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DHAP, 3-deoxy-D-arabino-heptulosonate 7-phosphate
DHQ, dehydroquinate

DOI, 2-deoxy-scyllo-inosose

DOS, 2-deoxystreptamine

EDTA, ethylenediaminetetraacetic acid

G-6-P, glucose-6-phosphate

HPLC, high performance liquid chromatography
NAD", nicotinamide adenine dinucleotide

NB, nutrient broth

NMR, nuclear magnetic resonance

OD, optical density

PAGE, polyacrylamide gel electrophoresis

PCR, polymerase chain reaction

pTLC, preparative thin layer chromatography
SBM, soy been meal

SDS, sodium dodecyl sulfate

Tris, tris(hydroxymethyl)aminomethane
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1% ER

A CHBAEET S RHED IS, BEYWLABEEEE2FE TS0
DECHFHEL., HFABEHECHMERIECHTI2ERNELTHEHERTWVE LD
BhHb, BIEETTUELSHOEMFEEILEY B ERESI N, £HESHLHE
*RETAHIEPHELPIIEINTE, F/4, FHATRIAPHEERESTHL L
R, FOHEOEMES W ATARALFENIS D HRIBEV D AEMIE L EAICITD
NTwbs, —hHT, 2OBEMEHBERFTHILEYPERATED LS ICEES
NTWEDOEV) D RKERKEL, EEEMELH L LMESRTE 2,

A HRFFE IR, BERE. SV a— A, T3 B EOEBILAMOIY A
HEEBRIZE D WBEOLOTAMPMICEHET B0 L) RiERIKE R o %%
BPRT LI EDNTTRETONDL, 2RV DN YESIIDEITH 5
. HESETIEIL- N VPR RRCMVATINE I VMO TS (Fig. 1) Y

W, OHSH g o « L
}( HyNZ HO,G, : SH i
ol il I K
L-cysteine HQC NH, o) N\(%L - 0 o N~
HO,C, \ CoH L-valine o) E;QH (::OZH
HN | .-aminoadipic acid §-(L-aminoadipyl)+.-cysteinyl- D-valine penicillin G

Fig. 1

T, ESHOEMERKETHW T, B SNTEBORISHNTIC L 546K
BRABIMEFEO—D2TH b, e 2iE, REHELELTHEHIRATWAEY
THRADESHENR TS OWAERY L 0P BARY IS LA REN
TEHEIN, FAKRZ /) - VENVEVEPGL LR E LS IBBRBEOESHRBIEND 5
ZEMNRENTWVWD (Fig. 2) ¥,

H, 13 steps 0 ?Ha ?Hs
¢ 0—POzH, - H30—§’- CHQCHZFHCONI-CHCOI\HCHOOOH
COH HO NH,
phosphoenolpyruvate Fia 2 bialaphos
ig.

T, EGRICEES T ABERONIRIIERRICEBICHB TS L) T
el I DEEMIC, LFEMICHEBRT L ETHEBICEELERS DY, BEETIE
EPAITTbR TS, 722, BUHOLDIIEFNICEREINLIOATH S
M. I AGHRICENT A7 532 VSOEEHRICOWVTIEE L 2 5FFEAH
RENTBY, VEYV—ADPEELEVW V) EY—IARTF FEREE LI
END2EEHERTITON TV B I ENHALPIIEN, BELRIEINTWED
(Fig. 3) V%
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Fig. 3

ek Wy o R O TORAC B EY O AR R M T A BER L) EHAE WD OB
S, 2) RO U BIH LBELIFRELZ V. 3) R NONAE A
Lo ES, ZRAKEMBEICES I EPRETH o, L2 Lk @I
FREEOERICE DAL R KA ESBREREET O O— = 7 HFuEEIC %
D, MABMAMFEAYABICATTEDL LT TEL, SHIC, FOBEFE O
. EREARPWVWOPOBEOHAAGDLEILLY R ERY oA EEDIN
ErEson, FRRLERREEWEITEESRD L)L TET A,
B, BIK<TFF, RUFFF AV LA FEOEERMEY., TOES
REET G L TEELFMIIRAKITDRA TS, IRERY 7T FARbA
%Ef&6101mv4vywiéﬁw%fu\mﬁ%ﬂéﬁﬁ%mﬁ%@%ﬂ
PRAFL . REBHTHL6-FAF ) AT Y FBEBEER (DEBSs) DF
AR SNz = Dpolyketide synthase (PKS) i3Fig. 4IXm 315 & ) % BIEF
BT U a— e LT o CWVAIEEY o TH Y, DEBS1A HDEBS3D3™D
DEBREMBEZYI—-FLTWSZ AT ENRTWAY, Khosla, CaneH 2 D
DEBS | + TE (thicesterase) THEMBRICBITH I T F K27 b oKD
XN TW5BEY,

pr°p'°"{' CoA hEps {1 oM DEBS 2

—

methylmalonyl CoA |

’I
module 1 module 2
AT ACP KS AT KR ACP KS AT KR ACP (ﬁ\ MeMal-CoA
' : ' SCoA

NADPH
: :
\\/ \/H
Conversion of propionyl CoA to triketide lactone

DEBS: 6-deoxyerythronolide Bsynthase KS: B-ketoacyl carrier protein synthase ER: enoyl reductase

[l
1

DEBS 1+ TE |~“‘ 0" Yo

MeMal-CoA

NADPH ™
SNAC ——— >

DEBS 1+ TE l*“ 0”0

AT: acyl transferase KR: B-ketoacyl reductase TE: thioesterase
ACP: acyl carrier protein DH: dehydratase
Fig. 4



BECZILFNHICHEWNT L2010, ¥4 F 37 A2 Tl EWEHN L
COWMFEMEHFRIBEETH LN, B-F 75 2EERICBITAHRBERS VR
D) UNEEBED, L7 7 0RAKR) CERBEEY. AV TV /A4 FEEGRICBIT
BV ONOHIMEBECRILBEED TR, XBERBERTIPTRE S, B
Y&J%W\%ﬁ@]ﬂk@*&Eﬁﬁﬁ#ﬁﬂﬂéhﬁroﬁz>(mgs)o

X

C\/\/\[]/ j;/ isopenicillin N synthase C\/\/\n/ ; >\
\/L NH2 0 AN~ +2H0

COOH

0., Fe2+
o-(L-aminoadipyl)-L-cysteinyl- D-vallne isopenicillin N
H
pentalenene synthase \<I>_
N N A opp Mg _\\/: + PPi
farnesyl diphosphate Fig. 5 pentalenene

MIRIEF LEEZ{LEWE LTSN TWETI ) ZF)ay FRAEMED &
EHRIZOVWTHH L oI fThbhTa, XN AR DLDE L TFig. 612K L
FARNLTRRA L vRAF AT ED DD,

. NH,
H H H
H
H,N H2N
H NHz H
OH o
H
H2
HO!
(o)

OHOH OROH
kanamycin B butirosin B ribostamycin R: H
neomycin B R:

NH,
N=< Ma
H H d
HoN

NH,

fo;
20 OH
HaC H
3“OH OCH,
o fortimicin B

NHCH;,
streptomycin

Fig. 6 Aminoglycoside antibiotics
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%@ﬁﬂﬂﬁﬁén\itﬁ%%mﬁtf§X%%®iiﬁlﬁk#%%%ug
CHT LW DM ERTIHAEDEFBONL I LIS EELZEYERL X
nTwsb #&b%hi%rttf@@ﬁwiﬁt%ﬁ‘ﬂﬁmwﬁﬁ%miw
ﬁmkwof%wmﬁwﬁ#%%@%#ﬁtn e R ITbh TE,

TI/T7UaY FAEWER, bFEHELZEINIEEE (D- 7 Va—2R)
fLFEZERINTENETNOWERMNITERINETH S CERESICHBZIN,
CORBMLHEERETAEYEOE AT, BEEHE  BHsko—EF0
ELTHRAZEDPTED, HEBBEAXFH L-ANYEEESR L LTHIEH
TREEMTH 5,

COMAEWER MM LTI VA7) P —NVIZEBTAE, KXo
T AIENTEL, RERILOTRTCORZFEATOBRFOBRENFELE
THLDE, —ODRFIWEBBREEXFSI L V2-THFF AL T I ¥ (DOS)
*ELLOTHD (Fig. 7) o

2- deoxystreptamme

& (DOS) butirosin B

o OH OH

.y ey
o NH
o-glucose N\, H,N mg’-‘
H OH e
H 1 OH [t HN OHG
OH OH

HaC

myo-inositol H OH
H R/ NHCH,

HO
Fig. 7 streptomycin

HBEDOI V=TI AORTVERAM LT IR AV VRT3 —F 3
RENFETFTONDL, FEITRET ) a0 [2-4Cl-myo-4 /) ¥ F—
QM AHEERL, AEBGERRE R WAFZRIC X VY. WY, e ICL#E
Iz THET Bmyo-4 /2 b= VEdBEEE LTESHENSE Z L IR
ashTwad (Fig.8) " ZOBE, REREREIT ) BB OBEE I myo- 1
Y P VESHIHETAMETHLIOENBETHL, COMERI VI -2
6- UEEEREE L, myo-A T = N-1-) VEBERE X Bmyo-4 /T b —-1-
UUBREGEEFE (EC5.5.14) THAHI LD Chenb il L WVHLMTENRTEY 'Y,
T 72Byunb ., LoewusH i3 F T WAEHR 7NV 3 —2-6-) VEBEEHWTIORERE
BIC A AR RAICHET T AL ARLAZSY, 42, COBERIVLD2P2OD
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myo-inositol-1-phosphate synthase
Hs, . Hs, Hr Hs H
H_ s~ OPOS? s., S
H:HE S HH opoa H o(r;o3
H OH =
OH OH O, ' W= He
glucose-6-phosphate

—l_oro.z2
NAD NADH HﬁSECF;i%;o 3
Hs ) Hs ) OH O "
H OPO,? H OPO,? \
MOHS& MOHB‘/
| [}
OH OH

) O OH
myo-inositol-1-phosphate

Hs >=
H OH H O
H I OH = H

HN Hs

OM/OPOZ = _ streptomycin
OH OH N\”/
myo-inositol

scyllomosose
(=myo-inosose)

streptldlne -6-phosphate
Fig. 8

AMVLT b2A T YEEBIZDWTIIPiepersberg b A5 M (£ F O 0 &%
T2 T 5 EIEVMICAERERT2HEL, 20EAEBEEETF OK
REMLEDONTWVE™ . —F, 74 —F3I Y VHEEHIZDO WV TitHasegawa
HAL MAEMEEEREOROADNAL BAHILE, 70— v Ry & — 124
HABEGHENERKETEEERL, 2OREEREKOREWEEEEEICLY
HH S 2 HETHERIZTFRITEHRE L TWBE™,

— /. DOSET V) AVETEIN=TE, FF2 A, hF ALy T
FUuL Rl TI2FZ)av FHEYEOKRERED D,

DOS D £ & Bl RinehartH 12 & D [6-PCl7 Vv a— 2R [1-"ClZvadrIvEns
PR AR L AT BR Ik 2 2 o+ < £ ¥ v Wi Streptomyces fradiaelZ %5
LIZEERT, 7V a— A6 DRFENDOSD2ML D IR F I,
V) INLDRFEADOS DI D i F

~

TNVa—A (Fray

FIWICEBEINDL I EWREN, FVa—AD]
MEMM OB TEHEMERT LI EIFIHLMIII NS (Fig. 9) 2

OH Hy
HO HO
HO OH —— HO NH
OH

D-glucose 2-deoxystreptamine
Fig. 9



DOSHEEGMARIIBT 2 EGROERERKE TV AHREICBE VT, Daumb 75,
7y T Y HEER D Micromonospora purpurea® DOS B 3R P 8 W 25 kR IC &l
70 b= aig G LERYOWEL BT T 5 &) FikT2-74 ¥ Y oscylio- 1 /
Vv —2A (DOI) Ak o Twa g% R L 72 (Fig. 1001)) 2, 8512
Furumai 513 7 B & A B W Bacillus circulans O 4 4 58 B 25 $ & % cosynthesis
(DL EFEROEFTPIE ISR 2 K E R 22 EREICE 2 THAEY
HAEREND2EHM L, SRED EICERKYAESRBEONEIC B ST 5
HHE) XD SEL, DOIWRIMAE % B ERBSICAH S T 2 ERBISGEAET L 2 &
7~ L 72(Fig. 1002)) %, KasebIlIHH I v H: % 1§ Micromonospora sagamiensis
DDOS ZRTVEEM AR D H 5 —FEI2-7F ¥ V-seyllo4 /4 I v ERT 2 =
. DOIN IR E 7 B B BS I Y 2 MM A BARIC2-F 4 * 2 oseyllo 4 ¥ 3
YERGADBEFTIVIPEEIND I EEHE L TV A (Fig. 1003)) 2,
Kondo 513 F#kIZ . B. circulans DEMIERKO —D L D, 2-7F F ¥ scyllo-1 /
IV HBELMEZRE LAY, THOOHREDS52-FF ¥ ¥ -seyllo- 4 /¥ 3
¥ EDOIWDOSAHEEGHFMIKTH LI EXNHLIE L 572,

1) Micromonospora purpurea mutant Hs
0 HN ad HN L0 grnen
H OH H OoH ’ HO| H CH
0 OH H NH, —— o o °
OH OH H, NH; R-Hor CH,
scylloinosose streptamine OH
{myo-inosose) 2-hydroxygentamicin

2) Bacillus circulans mutant

OH FE o) boc HaN HaN
o - B : .»H . H — H
& o AR on - R o — "
OH 2-d OW [ - >
eoxyscy )0 inosose 2-deoxy-scylloinosamine

3) Micromonospora sagamiensis mutan{

H O, H,N HoN
PN o | o oo oy —— MLy, — sagamici
OH OH OH

Fig. 10



DOID T X / W BICH T 505813, Suzukaked ., WalkerH 2 L W RIS T
B, IV IETIMERET LTI EREBEBEOEEINRBEIATH
% (Fig.11) 2529,

amiontransferase amiontransferase
Gin H ! HO Gin H
H OH—— Ho OH H — o NH;
HO HO HO ~o HO
Fig. 11

DOS/E GBI IEBW THBMMW L KEROERS 7V a— 2D I L 6fiDET
MERIZE 5 WL 2IZE N, Kakinumab 13 F O R FBILE O Kbk
VAREFIHER L, T LTY KRR <AV Y HBERS. ribosidificus|Z [6,6-2H,] 7
V3 — A, (6R)-[6-?H|] 7 VT — A, (68)-[6-H,]Z7 VI — A% #5 L. 6iiokE
WS E b PONAERMICERYICRESRATVwEZ L 28R L7 (Fig.
12)

OH

o S. I'IbOSIdIfICUS Hy N
H * 0
OH HO
O
OHOH

Fig. 12

Toebb, CORERERIGCHIAERMIGETT S22 L REN, &
PN DKRFENTS & BRIFENT VB I LD bmyo-4 72 F— b L < idmyo-
A7V =2AHPOPMAELEBMEBB TR, FERT I/ BESKICBIISL L X
IEEBTOTe FOoX ) (DHQ) AKBEHERIG LM L ring L2
(Hgm)o7»3~Zifu7w:—x6KH@WMﬁﬁMW§hqSﬁmié
GEUPLLTRAD LB YBILRIEAS#EIT LI, - () 5— 1) f1[
KR LT, 20##EY % &Wfﬂum%ﬁtT»k—wﬂﬁF#t’bmi
EWPIEEINDOI* 525 0wHIbDTH 5B,



HO 3 2HO HO
glucose-6-phosphate
(G-6-P) NAD* NADH
H Ao Hm’ &J MOH
HO H
, NH,
H
HO HO
2-deoxy-scylloinosose 2-deoxystreptamine
(DOI) (DOS)

Fig. 13 Proposed mechanism of 2-deoxy- scyllo-inosose synthase reaction

RFBRILWO FIGHRIZE T 28 E LT, Akhtarb iz 24 <4 2 VA EES.
fradiae 1> Tp-[U-'""C, 3,4-H]B & U'p-[U-"C, 3°HIZ V2 — Z DR A A EE
ATV, BREMIOKESKDALZLZBMLTVED, hbb . aff CBAL
FOGHHE & T A I & %RIELTHEDFig. BOBEHZ —BXFETIHREELS
ha,

S 512 Yamauchib 13, CORIGHEBEICBIIAEE 7L o — 2 (7 )V a— .6
UYBE) DMIKEDOEFICEE L, DHQA KB ER G EE3-54 % p.
arabino-~7"7 U Y { 7-') ¥ B (DAHP) DS ASNAD*IZX WL <h. Y
CBRAE. TR - VBIBUE ST L. FORMSIIIENADHTEBIL SN2 & v b
DTH% (Fig. 14) o CORICHEBICBCTI, SHIZBT 2 RKIEO—%ko R
KA R kyke= 178 L SR OKZAVDHQREF SR D Z EHFBM S TEY . 5
DOEEALR TG B SNAD' S T E NADHA TR —TH 5 = & 2557 2 LT
%2,



dehydroquinate synthase

, OPO,* OPOZZ
S 6 1
H 2_COO coo
H " 3

OH
DAHP NAD* NADH

Eg&(
OH
H o . -
COO
3&(
o]

DAHP: 3-deoxy-D-arabino -heptulosonate 7-phosphate
DHQ: 3-dehydroquinate

coo

=K

H
CcoO H "

OH CcoOr

I
ot
Eg‘
o
I

OH £
DHQ shikimate

Fig. 14

— )7, DOIESERICB WV TiZAkhtarS DEBRBE R % # 2 2 L DAHPO 57 12 4
By B4 KFEIRFSNIT, HiBFZORIREL2EEL R, 22T,
Yamauchib id Z DFEEAFI K FE OB OB iIZKakinumab 12 X WIRE I TWw 5
BOCHEE LGS 5 L CHEHELMBE L Z 2 aMERLE BV CRE % 24010

HWHEZHOTRICZRET L, NAD*2# IR 2L 212V a—2-6-1) B (G-6-
P) »HDOINDEMEM X MO THB L7720, XIS BUBEARL AR
L. ZEELTD-UHIG-6-PB LU, RIBICHE L wEEL LN L3 IciE
Bk AL 72 ZEERAD-4-2H,3-"01G-6 P % JH W T4 A FEDOEE %85 L .
TOKREPRGFINDIERRLAN, 610, ZHEEBRK L FERMKORLY
FEHE LIS EITo7CHR, ZOMEKRFERR TSy Ty v 7R+ &
BAF—0FPIIRFEINTWBE I ENRENT, T2, BOERBE T ONIE
HDOFIEHG-6-POHEEBMIIIMEIID 5 55, 4012 B 2 KIE 0 R ) 2
kyky=2. TR L7z T2 bbREEGC6-POMITORILBILERIEGIEE TV S
L&, FiBFENAD -NADHIZBE R LM+ 5 2 L 2 CBEERIGHFRETWS =
EHNO IS NS, 2E Y CORFEREETICTE—DOBE -7+ * -
scyllo- 1/ ) = AGHBEICIVITORTVwA I LA MEETIRETH Y .
Kakinumab 2R E L TV BB CET T2 L2 XL, £ L TDHQ#A&
BB RO L OB S SIS Il o7z, 7. Akhtarb> D 7L I —
ADAMIAKRFEPRIEFEEN LTV EVWIERIIHFLTIE MY F L DR AR R A E

9



KEDENL D bREI VI L (kyfk=thyfkp)*) 2EX DT EI2ED S T < M
T&hsLLTV5,

2-TA X Yeseyllo A /Y — AGMEEFE (DOIAHBEE) & DHQAKEEE D Ke
B OFLVEATR SN2 H, DHQABMRICOWTIH T TITHEA 2 AW I- B
FABEEETETONIMESNRTwD, 7. E colili £ DDHQE B EE E 1= o
WTHEFrostb I L o TRERHAOHL SN, COSBRMRICE2BEI LD L
DIEL T2 Il H LISEERA - BLER % v B RSEM0 LE22
BirbhhTwa,

BRAL G O SLAR L F 1d Rotenberg & . Turner® 12 & b FARVALEEFHTHS
PIZSNTVEY, T 2OVHRILFERY) Y BILOFHICE o TihE s h
HLEZLI, WidlanskiS W7 /v —fDOF+ %L RETFu s 2 HwIRE
&m%mﬁL\muVﬁmﬁmﬁﬁfﬁﬁ?%:t%%%#mtrwy”W@
15) o

20,PO_ . Hn Hg R Hs
Hi&&rcoo- . Hg&/wo’ _ HEO’&E%OO'
OH OH OH
20,P0_ H H
syn
Ha&coo-—y"’ Ha&/coo-

Fig. 15

Be) AL IS DV Td, BenderS5 DS VS A4 2 ) v 2 HE T 0 & % 5k
ARCBERT T 7 2 HWTEAPTRERIGYT) S L2 R L Tw
50 ANINY ATy 7 RERAKRVBELT F 07, cis-Y = Lok E &k 2 ok
YBRAEET T O ERVI L AL, CSLOBAERBEBE SN, TOC
CIBERIS TR AR ) VBV ERE LTHNV R LD o e DAE ST X4k <
MREEFH L LV L ERLTWVS (Fig. 16) .
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H DHQ synthase H
HOO O D20 HOO 0. )

Px
HO i_o//\o HO D o_/rQO
o o
H P \ '
HOO 0. P \ no exchange
\
HO H o
H P H o
HOO S HOO =
HO HO D P
(o2 IaNe) oI
e o °
o)
HOO " x §<o- \\ no exchange
o \
HO H
Fig. 16

Knowlesid il ') > BRIE ASsynlii B CTHAT T AL W) L 22 6b W 2 b | A= =
MICEERNLECHEETH L LFRLTVEY, $hbb,. HEDY > BRI i m
TH LB LTAERBIZHE, WIRARBERREZETT L F—
VEIBRENERE DLWV TH B (Fig. 17) .

H
D . syn OH OH
‘0, O — 0 —0,C
o
0

Fig. 17

—7i. Bartlett5 i3 7V F— VRIGA R 2 BBOHBEEZ SR L. HRUE
WEBELTYD™, ¥ bbb R CHRETX 2 P ORI LT &b
TR E RIS L D RIRE R T L BRI BILBUE AT T A 2 & 2B L
720 CORALBIETERT 2 X EBRWRIBERIC LR L Th - 7255, L8 (2.5
4.0 %) GHFOOBMECTIAR L VEREKIERLTVE I L bd o
(Fig. 18) o Z ORI PBRDBEE OEHEIA A & BB L 22 v CRIEAHST L
TVLILEERLTVE, ThDLBENTETOSBEBRIEHKEI TV &

S E %57,
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DHQ synthase reaction
H
0, o
HO H

OH
OPO.2

1998412

(pentafunctional AROM ) X7 F FONKMEM D3935 E) |

O o]
3-DHQ
H H
OH OH
HO © "0,C °
3-DHQ 1-epi-3-DHQ

R: O-nitrobenzyl

Fig. 18

td Carpenter & 12 X - T Emericella nidulansth ¥ DO DHQRE

IOV TXMH SR

ERMAWME SN, BELER, @R, #HBELONEEA RHE I L5553

(Fig. 19)

TORICHEOMRITE L V—F 2R LTw5,

P HO/ [o]
HO[ _—
K N
H Oz Q
s

H —..
H SN
CONH,

,an"

Yo COMEMIICLEBELEE (MEH) LoMEMEIZI N

H (l A
H ____N—R,
CONH,
zn2+

Wal 7
‘0 X O~ Wat7 Asn 162
R, O H OH H .
OH Hw Vo’" 07 Lys 356
N H .20 0.
TN Asn268 -~ s ) ° H‘
DAHP: 5 S Arg 130 (8) H~0/H
R,=0P0OZ; X=0 Watas Lys 152
carbophosphonate: His 275 His 275
Ry=PO 32; X=CH,
NAD*:
R,=ribose-P-P-Ad Glu 194
Zn2+ Asp164 \:“\\ ; .-~ His 287
Lys250 __ L Lys 197 - > % JZn*
o HO Lys 250 TN LT
Arg264 <= %) OH 9 Ho Ho
9264 < [ - . .- OH\ 0 OH
0 ('O A Arg 264 < y: (NN ' 2
L. - . ~\ o N, % o
lys1s2 "~ Ho fo HyNQ  His271 OH
O—H Asn 268 Lys 152 R Cﬁ_
. Asn ‘268
B Y watzo f H DHQ

Lys 152

Fig. 19
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DOl Bl % & [FIARICDHQA MR L M- G TAAR T 2 L B b 3 &
@6w<0#ﬁE¢%O%KQN1:vb(ﬁi*é%w%%fu3ﬁhﬁ§£
LFURKERIEELHT L) OESRMESBEAITFbA TV 20,

VT 7= A Y G B D 3-amino-5-hydroxybenzoic acid (AHBA) HEERIZB
757 3 /DHQGHEFE (RifG) £ D% 0D ) DAHPOAIIC 7 3 /& LEE T

HE7 I /DHQUEAMT I2BHETH D, COBERIGICOVT ORI $
fﬁ%éﬂf&wﬁ‘Mm%tlbﬁiﬁﬁ?ﬁﬂﬁ%ﬁﬁ%%hTW%(Hg
20) 4",

aminoDHQ synthase

H,N
w T v
., 2 —
OPO4?
3" HO o) H

ammoDAHP aminoDHQ

AHBA: 3-amino-5-hydroxybenzoic acid

rifamycin B

Fig. 20

TAHBATHZWCNILIZ Y FOEREAST H K- 20N ¥4 S YAl
GEINBHLTFHMENTWS, 7% bHAHBA, 3-aminobenzoic acid¥EL D A F i
WIEBLUTN L=V, SNVI-ZADOWYRABNY - hLTREEL FA S
YH=AT-) YBOBRCBIGIZ L o TERT 250 0 v SR Bk e L
FERZHLNTWD (Fig 21) 0423

HO
valiolone »_ epf-vaholone
OH synthase —
HO O . -
OH OPO,2-
OH H H o
sedoheptulose 7-phosphate H
. T Ton Y,

OH OH
valiolone OH

TR PANCAASCY
OH
validamycin A

Fig. 21
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I, BEDPSOREBIERREID E WD MTIRR B myo-4 /> F— 0.
LUVM%&%%%‘N7&74>V‘TUXTD74&V\7D%37yKE
%h%ﬂé%w%%wiémﬁi&wmﬁ%@%%w(Hgm)o

H
«a&w | Hﬁé’j\;
| OHOH

OH OH H ° OH OH aristeromycin
MOH - MH _.Hﬂo/éhn/'* »ﬁg&\m
H No HN Io) NH,
Hy G

HN
|
OH \ OH OH/
Ho 2 oﬁ/&o

/%:c on NHAC N:\p(c'*s

OH
CH,

allosamidin

pactamycin

Fig. 22

Rinehartb W /87 ¥ < 1 & ¥ A B Streptomyces pactumi= [6-PCI1Z/Va— X,
[(-PCI7 VI — A5 LERDP S, BRY 7005 VM. FLa— 2
#6m@4/7F-»ﬁ%%L<H7WJ—x®muﬁﬁ®ﬁT®E§%%K
lbi%&éﬂ%ﬂ%ﬁ%ﬁttwoit‘hm%HTUX%U74&7EE
W Streptomyces citricolort> H5 X CRE# 7 L 0 — 2 % 8 5. 7~ EBRIL, TN
A-ARVLBTINT b= 2ADUL LML OB THEITHRTH LR LY,
itS&Mﬁﬂi?D%iVVEE%SMMMMMM1M9%NQ}W}\Mﬂﬂa
[5-°H]-. [6°H,)- 7 Va3 V25 LAERIS, ZLa¥ I 6T L5
FW%%@W&ﬁﬁ@@T@%%KlUiéﬁéhéck%%B#KLtmoC
NORBEREEMIC OV TR ZRZAMY AR ERD S KIGEESTFH X hTw
A0 BIED L ZHARUBECHEFLOVTORERFEA TV RV,

DOIG BRI E T 2 E OB TG 2 Mt + 28 % L LCit. UDP-
(77 P AT AT —ER3.6-TFA X ALK OCDP-D- L T — 2
46TE NIy - YR UOBENHEEL., ChOLORIGHEES X CBRERE O
B Bk EVY (Fig, 23) 79
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CDP-D-glucose 4,6-dehydratase UDP-galactose 4-epimase
OH

s Ky

CDP-glucose
CONH, CONH,
S gcom%w J
N

S Tt s S = e

UEBXTEEBY), DOISKRBEZRIEITI /) ZF)as FOLAEYE O % A% E
FELTZYTEL, REABBUR M 285 LTHEHIREEMTH
% o %Cf*ﬁﬁ%’(‘@iDOI%lﬁ@?@fiﬁﬁb:Ob"(@iﬂi%ﬁ‘]Kﬁ@BﬁT%ﬁﬁ%c‘: L
T, 7792 YRR Bacillus circulans?* & DDOIEHBEORUR UBEEET
DIRFE =W L 7=,

I B. circulans\Z BV 2 DOIS BB EDHFLEDOREZICIZ U Y Yamauchi® & [5]
HOXEE. TEHESUBRE % v TDOIA BB 3 B K 4 % a7 L . TFOL
WB. circulans& *F <4 3 v A BE W Streptomyces fradiae & v 3 W REIZ L 2 &>
B U CHEATT 2L 2RI ENTES, 70, ROl e BE RS MIC X
DBOoNTHEKTHCCRBEEY RS LDOIE B E O BB ISRy L, AL
FHMETHOPIET ALY TES, X510, HRMEZONKET I ) BES
TREL, ThEHIIDNAT O = 7 % k5 L TDOIB % ®(ET D % 47 v DO
BRBERIETbCE 7 U~ =Y V3 B EHNT RS 2OMET 2 KB EE,
coiTHMBEL LTABRBEECLILICORY L,

DT, CROoMEORBREZHERT 24, B28Tit, TFUL
Bacillus circulans5; Z WK ODOIS BB FiE M O & 45 B L 72 DOLA 1 B
FEMVIISHEE ORI Ow Tk,

% 3 ETIIDOIS B BER O W B F & 124 TRy LIBERBIUY, 20412
BIMEIZ OV TRE LR Tk~ 7,

BAECTUEHDOIG MR BIET 2 E LbrCEEF ¥ 27 0—=2 7 Lo k.

B X U‘%U)’W‘fﬁJ’ ST EDEALFENE B I OWTRE LR IConT $I RN A

EOSETIAMELY T LD, SHOBEZEIZOVCTH~S,

15



FT2E 2-TFF -scyllo-1 /) V—AEHRBEZERICBEESO
2-1 ¥

2-7 A F Voseyllo- 4 )V — A EHEEE (DOIEHKBEE) KISHEICOWT O
geid. MR & L CHBWK, EARAMGR,. BOMRREEEEINC S T
T & 722027393 0 Yamauchib O < 4 3~ K BEH Streptomyces fradie® & 73 ¥
REFBEREHOICERICLD, BERICHG-6-PERE L LNAD ZHBEE L L
THETTHI LWL, SN, £ L TEEMIOBILET LB Y BRLK
o, TVF—VEREZHE—-BFLELTMETLZ LRI, BERICZ1LF
ISR R AEEICE N D2O0H B, L2LEdo, BERICEESCEELEE.
B, SERLOMAEERZ E2LERNICEHE LA 7013 2DOIEREBEZ
WTHIR T HLENH S, HREHETIX, 73~ A VEEES. fradiaeh S 135
BRIIZINTE00, BEOALERICI DHEBEIIVZ> T, £2
T, DOIGHEBZOHM*BIE L., 790 ¥ YR Bacillus circulans X ) 3L %
BEI T 52 LIl L7, B.circulansl3Mi— B T2 W7 I 7Y aY FHiiEWE
HAERT, WEDOELZ o :DOIERBEVFETATREMEIDY., I THEOH
R L FORICEBICOVWTHRETL 2,

2-2 FEBRIE

AR BEREFRUV 10T HEN G R LER T, Y9 RXAF v 7 Ve
WTHlE L 72,

GC-MSA Y FIVITHAREFHN S HIEOL IMS-AX 505 HA HESF%E %
B, 43 {LEET0eVTHIE L 72,

HEKIY FPEEWG25H S — P AF VMR EREY HVWTEE L,

JREDEEI - AHBIRE D EREBLYH WV TiITo 72,

MABOWEIE T T v v H B Sonifier-250B S BB 2 H W TIT - 720

BEREMRBRICB I AHPLCIE . HIL #EFTRL4000UVT 4 77 ¥ — & D-
25004 ¥ F 7 L — % — % L12L-6000K Y TEHWTIT o7,

WE 7 a< b5 74— 11 Merck Kiesegel 60 F,,, (0.25 mm) % v 72,

Q Sepharose FAST FLOW, Mono Q HR 5/5. Mono Q HR 10/10, Mono P HR 5/20.
HiTrap HIC Test Kit. Superdex 75 HiLoad 26/60, Superdex 200 HiLoad 26/60 (77
V< 7) &TSK gel AF bluetoyopearl 650, TSK gel G3000SW (h— v —) &
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DEAE cellulofine-A-800 (F v V) %% Y Ry BB IIBI 270 b 75 7 4
—ICH W7, |
FE SR ME L BR O HPLCIZ I TSK gel ODS-80TMCTR (4.6 mm x 100 mm) % /i vs 7=,
D-7 NI —A-6- YBRZH )7 A(G-6-P) XS I HILEAL S,
NADd A ) T ¥ VB TERREHI»SBA L,

2-2.1 S L7 W

778 v AW Bacillus circulans SANK 720738k % BEE R & LTH W7, B.
circulanst 1%K 1) X7 b > (Wako), 0.2%8¢ il tH ¥ (Oxoid). 0.1%MgSO4-7H,O.
I.5%%EX, pH7.0% 5% HIFO8REXKEHM TR T~ b & LT28C. 3H %%
R L 720 37 B —[aH 2 kX %47 72,

2-2.2 BB &M

1.O%A T * 2, 1.0%X7 ¥, 0.5%NaCl. pH 7.5 5 % 5 nutrient broth
(NB) BfICHf L, 1.0%7 )0 — L, 1.0%A 5 —F, 1.0%FFA Y ¥ ich
5L ENETNEMRAEER T, 28T, 180 rpm CHER LM 24 L 70,

T, 2.0%BIEREH O (soy been meal extract (SBMext.) ; &1V v k
WA L 20 gD BBE K ZH % N2 120°CT205 M+ — F 7 L — 7% 6,000 xg T
300 MR LSREL, Z0OEERH V) DL LAIE2.0%T— Y AF 4 —FY 5 —
KAt L, REIRE1.0%D L3200 %2 X 5125 tU—- VMR 5T,
28C. 180 rpm THEE LM 2485 L 72,

Rt DB T4t

B. circulansD A7 » P20.9% NaCl% | mIANTHEECHF 2855 L. 100 ml
DSBM-1%7 1) £ 0 — VEi#l (2% SBMext.. 1% ) €1 — )L, pH7.5) IZHEE L
CTHKTERZIT >0 500mIDCIZADHVAEZZHT S 2 a4 10KH V-, R
) HERIFT282 H29°CTI80 rpmIC T3HMIRE 9 B3 L 720 6,000 x g T 1 i
LORET A2 X DER L, BEBKIZ0.5MNaCITIE. 50 mM Tris-HCI#E
i (pH 7.5)T2MI B L 720 BB AIZHMIBHRT 2 £ C-75C CHRAF L7,
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2-2.3 HO® G T R ER

B. circulans® A 7 » F120.9% NaCl% I mIANTHESECHF 255 L. 100 ml
DEFRIFOFEHIZAN, KL ) BRI T80 529°CTI80 rpmic TR & 5 K3 L
720 S00mID AT ADHWAZ/MT 5232 2 KF oMz, BEEFIZEDS mi
FTORMUIze HREDOMALBILIODDIETRAD 572, 2,000 x gT155 &
Lo BE L 72 R FE s A2 LW S Y SBR IS v 72 Bacillus subtilis PCI 2 194k 1= 4
TAMWENIL )RR S 24 v VR BEL L7 4 A7 REBETEREDL Y. &0
TEII3EEBROTHMEL L TRD 7,

2-2.4 = A H O P B
D-[6,6-’H,]G-6-Pit Lemieux X OLardy D i IR WA L 725052 D-[3-1%0,4-
*H]G-6-P 13 Yamauchi® &5 L 72 & @ % Fi v 7230,

2-2.5 DOI & Bk B¥ 3 0 M 30 BR :
Yamauchib D ik E2 BEIC L TUTIZRT L 912475 #3031

2-2.5.1 HPLC#:
2mm®ﬁ$@ﬁmﬂbﬁﬁﬁﬁﬁmm&5;5uGﬁy‘mmxcwm%m
iwrf@%ﬁm%ﬁotouﬁ%&Mmymfw:~xi#>7—€(+ﬁ
T)ER2SpNR T3ITCTISHTMRIC & ¥, BHOI VI — 2% MB L7, 2D
AT/ = EO2mMUNR TRIS 1L L, PEBERE L LTl mg/ml2-F 4 %3 71
TR0 IR 72, FEOTHLTER LAY U2 B B, Figic10
mg/ml O-(4-= b ORI FOF I VT IvD¥) IV El%0.1 milL.
60°C T2 SIL S ¥ 720 RISHMIIERBTELAYKREMITL I LICL WS
FE L7 S00pID Xy 7 — VICHERL, FEWLHEBICIVBRELS, Wi
ummifﬁﬁt\%E?UVF7574—QMdemdﬂQTﬁﬂLto
JUURNL-AS ) = (SDNEBERELTHWT, RAME25D 54.0% 0 5 &
tulbm»ﬁiﬁ%?ﬁ%&ﬁw:—z@aw;}m&y?mi#yAﬁg
%%ﬁ%%kbfﬁto?Uﬁfw#6u7DD$WAJ7/—wwmélm
mwT@ﬁLto%@@ﬁ@%%%ﬁb\%%%Kﬂmm®x7/-WK@ﬁL
THPLCH Y TV e L7ze D% P UH 55 ul 3 HPLCIC T L7y 18% X ¥
SN EREEEE LTHY., 202 nmOELEFBE L7,

DOID & Bt in 13 Yamauchid S & > TEH L7229, 100mgD 7 F I x> ¥
W-DOIE A5/ — VoK-FERE (S:LDICHEM L. 22 mgD10% Pd-CE % . KIG%
T HB7 AV L -5 —CHALAKBIL, KFEZHET IR L BB,
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BICHT#., BEBHEEKTHED, B2 LS4 P2 HOTHEN L. B4 T
AL =5 — TR L7 10mIDKZMZ T3MBMEEED BT S 210 L ) EeRg &
AT NEBRE L, MR ZNTEAZT75 233 HVTKATI0 IS
ML RICAER YA 100% B S N7z b L C3.2 mg/mlODOERE # I i & L <
Hwico COBEMES LICEMBEODOIER A B L, LISB~7 L 340 F
v AFEARAL, pTLCALEE . HPLCHW LR B % 1R L 7=,

2-2.5.1 G C-MS #:

DOIO-(4-= P UL DWyAF 2 AFHKLHPLCTHIM L, BN EE. © Y
TIYNFHAFNI L IHF AP AF LI YN (40 pl-10 p-10pul) 2k 9
TMSALL 720 €D ) L3N GC-MSIZEA L THHF L 7o GOMSD &M 4
Y7 Y —imlE250°C, A 4 Y IREE280°C, ¥ ¥ U 7 — F R ITHeTH E50
miminT& 1) . + =7 Y REIX120°CA 520°C/minT320°CIC L7y 5 Ak
Hewlett-Packard HP-5 (25m) # i L7, DOIO-(4-= M TR Y Iy F %3 4.
TMSFHEKIZ15. 65012 S h 7,

2-2.6 DOIL G i B % O &6 4 45 82

B. circulans D 55 Z 15 % 50 mM Tris-HCHE & i (pH 7.5)121 mid 72 b 0.5 gl 7%
HENIHEE L. KB L1053 75 » v ~sonifier Type 250 (outputa >~ b T — ji
4. duty cycle 50) THEFHEIZE VAR X BERE L 72, € DE W% 6,000 x gT 1
ELOHEL, FER A S LT,

AR, LT D OB L2 FRRE % 45%8A112 % 2 L 2Tz
RO, 6,000 x g1 B 5% 0 43 B L C0-45% B Bk 2 v B % 12 2o D
LIS HIC70% M 2 B £ 51T EH N2 . A8k L T45-70 %83 F1 % %
LB 21572 TR &/ E D50 mM Tris-HCHE & % (pH 7.5) 2%, B L
REW TR E L T2 BB L 7, 45-70 %8 A1 T 22 W 73 O 1 Mt 1 D ¥ % L
BERERE L THW,

K DEAE-cellulofine A-8001H A% FH L7227 5 4 (2.5cmx 15 cm) I LAA
720 W3 SN W I3 E A (50 mM Tris-HCL. PH7.5)TlRRE LA, FDik,
A AE T A300 mi& BB (50 mM Tris-HCL, 0.4 M NaCl. pH 7.5) 300 mi® ) =
T MR DERER ARSI S U BB L,

DEAE-cellulofine A-800{H{k % v 7: 2 0= } 75 7 4 — £ D DOI & B B 151
M 53 & Centriprep-10 (Amicon)% JI V>, 2,000 x g T304 B 0 BR A4 1438 % ol b K
L. BRIaSB & U6 mlF Tigf L7, € D =i % Q Sepharose Fast FlowiH {k %
FHEL AT 4 (2.5emx8.5cem) Wi LAA, B X 7% il 3 0 AR T A
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Tﬁtho%@%\%@WANMM&%@WB(mmMTMHG‘Q4MNwL
pHIw2mmmu:77?VlVbEK1hﬁ%ﬁ%@kéﬁyyﬂ7ﬁéﬁ
2 R A

2-2.7 Ty RN ERENES X UER K
R)TZIUNTIFFVIE10emx 10emd L < 1315 em x 15ecm®D 7 VAR R 3 &
fﬁﬁittoEHEPAGEHmemWDﬁHH:ﬁV80mAT\IOBL,<ﬁ125%®ﬂf
DT I7ONTIFTVTI 0™, 5 U R0 EORBIZIEI <= —T Yy 72}
TN—gefn b L 3R g % 47 - 72,

7N HIREWE I Lowry D FIEICHEWAME T V73 > 2 il g & L

ERL 729,
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2-3 ERMRLEE

2-3.1 DOI & B B £ 16 7k o B i

B. circulansid . TEHEM L 55 H (nutrient broth (NB) : 1.0% NILF*A, 1.0% ~
Th205% ML FU YA pHT.S) KBV TIRAET I E N, FOIHBEFE
BURTLZOITDEORKEBLIENHETHLEE2. FFIHEDICE. cir
culansD B FE 5 2 4 3T L 77,

KFBLLTTZ) 0 — NV, A —F F22A b %82, NBEMIZZA
THN BT DA BT U ARG B 50 B 13 55 300 D 660 nmod UGk BE % 3848 2 |
METEYEE T 4 A2 7 v v 43I0 E D BRIICEE L7,
NBTHELLLZORKERBOMEIE L&, A5 —F FF2 1Y >
EMWAEETUE2T, VO -V EH WAL EATIE23TH o7, —h. &KX
m%mﬁuz&—%%thtéfuL-F#xbuy%mmtkéfuz.ﬁU
tU— VeV L ETEISTHol, POREERICBU T OB EM 24 L
A HTH T kO — W EMA 2 AR, HEETE b BiTcd
-7z (Fig. 24)

NB + 1% glycerol

w
[02]
o

E
o
2
{ 60€
g° g
o} | =
< 40 8
5 £
< 4 g
[
0 20
0 T 0
0 2 4 6 8
days
Fig. 24

RIS, BRELBFAT 220 REBEY 7)o — LICEE L. 2 % Soy bean
meal extract (SBMext., &% 2 OHiEiE) 24 L <132 Yo — AT A4 —T1)%H
=)= VR 1%, 2%M 2RI L,
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SBMEH WL EDEINI—VAF 4 =T ) h—% i i i nd ., il
WOERE . DU L D2 A o720 SBMext. WAL ED 7 ) Lo — it
HEOECIAEIEE Y S 2 hhods, 27 ) 20— Lk v/ b X
RIS B TR BN Z R Lz #8E LT, 2% SBM-1% 7 &0 — )L
Bidh (SBME;HL) AB. circulans D534k & UCHRME M, M s & ok
BT D EN5D o7 (Fig 25)

SBM + 1%glycerol

w
[0}
Qo

D
Q

~—{ growth (OD660)
N B
o o
> antimicrobial activity (ug/ml)

0 2 4 6 8
days
Fig. 25

DEDE BAMMRE OME, BEHRBEICH ) BKIISBMERIZ L o TEEE X
T2ADEM) LI L, . BREEROEEHINIG, — 810 kB Ey i
EFOBRMDPOEEMEESND LD, HBHEERY., 25 0RBLEL %
ZZEDHLETIHHEIITHI L& LT,

DOLE B BE 3 15 PEAR 1 243 Yamauchi® O k% B #1288 L7 (Fig 26) ™,
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2-deoxy-scyllo-inosose standard .
enzyme solution 250 pl

500000
37°C, 12 hr | | G-6-P 5 mM
NAD* 5 mM
400000 (Co?*5 mM)
K] incubated solution
T 300000 d 37°C, 15 min| glucoseoxidase
£ CH30H, 2-deoxyglucose
® 0 O-(4-nitrobenzyl)
& 200000 60°C, 2 hr hydroxylamine
DOI oxime crude
pTLC (CHCI3-CH;OH 5 : 1)
100000 redissolved in 250 ul CHzOH
5 ul injection
0

0 ' 5'0 DOI'(ug/m?)(')o ) 150 HPLC analysis
Fig. 26

¥ 9. B. circulansiZ BV TDOIS L EMBHAEST 2 = & o i b
L7:6

FWEOIHEFEIZL D ILOKEICH LS80 g Hih %182 2 L 45T X 720
DRKEE0.5 g wet cel/mliZ % % & 9 1250 mM Tris-HCI (pH 7.5) 2% i 12 3% L
7 5 ¥ “Sonifier-250% f > ToutputT ¥ k 0 — L4, duty cycle 50 T #8357k 4l B
L 720 TOWMAERCHYL LF 2 EMRMEBEE LRV,

MEARALAH I 2 G-6-PB & UNAD % B # BEASS mMIC % 3 & 5420 2 T37C
TI20F [ SUG S 5 & HPLCTMAI R 1 ml & 7 0 859 ngDDOIFFE KD ¥
=7 BRI I e,

RIZZDRIBL TV B E =273 MZ7G6-PHPLERLAEDONCL S b DT
H5HOHE Yamauchid D FENIGEV, 4 %L AFEHE X S ITMS L L. GC-
MSIZ L D RELS % Z L iZ L7z, Kakinumab OBFZEIC L Y | [6,6 'H,]-G-6-P%#E
ELTHY TRIE A7 21, (2,2-2H,)-DOIDERY L LB LRSS L5555 5
TBH, S, fradiaeD 5T F AR ST 53030 KEFFEIZB W TIE[2,2-
"H,]-DOLD Oxime-TMS Bk 2 1IN T 5 2 & THERMOME ST = L4 L 7

(Fig. 27) »
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(D)

: _OPO,.%
Bacillus circulans SANK 72073 (D) o
slant culture HOS oH
growth culture OH
B. circulans cells i
H({D)

sonication o) HO)
It tract "Ro OH
cell free extrac o NO

45-70%(NH,4),S0O4 precipitate 2
dialysis 1‘/©/
solution

enzyme reaction P H(D)

oxime derivatization "\ HO)
pTLC, HPLC HOo OH

enzyme

O-(4-nitrobenzyl)oxime derivative OH
NO
TMS derivatization -TMSOH 1 2
374 464
oxime-TMS derivative (372) (466)'\5,
injector 250°C / ‘)H(D)
lonS 280°C \ (D
GC-MS He 50 ml/min Tl\4§% (O“I)'MS
oven 120-320°C (+20 °C/min) oTMS
retention time 15.6 min M* 600(602)
column Hewlett-packard HP-5 (SE-52) 25 m (M- CHy)* : 585(587)

(M-CH3-TMSOH)* : 495(497)

Fig. 27

FCDICEHRBROMEME S L CEAMBML BT > Ty s (FE) &
BHE L DRBEERET Lo 0-45%. 45-70%. 70 %L EBIFIRRL W4 2508 L. 2
LENDBGILEN L THE 2B ER., BEKIGICH LDOIS R 50 %
HPLCX ) 53T L 720 % DR R45-70% 8 FIBEL W 55 - BEFHEW A b 7,
COT, COMBERGHEAEREE L L TAM L72[6,62H,]G-6-P % [T
BERBUG 24TV, DOID A ¥ ¥ A58k % X 5 1CTMSIL L. GC-MS4HF L 7+
(Fig. 28)
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NO,
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TMSO

TMSO OTMS
OTMS

TMS-oxime derivative of 2-deoxy-scyllo-inosose

a
464
195
j 585 600
LLL uMJJ: HP#LQLMWL‘L%
450 509 550 6508
m/z
b
164
118
‘ 495
( 585 6oe
L 541 - sgg
’LLA»- B Ot st e fopng s
150 500 550 500 859
m/z
Fig. 28 Mass spectra (molecular ion region) of DOI oxime-TMS derivative

obtained from the enzyme reaction of G-6-P
(a) the product from nonlabeled G-6-P
{b) the product from [6,6-2H2]G-6-P
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FRERAREH L EOBERSER YA S BB 5T 4+ Ve 7 m/z
6004%5% < S A7z (Fig. 28a) o EMILAW R V72 & X OB ERIEAE KW
PO H ) E2EBHAL (amu) KEVimz 60210V — 2 28R E L 7 (Fig.
28b) o CORBLYVBERKIGIZE o TDOIFER LT WS > ENHERR SN,
T%bb, B. circulans OIS M ICDOIE KB EDSHAET 22 L B 6 H» 352
EDVTETZ,

2-3.2 i o> ¥ B o R R

R HE MW THERC 4T > 72 & 212mz 6000 ¥ — 27 35RAE L 7= (Fig.
28b) o D E V| 45-70%ELF UL W IE W 5 O BE K I B. circulans Bk O 1L
Y DG-6-P, DOIDRIEL TWBHEEZ LN, $7. Yamauchib DIEFHLEY
THVCIERTUIBEORBUEN K, 1210, GC-MSH M IZBWTHEND
CEIHRDOE -7 bERICHRIESH, TENLRBFZHL LT WEY, o3
NYAART P VO - ETHERMOBEEET 2011344 & LNE
EDODOL. G-6-PEBET LLENH B, 2T, 45-70%F %18 Wi 5 0 15 75 4
A THELHBET L EICL 7,

45-70 %E3 F ik & i 43 % DEAE-cellulofine A-8003HACHEB L 74 5 A (2.5x 15
em)T7 B 7T 74— %2RE L, BEWEA (50 mM Tris-HCL. pH 7.5) TR %
SIS % ST HE L 2otk FEM LS mUmin T, AR EA300 ml& B B (50
mM Tris-HCl. 0.4 MNaCl, pH7.5) 300miD ) =7 75 Ly bk ) faikps
EMRKSESY U7 EEBEM L (Fig. 29)

0.60 0.5 r 2.0
—T—  activity
NaCl conc . - 1.6
= protein - s g
E S
~= - o
g :C; 1.2 8
£ S >
2 S o8 2
= p-d
g
- 0.4
pfT: ! . - 0.0
0 20 40 60 80 100 120
fraction

column ; DEAE- cellulofine A-800 (2.5 x 15 cm)
solution ; 0-55 fraction : 0 M NaCl buffer
56- fraction : 0- 0.4 M NaCl buffer linear gradient

1 ion ;
fraction ; 7 ml Fig. 29
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COZUR NI T4 -—TERETIHSE, WELAVESETAEXL 5
Wy YN AL TE, BETHRIRET AW SIS e,
F_OREL LT, DEAEL R Z 24 BT FE= Y A (-CH,N(CH,),") D E fig
#2552 Q Sepharose Fast Flowil k% M L 2 h S A Tru~w F 557 4 —%#
#f L 72 DEAE-cellulofine A-8004H{k % I3 7227 0w k775 7 4 — C4}HE L 7235 1
] 73 % % % Centriprep 10 (amicon)® I\ FRAL U810 & W HIEBE A % B . 6 ml
ITIRML, 707 NS T 74— %4>, BEHATEE SN2 VES % 5
L. BHiEA 200l BEHEB200mID ) =27 775 I T hiEiz & b Hailre % 1
Ky 7 BxHEM L (Fig. 30) o

A
0.15 o 0.5 [0.5
00— activity B
012 J————=NaCl conc 0.4 -0.4
E J===---- protein 5 g £
—g— 0.09 - 0.3 g 0.3 g
5 3 8 8
- O 7]
£ 0.06 02 Q 0.2 4
2
©
0.03 1 ~ 0.1 0.1
0 0.0 -0.0

0 20 40 60 80 100

fraction
column ; Q Sepharose Fast Flow (3.0 x 8.5 cm)

solution ; 0-20 fraction : 0 M buffer
20-fraction : 0 M-0.4 M NaCl buffer linear gradient

1 fraction ; 3.5 mi
Fig. 30

COTZURETTT4—T, BLALYDY VN7 EFBEL, #0.2M
NaCl% & & #R 1 i 47 ICDOL A B Z IS E SR S R te e 2O EME S 1220
(EPEWSTALB) WHHEL, 22T, 20200 WS FAL I ERLBEZ S &
GONEMRT BT, L FEEIZ[6,6-H,]G-6-P% HE L L TRERIE %47
V. GC-MS/r#r L7z (Fig. 31) o
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I].JILh_Jl‘J IM“'LLJ'.I_,JMI-?JLJM..'__J.[.IM_LYLII l__Jll.._.;___,L;_,...J._p_L_
450 100 500 520 540 360 500 [12.4] 620 610
b n
"BS
497
507  ¢0R
.lh.._.._- '-_.g_‘l-l.lﬁlq_,_"-_l.ruul_.wlv’. L I..J.;rL, s
150 400 500 520 510 360 500 600 620 610
LY41
Fig. 31 Mass spectra (molecular ion regiori) of DOl oxime-TMS derivative

obtained from the enzyme reaction of [6,6-2H2]-G-6-P
(a) former active fraction after Q sepharose
(b) latter active fraction after Q sepharose
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ﬁﬂ%ﬂt(Hgﬂb)oit\ﬁ@@ﬁA%mwtﬁiﬁﬁim%Kﬁwfﬁ\
$ﬂ%ﬁﬂCoTW%ﬁ%W6mﬁﬁ<ﬁM§ht(Hgﬂa)oﬁ%@ﬁA\BE
%%K%D@%E&é%%%iﬁﬁﬁ?%lk%ﬁtfﬁb\Dm%ﬁﬁiﬁkD
DTA VAL LSRR DH S EWIRREINIZ, LIL, S5 7
%%ﬁ@ﬁu\ﬁt@%f&b&ﬁ%%iﬁ&%%%@ﬁwﬁgiﬁwﬁﬁww
i%wtlofﬁ%tfwéﬂﬁﬁﬁéb\itu%ﬁ%mﬁﬂttﬁiﬁﬁﬁ
%ﬁofﬁﬁtfw%#éth&wwf\Q%E&%@ﬁﬁﬁﬁﬁﬁéo

Q Sepharosefl k2 flwizrs o<+ 755 4 —ROWMAHEBEE R L H -
BERIUS DGC-MSHHF I BT, [6,62H,]G-6-PEHE & L7 & & W“m/z 60011 13
khfﬁMéh&#ot(mgm)o?&b%\:@%ﬁﬁﬂ@%%mmt&%
@ﬁ%&ﬁ&ﬁ%uﬁfﬁmﬁ%%KMit%gm%®%@f%%:t%itf
w%oit\HHE%WKEmT%M%%ﬁH&AE&(&otltﬁb#ot
(Hgn)ooib‘&&&%E%mwtﬁiﬁmwﬂﬁtﬁmf%%ifﬁﬂ
Ta&éEZHN 5,

— == 1) AP 45-70
—
—TT .
N 2) DEAE
_ ———
————3
_— 3) Q Sepharose

Fig. 32
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it‘sﬁmmwﬁﬁﬁﬂﬁﬁﬁﬁ%mwt@iﬁmmﬁwrawwﬁﬁﬁﬁ
m%ﬁ%%ﬁéﬁfwéctﬁem\KH%KBwr%c&%mifﬁiﬁm%
fRE} L 72o QSepharosef{k# H 7>~ o= NS 74— BOMOERBEEET
RV TRE L8, C&%SmM%Mif&%k\#HSW@ﬁﬁ@ﬁL#E
5172 (Fig. 33)s T2 LB, cuculansEHﬂé@DOIAhjiﬁiﬁrkiol/"(i)Coz"U)
TN KICER 2K EE DL L b do e,

Co?* no Co?*
———aee
. S
Fig. 33

< DQ Sepharosefl k2 w2 u<v b 57 4 — R DERS K BB W
75°CTH”67J[17:_TL1ﬁﬁﬁéﬁf&%(ﬁﬁ@ﬁ&ﬁ’bitAc‘:ﬁ.%ﬂ&?)‘a?’
INCOBEMETIHL LR HER S (BHLT2»53H254H) BlEx 4T 2
. UBERETEL Lo it 57, A%, BRELTRH T2 LCcEE
THMRETH B,

2-3.3 7O F — N —FEE

Yamauchi% 13 S. fradiaet] 3 o 43 *ﬁ”"DOi_é\}ﬁB%%‘fﬁﬂi’Em\/‘T‘ 3R VA7)
B AL & oC X ﬁ%kbw%miwém%ﬂatbK\¢&mikﬁ~ﬁ%¢®ﬁm
P AR T ALY (WX A Rk % £ ZEAE I ED-[4-2H,3-%0]G-6-P &
FIEMAEE Gép%ﬂ&éﬁfLfﬁﬁéﬁfé&%%ﬂﬁbfméw FH 407
KRFEWBRZ ST v rkfes+ ELRSBRFEINTWE I, BYUaic B
VI % BUIG O B LR 5 Bk, k, f%ﬁﬂtto%tfﬁéG&NMUT&wﬁmﬁ
IEERETVE I L b, B ENAD*-NADHIZBEE > & BB+ 2 = ERCBER
IEAFRETWVwE S ENBHS Lo,
Bmmmmm%@DmA&@$T6HL¢E%%5K5KF&®THH@ﬁﬁ
TEHT%&%K%h%# MRFE2ARMMOENL > TREOBELR L 2

REMEA S D . Yamauchib iz L 2 s, fradiacHi 3 O &3 75 ¥ S DO1 & i g & w7
%tﬁﬁt4&ﬁ%@é@KOwT@ﬁT%CtKLto
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A HAN D RRALBUE % 5203 720, NADYIC BB L 724 Dk EiX1) TORELST
KRADOHD, 2) A7 TIV Y IPRINVMBOEESTIZBEHLTLE S 0
BT ST URF - N—FERTIE, FERILLEG-6-P L THEEBKAEED-[4-H,3-
"OIG-6-PERIESETRIEEATI &, 1) OB L “EmBMAL BRI
7 RBBMENBETTHY (Fig. 34-1) |, 2) OBETFE “EEHKH 5
BAEVFERBICBIL 22— 7 ROBERMAEZ I Bo TV ¥ e 2 b [
RRIZBlll 23 (Fig. 34-2)

1) Intramolecular hydrogen transfer

H + 3 amu
H ) | 0, Q
OPO,* HO HO
OH 18 OH
HO o HO H'"®0.
HO OH
OH

2) Intermolecular hydrogen transfer
OPOy* M o +3amu
HO 0
H'o on NAD? NADH HaMOH %0 OH
oH U OH OoH

+1 amu H +2amu
HO HO
HO OH H"S&/OH

OH OH
Fig. 34

DD LD BHETH > TOIEBED D% 0 BEICKIE L. mz 60015 L
m/z603D Y — 7 DM HMEIBPLTCLEI S ENELI LN, DDGEEE
m/z 603D ¥ — 7 p3ufi (B SN B A, 2)DIB A7 L ms 601. m/z 602D ¥ — 7 3
BCBA SN DD Do TO0E DT, FRBKIER L TRIE L 6000 ¥
— Db E, FRULOBEH Y — 211, RFEEFEEKILTH L 7 A
FORKAIEINHAET 2 FERAORMMAEE - 7 1CBIRTLE S, +2 L.
TEEREVERL T A0 EARMACHEOAMER S W AR A
SONRMNFHEBEE 225 (EBDOYAARYZ b VTIE. me600:m/z 601:m/z
602:m/z 603=100:50:26:10) o £ Z T, 4N EKFICHT 2 R AL E %2650 &
RIS ) ZEARRMAR L AR 2 T3 CMA S TRERICORS I S 2T
530,
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S. fradiaem%m%ﬁﬁ*ﬁﬂﬁi?%?ﬁi&%ﬁﬁwf:ﬁ%%ﬁﬁami1)@#—1?&5&#‘5&
TLTWA I by, o0k EORMARIRIZ27EBEH SR, &
DIEDT, 75 T O R NAD & BRI FIH LT v b B Bl 2 (X myo-1 / &
P=e1-0 Y ERE KM (ky/k=2.0-4.8) L% DOMETH Y. DOIE KR
BoMRELINAD' 2 BERT 2MILETHED —BIET A2 L2 RB L Tw
%

AREFFE T, 12k~ 72Q Sepharose 7 B b 7 7 4 — % DIEPE T SFB % 254
BREZHERELTHY TR L, “EEmESk L L Tp-[4-H,3-"*0]G-6-P D & .
FERAL LTG-6-POAREEEE L2bDB LU, “HEEBAL FERIKL T3
TRGLAKEZBRICICH Lz, 4% %5 mM. NAD* 45 mM. Co* %5
MMIZ 72 % & 5 TR R BER BRI 2 37°C CIL2ME B BUS & ¥ 720 B2k By
FO-(4-= PUNY TN A XL AFUMEIK, TMSTEMAAL LTk L RO L
HFTGC-MSHHT % L7z, Table LICEFTFA 42 ¥ — 2 DM Fig. 35l1CGC-
MSD A XY b IVEFET,

Table 1.

substrate [4-2H,3-180]G-6-p (4-2H,3-'%0]G-6-P nonlabeled G.6.P
m/z nonlabeled G-6-P (7:3)
600 7 91 100
601 ' 14 50 54
602 14 47 26
603 100 100 17
604 59 54
605 37 28 1
606 13 20 0
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lll_n_‘IJU_L,___L.JL_]L,LLJ_,,JHIUUILJ_JLLILH 1l llh.:lx_ull hLl, _

500 520 510 560 560 600
b m/z
495
588
603
h.n‘ II"(_IJI..,-JIQI-.-J_.,JL__A.,.Lthn'JLl.J.‘,Ll_u_u‘hLl_.‘]Ll ,ll.;._u , llLu,
500 520 5410 569 590 600
C m’z
195
585
600
) “‘.r_llulu._x_.ﬁ_,lun.rh‘l_.l_l“;.L|.m.u._1nh_du,._14...’4n llhpd_.; ”Jl_._ll
500 520 540 560 580 600
m/z

Fig. 35 Mass spectra (molecular ion region) of DOI oxime-TMS derivative obtained from
the enzyme reaction of double-labeled substrate: ‘

(a) the product from [4-2H,3-'°0}-G-6-P

(b) the product from a 7:3 mixture of [4-2H.3-'BO]- and nonlabeled G-6-P

(c) the product from nonlabeled G-6-P

These mass spectra apear one scanning for each case.
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FEERADPOSDERY O A AT P VTIEHTF A+ V¥ — 27 me 600k B
%757 % bmfz585. miz495hBll S 7z (Fig. 35¢) o DWW T BT
KOBEHNTZEZDOEBEYDOTAARTZ PV Tidmiz 6031V — 2 %5 % .
FEBRAROSTFAA L E-2EDbr)E3amuRE VTS Z X2 bm/z 588,
m/z 498 7 il L 72 (Fig. 35a)

T2, BB ERARLZIICREGAR L CHEE L LTRSS 1ES
FA =7 miz 600, miz63AITITITEBM SN, “EERLETO SO
EICONFOMSIEW S PICFEMESRICL 2 0 EE2 o0, B4 TO
RICAHHZ TS I EFbh o7, T2, miz 601, m/iz 6020 6 EE 1 I 8%k o
FINARE — 7 EREDMETH oo SO LD 6 EKRYIT ~ EREEA L Jhrmy
KOBLDOREWTHHI LD bhY, BEREPIANOKRFIZIRA 257 &
T4 5 ERKRA =TI RFENLIENTRENL, T bbb, XEATICE
VTELR T RGP X TV 525, BERISH I HEENAD-NADHE & R JE
FRIERDPBERIMNIERL T I LWL 2k o 7,

X7, S fradiaeMIR OB R TEBEE IR L 2R AT 2 IR
9;& fiskDoE -7 3t sned o7 (Fig.352) o SO LIZARETH W

THHBEREROBREIBEVILA2RLTBY - 7 EYEBMICIRL A
:aﬁb#oto%:f LIS FAS T TEL, 22, bERDD
HOZALRE S X TRMVAEDIRICE D EREL, ZORELEN LA, Bk eIk
TR ZTI3E LTI o EBECERYOLL L Y, “EEBREOESRE Y £
BUEANTEHE S L., ANASREZ k=24 BB EHNTEL, 20
BAEIINADICHENL L 2K FED D EDHFICR > T B2 &, BILBTTEX
FRERFOMEGVHE., ERTE2MICFAMEHENBENLILE2RELTVDS, S,
fradiae IR DBEFE Z W72 ICIC BT 2 RMAESIR27E RS L £ 2 51, DOIS
MEERICIE A <A 2 VAEMERS. fradiae, 7502 EEEB. circulans & WV 5
HEICE D@ R UGB CH#lIT T2 L2 RBLTWS, 20, B
circulanstH ¥ DDOIG B ER T ICBWVWTH ., HEG-6-POAHI TNAD * i i (1 |2
ERT HRRAGEICRIG. B Bk, 7V F - VR F- REHESTLEE % 4
CEBEBERICA., DOIGRBR L VIR -BETITLRLEIEFHELP I -1
(Fig. 36) o
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2-deoxy-scyllo-inosose synthase

H _opog 0. _-OPOZ
H (o]
ao‘&ﬁw H(&NOH
OH OH
NAD* NADH '
H \/ 0
H . (o]
OH OH
Ho‘ ) H
~ o
”30 o HO
HO. OH
OHy OH

Fig. 36

2-3.4 TAIXFUVER R BERIG R

BL7I/77)3Y FHAEYETHEA ML T FYA Y Y ONRAF VL7
THIVEBED- TN T - ALY REWRFGNDL L A ESREND T LA
ENTNET, COMERICTIHEEMOKENRDRL I BB SH. 4
Ll/~»$%t;5l8xUmkwiﬁm%%ﬁ%ianwé(mgw)o

H H :!:
OH
OH OH o] H o "
(@]
- on MO LA T b,

D-glucose N-methyl-L-glucosamine

Fig. 37

DY, DOIGHBERISIIBW TS, 320003 2B S T RIS
REATEEAL S B TREM A S B, 22T, BE2L T HEIN OB T RS E L7
TR VR e R CIRIC A ET T AR A RTET B 0. KBTS+
G-6-P & M\ 72 BE 3 IIG DR ET & MAFFEE Dlwase & D ILFRFFEIC & Y 47 o 7250,

FTEFBICHR L -DOISRBEL VT, 2-F4 % 2-G-6-P. 3-F+ % .G.
6P, 4-TA XU -G-6-PEEH L L THERIGICH L, Z2OBERIGARY %
HPLCB L UGC-MSTH#i L 720 2-74 % ¥-G-6-P. 3-FF %3 -G-6-PH 5 1348
Y L RIADPIRIN SN DI L, 4-F 4 %3 .G-6-Ph & i BBALERY #1110
T5IEHNTE L2 o7 (Fig. 38) 59,

"R
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OPO,2 relative yeild (%)

o DOI synthase Q
"o OH - HE&OH 100
OH

OPO,2

Hﬂ& OH HO5 OH 3.2

OPO.?

Ho/é&/OH HO%OH 3.1
o)
HO S s > HomOH not detected

SO XN, SNMOKRBRERCEECIEREBEE LA VWI ERRLTEY.,
ANOBILE AL U THERICYET T L2ENIZbDTH L, F 7.
22T7AFT-G-6-P, 3-TAF U -G6PEH VL EDORIGIZG-6-PIox L3 L
REILIEDNTE, RIBHEFEFITENZ b bh o, 260, 3O AR
BEERRBRIIIEELBRETHL LA EMT 20 BbN 2,

2-4 ¥

HANBIM B2 V2 BRERIE TR, BB TH o 725 DOID & KA B X e,
RETEIZL D HRLYUD THERSYRI LA, REE LT [6,6
H)G-6-PEIWV7 & SIS MIAER LGB RO ERY 2 BT 22 LA Tx
7o CORE, B. circulans W AN ICDOIS RS HAET 22 L 2R+ 2 LAT
&7,

DOIG B FE D H I Table 2IRT LD WS HHIITEL L DD, F 2l
YN ENE ALz BRICMDIRZA B 2 L HbH 572D T, QSepha-
rosefifk e Wi u< b 7574 —H%OERESBICH L. TSK gel AF-Blue-
Toyopearl 650ML (NAD7 7 4 =7 4 —31{k) | TSK gel G3000SW. Superdex 75
HiLoad 26/60. Superdex 200 HiLoad 26/60 (7 Vig#®) . K@ik o< b 75 7
1 —. Mono QHR 5/5% K&k * HwCra< 757 4 — %KL 7225,
HMOREL L2 CHREORIPRETSH 72, DOIGKBEEOBRIZO> VT
FRETREMNIC BN B,
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Table 2. 1U = nmol/min DOI production

Step Total protein Total activity Specific activity Purification Recovery

(mg) (V) (U/mg) factor (%)

Extract 1024 n.d. 1.32 x10°3 n.d.
Nsor 616 n.d. 2.19 x10°3 nd.  nd.
DEAE 118 2.82 2.39 x102 18.1 100
Q 11.6 036 - 3.10x102 23.5 13.5

THAERA L U TD-[4-"H,3-""0]G-6-PD &, JFEEEIKE L CTG-6-PDAE LG &
L2bo, BLU, ZHEMEBALIIEEBRELIITRALAEEE L TRERE
BB LAERNS, REMMKFERIR IS TN v 72T 52 L TDOST
KR ENL L, BXU, 20HNICBI 2BILETRIGO & & R e
kylkp 24D S N7, 2F D HEMIIC BV TEILBTTRIC AR X Tw 3 25,
MR MICH IZ I3 HiBE ENAD -NADH B X UTFUG H BIR ASBE AR IS 1388 L T v 72
WEEDPW SNk o, SO LTS, fradiacth R DDOIA BB E R LB L
HEAEEZ/RLTWwbH, 2F VDOISHEBERIIEWEICL 28 vidh  HEG-6-P
DAL TNAD Z B IR T 2 B LR TT G, B VB, 7V F— L BRE
CRFERMEERRIC 2 S0 S EMRIC s B —BEL LTMEST 2 2 2 5H S 5
%272 (Fig. 36) o F72. 2-74 ¥ T-, 3-F4+ ¥V -G-6PH L IF LS A K+
LDWHL, 47+ XV -G6PHLORILEIFERER VI EDS, BG4 D
BRI R E & o TRERICTHEITT 52 EPEMT LRI,
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3% 2-F4F Voscylloo A4/ V— ABBBEOER?®

3-1 F

o BwTHR L BN, HESHE ., DEAE cellulofine-A-8003H{K & vz 7 0~
N 25 74—, QSepharoselBfkE V20T b5 74 —ITED2-TAF Y-
scyllo A 7V — A& HEE (DOIGHBE) *HOBRT LI LHFTEL, 2O
BB LB oY b9 70— X D BREERE LAY, DOIE K
BEA BRI 2 I THRETZILRITE 2D o, THITEER
FLTHWTW B, circelans¥ s Z B AN ODOIE K BZE DM EVFFEF I 2w
TEIRALTWVWL EEIONS, FRICOBRIEBH, — I T RAH O
BEIMELLrEITN TV ARV, DOSEA AR O L& HEFIC DWW TIEDOL
DT I EEBRBEEICI OV THSREESERE SN T B2, BEEFEOHE
FHEOL A Db %, COREYEESRBRIEERNICHE L2 T
LA WHRERIEV, ZOTHEXAF—VERELLTHEREZIBEFRZRE
CEBLIENTENE, BELHMBTEXATMRMEND D, T, BEEEMA, B
R L VDO HEEAHBNR 2L LI ERX LD, £ 2T, DOIGHL
BEEYHMEET L2010 —BEEELMTPOBRFETAHI LIILT,

3-2 EBRIH

AV m 3 EANIIE2EBLRLTH S,

REIERZ - AHEIRE D EEEE D L I BHE SRS Rk
EORBERETHWVW,

5 Sy BB BT AHPLCIRFPLC (77 V=¥ 7) ZHWTIT- 7,
Y 2%y G213 Mono Q HR 10/10. Mono P HR 5/20, Superdex 200 HiLoad
26/60 (7 7 V= 7) ¥TSK gel AF bluetoyopearl 650, TSK gel G3000SW ( b —
) —) ¥ DEAE cellulofine-A-800 (F v V) %% Y37 BHRIFIIBIFL 707 b
7774 —ICHWw,

3-2.1 R L-E®
& 2 & ) [6 A%\ Bacillus circulans SANK 720731‘% Wi,
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3-2.2 B & &

50 BTHRNNB-1%7 ) L0 — VL SBM-1%2 ) 0 — UK & T
E L. BONBKEDEAEZ U< b 75 7 4 — BB T THS KR LDOIE MK
mREHEL LR L 2,

BRI 2 HE T 27 ®ICNB-1%7 ) £ O — VE# %28C, 180 rpm THEE L
RIS L 720 HIMBIRE B X UHBEEMEIE2ELARCHE L2, SEH
BEp O R AR A I X DML, 2 o0& 0 LSBT 5 DOLE KB R
EEE Bl 72,

Wtk OREREEMN

B. circulans® A5 ~ F120.9% NaClZ 1 mIAN THEHE TRTFZHEE L. 200 m]
NB-1% 7 ") £ 0 — VR H \CHE B L CT28°C, 180 rpmTOD,,, #57.09.012% 5 F T
HitEE L7z, FAEICHEM L 72200 mINB-1%7 ") 0 — VDA o 7224 D 7
5 A DIZHIEERBEF I mITOMA, OD,, »° 8.09.010FF 5 F TAEERL
6,000 x g T30 B LM LER L, THRICE D HB0 gD BEARIEL N, K
@K1 50 mM Tris-HCUHB & i (pH 7.5) THEH L, HEICH VS I T-15CTHRFL
AR

3-2.3 DOI & 1% B F 6 YU ER

%0 mOHPLCE A L T o 7o TORIOMEEBRICH L. SOmMG-6-P%
10 ul, 50 MM NAD* % 10 ul, 50 mM CoCL% 10 plfil 2 TEEERICE R & L7z (50
mM Tris-HCHE B ifipH 7.7. RIS E100 pl. G-6-P. NAD*, Co™ D& #iRE
15 mMMT® 5)o BERIGT46CCTIBMIT 20 A5/ —VI00WEMR S I &
Xy RieEEEL, 5 mgml O-4-= | oRYyI M FaFINT I v
(NBHA) O ¥ ¥ viEis20uMz. & 512600 CTIRNMIIG S, RICH
BRERBTERAWEMTA I LICX Y EREE L, 100pD X5 ) =%
MERTRAGRETOCHERL, FEYEYRLHBICIVBRELL, TOXE
O iR 2 ml 7 OOkl L & 3L IZSep-Pak Plus Silica (Waters) I[ZEA L. ¥
F . kFEIONBHAZ 70Ok A: X%/ — b (151) 5mITHREL, KT,
DOID O-(4-= F ORYIWNEF LV AFEREZOORVLAY /) =)V (5:1) 5
MITHEE L7 ZOBMBIEREE L, REMICI100pD 28 /= VIZERLT
HPLCE K L Lo 205 b5 ul#HPLCIC THHF L72o 18% 2 5/ — VKEBZ
BEEE L L THV., 262 nmO W % ERERISHIE L 720

COHETIH - ERRBICOVTHE 2H L ARICHRERZIERL .

B EVE O WAL UIR 1R nmoldDOIZ A ET & b e L TERL 7o
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3-2.4 DOIAHEFZEOBR

FPLCLLAL D 134T THT 2 726

R R K80 g X 50 uMD 7 v b7 2=V X F ¥ Ak =V (PMSF) &50uM
EDTA% & 750 mM Tris-HCHE & i (pH7.7) 240 mUlRE S, RELT T vV
> sonifier Type 250 (outputd ¥ b T — L4, duty cycle 50) T105-H DM % 1000

(R IEERT24) R+ itk D2 By BB L2, OB E6,000 x
g TR E.C B L. LiE 2 At L LTH W

A . LR TT VO R LB E 2 40% A% 5 X HIXME T
LB PR FE O %, 6,000 x g TR L 8EL . 0-40%8FIRE LK Z /2. €O
FREE R 5 270%MAC 2 B X O CHERMA . FBICHEE L T40-70%8 50 it K
hRE % 87, TR % /NS 050 pM PMSF¥ 50 pM EDTA% & €50 mM Tris-HCI#%
Hi(pH 7.5) /R %, B UBERS Ly L, 2B M &I —BEIbEE R L
V2RSS BAT L 720 40-70%88FITR 2T 25 O EAT H O % BB R I Vv,

40-70 % 1 1 T 22 T 43 O 3B M7 #% O 75 1 % DEAE-cellulofine A-800#8 & % FEE L 727
S A (25cmx 15em) WK LAAL, W& Sh L WESIZEEHC (50 mM Tris-
HCl. pH7.T)CHRE L, 0%, BEHHC300 mi& EEHED (50 mM Tris-HCI,
0.2 MNaCl. pH7.7) 300miD ) =7 75 VLY MEICX VIREREZHERSES
YSZEERBH L 22,

DEAE-cellulofine A-8003Bk% vz 7 0= } 75 7 4 — {4 ODOIE BB £ Gtk
Wi 43 % Centriprep- 10 (Amicon)% FV>, 2,000 x g T304 M O FRAL A % Z[m 4k 1 &
L. BB X UfiomiE Tl L7z, £ DiRHiM = TSK-gel AF-Blue Toyopearl
650 MLIH/A % T L 72 H 54 (2.5ecmx6.0cm) Wi LAAZ, WAESI L2 VE
SR EBRCTHRELL, 0%, &&WE (50 mM Tris-HCI, 1.0 MNaCl, pH
7.7) T 37 EE2HEN L,

TSK-gel AE-Blue Toyopearl 650 MLIBAA (WL 3§ L 72 W 53 % S5 1k~ 7 & W ARIC IR
WIEBIC X D2 mlE TR L. ZORNIK % &EWF (50 mM Tris-HCIL, 0.1
M NaCl. pH7.7) TEf{t & ¥ T\ 7zSuperdex 200 HiLoad 26/60 (FPLC) 12
A L7, FE2 m/minCREBRFEHRTILTY VX7 ERZER L,

Superdex 2007 U< k7 5 7 4 —# ODOIE BB G W 5 & % 1k~ 7z & [
BECRALEEIC L D2 miE TR L2, ZORBHREBREAFCTFHILIET
172 Mono Q HR10/10 (FPLC) (2 A L7z, 2 m/min TR & 17 Vi 5
HEHREFTHRE L. F0%. BEMFPOREHEDIO% L 60% (FREHCHD
NaCLEE0.1350.16 M) DY =T 7 I3V Ty MECIVIRRELZHRSES V¥
yEERHEL L7,
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3-2.5 B A KE)

SDS-PAGE!3 Laemmli® 5 HE I HEV30 mAT, 12.5%FY 727 ) V7 I FFuT
BIh o2, N4 F-Fy FHOEKSFEY —# —lysozyme (14,400). trypsin
inhibitor (21,500). carbonic anhydrase (31,000), ovalbumin (45,000). serum albumin
(66,200). phosphorylase b (97,400)& JW# T 5 Z L IC X W EWENTOFTEER
b o7,

Native- PAGEII Davis D FIEIZTEWV ., FA4 A7 X VEREKBICE DB 2> 7%,

3-2.6 TTEOREDLD
Superdex 2007 U< + 75 7 4 — |28 TBDH Chemicals ft @ carbonic anhydrase
(30 000). ovalbumin (45,000), ovotransferrin (77,000) & i &5 ] & il i R
YD EREMETTOGTEERED 272,

3.2.7  HWDOIEKEEOI/7UI LI T T4 =0 |

F M OB DOIE KB F % 427 W F TP # 1t L 72TSK-gel G3000SW Glass (H
SFL-4000 UVF 4 57 7 % — & HID-25004 57 7 L —% — £ HIL-6320K >~ 7T
MR U724 F— FHPLCY A 7 A0CHERE) WA LT, ##0.2 mYminTHEH & K
FafE Lo MBIy /87 EIESDS-PAGEIZ THH L7z,

0.1%SDS TZ M X & 7-DOIE BB % 13 A& G (50 mM Tris-HCl buffer, 0.1 M
NaCl. 0.1 % SDS. pH7.D)TEHALLZA LA T LICEAL, My v H%E
SDS-PAGEIZ THr#r L 72,

& MH (25 mM Tris-HCI, pH 7.0)CFfj{b L FE A THBETE L 707 b
9 4 —%3 ¥ H 5 AMonoP HR 520 (FPLC) ICHBDOIGHKBEEEAL.
FUY Ny Ty —T4(7 7 V< T)-HC(pH 3.7). ##E 1 mi/minTHHF L7125 /¥

Y B R HI L7, BB X USDS-PAGEIZ TH#T L 72,

3-2.8 DOIGHBHZoEILFEHHE

¥E L 7-DOIA B E W 2 pH 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5050 mM
Tris-maleate-NaOH 48 18 #i T Centricon-10 (Amicon)IZ & % BRAV 88 TR & i iR %
v, BpHOB RGN 872, TOBWERV CHEEERR LTV, E#pH
ke L7,

&BERM X KRET 5 2 9IICoClL6H,0. MgCl-6H,0, MnCl,-4H,0,
CuCl, 2H,0. FeCl,-4H,0. CaCl,s ZnCl,, NiCl,6H,0% H##RES mMIZ % 5 & 9
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CEEBEMETCRIEEBI hol, RAEEI mMIC% 5 X ) ICEDTAZ X .
EBO R VEMHE L.

B % Kb % 25. 30, 37. 42, 46, 50°C ATV, E#IREE 2 #RET L 72

| UMD DOLE Bl % IV TEBEE BT % MBI B BF 5 & #9205 F 1 4R 1Y
R ASEAT L7 £ 0T, IRBICBERICEEILL, 19H& 2 ) ODOA
RELZVEEE LTERL L, |

B RGBSRk 5 72 I2G-6-PORE L1255 52000 uMIZZEAL &
HTIFoz. BONEWEEOBRERIEOHEFIIH LTI Y FT 5
Lineweaver-Burk 71 v FIZ X WK . k % Ko7z, 72, NAD'OK %KD 570
I A 62,570 5 1000 pMIZ 1L $ ¥ TG-6-PDIGE L AKICIT » 720
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3-3 EER#ERE

3-3.1 BEEM W
BEAT-NVERESTHILEEZSE., SBMEBOFARIT X 2 OH)
Mz REICHH T 2720 A TH -7, #2C, ITHEBICHARTE 288
& LTH 28 TR~ znutrient broth (NB) 127 ) O — L% Mi -84 Huw2
Z&E L., SBMEHDP LB ONLBHAEDS ODOISREBERER L L+ 2 = L1

Lo BEEHUDVEETRE R

DEAEHEK Z w7 o<+ 7 _ — -

_ . i Step Total protein Total activity Specific activity

774 —FTHHEEL THE (mg) (nmol/min)  (nmol/min/mg)

§5E. NB-1%7 V) to— L&

WHho/OSNTEHEDLS DI 45-70%saL.

B o 72 (Table 3, 4) , (NHg)S0, 934 n.d nd.
SOUENB-1%7 ) £0—VH e 339 a7

HWTHEFELLE IOEFHREMIC

SOMEFEOENLEWT S Table 4. SBM + 1% glycerol

LU, RERIICERBL T

Table 3. NB + 1% glycerol

Extract 1596 n.d. n.d.

0.123

Step Total protein Total activity Specific activity

T‘ﬁ K2 BEWWEE. B 4 gt {mg) (nmol/min)  (nmol/min/mg)

LEFErmAMBpMbme Ut Extract 1820 n.d. nd.

W RE % 17 o 72, 45-70%sat.

SAMBAN % TV 7o bt (NHe)2S0, 506 ne nd.
BOLLOEEN @RI TEL DEAE 258 2.7 0.01
WA BHEPICE 1) EEFH
WA ZHEEHIICE VDOL & R BE F G 100 =
WA S R (Fig. 39) o dg 10 g
BRI, RAMLEMIC A O
BEACBREES BB SNy § o 3
S7e ThbL, HEWHEEE O £
B A B B A & B S R B A, +J % &
DOIS HL B 1 — ey IC A E S R, n
TCRETHLTWCEIICEDbR 0o 20 40 60 80 108 4
7 growth (hr)

Fig. 39
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PEoREAS S, MIBHEEE L DOISRBERY MR T A I L TE L,
W B OEVIC L YDOIARBRERVEMLT 2 L Fx oh, HIZHRRIE
EERAEL. EENCALMYTEN L BEREERHTILEDOD S 2 LAY
Lol

3-3.2 DOI £ ik B F O H R

BE F# ta f”(k}gfbiufj_éﬁlj IZDOLD 3 ¥ 3 4 ZFEAR O pTLCULHL % Sep-pak(silica) T
75 2 Ltk DRk OBEFIHERERTE & iR 1b L7z (Fig. 40) o

uwfﬁfi FUCRIZ L4 EL, Brauw b o714 —=frbkwi
DERE TS Mt 5 2 LM TE L, F-DOLF BB MG 150 mM Tris-
HCl (pH7. H#& & H . G-6-P, NAD", Co* % RABES mMICZ 5 X ) IR,
A6CTIEIFY ok e Lz, F0OHO-@=buxry It ¥ L LEEKRILT A
WA FIETBI ko,

CHAF L IEoVWTRE2ETLRNAEBY, EBHICEERTETRW
PEME OB EAR LN 0BHIMA THRERIDZIT) S Lic, T2, BXE
EMEOWAI U, FRROLMET (46C. pH7.7) 15721 nmol®DOLE & T
xpiEMEERL T,

200000 enzyme solution 70 pl

y = 915.63x - 965.32 G-6-P 5 mM,NAD* 5 mM
46°C, 1 hr [{Co2*5 mM, (50 mM, 10 pl)
final volume 100 pl

incubated solution

CHzOH 100 i

100000 60°C, 1 hr | NBHA/py (5 mg/ml) 50 pl

integral

DOI oxime crude
Sep-pak(silica)
redissolved in 100 pl CH3z0H
5 pl injection
0 1b0 éoo HPLC analysis
DOI(nmol/ml)

Fig. 40

B. circulansii4.8 LONB-1%%7 ") 0 — Vi * W THEELALE I 58800
BARABLIEDNTE, BERBEREICH VA, BKE20.3 gwetcel/mili b &
35 1250 mM Tris-HCI (pH 7.7) B I B&H L. 77 ¥V ¥ Sonifier-250% AT
outputd ¥ b ©— L4, duty cycle SOTIO M oOMB A 10EEYET Z &iICE )il
TR L, FoRL EEYEMEMB®RE LTHY,
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%2%fﬁ&tﬁﬁﬁwﬂﬁﬁﬂﬂﬁmﬁﬁ#%uﬁb&@%ﬁ%ﬁ%<%$
F TS e b o 7m0 Bacillusi® i3 M E S S Ik IR DR A5 S W 7o o R B
T IR L i E S L oMl AER S h e v EEZHN 5,

RICEZERBHEORIERE L LT, %2 L FERRICEABMBEOWERT Y=Y
nO(BRde) S R ARE L7z MMM R % 0-40% ., 40-70%. 70%LL b g%
WAL, 2B A, EHRRE B IR oT,

eI T T . B S T 0BT A TV 2GR BRI . TR OB R B AR
Y2 LN DI A S AT LHPLCO T CERNICMHEE RO B I LN TE R
Moo L LA 5. 40-70%8F B % i B i 4 O & ML DOLE B R Tl O K
M ETERT LI EHNTELDOT, COFREAWTEEY O L7774 %
WE L7,

40-70% 83 A1 H 22 W 53 D B ¥ 1 DWW % . DEAE-cellulofine A-80038 4k % FitH L 72
55 5 (2.5x 15cm) V2HE LIAA 7, #ETEC (50 mM Tris-HCI, pH 7.7) T
L7 WiliAr % 28 L. WSR3 m/minTHEH EC300 ml& BEHD (50 mM Tris-
HCl. 0.2 MNaCl, pH7.7) 300mlD V) =7 ¥ 5 V1 ¥ METHRRE A
y oy ERER LA (Fig. 41) »

2.0 = ¢ —
SRR 2
|- 5:
1.6 — 20
2
©
[s\]
£
o 1.2 — ) 10 20 30 NaCl0.2 M
Q fraction /—
0 p-
< N
P
0.8 = R
1 - -
e =
i 1
3 7 o S
04+ Sttt et exf o NaClO M
; | : N
k
O - ALt t
| | |
0 200 400 600 Vol. (ml)

Fig. 41 DEAE cellulofine A-800 chromatography

. = ODEAE-cellulofine A-8003Hk % w2z u=< b 75 7 4 —TIRWAET 5 W5
LOREBLEWVWEISETARECIDOWLS VY B RGET AN TE, BRI
PEIIWRE ¢ A WD IICFRD b/,
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KIZDOLS B FE RS IINAD OB S T+ 5 720, BEAKIINAD L A
LD TEVEMNY 3 5E#E2. NAD'7 74 =7 4 — % AT HTSK gel AF-Blue-
toyopearl 650ML (Blue-toyopear)) {HEZFHELAH T AT7UR T T T 4 — %
475770 = ®Blue-toyopear K I3 Fig. 4210 R HF 2 VA~ F & L’CNAD’”{Kﬁ
VEy Ry G MEEH T 57010, NAD'IRTEE D RRIL BT IR O R R
LidHwsh, BOUASFRSIA TN S,

CONH
NAD* m 2
+.

TSK get AF-BLUE-TOYOPEARL650
NH, 0
SO,Na
O‘O PRc e 5 e
= 0=P-0" N~y
u—(’ N Q ¢ 1 4
O=P-0O" N
soNa O o
Toyoperl HW-65
OH OH

Fig. 42

DEAE-cellulofine A-800i8/k % w7z 7 0=+ 757 4 —ThH¥ELZHEHES &
Centriprep 10 (amicon)% {1 L T BRALEBIC & D #10 mIE TiRHE, BiE L7z,
Z O # % Blue-toyopearHEAA CHRE L 724 T L IZH LA AT, REWC T
L Wilis % 5%, S WE (50 mM Tris-HCIL, 1 MNaCl, pH7.7) TlRE ¥
PR B L (Flg 43) o

BET LY N2 EE, WELEWY VN2 BEREL2HETHILHTE,
G0 & 5 573 “&% L 7= W40 1 Bl S vz, DOLE K B 25Blue-toyopearliH &
CHEEHLIZEEZONRS,

1.6 T
1R
1.2 — - —- NaCl 1M
£
c
2 0.8 - t
w
0
<
0.4 — if=4as- NaClOM
4
}
1
¥
O — {Il

| | I
0 100 200 Vol (ml)

Fig. 43 Blue toyopearl chromatography
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Blue-toyopear§Bk Z w727 0= + 75 7 4 —ThH i L 7z iG M 4 & 5 & R Ak
1= Centriprep 10T/ BT 5 2 £ IC X Y2 mlE TilRMi L. FPLCICHE#R L
Superdex 200 HiLord26/60C % Vil 7 0 < k75 7 4 — %47 o /2(Fig.44),

s 88
1'6 = : - {\":‘::?} =1
..... I
E
1.2 — e
£
C
o .
D 0.8 —
(7]
0
<
0.4 — _
0 S e m——
I K | | |
0 50 100 150 200 250 Vol. (ml)
@ 20
%’ 10
3]
m p
0p 10 20 30
fraction
Fig. 44 Superdex 200

Z DOk BDOIE R EEFIEVET 2135 F 8 450 kDa-60 kDa?D ¥ H R IC R & 1
7z

RICHEHEORKER X L TFPLCIZHHE L 72Mono Q HR10/10T A F Y iR 7 T
2 T T T4 =R L, RVRERPE T ONCIRES R TREBDIRRE
P IEICE VRS Ly v EREE L (Fig. 45) o
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0.087 : r-= NaCl 0.2 M
0.06 —
e ,
c _ --- NaCl 0.16 M
K 0.04
[72]
0
<€
0.02 Fgal e s --- NaCl0.13 M
0
IP B e I A4 }I o d T e . NaCI 0.1 M
0 50 100 150 200 250 Vol. (ml)

0 10 20 30 40 50

fraction 1. 45 Mono Q HR10/10

Mono Q% Al 7: 7 0~ + 75 7 4 — OB R IG5 13 BRIKE) IS M 7
Uy EE L TREEYEL LN TE (Fig. 46A, lane6) » ¥ Y237 B
SDS-PAGE F23 kDa X 42 kDa® —.2 D3 FiZ40 8 L 725, Native-PAGEIZ B\ T
Ny FE L TBM s (Fig. 46B) o
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1 2 345 6 7
Fig. 46 Electrophoresis of purified DOI synthase

A: SDS-PAGE: lane 1; cell free extract, lane 2; (NH4)2SO4 precipitation
lane 3 DEAE, lane 4; Blue, lane 5; Superdex 200,

lane 6; Mono Q, lane 7, marker

B: Native-PAGE

5SSV TMono Q¥ Vw202 b 797 4 —HOBRERE SV TREN
AT B EUEMEMT (0.1%SDSFEAET) . TSK-gel G3000SW & i\ 72 77 )V i
Bru< k574 - CHEBREIN L. MEOBE TRzl 1td
HPLCO B M, S L ar b hhold, BHliGEZERKBIIL Y oML
FE A EMEETICBWVWTIE23kDak 42kDadH 72 =y PICTREL DK
WL, RKEMELETCRASBETIOOBEFCHEHR L TwA I L bh o,

37 EBECHBTEBMono PEAWVAZ7OT 7T 74 —ICTHHEER
Bt hS. EMMEIIE Y — 27 %5 %, SDS-PAGETH AL TwiwnwZ & HH
Wi (Fig. 47) o

Abs 280 nm
(o]
o
Q
(6,1

| J
0 10 20 30 Vol. (mi)
Fig. 47 Mono P

TS DORE . B. circulans 3 O DOIS BB F & i F 1 R4 5T LT X,
AEE IR EY LT CHE23kDak 42kDadH 72 =y b H 6% % 55T 865 kDa
DOy NI ETHLIEPHLEIER ST,
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3-3.3 DOIS B REZEOANLFHNE

B. circulans?* & fi ¥ 2 DOIG B ERFH I LA TR /DT, KEEFE D EALS
PG IOV THRET S I eI L, TR LOHIC, BEREOE#pHE R
L7,
m{55&5@50mMTﬁ&mme4m0H%§m%f\CammmpuuAmmmﬂ:;éwﬁ
PLEELT L ) BESR LTV, SpH 5SS SOMEBBREAM L. TOHEM
PHWCEEERIGZBHL A (Fig. 48) o

ZFOHEPpH 7580 CRAEREZRT I b oo, ThIE, KIS B
P42 rE2TwsFe FOXFREAHEEE (DHQ) &HMBEEOE#pHE —HK
L Tw 5%,

1.0
0.8
206
el
£
0.4
0.2
0.0 ¢
5 6 7 8 9
pH
Fig. 48

KA I REIC D W THRE L, 250 550CE CRICIRE X BRI EEMEN
o % BHR L 72 (Fig. 49) o

1.0
0.8
? 4
~ 0.6
x
©
S
>
04
0.2
0.0
20 30 40 50 60
temperature (C)
Fig. 49
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ZORE. WENESELBEDbNL46CTRREEEXR LA, 2D EIIDOIE
WNEEE PN EETHLIEERLTVEY, —HEIRTEVEBEEIGEIR
RICHEITFTLEWI EDRLTW S,

KICETE MO EB A A v 1ixt 3 5 K7 % 72 (Table 5),

Table 5

additive relative Vmax additive relative Vmax
none 0.353 Co?* 1
Mg?* 0.398 Ni2* 0.163
Ca?* 0.367 Cu?* 0
Mn2+ 0.376 Zn?* 0
Fe?* 0.099 EDTA 0

| mMEDTA* M2 72 & FTTRECHERE2REL P o202 L, 5mMCo™
AAVHEATCRBRERER L, SO ERPLPIZMOEREA A 2 &
DDOIS B ERIGHIREESNLEIE2RLTV S, OB A+ v iZDoW
TidtMg*., Ca¥. M DFEFEIIBEGHICEEL S A hh o7z Fe*, NIXET
OMRERLCY, Zn¥dESICBERGTHEME L, L OFKRIIDOIEK
BEFEIICo A4 v R BRMICHETF L LTHYIRIGEMEBET S 2R L
TWwb,
DL 4t LT & 7o ol e B RS 400 T TR AYIC UG % B IF L 72 (Fig. 50)0
1.0

0.8

o
o

Activity (rei)

i
I’

o
(M)

0.
0 0 2 4 6 8 10

Reaction time (hr)
Fig. 50

BBEEE A aMAI W RS S 0 F CE2RBNIEER N ISR ET T 5
YL ER ot FOTC, REEBERCEGT 1ERBZICKICZHFIEL
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—SE BTV OEEMEENREE LT, BERCEERYEREZ RO L Z LI
L7,

FFRUCDIC, RALBERNENHFT. G6-PORELZTZEAIETHER
% B % o7, Fig. 51iCLineweaver-Burk 7’2 v F /R,

SDYT I BLK 139.0x10* M, k_137.3x10%s", k_, /K, 1X82M 'S (46T,
pH7.7) &k -7,

1/ (nmol™!- mi- min)

yd

-0.002 -0.000 0.002 0.004 0.006 0.008

1/s (uMY)
Fig. 51
KICHBEZENADICOWTHF UL T, NAD'OBEL T 2B S TEENX
o B % o 72, Fig. 52iCLineweaver-Burk 770 v + # 7R T,
DT T TPOHNADUIH T HK 131.7x10° MEKE 572,

7 9

1/V (nmol™'. ml- min)

-0.010 0.000 0.010 0.020
1/s pM™

Fig. 52
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3-4 #%

3-4.1 BESEMFICOVT

B OECIS X R RWRD S ODOIS RBEFEFE L B L. NB-1%7 1) £ 1
—UHHITRELZLZLE VL ODOIGRBENHTLET LI NS o7,
T, BRFWERE LEAL2ICH 1) KEFEHICA o 22BN B VDO S B B2
FIEVEER AL 72,

T2DL NB-1%7 )t 0 — LEMTRREL, b1 EEEHICA - 72
WKERT A LIZED, S ODOIA M ENTE T 2 B HE K & 55 Ma 1ot
THIENTET,

PUAME IR EFICALHEN 2 OE/ N 505, DOIAMEEF T —M 2%
SNTCRETMLTYCEIHIIEDbNRA, COBSIIMEY RS ORI L
Mb-oTwLiatsd ) BKEVD, WS CIRBEHIZL (525 % v, DOI
GRERBLIUOMOT7F O Y AESEBREORAKICL L YAy v Tusr s v 7
A 2 L BRMEAPLETHA I,

3-4.2 DOIGEBEFEHBIIONVT
B. circulans DE5 R K A8 LEERAT — V) »LODOISKBEEO LS
Table 6.12F & & 5,

Table 6
Step Total protein Total activity Specific activity  Purification Recovery
(mg) (U) (U/mg) factor (%)
Extract 5516 n.d. : n.d.2 n.d.2) n.d.®
40-70%sat.
(NH,)2S04 2431 n.d. n.d.? n.d. n.d.?
DEAE 817 99.7 0.122 1 100
Blue 119 42.4 0.356 2.87 42.5
Superdex 200 9.787 60.8 6.23 511 61.0
Mono Q 0.778 14.1 18.1 148 14.1

a) not determined
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Blue-toyopearHBAZ Wz 7 0= b 75 7 4 —HOEWHIIERESTH V2O
MIFECRBLORTWAS EEZON S, T/, EMABRMIE. KL EZOEF
BCIHEETENAERTE Lo 0T, YE, ¥ I DEAE-cellulofine A-800
ks Hwizrow 7574 —HBOBEFREPSFHRE Lz, REMICI150M5
THERUELZOLIENFTE, H14%OFEEXRMPE N, ¥ V37 i —
B ARER 2 EZ D ERBHHIFEOL VWERETH S,

SORBEICIBWTIEE 2 EDQ Sepharose (Mono QE R LEREEEX AT 5)
HEKEH WA 209 7974 —HDOELHIX2o00FEWES BB S 2 o7z,
BEDOERELYEZ L EIEMESBIEEESNS, BHES . MY ER
B COERELTOEVICERNTALEEDRANSDLIA LG bLV,

3-4.3 DOIAEFEOHEIL DV T

DOI & BB # 13SDS-PAGE 23 kDa& 42 kDa® DD /3 FIZHHE L 7245,
Native PAGEICBWTIRHB— Ny FE LTEBElEh:, 22 TREREHFT TR
23kDat 42kDad ¥ 72y bbb hbATudfvw—L LTHFATHETFHS
h, E70< b7 574 XD HBERNERIFT L, REREHTBIUE
VEZET (0.1%SDSHEMHET) FYVig#rzu~ 77374 —2RE LR, £
EETFTICBWTIE23kDak 42kDad ¥ Y X7 ENSEL7-0Ix L, REWEM
FTDEEFI20WMBPICBEHRLTVWAEZ ENbhols EHICMonoPZ H W
722w b5 74 —Th23kDak42kDaD ¥ Y X7 B3 5ML kol TH
5D RN S B. circulans HF ODOIE KR IT KR EM LM T TIZ23 kDak 42 kDa
DH T2y v Do bNFRESKkDADATIFT A —THAI LVFHIPE L
720

LA LAEDS, REUMEUTTCOXYVEARAZ O ST 74 —DBEINKRH»S
HEENDEFRIZS4kDaTH VSDS-PAGEL L RFEL OB FELERL ST
Wi, T bbb, 23kDak42kDadH Ty PREKKEAELTWwALEEZILR
%o

1, 2ETHRAEBY, DOIGRBRLEFFERT I /BRESHIIBI LY
¥ IFMESEERTDhO T FuoxJ B (DHQ) AEEFE (AroB) X IEHED
HTHUMEH Y, BEBE L FRPIBENRTWEEEZ LGNS, Frosth
2 Millars 12 & D E. coliB k DDHQABBFE NS5 T EIZ39kDaD B EFRMHR L L T
XN TWB2, T 72B. subtilis® DHQE BB % (AroB, SWISS-PROT
p31102) 13 E{ETALYI A 541 kDa, E. nidulans®DHQE B ## (Pentafunctional
AROM polypeptide D N &K % #8 %, SWISS-PROT. P07547) idHawkins 512 & 1) 43
kDal ME XN TWBED, LWL S HE STV S ABDO Y £ X b K1K40

54



KDafi e Th bo FFEOUBF T 2O T—ICIIHEHTE RV, KRS
W T B. circulans? b E EN7-DOIERBRRIATOFA—-Th bV, &
(51242 kDaD ¥ 7L = v FETHMBERIGCICES LTwaedEILN S,
Hasan 5 1= X ¥ B. subtilis? H B SN -DHQA KB EIX. 2 A IREGKBEE
YISV BB ELASLARETHEELTWVE®, F72, Frostbh 27#H&E L T
WD E. colit & E S N7-DHQE KB E OB IKENIC b IRME N Y FA v L OhFF
ELTWAEY, ZDZ L FEETSE23kDaD Y} 71 = v +IIDOIE BLEEE KT
CIEHEES L TR W RESRBE IS,

3-4.4 DOIEHBEOENLLFHHEIIONT

Z ODOIA B IEM O E#pHIZ7.58.0TH ) DHQA BB RHEMRICIZB T 5
FElpH: —~H L Tw5h, T7bb, DHQABBERERIL & B A 4V LBFEA
AT HEEZZONEN, FHMIIEGDOEIHDDPLR,

BEERIGEEIC OV TII46TE V) KBNEERTHR I CETT LI LIRS
Mt ote Thbb, DOISKEEIZ46CTRELERHFAE LS ZME L TW
ZIERRLTVD, BEORE®E V) ETIE, -715CTMb M6 AR
HRLEROBRIPIIEAERONEP oL, RRTOLREICHFRELT
Wb EEZLND, OF V. B. circulansHEDOIE BB F WX LB &8 2 & %
o TRIGER ML TWwa I ENFHEING,

DOLE K E RIS Co* A o Y 25 itk s iz, A DORED S FE
XN7-DHQEMEERIGbCo* M+ Y IC L D iFEHbs b, L LEDDL, E
coliti S DDHQA BB E Tidzn® (HiEEL LMELRT) . B. subtilis HED
BE % TIdMn> T8 2 EMLE N5, EHAEYDE. nidulansDDHQE K BEFEIC B
WTIZ? R ESMOEB A 4 VEut, S ETHOSBRER ML EL L)
Moore 5 1= & D HE SN TW B, DOIGHEEF%E L k4 2 DHQERBEFE DT X
Co* D EM A M ESED LV HTREAWICEHMOEEELAEL TV B, fbo
GBAA BT LHMEERAOBRBVIZIINSOBERICHL P ZEVYEFLET S
EEzZHN 5%,

E. colii £ DDHQ& KB F O EE E Btk /K, 132.5x10" M'S"', NAD*IZX ¥ %
K_1£8.0x10"°M (20T, pH7.75) &Benderb il & o THE SN TSP, EH
NRELLOTHMICESY LR T A LIITELZVY, A THEE I L DOS
BRI IR ENROL L WEETH L L bh o7z, DOIGREFIZZ RN
MOBETHY ., EWIZE o TEAWIIBVEOLZWIETHI O EEZLR
%,
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3-5 #Ea

B. circulans DK WK D HDOIE R > BLAIKEINICHIIC 2 5 I THEY
LI ENTE], DOGKBEORBAEIX2-7HF A LT I (DOS)
HEHT I/ REAREDEOEGRBERZOBTHOTORETH b, ABEFEIF23
kDak 42 kDaDH 7L =y b6 BANTUTAT-DOBETHE Z EHFHL D
Yot SHEBERMEZIEILD., AWML AEFHLZEHEIAL» IR o7,
FLIRERNGEERWER T RO, RBEMDEO L 2VWEXERTH L I LAR
Sz,

B. circulans?* & ODOIS M Z ORI L SN2, §H% S O ICFENI % B
ERIGBEL BT TAICRERCE28W P2 (HEFTFRESINL, £2TDOI
SERBERET 2 70—V LABRYPSEZILFERTHHLEZOLNS,
SO EXDODVWTIHELIETHLOBENS,

56



2-TF F Veseyllo- 4 /) V- ABNBEBEFOBERD

-1

i ChRR72EB), REVNUYRTITIVI VR EDRTF FREEWE .
VABRA LRI INEL R EOR) S F RRERE, AL T
Y OEEGREFEII OV TEBICEEFRITEI THRESRTVwE, Thbstd
GEIR T OWAR HEEUTICE LD 5,

HEEBOEMZREZFATALOT, 2ORREEFHET L EETF 25
BT A FE,

ML RAE T 2 45 L CHERT A . AWEEERIASOELHEY
B HEFL200EWE M, T 20 EotE, FobbiiHz
FroTwaws, COREYWE IS T AR 2 BEFPESHRBEZEEETF
CEAMETLEIEDVPVLOPDOMENEDOEGHATERL I N TV S,

FHEENLEARBREETOMAELBECLTERT 25k, R 7 F
FRAMEMEESRICBW TR ZOBEREZTF (PKSEET) OMEELFE <,
FOREFERIEICL CHEETLHETSOEGRBERIZFVRE S
T &7,

KA BT . BAMIT Y BRAbkEL, ZORMEI— FT 5
DNA % 1818 |24 5 HE (Reverse Genetics) o

FEAEDNSZ T T, AEO RABEYOLERBEEET I REBEER
LT TAY— AR LT WA ERHEPE R o TWAZD, INHDFE

D b—oDESKBEFFRETEE, 2OEGTORLEMHT AL
SEY . ATOESHEETFRRRTELTREISD 5o |
FIJrY AL FRAWEICBW TR, AL T FIA Y v EEREBEREET
= OW T idPiepersberg 512 &) 2D FET, 74 —FT I~ vEABEFERE T
VW idHasegawab (2 & D) I DFETHESRTWAS Y, —F, DOSEH T 3
) T FHAEWE O R AR B T A B 25 bk % 72l il S e
% [ 0 RG i AT <2 cos yntesisiC & % M A BB KB O RN S STV S 28,
RAFIE L7 ESERERET IOV TOREF—2bE VD
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BRI IR T AR I ) -QF RBAAKEEEE 2 v T L,

DNALRFBL S S IE 7 A B —H B E T V4200% v T4F 5 72,

PCRIZ/NWN—=F v IV — TT 54 FNAF A5 AHBE V97009 — < 1
A7 7= HTIT-7, ,

DEAE-Sepharose FAST FLOW, Superdex 200 HiLoad 26/60 (7 7 Vv 3 7) %
FRHEIH WV,

KA R EE R & T4 DNA ligaseld ¥ 7 FH» S5HEA L 72,

FVIX VA FFE 77 vy THPOREALT,

4 -2 .1 WHLLRKREEESLN

DOI'E ¥ . 4« BADNA% G A 7- 0I5 2, 3 & [ U Bacillus circulans
SANK 72073 % JAV> 72 NB-1%7) £ 0 — )V TR % Lk % 157,

DO M EEET 70—V 7357200 5EFE L L TEscherichia coli IM
105 (supE endA sbcB15 hsdR4 rpsL thi A(lac-proAB) F’ [traD36 proAB* lacP
lacZAM15)) & w7z,

DOIE B FEREF 2 5B S ¥ H5EFE L LTE. coliBL 21 (DE3) (hadS gal
(Aclts857 indl Sam7 ninS lacUV5-T7 gene 1) % Fl W7z,

KWW X Luria-Bertani (LB; 1% MY 7k &~ (DIFCO) ., 0.5%ff:T + 2

(DIFCO) . 1%NaCl) #ARBD L CIILBERXR (1.5%%EK) B4 % H\v:37°CT
L7,

7T AIRFpUCIO%R 70—V PRy ¥y —L LTHW, puc19“cif;£*£$rf£u
72E. colitd50pug/ml 7 ¥ ) rEEOGLBREBTEEL 72,

77 A X FpET30b(+) (Novagem) & ZEBIR 7 & — & L TH W&o pET30 T K iE
WL 72E colild30 pg/ml 75 <4 ¥ U2 GHLBEBTHEEL

4-2.2 7 X BB
4-2.2.1 NKUWG7 I BRES
B. circulans 7 S FEEL L 725 ngDDOLE K BE 5 % 12.5 % Tricine-SDS-PAGET23

kDak 42 kDadH 72 =y MIH#EL 29, 72U IVT 2 FF Vi 5PVDFIE

(Mjllipore) Ly bOTOy T4y S RTF A EEREL, 7V Y-

FUY T R TN—ThBE, FNEFRONY FEYYI Lz, £hEND/INY
ITEHLCI0ASTE/RZ O N7 97 4 —%BB L VEESPD-10A UV-VIST 1
7y —EEHRELEZBERET I BREY 5 EPPSQ 21&;1 T L 720
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4-2.2.2 b7 3 BB

B. circulans 7 S HEE L 721 pgDDOIE BEEE % 12.5 % SDS-PAGET23 kDa & 42
kDaDH 7 L=y MIGRE LI 7Y =TVNT Y b TN -Gk, 07
NoN Fegphdi L, 200 pld50 mM Tris-HCI (pH8.5) %M T 47 v % Ml 4 ¢
oo VONMI Y FRTFHT—E (XN=VH =<4 L) 5 mipvialle K50
m%miﬁﬁbt%\%%%fwwkot%l~fkm2fw@fmﬁ@m*ﬁ
it L7co @0 B A HPLCTH ML R TF FWTA 2 5 E, BmLOT KL — 4 —
WEDEBY LIS LT I BENSITEE THOF L7,
4-2.2.3 Nano-LC/ESI IT-MS/MS 4

B. circulans 7> 5AFE L 721 ng®DOIE B £ % 12.5 % SDS-PAGET23 kDa & 42
kDaDH 7=y MIpHELZ, EBRENETNONY F2YOHEL, b)Y 7
T TR R L 72 MoK R L 72T F FWi A % LCQ mass-spectrometer
(Finnigan)iZ & A L TLC-ESI-MS/H#1 L 72,

4-2.3 DNA® B Y v

DNADI Y v B L O KGHE O E 5 13 Sambrook 5 12 & % Molecular
Cloning7 R ¥ = a7 Vx&EIZL TiT-o 7™, DNAD BRIKEN 21307 %7 A1
— ATV vz,
4-2.3.1 B. circulans O3B {EDNAD F # _

B3 E L [FARICHE L TR 7B, circulans® WK % 1x TE (10 mM Tris-HCI pH 8.0,
| mMEDTA) TH®E L7z, HEREEZI0mIDOTECEE L, U VT — 4 %2 mg/ml
W% B X DI A T37T°CTHRIRL 720 30507500 110 % SDS &£ 200 uld 7" 1 F
— 4 (50 mg/ml TES (50 mM Tris-HCI, 50 mM NaCl, 5 mM EDTA) D& 37 °CT1
R RTALIE L 7o) 2 A W S ¥/, 37°C TR #1.8 mID5 M NaCl& 1.5 miD
CTAB/NaCli& L (4.1 gNaClZ 80 mIDKICHEML THBE, FIIWXEHELZIH10
gDCTAB (N-tF V-N,N,N-F ) AFNT Y EZTLATHIF) 20> DIMR
77 65CTMEL TELIEMSE, HERBEZ100mII L) ZMA T65CT20
SRR L7 14mO 7 0Ok Va4 VT IMT NIV (241) REHEE
ZAKBARIMMB L7z ZOKBICH LTOMEERD A Y T 08 — V&R S
BIKDNAR # T AT S Mo, 80 BB Ty / — VTR L T, #lRk{E2.5 ml
DTEIZVE L 720 7 O 4t (KDNATE W1 CsCRE i B A R LEIC L DR L
7o CsCIE 11238 (2.5 mliax L2.81g) « 10mgml=F Y7 4703 FE#E
100 w2 . TREW S % 2058 Clhvi, EiEEBE LT 2~ 71 L 100,000
rpm CARFEBE GBS UVT Y T R IR L % 25 b BB RDNAD /Y ~ N & AT
ik hmEIRL 7,
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ZDOEWRIICsCEF AV 7TuX ) = V2 mIT3EARE L TLFVm A 703 K3
BrE Lz BONTEBROLERBIXTEZMA, SLREZOMEBEDLY ) — L %
MATEy /= VER L7z 50N/ RBADNARE L& D 1x TEICEM L4T T
R L 7o ‘
4-2.32  TI5AIFOHR

KBEAP S DT 5 23 FREET VAU -SDSHETIF 70 KIBE 132 mlOLB
HEfhClOMF I BT 2 LAEW L7220 Wik % solution I (50 mMZ )V 3 — 2 | 25 mM Tris-
HCI (pH 8.0). 10 mM EDTA) -') V'F— 24 (10 mg/ml) 100 pl CH&H%. K ET10
SR L7zo Kilsolution I (0.2 NNaOH, 1% SDS) %400 plii 2R ¢4E & 5 L
35 BIK EICHEBH. 7.5 M BEEET ¥ = AEH300 pl % A 612540 Bk
B L7 4T, 15000 rpm T107 &L BERR . EFEZFDOF 2 — 7i2# L 10 mg/ml
RNase (X—Y Yy H =7 U A L) &5ulMz37CT200 BRR L7z, D600
D7 x /= )bz B akRlh% Mz T37TCTIONBHREL 2. #O05M% LE
WO F 2 —TITBLEOPDA Y 7us)/) = Vve iz T-20CT205 BkE L7,
4C. 15,000 rpm T 1570 # 0 L EiE 2 B 72, 100 pIOTEIC B %10 p1od3 MEE
Fer P A, 220008 ) —VEIZ, -20CT200 BKRE L7, 4C.
15,000 rpm T IS M&ELGL TEFEZRV. 80%T %/ — V%200 ulfil 247C,
15,000 rpm T30 M&E L LT EHEXBRW 2, REEZREZ, BUEDOTEICHEM L 2,
4-2.3.3 & B i

E. coliIM 105122 Wi F FLBE M0 mIT37C, 12K B RTRE2E L7z, RUREEE
WA 100EAEEFEALBIOmUIHE L T37C, 15HHEELL, BELZT 2
=T VT, 0T, 4,000x gTSHHORLAHICEDVER L, %50 mM
CaCL% 10 mIN 2 . % kK% £ T20-304 BjE L72. 0T, 3,000 x gT55
D E L5 EVS TCaCLALHE L 72 R % 429, 600 nl¥% 50 mM CaCL % il 2 #% L E.
coliIM105D I Y ¥ 7 v M IVERE L,

G457 —ay LDNABIRICSHERED IV EF v P e VIEHENZ . KKE
ETa05 BB Lz, 42CT150 e — by avy rik, KKELTSHTREMEL R,
ZOWHLB 1 mAT Ao ZRBREICANT37TCTa450iRkE 9 HER. 50pugml 7
YY) R EULBERREW FICHEE L, 37CTI2MEEE L.

E. coliBL 21 (DE3)IZ2WTid, FFLBEMS mIT37C, 12 HATREE L7,
BIHESEHE A SOB (2% F ) 7 F Y, 0.5% BEFIE 2, 0.05%NaCl) [KHEx D&
25T THRE ) BEFE L 720 0Dy A50.4105E L7 54T, 3,000 x g T 105 # L 53 Bf
WCTHEBE L7z 572 Lok L TB V7= freeze-thaw £ 15 i (FTB, 10 mM
CH,COOK, 45 mM MnCl,4H,0, 10 mM CaCl,, 10 mM [Co(NH,)¢]Cl;» 100 mM
KCl. 10%7 1) 20— )b, pH6.4) 330 mlic BMA L, Kokt LT105 HBGE L
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720 4T 3,000 x g TG OFLD I THEEZED | BFIB 50 mlc & L
7o WAEIRIEEN T2 B L ) ICDMSOZ3.5mIMA 04 mlTov 4 7 0F 1 —
CATEL. RLPIC I AT A AT P UNZITIRA, BBICERE L, 275
TarET v bEVERELL,

:yE%yl%w%mme R L MM@&%wguTL&é;qum
KOKIE L TA0 BIE L7z, 42 TTISHE =P a v 2%, kkis b T5
%%M%Lto%wﬁ%mm(m)Wk7ha05%@a1¢x‘Q%%NWL
20mM 7 V3 —2A) ImlF Ao 72RBREICANTITCTIRRRE 5 8384, 30
pg/ml 17~ A 2 G OCLBEREM LI L. 37CTI12M ke L 72,

4-2 .4 DOI& B & BIE T OHE
4-2.4.1 BHEINAL T -3V

B. circulans ODOIE R EEFE D42kDatt 7L =y FONKW 7 I VBRI HI % b &
1240 kAL 40 kB% . 23 kDax) L TIZ20 kAL 20kBR RREF L7z AU TX 27 L A5
Figzvnv=y 780060 ALL,

40 kA; 5’'-TTYGCNTTYGGNGARCAYGT-3' -
40 kB; 5’'-TCNCCRAANGCRAARTTRAA-3'

20 ka; 57 -~GGNGCNGTNGCNGARCAYAT-3'

20 kB; 5'-TGYTCNGCNACNGCNCCYTG-3' ,

) TR LA F FIEPEBRDIG (TVH Y ESHY TFY 4 = 2-11-dUTP)
Eax v b (R=)yF =<1 fL) TIRVALLz, BELBEFORL
PIWET L 720 W72V DNAIDIG DNAE#F v b (R—=Y ¥ T —<
£ L) TINVIL L7z, ‘

B. circulans® 4B ADNAZ S FEHIRBEZICL D HL LT Ao —A 7 VB R IKE)
THMEL7e 7HE A7V EDODNAKI 2 N4 4 Fy FHtoT7ay 74 » 7
BT 10- 12 R 20 3R E L, 80°C T304 fIMm#+ 4 2 &2k WDNAZ B AL L 720
NA TV AY 2 a ViI3EES Y PORBORBEEEY I o272, VTR
LAF FTU—TTON, TYF A ¥ = a3 ViBEIZ50CTITo72e EWDNAY
=7 TONAT)FAE~2 a iBEIRCSCTITolz, D &EMFA ) TR
2L FF Rk LTid2x SSC (20 x SSC; 3 MNaCl, 0.3M 7 T v B) . 0.1 %
SDS. 50°CTH o775 EWDNAT O — 7424 L Tit] x SSCy 0.1 % SDS. 65°CT
475770 N4 TUF AR LINY FRDIGE LRI v b (R=U ¥ A=<
4 L)THM L. |
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4-2.4.2 A=A TYVTAL ¥~ g~
FHFNATNITAE =2 a VLI DVRRMIIHEES LK E S ODNAK B 13

70— 25 )Vip 5 GENECLEAN 11 % v b (BIO101) IC & Y EINL . pucwoo;m
AL LA I A Y=Y a v L, TOEWE R\ TE. coli M 105 %
FRAR U7z IEEIRIARIE Sopug/ml7 ¥ ) v 200 ug/mif Y 70 ¥ L. B-D-F
73’7’777%127//1\(IPTG)\4Oug/m57DV'E47DD3/f N1 V-B-D-
W77 PET VR (Xgal) ¥ EULBEREMTHEREL, pUC9Z2 S L HEE
BHRRR % B0 7L — b IR LT7477U Ll 475 ) 7L — iz
Hybond-N+J& (7T~ ¥ ¥ )& D¥, WEBREKLEE Lz, ZHER (1.5M

K

NaCl, 0.5 MNaOH) # & L7240 ETHE#., PHE®R (1.5 MNaCl, 0.5
Mtris-HCl, 0.001 MEDTA, pH7.5) ¥R L7z EHKOLETHhH L7z, 2 x SSCTH

B, EROLETREZ L, £51204 MNaOHTRE L 728D FT205
BB L7 5xSSCTIFBHE L, MELTNAS T F4 ¥ -2 a vIicH W,

YHFINAT)TA L= a VERUEBFETNAAT)TAE—T a v EiFw,
FERMICKH S T ADNATHEE L,

4-2.5 DN A $5 25 BC 51 53 4

pDS1, pDS5, stzkaszwi%h%Mfr ftL., puCcOlicH 770 —=v 7
L CDNAMGREEF 547 % 47 o 720 pDSS5-pDS1-pDS2IC D W T L F D FRICIR L 72
il FEE%?@?%MMT“@M‘L“‘)L77D»—:‘/ﬁL“CéNﬁ‘L?‘:o

2B, o ZAOEF AT EOIE AR FIpDS5-pDS1-pDS2 BT HEFALTH 5 .

EcoRI-EcoRI (925-4958, 4034 bp)

EcoRI-Sphl (925-1758, 861bp)

|HindllI-EcoRI (1673-4958, 3286 bp)

HindlI-Xhol (1673-3025, 1351 bp)

Sphl-Sacl (1781-2972, 1192 bp)

Sphl-BamHI (1781-3989, 2209 bp)

Sacl-Sacl (2967-3302, 336 bp)

Sacl-EcoR1 (3297-4958, 1660 bp)

PstI-EcoR1I (3909-4958, 1048 bp)

BamHI-EcoRI (3984-4958, 975 bp)

Kpnl-Sacl (0-2972, 2972 bp)

Kpnl-Pstl (0-1004, 1004 bp)

Kpnl-HindlII (0-460, 460 bp)

BamH]I-Pstl (3984-7845, 3862 bp)

| EcoR1-Pstl (4953-7845, 2893bp)

BamH]I-Scal (3984-6270. 2287 bp)

Hincll-Scal (5168-6270, 5167 bp)

Scal-Sacl (6265-7230, 966 bp)

Sacl-Pstl (7225-7845, 621 bp)

Sall-HindlIl (7381-7752, 372 bp)

BamHI-HindlIl (3984-6744, 2761 bp)

BamHI-Hincl (3984-5173, 1190 bp)

BamHI-Kpnl (3984-4993, 1010 bp)
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pDS232Z DV TIX LT O FITR L - HIREE RN COM LYy 7o n— =y »
Tt L7z,

PstI-Pstl (6.6 kbp) SphI-Pstl (5.6 kbp)

EcoRI-Kpnl (4.0 kbp) Hin dlI-Pstl (1544 bp)

Kpnl-Pstl (753 bp)
TZAIRIT VA -SDSITHH L, <4270 IS0 (77 v
TYCTHH L ToicHwvwic, 79 A3 FdhdD A4 ¥4 — }DNAI I& ThermoS equenane
cycle sequencing® v b (7 ¥ ¥ ¥ A), MI13 Forward primerB X *M13 Reverse
primer(7 ¥ ¥ ¥ L), T4 —FDNAY =7 TV —FEF V4200 H VT, JF
FX TR LA F FEMERISEIEEIC L D RS 2 3% L2, DNAKER
FJ1Z GENETYX MAC ver.10.0 (Software Development) 2% o T L7z, kED
¥ —#ZEIIEMBL, Genbank, SWISSPROT 7 — # X— 2 2%} LT BLAST "B &
UFASTA™ V7 b XZTIWEINA VS —F 9 TR o,

4-2.6 23 kDa 71 = v FEEFHEOR A

23kDa?t 732 v P ONKGEINIZHN T APCRO T F 1 v —& L T20kf1,
20kf2% . PIERECHIICHT L Tid20kel 2 7%ET L 725

20kfl; 5’ -ATGAARGTNGGNGTNCTNGC-3"

20kf2; 5'-ATGAARGTNGGNGTNTTRGC-3’

20krl; 5’'-GGDATDATNARNGCRTA-3'

B. circulans D % B ARDNAZ $ T & L TTag R ) A 7 — ¥z W ’CPCRHﬁnT L
BWIERINLE NNy F2ERL T, :

B. subtilis?® yaaE& {x¥ (hypothetical 21.4 kDa % > /¥ yB%a— F¥5iHE
F) O—E5 %15 B 72 I Hind L)W 6L (T #0) % & rBS20-1& BamHIL) Hi i
ff (F#) %8 TBS202%PCROT I A v— & LTHVE. "

BS20-1; 5’'-GTACTAAAGCTTCAAGGAGCAGTTAGAGAGCAC-3 2

BS20-2; 57 -AAGGAAGGATCCCTGTTTCGCGGCTACAATACG-3

B. subtilis PCL 219D 4 {5, kDNA% §5 1 & L CPCR% 47 o 720 #IR L 72/ i
Y7y m—=7 L. DNABBERFH # ML 22 #DIGT S VL LNA T FAE
— g VITHWT, |
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4 -2 .7 BtrC? K& 5 H
7T A 7 —40kfB L U40kr (7 7 MY Y T), pDS2E & LTPCRIZ & W pyre
HIET % & UDNAZ IR L 72,
40kf; 5’'-GGTGGAGGATCCATATGACGACTAA-3'
40kr; 5'-AAAGCAAGCTTATCCTGGTTCATCC-3’
7T A 7 —40kfld BamHI (T#}) & NdelCIWF# AL (ZEH)% & &, Ndelt) g
DAL FEH T & —pET30b(+) D V) KV — A FEEENL O F 5 ber CBAZ F 0 Bl #5 =
N aillaodod &) Lze 774~ —40keld HindlUE) W 50467 (7 i) %
B XL, PCREN—FLVINT =T TI4 FNLF V25 200 EF
WIT00% WV TAT o 720 X LOIWTRE®R L L T10 x UITimaf&Z &l % 5 pl, 25
KM MgCl %5 pl, 2.5 mMdNTPs % 1.6 pl, %60 uM7" 7 4 % — %2 ul, HHE K36 pl
DR A I Ampliwax PCR Gem#% — L D H80CTSHHBEEL T v 7 A DB %
YEo 7o RICERBE®E L T10x UlTimafZ @ W % 5 pl. UlTma DNAKE Y X 5 — &
(O a) %0.5ul(3U), 100 pg/ul pDS2% 0.5 pul, WHE K44 plOREET %0 % .
PLFORIET A 7 VIZX o TPCREFT 2720 $T95°CTIHHEMR S TH 5,
95°C T30F). 60°CT45%, 72°C T30 2 30 B4 7 VATV, | IZT2°CTTH
EV )& TH L, PCRTHIELZARYIE4-2 428 FFRICT A0 — A5 )V
GO L. BamHIE HindlI THAL L 72f&, pUCI9IZTF A 7= a Y LT T T3
FpDS3% #57-, pDS30 fi ADNAIIDNAKE 2 FLF % % . Ndel & HindlII T4k
L TpET-30b(+)D Ndel-HindlIEH 12T A 5~ av L, 79 A3 FpDS4& L TE.
coliBL 21(DE3) # JE B §nft S ¥ E. coli/ pDS4% 13725 E. coli/pDS4i337 °C, 200
rpm TOD,,,750.612 7% A F THIRIE L 720 1/I00B DRI BW 2 AR EMA OB
(LB 200 ml) (2%, 37°C. 200 rpm TOD, »%0.612% % F THE ) L, KW T
0.1 MIPTG % e #& 0.4 mMIZ 7 B X 512800 pifn 2. & B IC2-3M 4R & ) &
#L720 4,000 gTLOD MR LT A EICIVER L, BEFKIZ0.2mM
CoCl,% % 1950 mM Tris-HCI (pH 7.7)fB M M T L /2o MAWR 5 ¥ 37 HOH
BIZHWAFET-15CTHRAFL 720

4-2.8 BtrCD DOI & e B 3 i 1 O HE 72

E. coli/ pDS4D ¥ F W 1KS5 g% 0.2 mM CoCl, % & & 50 mM Tris-HCI (pH 7.7)
150mITHE L, KEELTT Y > sonifier Type 250 (output™ » b H — )4, duty
cycle 50) T25F M DI & 10 (FRIEFERE15) YR+ & ic kDAl & @
W L 7o F DU E 12,000 x g T3040 504 L, b i % SEA0 AR il i e
LCBERS ISV, SmoMMEtfEd, c-6Pb L <l 1316,6-"H,]G-6-P%
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5 mM (8.4 mg), SmMNAD", 5mMCo™& %5 &) IZMA., 46°C T2 IR % I s
EATo 7o BEREDUCAEEW IS mIX 8 ) = VAEAMR D S ET L) K %42 kL
5 mg/mINBHAD ¥') ¥ Y% 1 mIl 2 60°CT 1 BG4 7, BURS ¥ 913 7%

e CRATRENT LI LI VERHLE L2 A5 - VA N2 THAEML
F2ED2-2 S AEFRICpTLCIE THE L, ThTNOEED 53 mgdDOID O.
(4-= PO XY IO XY ATFBKREEL I ENT XTI,

G-6-P7%* 5 D DOID O-(4-= b TR D))t F ¥ A FELD 'H-NMR (300 MHz,
CD,0D) &: 1.90 (dd, J=10.9, 13.8 Hz, H-2ax), 3.19 (t, J= 8.8 Hz, H-4), 3.51 (dd, J=
4.9, 13.8 Hz, H-2eq), 3.3-3.4 (H-3, H-5), 4.03 (d, 9.0 Hz, H-6), 5.25 (s), 7.58 (d, 8.5
Hz), 8.21 (d, 8.5 Hz),

[6,6-"H,]G-6-P% 5 DDOID O-(4-= P TR Y D)yt F ¥ AFEARDH-NMR
(100.6 MHz, CH,OH) &: 1.82, 3.46,

A}

4-2.9 DOIAEEE%%%E'IZJE%M%

EIBOHETSHIIHRLTBI o7, 1 plOBZEBRICH L50 mM G-6-
P%10pl. 50 mM NAD*% 10 pul. #fa@ufi%79uijmfﬂi%ﬂas}“}:ﬁzef&k L7 (0.2
mM CoCl, % & £r50 mM Tris-HCI#E & #pH 7.7, & & 100 pl. G-6-P. NAD*® i
RIS mM) . BERILIZ46°CTSHMAT 272 T DH%ITIE 3 8 & [EHICHPLC

SHTEAT o 72,

GO U1 MIZI pmolDDOIZEETELEE L TUDTEHEL
770

4 -2 . BtrC o # #L
FPLcLJ M DEVEIX4C T o 72,
4 -2 8T L 72 540} 3 4 i % DEAE-Sepharose Fast Flowil /A & B3 L 72

S 4 (2.5cmx 15em) WK LIAAR, IE SN WHES T FEEH R (50 mM Tris-
HCl, 0.2 mM CoCl,s pH7.7)TK%E L7z, £ D%, B HI 300 ml& BAHEI (50
mM Tris-HCI, 0.2 mM CoCl,. 0.4 MNaCl, pH7.7) 300mlD ) =7 77 YT |
I DIGBREA RISy VNV BERBER L,

DEAE-Sepharose Fast Flowil A 2wz 7 u< b 75 7 4 — % D DOLE L 75 1
'|’Jrﬂf§3\ %Cemri.prep-lo (Amicon)% Ji vy, 2,000 x g T304 B 3055 HEIC X B BRAE
WESE A AR VR 2 8 TR0 miE Tl L7z, 2 Ol % BEHK (50 mM
Tris-HCI, 0.2 mM CoCl,, 0.1 MNaCl, pH7.7) T4l &+ TP\ 7zSuperdex
200 HiLoad 26/60 (FPLC)IZ i LA A 72 %2 mimin CHREGRKZHT & TH 7

N7 B i L7,
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4 -2 .11 ST EOREDLD

TSk gel G3000SWZ w7z 7 u~ b7 57 4~ (HINL-4000UVF 4 57 & —
EHID-25004 7 7L —F =¥ HIL-6320K ¥ 7 THEB L7724 F— FHPLCS
A 7 AAZHEAE) 12 B v TBDH Chemicals £ @ carbonic anhydrase (30,000),
ovalbumin (45,000). ovotransferrin (77,000), lactate dehydrogenase (145,900) 7 ¥ H!
Rl & b9 5 Z EIC X DRBEUEHTOSTELTRFED o 72

4-2.12 AL

&L 7-BurCE % 0.2 mM CoCL% & TrpH 5.5, 6.0, 6.5, 7.0, 7.5, 8.0. 8.5
@50 mM Tris-maleate-NaOH #%f# . pH 6.5, 7.0, 7.5. 8.0, 8.5M50 mM MOPS-
KOH#&M . pH 7.0, 7.5, 8.0, 8.5 . 9.0050 mM Tris-HCWHEH . pH 8.5, 9.0,
9.5, 10.0. 10.5050M V) o V-NaOBFEE W TI005 ICHMT AT &0 X h s
B DOpHE BIL ¥ 7o, SpHOBERE AV TEEGHERR LTV, E#pH
PREL T,

BRIV % W EHT 5 729 12CoCl,- 6H,0. MgClL-6H,0, MnCl,-4H,0,
CuCl,-2H,0., FeCl,-4H,0, CaCl,, ZnCl,\ NiCl-6H,0% R EE1 mMIZ % 5 X 9
CMZA TRERICE B hol, RHRBEEI oM 5 L9 ICEDTAY X . &8
DM E L7z,

BEFERIG & 15, 204 25, 30, 35, 40, 45, 50, 55°C ATV, EHBEZ ML
VAR

¥ 7. BEEEMEDBIE 20, 25, 30, 35, 40, 45, 50, 55, 60°CTS5% MR iR
L7, FIRICEEERERBR T VORE L, |

2 UMD DOIG KB E % v CBEERIC 2 REMIE IR 5 & 305 B3 E#HAY I
IGASHAT L7z £22C, SOBUEBERISEZEEL, 198720 ODOE R E
AWHEEL LTEHE L, BERCRERWEREZRD L1012, G6PORE
1£62.57> 5 1000 pMIZZEAL & ¥ THT o 720 NAD* DRI 1215.62° 5250 pMIZ AL &
BT ok, BONLMEEONBLBREOHHIIH LT SOy T 5
Lineweaver-Burk 7’12 v MZ X VK | k, & KD, '

4-2.13 Btr CO F i
D-Z NI —=A DTV /) —A, D-TU—=A, D-HTF 7 b—=2A, 2-THFL TN

T A 3FF XTI NI - ARERELTAFYVF S —F (R UH T
NA L)-BUCREBEREIC AV, ZRERDAFY — 2% 10mM, ATP 10
mM. NAD* 5 mM, MgCl, 5mM, ~¥V ¥+ —€0.2U, BrC 28 uM& %5 £ 9 I
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0.2 mM CoCL % & 50 mM Tris-HCI (pH 7.7)%fl WP ITIRE L (BB 100 11) .
37°CT LR MBUS #1472 720 € DL, DO BLBERIEVERER & M1 0-(4-= 1
Oy VINE F D AFERNELRIE L, HPLCIZ X D 57 L 72,

4-2 .14 WMARY O F &S
birCOLFIERCH (4§32 B pDSS-pDS1-pDS2004857-5963, 1107 bp) 1%

DDBJ/EMBL/GenBank 1 ZkE 5] 7 — % X — 2 Daccession number AB01923742 % 43
L7z, |

4-3.1 EHEZEOT 2 ) BEY

TFTIELCDICDOIG B EONKE T I/ BEF T R_E L. B. circulans & Y
EL L 7-DOIA B D42 kDak 23 kDadD ¥ 71 = v + # SDS-PAGEIC X 1) 43
L. PVDFIEICEEB %, #NEFNONY P2 HLEMT I ) BERFI 5% E
WX WD L7, TORR, 42kDay 72 =y b ¥ Y87 BT L Tld,
MTTKQI?FADR?ENFAFGEHVL?SV??Y
23kDatr 7= v by U EIIH LTI
MKVGVLALQGAVAEHIRLIEAVGG?GVVEK
ERETAHAIEDVTE, NIRHTELR D oRET, YVATFA b LCITH .
SRR E SR+ TRIETE b o 2 RETH D, |

FNZNDOEFIICK L TSWISSPROTF — & X — Z |23 L TBLAST 8 & O
FASTA™ V7 b7 X7 AY -2y PTFERY-BREEZBI R o7,
42kDatr 7= v b YNV BONKIET I VBEENEBVERER T -DH DY
YN BUEHELEL o T,

— 523 kDatt 7=y b URZEDOT I BRI L TIXB. subtilis®
hypothetical 21.4 kDa protein (yaaE, SWISS PROT P37528) & 18/30(60%)-
Saccharomyces cerevisiae®hypothetical 25.1 kDa protein (yfg0, SWISS PROT
P43544) & 12/18(66%)7% &, HEENFKIRED ¥ » Ny B L B R H o 720
23kDa 7L =y b VNI BREFDSTFREEELTHLINGDY YNV EDH
FICETAHADDEEDNA,

KAZPIERECS I B A 15 % 15 & O LR L7z, #EDOIS B 3 & SDS-
PAGETCHMEL. TZ7ULNTI KFVEZDFEEEID I L CLys-CLY FRTF
y— B THILL72o D%, XTF FB A 2 HPLCTH M, ST L7 3/ BRECH)
SR EEEIZ L DT L7,
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42kDatt 7=y b Y YNTEIIOWTRYT T F VT VST G HE A L7270
B IEMPFONL Dol 23kDar 722y Y YT B Iz o) 1L
1R TF RO L %0708, AEQLAQLYALIIPE WS P& B2 51 455 708
FHONT, ZOESINIZDOWV T B. subtilisDhypothetical 21.4 kDa protein &
6/13(46%). S. cerevisjae@hypothetical 25.1 kDa protein & 9/13(69%) @ #H ] 1P s B
N23kDa 72 = v b F VNI ENRZOMDOY VNI ETHB b ’8;‘53’#3’%@5
STH 5B,

4-3.2 DOl G EHRELETFOBERER

BESR S N H OB DE D AICRE TS 2D TINERIZICDOIA B 4
U —Z T T A LI, ENENOY T = v P ONEKMESH % 2 IZDNA
a7 EEE L. BEEDNALDONA T A ¥ -2 a itk VBT 25
HEEmET L7z,

HLEBREORESEZAEL, FENLTU0-TI 22 L) ICHEICL A RAERD
MAEDLELR LR LB I F)VTXIVEF FRRET L. FRFROT T
2=y FOT I BENEI-FT5F)TX7LAFFICH LT A, 7
CFR P AWEER LM O T -TIINAT ) T A€~ a T HADNARH
HIDNAE § 52 Ll L7z, 22T, 23kDAY 72 = b7 VS 7B ITx LTl
20kA. 20kB% . 42kDat 71 = v + % Y87 B2 1340kA. 40 kBEFRET L 726

20kA : GAVAEHI, GGNGCNGTNGCNGARCAYAT: - - 1024 Y. 20 mer
20kB : QGAVAEH, TGYTCNGCNACNGCNCCYTG:@ - - 10248 V), 20 mer
40kA : FAFGEHV, TTYGCNTTYGGNGARCAYGT - - - 2561, 20 mer
40kB : FNFAFGE, TCNCCRAANGCRAARTTRAA @ - - 25671, 20 mer

N : ATCG mix, R : AG mix, Y : TC mix ,

FRENDAY TR 7 LT FIEDIG P -RMERRF v b (R=) YT =7 UN
A Y ENPEEEDIGTRNV L TN, T )T, = a Y ITHWwZ,

L FEGIPREEFEIC L V1L L 72B. circulans® Y8 ADNA L DY F oA T ’] 5 A
Y- arv3#HEL DNy Fae5 27 (Fig. 53) o

w70 — 72208k wHHnt ) T2 7 LA FFTHAHI L, iz’:‘iﬁ’ﬁ/r:}
RS SGNI e ENERELTCEFONE, L2 LEdoEVA#H, TVTE
DAY LICES L TWADNAN Y LR E T 520kA, 20kBICH L TidPst
1T L 726.6 kbp®DNA, 40kA. 40kBIZ) L T i3 EcoRITHAL L 724.4 kbp®
DNAZDVFESE M ICH S LT A L SN,
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23.1 kb —i

EPH E PH EPH EPH E: EcoRl

20KkA 20kB 40kA 40kB P: Psi
. o . H: Hinall
Fig. 53 Southern hybridization with oligonucleotides (20 mer)

YHFINAT)TA L= 3 YORERD HPstITHALL726.6 kbp DDNA,
EcoRIT{HIL L7:4.4 kbpDDNAWTF % 7 0 — =V 7 X7 ¥ —pUC19D[F] U i) jf 2
FUWELIC, A5 —2arva&d, TNEFNOKREEDTIAINT A T35
— & Lo FOT T AINTE coilMIOSEIEEIRI L, N ZN4000 0=
—DEREREE e NATVFAX =23V IR -7 L, Tu—7
40kA, 40kBIZDWTid27 0— v, 70—720kA, 20kBIC2WVW T34 0— v (c
P LRV EE A 2 B L 2o,

TNENO7 0= Il THIRBRBEZ/ER LA, 23kDat 7=
Y PO DAI O -V IEETRLRIDNAYEATVW LI N bhr ol D04
BEHAWZ 70 -7 TEIFFEMIILIESLTEL T, EODNAIIZ23 kDatt 71
=y MIHSBT E2BETIFEINLOPEETLIZ LN TCER Dol FOFT
DM CHA LApDS23NI D W TIIDNARER NG 27 o Twb, WEDL
Z HHI5 kbp B MEAT L 724523 kDath 7= v MICHHE T 2 BEFEINIR 29 o
TWwhi\v, ZODNAMAFIKEFNLBEFFI-FLTwEY YNV EIEZ, 7
Y FIWCoAG KR, RV VAT v RN 5 Lz (Fig. 54)0

Sal
P Sp BHH E ScH Hg 3 H T IP
| ISR——— g not sequenced E
1kbp
HEP resmeseemmse M e e i e e e e e o e e e ————— PSXBSKSE
HEP e Mins 1 e e o e e L I I e KSE
H G e M e e e e e e e e MM e E s E e E .. - a——— PSXBSKSE
£ M e e e ~e————— KSKSBXSPSH
H———— " PSXBSKSE
------ ——
4
- L -
acsA @ i pbpF leuA
- - \\ [, I— N
acsA: acetylCoA synthase P: Pstl Hd: Hindll Sc; Scal
pbpf-.': pfanicinin-bind'ing protein Sp: Sphl Sal: Sall K: Kpnl
leuA: 2-isopropylmalate synthase g BamHl E: EcoRl

Fig. 54 pDS237?
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7IRy RGN EEE (R INWOREFPEINTUILE S o h g
TIRY ESREETS A M2 kDt T =y FRETFSELE T B &
RS Zve D F ) BARTEpDS23 M 1223 kDaY 7= v M BIEF B EAES 2
DLV ANTH Y, 5] 2H EDNARKERIISW 247 ) LEXH 5, L
L. BRI 2EEG Lol T Lid, 4EEB 5 N4 THODNAIC
23kDatr 72 =y MIMHET ZBIZTFIEIN TV WTRELS (. Wo Kk
TR T A ENVEELEZONS,

—J. 42kDatt 7y bOFD27 0= VIE-DO DL bR Y (pDS1) .
MW7z 70— 7 BRIICHEES L2 EE 2 bz, ZODNAKE (pDS104E A
DNA) ODNABERI A ETHRELZET A, 320HARPEIThTwL ok
D3> 72 (Fig. 55) o

lEoRlvHindlll probe ] l BamHI-EcoRl probe —]
E P Hd Sp Sa X Sa P B SmE
: 3972

0 2p88 2632 3967 74034
E: EcoRl Sa: Sac! btr A btrB btrC
P: Ps# X: Xho!
Hd: Hinall B: BamHlI
Sp: Sphi Sm: Smal

Fig. 55 Physical map of pDS1

FDHIHED—DDFAEBbECH LHEFE SN/T I/ BRECH) %42 kDaD W 71 =
v P ONKEEINESLF L Tholce TOIEHRDS T OFELHD42kDaD T
2=y POBETEZEZONLD, Ba&H I LITpDSUIEMYST 5 1 X D&
ZFoeErs&EInTuwhdrolk, T, FEQV-KBEDORER., brAr bHEE
ENT7 I BEY (>13292a) ERBWHEREOD S 7 N BEFEET,
buBh» HHEE S N7 I/ BRELH) (432 aa) 13 B. subtilis D Glutamate-1-
semialdehyde 2,1-aminomutase (429 aa, gsaB, SWISS PROT P71084) & 2165% 2 1 775%
F (35.6%) DMEMUDNH o/, 7FOYVEERIKIZ, W2 T 3 /DK
BEASEEINTHY, BRI 7F OV VEERIEBI AT I /{LICESTAHRE
D FLTWBEEbNZ, FICbRZEBY, —IREOICHEDE O LS BE
ZFid 27925 —%BRLTBY, B5NADNAKKIZ 7 F 0y v EGRERE
Fr A —D—EEELLNI, FZTpDSIO FRMEICHEAET L EEION
242 kDaDH 7L =y FOBEFEI T LHEMOBEFIRERTHILICL
h, €ETOESRBETFEIHETELEERL,

71




4-3.3

pDS1D L EIETF OHEHE

LM L TidpDS 1D EcoR1-HindII1 0.7 kbp®DNA% . Tl izxt L Tl
BamHI-EcoRI 1.0 kbp®DDNA% 710 —7 & LTHWA Z LIZ L7 (Fig. 55) o
pDS1 % Z N ZNHIREEFE THIL LDNAW A %1%7:, T DDNAIZDIG DNAKE % &
b (NR=)H=RIINADEN TG T AEREIIL > TTINNEL 72,
% L W BRI B. circulans® 3o (kDNAD I REBEZ L L SV NA T ¥ 4 ¥ —
Yarafrolb I A BRMIIANY FERETAZ LD TE (Fig. 56) o
DNAb R, M d 2 i 100D MHEHZFEORMNE»LEEZ LN,

L iFE(EcoRi-Hindll) TFi#t(BamHI-EcoRl)
— 23.1kb
__ 9.4kb
— 6.6kb
— 4.4kb
__ 23kb
2.0 Eb
ol
1.Sacll 5. Xbal- Sacl 8 9 101112 1314
2. Kpnl 6. BamH|
8. BamHI 12. BamH!i-Sah
) -Kpnl - ‘
3. \i%céll Kpnl 7. BamHI-Sacl 9. Psft 13. Xbal
10. BamHI-Pstl  14. Xbal-BamH!
11. Saf
Fig. 56

W70 -=2v 7354 X%2FELTLERMIESacl-Kpnl THAL L 72#3.5
kbp®DDNA#Z ., T ififllid BamHI-PstI TiH 1k L 72#14.4 kbp DDNA % % & [ (2
pUCIQIZH AR A, E. coliIMIOSOEEImBAREZHB /2, auo— N TYF A ¥
—va I ENRENERNICKAET ADNAR O 70 -V BT 5k
DT &7: (Fig. 57LMpDSs, FTiMlpDS2) o
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K H EEP Hd Sp SaXSa PB SmE KHc Sc  Hd Sa SalHdP
T K: Kpni X: Xhol
p .
pDSt Hd: Hindll  B: BamH
pDS5 pDs2 E: EcoRl Sm: Smal
-
.- '—l “ P: Pstt Hc: Hindl
o birA | ovB | vrc {bouD. BIE (% sp: Spi s Seal
4
DOI syn'hase gene v Sa: Sacl Sal: Saf
———— - - = ———
— iy - - W e
PRS- S
"“——‘- - -
s = o
—_—
—_—
_______ ———
~—
—~———
—~——
—— e = . o v W ey w ————
[EORENE——. S
———
W = = = gy — -
——
~ —~-
—~——— ~~—
—~——
~——————n
- ——
= = ———
Fig. 57

"FONZDNADETOHRBERE G L HIICY T 7 0—-= 5 LpDSS5-pDS1-pDS2
DODNAB AR 2 £ THRE L, brAL brtE3 EE T WMEB TE TV nA5-5D
BIZTPHHETHIENDbhol, ThHR—2oDF RO VPIZELELTEY,
T7FOY A EHRBIEF I IR B LTwEEEZ LN, REOTY —H
FOKRBueCOT I/ BEREHIEH 4 4o T e FoXxFERMOHQAKEEX L
HEMZHF-> Tz, Bl iE, EcoiHED L D L 133245 H126.5%. Emericella
nidulansti e D b O L 132765 FH126.4% ., B. subtilisHHE D b D L 132645%Fh
34 1% DRI RS 5 L7z (Fig. 58) o BuDIZEHVWHEIMOH 5 b DX FAE L
72 %o 72. BuE (>343 aa) X B. subtilis®sorbitol dehydrogenase (352 aa, dhsO,
SWISS PROT Q06004) & 167%%3 35k 0MEM (21.0%) %R L7,
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Btr(

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
R1fGAm

BtrC ;
AroMEn;
AroBBs;
AroBEc;
RifGAm;

1 - BT TKQICFADRICF - -NFAF@EHVLESVESY - - IPRDEFDQYIJ- ISDS
1 MSNPTKISILGRESIIADFGLWIMIVAKDL -ISDCSSTTYMIVTD-TN-IGS--IYTPSF

1 cmmmmmmee oo TLHVQTASSPVFIG TRKKACEL -[ETSLNRPLTRI--¥FVTDE
| S E ITIASGL FNEPASF-P-LKSGE-QV--§LVTNE
R M-RTTIPVRLAER-R)- - -DVLVGPGVRAA--[P- EVVRRL GA- -RRAVVV

44 GVPDSIV-—HZEAEYFGKLAPEHI————LRFQ

56 EE[)--FR-KRAQ-E-ITPSPR--L-LIYNEP-

46 EVDR-LYGDEMLHL -LQEKW

44 TLIP LYLDKVRGV-LEQ-AG
B------ RPIDW-V-PGTGYE

42 S-

249 [GINELAE - QG I T - SIAFA T IMESL Y IENRM- - NBMPEH A
GHATEAIRS PQII HGE@VAMGMYV G TR TGl (7N [ RIVKCLAA G

GHANEAIRYY I TRIODANTN @YOFL Y TSEKTV- - GCEMD-RKRLVSWEKS - L{8
GHATEA[ZY

RGINTINGIMYIR T SER - L[BQF SSAE - TQRII TL{IKR - Ald
N7 T@TVFIGRUBGAL -EREDQS G-JDEH- LAVVRHY(
304 -IELKSBZDSIFHYLIH GYIK-[EDEDNE- - -[MIL L SG-JGKPAMYNQTELTP-V-
328 SLK---[BAR-- - IKL TAGI$HCS VOQIMFNMAL DKKN-DG- - - - PKKK - - - IVIRL - - - -
303 QIRKETETSVLNGMMN RGGKIQFIV;E:EL VADH-TFSRNE----- ESW-LN
305 NGEZEMSAQAYLPHML LAGEMRLILPA-I[@KSEVRSGYSH-E-----~-- LVLN
DVEPAV-[IVEIQMYRDZKA - ITGIIAFVLAGP - RGAELVSDPAPVVT - DVlDRMPRD
356 -RKTLIKEVIREGL-
370 AIGTPYETRASVVAN
355 KWRLEETS-------
355 --AIADCQSA-----
338 SLENLVGTTEAAAP-

DOI synthase of B. circulans

DHQ synthase of Emericella nidulans

DHQ synthase of Bacillus subtilis

DHQ synthase of Escherichia coli

amino DHQ synthase of Amycolatopsis mediterranei

= = =1is sequence of peptide a from LC-MS.
seaseene 1S sequence of peptide b from LC-MS.

Fig. 58
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4-3 .4 23kDapr 72 =9 VY U NI BE R —- VT L BIETFHSE

20kA, 20kB% 71— 7 & L 7=B. circulans® 3£ ADNAD & D HEHR TI323 kDa
TAZy b U - P A BEETERRENIINBI LI ENTE Lo
2o FITHD2ODHHETHRIFTHILICL, —DIINKBEOBRY] H 5
I L7CDNAT I 4 <= — L NEBECHI A 5 585 L 72DNA T 5 4 < — TB. circulans 4t &,
ADNAZ R L L72PCRICE VYT L2 BETO—MEBLHE. b —2idH
[G17E D FE % & 17z B. subtilis®hypothetical 21.4 kDa proteinZ 2 — N4 2 #{ET %
T7O0—-TELTHRETHHETH 5,

IFPCRICE B HEEXRFH Lo NKWRBOTS A~ —3HELEREL 201
DY Taxal L7z (20kf1, 20kf2) o WERERHFIMIZHEIC X 2RAEEZOH DL 4
CTBEDITTHDITIEEDNS & 520krl Zi%EHL 725

20kfl; MKVGVLA, ATGAARGTNGGNGTNCTNGC - - - 5123 Y . 20 mer
20kf2; MKVGVLA., ATGAARGTNGGNGTNTTRGC - - - 2563 Y . 20 mer
20krl; YALIIP. GGDATDATNARNGCRTA + + =+ + + -« 57638 V) . 17 mer

DIFIZRIPCREf ZHAAREL LT, 754~ — B, 88 (B.circulans e b ik
DNA) DRE, 72—V Y 7RE. R AT - VEERCHBSHE 4 2 HA8
b THRE ZIToHPHRMICHBES LN FEB LAY 5 72,

NG 16

PRIMER 1 100 pM lpul 10 uM
PRIMER 2 100 uM lpul 10 uM
DNTP mix 2.5 mM 1l 250 uM
10x PCR buffer 1 pl

template Il pl 0.7ng
Taq polymerase SU/ul 0.1yl 0.50
TR 7K 5 ul

total 10 pl

IS4 2 (30 4 27 0)

94T
45 sec
72T
50C ~ 120 sec

45 sec
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%méﬂé&éﬁ4i@mmumﬁﬁ®%ot&yﬂyg%%zéﬁ%wmm
THY, PCRTHIBET 213 HT X280 THE I L ERELCELLND,
bLARTIAY—DREDVPEEBEI N Lo TESEDD S,

KU B. subtilisDhypothetical 21.4 kDa protein® I — F+ 2 8{ZF % 70— 7%
THRETAHEEMET L2, T UDHIC, BS20-1. BS20-25 09 75 4 = —
TB. subtillus PCI 219D Ze 4 {KDNA% 8551 & | 72PCRIZ X ) #1244 2 DNAKT B %
972,

BS20-1; 5’-GTACTAAAGCTTCAAGGAGCAGTTAGAGAGCAC-3"

BS20-2; 5’—AAGGAAGGATCCCTGTTTCGCGGCTACAATACG—3’

TODNAKTF &, —B¥ 727 0—-=0 7 L CDNARSI 2 3%, 20O %4
DL, JE L FHEICDIC DNA#F v F IRV Ly SO F 0 — 7 TR
circulansD R BIZEF ENA TV F L P - 5 AT o T IERE R e N R
L2522 o7 $72B. circulans® R KB ZT %855 & L TBS20-1. BS20-2
¥ 7 74— L LTPCROME L7245, HREMICHIET 250 FidiB o R s -
720 T3/ BRELHIA LTV 5 HDNABICIZ S W MEED Z v, b L N
I TV 2 BRI IE & R B EFIEH LTV B RS, R %
DNAZBINTE 2 WHRE L TE LN 5,

23kDatt 72 = bY YN E R I- FY A BRIETFORREISBOBETDH 2
Db ) LNERECH % B L TPCRICE D 200 — 885 O BHI % B8 X 4 7 11 —
TETLHENRBLEERZ TV,

4-3.5 B. circulansth ¥ DOIE BB £ D nano-LC/ESI IT-MS/MS 4 #i
(BtrCHfEsE 7 3 / FEELY & o K %)

BUCIllIE Il X7 & 51242 kDadH 722 v F ONKBEFIFSEET TS
CENHERE N, FOHEET I ) BRIZ368FRIE. 5T 240,746 kDad ¥ > 28
HThAHILDWbRD, 4 XM b42kDaY 722 v MY T 2 BIZTF &
b, SO ELICEMF T BB, B, circulans? S 8 L 72 DOL & K B2
%@nkmﬁfi:ybwmmmwmnrmmmﬁﬁK;5W%73/MRW%
HERBT B EIZL T,

M BDOL G ¥ % % SDS-PAGET /M L. $defats, 2R ZNDONY FEYY
L) TY b L7ce 2DOXRTF FRIF A LCQMSICEAT B2 L0k 1 |
3IPDONRTF FHRDOBA A v E— s BB S Hiz, 300 RFF FEE O A +
YWHDT T T NERH LR, 200007 3 ) BESISHET I )
REACE) & —F L Tw7: (Fig. 59) .
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Aelative Abundance

Raisiive Abundance

Fig. 59

854
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1047.5

Y 2 2

TNLQER 760 859.4 960

b

‘Jll&gmliw“l !

a &

\Y

686.4

|
Pan 587.3

REGL 474.2

ISR NUCTWRRL | A AT 1
N SRR T § )

b

Mﬂ‘h\”\lﬂ

1160.5

1200
mwz

815.4

1389.6

HJ u&LiuJ.JlJII,

1400

Y

1552.

bl sl

943.5

N

¢ FQGGEEYKTLSTVTNLQER
(M+2H)** 1100.8

\\ FQGG
E
E
4N
1682.6 Lmo
M*ﬁw

1

TL
¥\ TLIKEVIREGL

1056.5 (M+2H)?* 636.2

||||

300 400 500 600

Nano-LC/ESI IT-MS/MS spectra of fragments from 42 kDa subunit of DOI synthase

a: FQRGGEEYKTLSTVTNLQER : (M+2H)2* 1100.8
b: TLIKEVIREGL : (M+2H)?* 636.2
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NRT7TF FaDESFQGGEEYKTLSTVTNLQER ((M+2H)* 1100.8)

N ¥

B2 56858 H D G865 EBICHL T L ES &
RT7F FbDORFMTLIKEVIREGL (M+2H)* 636.2)
=L Tw7 (Fig. 58=) o CORKEED»S

—H L Tw/ (Fig.58=+) ,
1. BtrC® C3k ¥ Bt 5]
. By N7 brCEI{ETF P5B.

circulanstHEDOI & B BEFZ D42 kDaD Y T L=y b2 a— F4 L2 BIETTH B L

W4 B2 LN TET,
4-3.6 BtrCO K= H
KIZbrCEIET DO RKESR
R L L TPCRIC K D
L7 794 < —1EBrCHON XK U

B 2 7 i) PR B SR
BICAR S 5 5 &3

HWAEWET L LT LT, brCEIZET % & TrpDS2%

ARG 7 IS A N ERAET A LI
WxF U Tt BamHI & Ndel 354

% FFD40kf (5 GGTGGAGGATCCATATGACGACTAA3’) CHR M IS AH Y 4 5 EF 412

LT

& HindlITHB AL % $F 2 40kr (5 AAAGCAAGCTTATCCTGGTTCATCC3’) * i &t

L7o PCRICK BHIE/N F %~P@FpUC190)BmHI-HdeIiISm #ﬂ&;&&stzj

*157:. pDS3iIDNAG
72t

BLHI AT & b 52
BH~R7 ¥ —@pET30b(+)@NdeI-Hmdmim WMl AR ApDS4E L, E. coli

WbtrCEIZEF 2 &L & 2R

BL2U(DE3) % JWE 5 LE. coli/ pDS4% 1872, Z ®pDS4iZ b barCEBIZF % &

ERRERE L 72,
E. coli / pDS413 0D, 75%90.6 1

DEEHAZH L 1/100 8 GEU%%%%%DDKODGOO##JO 61% % F TH#%L

IPTG (4 vV 70 ¥ V-B-p-F 4
I FET LR RRK
EIE0.4 mMIZR D X STz
TBuCORB 2 FHFEL 72, FE

%2305 MR E DO REELER L
f:o
COWEKEBETEIZL DA

M py L0 B % &b il
Taddiiti (CFE) & L7z, E.
coli / pET30DIPTGE & D 5 I |

E. coli [ pDS4DIPTGHE & D 4 4

TIHELNEERIKOCFED
SDS-PAGE% Fig. 601278 ¥

%5 FET37C, 200pmTRIFEFEL 72, KEEH

R L

974K~
662K~ §

450K -

310K~

3

Fig. 60 Expression of BtrC

lane 1; marker, lane 2; pET30, lane 3 pET30 + IPTG,
lane 4; pDS4, 5; pDS4 + IPTG,
lane 6; DOI synthase from B. circulans, lane 7 purified BtrC
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—HERRTRKDOY 722y P EF LY A XD Y ¥ 287 BBuCHT B & >
NIHELTHEBRLTWS I A bh o7 (Fig. 60 lane 6) o

Bmmmm%&ﬁ$%@%%0#55#%M%?%tbt\Cm%mmfﬁi
RIc %41 -> 72, B. circulans D DOL & B FE O 1G5 B & 6] B D B 3 B S 112 72
5 &) WZCFESmI% JHv\ . NAD*, Co¥. G-6-P% i iBES5 mMI % 2 L Wz
46 C T2 MBS % 47> 72, 0-4(= b [ERONVAND DT E VA3 - ¥/ ¥ (1
HPLCH AT L 720 Fig. 61127R T & HICH 6 2 ICDOIK A S+ 3 ¥ — 7 1 L7z,
70, 8.4mgNG-6-P, [6,6-'H,]G-6-PH S R3 mgD KW 4182 = L HC & 7- 0
TS HIZTH-NMR, "H-NMRIZE D HEE R FER Lo & O BB, circulans? & § &
L 72DOIG R D42 kDa 72 = v MM ST 2 BuCld, 23 kDa¥ 7L = » h
W TODOIGEIEL R H T 5 2 LA WHS Ik o7z,

= b 1)

L

153

2)

T

Fig. 61 Expression of BtrC

1) E. coli (pET30) + IPTG
2) E. coli (pDS4) + IPTG

4-3.7 BtrCo % 84

KIZZ DM AW DOIS BB EBUCH HR L. B. circulans 1 3% ® DOI & 1% B 3%
CDHQE B FE &L DAL FMHNE R BT 2 LI L7,

BUuCHCo" ¢ G 2 WRH B ML DM SltE. BWELTCRT CIEEMLT
LEWEWABRE L 20 %2 T0.2 mM Co™ % 4 £ 50 mM Tris-HCI (pH7.7) % %% 1
WIELTHYTEERRLTI L L L,

b DB Y B L 7ZCFE% . DEAE-Sepharose Fast Flowl K FIE L /2h 5 A
R LA AT, A SN G VS REEITRE L%, SE I 300 mlk 8%
] (50 mM Tris-HCI, 0.2 mM CoCl,. 0.4 MNaCl, pH7.7) 300 ml® Y = 7 7 5
PIMEICINIBRERARSE Y s G R B L7 (Fig. 62) o
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=)
= 10
=
3]
0] . .
1.2 . y— NaCl 0.4 M
0
0 10 20 30 A0 i
A fraction g
3.3
€ 08 +1
o {
o0 i
[a]
o
<
0.4 ks A B i et e o e SR NaCl 0 M
II b i
Fa )
- “;f . y Mgt
! -
0 = = - ;

0 200 400 600 Vol. (ml)
Fig.62 DEAE Sepharose chromatography

DEAE-Sepharose Fast Flowfi{k# v/ 2 0 < } 5 7 4 —# ODOIE B B EiE
4 1] 53 % Centriprep- 10 (Amicon)% H V>, 2,000 x gT30 M DA HE X B BRAL
BT AR YRS Z L THIOMIE TREEL 2. Z0MMBIKEZSEHRK (50 mM
Tris-HCIL, 0.2 mM CoCl,. 0.1 MNaCl, pH7.7) TF{f{t & ¥ T3\ 7 Superdex
200 HiLoad 26/60124it LA A 72, 2 m/minTREGHEKZH T L Tr v 2 g
B L 72 (Fig. 63),

DOIE B B 16 VE M 5313 B. circulans 5 F 3 L 7-DOLA B BE & & R4 0 15 Hi i
RSB S 7z,
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== 77 kDa
- 45kDa
== 30 kDa

1.6 —

I

1.2 -

Abs 280 nm
o
[o0]
]

0.4 —

T T T 1
50 100 150 200 250 Vol. (ml)

= Fig. 64 Purification of BtrC
£ lane 1; marker,
g 10 lane 2; cell free extract,
© lane 3; DEAE, '
0 lane 4; Superdex 200
0 10 20 30
fraction

Fig.63 Superdex 200

Superdex 200 HiLoad 26/60 % fl\v27- 27 0 <+ 75 7 4 —iZ X Y BuCiz ER K F)
PIZHEFIC T 5 2 L AT & (Fig. 64) ,
BtrCO ¥ i % Table 712 F & ® 72, DEAE-Sepharose Fast FlowiB &k % fi v 72 2
02 k7574 —38 X USuperdex 200 HiLoad 26/60 % Fiv 727 0~ F 75 7 4 —

WEDNT6 DRI THRI(BRTEL I LI o7,
Table 7. 1U = umol/min

Step Total protein  Total activity ~ Specific activity Purification Recovery

(mg) (U) (U/mg) factor (%)

Extract 364 65.0 0.179 1 100
DEAE 84.7 57.4 0.678 3.8 88.3
Superdex 200 459 491 1.07 6.0 75.5

BUrCOREUFUHTOSTEZHET 5 729DICTSK gel G3000SW % Fi v 7: 4 L
B 7O M T 74— X DR LA, BEESY URIJEDS TR ERET S S
EWED, BT RBOKDaE AL A2 ENTE, FEFVA YL LTHAELT
WhHEDNWP L o572 (Fig. 65) o 72, B.circulansHHEDDOIS X L RE
L7UO3 b7 4 —%70EZAPHLPICRE - ZERICER SN,
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a) b) c)

—tiffpmsnre
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2z o
77kDa <12 30kDa -
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\ e ¥ / A
- +
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146 kDa . . = o
N\ - g
””u'-v'""_-""”v—-‘”:_l‘-"”u"-'”'-;-””u'i-""v;- Hl'|,'~.|'”._‘1.‘”",‘-.'”'.;-'":,'-.””-;-'”‘\:i-‘” lll|l|l|l';~ll|lul"llll.l.l"l"l_‘”"
L A B T S R o e L S - e ,:‘, r
BIC .\ B circulans DOIS

d) h - e) Fig. 65 gel filtration chromatography
\ (TSK-G3000SW)
a) molecular marker

145,900: lactate dehydrogenase
77,000: ovotransferin

45,000: ovalbumin
30,000: carbonic anhydrase
b) molecular marker + BtrC
c) BtrC
d) BtrC + DOI synthase from B. circulans

e) DOI synthase from B. circulans

1S —
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PEOTRTEINote e neenaeertontedtt
WD U e e
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Py eern et it rrrnrrreeeee
v 3 [T O T "=
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4-3.8 BtrCO EALF I HE
BuCOAALFMHE R T 52 L2 L,
FPFEFpHIIOWTHRE LA 002 )
BUrCi& il % 0.2 mM Co™* £ F ¥ % AN

4 P - —a— Tris-maleate
4 4050 mM Tris-maleate-NaOH | GiyeineNaOH
(pHS5.5-8.5). 50 mM Tris-HCI

(pH7.0-9.0), 50 mM MOPS-KOH

(pH6.5-8.0), 50mM ") ¥ - 0.01 -
NaOH (pH8.5-10.5)#& &% T 100
BEICHRT B LICLVEBES
WOpHE AL E ¥ 72, K{pHD
BERBH TRV IBEEERER
AT W EBpH%Z RE L 72 (Fig. 0.00 . . . . s
66)o F DIEEB. circulansH R pH
F L H L CTpH7.5-8.0CHRKNIG Fig. 66
HERL7Z,

KIZEIGEBEIZOWTHE L

720 4-55C F TRICImE * &1t 0.075
SUBERBUL & B L 2R A
S55CUL ETHRAREMEZRL:
(Fig. 67)0
RICBuCO L EM & RET L
7o 4-65C TS MZMBE L, £
D%46°C TREFERIG % B8R L 72 0.025
EZA50CLULETY Y87 D
WL EREF BN Sz (Fig.

V (U/ml)

0.050

V (U/ml)

67) o TOZ kiTH A2 DOI 0.000 I -
%&@?;i%}jmﬁ&mt}imﬁi 0 10 20 30 40 50 60 70
BB L AT LR VA, SOTLL e )

FTRERELIE->TWBE LN
SETHDH, FOITORIBHEN & L.
BEORFEXEDL R VA6TC % ILREIZERE L2,
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RICEE _MOERBEA 4 1o $ 5 KEM LT | mMEDTAZ I X 7 414
TTRELTENE RS ol £/, EDTAMBICE NV ERBAF V2 BE L
BEBHRIZCHAF 2l LD ETE2UHOERBAF 2 MR, WTFhIZB
WCOBRHEHRIHEHBELETCEI b o/, £ T, BEHRBEWICIIHEIC0.2 mM Co™
A OFET, ZMMOEEAF VOHRICOVWTHRFAEZB I o7z (Table8) o

Table 8.

additive relative Vmax additive relative Vmax
none 1.00 Co?* 1
Mg®* 1.06 N2+ 0.79
Ca?* 0.87 cu?* 0.43
Mn2+ 0.93 Zn?* 0.05
Fe2* 0.93 EDTA 0

ImMCo* A F YHFRETOHEWERERL L THEINRERE LY B L 2, Mg™,
Ca™, Mn*, Fe*, N4+ YV IIBERICICEEB Y5 2 hdh oz, Cu* (1 F Vid
. Znt A F VEEEICEBEETTHE L, IS OMEMIEB. circulansH 3 O
DOISHBELEFMUETHY, Co*M A V2 BENICHRTFE LTHYTEG
T L5 EERLTVS

Dl E#E L TE RS
&E%?filﬁ'%#T’C‘%“B#

WEBEE L * B E'JT L7

(Flg. 68) o

BtrC% #32 uMA W72 K
WA TE T Cld30m il
O BE R RC AT T
HZENFBHLPE LT,
Fz T?iﬁi&ﬁiﬁrﬁ“
fntTS KRG x &9

\ *53‘["5%7’: N AR
%i FYREE LT, B 0 1000 2000 3000 4000
FRICEERMER T K ’ Reaction time (sec)
H5HZEITL 7, Fig. 68

2000

1000

DOI (nmol)
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T, BB RLTIEEHFT. BRETHLG-6-POREL T 2L TRIE
B kol
Fig. 69iZLineweaver-Burk 73T v F Z/R$,

sec)

-m'-

1/v (nmol™’!
N W 6,1 [o)] ~N @ ©

N\

-0.010 0.000 0.010
1/S (uM )

Fig. 69 G-6-P
ST T TIHIOK IE2.1x10* M, k131.0s", k
pH7.7) &kKF o7,
7o, FIBEENADICOWVWTHRE Y EIL ¥ TEBEFEKIC % 1TV Lineweaver-
Burk 7’9 v F &Z{ERK L 72 (Fig. 70) o

/K, 134.8 x10° M'S™' (46T,

cat

- 8
3
77
ES
< 5
[o]
E 4
2

2

1

-0.05 -0.03 -0.01 001 0.03 0.05 0.07
1/S (UM

Fig. 70 NAD*

DT T T NONADUIH T HK, 132.3x10°MEKRE o 72
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HEL7-H A ZDOIE M BEFEIEB. circulans ISR DODOIESREEF L Ik L <3k

WA A& E T,
L TWw o 72 (Fig. 71) o

181

152

’mf*{

Fig. 71 1) enzyme aclivity just after purification
2) enzyme aclivity after 10 days al4 °C
3) enzyme aclivity alter 10 days at -75 °C

1)

4T, - 15CTELLIZBWTHI0HBICIFESUFOEN Lo

2)

192

M

[

1

3)

wmw o N
NN R RRTANRERAE)

Hn

NN
“a o

DOID A F 3 LEE BRI LE4%n ¥ — 7 2 O0HPLCH BBl ShTEh .,
CNHEDOY— 7 3DOIFERIL IO ERY EEZ X O N LR IBELED L

CAHKFIETH b,
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4-2.9 BtrC® F] B

2-TFFV-scylloA )V —ANEESNERE-REESERBRIIEM A, &
VI—ADPOLBELDORRYOTIBETH LI IV AL EREL S G 2O~
FHYREEGRTL20D0THY), COMEWEARTIBEI IV a—2% 1 b
HFIE DAL EWM~NERT 2 REPETHRELHO TV D, M T, F4E
Frostb i3 78 FOXFMEMBHELRE L2V IRBHBOSohOBE L [
BHICAERR S, 2OREREMO T LI AL EERILEWH KT 2
REMETEDLILERLL, TLT. SAFEERYA VR VL Y — o n s
éﬁﬂ%%%f%&LTﬁ%ﬁ@%é%@f@%tw5i%%wa%m(mg
72) &

OPO4H,
OH
on OH O OPOH,
OH 6H
D-glucose erythrose-4-phosphate DH AP

OCH,

l
AroD & AroZ \(5\ |
CO,H CO.H

L-phenylalanine

dehydroshikimate protocatechuic acid L-tyrosine
L-tryptophan

Tkt: transketolase AroD: DHQ dehydratase
AroB: DHQ synthase AroZ: DHS dehydratase

OH OPOH,
chemical
0O kinas BtrC reaction
HOZ OH ° . B OH ........ - aromatic chemicals
OH OH
D-glucose DOl

Fig.72
COERBHICBTIRIIGH I NI —ADPLS 70N ) v AOERTH
%o RIFFIZBIT HDOIEHBFRIIG6PPLDHQLERA%ED S Z OAFH ) o T
%5Dm«§%?%:tﬁfé5:t%%ﬁf%k\A#y#f—ﬁtxﬁﬁ%
MAGEDLETHERCHKITbANIE, P IBBEAFALALOL VR Y ¢
TN ADLHFHERICEY~NERTELTREND S5, 22T, DOISEESE

HIETTHHbrCERM LT, Z VI —AH5DOIDHEFE R KE L7,
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T¥. Ecoli/pDS4% K53 L, %P ODOIEBE* BRI L 7,

LBHi b % v 7o B M OB 3 5o (F CHIPTGHE B 1% 2 BRI 7 0 55 311210 mg/100
mIORETDOIN MR Sz BBEAFET A LICL D, S S0 BBEEA5H#47
FTHEERXONTZRENULDOEEIIAONE o 72,

REDG-6-PEMRT LI LD TEL L) CLBEMIC /NI — AP Ry —F %
TR CTRARICE R LA, WRALBX D b EEI L hh ot BRIZE 4
POLVH, IPTGTHETLZHYIFELr o2 TWVE,

$ 70w/ IMY (1L: Na,HPO, 12.8 g, KH,PO, 3 g, NaCl 0.5 g, NH,Ci1.0g, 7
V3 —24.0g) 1202 mMIPTG, 30 pgimlh F<4 3 > % MA 78 CRE%E S 45
ZE, TNV IA-ALZTH NI DOV EREINL EZ IR L, L L%
WHEFHEL, DODEFERZELBHM SN2 o 7,

RIENF Y FF - Y EBUCOREBERZHAWVWT, F VI — 25 5DOID LK
et Lo (Fig. 73) o

OH hexokinase 0
b BtrC HO
% OH " ATP, NAD* HO OH
OH Mg?*, Co2* OH
pH7.5,37°C, 11 hr
b-glucose 20-30 % DOt
recover cyclization recover cyclization
substrate (%) (%) substrate (%) (%)
D-glucose 12 30 D-galactose >99 not detected
D-mannose 16 0.2 2-deoxyglucose 38 not detected
p-allose >99 not detected 3-deoxyglucose 63 not detected
Fig. 73

Fig. 73ISR T R/RIFTHRET L 72 & A 11 T20-30%Dp- 27 L 0 — X % DOLIZ %
MIDLIEDNTEL, OAF ) — 2OV THRIF L THZH. povw ) — 2
MV S ERILKREE DN E— 7 58029 SNy AF Y — 2 %+
—EtOREFRUELEZLLD- 7 VI - A, D-7 /) =AML WEECH W
CENFEHELTEITSR B,
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4-4 E5H

4-4.1 BtrCO — KA #EIZ DWW T

B.circulans» H ¥ 8L L 7:DOI S K BEFZ ONKW 7 I / BEES 2 X IZDNAT O — 7
ZER L, BEBADNAL DN T)F 4 E—2 3 Y IZE )VDOISRBEERETO
A7) =2V T RTo KR, 2kDat T =y PR O — FE B buCERUES B =
EHTE7Z, BuCOHEET I/ BEBELHIIE. B.circulans? 5 3B L 7-DOIS KB %=
DNAKH 7 I/ FRECHI B & U'nano-LC/ESI IT-MS/MS S 12 & 2 & 7 3 B KL %)
(Fig. 740D =eeess ) B=F L2t hs, 2kDaYy 7=y V23— F4A5EETT
HAHI LML, BEDPNPOEHTEFRALT I VBIRESTBoh 2w
Y BEENZRET LI EPREETH 5, BIETIEEOMET I/ BE
WNEDWBIIBWITEELR T % tol,

BuCH7 I VBRI k 4 2 EWEDO T Fox+B(DHQ & KB E & M
ZF o T2, EccoliflkD b D & 13324585 %26.5% . Emericella nidulanst 3 @
bDEII2765% % 126.4%. B. subtilisBIR D b D & 1326454 5 H134. 1% D ATF P A

b7 (Fig. 74) o
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BtrcC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
R1ifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC

AroMEn
AroBBs
AroBEc
RifGAm

BtrC ;
AroMEn;
AroBBs;
AroBEc;
RifGAm;

A functional attribution of the aa residues given reverce face,

of the three-dimensional structure of the DHQS domain of Emerice
below the alignment by the following code:
Zn** instead!);

151

144

the DAHP it
conserved in only the DOI synthase.
= 1S Rossman fold motif.

=eseenen 15 Sequence from LC-MS.

———————————— MTTKQICFADRCF--NFAFGEHVLESVESY--IPRDEFDQYIM-ISDS
MSNPTKISILGRESITADFGLWRNYVAKDL -ISDCSSTTYVLVTD-TN-IGS--IYTPSF
———————————— MKTLHVQTASSSYPVFIGQGIRKKACEL -LTSLNRPLTRI--MFVTDE
———————————— MERIVVTLGERSYPITIASGLFNEPASF~LP-LKSGE-QV--MLVTNE
--------- M-RTTIPVRLAER-SY---DVLVGPGVRAA--LP-EVVRRLGA- -RRAVVY
GVPDSIV--HYAAEYFGKLAPVHI - - - -LRFQGGEEYKT - - -LSTVTN--LQERAIALGA
EEA--FR-KRAA-E-ITPSPR-~L-LIYNRPP-GEVSKSRQTKADIEDWML SQ-NPPCG-
EVDR-LYGDEMLHL -LQEKWPVKKVT - - -VPS - GEQAKSM- - -D-MYTKL -QSEAIRFHM
TLAP-LYLDKVRGV-LEQ-AGVN-VDSVILPD-GEQYKSLAVLDTVFTALLQK-P- - -H-
S-A------ RPADW-V-PGTGVETLLLQARD--GEPTK~RLSTVE--E--1.CGEFARFGL

NRRTAIV-AVGGGL TGNVAGVAAGMMF -[IGIAL IHVPTTFLAASEISVLSI AVNLTSGK
-RDTV-VIALGGGVIGDLTGFVAST-Y| (NGVRYVQVPTTLLAMVIISSIGGTAIDTPLGK
DRSSC-ITAFGGGVVGDLAGFVAAT-F (RGIDFIQMPTTLLAH-SAVGGIVAVNHPLGK
GRDTT-LVALGGGVVGDLTGFAAAS-YQ® VRFIQVPTTLLSQVISSVGGUTAVNHPLGK
TRSDV-VVSCGGGTTTDVVGLAAAL-Y WGVAVVHLPTSLLAQVEASVGGITAVNL PAGE
* $ */%
LVG-FYYPPRFVFADTRILSESPPRQVKAGMCEL VNML ILENDNKE -~ FT--ED-DLN
LIGAT-WQPTKIYIDLEFLETLPVREFINGMAISVIMTAATSS - - --EEEFTALEENAET
LIGAF-YQPKAVLYDTDFLRSLPEKELRSGM TfHAFIYD----RA-F---LEELLN
IGAF-YQPASVVVDLDCLKTLPPRELASGL TYGIILD----GA-FFNWLEENLD
LVGAY-WQPSAVLCDTDYLTTLPRREVLNGLGE-T--A-RC------= HFIGAP---D-
* $/+ %
SANVYSPKQLETFINFCISA----KMSVLSEDI------ Y---EKKKG---LIFEY
ILKAVR-REVTPGEHRFEGTEEILKARILASARH-[BAYVVSADEREGGLENL -L S
IHS-LRDITNDQLN-DM-------—-- IFKGI-SIASVVQQDEKEEGI
~-ALLR-LDGPAMAYC--------o--- IRRCCEL{SAEVVAADERETGL
~LRG-RSR---PE-Q-TAASVT-L---accuuaon GIVAQDERDTG
#

I
I
L
F
L

=<

-LiIF

-LalL

-4
# o+
TELAE-QGGIT- EAIAVGMIYAAKIANRM——NLMPEHDVSAHYWLLNK—IGALQD
TEAILT-PQIL-[JGECVAIGMVKEAELARHL -GILKGVA-VS-RIVKCLAAYG-LPT
VEAEYGYG-QITRIGDAVALGMQFALY ISEKTV--GCEMD-RKRLVSWLKS-LG-YPS
TEAEMGYGNWL - EAVAAGMVMAARTSER-LGQFSSAE-TQRIITLLKR-AG-LPV
LE-TATGFA-L EAVAIGTVFAGRLAGAL - GRLDQSG-VDEH-LAVVRHYG-L PA

& +

-IPLKSDPDSIFHYLIHD GYIK—LDEDNL-——GMILLSG—VGKPAMYNQTLLTP-V—

SLK---DAR-~-IRKLTA CSVDQLMFNMALDKKN-DG----PKKK---IV--L1L5--

QIRKETETSVLLNRMMNDKSTRGGKIQFIV-LNEL GKVADH-TFSRNE -~ - LESW-LN

NGPREMSAQAYL PHMLRDKISVLAGEMRLILPLA-IGKSEVRSGVSH-E~ -~ - -~ LVLN

ALPADVDPAV-LVRQMYRDIKA- ITGLAFVLAGP-RGAELVSDVPAPVVT - DVLDRMPRD

-RKTLIKEVIREGL -

AIGTPYETRASVVAN

KWRLEETS-------

--ATADCQSA-----

SLENLVGTTEAAAP-

DOI synthase of B. circulans

DHQ synthase of Emericella nidulans

DHQ synthase of Bacillus subtilis

DHQ synthase of Escherichia coli

amino DHQ synthase of Amycolatopsis mediterranei

Fig. 74
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based on the analysis
lla nidulans is given
+=Co”binding (in the fungal protein it is

*=phosphate binding; $=3-OH (in the DAHP it is 4-OH) binding; %=1-0H (in
is 2-OH) binding; &=4-OH(in the DAHP it is 5-0H) binding;

# 1is not



F/-BuCL k4 AW HEDHQA B E DT I / BB Y % GENETYX MAC Y 7 b
123 5 UPGMAE CTHMEB BB L 72 (Fig. 75) - O %M *» R 5 &, BuCk
DHQA KB FIIEFEILF L THh s, EHEYWEEEEWK DT 2 X b ajic
Sl L7z Bbhb, DOIGHBEELYEYWO#L, EWOAEFTICRILTLOLE
DHEV_ARBBERELEZDLILNTE S,

Method: UPGMA 0.2788 En )
0.2049
0.2788 pc b Eukaryote
0.0737 c DHQS
0.4837
0.0282 Sc |
0.4082  ~
0.0735 s
0.4082
0.0757 p
0.0387 prokaryote
0.1812 Ec # DHQS
0.2618 0.0387 >
0.0649 0.2199 Hi /
0.1643 , - .
0.3553 ] amino DHQS
0.0660 0.1643 /P

0.5196 rokaryote
Mt P DHgs

DOIS

0.6505
Fig. 75 DOIS; DOl synthase DHQS; DHQ synthase

En: AROM, Emericella nidulans, [26.4% / 276 aa]

Pc: AROM, Pneumocystis carinii, [28.6% / 276 aa])

Sc: AROM, Saccharomyces cerevisiae, [28.3% / 184 aa]

Bs: AroB, Bacillus subtilis, [34.1% / 264 aa]

Hp: AroB, Helicobacter pylori, [28.9% / 325 aa]

Ec: AroB, Escherichia coli, [26.5% / 324 aa]

St: AroB, Salmonella typhimurium, [26.9% / 324 aa]

Hi: AroB, Haemophilus influenzae, [30.3% / 356 aa]

Am: RifG(amino DHQS), Amycolatopsis mediterranei, [28.8% / 302 aa]
Ap: ORF10(amino DHQS), Actinosynnema pretiosum auranticum, [30.7% / 261 aa]
Mt: AroB, Mycobacterium tuberculosis, [28.0% / 336 aa]

DOIS: BtrC, Bacillus circulans
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E. nidulansH 3k ODHQE RBEFE OX MM i E MM R AME S 2, 22
TRBEINTVLI3EOMBEREE KBTI LIMEOT7 IV BEPFRFIRTVS
N bh» o7 (Fig. 74,76) o #E1, 2O EIIDHQE KB RO RKE3-T 4
X 3 _p-arabino-~7"Y Qv Y FE-7-1) & (DAHP) L DOISEBHEDREG-6-PL

3G RLE-TBY, ZORLERBLTCVLT7I VBEEREPRTASL L, E
nidulans® DHQE B Z DKIS2IERAF SN TV HEPMOBRRERIE( R L > Twi,
WEMK P OMEREE LTEZLNATWALET I/ BOS LDOISKREEE TR
ENTWVRW3IFREIT, FSRXIDOEMNDOLDTH o7z, KIS2IZDW T
WY Vb, TVF—LMEEADOEEDTL ) S—- FORBMPEET A1 D
FoTwhbriftweasnhTtsy, BEl, 2iOBMORBIITEREES L 2wl
HArEZ LN,

Glu 183 _
Asp 135 . .. _.His 262
Lys186 . N\ Co?”
? TR DO synth OH
'HWH His 246 symnase o
HO His 250 OH
? Q - Asn 151 Ho— L= %
? ”\ ----- Lys 322 o
g Q
“Arg 119
Lys 141 ~
Glu194
Asp 146, . T .- His 287
Lys 197 > N .Zn?
Lys250 . Tteo M LT
oH OH
- OH His 271
e (@) .
Arg 264<. <>\é\¢\? His 275 Agn 162 D1 Synthase -ozc\'# or
K OH iy .«"’
. JX"0F5--- Lys 356 OH O
k Y ,'O O' _\\
\ Asn268 Arg 130 (B)
Lys 152 .-
Glu 176
Asp 128\ Nt _.-His 241
2?2 N e
Lys204 . TTeal Wb S . NH,
- NH, N amino
L OH His 225 DHQ synthase 'OZWOH
Arg 2187, © His 229
w1 ? - Asn 144 oH ©
N 0775 Lys 300
) “. ,‘o O'__ N
NAsn2220 7 a2
Lys 134 ° .
y Fig. 76
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V7734 HEGRICEENST I/ DHQAHEBEE (RIfG of Amycolatopsis
mediterranei, 28.8% in 302 aa overlap) & DB TIX S SICRGIVOREICE T 2
WEDNRL o TW72*, E. nidulansti Sk D DHQE B BEE DK 197753 K BE 3L % 30
T A —NHT, 7 /DHQEMBETR ZFORLOBRENT I ) 4L T
WhHbDLEEbNL, TORRMLINMABEDORHZIII-FTFHF L . G-6-POEEE

FIGORMEORS LEELTVEEEZOND,

72, DHQOK BBEMTICL 2L, —=aF > 7 3 FIKGEHEBEZICE O NS
Rossman-F — )V FREEIINKERNIZ LT 5, NERBWE S I IDHQE B # &1k
TRTOHIVREFESIN TR WA, Rossmank — IV FICEE#MM L 7Yy o ot
% EF — 7GGGXXGGXXXGABuCIL b RIFEN TS (Fig. 740D ——) |

LD — KRG ED LB > 5BuCT 2 b b M A M A DOIS BB F IEDHQE K
BMERHO ML LTERZDILEHNTE, RICEBIEULTVwE LW 2 % —
KBEICD R T I EHNTEL,

RICEOSNT—KEED S CEBEIZOWTEREL TA WL,

DOl & B L DHQG B F O UG ITEA L T v B SR LF % jw o2
BIHLEDPBODPHELET S, — 2R TV VEBEERED & X 0BRIKE)
Re->TWDHEEZOLN, DHQEKBZERIE TIREZEO T VT FHiko kg
3T X T WAL, DOIGEBERRIG T2 7 MY 7 MAiz < 5 (Fig. 77) o

H
OH  DHQS OH
0 A o) o}

OH
H DOIS "
HOT g OH >< o OH
o
0 on ©
H H
HO OH HO OH
0=\ - - — Ho
b o) o
Fig. 77

COZERTVF-VEEBEREHOWTE 6 BRERIKELY Z 2 TER
PORREZIME S B ENTEL, $2DEDAHPIR IO S VAR F L LS
ITITMITNEL, ANVEZVDBT IR TURMIZLS DL hEBIRESY L2, —
Jiv G-6-PICIEANEFXF I NVESFELLZVOTTLVFE FOI VR VEEES
77 bUT AL ‘%R*%tbrm#Lﬁﬁ%k%z%n5 DHQ#&
WMEEFE O GMEMITICL D E TN F— VRICE O BRINEE ELTHRED
FAEDPIRIEEINTBY, DOIGEBENTIEED L Mﬂénfw%@#uk
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R RV,

by —2REY YBRIEKcomEICER T EEZ O, BEMOAFIZ VT
HRERMIZIDOIDO 74 F VUMM ICRFESINDZ P Z O REEMIR 2 H5TH
% (Fig. 78) o

H 0 DHQS
D
S W _Syn_ 0 OH
o) : 0y S — .0, —_— 0,

OVTQO
o
) o DOIS " o y )
H D HOZ 5 HO OH HO OH
Po o H - ™, o) - HO .
y o)
H H H H 0
Q O'/Fl,§o
o
0
H ol Lo HO— HQ_ H H
H anti o 5 HO OH HO OH
Po o , ) s o &S HO
H H - e H ~0 D (o]
D H

Fig. 78

Framil b7 & B Y. DHQEMBRFICOB ) Y BRILIC OV TId, R E* A

KRBT FOT, ANNSYA )y rTFay, 2-FFHFY (G-6-POINE
) THFuZ AW THMNICKRF IR TwE, ShS50MEr i) vBRoBE
BRFDVIERERY, ANOKELTIZIK LRI Y B synTH#ITT 2
EEZLNTWVWE, ZOsynliliz. Z2OHDT N F— VSO WT BB ILRE
AZEZHEALFMIIEGHNTHL, COBRY VEBICBET A 74 A -2 a3 i
HEMEBI 2L TFHENRLZLTH S,

Rl RO RIS DOIERBRETHORETWE LT L, ERYOTIKER
U HE > TLE Yo BOFiZantiBIL Y VEEL UGBV ELERBKEL B T
TVWFE=NVHiaEPEZ L EEIZNITEEYMOTERKILELZBRT L2 LD TE 2,
—RUEEMIIIRY) CBLICEESTA7 I O BBERZIILAVEESATVES
FRICHEN TamtiBI TRICSHEITT A& 25 HEANDY VB T i&b\i”ﬁ
ERBTI/VBRBREVLEELRDLD, FOL) BREDPHEET LHPELEK?DH
HEZAHTH 5B,
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7 R — fo&®CN%470b~wwﬁmﬁfu% rt FATvo—2
7-1) YBRE LU TDHQEBMMZEICICU - BETHIT T2 EZONT WS, B
$£;U§$ﬁﬁ¢&%uﬂménfw&w# ATV O—R.7-9 VD
HTHbHETHEGCO6POULEIMDIIKILENSKTH Y, HERRYF 2

5 k@?i%mﬁ‘& ) 7o TV AR EY (Fig. 79) o

H
OH OH
e OPO,Z 0 2-
HO OH 3 OPOg* OPO,
HO

G-6-P
sedoheptulose 7-phosphate DAHP
Fig. 79
4-4.2 btri&#fZf 27 A7 —IZ2nT

AR B VTR barCUAM 2 birA. btB, btD, buyED RIS 45 2 L 25T
&7 (brALbrEREZREEZFAETETVARY) , ThSEEZEFII—oDF ROy
FICHFELTCBVAESHREIRT 72592 —2BELTWwEEELI LN,

kEO Y —ED HBuB (432 aa) 12 B. subtilis?® Glutamate- 1-semialdehyde 2, 1-
aminomutase (429 aa, gsaB, SWISS PROT P71084) & 2165% 3 h775% % (35.6%) O
HMEAHAR LA, 7703 VESHICIIW 2T I LRSI hTBY .
BuBIid 7F 0y VASKICBITAT I VLIS TARELEDLNSE, 7.
BtrE (>343 aa) X B. subtilis®sorbitol dehydrogenase (352 aa, dhsO, SWISS PROT
Q06004) & 1675%kFH3SFAEDHFEM (21.0%) 2R L7z, 7FOY v ESBE
BZIE, T I AR OR DR K EB R L 2BILRIESFRET L EEZ LN,
BrEb 770 Y HEERBHEO DL LTEILNSL, BrAL DIZDOWTIIHE
WDHDE PRI BUEROP O Dold, CRObrBETFIITFO L v 44
BACEG T AMES U RIERI-FLTWEEEZLRSL, 5%, Thb5DH
EFDPa—-FT 58 NI EDPESRICES T 2T M EHEID -0, B.
circulans D EER L OBBEFEHBL, 7F0 L VAESHRISENIN LI L 2K
NI BULENDHL, T2, EIOBRBTENSNATVE2Z2HS I L THED
ME*HED T ENFNEETH 5,
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4-4.3 BtrCO#HZEIZDOWT

BuCid KR CTRERBT 2L TE, ZRHE TDOISREBEZEEH L =
EWBHLNE R oI, T D YLB. circulansDDOIERBEFZ D23 kDaYr 7= v |k
BT, 2kDayr 7=y PETTHEBEEAETHEV)IZETHE, LI L
NS, CotRGERVRETRPLHRESWEM, BREABT TR T CICERLT
LEWEES B L7z, 7. B. circulans HE DDOIE B BEFE & B L TIEH I
RNEFET. 4T, -15SCTELLIEBVWTHIOHBICRESTUTOERL»BREL T
Wi olz, T BB, circulansHEDODOIE B HZ 1323 kDaY 7= v b H3FF
T HIELLsoTRKkDab AT O v %2R LBEEEE L EELT AL
NTELN, BuCOBE42kDar 722 v P E) LBKRESF A v —HER L 2 )
DD, FNIRELRETE2VwWEEZONRD, T/, B2BOWPHEICBIYS
DOEWE D DML, 42kDaf 72 =y P EILDKFET A v — L, 23kDaB
Y UT2kDaDY 722y b LR BATUOTAIT—DENTH o 2T HEMIE 2
Lbs, , .

HL A 2 DOIE B BEFE O HIEM 12 1.1 pmol/min/mgT & Y B. circulans B3 O DOI
ERBEFE O LIGETE0.018 pmol/min/mglil kR T L VW HWETH o 72, T7-, BE
RIGEEREBONEOFBVEE LTRE o7 ZDEWY F7223kDaY 7=
VIFDERIZE o THLTWEREEZLNRDL, BICTRFEF /v — M2 L S
S E DRI CBERICEMBTESLZ LI L. B. circulans HEDDOIE
WEEFE I 23kDar 7220 FAFETALOBENCZIR L (M TEX 2w
RETEDSH 5o E. nidulansDDHQE B E O SHERFEFN A v — L LTHEX
NTBY, BUICHEREF A v ELX Lo TWAEBILEMIESTAIENTE S,
ZOXHAELWERT S, Aot 7=y FHIRORIZOAME K IG I b
HEHMEINTBY, FEFA v HEZELELILICEINVHREL LK ETT
HbntEZHNL,
BMEOREMLEEDLETEZL L, 23kDatr 7oy NIy UV BERERT.
BEERICHIHIRFoOM A ERKR -7 vV EEEZONRDE, 5D & 523
kDath 72 = v MIW T AEETFERAETE TRV, &%, TOF VN7 8D
BIZF270- VT LBRBITEBI L ILEN DS,
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4-4 .4 BtrCOH M IZDWT

E. coli/pDS4% LBEi b FIVCTREFE L /2L &1, IPTGTHEL TH 5 2 B
ROFEEBIZ10 mg/100 mID R E TDOIVHRIE SNz FOfMVE DD FE L
fF TR L7292, FNL EODOIOEEIEM Sz dh o7, BEICL YDOIE
ML CEET DI, EOL5HORFVUETH D, XX, E.coliblht
DIEFELELTTITI—ERL 707 T — Y2 BAKIICEEICHWT % B. subtilish
brCEIET 250N 5 —CHREEBR L2721, BHdo¥%®E (Fra-—
A) BRHELCDOIGHRBERICKER T AV AT AR BETEILIMESEY D 5,
ILFROLHE L TorCe A KM R M AEWICHAAL I LIZE Y, —E1L
R#%EZ BEHEDOUIER T 2 ROMBFTRICEL EEZ LN,

NFYXFF-ELBrCOREGWERT AWV L &I 11B I T20-30%DDp- 2
TI—-A%DOICERTBIENTEL, T2bb 7 VI —AD5DOINDT ¥ F
Yy PERAREWMETAILENTEZ, CODOIDEEZTIIRZOMIZZ L o —
ALATPHUEE R D, FNVI—RFKRPL by EO I L EICHET 2 RALLY
ELTHBILFICAZILEYTHEDT, ATPE 2322 L5 TaxhiE, k1
NEORVWEERTWHETELLEILNS,

ATPERIE 7T -+ 3 F—ERENE VBRI F— 2 HWATPHER R,
DRV =L Z2HO TN FIUAU R VTR - 2PN BNESE L X4
ATPERB R BT A LILLI VAR T A HENELILONDE™®, TR 5ATPS
B EDOIGERAEMAEGHLELILIZI NI NI - AP EDOIND R % 1
RTEDLWEEMEIT D S

(Fi OH OPO,> BirC o. HPOy4
Fie 80) Hoﬁﬂm HO S(:é on —=HO_ m _OH
LRICEMEIET 510 HOOTR, HO=— o

BRELMEII VD DOI
bHBED, NF VXS .
Pl DOLS i fE 3 % hexokinase
FIBLAZVa—AD
KFEABRILEY~E ATP ADP
Rz 7y ——}
LLTEHTaS L % pyruvate kinase
Zob,
?OOH OOH
0 OPO,*
Fig. 80
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4-5 #ih

DOSERT I/ 73y FIAYEOA GREEREFODOIEEEZBIEZTbaC
MO THETHIENTEL, COMEMEHOESEMEIBITILARE LR
BTHb, F2, btrCUHIZL 7F0 L VESEBEPI—-FT2EEILN 5
BIZTOTHEEHES 2L,

T 7, buCEIZFEYBuCIIM 4 2 EWIED 5> ODHQA KEEFE & A & 2 M %
HoTwa I XML NIZholz, & 512, E. nidulanstH R DDHQEBEEZ HX
FRAG A AR AT TR S N TV B AR A DBEFI0ERF STV B 2 %D
Mol MITESN TR VEEDLELEOREDEVICIALDTHY . DOIGH
BEZEDV —RHEMICODHQA MR L HUM XD L L2 RT I LN TE L,

FobrCRIZ T2 KBRS Y, BuCHPDOIGEBZREM L2 H L TWABE T & A8
Hopbolzo COMAMIDOIEKBEFEIX, B. circulans D¥EZEF K> H 1B 5
NEDOIGHBELI N DAL ETHLH, BVBEREZAEL WL by
> 720 B. circulans K DDOLG R EBEFHE L M A 2 DOIS KBEFE O EVE23 kDat 7
2=y b FUNRIBEOREETHY, TOF R BRERERT. BERIGH
WMEFDO2 ODOREEFLADLTWLEEZ bR,

FLHMABEIDOIERBHRE LA VI F—¥ 2 lAEbEL I LICEY, 7L
- APLDOINDERAEHET LI LN TE I,
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O

BIUABRORE

il

A

2-7FFVAMVLTE I (DOS) EFT I EEANEYWEESK BT
HHRTO THRLEFESY NI EHE LT2-TF F Y-seyllo-4 /7 7 — A (DOI)
ERBREAYERL, TOBEEETF brC) ZRELZES, DOSEFT I /K
VEARMAEYEROESEINTE. DOISEBEENEOH BRI METE 5,

AKWFZE TIX 79 > Y HEFERBacillus circulans I3 ODOLE KEEFZ IC DWW TR E
L7co #B2ETIIDOESKRBERERICEBEICOVWTHFT L. 9. B. circulans®
AT S DOIE R E LRI L, BEOFELTW S I L7z, KICH

ﬁﬂﬁiéﬁk7«ww%m TAEFXFUACRE T AW BERICZHBNT 5 2
K, ARV OBILRICE AL LTI ET L. By B, BT,
7»%—»% LV SRIERIEPDOIGRBEENTRIAZZ L Z2WPEL 2T 5
CENTEZ, BIBTHRICE2MB T IBZ L MBRICBEL I LICKRI L. &1L
FHMEZWOE»IC Lz, FA4BTIREBRZOWMSNT I VBRI 2 E L.
FNZFHIIDNATO -T2 EK LDOIGE B ZBIZFonrCE 70— 7452
ENFT&EL, SHbrCEGETYRBRES LI IEILKI L, 72, HlAafk
ADOIEMBELAFVFF—-EE2HVTII NI - 22 5DOINDERICET) L
T =R AENYMEERER, T bbb 7 )= — bANOBELE N,

KMEDKEDPLSGHZDOERICOVWTEZ TAHAZV, KELHIFTZOOME
DHEENH Y 121 7F0 2 P EEEZE. b)) —2EDOGKEEZICOW
TOMIETH %,

TFOY CESROBEBRBEIIOVWTRESHEMERKTH VW EERICLY
$éhfwéo?&b%\D%t7WZ%\/#%i?AU7</#E&L\7
IR TEATIVERD, ZRICVR—-ZAFT AR FLO0—2apESLTY R
AIRA Y, FVOBAY VOB END, £L T, DOSIVLD 7 I 7 #i24-
amino-2-hydroxybutyric acid* ¥ & T A2 L ICEI W TF O L U SR SN B L &
Z 5N 5™ (Fig. 81) o

L2 L2750 Y EERBEREETOHRBEE —2b d o/, KT

BHEEHBEERTFDO—2THEbrCxFHEL., TALBEEFIIAI-LEZLNS
biriBIRFREC R L7, A6 BEYER T 5 L., SHDNAKIAT] % ko7
BIZFOMIZOEEHBERZTPHFETAILEEZONS, 22T, 4HE5 R
EDNADF L OBIZFE#MTA2 LI, 2ETOESRBEEET*RA
T35t bhs, FFNo0a—-FFT55 2BV EEKICES T 5k
a2 H 57201, B. circulans DEREEXR L OBEET2HIEL 750> v EE5K
BT AP ERATHAILENDH S,
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DOSEAETI/Z) ATy FIRAYWEOEERICBWTIRAT I VALY ORKIC
SOERTLE2OPIEZEYBIILoTRLZLEBENFINTBY, 2F< A4V U4
BEW Streptomyces fradiae TIE 7 F 4 I VCEBRTHEABR SN S (Fig. 81 route
A) o THEDOSEDT ) 2 FIEEGIEERICBIT 2HESHROEVIZLL DL
%z 6N b (Fig. 8lroute ADB) o 7F UL VY HEESHRBERBIEZF Y S A — 121,
CORCEMEST L7 3 VEBEORIZFVIEETLEEL LN, BIZT R
MEEDLIETEDOEEGRAROENEMRATE LW DL, T2, Vi
CEB22ODT ) AV NVILMERBIZFVIEINTVELRT T, TRORE - 728
D7y a s VARG ZMES ABEMOBEDRBVERET LI LX), &
GO LEHIIOVWTOFRELEERFEONL EEZ LN,

N
OH He

H
A

H
H H
N H
on i Han\n/?\/\
N
J H HO He
0
OPO,? -
Hogééw H butirosin B
OHOH
H

O o)
OH
BtrC'
H
N o
OH o&g
OH l NH,
Hy
H
a&&m Hag%m«g O;é&ﬂ
HoN OH ribostamycin

OHOH

route A route B

OH NH,
H H
H H
H2N NH2 H2N NH2
om NH, om NH,
HO

HO
paromamine neamine

Fig. 81
RV F FRUAEWEICBT LK) 7S FEREEE (PKS) BLURTF FR
MEWE LbH%//U%/ TNRTF FEHEBEF (NRPS) BEV 22—k
WL, HEOPMERICE ME ST 50 0» O RISOERSRM I #E L - 7240 &
LIBEEZ AL TVo, BEFRIECIVZDEV 2 - VOECHEELMAE DY
HTEILEVERRMONLEW T THONEEESNDL LI >TETWVE™, 7
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IV FHEYEREESRIIBWTOKA 2EHO ) oY VILBEE, B
BZEEZHAGDEL LI LV ERARANAYE L EETE AWMV H S, F
7RI FRRRTF FRMAEWBEICB TR T 7)) a2 BREELEETH S
A, HEOME, HABKNICL-o TR 22 E., WHEETAHILEYH» S HAEL
L. 737703 FRAYEESGRICBIABHEEH I AT L EHAG LY

% "engineered biosynthesis”IZ & ) S HICHE R L MEWE 2 EETE LWL D
5o

DOl G # D23 kDat 72 = v MIERERT. BECHHEFD 2 o
DIFFELTIFLEDL TV L EEZONLD, TOBIERKT D KEEKE,, 3
AMe T ABEIEFENBRTHEPUHATHY, FOREbrCERBICEB X8,
MABMZDOIGHBR XTI GAELEOL ) R IR PRERZHE T HDH,

bLARBECEIREZF - TVE20PRHTLILENH S, b LEBEEEEOH
HEAFELTHEERNTEHTWEDOTHNIIE, DOIERBEFRITIEFTICLTLLL
FEOLZW T RLHBETHL-0ICF0L ) 2L ST TV EEENE 2 S
N5, .

—h. MAEWEESGRORMAL LTk, BEHES. griseusiCBIFBLA LT
VA EERDA-T 77 8-l EBHIEALCAMSENTWET (Fig. 82)

HOY OH AfSA W streptomycin
S - production
Hg\n/\“/\/\)\ O o sporulation
A-facter

O O
Fig.82

CO—EDHRIIBVTIE, V7V ovH— LTHELTVWIA 7727y —L
7S —DORIE,PSCEERERTFEAOEERTEFTHILHL NI ENRT VB,
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&k HET I/ BEES B L 'DNALE 5
pDS1-pDS1-pDS-5 (see Fig.57)

btrA: (1)-3512; >3512. BtrA: >1329 AA; >153168 MW;

unknown function

...... YLEQRRPSRFDQIKKVCGDLPWIIRSSGEEDLNETTNAGAYLSLVCEHRDNFYEVLAQVMLSGS
TEHARNQNRRFVSRDLHDHEPIPVFVQPLVQSEHPGHPVPYDATPYVRKEDLQTIIGLLKNLHSTM
PDYALDCEWVGDSDFGTISMTSLTELADGKLTGQIAFGFDLFSTQHVKANNSVRYLLPGDELNLWQ
GHIFQEVNMQSLFLVQTRPAKNYRLFQHVYELSASSKKELEKDAALCLDAKEFISQGGKPFFGKFI
KAVTLNEAWNAYLQYTGKDVKEDIAAILVEFGTRTEHAGIMFNQVGIPVIRIEIALIPESMTYIVL
DPFSLQCRLYSHNKEVKALEYETREIIPLPDNCILVQDREGKHQQREAMAVSADEYFNEVLNKPFF
SEKTKEHLTANSAYPAYSFIFHGKDDARSPSYYANDAERLTAETVDDFLKSREWPEASANYFLALF
HAKNLLKDGNIAAYVGRQPDDRGRSNETLVYWKVLRIHHLLAKCSSRDRDTLLERVRAEMSVNSAV
IELRLDVLFLFEQYLDALCIYSKREEEALIQSFIGILSSVKDEDLPVVLDLARNGIFNAGHLCQFL
KHAIENRHLFDLYRNYSLVGKEFAIIPYDLSVVSRFPYFNEVFVDLNNEMNKYESLGELSSSIFHT
VVETYDKSAKEILLSVIDDGSPSYYQAYLRLLTEWLGLIRQFDKNEKVIQTFLDWIGVQEDRQAEI
EDYFLEEIHWKTRIEEAEAGTAEDLSLTNLHQLHNVLHQWSLHLVPASNGAHMPLFVKEMVAFAQS
FSEQENRLLRMQKDFFEIELAMCTHKAGFMFYKHSVTVEFSEPPSVHDDEIARLSAFASFMNKCND
WFEAYRFRTHYEKVAGTWTCYMTVKSVEDGALQQSDYKTIFHIIRFVLDSSYDFSHNPLSAVEDLS
AQLNEPEWKDIFRKLVNYRVHFDDEGQFINLKLFAMSTFFTYLCLSPSLRSRLLSLYRDGFDRMVG
ELAVLEDGMARAGHYSEWLEHYESATYTALFLAAIYPLETVGKLESLRDRRLTYDIVARNLLKHKD
AANKVIETLPTWDKALQSSMTDKLLHYCPAKFFKTVSSVNEVAKELSKRSKSFKRAKQVLLNAYAD
SLEPDLLRQFIDDLQYVPYAGTEAQNQQLDKYLTDSGKKRYDIQKEILYI

btrB: 3556-4851;1295 bp. BtrB: 432 AA; 48379 MW;

homology to GLUTAMATE-1-SEMIALDEHYDE 2,1-AMINOMUTASE
MKQETVKSSEQLLSVLGTYIDSPVDPFRKERVMFSRGSGAYLFDYDGGNYIDLMNGKGSIILGHND
PSVNAALRNFLEQDREVVTGPSKPIIDLAERIKKDSALPDAKVSFYTTGTAACRAAVYAARDYSGK
KIVLSSGYHGWDPMWRQQGPLLEPNEDGVIEFYFIPELLERALTAHKDQVALVIFSPDYTYLSAST
MERILGICRAHGVLVCCDDVKQGYRHRQGSSLELVTTEKADMYVFSKGLSNGHRISCVVSSDEIMA
ETKEHTYTAYYQMLPILSSLETLKKMESGKGYDLIRSYGQTLTGNLKELFVQSSLPIEVNGSSIFQ
LVFGDEELEEAFYREAFIQGLILFEGDNQSLSLCMDKDVQVDLIRRFANVTDVLSEQFKHLRGKEV
TTEQTFRTAWNMIDGASDLLPYEKQLKLLDNLIGGG

btrC: 4857-5960;1104 bp. BtrC: 368 AA; 40746 MW;

homology to AroB (dehydroquinate synthase)
MTTKQICFADRCFNFAFGEHVLESVESYIPRDEFDQYIMISDSGVPDSIVHYAAEYFGKLAPVHIL
RFQGGEEYKTLSTVTNLQERAIALGANRRTAIVAVGGGLTGNVAGVAAGMMFRGIALIHVPTTFLA
ASDSVLSIKQAVNLTSGKNLVGFYYPPRFVFADTRILSESPPRQVKAGMCELVKNMLILENDNKEF
TEDDLNSANVYSPKQLETFINFCISAKMSVLSEDIYEKKKGLIFEYGHTIGHAIELAEQGGITHGE
AIAVGMIYAAKIANRMNLMPEHDVSAHYWLLNKIGALQDIPLKSDPDSIFHYLIHDNKRGYIKLDE
DNLGMILLSGVGKPAMYNQTLLTPVRKTLIKEVIREGL
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btrD: 5966-6790;825 bp. BtrD: 275 AA; 31753 MW;

unknown function
MNQDKRAFMFISPHFDDVILSCASTLMELMNQGHTCKVLTVFGGCPSVRFQPGEIARQYAAEDLGL
FEDEIEGDHLSILVARRLQEDQQAFRHLPGVQVEVLSFPDAIYRENKGQPYYRTEADLFGIPDKQD
EDIFLPKIETYLQSCDLARKYTWVFPAISKHVDHRLLTKAGLRLMSQGYPVLFYSEFPYWQQHNEF
LQDGWRQLELRNSVYTPVKRAAVLEYKTQLLGLFGEEAETKINNGGVLSEAELFWIQETDTQACRY
SRPLSPEPLQT

btrE: 6817-(7845); >1029 bp. BtrE: >343 AA; >38269 Mw;

homology to ALCOHOL DEHYDROGENASE
MEILTYTGPSRLIVETAEELPLKSGECRIQSLYSGISHGTEMGAYRGIAPYFTRDMDSETRLFEDL
AEEHKVKYPIRSCEDDAWFIGYSNVGKIIEVGAEVEGFTVGDIVFSHGRHQTIVCKHHKKIFKLPQ
KLEPELGIFYTNLMTAYNAVLDTRIKIGDVVVVSGLGVVGQLIAQLAKLSGATVVGVDPLENRLNI
AREVEIDYVFNPNRTDVAKEIREITNNRGADAVFEVSGHSTALNQAIRIAAPDTVITAVGWYQGGQ
SVLNLSEEFHQNRITIRASQTLGIDPSISHMYDDARRRNIGKDLLLKLKLRNLISHRIPFGDAPKA
YEMIDKHPHEVLQ....

Sequence (pDS5-pDS1-pDS2) 7845 BP:; 2034 A; 1825 C; 1907 T; 2079 G

GGTACCTAGAGCAGCGCGAACCATCCCGATTCGATCAAATTAAAAAAGTTTGCGGGGACCTTCCAT
GGATTATCAGAAGCTCCGGGGAAGAAGACTTAAACGAAACGACGAATGCCGGCGCTTATCTCAGTT
TAGTTTGTGAGCACAGGGATAACTTTTACGAGGTGCTTGCGCAGGTCATGCTCAGCGGAAGCACGG
AGCACGCCAGGAACCAGAATAGACGTTTCGTGAGCCGGGATTTGCACGATCATGAGCCTATTCCCG
TGTTTGTCCAGCCGCTGGTCCAATCGGAGCATCCGGGTCATCCCGTTCCTTATGACGCAACCCCTT
ATGTCAGGAAAGAGGATTTACAAACGATCATCGGTCTGCTTAAAAACCTCCACAGCACCATGCCGG
ACTATGCGCTTGATTGCGAATGGGTAGGGGACTCGGACTTCGGAACGATTTCCATGACAAGCTTAA
CGGAACTTGCCGACGGAAAACTCACGGGGCAGATTGCTTTCGGATTCGATCTTTTCTCTACGCAGC
ATGTGAAAGCGAACAATAGTGTCCGGTATCTGCTGCCGGGCGACGAGTTGAACTTGTGGCAGGGGC
ATATTTTTCAGGAAGTGAACATGCAAAGTTTGTTTCTCGTGCAAACAAGACCGGCTAAGAACTACC
GCTTGTTCCAGCACGTCTACGAGCTGTCGGCATCTTCCAAAAAAGAATTGGAAAAGGATGCCGCTC
TTTGTCTGGATGCAAAGGAGTTCATCTCGCAGGGCGGCAAGCCGTTCTTCGGCAAGTTTATTAAGG
CGGTGACCTTGAACGAAGCCTGGAACGCCTATCTTCAGTACACCGGCAAAGACGTTAAGGAGGATA
TCGCCGCTATCCTGGTGGAATTCGGTACGAGAACGGAACATGCCGGAATTATGTTTAATCAGGTCG
GAATTCCGGTCATTCGTATCGAGATTGCGCTTATACCGGAAAGTATGACTTATATCGTACTTGATC
CGTTTTCCCTGCAGTGCCGTTTGTACAGCCACAACAAAGAAGTCAAGGCATTGGAATACGAGACCA
GGGAAATTATTCCCCTTCCGGACAACTGCATTCTTGTTCAGGATCGTGAGGGGAAGCACCAGCAGC
GGGAGGCCATGGCGGTATCGGCGGACGAGTACTTTAACGAGGTGTTAAACAAGCCCTTCTTCTCGG
AAAAGACTAAAGAGCATTTGACAGCAAATAGCGCCTATCCGGCTTACAGCTTCATTTTTCATGGAA
AAGATGATGCCCGCTCACCGAGTTACTACGCAAATGACGCCGAACGGTTGACGGCTGAAACGGTTG
ACGATTTTTTAAAAAGCCGTGAGTGGCCGGAAGCATCGGCGAATTATTTCCTGGCCTTATTTCATG
CGAAAAACTTGCTCAAAGACGGGAACATCGCCGCTTATGTCGGACGGCAGCCGGATGACCGGGGCC
GGTCTAATGAAACGCTCGTGTACTGGAAGGTGCTGCGCATCCATCATCTGCTGGCCAAATGCAGCA
GCCGGGACCGGGATACGCTGTTGGAGCGGGTCCGTGCGGAAATGAGCGTTAATTCGGCCGTCATCG
AGCTGCGGCTGGACGTGCTGTTTTTATTCGAGCAATATCTGGACGCCTTGTGCATTTATTCGAAGC
GGGAGGAAGAGGCGCTGATCCAAAGCTTTATCGGCATACTTTCTTCCGTTAAGGATGAAGACCTGC
CGGTCGTTCTGGATCTAGCCCGCAACGGGATTTTTAACGCGGGTCACCTGTGCCAATTTTTAAAGC
ATGCCATAGAGAACCGGCACTTGTTCGATCTTTACCGGAACTATTCTCTAGTCGGCAAAGAGTTTG
CCATCATTCCGTACGATTTGAGCGTCGTCAGCAGATTCCCGTATTTTAACGAGGTTTTCGTTGATT
TGAACAACGAGATGAATAAATACGAGTCGCTCGGCGAGTTAAGCAGCTCTATTTTTCATACCGTAG
TCGAAACCTACGATAAATCGGCCAAAGAAATTCTTTTGAGCGTGATAGATGACGGCAGTCCGTCTT
ATTATCAAGCGTATCTCAGACTGTTAACCGAATGGCTCGGTTTAATCCGGCAGTTCGATAAGAACG
AGAAAGTCATTCAAACTTTCCTTGACTGGATCGGGGTCCAAGAAGATCGGCAAGCGGAAATCGAAG
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ATTACTTCCTGGAAGAAATTCATTGGAAAACAAGAATAGAAGAAGCCGAGGCGGGTACTGCCGAAG
ACTTGTCGTTAACTAATTTGCATCAGCTGCACAACGTGCTGCACCAGTGGTCGTTGCACTTGGTTC
CCGCGTCCAATGGCGCTCATATGCCTCTTTTCGTCAAAGAGATGGTGGCGTTCGCCCAATCTTTTT
CCGAACAGGAAAACCGATTGCTGCGGATGCAAAAAGACTTTTTTGAAATCGAGCTGGCGATGTGTA
CGCACAAGGCAGGGTTTATGTTCTACAAGCATTCCGTAACTGTCGAATTTAGCGAGCCTCCTTCCG
TACATGACGACGAAATCGCGAGACTATCGGCTTTTGCCTCTTTTATGAACAAGTGCAACGATTGGT
TCGAGGCTTATCGTTTCCGCACTCATTACGAGAAGGTAGCCGGAACCTGGACCTGTTATATGACCG
TAAAATCCGTCGAAGACGGCGCACTTCAGCAAAGCGATTACAAAACGATTTTTCATATCATAAGGT
TTGTTTTAGACAGCTCGTACGATTTTTCGCATAATCCGCTTTCTGCGGTTGAGGATTTGTCCGCTC
AATTGAATGAACCGGAATGGAAAGATATTTTCCGGAAGCTGGTAAACTATCGTGTCCATTTTGACG
ATGAAGGGCAGTTTATTAACTTGAAATTGTTCGCCATGTCCACTTTCTTTACGTACCTGTGTCTTT
CGCCGTCCCTGCGAAGCCGCCTGCTCTCCTTGTACCGGGATGGATTCGATCGTATGGTCGGTGAGC
TCGCCGTACTGGAAGACGGGATGGCGCGCGCCGGTCATTACTCGGAATGGCTCGAGCATTATGAAT
CGGCAACCTATACCGCCTTATTCCTTGCGGCTATTTATCCTTTGGAGACAGTGGGCAAGCTGGAGT
CGCTGCGTGACCGGCGGTTGACCTACGATATCGTGGCCAGAAACTTGCTCAAGCACAAAGATGCCG
CCAATAAAGTTATCGAGACGCTGCCAACCTGGGATAAAGCGCTGCAATCCAGTATGACGGACAAGC
TGCTGCACTATTGTCCGGCTAAATTTTTCAAAACCGTTTCTTCTGTTAACGAAGTGGCCAAGGAGC
TCTCCAAACGAAGCAAATCGTTTAAACGTGCCAAGCAGGTTTTACTCAACGCGTATGCGGATTCCT
TGGAGCCAGACCTTTTGCGACAATTCATCGACGACTTGCAGTATGTCCCTTATGCCGGGACCGAGG
CGCAAAATCAACAACTGGATAAATACCTGACGGATTCCGGGAAAAAGAGATATGACATTCAAAAAG
AAATTTTGTATATCTGATCGCCGTATCGCACGTTACGACTAAGGAGTGAACGATGAAATGAAACAG
GAAACGGTTAAAAGTTCGGAACAGCTGCTATCCGTACTCGGTACTTATATCGATTCGCCGGTCGAT
CCCTTCCGCAAGGAAAGAGTGATGTTTTCAAGGGGAAGCGGGGCTTATTTGTTCGATTACGACGGC
GGCAATTATATCGACCTGATGAACGGGAAAGGGTCTATTATACTGGGGCACAACGATCCGAGCGTC
AATGCCGCCTTGCGGAATTTTCTGGAGCAGGACCGAGAGGTTGTAACGGGTCCTTCCAAACCGATC
ATTGATCTGGCCGAACGGATCAAGAAAGACAGCGCTTTGCCGGATGCGAAGGTTTCGTTCTATACG
ACCGGAACCGCCGCCTGCAGAGCGGCCGTGTATGCCGCACGCGATTACAGCGGCAAGAAAATCGTC
CTCAGCTCGGGATACCACGGCTGGGATCCCATGTGGAGGCAGCAGGGGCCACTGCTGGAACCGAAT
GAGGATGGGGTGATCGAGTTTTATTTCATCCCCGAGCTGCTGGAACGCGCCTTAACGGCGCATAAG
GATCAAGTCGCCTTGGTCATATTTTCGCCGGACTATACGTATTTATCGGCTTCGACGATGGAGAGA
ATCCTTGGCATATGCCGGGCGCACGGAGTCCTGGTTTGCTGCGACGATGTGAAGCAGGGCTACCGG
CACCGTCAAGGGTCTTCCCTTGAGCTTGTGACGACTGAGAAGGCCGACATGTACGTCTTCTCCAAA
GGGTTGTCGAACGGGCACCGGATTTCATGCGTGGTGAGTTCGGACGAGATCATGGCGGAGACCAAG
GAGCACACGTACACGGCCTACTACCAGATGCTGCCGATTCTGTCGTCCCTGGAAACGCTGAAAAAA
ATGGAATCCGGTAAAGGCTACGATTTGATACGTTCTTACGGTCAAACCTTGACGGGGAATTTGAAA
GAGCTGTTCGTTCAATCCTCTCTGCCCATCGAAGTGAACGGCAGCTCCATTTTTCAGCTGGTATTC
GGAGACGAAGAGCTGGAGGAGGCGTTTTACCGGGAAGCCTTTATTCAGGGACTCATTCTATTCGAG
GGGGATAATCAGTCGCTTTCCCTGTGCATGGACAAAGACGTTCAAGTGGACCTGATTCGCAGGTTT
GCGAACGTAACCGATGTCTTATCGGAGCAATTTAAACACCTGAGAGGAAAAGAGGTTACGACCGAG
CAAACGTTCAGAACCGCTTGGAACATGATTGACGGGGCATCGGATTTGCTTCCCTATGAGAAACAG
CTCAAACTTCTCGATAATTTGATCGGTGGAGGTTAAACATGACGACTAAACAAATTTGTTTTGCGG
ACCGGTGTTTTAACTTTGCATTCGGCGAACATGTTTTGGAATCGGTTGAATCCTATATTCCCCGGG
ATGAATTCGATCAATATATCATGATTTCGGACTCGGGGGTACCGGACTCGATTGTTCATTATGCGG
CCGAATACTTCGGCAAACTCGCCCCTGTACATATTCTTCGCTTTCAGGGCGGAGAAGAATACAAAA
CACTTTCAACCGTGACAAATTTGCaAGAGCGGGCAATTGCTCTGGGAGCCAACCGAAGAaCCGCTA
TCGTAGCGGTTGGCGGAGGGTTAACCGGAAACGTTGCCGGAGTGGCGGCCGGCATGATGTTTCGCG
GGATTGCGCTTATTCACGTTCCGACCACGTTTTTGGCGGCCTCCGATTCGGTTCTTTCGATTAAGC
AGGCTGTTAATTTAACGAGCGGAAAGAACCTGGTCGGCTTTTATTATCCGCCACGCTTCGTGTTCG
CCGATACCCGAATCTTGTCGGAGTCGCCGCCCCGTCAGGTGAAAGCGGGAATGTGCGAGCTGGTAA
AAAATATGCTGATTCTGGAAAACGACAACAAGGAATTTACAGAGGATGATTTAAATTCAGCCAATG
TGTATTCTCCGAAGCAGCTGGAGACGTTTATCAACTTCTGCATATCGGCCAAAATGTCGGTATTAA
GCGAAGATATTTACGAGAAAAAGAAGGGCCTGATCTTTGAGTACGGCCATACGATCGGTCATGCGA
TCGAGCTTGCCGAGCAGGGAGGGATCACGCACGGAGAAGCCATTGCAGTGGGCATGATTTACGCCG
CTAAAATAGCGAACCGGATGAACCTGATGCCCGAACATGACGTGTCCGCCCATTACTGGCTTTTAA
ATAAAATCGGGGCCTTGCAGGATATTCCGCTCAAATCGGACCCGGATTCGATCTTCCATTATTTAA
TCCACGATAACAAGAGGGGCTACATTAAGCTGGATGAGGATAATTTGGGTATGATTTTACTTAGCG
GAGTCGGTAAACCGGCGATGTATAACCAAACGCTGCTTACACCGGTCAGAAAAACGCTCATAAAAG
AAGTGATCCGGGAAGGGCTGTAAGGATGAACCAGGATAAGCGTGCTTTTATGTTCATCTCGCCTCA
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CTTCGATGATGTCATTTTGTCGTGCGCCTCGACTTTAATGGAACTGATGAATCAGGGGCACACCTG
CAAGGTGCTGACCGTATTCGGGGGCTGCCCGTCGGTTCGCTTTCAGCCCGGCGAGATTGCCAGACA
GTACGCAGCCGAGGATTTGGGATTGTTCGAGGATGAAATAGAGGGCGATCACTTGTCCATACTCGT
GGCGCGCCGACTCCAGGAGGATCAGCAGGCATTCCGGCATCTTCCCGGTGTACAGGTCGAAGTACT
TTCCTTTCCGGATGCCATCTACAGGGAAAATAAGGGGCAGCCTTATTACCGGACGGAGGCAGACTT
ATTCGGCATTCCGGACAAACAGGACGAAGATATTTTCCTGCCTAAAATCGAAACCTATTTGCAGTC
CTGCGATCTTGCCCGGAAATACACCTGGGTATTTCCCGCCATCTCCAAACATGTCGATCACCGGCT
GCTGACCAAAGCCGGTTTGAGGCTGATGTCGCAAGGGTATCCAGTGCTTTTCTATTCCGAATTTCC
GTACTGGCAGCAGCACAATGAGTTTTTACAGGACGGATGGCGTCAGTTGGAATTGAGAAACAGCGT
CTACACACCGGTAAAAAGAGCCGCTGTATTGGAATACAAAACGCAGCTGCTCGGATTGTTCGGCGA
GGAGGCGGAAACGAAAATCAATAACGGCGGAGTCCTTAGCGAAGCCGAGCTATTTTGGATACAAGA
AACGGATACTCAAGCTTGGCGGGTATTCCGGTCTTTAAGTCCCGAACCGCTTCAAACCTGACACAA
AGAAAAGGAGTGCTTTCCATGGAAATTTTAACGTACACGGGTCCAAGCCGATTAATCGTGGAAACG
GCGGAAGAATTGCCGTTAAAGAGCGGCGAATGCCGGATACAGTCCCTCTATTCCGGGATCAGTCAC
GGAACGGAAATGGGGGCTTACAGAGGTATCGCTCCCTATTTCACAAGAGATATGGATTCCGAAACC
CGGTTGTTCGAGGATCTGGCCGAAGAACATAAAGTTAAATATCCGATCCGGAGCTGCGAGGACGAT
GCCTGGTTTATCGGGTATTCGAACGTAGGGAAAATTATTGAAGTTGGAGCGGAGGTCGAAGGATTT
ACGGTCGGAGATATCGTGTTTTCCCACGGCAGGCATCAAACGATCGTGTGCAAGCATCACAAAAAG
ATCTTTAAACTTCCCCAAAAGCTGGAGCCTGAGCTCGGCATTTTCTACACAAACCTGATGACGGCT
TATAACGCTGTATTGGACACGAGAATTAAAATCGGGGACGTTGTCGTCGTGTCGGGACTCGGCGTA
GTCGGGCAGTTAATCGCTCAATTAGCCAAACTGTCCGGCGCCACAGTCGTCGGAGTCGACCCGCTT
GAGAACAGACTGAACATCGCCAGGGAAGTTGAAATCGACTATGTGTTTAATCCGAATCGGACGGAT
GTCGCCAAGGAAATCAGAGAGATTACGAATAACCGGGGTGCCGATGCCGTCTTCGAAGTATCCGGT
CATTCAACGGCTTTGAATCAAGCGATTCGCATAGCGGCGCCGGACACGGTAATTACAGCCGTAGGC
TGGTATCAGGGCGGGCAATCGGTGCTGAATCTTTCCGAAGAATTTCACCAGAACCGGATTACGATC
CGCGCTTCGCAAACTCTCGGGATCGATCCTTCCATCAGCCATATGTATGACGATGCGAGAAGAAGG
AATATCGGGAAAGATCTGCTGCTTAAGCTTAAACTCCGCAACCTGATCAGCCACCGGATTCCGTTC
GGCGATGCGCCGAAAGCCTACGAAATGATCGATAAACACCCGCATGAAGTTCTGCAG
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pDS23? (partial sequence, see Fig.54)

acsA: (1)-1646; >1646 bp. AcsA: >548 AA; >61607 MW;

hology to ACETYL-COENZYME A SYNTHETASE (B.subtilis)
AGRPSGFHKEMAQASEELDIEWVDREDGLILHYTSGSTGKPKGVFHVHNAMVOHYYTGNIVLDLKE
DDVYWCTADPGWVTGTSYGIFAPWLNGATNVIRGGRFSPODWYNTIQKYGVTVWYSAPTAFRMLMG
AGDDVVKQFDLSSLRHVLSVGEPLNPEVVRWGLKVYGQRIHDTWWMTETGGQLICNYPSMPIKPGS
MGRPIPGVEAATIIDDSGNVLPPNRMGNLAVKTPWPSMMRKIWNNPAKYEEYFRISGWYISGDSAYM
DEDGYFWFQGRIDDVINTAGERVGPFEVESKLVEHPAVAEAGVIGKPDPMRGEITIKAFIALREGFE
PSDELKADIAKFVKEGLSAHASPREIEFKDKLPKTRSKIMRRVLKAWELNLPTATCRRLKIKRGKI
GRHFFALQLLFFRGSDSVLMQVVRFRLIEKPKDKPGAAKQSSLAASRAFLKIYPVRSADLTCRIFY
RGRQPGLSGIIHGRHFVIPVVFDGRDCVFGRESGIDLLYFVASQHSRHVAFNLSLEEFSFHCSFKP
LPFPFAVSPVGEDGVCLSDS

???: 2472-1996 complementary ; 477 bp. ???: 159 AA; 18020 MW;
unkown function
MNMWSLIMNAAVEKKPELFPDTSFKRPSTVVQATVSDVSGKLPSDLNRQSGHVVTDWFNRKYIPTT
VDNSMKSMSTIEYNGINYIAQDQTPGDMVKSKFVIVREKSVNSLLKELSAVLNKLPAKNRRPLSFY
KPKDYDEDAPSEIDPRKEEAIRAPLPE

PPbpF or pbpA: 3582-(2792) complementary; >791 bp. PbpF or PbpA:
>263 AA; >29368 MW;

hology to PENICILLIN-BINDING PROTEIN (B. subtilis)
MAKKLSFLONPGVRKTLKVTFHTVKWLFVAFLVVGIMGGAAAFGYVSALVKNEPVRNKEEMRKKIE
ENAITGFVYFNDDAVIGQLRTEEDRRLAELKEIPQVVLDAVLAIEDNDFYKHNGVDLKGLSRAVTQ
KLLNEDVQTGGSTITQQLTRRVFLTLDRDAGRKAKEILLSLRMERLLSKDEILLAYLNKIPYGNGS
AGYNLFGIKAAAKGIFNIDDLNRLNVAQAAYLAGIPQQPSNYSAYTSSARPIRRDSKTRLPARSF

leuA: 134 AA; (4763)-4359 complementary; >405 bp. LeuA: >135 AA;
>15209 MW;

hology to 2-ISOPROPYLMALATE SYNTHASE
LOGAPHKQIEFLVRASKLHVAFQRNGIVALHKRVEKFVHVDRLTGGVAFGEIVALQHAGNRQFGGQ
LHHIGKSQGAEPFRVVTNGSLLRIENLEDLLFVRLRIALHVFFROQLARPGFPRRSPIRPVKSPIR
SCT

Sequence (partial pDS6) 4763 BP in 6600 BP; 1085 A; 1199 C; 1180
T; 1289 G; 10 other (1-2795, 2806-4763).
AGAGCTTGCATGCCTGCAGGAAGGCCAAGTGGATTTCACAAGGAAATGGCGCAGGCGTCCGAAGAA
CTCGACATCGAATGGGTAGACCGTGAAGACGGATTGATTCTGCATTACACATCCGGTTCGACAGGC
AAGCCCAAAGGCGTTTTCCATGTGCATAACGCCATGGTTCAGCATTACTATACGGGCAATATTGTC
CTTGATCTTAAAGAAGACGACGTGTACTGGTGTACGGCCGATCCAGGCTGGGTTACCGGCACATCT
TACGGTATTTTCGCCCCTTGGCTTAACGGAGCTACGAACGTAATCCGCGGCGGACGCTTTCAGTCCG
CAGGATTGGTATAATACGATTCAGAAATACGGCGTGACCGTCTGGTACAGCGCTCCGACCEGCTTTC
CGTATGCTCATGGGTGCCGGAGACGATGTGGTCAAACAGTTTGATCTTTCATCGCTCCGTCATGTA
CTGAGCGTAGGGGAGCCTCTTAACCCGGAAGTTGTCCGCTGGGGGCTGAAAGTATACGGCCAGCGT
ATTCATGACACCTGGTGGATGACCGAAACAGGCGGCCAGCTCATCTGTAATTACCCGAGCATGCCG
ATCAAGCCGGGCTCCATGGGACGTCCGATTCCCGGCGETGGAAGCCGCCATTATCGATGACAGCGGC
AATGTTCTTCCGCCTAACCGGATGGGCAACCTCGCGGTCAAAACGCCTTGGCCGTCCATGATGCGC
AAAATTTGGAACAACCCTGCGAAATACGAAGAGTATTTCAGAATAAGCGGCTGGTATATATCCGGG
GACTCCGCTTACATGGATGAGGACGGCTACTTCTGCGTTCCAGGGCCGTATCGACGACGTTATTAAC
ACAGCGGGCGAACGGGTTGGCCCGTTTGAGGTGGAAAGCAAACTGGTCGAGCATCCGGCGETTGCG
GAAGCGGGTGTTATCGGCAAGCCGGATCCGATGCGCGGCGAGATTATCAAAGCGTTCATCGCGCTT
CGCGAAGGGTTCGAGCCATCCGATGAACTTAAAGCGGACATCGCCAAGTTTGTAAAAGAAGGTTTG
TCTGCGCACGCATCTCCTCGGGAGATCGAATTTAAAGACAAACTTCCTAAAACGCGCAGTAAAATC
ATGCGCCGCGTGCTCAAAGCTTGGGAACTTAACCTGCCGACAGCGACCTGTCGACGATTGAAGATT
AAGAGAGGAAAGATCGGCCGTCACTTTTTTGCTCTGCAACTGCTTTTTTTCAGGGGTTCGGATTCC
GTTCTCATGCAAGTTGTGCGATTCCGCTTGATAGAAAAGCCAAAAGATAAGCCCGGAGCTGCCAAG
CAATCAAGCTTGGCAGCCTCACGGGCTTTTCTTAAAATTTATCCGGTGCGATCCGCGCGACTTAACG
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TGCCGCATATTTTACCGCGGAAGACAACCGGGACTCTCCGGCATCATTCACGGCCGACACTTTGTA
ATACCCGTCGTGTTTGACGGACGAGATTGCGTATTCGGCAGAGAGAGCGGCATCGATCTTTTGTAC
TTCGTCGCTTCTCAGCATAGTAGACATGTAGCGTTTAACTTATCTTTAGAAGAATTCTCGTTCCAT
TGCAGCTTCAAACCATTGCCGTTTCCTTTCGCGGTCAGTCCTGTAGGAGAGGACGGTGTCTGCTTA
TCCGATTCCTGATCGGAACCGCCGTTCCCTCCGTTTTGGCCGCTTCCGTCTGACCCGCTGCCTCCG
CCTCCCGGAACTAATCCGGAGTCAATGGAGGAGTTGGAGCCCGTCGAAGAGGCTTTTCCGGGAGCG
GATTCCCGCCCGGCTACGTCAACCGCCGTGACATAGTAAGATTGGGCGGAAGACGGGCTGACGCTG
TCCGTAAACTTGCTGTCGCTTCCGGTCATGACAACCTTGCCCGTTTGCCGGATATACGGACCECCG
TTGTCGGAACGGTACAGCCGATAGCCGACTACGTCGTTGTTCCCGCTTGGCTGGAACGTGATGACC
ACGGAGCCGCCCGACTTGGTTGCCGTCACTCTGGAAGGGGCGCTCGGATCGCTTCCTCCTTGCGETG
GATCGATCTCGGAAGGCGCGTCCTCGTCGTAATCCTTCGGTTTGTAGAAGCTGAGCGGACGGCGGT
TTTTGGCCGGGAGTTTGTTCAGAACCGCCGACAGCTCTTTCAGCAGGGAATTGACCGACTTCTCGC
GGACAATAACAAATTTCGATTTCACCATATCGCCCGGAGTCTGGTCCTGCGCAATGTAGTTAATGC
CGTTGTATTCAATAGTACTCATGGATTTCATCGAGTTATCGACGGTTGTAGGGATGTATTTGCGGT
TAAACCAATCCGTCACCACGTGTCCGGACTGCCGGTTCAAATCGCTCGGAAGCTTGCCGGATACGT
CGGATACGGTCGCCTGAACGACCGTAGAAGGCCGTTTAAACGAGGTGTCCGGGAACAGCTCGGGTT
TCTTCTCGACGGCGGCGTTCATAATGAGCGACCACATATTCATGGCACGCTGAGTCCGGCTTGCTC
AGCTTATTCACCGGAAGCTCGTAACCGCCCACACACCGGACCGTAATGTTCGGGGTATACCCATGA
ACCAGGCGTCGGCGTCATCCTCGTAAGCGGTTTGCGACACGGTATTTGCGTAAATTAAGCTTTTCT
GAAATTGTCGCGTCTTCGTAATACGTTCTCATATTTTGTTATCAGTAGCATTCTCGGAAAAAAGGT
GGCTTATTCTGCCATAATATTTCGTCATCCTATTCGGTATAACCTTTTTAATCTTTTGGAAGCGCT
ACCGTCATCTTAGTACGTTTAACXXXXXXXXXXGCGAAGCTTCTGGCGGGTAATCGCGTTTTTGAAT
CCCGTCGGATTGGGCGCGCGCTGCTTGTGTATGCCGAATAGTTGCTCGGCTGTTGGGGAATGCCGG
CAAGGTAAGCAGCCTGGGCGACATTCAGCCGATTCAGATCGTCGATATTGAAGALGCCTTTGGCGG
CCGCTTTAATGCCGAACAGGTTATAGCCGGCAGATCCGTTTCCGTAAGGGATTTTATTTAAATAGG
CCAGCAGAATCTCGTCTTTGGATAAAAGTCTTTCCATCCTCAAGGACAGCAGGATTTCTTTGGCTT
TACGTCCCGCATCCCGGTCCAATGTCAGAAAARACGCGTCTGGTCAGCTGCTGGGTGATCGTACTTC
CGCCGGTTTGTACGTCTTCGTTCAGCAGTTTCTGCGTTACGGCACGGGATAAGCCTTTTAAGTCAA
CCCCGTTGTGTTTGTAAAAATCGTTATCTTCAATCGCGAGCACCGCATCAAGAACGACTTGAGGAA
TTTCTTTTAATTCGGCAAGCCGCCTGTCTTCTTCCGTACGAAGCTGTCCGATAACGGCATCGTCGT
TAAAGTAGACAAAACCCGTGATGGCGTTCTCTTCGATTTTTTTGCGCATTTCCTCTTTATTCCGGA
CGGGTTCGTTTTTGACAAGAGCGCTTACGTAACCGAAAGCGGCGGCTCCTCCCATAATTCCGACAA
CAAGAAATGCCACAAACAACCACTTAACCGTATGAAAGGTGACTTTAAGCGTTTTTCGGACTCCCG
GATTTTGTAAAAAAGAGAGTTTTTTTGCCATATTACCAGGATTCCTCCTTTAATAACCGCCTCAAT
TATAGCACAAAGCCAAAATCTTGAATACCGTCGTGACTTGGGTCCTAAGGACTGCGAATTGACACC
GTTTGTTTCTTTATGATATAAATTTAGGGAACTGGATATTAATCAAAATGCGTCGATGGACTTCAG
TAGCGGGAAGATGCAGGGAACAGAGAGCCGATGGCGGGTGTGAATCGGTGCCGGTCTCCTCAGCGA
AATACCGTCCGGAGCAGAGATTGTGAACACGAGAGCAGCCGCCCGTATGATCCGGAACGGCTTGAC
GACCGCCGCCTGGACAGGATAGAGCGGAAGTTTCTTTCAGTAGCTTTCTTCCGGGATCTTTCCCGT
TATCCGAATGAAGTGAAAGTGCCAGCCCGGCCCGTATGCCGGTGAAGGTGCTTTAATTAGGGTGGT
ACCGCGGGTTTAAAGCCTTCTCGTCCCTTGTGGACAGGAAGGCTTTTTGTTATGCAGCGAAAAACT
ACAGCGACGAGAGGGATGGAAGCGAGATGACGTTGAAAGACGTATGGGAAAAGTTGTCGGCCGAGC
AGAAGGCCGAAGCGGAACGCCAGGTTGAGATCCTGCGCGCGGAGCGGTTGAAATTGTGCCGGAGGA
AGAATTGAGGCTGAAGATCGCCGAGTCCCTTGCGGACAACCGGCCGCTCAAAATCAAGCTGGGTCT
GGACCCTTCCGCGCCCGATATTCATGTGGGCCATACCGTAGTGCTTCACAGGCTCCGGCAGTTCCA
GGAACTGGGACATCATGTGCAGCTTCTGATCGGAGACTTCACGGGCCGTATCGGCGATCTACGGGG
AAATCCGGGACGCGCAAGCTGCTGACGGAAGAAGACGTGAAGCGCAATGCGGAGACGTACAAAAAG
CAGATCTTCAAGATTCTCGATCCGAAGCAGACTACCGTTTGTTACAACTCGGAATGGCTCAGCCCC
CTGACTTTTGCCGATGTGGTGGAGCTGTCCGCCAAATTGACGGTTGCCCGCGTGCTGGAGCGCGAC
GATTTCTCCAAACGCTACACCTCCGGTCAGCCTATCCACGTGCACGAATTTTTCTACCCGCTTATG
CAGGGCTACGATTCCGTTGCGCTGAAATGCGACGTGGAGCTTGGAGGCACGGACCAGAAATTCAAT
CTGCTTATGGGGCGCACCCTGCAG
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