
<212> DNA

<213> Artificial Sequence

<220><223> Forward primer 1 for Vejy3ACI

<400> 19

gaaggagata taaggatgaa aacaacaatc aaagacatca aaa

<210> 20
<211> 38
<212> DNA

<213> Artificial Sequence
<220><223> Reverse primer 2 for Vejy3ACI
<400> 20

atgatggtga tggtgcactt cgtactgagc aattttgt

<210> 21
<211> 38
<212> DNA

<213> Artificial Sequence
<220><223> Forward primer 1 for Vejy3ACI
<400> 21

gcgctcgaga tgaaaacaac aatcaaagac atcaaaac

<210> 22
<211> 33
<212> DNA

<213> Artificial Sequence
<220><223> Reverse primer 2 for Vejy3ACI
<400> 22

gcgtacgtac acttcgtact gagcaatttt gtc

<210> 23
<211> 34
<212> DNA

_38_
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<213> Artificial Sequence

<220><223> Forward primer 1 for 3,6-anhydro-L-galactose dehydrogenase

<400> 23

gcgctcgaga tgaaacgtta ccaaatgtac gttg 34
<210> 24

<211> 35

<212> DNA

<213> Artificial Sequence

<220><223> Reverse primer 2 for 3,6-anhydro-L-galactose dehydrogenase
<400> 24

gcgtctagat tagtcgaaat tcacatagaa tgtct 35

_39_
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