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Witk

ATP adenosine-5’-triphosphate

CFE cell-free extract

DAO D-amino acid oxidase

DCC N,N’-dicyclohexylcarbodiimide

DMAP dimethylaminopyridine

DNPH dinitrophenylhydrazine

DTH sodium dithionite (sodium hydrosulphite, Na;S,04)
EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDTA ethylenediaminetetraacetate

FAD flavin adenine dinucleotide

FcoT fatty acyl-CoA thioesterase

GOX glycine oxidase

HEPES N-2-hydroxyethylpiperazine N’-ethanesulfonic acid
IMAC immobilized metal affinity chromatography
IPTG isopropyl-B-D-thiogalactopyranoside

MOPS 3-morpholinopropanesulfonic acid

NAD(P) nicotinamide adenine dinucleotide (phosphate)
NBHA O-(p-nitrobenzyl) hydroxylamine

OD,, optical density at 600 nm

ORF open reading flame

PAGE polyacrylamide gel electrophoresis

PCR polymerase chain reaction

PTC phenylthiocarbamate

PTH phenylthiohydantoin

PITC phenylisothiocyanate

PLP pyridoxal 5’-phosphate

SAM S-adenosyl-L-methionine

SDS sodium dodecylsulfate

SSC saline-sodium citrate

TDP (dTDP) thymidine 5’-diphosphate

Tris 2-amino-2-hydroxymethyl-1,3-propanediol (tris-(hydroxymethyl) aminomethane)
UDP uridine 5’-diphosphate
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RIRITHFAET 5 ALY I L RIEICE A, A LAEHERZ2HT20008H %, Z0 6L
EHEWEE T VAR A R TR A FPEVERSLEVREDP O RLE Lot R Y RTF R
SHIIFERBY VIV ETH YA b ALV, TEAL VR ELIICDb > Tw 5, HUEWE
IS AHEEYEOR TS TUEY O " XRIGHEY TH D . BRI U GEREN: 2
B3 2YH, & Waksman IZ XD EE - ESToNTOIWETH S, XN & IFEET S
EPNTE S TRHATIHEOREREBETHH ., TI0OEANINE OB RREE ESON
TVEH, MEMO —XRMEYOREEX -7 755, 737 7Yav P, KYI—F)L, <7
074 F, VERRXTF FRELZIBICOE I EPHSNT WS (Fig. 1), £72 2 D%MREMEED
K& LT OBAEMGEEZBIL Tub 2 E03H 5, BIZIEA L 7 k<A > (streptomycin),
A=A >V (kanamycin) IZfREINS LI RT I/ 7V a>r FHAEWEIZ, — R EEEE
BoTw»37 /RO X IICO R 225, ZOHDICIZSEMBEEKEZH T2 22T X A b
L 7% 32 (DOS) RPAMLTZ I UMHEINTED, MIEOYERY—L30S Y 7212=v D
16SIRNA (5 S AT % 2 L TZ DM HEIT 2 L ST w5 [1], henvaw iy
(vancomycin) IR I N2 7Y a X7 F FHUAEWEIZ, Z ok EEMEEED R 75 F EMHA
BT 2 2L TCZDARERLEZRT EINT VS, ZDL) LAY LT HRFTEH X
NTELDD, ZOEMD I BT RS, 20X LEEMEZ AT 2{LAWMMNIC L THE
RINTELDDz2HLDIE, IEFICHIREAITENRTH %,

—fRIC NS DILEMIERER T 2 VB &, —XINMEM D S BRI N TWw 5 2 EBRIs N
T3, 2 TCXIHEY ORERT 2 X5 72012, {2 6 RZEFRMAETER L 7 tayw
PFHEAEAR g E ORGSR ER2{To T, ZDEARRBOHEE R EMfTbTE L,
—77. Bl 20 FFOMB T LEKM O TR 2 E R, B  OYUEWMEHESBGEE T IRE I N T
Elo, ZRAGHEY S —RAGHEY £ Fkk, Fefiffk DNA LI a— F I8 E T2 S5 - FilER
SINB LK TEANINDHEL DFERDOMBIIGNIC L > TERI NG, £/, —MICHE
YD ZXAGHEEV DGR E D 2385 7 1344k 7 / 5 DNA ECREL, —DD 7 7 A8 —%
R L Twb7d, &5 Mo XRNEEWEABEE 2R3 o5 2 Lok, EiZT17
FAY — LR ERET 2 2 LR L 2 5, CONRE D LICHEE CYUAEWEARED O 4
7% “RANHEM GRS 7 7 A7 —ORSREDR L 3N, T s OEREBHIIEVE IS
D ZRAGHPEVIE S OMIHIC RE CEHIRL TE 7,

FICUTAE, B PRI B T 2 FT I3 R Ic B LT E TR D 0B s LA % S
5DH5T, 427/ L DNA BUS 2 58 f@ae L, 36 e Eilh &8s T-HEee, BERine =
WRENIENT T 2 R A b7 7 DD NI TbNiTw 5, 2o ORI EYE~DERR
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streptomycin kanamycin B monensin
aminoglycoside antibiotic aminoglycoside antibiotic polyether antibiotic
from Streptomyces griseus from Streptomyces kanamyceticus from Streptomyces cinnamonensis

HONH, HOPH
HsCAL0
CHs CHso1 0 OH
CHa)2 0 |
(0] yZ |
. OH
erythromycin A 0} H
macrolide antibiotic N NH
from Saccharopolyspora erythraea N CHs
o H o) CH
(0] (o] 3
NHCH,
H H NH.
N S
m j;h'j/\)< vancomycin
o w glycopeptide antibiotic
o/—o from Amycolatopsis orientalis
H
penicillin G

B-lactam antibiotic
from Penicillium chrysogenum

Fig. 1 k% #iiEWE

FTIEZR . 2 2BEE. AABBEREITICDICH S RO TE 7, IR, BE < o R
MZEAFET 2 2 L THIS LT B Streptomyces J&TlE, 2002 4E1T Streptomyces coelicolor
A3(2) D47 7 I DNA FCHI DG Y LT UARE [2]. BIEE T2 37 o2/ /7 LAECHIDSBEICHE
50 E %> T3, Komatsu 513206 DN, me “XNHEVEEREZ G2 N—X 7 F
(avermectin) A2 FER Streptomyces avermitilis DYtafk’7 7 L DNA (4 D2 i L, G
PEVIAEACBORIE 7 7 2 8 — 2 B A HIBR U 7 2%k SUKATLT DIEICHII L Tw 5, HIZZ D
SUKAL7 \ZHHR2» & 4 OYUEWEEAERE Y7 7 A5 —2EAT 5 2 itk > T, ®ET %
PUEVEDBIEFIIRNICEE SN L 2R L Bl Thbb, ZOWEIEGEIFEITE
ICHRA LT LRRAFPR L 22 L 2R 25D TH D, 5% THEENEE TR Twiz ™
RAGHEY LG GEE 2 U - B L, FRARMLEYMDOEENLIGHTE 2 [ fEMED TS
7o L22L., TN DGR Z BB IS5 D12k, BT 2 A&MHZ ARG PEY A4 A k%



MEWSIZT 2 2 EDBRATH Y, BJEE TITONTE LR L NN DA SR O HEE X
FTETMALTETR S,

RV 7 F FEEWIE R ED A A RREEGEHZ 7 — 7 v b & LR T b IER IS
REBLAEVBEZZELTED, 2OHIZIZy 7 1Y & A (tacrolimus, FK506) [4] ., =Y A1
ATV BFEAZTHOON TV hw, Z20MiEriE LCAIZED O
DB ELfTONT V5 [5], ZD &) I WBEEOREA & L TBEN L iREEZ MO T 5
RV 7 F MMEEMOEEHIE, —XAHEHFEE TH S B B E SRR EHIL TEH ., —#
ISIG AL S Itz BV RV IBBHIAIEE & < 1 = L-#fif%3% A (Coenzyme A, CoA) ¥ X F)l w0 =
W-CoA % ELD I 74XV AIHEKIBIC K > THEARIND Z EBH SN TS, ZOEREIZR
V7 F FEEMESRICHEL TWu3Icbrrb 6T, BT 2{LAYMOHEIRLIKICH>TE
D, B TFWEL EDOFEIC L > THHEILAY 2 1S T Z 2 WRESRWLEYRETH 5,

CDEIBRYVTF FMLEYOER 2 MEET 28FE,. XY 75 FEKREEER (PolyKetide
Synthetase, PKS) 1213, € 2 — VARG Z L 2 THIR Y 7 F FEKEEE (type 1 PKS) .
FHERF ) r F FLAVMO LG % ST 2 TR Y 7 F FE&KEEE (type T PKS), & 7-JEHIC
HifiafiE2 A9 2 MR r 5 FEEEE (type I PKS) Z2 EDFI S LT W 5,

I 71 PKS (% 1990 4F, Cortes 512k > THIHOTEY A< A ¥ vy EHGHIZBIDH % PKS EBTD
WA IND0RBO E LTI6]. BEETICIERICS L O T PKS BiEFHEINTw 3,
o [ PKS Ofiiitiz =) 2u <A > VAEGRICED S 6-74 X2 A1/ 74 FEK
%3 (6-DeoxyErythronoride B Synthase, DEBS) % #ilic%51FC, Fig.3 IR,

[/ PKS ZIEF LK DT S VB oY b, FFREIET» o8+ (Bt — 204 kDa)
WO REERBY v RIVETH D, ZONFIEHI, & L IFEHEDEY 2 — I X > TR X
NTw3, =DDEY 12— )VITREHNIC T P VEOMEKIEZ M T 27 b v ¥ —+¥ (KS)
FX A v, BREEPHEREOBER O Z BT 27 V7 v A7 27 —X¥ (AT) F XA ¥,
AT FXAL U OHEBINE P NIEEZFAZ AT UL E L TRET 27O LF Y YU 7—7 054~
(ACP) EIET 5, AT FAAL VI3BRAZ FAAL VI LICED PN EZEHB IR 20000 E > T
W3, RNV F I VA7 27— THIUEIYR )L CoA %, XFNLIUZ)NF T VAT 27—
L THIUTAF L2 =)L CoA ZZNZ R ERMNIEFHL, HREL=y FE L THELDEY 2 —
LD ACP NEHBIE 2, flillch XA F ¥ 92 =)L-ACP, 7 3 / 12 =)L-ACP, 7'V £ V) L-ACP

. BB N ACP ICHIA L& 7 S VEBHEIE L LT PKS ® ACP NEB I N3 C
EPMEIN TV [8]. TNSEBEICHN T 24 AT F X A4 v ORI DV T b Bk AR /-
N5, RIZrbyvd—X (KS) FAL VDHIEY 2— )LD ACP IZFEG L TWERY 7 F FiHE
MEEEOBRBZ -7 7 74 ¥ VRSB ZMEE L. XY 7 F PRI NG, 2Dk
RV F FEICELZBMDOANTE=NVEEZT LY 78 —¥ (KR) FAXAL Y, TEFZ7—%
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FK506 R= _"~_* CT/ ‘CHg

immunosuppressant,

from Streptomyces tsukubaensis "'OCHj

FK620 R= HoC OCHs avermectinBla  OF

immunosuppressant,

from Streptomyces hygroscopicus subsp. ascomyceticus antibiotic

from Streptomyces avermitilis

R4, Ry = OAc, or M "LLL
HaC NN 07

COOCH or D,
s ) bryostatins i 0 HSCWO

antitumor drug candidate OH
from Bugula neritina, Amathia convoluta

OH

HaC®
CHg
amphotericin B © ° OH
antifungal drug NH
from Streptomyces nodsus OH 2

Fig.2 £V 77 FlLaie

(DH) FAL Y, T/ ANVVL ¥ 7% =X (ER) FAA VICk b, KEEHADET, BikzEo7—
B OB, “HiGOEITLNE4 530, SO X F L AIENERE NS, RTDOEY 21—
LIZX o THRY 7 F R L 724£121% PKS @ C KB d %5 F4 = A5 77—+ (TE) F X
A& o THRIE, b L IEF AT AT VDMK RIIGH S 41, PKS 225 I 15,
RACHHEHE 12 BT B BRI A S (FAS) Tk 2o —#HO BB T b aicxf L, T
PKS Tl KS-AT-ACP MU DEHiTESE B X A4 ¥ DEFEEIZEY 2 — ) )VIFICE 7% > T\ 5 (Fig. 4),

IR L THEY 2 — VORKEMORENZ L. RV 7 F FMLAYOREL KL 5 2
Tw3,



DEBS1 DEBS2 DEBS3

>

loading  module 1 module 2 module 3 module 4 module 5 module 6

@@®®®@®@@@ @é‘é@@ e @@©@®®©@@

Starter unit: propionyl-CoA
SCoA

\)O]\
(0] (0]
_O)KH‘\S CoA Extender units: (2S)-methylmalonyl-CoA

Fig.3 DEBSIC& % 6-FA4 x> 1Y 20/ 74 FDEABIERE 7]

6-deoxyerythronoride B

Acyl-Carrier Protein
AcylTransferase domain

KetoSynthase domain

HS \i

Rv o e . @
RNt
< J ] ]

KetoReductase domain

DeHydratase domain

ONORONONONG,

EnoylReductase domain

former module

N

Iﬁ
lﬁ

Fig. 4 PKS % F



72006 4, 7% HSRAGNHEEE G ERIHEE O X MBS ISR e I 2 L2 Fm e L [9].
DEBS @ KR-AT ¥ F A4 > [10], KR FAA ¥ [11]. DH F XA ¥ [12] & &, &R XA > DRl
b - BEIERRHT SR TR SN, FER T 2/ BRI DT D A TRES 2 Lo e dh > 7 TH PKS %
F XA v ORIGFFEMEICE T 2 MR~ E > T3 [13], Hl 21 type IPKS @ KR F X A ~
IO WTIRFIICREIN TV S 7 2V BEGIEF — 7 D88 — v L BEEIGERY O ikl
FICHBEP R I NS 2 LN TE D [14], 7 2/ BEIIOREHEBICER T 272210
T, KR F XA VORIGFEEZIET 2 2 LR EDGAICELTHRICZ>TWwS, Thbb
JERNCAHE - 72 HARIN 72 PKS I2B W&, &HERE B X A~ OFEll 72 SOSHERE0SH & 122 D 00 b
%, i, BEEERHID PKS 7 2/ BERLYITH - TH, v b7 —7 L THHTREZ SBSPKS [15],
ClustScan [16], antiSMASH [17] & D F X 4 Vgl — vz HeiuX, 206 O IR Z S
KETPHT 22 LBAMRRICAR > TE TV 5,

—Ji, IR k) o, BEFEHRD> SO N ZRXEEYESEGEE 7 7 A5 — D
IR RLTEB Y, 20HI2i35EToRY 75 RAEGRDEFENCHED 2\, FifkZ PKS
DELFRINT0E, ZORTHREWNZDIL trans-AT PKS TH 2, Z3UI PKS DEY 2 —
AHUZ R Y 7 F FEEMERISICHAE R AT F A A Y FERE T, PKS &3 HE S N 3 Hsho
AT FAA UYDIEEY 2 — )LD ACP NMETREE 2 M S & 2Rz R0, AR 4 & IEER
DIFIEAEYNHAET % PKS 132 T I D trans-ATPKS THZ Z EDHoNTE D, AT FX A v
4 DEY 12— VNICHEET 2 EEHERI O PKS (cis-AT PKS) & HHEOFEZH L 056 b, ELw)
OB CThHlFEM 2 72 E > T3 [18], 2D X 9 72 trans-AT PKS 6 APES L5 R r F Fik
EY)IREEHERL PKS FEY) & 13 B 2 BESMEZ A L T % (Fig. 5).

H3C,
O HO,
HsC { H3C, —
HO HN — — NH
_\:\ — HsC O
- bacillaene HaC
prokaryotic protein synthesis inhibitor
from Bacillus subtilis
OH o
W
leinamycin
OH antitumor agent
CHiO % from Streptomyces atroolivaceus pederin
HsG 0 HN NH cytotoxic and dermatotoxic agent
z from the synbiont within
(0] O\/O onnamide A NH Paederus and Paederidus
H3C cytotoxic agent

from the symbiont of Theonella swinhoei,
Trachycladus laevispirulifer

Fig. 5 trans-AT PKS I X D EGR S5 1Y) 7 F FLAEYIRE

%] Z 1% cis-AT 1D PKS 12 o DX FNIEEF TR Y 7 F R2EEKT 28546, REAEEIC



X F ) =2a =)L CoA ZH\ 503, trans-AT 1D PKS 26T 2 TIZ, X F~<wu =)L CoA
HiEZEGRT 5 2 LR WEAED%\», Z 2T trans-AT B PKS TIZ A Y 7 5 FEE DO
i, b LRBIERBIZS-TT/ S Ib-L-XF 4 = (SAM) FRLD X F VIR #EEZEIC L > T a
PACAFNIEZ B SMIML TS [19], FLFAZATIVLMIZE LTS, X N1 VBRI
BIEA YRy TV VBBEAREEML BT, 3-E Fa ¥ 3-XF 1718 ) L-CoA
G % (3-Hydroxy-3-Methylglutaryl-CoA Synthase, HMGS) & fHF4: % § 2 [#£5S PKS Lo
FALATNWVICIZXY AF Ly 2T 5 2 Lo T RS B N7 TV AGRICE T 2 B-
g D 42 5%, Fig. 6) [20],

AcpK

(trans-AT) PksF (KS) HMGS: 3-methyl-3-methylglutaryl-CoA synth
SH S : y ylglutaryl-CoA synthase
; o :,, O:< ECH: enoyl-CoA dehydratase
SCoA
o o}
OH
© MG
OH
malonyl-CoA @ @ ?
PksH Pksl

SSH

o ? (ECH1) ECH2
3 2 R

Fig. 6 N¥ 7 TV ERRIRICE T 5 BALD X F L4k

DLED XSz, ®Y7F FILEWIIEEL 72 PKS 25 A 6K S, EEN LGS kEEZH L <
WEHD, BT BEBIEE L L TAEARINS R F MMEEW L MBS REEZF L
TRV rF MYt cd 5, WHERY) 7F FILaWix, BBEEIC7 2 F1-CoA 7 u K
F = )V-CoA FED AN RV BOFEE, b LI XNSEMTH2EMML-7 I/ Bz2Hv5
EBFILNTWS, LrL, 2O NV—TIET 2LEYOBEE X, — XA TIEESES
NBZEFBEELICSVB-TI/BTHS, Thbb, ZOMKAEEARICIZ, PKS EETV 7
A=A D B-7 2V BEGHBEPIFEL TWAH I EPRETE S, YUEETIEING
DALEYIRED G, FRCRICH B B-7 2 7 MEBHIREYE O 4 A% O PKS D5 A B (2 il
i RS, 4 O 2fr->TE 7,

B-7 2 BEEMARY 7 F FMUEY ORI E L GIREEH Z in vitro TR L 721 & LT, E
£ =A% F v (vicenistatin) D A ¥ — ¥ — LGN H 5 (Fig. 7 HBA). AR Streptomyces
halstedii HC34 \2 X D AEpES N5, T 20 BB~ 707 7 9 AR LSRR 7 7 A5 —
(vin 7 7 A% —) X, MYWFEED Ogasawara & 1T & D figGe S 41, #H D PKS EABGEE T 7 7

10



CHs CHs

NN cH
BE-14106 %LL 8

hitachimycin anticancer ML-449 aureoverticillactam
antibacterial from Streptomyces spheroids A14106, antifugal anticancer
from Streptomyces sp. KM-4927 Streptomyces sp. DSM 21069 from Streptomyces sp. MP39-85 from Streptomyces aureoverticillatus

0 H
cH H 3CHN%OM A~ N
OH O
‘ CHj3 CH3
HO' F HoC o X
CHs . ) I
incednine vicenistatin
anti-apoptotic function of Bcl-xL anticancer
from Streptomyces sp. ML694-90F3 from Streptomyces halstedii HC34

CHjy

HO™"

piceamycin heronamide A salinilactam
antibacterial, antitumor from Streptomyces sp. CMB-M0406 from Salinispora tropica
from Streptomyces sp. GB 4-2

Fig.7 B-73 /WM&~ u7 785 L§i4WmE

2 —=TIERONZVEBTHOGEPHS ko7 [21], NS DEBTIX, L-7 L5
VLY —XRWIKREE, JEY R Y — LR Y R T7F FEEEESE (NonRibosomal Polypeptide
Synthase, NRPS) D€ Y 2 — )VINICHEET 4 DRERE K A 4 VICEM L 2fEEx2 2 —F L Tw
7oo T OREFEFEREIL UIFZE 2 D Shinohara 512 & D IZIF & THMH I LT 5 (Fig. 8) [22],
Thbb, BRI F UVAGHMBEETH S 3- 7/ 2-AF V70 L VBIE, L-TVY
SUBENREWELE L TUTOL) ICEARING, $T L-7VY I VBE, L-7 VY S VL
% —¥ VinH, Vinl DffEIGIZ X D, (25, 38)-3-AF LT AN T X UBNEEHBLINS, fHit\T
ATP R 7 F = WALREE VInN I X ) 7 F = )U L 2 b, #iv>T ACP TdHh % VinL ~ &%
INb, ZOHEY FXH—)L-5-Y Vi (PLP) AR ERIEZE VinO 1< X D 7 > VRIEE o i i 1
RIGHETbzth, b9 —2D ATP RFRL 7 7 = VALEESR VioM S L-7 7 = v Z VT 3-7 &
J2-AFNTREFZ)-VinL O 7 2 /) 5% (R, 95, Zd PKS hRCPIIBRE T4 L
RV F FHICBOT, BREEO 7 2 7 EBF AT AT IVARELE L, b 6 BT
DRI S>TLEIDZ DTN TwE EEZENTVS, BEICXDER LAY T F
R 7 3 VIR ER VinK I2 X D PKS N LB I, 77V a3 Y ERIEED 7- © OMEOGEHS
iz s, 2L CHRY 7 F FMHRKISKE T, 7T FIKS@EERETH 2 Vinl 37 7 =)V H
Z THifRiE, L. TE FXL vz 778 L5{LT 5, LwHidbDThs,

11



VinH, Vinl VinN VinO

NH, (glutamate NH, 0 (ATP-dependent NH, O NH, O (decarboxylase Ie)
oH mutase) ligase) epimerase) /\)k
HO,C ——> HO.C OH 7\«—' HO.C O-AMP ﬁ_’SH HO,C S~(Vinl) PLP HoN""">8~(VinL)
o CHa ATP PP CHs : CHa co, CHa
L-glutamate (25,3S)-3-methylaspartate MeAsp-VinL Amp-VinL
(Glu) (MeAsp) holo-VinL

(acyl carrier protein)

polyketide synthase (PKS)

‘Ioading ‘
module module 8

4@" -
g
M / / ’
VinM VinK Q? """ o & %?QE)
(ATP-dependent o o acyl- 3 CHg H CHs VinJd Ha

(acyl (1€
i . HO,, NH
ligase) HZNQLN/\)kS i transferase) o .-CHHOV P m/\NH (peptldase) 2 HO.,
Atp A;MP CHaH CHy ’ | CHy °© CHg
Ala  PPi Ala-Amp-VinL o NH HC PN S
:g CHy

Vicenilactam

VinC

CHj3

(glycosyl- SC\N%
transferase) Amp: 3-amino-2-methylpropionate ACP: acyl carrier protein KR: ketoreductase

CH, AMP: adenoglne 5'—monophosphate AT: acyl transferase KS: ketosynthase

A ATP: adenosine 5'-triphosphate DH: dehydratase PKS: polyketide synthase
SC‘N HaC PLP: pyridoxal 5'-triphosphate ER: enoylreductase TE: thioesterase

PPi: pyrophosphate
OH O-dTDP Vicenistatin

Fig. 8 Et=2Z% F v OFIRILE 4 A S

WA, ) =7 7 % 5 [23] % BE-14106 [24], ML-449 [25] %, \» X 22D B-7 2/ &R~
a7 78 WEWBEAGHEIS 7 7 A —PWME SN TV 23, filiucEB VTS vin 7 7 A

—ICHFEL oD 7 7= ALlEE, HILD ACP & 7 Y VIIREEESE, R 7F PR RIS
A= FT2BEFPREINTVS, Thbb, 2O V—7ICET 2HEYEOBIKILEE
AU L 7B CTHEET 2 2 LRI N T W 5

7L 224 > (cremimycin) (KR Streptomyces MJ635-86F5 3 EFET 2 19 BB B-7 2 /
Bagi~rus 785 ThHhsH, 1998 41T Tgarashi & 12 & > TZ O Hf - fEEREI WM I T
WHILAYITH D [26]. X F V) VitEEE 7 BT RE (MRSA) 2 &8 7 7 LG HERICH LTl
N BEREREZ RS I EPRoNTW S, AHIRZIZZOMIET, Fig. 9 1Imd L) IT—Hk
MR rF FMLaY LT 2 &, FEICRBENLLDTH S Lbd 5,

FI. LI VIFEERER O OR#E7 VX NVEEEL B-7 2V BEFIRIVE L LT
L Tw3, 20k RbAGEEZHT 20613 Fig. 7 12239 BE-14106 [27], ML-449 [25],
7L AV F VT 7 ¥ A (aureoverticillactam) [28], ~ 12 F S F (heronamide) %5 [29, 30] 341
S5NTV 20, RE DI OV TIRHEE - FEREPRE SN TSI T, 2 DAEGRERET
. i AR EEAEGHRER I O TR —YoMARBREIN TRy, TDOX)EB-7 3
JRIE—RANHFERE CHEIN T2 WERHS, 7L I A VEGEMBEO D ZH L Tw
pEEZOND, £Z2DEGHEETHICIE, vin 7 7 A8 — LHEDOBIEEGRICEED 5
BETBEAETE I LN TPRINS,

12



OCH,4 cremimycin

Fig. 9 Igarashi 512X > THREI N7 L I <A > v Ol BT IIRBFRTFOMERSZ 1T, )

Table | FEA DWEREIZHRT S 7L I <A > v OEBIEM: (k)

Test organisms MIC (ug/mL)
Staphylococcus aureus FDA 209P 0.39

S. aureus Smith <0.2

S. aureus MS16526 (MRSA) 0.39

S. aureus TY-04282 (MRSA) 0.78
Bacillus subtilis NRRL B-558 <0.2
Corynebacterium bovis 1810 0.39
Escherichia coli NIHJ > 100
Salmonella enteritidis > 50
Saccharomyces cerevisiae > 50

TOHELTETFOND DN, RE-KEMAETHERSINLHEREZEL VS, T4bb B
Mvru7 78 08KEET77)avE LURFET2HTHL, ZHIFEYF oAV [31] PEL
74 ¥ (piceamycin) [32] TH RONZMEETIZH 225, Z DR ICBIT 2 A RIZEH
fELZ2, RV 7 F FHOERE, HERLPLY 7u7m v, F~7aiTi2at 5 BB
6 BEMLANET T 2 HRIZWVL L O WME I N TV 323, BV A T O ARH 2R ELERZ 5
THIZEI S 2 A£G IERHI N TE 67, JEFICHERZE W,

BBIZIZLVIRAT 77 avitflalTws 26-¥ T4 F2-3-0-XF 70 —R (¥
0 — A, cymarose) DEETH 5, RV F FMEEWIZEEHE E L TR 2 &%, C
DEF L EMEEZEO TR 2 EBHAISNT VS, F, ZOBICHEASL Tw 2 HHIEEEIC
BfizZ T T, LETH-7DTEIEBHE, >vu—RXb20E 6 &L T4 X
SMLENTBY, 3MOKBIEZT XL PAMICHES N, IS5IXAFMEERZITTVE, ¥
0—ZADBFEA LT B RAME L THEYHED 7L 7' F VEHEE [33-35] oY X /A P v
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(heliquinomycin) [36] 23R I 41T\ %23 (Fig. 10), i EEREMTONLZITTH D, 2D
ARSI D Bk R 72 5,

o) (6]
HO, (0]
pregnane glycoside /YJ\O CH (0] 9 OH
appetite suppressant 3 o O O OCH
3

from Hoodia gordonii H3CO
H3C o HaC . |'“O
2 0 Hs OH :
Hg;&/o/%/ow oLl 6 &

OH o OCHj3 heliquinomycin
OCHg ocH H,C 0O DNA helicase inhibitor
3 HO from Streptomyces sp. MJ929-SF2

Fig. 10 D->~wv—RX%H7T % Hoodia gordonii XD 7'V 7' F VELHEA L L->vv—2%H
TEN) X <A > DR

Thbb, INORELEEGEZE T2 7L I9A T VOEGHEHZHO 2T 2 81, K
V7 F RAEGHERICE O 257 2BREEML, KA M AR~ OBEIC R 2 LHIfFTE %,
FN0FIRRERTIAT Y, TILEARLVFUNT 7 L5 BEEERESREN 2 g-7
2 BERRY) 7T MUEMOEGEEREHANDORB» D IR 2 EF 2, 2 2 TRIIAT
Z7 L 22 A T v OEEEBERE R T 2 7- 0 RN SR 2T 7,

DIF., A IcEB 28I TERT,

BT IV IOA TV ERBET 200 EZHO» T 5720, ZEMRMBERLEY
ZH OB GEBICOWTIHRR S,

BB TII 7L IA Y VEAGREBET 7 7 A —DRRICOVTBRS, £ I08ETY
TAT =ML A VEGRICES T2 2 L 2T 50, BIETHEIERZTo-2 &
b TR B,

HINETIZ 7L S <A S VBIRIEAARICE T B 7 2 HEBIGIC O W TR 3,

BLFETIIARGR L 2GS 5,

14



o 2 5 BHIRBIC X B GIRTEMA D]
21 JF

ZIE RN LAY 2 o 7o 5 55205 1% 1970 FEARDLRE, AR LAY ofdieElc 7 —) 248
% <553 % (Fourier Transform Nuclear Magnetic Resonance, FI-NMR) 23{0LH  #U4h & 7-
ZEImZEFETHHDTH S [37], KU T F FULEVDOLEAMIZANA L 7 Xk 5 1o, —MRICHItAEE

HEMBEILEDN Y 74 ¥V ERAGSOGC X > THKBZEW 226G L, RV 7 F FEBMPY
TV ZETHEITL TV, REEICIIZREDR D D . BHICHEEZRET 2 2 &R LY
GDH 5N, MELEIIFEED) 6 FEINLE e =)L-CoA, 7RELXVBPoHEEIND X F )L
¥ 1 Z)L-CoA FENR—RINTH O . MDMRIEE Z v 25583 ICIREN LD Ek->Tw
%, ZDIOMAE VR 12 ZFD BC CEERL L 2 FEES 7' 0 © 4 Vg% A PR R I 1
G, fiEVELEERIZ NS DILEMZER L TR Y 7 F FMuaWz LT 5 2 L35S

WCPHTE D, T2 & RBRFAELDER 1.1 % BETH 2 3C 23, BERLEMID A 4
EYE Tl BC BRI NI 20 2 OFEIKRE (IR L, BC-NMR TlZZ D> 7 F Lol
RzEHBT 2N TES, COWMDARNNY —v 2@t d s itk b, RV 7T Pty
YD EAIRETERAA DS EDMBEIC ED X ) ICESI N TV 202 BT 25 2 L3 TE 5, JOkk
59 BC BERL AN  HAE CH) ® PN EGRZ bk e ntsh, K
RAEIAEY D EEGRFEHRZHS I L T ETOBALTFEREL> TS, HIZIE7L I
ATV DOEEPECTH 2 ¥ F 2 A > ITxt L TE 1982 FFICR G HEBEMTbILTE ), £ ¥ F
AT OT 7Y avERREER, 7ot gy P TRRS L FREEIZ 7 2=V 5
SV LTEEINL BT AT I TH DI ENREIN TS (Fig. 11) [31],

F M E TR G I X > T, BRICRR 2 R HUAEYE O &G EATER Z i@ L T v
% [38,39], BT TId Takaishi &34 & B =¥ D4 BATRAE % 5 LB TR L Tw
% [40,41], A v F=VIdI7 VIRA L VBT S /BERM~ 07 75 LHUEYE TS
h (Fig. 7 E¢E). # OGS 6 BIRIEE X B-7 S / TR, MhEFE IME, 7ut Vg, 7
=P EKLFEEINL v =)L CoA, A F N ~vu =)L CoA, X F¥> v =)L-ACP TH %
LI N, 22 TA vk RV AFER Streptomyces sp. ML694-90F3 (2 4-ff 13C kb L 7=
FEBERAZ B G U, PiAWE % %% Bk, BC-NMR CT#TL T2, ZofH., BFHLED
B-7 I VEEHRIZ L-7 VY S VB S HFEIND I EBHS LR MR O AT I
FHLEYEEE, 70t ViR, 7V k- Th23 I EMNRFI N (Fig. 12), F 7BiREE
RIGDZ A 2 72k b, BREEAEGRICE TS L-7V 8 S VgD S 3-7 3/ B~ D21
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\\\\

.‘é\

HoN

HeCO  OH

o B-phenylalanine

OH
hitachimycin OH

A

@) 0] 0
/x\ \v)k N2
OH OH OH
[1-13Clacetate [1-13C]propionate

DL-[1-13C]phenylalanine
or DL-['®*N]phenylalanine

Fig. 11 #5FHEBRTHHINLE Y F <A > v DEARTEKE

B, -7 Ny I VB, b LR 4-7 I EERNT 2 onE L ok hs, PHERRLL 72 B-
TN S UVBORBA v R VEBICIDIAEN-Z L XD, BIREETH S 3-7 3/ FKIEIX,
B-7VF I VR L TEARINS Z LRSS I L % (Fig. 13),

O  NH,
oy 2 HO OH — > HOM
OH NH, 3-aminobutyrate o] NH, O
HO Q L-[13Cs, 15N]glutamate
Ho OH HO OH
OH /_\ 24" 2H2H’ 2H
- -2 2
D-[6,6-2H,]glucose CHj3 CH32H 2H2H B-[2,2,4,4-2H Jglutamate

N CHs O  NH,

?H, Ho/i\“JEI
HSCH/\ g \/SO/—\ //\ O\/O H 3-[3-2H]aminobutyrate
CH5HN HO
8 CHs incednine ©
O e ™~
)\ [1-18C] or [1,2-13C,]acetate HO | oH [1,2,3-13Cg]glycerol
OH OH
o 0
\/&\OH [1-13C]propionate HBCS\/\‘)J\OH L-[CHg-13C5methionine
NH,

Fig. 12 53R TA v & FZ UV EIBICHD A TN LERMAREGRLAY &£ Z DHLD AR Y —

BEE CHAAHRBEREICE T AHMANELFELEVW I L I A > v OEERIRZIED 512H
720, 2D XIHITNMR & 7 F OO FHECTHIWTTE., BRSSO N L5 EEIT,
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(0] O

w 7 Wz O Ve
HO w e )k)\
T ho OH HO

-glutamate 3-aminobutyrate
L- glutamate \ (starter unit)

oA

4-aminobutyrate

Fig. 13 #5981 &k DRI N7z A v F = v Bl BV E A G ikt

RO A E LTROBELZODE EEZ -, 2 CRELERMIERLEY % 7
LIS VAEERICES, oA 7L I<9A YD NMR A7 MLV ZFiTAZ LIk D.,
7L I2A Yy DEGHEIRMEDREN NI EERRE2HEET 2 Z LI L7,

2.2 RSt orn

N R A A LA e i & D 5 TH W2 7 L 2 < A > VAR Streptomyces sp. MJ635-
86F5 (IMC S-0834) FkD 7 L S =4 ¥ VAFEREZ WAL T % 72, RWide, $EE L. Igarashi &5 DO
FLTOBEFEIE>TI L <A > OBz A T (Fig. 14 £151) [26], L2 L. MIE#EY %
TLCICTHER L 7L 2A, 7L I9A LY DARY P 2IERT 2 Z LI1dHET, £7 'H-NMR 2
RZPFVIZBOTOHHREIN TV L) By 7PV EHRE ko7, ZUd7 L <A
VDN DI LM E 27072 LFE X, il TEBEEZIT> 72, Lo L, Igarashi 5 DK
ZMETId, 120 ORERT OB mg D 7L I v BRI Yok, TN, LE
Ff AR LS 2 B 5 ER 2T 2 L DWEECTH 2 2 L 2R TR TH - b, B
fEz 32 2 LIk > TZDEERZEE T 2ENHCET L7, ARG ORE. Jgrgensen
51T & - T 47z BE-14106 ARG, 0.3x BPS §5lh (Fig. 14) [24] 27 L S v A > v
FEEOARREEICH O TALE 2, 9 HEOAEE T 200 mL OREE{E TS5 'TH-NMR TF%

SOV IRA Y VDFEPHERTE 2BEDQEEIMERTE 7, 512 3 MM X Thy & DI 2 it
BL7EZA, 7V I9AT v DAEEREDIRAK 140 mg/L LHERD 50 5Dl Lic ERT 22 2R
ML, 22T7L <y v AR#ESMZ 0.3x BPS 55T 28°C, 3 BRI HHS i 5 & e
L. UTOHREHEBUTETF L 7,
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Streptomyces sp. MJ635-86F5 (IMC S-0834) wet cells
cremimycin production medium: 13.6 g (9 days), 23 g (2 weeks), 7.3 g (3 weeks)

seed medium 0.3x BPS medium: 6.1 g (9 days), 13.7 g (2 weeks), 4.4 g (3 weeks)

preculture

700 mL, 2 flasks (for cremimycin production) modified 0.5x TSB medium
D-galactose 2 % Bacto tryptone  0.85 % +200mL of CHCla: MeOH =1 : 1
30 °C, 180 rpm dextrin 2 % Bacto soytone  0.15 % , overnight 8
3-5 days Bacto-soytone 1 % NaCl 0.25 % ’
H 0 0
;i);ge?:ﬁep liquor 0'15 02 g'-;zlscoo“s o 0'122 OZ filtration and concentration
NH,4),SO 0.2 %
EJaCA()Dzs 4 0.0 o/: pH7.3 + 400 mL of MeOH : hexane =1 : 1
concentration of MeOH layer
pH7.4
culture + 200 mL of CHCl3: MeOH =4:1
100 mL, 6 flasks each
97 9. 200 washed with 200 mL of water, 3 times
, rpm
9 days, 2 weeks, . .
3 weeks BE-14106 production medium concentration, 'H-NMR analysis
cremimycin production medium (0.3x BPS medium)
D-glucose 5 % | | D-glucose 1% precipitation
soy bean meal 1 % oatmeal 09 % (CHCl3: MeOH =4 : 1 + hexane) 9 mg / 200 mL (9 days),
polypeptone 0.4 % | | malt extract 0.15 % 7.8mg /100 mL (2 weeks), 31 mg / 200 mL (3 weeks)
yeast extract 01 % yeast extract 0.09 % analyzed by 'H-NMR
meat extract 04 % MgSO,- 7H,0 0.012 %
NaCl 0.25 % NaCl 0.03 % gel filtration chromatography (LH-20)
CaCO3 0.5 % CaCO3 0.15 % @1 cm x 100 cm, CHCl3: MeOH =1 : 1, 0.8 mL/min.
H7.4 soluble starch 09 %
PR 7% 1 | moPs 11 % Y
centrifugation pH 7 purified cremimycin 2.4 mg / 200 mL (9 days),
4°C, 6,000 rpm, 30 min. 3.8 mg /100 mL (2 weeks), 28 mg / 200 mL (3 weeks)
Y 4°C, 10,000 rpm, 10 min. TH-NMR, 3C-NMR analysis

wet cells stored at —30 °C until use

Fig. 14 7V I~A Y VEERDOBEEFMELIT 7L I2 A > O

2.3 KEFIDIARRLE 2 R 7o B 15585

G EBIC 2 B RN AR LAY IE, — R TORE %P C 7 ik 4
WOV EME D REZRT 2594 S v 7 CTRE T2, 7L v A v VEREROY A, Igarashi
SIIAREERAG 4 HEDP S 7L S A S v OAERMERT 5 2 LB TELEREL TS, 22
TAERBRICEOWTIZZ L 224 > VAEREOARRE 4 HB IS HLE RN BREGRLEY & (IR E
0.05%, b L <1X0.1 % 1272 X H)ITA T, ZHEBEORRERICE S NEEIE, kicidX7F
2L FRRICHER - i R L . BB H UL, ITHIL 727 L S+ A > > % LH-20 2 V727 Vi
WhZLrae 7774 —CHIHEML 7, Z20% BC-NMR TR 2175 72,

G FBROMER A R TRNCHID 720 G5 THIE B L2271 w4 > D BC-NMR
A7 bV Fig. 15 128§, Igarashi & IZHIEREE & LT DMSO-d, 2 l\VTw7ehs, A% Tl
HER OB Z GBI T 27:0, EZ7rREk LA (CDCL) EHEX Y/ — )L (CD,0D) DA
THIEEIT> 7%,
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2.3.1 [1-BC]FEiEF + V7 Lo h

7L I EERIC[1-BCIEBRF Y 7225 LGN ZL I VD
BC-NMR A7 b+ )L % Fig 16 12”7, MbHFGETHEELZ 7L S <A D BC-NMR A<
ANV EHIKT 3 L, TRBESDORZEDL T FLBRELBERLTVE I b5, ZNIFY
L 24 2T [1-13C) B 5 B E Stz [1-13Cl = m =)L CoA 237 L S =4 ¥ Y EIEZ TR
T27%ODPKS MIRHELE L THEIDIAENAZ EZEKL T3, £ FREET T~
D [1-BC] BEBOILD SAHR Y — v ZfE#NTT 5 &, 19-25 A7 F TOREFS D REF 1234 T 13C
THEIN TV LI b ol, SHUREHITREFHRTH 5, Mk S I OMEZITH
DD B-7 2 /e~ ra s 7950 B-7 3 ) BIREEZETTY S /B oFEIhd
DTHoTDIZH L, 7V 24> v ORIREBEIINEEY SFEINTH L6 TH D, FRE
W, ABURBEDO T VX NVERRBROICRER I D 7n L VgL =y FBAD, ZOBIKFEK 2
DOFffiL =y bEAZIN T 2 ETHEARING, L L 56 25 MoREEHRL S
IS, EETREL VB y FOHDIAF N FHTICOREBS AT D L) KR E
372,

F7o. RFE 1-18 (rilsr @ [1-13C] BEREDHL YD JAA 8 F — 1%, 1982 4EIZ Omura 512 & D @i
SNy F2A> D77 avFERANORDIAHRNRY = [31] LH—TH-o7, Thbb 7
LIDATVEEYFRATVIFHWICHLL 72 PKS ICX>T7 7)) a Vv ERBHBEIND L&
Zo6is,

232 [1-BCl7uEAriigr ) aoih

7L 34T VEREEIC[1-BCl 7t vigr b v ARG L GAIEON 7L A
VD BC-NMR AX7 b )L% Fig. 17 12§, 7L 394>V 500, 25 0RED S 7 F LD HRD
BALTO2D0HEICOD S, Thbb 5 6MREL 6 MICHET 5 X F VI, 25,26, 27 fif
REFZ 7O EF VB PDPEAINDE I LI THEIND I EDPHSNE RS, D
REGbEL L, INSDOHTIE T B ES VI, FFRN O GHATIEDIDIAE NS 2 L
BHE ) E o7z,
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<4+ @ PC-NMR A7 } L (125 MHz, in CDCl, + CD,0D)
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233 [1,2-BC,] §i#gF bV Logh

7L I Ay VEERIC [1,2-BC,) Fig S Y v aeRELGaICHEo LI LYV
® BC-NMR ZX7 L% Fig. 18 I/ T, 7 3 MORERMAEIEZ#HE L TES Nk AR
7 bNMICEIT S BC Y 7P LVOMNEES Table2 12 &7z, TOHA, ZLI9AT VDT
7V avERICHEET 2ETOREDS I FABMA L, 612 BC-BCoAEV#HEEIZXS
Ay TV IBBMIE N, ZuE L2008 b BCEEMLEN TV AEBRZDEE /7L 3w
A VEBANDIAENZLZERT S, L2, Z0oDhy 7Y v TEEIZEED S D
3%, 231 TRONLMER» S PRLZED OFFEL=y FOINDIARNSY = TH L0 E
DEWET HIERES R o7, £/, 70X VBBIDIATFNE Z EBHEL LR ST 5,6
fir, 6 fit X FOVILRFE, 25,26,27 MiRFBICEVTOHETOY V' F DA, Ay 7V v 7% B
THIEDRTELDLDD, ZOHy IV T 7 FNDOENITIEMD Ay 7Y v 7y 7tz
BN —vZRLTW, Thbb Fig. 19 TR S XHIZ, TN DFTUNDL 7))L
TRAY TV TS TFVNDOREEN, Ay 7V 7 TICERET 2 —EHRS 7P L LD HRE
(o T0BDITRL, 5,6 fREL 6 MLICHIET 2 X FIVIHRFE, 25,26, 27 filkRFEDS 7 F
MZBWTIRERET 2 —H M 7 F LV OSREL BoToi, Plbd 5B [1,2-1°C,]
WERE O ABERE 2 TR 208035 % L HIW L. INADEQUATE % 7% L 72, INADEQUATE & 1%
Incredible Natural Abundance DoublE QUAntum Transfer Experiment DT, 3C-13C oY%
BT 2 ZXITGCNMR Th %, BC ORARFELIZFITRARIED 1.1 % FBBETHL70, BC L
HERAZA LT3 REF T2 BC T 2MEHRIEH 0.01 % EMHT/NS v, ZOOEEHDOH
LAY INADEQUATE 2 HIE T 2 DIXREETH %5 2 ED3% v, L LAEROEA., ZEN
FAREERL AV OEL D AAKR L > V7 F L DE I S HEE T 5 & igE <. Be-3C Ay 7V v
JHHETCH -7 S, ZOWMEERITH) 2 EITL T,

23



30 120 110 100

130

140

1S|301é0 170 1é0 150

T

A RERRERS:

L LR AR AR L RN LA LR

T [T T T T T T e T T [T T T T T T e [T T [P e

(ppm) 210 200

-10

10

20

80 70

90

170

24

vA4 ¥ v®D BC-NMR A7 I )L (125 MHz, in CDCl, + CD;0D)

-
<
~

[1,2-13C] BEEEDSEL D A F Ntz 7 L

Fig. 18



C-26

t, Joos.coe-c27 = 34 Hz

Cc-27
d, Jeos-co7 = 35 Hz

C-25
d, JCZS»CZS =34 Hz

C-6-CHg, C-17
(overlapped)

C-24

C-23

WW ”

Fig. 19 [1,2-BC] FEHBH A7 L <4 > D BC-NMR 27 )L (Fig. 18) ik
¥, C-25,26 & C-26,27 BHICAH Yy 7V 7R LTED, 26 MRFEZM G D> 7 F VDRI
ZRLTWS,
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Table2 7L I <AL YERED BC-NMR 2B 21{b%y 7 b & 22 B REERL &8 % i

AT D> 7 F NV OMNIREZAL (3°-OCH; %2 1 & LTHURL, il 7+ 1o

F—V ERAE Y Hy T v TER)

Relative intensity

position 6 1-1Cacetate  '’C, acetate 1-13C propionate
1 167.1  30.67 27.33(d,J=65Hz) 2.87
2 123.1  1.92 18.46 (d,J =65Hz) 227
3 141.5 21.67 13.61 (d,J=56Hz) 1.69
4 126.7 3.39 21.67 (d,J =56Hz) 2.67
5 136.6 1091 11.82 (m) 81.82
6 130.5 4.17 14.17 (m) 2.92
6-CH, 18.9 1.76 2.21 (m) 1.34
7 1346 45.63 23.75(d,J =44 Hz) 3.25
8 34.1 1.97 11.61(d,J=44Hz) 2.26
9 364 28.85 17.69 (d,J =39Hz) 242
10 77.6 n/a 1226 (d,J =39Hz) 1.84
11 186.1 46.25 23.75(d,J =64 Hz) 3.25
12 111.8 5.00 33.00 (d,J =64 Hz) 3.70
13 194.6  40.00 45.00 (d,J =43 Hz) 3.00
14 456 2.10 16.21(d,J=43Hz) 1.97
15 67.5 2290 1581 (d,J=39Hz) 2.10
16 36.6 1.81 18.06 (d,J =39 Hz) 2.45
17 19.2 8.68 4.55 (n/a) 0.75
18 435 1.00 8.93 (d, J =36 Hz) 1.25
19 210.1  35.26 22.11(d,J=40Hz) 2.74
20 48.2 3.85 n/a 1.92
21 47.6 16.57 n/a 2.86
22 351 1.13 11.67 (d,J =37Hz) 1.37
23 25.6  11.55 7.09 (d, J =33 Hz) 1.09
24 28.6  1.00 5.28 (d,J =33 Hz) 0.53
25 31.3 4.62 3.81(d,J =33 Hz) 18.10
26 22.1 0.70 4.13 (d,J =35 Hz) 0.43
27 134 0.70 3.39(d,J =35Hz) 0.61
r 97.9 3.21 2.53 4.79
2’ 333 1.53 1.00 1.50
3 77.1 nl/a n/a n/a
3’-OCH; 56.7 1.00 1.00 1.00
4 724 1.62 0.91 1.28
5’ 704 1.30 1.11 1.39
6’ 17.7 0.80 0.57 0.73
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HE DK RS S 17z INADEQUATE A X7 k)L % Fig. 20, 21 I2/R3 T, x Bl m 2@ o BC-
NMR Dby 7 by Bz BC-BC oMBEBRIN T3, TabbE—O y FEEY 7+
NEHGTEZRFBFTRALEBAEC VG2 TWAIEEZRLTVSE, TOARZ FLICZLD
BC-NMR ZA_7 b VDY 7P U TRETE, $ BC-BCHBEL»S, 7L ieAfr v 77
I VEEANOREE . e e Vg =y FEABKSHS Lo T,

7LV IRATVORREEIZ7TaEL VB LFEEI NS 7T a0 A = )L-CoA BHDIAEFNS Z
K> THEANDHIBIN S, ZDEBREIE) SFHFE IS~ 1 = )L-CoA %3 PKS H Tl %
R ofia L, IREEMEI NS, HRREDSNO 7 7Y avEtgide s F~vf > v
[l — DR CHER - 7o A Vg =y FBMDIATN, RBICTE FAA VICXk>T7 77 L8
b, Z7vi=As v 77 avagslgEsnsg,

LrL7uedvgar=y PPN RAENZ IS N BB OV AENn, 20
WO IAFR NG — 10305 6z, 25 FLICHERR D 1 fzfikFR. 6 fi7, 6 f7 X F VI, 26 £z, 27 fLICHEER 2 f2
REDDIAENZ E VW) HDTHo, ThiF—XNBEEEDO ~>TH B 7 = VBRI (TCA
M%) 2 LT, BERAS X F L2 Z)L-CoA IR I Eaa Nt EA B Z LIC k> THMN
TZ&5%, bbb TCA MK TIIEEED & FFE I N7 71 T )V-CoA DHE L 72 203, Tk
HTanZB~EEHING, ZORRYZ L Z)L-CoA 75 a7 B~DEHIZ W )ETH D |
ANTBIINETTTHD I 06, bRy — VB HEHO R 7 & = )V-CoA BIERT 5 2 &
Z% %, HICZDOMEZ 272 =)L CoA 75 X F )21 =Z)L-CoA ~DZEHaz il 2 X F)lvn=
JL-CoA LY —X¥ DIEWEDE . FIRINIZ A F L2 u =)L-CoA DEFEIND T2 &, 1 HTICHE
Mg 107, 2 P2 A FOVIEICHERR 2 2D RFIRFHORIE S 17z X F e a = )L-CoA, b L 1F 2 fzic
WElS 2 A7 D R FE I DBLE S 117 BC BERL X v~ v = )L-CoA 2MERT 5, iz 3=
A vEEANRDAEND &, BERLEES 2R G LG aTchb 7e et vy PO IAE
N5 DRBEIRTEGHME NG 2 Lick 5 (Fig. 22 LB,

X 5ICINDTCA g% —fffe7- 2 7 ¥ = )L-CoA IZB W T H RO ERTHONS LT 5
. 4FREO BCEGR{L X FLvn = )L-CoA 3L, Zhsodiciz BC-BCHBEzZRT I &
DTEBLHLDHHEAEL., TNH INADEQUATE A7 M LIC TRl Iz £ %2 505 (Fig. 22
TE),

NS OHEMZMGEES 2 7212, TCA FBOEAYTH 2 278D 2,3 {7 % BEKFEERL
L7 [23-2H,] an7Ba&5 L, fon//7L IvA 2D H-NMR 2HJIE L7z, ATy~
17— Ay DA G RATEA Z TR 5 72012 D-[6,6-2H,] 7'V 23— ADEEFE T 7,
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Fig. 20 [1,2-C] Ffg0sH DA77 L 2 <4 >~ @D INADEQUATE A7 I )L (in CDCI; + CD;0D)
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Fig. 21 [1,2-3C] BEEDHDAE N7 L 2= A > > D INADEQUATE A7 b LK KIX (in

CDCI, + CD,0D)
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234 an7ig-d, XV D-[6,6-"H,] 7))L 2 —2ADHL

ANy W-d, 5L D-[6,6-H,)] 7V a—2z&EELGAICHONLI L I v A2 YO 2H-
NMR A7 bV % Fig. 23 1239, 233 OBPECTHEMIL 7080 | BEAREERLL Z2an s @iz 7
DEA VB FORDAEFNETTICHD AT, 6 67X FIVEE, 26 f7, 27 fiTPH ¥ 7L
RBMT 5 2 ETEL, ) D-[6,6-2H,] VNV a—AEERLE L LE&IRY vr—2 6 fiiliiric
CHY 7P ADBBHIE NI £ 6, PR =R D-ZVa—2Z2HREWE L L TEARINS Z
EDHS M ERR ST,

A) 6-H
6-Me 26-&
vy
27-H
Y

1.086

—

T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0

Fig. 23 A) 7L 3<% 4> v ® 'H.NMR A7 } )L (500 MHz, in CDCl, + CD,0D) B)
2,3-2H,] an2@aHE5 L HonkrL <42 D 2HNMR A7 k)L (77 MHz, in
CHCI, + CH;0H) C) p-[6,6->H,] 7'V a—A%#5 L Cffoh /7L <42 D 2H-NMR
A7 F)V (77 MHz, in CHCl, + CH;OH) “*” 3R D> 7 F V&R T,
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24 Ft®

AFRIZE o THS D LRSI L =4 2 v OESGRITEMADOME % Fig. 24 1IR3 T, 7L 3
AT YDOT Y avERIEZOMBEEY G0 TPKS ICL BB L 7/n et Vg =y
F DIFAESONC K DREEIN D T EBEETE SRR E B>, 70 EF VBOBHD AL N5
fzicd BC BERAL L 2 BEEEHYHL D 3A £ 72 BEHIC DWW T 2.3.3 THEE L 7@ b | KBS TCA [l
HAERH L THEINIAF L =)L-CoA oI 7B EL =)L CoA DD AENS Z LI
koThEL2bDTHL I E%E, "HEHLL 2 a NI BERE T2 LICk>THIFT 22 LA
TE, 2L BHREBYPUVEVEAEREERICE T 2R HFICLk>TELE I ERDH), =Y
2n A > v HEFERE Saccharopolyspora erythraea \2 8 1) % #5952 B\ T b kI, BERL L
T2angBBAF v =)L-CoA L %> T Au<A v UVERKICIDIAEN Z LM I
TWw 3 [42,43],

O 24 24
OH
HOM
2 /\ Y ! /\

oy 2H 2H H succinate-dy

OH

O 24 26 2H

"Ro OH (0 H
OH

D-[6,6-2H,]glucose

0
13C-13C
correlation ()&OH [1-13C] or [1,2-13C,]acetate

@)
\)\ [1-13C]propionate
OH

Fig.24 7L S <A ¥ VHRICHD A N FLERMAFIEE & 2 DM D AR Y —>
e u =AW T D CHERL L e D-7 L a— AWM A EN 2 L6, TOHDHE

BHIE D-7 NV a— 22 MAEWHE L L TEARBRBINL I P tho7, THIEy~
O— 2 EMEPELT 2 X F XY —2AEAREFAKDDDTH L LEZ SN,
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—H. S ETREFEBICTRIAIN TS -7 2 VBEaER~ a5 7 % AOBIREE IR, &<
a-7 2/ BEMFEWE L L, SHEHiIKIEEZT TEARINTLIHDTHoRD, 7L I
42V DRREEDRER 13, &@T7 a4t Vg, BigZz miiiik & U TOREIN D 2 L0805
7o 2DEI T B-7 2 ) BOREERRE X, PKS-NRPS A 7)) v FEEHRTHRE SN T 5, fi
ZIE, =4 3% 7F Y~ (mycosubtilin) &K ICEIH 5 PKS-NRPS /N4 7'V v Fi## MycA (%,
WEHIZ 72/ b7 A7 27—+ F A4~ (AMinoTransferase domain, AMT) & M:iX41% PLP 1K
L7 3 ) IR IR LML 7 BRBE R X A v 2 L, EFED ACP F XA VITHAELTWS -7
FFAZATVIIRLTTY S 7 E2EAT 22 LS NTW» 5 (Fig. 25) [44].

Fig.25 MycA D7 3/ HIE A KM

Thbb, 7L IATVOEGHEEFTORKDOTI /) P73V A7 27 —E¥ AL V2 HT
% PKS BIZTAET 52, b L < IE PLP KA 7 3 7 BB EFRBE T A EL Tw T, 7
LIvA Y VHIREEO 7 2 7 BB AGME S s L EZ Sle, Lich>T, s 7
SMICHE T 2EER TP A TN LEZ LD, ZOREREEEEEZ, Ric7L <A
CUAERDP CEARBGEET 7 7 A — 2 S L, Z O EE T RV LV THHT A L
L7,



i 35 EAHGEIE T OBREKE LFE
31

FH2EOMBEEID 7L <A > v DEGHKATIAR IR, 7ot Vg, D-7Va—ZXATHh,
7L 3I9A T VIEPKS 2EUAEGHBEEIFCHEINS -7 2/ BEEN~ 0 F 7 5 LEY
BThr I EPEIRRINZ, LrL, RELAMEOHKREE TH2 -7 /BOT7 2 /7 HE
AMNIBET 2R 285 Z LIdHRkEr ol o, 2L I Y VERBELET 7 9AY—D
WREZT O, BETERD> BN IR ZILICPIRILE 7 3/ 5 A %2 @V 3 2 B
#G & EE AT,

2013 4EBITE, R AEABUEET 7 7 A9 — OS2 T ) b2 5 & U<, kARG
FE % BPET D eafk s ) A DNA 22Ty ay b A Vv —r VAITEE L., in silico A7) —
VTS BRIEPHS TS [45], LA L, AEOIEMBYY. ZOFHEIIIEFICI R M2
(L FERHIBIZREIN T ol, 22 TIZLIA T VERBELRT V7 7 RAY —DOHERIINE
K SfTbN TR L FRIHE > T T2, Thbb 7L <Ay OERNEGEBRORERD
SAEGHICEDL 2BETFZHEM L, Z0BEF LHAED S 2 BEANEIE %2 70 —7E L TY —
iy PEEET RIS, e THLDICIL oA v AR AOKRY ) L DNA DI A I RS
A7V —%RA7)—=v 7L, EEREET7 7 A —2 AT L W) HiETH 5,

32 JVIRATVERKEIE T 7 A8 —DR

3.2.1 PCR I & 208 L T DHER

JLIRATVOREICERTAE, vvn—2 3 2B L6 BT AFAAINTnE
EDbD L, MBI ZIDE) BT AFIHOEGRIE, FVva—R 1t x 7V AF Py v
% (NDP) 2354 L T L S 4172 NDP B EXREHi G232 5 2 LItk > THEAERINS Z
EDBUEF TIREBEBERE SN T 5 [46], Z 15 OEHISILZ T 2 BEEE FoR Ty AL
Va7 R RE I NREERSE 2 AT 2 Dk, NDP #-2,3-F & F 7 ¥ —E #5175 NDP
W-4,6-TE F 7 —XYHEETFTHS, £oT, ZJLVIATVEGHELE TV 7 AY —%2 KT
2FEPD ELT, 2N DEFHEELINZHEE T 74 v —ICk>THIEL, ¥ ¥t 7Y%
A= aVIlLkoTRET 2D IROE LI HER EHEZ T, 22T, BWEEICTER=X
Y F U REEHEET 7 TAY — R RRTIRICHOEME S 74 v—2HL, 7L Iivf s v
BPEE GRS 7 b DNA #8881 L L TR Y X 7 — X8 R)E (Polymerase Chain Reaction, PCR)
2T, T R 77 =Xl TOREZ A%k,

Z DOfES. 23DH1-23DH3C, 46DHN1-46DHCI1, 46DHN1-46DH2C, 46DHN1-46DH3C D # A
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Table 3 NDP £#-2,3-% L < 13 4,6-7 & F 7 ¥ —¥ BB T OO EWHEIEEY] % ¥EiE T %
7O LEE774~v—(S=CorG,Y=CorT,B=CorGorT,H=AorCorT,R =
AorG,W=AorT)

primer sequence

for NDP sugar-2,3-dehydratase

23DH1 (forward) 5’-CGGGCGSTTCTTCWCCRTCGAGG-3’
23DH2 (forward) 5’—-CGGGCGSTTCTTCWCCRTCGAGG-3’
23DH3C (reverse) 5’-GMKCCCTGCTCGGACTGGAG-3’
for NDP sugar-4,6-dehydratase
46DHNI1 (forward) 5’-GCSGAGWSSCACGTSGACCG-3’
46DH-C (reverse) 5’-ACCAGGTGCGGTTGGAGCGGTACC-3’
46DHCI (reverse) 5’-CTGGTRSGGSCCGTAGTTGTT-3’
46DH2C (reverse) 5’-GRWRCTGRTRSGGCCGTAGTTGTT-3’
46DH3C (reverse) 5’-CGBACGTTSDBSCCGTCSCCGTA-3’
primer @ 0.2 IJL Entry sense primer anti sense primer Entry sense primer anti sense primer
genome DNA template 1 pL 23DHT 23DH3C 8  46DHNT 46DH2C
DMSO . 0.5 ut 2 23DH2 23DH3C 9 46DHNA1 46DH3C
ERTI'P Mix 1.6 IJL 3 23DH1 10 46DHN1
2 C‘?g buffer 0; ZL 4 23DH2 1 46DHCA1
sterilized water 1.4 pL ° 23DH3C 12 46DH-C
6 46DHN1 46DHCA1 13 46DH2C
total 10 pL 7 46DHN1 46DH-C 14 46DH3C
agarose gel electrophoresis
PCR condition
94°C i 94°C :
5 min. :30 sec. 799G + 72°C ¥
: 30 sec.; 7 min.
: 30 sec. :
¢ 30 cycles ) -
: : © - - -
MHind 11l 1 2 3 4 5 6 7 8 9 10 11 12 13 14
DlJ/SE;z)der

Fig. 26 ##if 77 4 v—%Jil\>7- PCR

AbLETHE 7 74 v —2HeGEIGEE O RIVEIEZ B4 2 2 L 23k 7 (Fig. 26, Entry
1,6,8,9), ZZTIN6DWiH% pT7-blue ZH\WTTA Z7u—=r 7L, ¥ h—ikic TR
G fgie L7z, Z OFEHR, MNnoBEE WS HINO NDP B 2,3-7e F 74—+, &L < IX4,6-
FERIY—VHREETEHAEZRLEZZEIE2S, IN62YTX P = (DIG) il
L. Yo 7084 ¥—varvosu—7L L%k, 7L Iy AERREEHART ) L DNA
VL ODflREZTHEEHMLL., oD 7u—T7Z2MA0TT ) LAY F N, TY T L X —
avzfrolt A, DIGEG#ILL 72 NDP K 2,3-7 & F 2% —¥iEE Wi ZHogaIc
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(3 HIREESE Bel I, Pst 1 THUUEL L -3¢tttk ”” /7 2 DNA OF 6.5 kbp D3 v F IR F (0% fifg iR
T3 LMK, —75 DIG 553k L 7= NDP #§ 4,6-7 & F 7 ¥ —¥BETFEH 2 A Ga81cix
HIPRIESE Xho 1 TR L 7277 7 2 DNA DO#J 4.5 kbp DNy FICRRIGFEOEZ BT 2 2 L 23k

7= (Fig. 27),

genomic DNA (1.2 pg/uL), total 1 ug
restriction enzyme digestion
BamH |, Bglll, Kpn |, Pstl,
Sacl, Sall, Xhol
37 °C, overnight
agarose gel electrophoresis (0.7 %)
+ denaturant 100 mL (0.5 M NaOH, 1.5 M NaCl), rt, 1 hr
+ neutralizer 100 mL (1 M Tris-HCI, 1.5 M NaCl), rt, 1hr
DNA transfer (10 x SSC, overnight)

baking 80 °C, 2 hr

immunological detection
washing with washing buffer (1 x SSC/0.1 % SDS), 60 °C, 30 min, 2 times

+ buffer I (0.1 M Maleic acid, 0.15 M NaCl, pH 7.5) 50 mL,
Tween 20 150 pL, 60 °C, 2 min

+ blocking solution 50 mL, 60 °C, 30 min
+ antibody solution 30 mL, 60 °C, 30 min
washing with buffer I, 2 times

+ detection buffer 20 mL

light shielding, rt, overnight

prehybridization 60 °C, 1 hr v
denaturation of DIG-labeled 23DH probe 100 °C, 5 min

hybridization 60 °C, overnight

Southern blotting

Southern blotting
probe: DIG-labeled 23DH PCR product

agarose gel electrophoresis probe: DIG-labeled 46DH PCR product

g 5 : 7 p 1 a2 O e e
e . - g ;
1:BamH1 | — 3 § T
2: Bglll % :
3:Kpn| —— - = i
4 Pstl - ?‘*
5: Sacl
6: Sall k. 1: BamH |
i 7: Xho! . : Baml
MHindll 1 2 3 4 5 6 7 12;527.’.“' ’g‘:E,‘iﬁ,".
3:Kpnl 4: Pst|
4: Pst| 5: Sacl
5:Sacl 6: Sal |
6: Sal | 7: Xho!l

L 7: Xhol

Fig.27 7/ L FY A TYFL ¥ = ay

322 ARSI FIFIAT77V—ORE- A7) —=v T

NDP #i 7 & F 7 ¥ —XEEF %2 & 30-50 kb FREDOBEE 2R T 270, aAIFIA4 77
V—ZHEE . YN, TV X = a VL BRI )= T RiTo T,

7L 2~ A > VARER Streptomyces sp. MJ635-86F5 DGtk s /) 2 DNA % HillfREES Sau3 Al
IZC 7 ¥ LITHEEAL L C 30-50kb FEEEDBE iR & L, T2 UHFAEIcTRAY7 Y —=
VIHEBEDH D AR PRI —pOJM6 I/ u—=v T LT, Bonza R FEETIE A
77 =Y T4 INVARIEEICT Ny F =Y v 7 L, KIGH E. coli XL1-Blue MRF ICJ&S X €72, 3
LN 1,800 D a0 =—13 3 A FEEBETZRFFSE 270D 50ug/mL ¥ =37 4> V28
A7 LB FERE M 2 B L. E-ave=— 100 I 2 23 R 77— L 2{E8 L 72,

7477V —ftLkcan=—DHhIZ NDP # 23-FE F74—¥H L 1346-TEFI79—%
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Streptomyces sp. MJ635-86F5

genomic DNA ca. 30 — 50 kb
—

B
‘ U U Southern

( U hybridization
2 pOJ446 * ) O
SfusAI U U% U

GATC
CTAGA ligation to pOJ446 cosmid library (ca. 1,800 clones) positive clones
(cosmid vector)

Fig.28 7 L <A > Y APER Streptomyces sp. MJ635-86F5 Hettufl’7 ) L DNA 2 A3 F 74
77 ) —MEB L OHW a2 R & FERTIUE £ oMK

reaction solution XL1-Blue MRF' (tetracycline resistance)

genomic DNA

Sau3A | +37.5 yL of 0.5 M EDTA
10 x H buffer K cuttre

LB agar (5 pg/mL of tetracycline;
Ethanol precipitation, 2times 9ar (5 19 yeline)

. 37 °C, static, overnight
alkaline phosphatase treatment

. i culture
extraction with phenol-CHCl3 5 mL of LB medium
; }gg H%t extraction W|§thr-l|CI3 (5 pg/mL of tetracycline, 0.2 % of maltose,
3:1/40 UjuL Ethanol precipitation 10 mM of MgSOy)
4:1/80 U/uL
5:1/160 U/uL o i
o 1/330 U/;‘:L + 20 pL of TE buffer 37 °C, shaking
7:1/640 U/uL
8:1/1280 U/uL Sau3A | digested genomic DNA ODggo = ca. 2
9 1/2560 U/uL (177_91 ug/mL)
centrifugation

6,000 rpm, 2 min.

ligation diluted to ODggo = 0.5 with 10 mM of MgSO,
pOJ446 (89 pg/mL) 3uL
Sau3A | digested genomic DNA 7pL cosmid packaging reaction solution 10 ~ 50 pL
Solution | 104l (1/2 dilution)
(TaKaRa DNA Ligation Kit Ver. 2.1) diluted XL1-Blue MRF' 10 ~50 uL

genomic DNA 60 g

Sau3A | 1/160 U/uL (Kbp) o . . 30 mi

(6.25 x 10 U/uL) P . . 4 °C, overnight , 30 min.
10 x H buffer 75 L 04 Ethanol precipitation + 200 pL of LB medium

total 750 pL, 37 °C, 1 hr culture 37°C, 2 ~ 4 hr (shaking)

+ 6 pL of TE buffer

harvest
cosmid DNA 3L culture .
Gigapack Il XL Packaging Extract 1 tube LB agar (50 pg/mL of geneticin)
37 °C, static, overnight
22°C, 2hr
+ 500 pL of SM buffer about 150 colonies/week, total about 1,800 colonies
. +20 pL of CHCly
MHind IIl digested
genomic DNA centrifugation

upper layer, stored 4 °C

Fig.29 7L <A > Y AEPER Streptomyces sp. MJ635-86F5 Hettufk’s ) L DNA 2 A3 F 7 4
77 ) — DRER

BETZECARAINEBFEZ2ET20D00H 2028 RT 40, an=—HHF g 7Y ¥
A ¥ —vavzitol, THEIaRAIFEEFZ2EOCRBRIET7VA VAR Z L TEEIE,
WEBICHET 2 2 A2 FEEFEAHOTHF N, 754 €= a v Z2THI LI BDTH D
(Fig. 30), Z D%, 1,800 fHldo2vn=—D 95 % 8fild avw =—ITEF a5 17z (Fig. 31), Z
NS ZRNREL T 7L — 2o K4 RERKEL, 2R VEBFEHEEL 2, 2oz
WTESIZTT N, TV IAL =2 avZ2fTo b 23, 20D aR 3 F#ls TS )
HonzZ oo, sz REFEMICENTT % 2 L1 L7 (Fig. 32, Cosmid73, Cosmid106),
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LB agar plate (300 colonies per plate) immunological detection
transfer to the membrane (Hybond-N+) rt, 5 min. washing with washing buffer (1 SSC/0.1 % SDS), 60 °C, 30 min, 2 times

+ denaturant 200 mL (0.5 M NaOH, 1.5 M NaCl), rt, 15 min. + buffer | (0.1 M Maleic acid, 0.15 M NaCl, pH 7.5) 300 mL,
Tween 900 pL, 60 °C, 2 min

+ neutralizer 200 mL (1 M Tris-HCI, 1.5 M NaCl), rt, 5 min., 2 times
+ blocking solution 400 mL, rt, 30 min
+2 SSC 200 mL, washing
+ antibody solution 400 mL, rt, 30 min
+5 SSC 200 mL, washing
washing with buffer I, rt, 15min., 2 times
+ denaturant 200 mL, rt, 20 min.
+ detection buffer 100 mL
+ neutralizer 200 mL, rt, 10 min.
light shielding, rt, overnight
+5 SSC 200 mL, washing

\J

drying result

baking 80 °C, 2 hr
prehybridization 60 °C, 1 hr
denaturation of DIG-labeled 23DH probe 100 °C, 5 min.

hybridization 60 °C, overnight

Fig.30 an=—nA 7Y¥4E¥—av

“5 S

/ Cosmid 73
£ Cosmid 106

X
2
4
T i e, T RENT
/ & ~ 4
JZ

Fig.31 au=—-nA 7V ¥4 ¥ = avoffR GEalian=—2RHTRLTH )

<agarose gel electrophoresis>
agarose gel electrophoresis (0.7 %)

cosmid and genomic DNA (positive control) 23DH 46DH
Bgll digestion
7 °C, overnight
l + denaturant 100 mL (0.5 M NaOH, 1.5 M NaCl), rt, 1 hr

denaturation of DIG-labeled 23DH or 46DH probe 100 °C, 5 min aHindll 7 29 43 53 69 73 106 182 genomlc

+ neutralizer 100 mL (1 M Tris-HCI, 1.5 M NaCl), rt, 1hr
DNA transfer (10 SSC, 6 hr)
baking 80 °C, 2 hr
prehybridization 60 °C, 1 hr
A-Hind Il 7 29 43 53 69 73 106 182 genomlc

hybridization 60 °C, overnight

<Southern blotting>

next step (immunological detection)
23DH 46DH

immunological detection Ty oy W —— - ‘ ‘ e e L — il

washing with washing buffer (1 SSC/0.1 % SDS),
60 °C, 30 min, 2 times

+ buffer | (0.1 M Maleic acld 0 15 M NaCl, pH 7.5) 100 mL,
L,

Tween 20 300 pL, 60 - / /

+ blocking solution 100 mL, rt, 30 min i B - e S

+ antibody solution 80 mL, rt, 30 min A /
washing with buffer I, 2 times 2 =
+ detection buffer 80 mL

light shielding, rt, overnight

result v

A-HindIll 7 29 43 53 69 73 106 182 genomic
DNA A-Hind Il 7 29 43 53 69 73 106 182 geDnsTic

Fig.32 X®Y 74 78 >7aRI FEETF2ZHO Ty Fung 70548 —2ay
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323 R¥T4 7r7a—roOfih

a A 3 F#EETF IR 7 L DNA OF)30-50 kb Oflk%Z &b DTHH ., DNA > —77 ¥
T B iR E 3R IERSI R KT HH 1,000bp TH B, Lo T, 2 A3 FEE TR
ZREHET 21CIEEY A Bl REEE CHb. S SIS RBETHRE LT/ —=v 7 LT L
7o, fHHICINZRT & Fig.33 Dk 910745, 2 TORSZ IS 2B%1ICiE> a vy RV
= v RAEERBHTS I ETFTEL TR ED S, Cosmid73 B X O 106 DI FIET %
HEHERCH %t SRS DFRIT 2 1T o 72, % OFER, Cosmid73 & 106 1% NDP # 2,3-7& F 7
Y —XE LV 46-TE F79—YEEFZ2EOHEZ I3k AL TE D, Cosmidl06 (FIFH
LT 2 B, Cosmid73 13 FiifllofEiZ a2 2 FEIE T TH 2 I b otz,
— SOOI TS [BIPKS Z2a—FL T8, RV 7 F FEARELRT7 7A5—D
BRETLL2IEHE R TRV L 2R TREREZE (Fig. 34), 22 Ta R 3 FEEFRIDMHE
2 HO DIG E#L L TH o, 7TV ¥ LS = avorua—7L L, Z0sDMllofES%
GUaARXI NEEBETZHRE TSI LT,

0.5-10kb

vaHOj:iifvmﬁonenzymes o . <\/) Cﬁ) / ftywril :‘lf
 — // j \\ — VOO i
) OOOOO O O

positive cosmid clone ligation to plasmid vector plasmid preparation DNA sequencing
(LITMUS28, pBlueScript Il SK)

Fig. 33 2 2 3 FiE{sF O H IR/ gm0 B 2E
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3.24 Cosmid73,106 DAMllOWZ & a A I FiE{EFOWHE

3.2.2 EFAERD FET Cosmid73, 106 DIMUlOWIEZ HA K a A S FEIETORKET>7c &
AH.3DDRYT 4 7% AR P TFOERICRYIT 5 2 & BHKER (Cosmid25, 59, 200), Z 4
5% Cosmid73, 106 & [AIFRIC 2 A S FiE{EF DD Z hOIC BT 217> 72 &£ 2 A Cosmid200
i¥ Cosmid25 DWMNAHET ZFIRTH 2 L EA SNl DIEDOMHTICIIHEM L 2w & &
L7z, —7 Cosmid25 D¥lllEzR=> V7> 7 —¥E RV 7 F FOEGHKICIZEESE T %0k
HORVELEFNI—FIN T ld, B2 725 —20afEL Tws EHE L 72, i
Cosmid59 {3 Cosmid106 & 53704 700 bp 7236 E g > 7 HHIEAFE L, S 612 Cosmid73 £ 0
AU DB 2 a—F LTz, DL EO@ITFER%Z S L1, Cosmid25, 59,106 D 3 D% a v
LB vy v AR TR L 72,

325 BEIEFXyy THMOMH. FI27 875203 ay bAVS = VA

Yay by —=r v AL AR FEETFZ I LN S KWL, 2u—=v L, 1§
ST 77 AL FERBNICET, 156 NIEHES %2 72 v 7 710 X > TR ERBEE TR (2
YT A7) ETRETH D, Lo LIBREOREIRT 7 & DNA 13—#IVIC GC &HEIE |
PKS % 2 — F¢ 283 DB LEIINL W2 s, TRy 7Y LTH02hDav i1 7
LAzt T L E v, ZOMICIEF v v 7HEBELEL TV, SRl ay b AV = v
ZT3% Cosmid25, Cosmid106 DELFIC 1ZV>E DX ¥ v ZHHENEEL TE ) . mENICZ O
MAEHY /7 —= v VL CRSRT 2 ERH o7, Lo L, WEOY v —E TR miEEsET,
W ODRIEEY =7 v A TH B CUGA [47] ISk » TEH L 7, ZHIEETOIRETIEZ
KEEEDIRKTAT LPEL, =7 v HICHO 23 Y 7V %ELERD PCR K039 £ { HEfT
LoD BEKRE WZ S, £/, Cosmid59 Dix Fitliciz R 7 F FAEASGEE 073
ZHEITEEEZAOND LT 2L —FEEFDBHEL TS, ZHUIOMEEDE L ¥ 2
L—YBIEBETOXTDOTA X LN ENghrolz, 22 TA v 2N—Z PCR i [48] ZH\»T
Cosmid59 O FHMIOBIET 2 L & 9 LikAaks, M L 2eTofbcznzkLgs 2L
FHK o7, BICBEFARDOFIETIR I FEETOBREZIT> TARED, $F g 7Y
FAX—va vy CHRBRARFKOEZR LA A FEETFE2E2 2 LA o7, RENIZZ L
A VEERRE AT ) ADNAD RS 7 by =7 v A%(TH) 2 ETIOHEEERGT %I

[/

BTz,
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33 VI ATVERKGEIET S 7 A8 — Db

& 2 AT Cosmid25 ICHFEL TRy ) v 7y 7 —X¥ 24 LI, Cosmidl06 & DHEi
HGbexET 5 ETCANRARRBH -7, Thbbt, PAS0EEFEL a— F T 38ET LICHEET S
SauBATH A BT, D7 L <A > VEEELE AR /7 & DNA OB 6 L Twb &
FEZoNl, ZZCTPASO BLTFZ2MIET 270D 754 v—%Fi L. Cosmid25, Cosmid106,
Yettfk s 7 L DNA %881 & LT PCR 217> 7% & 2%, Cosmidl06 & $fafk’”’ /7 2 DNA % %
BE L GEICEFY A RD P450 B2 1E L S RSN TE 72 2 L5 6 (Fig. 35, Table 4),
Cosmid25 23l DiE{E Wi Z MU D IAAZZ LRI L. COEm 2 LGRS 7 7 A8 —h 5 R4t
L7z 7234 0K% J LADNA Fo97 o= v RICk>THBonLT—¥0568, R YV
T —X¥EREGUHEEN IV I A P VAR / L DNA ORIOFEICHEL Twb I L 2T
BLTW3D,

8 9 10 11 12 16 17 18 i1 20 3 4 5 ¢

1 2 3 4 5 6 7 13 14 15

Fig. 35 Cosmid25, 106, fftu{k’7 7 2 DNA % # & L T P450 {5 T DIIE 2 Mgt L 72 R
PCR FEY) D EXVKBIX: Entry 3,4, 9, 10 1% Cosmid106 % #7H & L 7254 HiR L T & 72 P450
AR, Entry 1,27 1327 L S~ A > V/EERYT / L DNA 2@ E LA ICHIEL Tk

P450 &5 T,

Table 4 Cosmid25, 106, 4efafh” /7 2 DNA % §571 & L T P450 & {n DR %2 i3t L 72K PCR &4

Entry temperature template template conc.  Entry temperature template template conc.
I 98°C—-55°C—-68°C Cosmid 25 1/10 13 98 °C — 68 °C Cosmid 25 1/10
2 98°C—55°C—68°C Cosmid 25 2/10 14 98 °C — 68 °C Cosmid 25 2/10
3 98°C—-55°C—68°C Cosmid 106 1/10 15 98°C — 68 °C Cosmid 106 2/10
4 98°C—>55°C—68°C Cosmid 106 2/10 16 98°C — 68 °C Cosmid 106 1/10
5 98°C—>55°C—=68°C  genomic DNA 1/10 17 98°C — 68 °C genomic DNA 1/10
6 98°C—>55°C—>68°C  genomic DNA 2/10 18 98 °C — 68 °C genomic DNA 2/10
7 98°C—-60°C—68°C Cosmid 25 1/10 " 98°C—-55°C—68°C  genomic DNA 1/200
8§ 98°C—-60°C—68°C Cosmid 25 2/10 2> 98°C—-55°C—68°C  genomic DNA 1/100
9 98°C—60°C— 68°C Cosmid 106 2/10 3’ 98°C—-55°C—-68°C  genomic DNA 2/100

10 98°C—-60°C—68°C Cosmid 106 1/10 4 9B°C—-55°C—-68°C  genomic DNA 3/100
11 98°C—60°C—68°C  genomic DNA 1/10 5 98°C—>55°C—-68°C  genomic DNA 4/100
12 98°C—-60°C—68°C  genomic DNA 2/20 6 98°C—-55°C—68°C  genomic DNA 5/100
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Dbk, ax3IFyay b vy —r Ao X vy PTHBORS, F97 87 /L3 avy

Y= RICEDEONTBIET 7 7 AY =k, FTENEEETIIEAT AR - EE L
TW3EBETHE” /57— a2~ Y —)L MiGAP (Microbial Genome Annotation Pipeline) [49]
WAL, REDPLBT /) T—vavzitolk, 20K, 156 17 R 2 5 IZ FramePlot 4.0beta
(http://nocardia.nih.go.jp/fp4/) % FH\>CTHll D> 7284

B EBIEL, 95kb DR Y 7 F F4E
BBGEIE T2 7 A8 — (emi 7 7 A% —) %137z (Fig. 36),
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Gene

size

Encoded Protein Homologues (GenBank

Homologues from vin

Designation [bases] Accession Numbers), % Positives/% Identity ~ putative function and bec, mla clusters
orf1 1,041 LipMT (ABB05099), 57/41 SAM-dependent methyltransferase
orf2 492 COG1733 (ZP-06407553), 40/21 MarR-family transcriptional regulator
orf3 675 SACTE_0865 (YP_004801334), 69/57 4’-phosphopantetheinyl transferase
orf4 855 SCAB_84081 (YP-003493881), 80/72 hypothetical protein
cmiCl 771 LkmO (NP_851467), 93/87 NDP-hexose 3-O-methyltransferase
cmiC2 1,044 GerK1 (GERKI1_STRSQ), 66/46 dTDP-2,6-dideoxyhexose
4-ketoreductase
cmiM1 879 Sros-3312 (YP_003338994), 72/63 retinol dehydrogenase
cmiM2 867 HELO_1602 (YP-003896671), 30/19 hydroxypyruvate isomerase
cmiR1 771 Strvi-3933 (YP-004813873), 71/58 type I TE BecQ, MlaQ
cmiC3 591 PokS7 (ACN64855), 77/66 dTDP-4-keto-
6-deoxyglucose 3,5-epimerase
cmiP1 10,761 Strvi_7995 (YP_004817598), 70/59 type I PKS
cmiR2 756 SSOG_04032 (ZP-07295948), 71/58 TetR-type transcriptional regulator
cmiR3 981 SRIM_15495 (ZP_-20965425), 73/61 ABC transporter
cmiR4 846  SMS8_00466 (ZP_16176899), 67/52 ABC transporter
cmiM3 867 WSS_A31970 (ZP_14482754), 72/56 carveol-dehydragenase
cmiM4 1,239 MlaO (AC094495), 69/46 P450 monooxygenase BecO, MlaO
cmiS1 576  MlaU (AC094487), 79/62 fatty-acyl CoA thioesterase BecU, MlaU
cmiP2 2,175 BecC (AC0O94458), 64/51 type I polyketide synthase BecC
cmiS2 1,128 ThiO (YP_-003300613), 58/69 glycine oxidase/FAD-dependent Becl, Mlal
oxidoreductase
cmiP3 3,135 SSOG-05754 (ZP-07297671), 73/60 type I PKS
cmiP4 15,693  FscE (AAQ82567), 63/52 type I PKS
cmiS3 1,551 SSOG-07863 (ZP-07299780), 70/61 NRPS adenylation domain BecL, MlaL, VinM
cmiS4 237 SHIG_1914 (YP_006243062), 68/55 peptidyl carrier protein BecS, MlaS, VinL
cmiS5 954 BecK (AC094462), 73/57 acyltransferase BecK, MlaK, VinK
cmiS6 1,584 Bec] (AC094461), 73/61 AMP-dependent acyl-CoA Becl, MlalJ, VinN
synthase/ligase
cmiMS5 1,242 AveBI (NP_822120), 58/44 glycosyltransferase
cmiC4 999 SaqT (ACP19378), 79/69 sugar 3-ketoreductase
cmiC5 1,539 ApoH1 (AEP40911), 70/61 NDP-hexose 2,3-dehydratase
cmiC6 999  AurlT (ACK77743), 84/74 NDP-glucose 4,6-dehydratase
cmiC7 1,065 SaqG (ACP19371), 77/67 NDP-1-glucose synthase
cmiP5 7,962  PimS2 (CAC20921), 67/57 type I PKS
cmiM6 894 BecP (AC094469), 80/71 putative proline iminopeptidase BecP, MlaP, VinJ
cmiP6 6,012  SSOG_07859 (ZP_07299776), 68/58 type I PKS BecG, MlaG
cmiP7 15,603  Amir-2684 (YP_003100465), 68/57 type I PKS
cmiP8 4,878  Amir_2682 (YP_003100463), 67/55 type I PKS BecF, MlaF
cmiM7 870  BRAO285.1380083 (ZP_09472857), 30/20 hydroxypyruvate isomerase
cmiR5 2,757 MlaH (AC094482), 52/38 LuxR-type transcriptional regulator BecH, MlaH
orf5 2,688 SSOG_07879 (ZP-07299796), 53/40 LuxR-type transcriptional regulator BecH, MlaH
orf6 1,596 SSOG_-03682 (ZP-07295599), 72/59 cyclohexanecarboxylate-CoA ligase
orf7 1,461 SVEN_0617 (YP-006876163), 92/84 cytosine/purine/uracil
/thiamine/allantoin permease
331 i EOMHFIES

7L 24 ¥ VEFER Streptomyces sp. MJ635-86F5 2> 518 5 1 R ) r F RAESHGER T 7
ALY =, cmi 77 AY =%, BERERGOAST ) L DNA IR0 72 LRIE W G + C &6 %%
AL (72 %). Cosmid25, 106,59 I3 ZNZF I cmi 7 7 A% —% & 34, 44, 39 kb DFHIEZ 145 L
T, COBEBETI7 7R —DWRIE, ¥ T74FHOEGRICEL % LEZ N5 EREKR
TZFr< & BE-14106 > ML-449 DG MEE T2 7 A% — (bla,mla 7 7 A% —) EFLLL T
BY, Mo R )7 F FEKZEAERT 2D EEZ NS, BEFIIEZNZETNEZTE, 2D
BIC R Y 7 F REKZEGKT 5 PKS BIE 11213 “P” % (Polyketide), BHIAIE £ A ICBbH
3 EEZSNBWEBETITIE “S” % (Starter), >~ —AEERICHEDL B LEZ SN LR
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fEF121% “C” % (Cymarose), PKS iR SG#E OEMiRISICE D 5 £ H 2 6 N A HERE R TITE
“M” % (Modification), E{E FFBLLARY) Ok S, MENED 2 LEZ o N5 HFRELETIC
X “R” % (Regulation) ZNLZ 1 1F 7z, COXIWCLTwHaLizomi 77 A% —1%, ELGEEY
HZEATHA DNA 7= Xy 7188 L7 (7 7k v av®&ES AB8I8354), LT s DiEn
TEYOHEMEICOWTRT, I DENTICH 72> Tid BLASTp I THEMED E W7 2 7 BBES
ZHR, o, HAESE ., HOBEL L TOBRHITON TS5 V87 ORRICIX
DoBISCUIT (http://www.bio.nite.go. jp/pks/top) [50] Z{HH L 7=,

332 ren—ALEE)REEEREOM IRTERHT
cmiCl

emiS1 1 6-T 4 ¥ ¥ -L-~F Y — A-3-0-X F VEE MR L MAEZ R85 o872 a—F
LTW3EEBTFTH D, bR ED 5 72D Streptomyces rochei K7 v h <A > v
(lankamycin) ZE&HIZBIH % & X415 LkmO TH % (87 %, Fig. 37) [51],

CH3

HaC OAc
lankamycin

Fig. 37 LkmO O FAHfilirs

Thbb I OELETFHEDII v —2AESERIZBWT, S-TF/ P I-L-AFF=vZ2HTY
X bXYV—RAD 3MKIBHEEX F VL& T 2 L& 2 545 (Fig. 38),

kX

o_ % o~
o

H digitoxose moiety O Cymarose moiety
HsC”
NHz  Cmict NH;
0 (9H3 </N | SN > 0 </N | N
-O)I\/\/8+ N /) -O)J\/\/S N /)
: o N : o N
NHg* NHg*
HO OH HO OH
S-adenosyl-L-methionine (SAM) S-adenosyl-L-homocysteine (SAH)

Fig. 38 CmiCl (X %Y ¥ b ¥V —ZERALO PR O- X F NV ALEERHE
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cmiC2

BEEY) CmiC2 13 dTDP-4-7 F 7V a — ABTTR LB L 727 S VIS 2 H L TE D,
PR —ALEHBROBICAEL B A NDANARZNVEEZRILT 2MELLEEZ 6N, RO
WAHFE M Z 78 L 72 D X Streptomyces sp. KCTCO041BP THEI NSy e Fuhlae v
(dihydrochalcomycin) “E&HRICE 1T % dTDP-4-7 b 6-7 4 ¥ ¥ /)L a2 — ZEIt#EFR GerKl ThH -
7- (46 %, Fig. 39) [52].

oHsC NADH NAD*  H4C

(0] E é (0]
HO
% Gerki /% —
HO HO S
HO OTDP HO OTDP
dTDP-6-deoxy-4-keto-D-allose dTDP-6-deoxy-D-allose HsC

O
HO o

ocpOCHs  CHy O
dihydrochalcomycin

Fig. 39 #ME ST % GerK1 Dl

cmiC3

COBEBTFOMIVERIE 47 P NV a—R35-2EX T — K ERVHAEZR L, &b
HFEE: D & D o 72 B3 1% Streptomyces diastatochromogenes Ti6028 HKR DR V) r b <=4 > v
(polyketomycin) 4 &% IZ B % PokS7 T (66 %), D-7 )V 32— A-1-1 Y [#D>6 NDP-L-7 7 & / —
A% AT BRI D BED S L BN O R il 2 B3R 72 L F 2 5 nTw 5 (Fig. 40) [53],

OH O
OH
: P o ‘O“
HeS ——>, HO PokS7 HsWONDP H3CO [»
HO 0 O
OPOz2 ONDP §‘ O/%k/

D-glucose-1-phosphate OH

o
HO OH polyketomycin
CH3

Fig. 40 $2IBZ 41T\ % PokS7 D filtliibkns
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iz b —XHRTT & —RAEGRIGICH W 615 Pseudomonas aeruginosa H¥ dTDP-4-
TEFBIL/—A35-2EX7—¥ RmIC L bHFAMEZRLTWSE, ZOEERICDO W TR
WEXEDSERIC RO TE D | Tyrl34, Lys74, His65—Aspl71 2SiEEFRBUCHATH 5 Z L BAISNT
V% (Fig. 41) [46], 245 DFEHEIE CmiC3 2BV THMESI N TV 3720, CmiC3 12 iEMHER D
fEETH 2 LWL 7,

Tyr134

Lys74 Ole Lys74
dTDP-4-keto-6-deoxy-D-glucose NH3+ NHg* Hf O*H,
0 o 0
O o) A Q O+ - OdTDP
HO - S — HO <«—— HO ‘ - | %\
H
H
HO Oarop n 1O oarop n HOoarop HO © oatoP
(V dTDP-4-keto-L-rhamnose
N==\ N=")
NH---H /\(N/DH
=~ : = :
His65 O\]/O His65 o\fo
Asp171 Aspi71

Fig. 41 X fifs ST IC X DB X N7z 3,5-2 ¥ X 9 —+¥ RmIC Dl pRE

cmiC4

cmiC4 FHEREEY)E NDP-2,6-2 74 ¥ -34-27 b 7V a— ZEIGEH L FBILTE D, &b T
2 BERCHIAERIEDSE D> - 7 DI 7 7 ¥ = 4 ¥ v (saquayamycin) ZEGHIZE T S SaqT TH %
(69 %) [54], T7bb I DOREFIL 2, 6 idBKIN/BRICEL 2P 7 F 7V a—2D 3 DRIt
EET 2 EEZ6ND,

OH o o
(o} 0 (o}
Hﬂoéﬁ —, % SaqT Hc&ﬁ —
HO o \

OPO4> ONDP ONDP

D-glucose-1-phosphate
H3C?O7‘
Wiﬁgf ’Sﬁg,
(0]
F O% saquayamycin Z

Fig. 42 E I LT\ 3 SaqT Db
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cmiC5s

cmiC5 BEREY L i b HMEMEOE 5725 v 8717 R 7 F VU 2 ¥~ (apoptolidins) K4 &%
BT 5 NDP-6-TAFXF>-4-7 P 7 Va—RA23- T F739—¥TH 5 ApoHl TH % (61 %,
Fig. 43) [55]. T7b b ApoHl [k, 6 MLOBIKIFFbN 7D 2 fABES X 512 Bk 25
BEALTwsLEEZLNS,

Og ° (0] ° (o]
HO _— _—
o — Ho%ﬁ ApoH1 %
HO HO o

OPO5* ONDP ONDP
D-glucose-1-phosphate

Fig. 43 #2411 T\w> % ApoH1 Dfldlikkns

cmiCo6

cmiC6 FHFREY 1E NDP-7 V23— R 4,6-TE F 78— L7 3 /7 BEIPEMLTED
Streptomyces aureofaciens CCM 3239 KD A4 — V) & ¥ (auricin) EHEKICE 1T 5 NDP-7' )V 2 —
A-4,6-7E F 7% —% AurlT LirdEVHAMEZR L 72 (74 %) [56]. 4B, CmiC6 1F> <
0 — R EGROUINERE ., 6 (O TA X b4 2ETH L LEZ SN 5,

cmiC7

cmiC7 1 NDP-1-7)V a2 — 2 &R L HRAMDH 25 v 7% a—FLTEY, 77 <A
CUVERBIZE T S SaqG Lk b EHFAMEE R L (67 %), F RN 2 STV B[R
DHITIE Schd7555 A E T 2 SchS6 &b EWHHFEMZ /R L7z [57], &> 7T, CmiC7 1&>
U —RAEAROYMBER., 7V a—R-1-Y VBIZX 7 LA F FE2ANT 22 HE L Cws L
Zionb,

OH OH
HO 0 SchS6 HO 0
HO ~ HO CH3 o
OPO HOGrop
TTP P,07* =

H?w OH O© Sch47555

Fig. 44 Han 512 X 0 @ S 4172 SchS6 O il
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3.3.3  DMGAEREZE SRR RED HFRIPE AT

cmiS2

cmiS2 IF FAD GFR 7V > v A X o =R LRk Z RS vz a—F LT, 7Y
YA XL =i, R TF 7 2 v OEAAIHERE B 5 TE D (ThiO),
BUE £ CIChRA AWM R O ThiO OREREMEITMfTH LT 208, “RIAUHEKICE W T I D
BESRBAS T D3F(E L 72 &\ 9 Wi 13 BE-14106 JL X ML-449 @ bec U\ mla 7 7 A% —® Becl,
Mlal PAMZIEZFAE L 22\ [24,25], 26 20D 7 7 A Y —%i5 L/ Jgrgensen 5 1%, 215D
BRI AEAICB W T T &/ BB KIS Z T 2 ERIBLTw 2o, ZORHTE
emiS2 b7 2 ) HIERICBEL D EEZ T,

cmiS3

cmiS3 FIFREYIZI NRPS IZ&FN TV 7 T A A4 v EMRAEZRLTEY, X
A FUERBITB VT 3-7 I/ 2-AF AT EFZ)L-VINL IZ7 7 =V 26 S ¥ % VinM
EBMEMEDRH -7 (56 %), THHDH CmiS3 E 7L I A v VHBHEETH L 3-73/ /) F v
BeD7 S /IR L 5D7 I/ el L TGS E2EEZHET 5 LEA T,

cmiS4

cmiS4 FHEMIIEF I NS ey o7 TH Y, PCP E MHFAMEDLH > 7%, F£7 VinL & M
WrEHLTWED, Z7LIRATVHIREE L FA AT LG ZIT) PCP THD EEZS
ns,

cmiS5

cmiSS THEREEY) I R O 7 o )V M EEE VinK, BecK, MlaK EHHEEZBELTED., b
DIEERRE, PCP ICHEA L T EBHIBIE 2 PKS Du—F 4 v 7E Y 2 — IUAIEBET 5 K% fil
Iz EtEZLND,

cmiS6

cmiS6 BIEREEY X 7 7 = WALE#E VinN, Bec], Mlal EfHEEZBLTED., ZL IV D
FHEBREETH D 3-73 /) /) F Vg% PCP TH 5 CmiS4 ~7 7Tz Eh L a3 E 5
Bz L TwbEtEZoN5,

cmiS1 122\ T S IRFENEREEY) D H [F PR AT % 17 > T 7R8I bec, mla 7 7 A% —IZHAET 5

50



becU % mlaU & DFEPMELDRHET. ZOBEBICOWTIEANHTH -7, BIIREYTH 5
CmiS1 2B E A AGRICBE D > TV A Z IOV TIFFE 4 EICTHL L BR 3,

3.3.4 A PKS Bl FEDH Pk b

cmiM1, cmiM2, cmiM7

ING 3ODBEBEFIZZENEFNRLF/ —ALFE Ry F—¥ (cmiMl). E FRF L ELE
VEEA Y AT —X (emiM2, cmiMT) % 2—F LT/, 7L 3IeA T rvD7 7)) a v GFisgs,
BHiSIGEE LTEALNLDIIET 7Y 2y WITHET 2 LRBRDIGES 7Y 2 2 WALIED 2 5
ThH 2D, o ORRET XML S NADP) IREROBLIERTHZEZ a— FLTE ., £
72y FINIRFZEHBEROTESOGIC D % WREE D S 5 L 5 2 72,

cmiM3

cmiM3 FFREY) 13 NAD KRR LETTREE LR A —)L 7k Fu s —E8 2, PKS O#AE R
AAVELTHIFEL T 5 3-7 MgRjilER EHAMEZ K> T, £7 2 DBIET 13 bec, mla
7 7 A8 —ICHFAMEZ R B F2AEL BV, LEhi> TRIBS 2 CmiM4 & iR LT 51k
D077 LNEEHEEZ T 2R TH 2 L PR 7,

cmiM4

cmiM4 BHEREEY)E > b 7 v — & P450 ML E MR Z R LT, bec 7 7 A% —HICHIET
% P450 [i#5% BecO & BE-14106 “E&ICE VT 7 7Y a v SRS 8 fr Kk % fil it L
TWV5 2 EMWEBFIIEEBICTRINTVS, ThbbCmiM4 b 7L I9ATvD7 7Y a
VERIOKBELT 2R B L Cw b LEZLND,

BE-14106

Fig. 45 85 FREREEIC X DS 5212 7% > 72 BecO DR

cmiM5s

cmiM5 BEREYI O 7 3 7 BRI IR IESR & I L, = N— X 7 F U AEABIC BT 5 Bk
%3 AveBI (AviB) &b WHHEMEZ N L 72 (44 %), AveBI 13 BEICEESE L )L T DO BEBE T 23
fTONTEN, ZNXN—RX7FDT7 7Y avFBIZL- AL 7Y Fu—AZ2EB I L H L
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TWBIERT>T 3 [58], &5 TCmiMS 13 dTDP->~ua— 2, & L £ 13 3 fidsKgkiko
FEDOAIDP-PF r XY —RZ 7L 3I9A> v 77 ) avEig~EBIE stz H L Twa L
Z26N5,

AveBI

Q/ —otop 07 ~OTDP

HaCO' Tpp-oleandrose HaCO  Tpp-oleandrose

Fig. 46 Zhang 5|2 & D @] S 17z AveBI DFEILHE St

cmiM6
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Identity

1. CmiP1_KR ETVENEECHES . 86 MVAREEVA . HGARREEEVSRTE~ ~BPGA - BEV REHA-SEAE.A THABCBVABRDRERELE. G T PA- A1 P BTANNETREY
2. CmiP4_KR1 ETVEVTIGGEG S EGRL 2 ARHE. SEHGVRREEBHTSRTE@r 2ABPG T PEEL ~EHA~ LEAEAENVEACBVADREAVSDLE - - - - V- srRrESANVEHCAGY
3. CmiP4_KR2 ETViNEE . fE THER . VAREEV T 2AHCGVRDEEE SRRE- OBREAAEEVOBHETCLEAS ATHRECBVSBRDAERE - H- - - - A- ¢ VRES c NiliH ~ BEW
4. CmiP6_KR G VEVTEGTEG EERLLARHEVATHGVRRELLTSRRE " VAPGACELV EEA-AGAEVEVVACDVABDRDAVAELE - - - s- cRRESANVE AGY
5. CmiP7_KR1 8 VEVTEGEGCEGRLLAREEVAEHGVRREEHTSRRES VAPGACEEV ~AEHA-AGAEVEWVECBVABRDAVAELE- - - - S- CRRESANVEHCEGH
6. CmiP7_KR2 GV VEVTGGTEC CEGRLLARHEVA-HGVRREEHTS RRE- VAPGACEDV ~AEHA-AGAEVENVEACBVADRDAVAELE - - - -A- ~HRESANVVECAGY
7. CmiP7_KR3 G VEVTGGECCEGRLLARHEVA-HGVRREEHTS RREP VAPGACEDV ~EHA-AGAEVENVECBVADRDAVAELE - - - - S- CRRESANVECAGY
8. CmiP2_KR ETVEETECES B8, c TEREEVRREE VS RENE T SRRE- ~BPGAREH . cElT A L.BAHVREABCHACEr ADEERVEA G T PA- EH RETANEE T REY
9. CmiP5_KR ETVEETGCEE . B8 cH VARRE-ARNGAGHENVETC RREL.CEPGA~BER DEHEvV2SEAEVTEABCHAGBR S OBEOLNR s L.ADRGN P HiR ANNE~ BGN
10. CmiP8_KR BT ENEECEECHE = TER L H-ArR2AGADHEEETCRRER ABPCVAEHD DERETALETRVTEABRCE. TBRE TESRLED 2 1. PA - £0 r BTANNE - BEW
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Consensus B- DDGTXASLTPERLDAVLRPIADAIWHIHEITRIMDLXA_AAGVLGGA-GNIA-Y-A-VHlRAQlLPAX-AIGLWDEI

o] 00 L L,

Identity

1. CmiP1_KR L-DDAVEASLNPORMAAVLR PRADARWHEHEET RBLDL . ABVEHESS TSGCIDCAEBICNYARANAF BB cHA HRRA2GLPAOBHAR TLWAG
2. CmiP4_KR1 L-DDATMGALTGERMDAVLRPKVDARWHEHEET REMDLRAFVEESS v TGIVGT P GOGNYARANAF EDARA: rRi1CQBLSCTSHANGP WD

3. CmiP4_KR2 V-DDGVEPSLTPERVHAVLA AKADARRNEHENT 2~ BMDV s EVEESS A A~ TLGTAGO A~ ¥ARANAYBDABARHR  DQGLPCL.SHCNGLWEE
4. CmiP6_KR L-DDGTEASLTPERIDAVLRPRADARWHEHENT REMDL I AEVEESS »ASVLGC L EOGNYARANAYDDAEAHRRAQGLPAHSHARGLWD

5. CmiP7_KR1 L-DDGTEASLTPERLDAVLR PRADABRWHEHEHT REMDL D VEVEESS 2 AGVLG. P GOGNY ARANAYHDAEA | RRAQELPAHSHARGLWD

6. CmiP7_KR2 L-DDGTWASLTPERIDAVLRPRKADARWHEHENT ROMDL I AFVEESS ~AGVLGS PGOGNYARANAYEDAEAHRRAQGLPAHSHANGLWEO
7. CmiP7_KR3 L-DDGTEASLTPERLDAVLR PRADABRWHEHENT ROMDL I AEVEESS " AGVLG. L GOGNYARANAYEDAEAHRRAQGLPAHSHANGLWD

8. CmiP2_KR V-2DGTHMTCLTPRALARVFRPRVDAR NEHERETOBL - DC - ENEESS 1 SCLLGCABECNFARANAF BB cEROERR VL @LRc TREARG rwADE
9. CmiP5_KR D-SAREESLMALDELADTLRARAGGHEAHEDAHF DB-DLD ABVEESS VAGI GG A GG FARANA s BBAEA: R RRCRELAATENVANGrWAE
10. CmiP8_KR A0PDTREPDGELADFAETCRARI CCELVEDEEL ABRPLOAENMESS CA2VGS 2802 2§ cBANAFBDAEA RRRAREH TATENARG - .D

Fig.50 KR FXA VD2V FTNT 74X b REBOVIfE L OFEOMUMIZZ 24 KR
R XA v ORIGRFEEICED 2 7 & 7 BERFEEZ R T, RKICRFEEICE L Tk Fig. 51 22,

KS F X4~

KS F XA ¥ OMBEEERILIZ 1 DO AT A4 VEEE 200 AF P VBRI THRINTE
D, B&RHEIC LR S 117 “TACSSS”, “EAHGTG”, “KSNIGHT” € F— 7 NICHFET 5 2 &8
SETIZaPo>T0S, cmi 77 AF —D PKS ICHFET 5 KS R XA A VIZEWTH CmiP4.KS1
LSHE, €F— 7 NOERIEICL DO S EWH D 2035 b MBEHEEE IZ 2 TRES N TE D,
KS FAAL YV ELTIELSHRBELTW2 EEZ 6%, CmiP4 KST 3G ICHER S AT A
VRN Y S ICEBENTWE I ERS KSR AL v TH D LWL 72, 2 UIBAIREE
ZWURIBZ NS ACP NI —FT 3 FAAL Y THEIEBAONT WD, F7206D AT F X
A VDML D, KSR R AL VICHifET 2 AT FAAL Y IFXF w02 )L-CoA THB I LM
FHHK?, 22T CmiP4 137 L I <A VHIBRIEEDOEGR 21T ) RAID PKS TH % & HIW
L7,

KR F XA ¥~

BAEE TIow L o ofE G, ZORGHREEEFE L oMB2B2 2 itk
T, 7 27 BRAINCE W TR S 0T 5 g0 6 HOl iy B IS8 SOG4 Y % TR HR
%, 2007 F1C Keatinge-Clay 232 L 7% KR F XA YD 7 4 A =7 v Mgtz @M 4 ud
(Fig. 51) [14]. CmiP5, CmiP8 ® KR R XA Y iZ Al ¥4 7 TH O, HEFWIZ (2R,35) DKL
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ZHTHZEICRS, —J7 CmiP2 D ZDfhd KR F X A ik “LDD” €F—7 %4 L, filil
HEICRHEATH ST RS VD2 DOEEN 7T ) Tk R 7 I ThH B, Bl YA 7D
KR FAXA Y THBZENEZSN, KR FAA X 2B 2R3R) DIELERFFOEEZ S
s (s a i, y b OEHIEDELIEN 23 b /N X W), CmiP2 D KR F X A4 I22DWT
R I T a s VBT B H DD, LDD £F — 748 “VAD” ICEH I T\
72, TORFTIEEDY A T HTIE S R0 EHMI L, AEHED KR FX A > LB 72,

LDD

Substrate KR type Product Module Loop Catalytic Region Lid Fingerprint
1 2 4
£ 0456
Ery? HAAGLPQOVAI SSGAGVWGSARQGAYAAGNA WGLWAAGGMTG-DEEAVSFLRERG 1- LDD
OH O Meg6 HAAGVPQSTPL SSGAGVWGSANLGAYAAANA WGMWAGEGMASVGGAARE-LSRRG -ho
A1 AN < Ole6 HTAGVPDSRPL SSNAGVWGSGGQAVYAAANA WGAWAGDGMAT--G|LI§-L RRG 2- W
H Pik5 HTAGAPGGDPL SSNAGVWGSGSQGVYAAANA WGLWAGDGMGR - - GADDAYWQRRG .
R Soré HAGGIEPHAPL SSGAVVWGGGQQGGYAAANA WGVWGGGGMAT - - GLLMQLE&G 3 . H
Tyl6é HTAGTPHSAEF SSGAAVWGSGGQTAYGAANA  WGL -GDGEEFLSRRG - no
Ampl HTAAVIELAAL SSTAGMWGSGVHAAYVAGNA  WGKWP) LBREL‘A’I---pnorggsG 1- LDD
OH O Canl3 HTAAVIELOSI SSTAGMWGSGRHAAYVAANA WGIW. LGRVE- - - PEQIRRSG - no
H Con5 HAAGIGLLVPL SSISGVWGSGDHGAYAAANA WGIWDPEGGAGMAANLVEEQLRGRG 2-W
A2 5 Elad HIAGAGVLVPL SSISAVWGSGEHGAYAAANA WGIWSPEEG-GMAANLAEEQLRGRG -
R Nysl HAAAATELSAL SSTAGMWGSGVHAAYVAGNA WGKWPDDRARELAD- - -PHRIRRSG 3 H
Pim7 HIAVITIELAPL SSTAGMWGSGAHAAYVAGNA WGIWADDLKLGRVD- - - PGQIRRSG .

Avel HTAGILDDATL SSVIGTWGNAGQGAYAAANA WGTWQGNGLADSDKARAYLDRRG
OH O Tyll HTAGILDDAVI SSAAATFGAPGOANYAAANA WGLWGGGGMAAG- AGEESLSRRG

B1 )\/U\S.:' Asc8 HTAATLPDGIL SSAAAVLGSPGOGNYAAANA WGMWHTTSTLTGQLDDABRBRIRRGE dh 1. LDD
H Ave7 HAAGVLDDATI SSAAGILGSAGQGNYAAANA WGL GMTGHLAGTDHRRIIRSG dh .
R Ave9 HAAGVLDDATI SSAAGILGSAGQGNYAAANA  WGLI GMTGHLAGTDHRRIIRSE DH 5 noP
)cl)\/l?\ Rapl0 HTAGVLDDGVV SSAAGVLGSAGQGNYAVANA WGLWEDASGLIAKLTG IRRSG DH
ﬁ OH O Eryl HAAATLDDGTV SSFASAFGAPGLGGYAPGNA WGTWAGS! -VADRFRRHG 1: LDD
82 Lanl HIAATLDDGTL SSFASAFGAPGLGCYAPGNA WGTWAGS P-VAERFRRHG .
cd Megl HVAATLDDGTV SSSTAAFGAPGLGGYVPGNA WGTWAGS! P - VADRFRRHG ‘P
R Pikl HTAGALDDGIV SSVSSTLGIPGQGNYAPHNA WGPWDGGGMAAGDEVAERLRNHG 5:
o O
C1 )J\/U\S..: 01i14 HTAGVAGHGPL SSCGAAVWGSGSNGANAAAGE WGGWQATAMAVGDTAEQLSRRG 4 noY
R
Ery3 HAGILTINFGSI [SSVAGIWGGAGMAAYAAGSA WIPWA- - LPGGAVDDGYLRERG
o 0o Lan3 HAATRTEFGPV SSVAGVWGGAGMAGYAAGSA FSPWA- -LPGTVPSAPQAAQRG .
Meg3 HAETLINFAGV SSVAGVWGGVGMAAYAAGSA WTPWA- - LPG-AVDDGRLRERG 6: <N
Cz )J\(U\S,,, Nid4 HAPPLVPLAPL SSVSGVWGGAAQGAYAAATA WSPWAGG G. FLSRRG .
Pik3 HLPPIVDSEPL SSVAAIWGGAGQGAYAAGTA WSPWEGSRVTEGATGERLRRLG
R Tyl4 VAPPAVPPTPL SSVAGVWGGAGQGGYAAGTA WEIPWLGTPAAD-SLGEQMSRAG

Fig. 51 Keatinge-Clay 232W L7z KR F XA YD 7 4 ¥ =7 v FMENT [14]: 1. “LDD” €
F—7 OFHE, 2. Trp FRIEDFHE, 3. His BRIEDGHE, 4. G E IS 7% Tyr FRIED A K, 5. Pro
WIELDHHE, 6. Asn 7> Asn & DN WIRIEDSHFEIET 2700 206 6 ATZdiN5Z £ T, KR F
XAYHIAI-C2 94 7 TH B ENTHAKS,

DH F X4 ¥

DH F X A VICBH L TR S B2 A8 F — 7 “LXXHXXXGXXXXP” D & CH|
Wi L. CmiPl DR#ID DH F XA VP4, &2 TDDH FAA UBERRITH 2 L) 2 DAY
Wi L 7z [63], CmiP1_DHI1 DG ICHELR e A F 2 VB, Fus vERRICERINTE
DAREETHZ Z eI, L2PLIDDH FAAL YBHFET 2EY 2 —)LI2id KR F X
A VPECTD, BETIHEEEOLEEZOND, YUY N AL VBERET-oTHHREHER
70> 72 CmiP2, CmiP3 IZFFET % “UIWi I 4172"DH F X A V12O WTlE, H 4 = TR S,

ER F XA ¥~

ER F XA Videmi 77 AY —ITHFIET S PKS IZ 3 DL DHFIEL 2o edd, 26 2TH
“GGVGXAAXQXA” £EF —7 2B LT, RTHEERD F A A v &HWL 72,
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Consensus

)
Sequence Logo éz

Identity

CmiP1_DH1
2. CmiP1_DH2
3. CmiP3_DH

4. CmiP4_DH1
5. CmiP4_DH2
6. CmiP6_DH
7
8
9

—

. CmiP7_DH1
. CmiP7_DH2
. CmiP7_DH3

Consensus

Sequence Logo

| elosliovnVess

1 10 20 30 40 50 60 70 80
HPELAAAVXLPDS DGVVIEMGRES LA THPWHEHADHER VGG TVEVMPETA FUEEAVRAGDEVGEGR XEEETEQAPEVLP EAGGVRMQVANMG
CE——

ML oL Do IR Lo LADHs ot PG ARV LA RACDRAOLGtefl oAl VLoVt

P

—

ovel

BEBEFCAVVEPAGTDGVLEEERES LA SHP RSSGVVENMPETAFVMEMAV HBAGCBRVGEC TEDEE-BEABEN PEDA OVAEQAANC
EPELCAVVPLPDS DGVVIEMEGRES LA THP RVLGRVENSESA LVEEAVRECHEVGE D EMEEE THEOABENLP . 0GGVVEHOVVEG
EPELA TATELPDG -G VLEBGREALR EHPWEADE TIAG T TENMPETA FMEEAL HEAB T AGE D EE TEEVEH TBENLS T0s s s LEQVANG
HEPEL. TATELPDCG -G VLEBGREALR EHP v VEL. B ERVEHTBENVPEAGCIREHELANA
LAAVVGLPDG - SVVIEEGRIES LR THA G RABEEVPESGAVSMRAVEG
HEPE'2AIVPOPDTDGIAEEEGREGS TNEE LEPE VEL Acb CGRVEEN TEOAPEVLP PAGGVRMHVANMD
EPELCAAVLLADSGGAVENGRES LG THAMEADHER VG A VEEPETC HMEEATREGHOVGEGREEEE TEOAPENMLP v EGAV OMOV VNG
HEPELAAAIALADS DGVVESERES P2 TQODWEADHEV VG £ TANEPETA FMEEAVRAGDEVGEGRVEEN TEQAPEVLP PAGCVRMQVNND
BEPELCAMVPLPDS DGVVETIGRES LA THPWEADHVVC E TV EEPE-AAFVEEAIRAGDQOVGEGREEEER TEQAPEMLPY TGAVCMHEV THS

90 190 11‘() 120 130 140 150 160 171
GADDSEBRRSVIMXSRDEXAXXDVP-WTREETGVEVPAX - - - - - - X-SCXELAPWBEXCAEPYDEDG LY DELAAXGLAYGPVFRGH

Lol Mol mecL

o.

DEnanaDy,

b canestiobiellegheonleap
=nlln__u

Identity
1. CmiP1_DH1 PPAASEREGVDEYARTAD---DLEP-HTHEETAABVPAAPDRAAAEPARG TAASWIBPAGAK PIGEHAAAHEQ-AAHDLGAGREGSANE
2. CmiP1_DH2 GADDTERRTVIMYSRDEAAPAGPS -WAKHETEG TEAAAS - -GAAAAES TAEPLPWEBPPDAAPVDVSRAYEELSDRGYQOYGPAYQGH
3.cmip3 DH  PADPSEARSLTERSHGE----DVR LEVEEEDGSEGPG -~ - - - - - -~ ETAPELPERMVR- - - - - - - o o e e e~ w
4. CmiP4_DH1 ~--MAEPERSWBPRGAAPADLTG L¥DALAARG YAYGPAFRGHE
5.CmiP4_ DH2 ~ APGDDERRES FEMHSSSEG-----P-WR LEEATEGTEVARG- -~~~ VAGEAFPWEBPRARR PLAVGDVEDRARAAGLDYGPAFRGH
6. CmiP6_DH RASGADLAPWEBPTGAEAVDLDRF¥DGMAAAGLAYGPVFRGHE
7. CmiP7_DH1 TGVEVPSS--G---RSTGVELS SWEBPAGAEVVDLDG L¥GELAAVGLAYGPVFRGHE
8. CmiP7_DH2 GADDAGLRAVTIMFARDEAADGDVP-WTREBVEGVEAPAR--A---ETVGGELAPWEBPVDAEPVELDGIY¥REFAASGLGYGPVFEFQGHEH
9. CmiP7_DH3 GADDSEBRRSVIMFAGD--ADADVP-WTREBAGVMVPS T~ -~~~ - EGSGSDLS SWEBPAGAEVVDLDG LYGELAAVGLAYGPVFRGH
. > J - S
Fig. 52 DH FXA YD )LFTINT T4 X ¥ b KEOVUHIZABEEIC O R e AF P v
B % G “LXXHXXXGXXXXP” €F—7 %2R LT\ 5%,
]‘ ]9 2‘0 30 40 SQ §0
Consensus x [NENDI D IENANVEVES] < P E x x x BBl x A X G x A x [Iiel x [Elc el x Wi T ENEe
4
wmeond] B ILODLAVV Pap ol L aAGRYRIPVRAAG NFRDVEJALGOYY Pt GeEgaGeVEVG
184 SHHOEE LR ¢ Vv
Identity
1. CmiP1_ER S ENENDI D IENANVAVERI S D E P G GBEER A Gl ¢ ¢ WEEE c Hce v T T
2. CmiP4_ER1 G [SHENDI C [ENANENVEPIA P 5 A £ RBEEIA A L_DPAE-L- A v Eel
3. CmiP4_ER2 D_D_CPEVLE-GP A G DA s IlG s Bl Alev N T IEREGH
l]D
Consensus PCMIx x LA P-R-X-X X G % F IGHBIVEE v X-R-X-R x X x_E_x_x—A G
4
i) |GV L ALGDRV £ L peGaFG VAY 2 DRRueV AR el SEEQAAVVVEL T AVS(ULVDLAG
”J AQV éVGDA % é v, by YL
Identity
1. CmiP1_ER PGNIDCL: PIGENDIRMILIGEDIL A 7 ¢ © [GEBNVARIV 7 DIRIRILWEAIR I8¢ ¢ [WHSHE £ IENANAN © Y [GRERVEDIEI A G
2. CmiP4_ERL AGMI TDLAPKGIDI:MIFGEHIF = G s FIGEPIMIAI ~» ~ IDIRIRI 7 WEAIR MBI: T WHSHEI E [ORARAI A i [GRERVEDIEI A G
3. CmiP4_ER2 PoONIAE AA VIGEDIRINE v G~ 's ¢ A FIGEEAVEA v v DI IRV IVEA > Bl A~ IWESHE » IONANAN S F—GR
130 190 150 160 170
Consensus LRIP - - [GNE X—T_X WXT-RXX-DDX_X_L-
4
o] LR U VLVHAAAGGVGMAAVQéARHLGAEV FGTAS CK e Lrer(kRPa [ A<SR | 1D
“l MRkGsUBE A N
Identity
1. CmiP1_ER TRIP - - [GED K WALNVIHIANAI T W E THIA G LIGEED R E HEINA c [SEREN L. DI
2. CmiP4_ER1 L-PGS-R— i A THR A F[GEI ~ D D HIINAI N [SERET 7
3. CmiP4_ER2 L-R—— VLVHAAT w P vIBIR S v [GEEID D ~ [HNINAI S [SERNT L BN
200 220 230 240
Consensus -x-x XIAT X6 X_G-v—x % P GNGERWENVEENNNGHKI T IDNINREDIP ¢ X WA A X X P X X - -
4
i) BERARE AATaGAOUDV VLNSLAGEEVDASLR LweGOREVENGK (DIRD sy AA
. 5 EBA L ER: D QH I PRELE, EUIRY
entity Il I - - I TS S N - e -
1. CmiP1_ER JENEI D JANEI R 2 A T G G R [CIMIDIVAVELENNSHINAI » [ENY v IDIANSHINRNLNM » P TIDNIREDIP 5 HEMA A EYPK TTP
2. CmiP4_ER1 [ENEIRANEI L D A T S G 2 [GIMIDIVAVALIDNSHINAI G [ENEI V [IDIANSHINRILNDI © © A [DEIREDIP = RMEA A GHPGV - -
3. CmiP4_ER2 ENE K- - - - - AC_G-T_KP T_ASA-EV ———————
ZSO 260 280 310
Consensus AYRAFDLMDA G-D-R—X-X-X Q@AM % P PV X X—R A R-A-X-Q A JRWHI T [GNKI x v I
oo W%L l WWW%M%ﬂﬁwwﬁﬁﬂK@@
TAYRAFDLvPAG QRI%@MLA§L LF@ RrpL Vs
Identity __-_-_-_-____-__-_-__-__
1. CmiP1_ER
2. CmiP4_ER1
3. CmiP4_ER2

Fig. 53 ER FAAL VDLV F TN T 74X b REBOVUMIZY 2/ BREESDEF—7
“GGVGXAAXQXA” Z/RL T %,
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TE F XA~

TE F X A » 13 CmiP6 @ C Rl fAE L, =D MBI (Asp-Ser-His) 2 L T Z &b
GIFHERDO F AL v ThDEL, £IIDTE FAL v 26T 52806, CmiP6 27 L 3+
ATV avatge LAY 5 5R%ED PKS Th 5 LHW L 7,

PILED PKS FAAL UIRHTICX D, IS 7 L <A > v OBRIEE A A ICEI P % PKS 12, N
KIZKSeU R AL v %HFT2 CmiP4 TH 2 2 ENFHHEKS, %7 CmiP3, CmiP2 23H. W IZAE
LTVERAL Y ZMLE) X)) BEREZ Lo TRDT, INLIERFEDT—DODEY 2 —
WEBH L., BBREEESKICEboTwE EP/-LEZ, 7L IeA Ty 77 ) argigorEsg
2D 2D PKS 13, N KN ACP DADEY 2 —L%Z2HT 5 CmiPl TH O, £/, AT F X
A VK B MEREOER RS, EV 2 —NITHEETLZ R XAV ET LI AP Vv ORIEE
ORI, TE FAL Y OFEEZZET DL, 77V avEti&ziikd % PKS (X, CmiPl1 — CmiP5
— CmiP8 — CmiP7 — CmiP6 DJHTHR Y 7 F FMhEKIGZMEET 2 L E2 55,

F72, DAED X ) ICHREMEMT 217> 76855, 7L 2= A > AR 33l o BEFRE S TR
FEYNZ L DGR I NS EFEZ o, cmiCl X O BRMNC & 2 B8R T orf 1-orf4 £, cmiR5
£ 0 PN ELE T 2 BEE BB T orf5—orfT 137 L <A ¥ VAARBRICEEZERE b > Thwvw & T
L7,

34 BIEFERZIEE LI L <4 2 VERBRFBOHEE

341 7L 324 VBRIVE D44k
CmiP3 CmiP2 CmiR1

CmiP4 I -- »

loading loading loading module 1 module 2 module 3

CoAS

CO, S 8 3 S
o) o) o) o) o) o)
- NH,
(0] (@] (o)
o HO

H
methylmalonyl-CoA

3-aminononanoic acid

Fig. 54 PKS D F XA Vi 652 615 7 L 2 <A > VBIRHEE O PR A RS
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DI EDPKS RX A UfETE, 7L <Ay VAEARTRERZOGLE S L. T X ) 2K
TILIRA T VOFEEBEGRIN TV EEZ SN, T4bE CmiP4_ ACPL IZXF )L~
=L CoA DRIBZE BB 6B —FEIND 2 EICE>TI7 L <A > VEBIEE OB G L5
BmEND, Z0O% CmiP4 DEY 2 — VAT 2 HDOMERIGONETTL, FUZFF FB4EL 3%, 20
BOMERIBIZEY 2 — VHEEDAEETH S CmiP3 & CmiP2 231 & 2O AERHIC THWIZ
i La-> Tfibils &% 2 7 (Fig. 54), CmiP2 KR I ATEME EHWI L7272, 7L IeAf v
PRMAELE X 3-77 v/ F VBT S /b <Bons 3-73 ) ) FUvBRELE LT,

CmiP4, CmiP3, CmiP2 I2 X D AR L 7R Y rF N8I T S VB EA S, 3-72/ /7 F Vg
34U BRI DWW TIE, Jgrgensen & DB ZILICHEE L 72, T4b b7 3 7 HOMGTHIZ 7Y
PrThh, 7)) vBMEEER EHEEZE T 5 CmiS2 STk FAD Z W Tk, 7 v E=
TEIVAXRL VMK FADH, 2#4: 0%, COT7VYE=T% PKSICKDAERLZ3-7 7+
A V-ACP IR S S, 3-4 27/ F / A V-ACP ~NEZH1d %, Z4% CmiS2 WD FADH,
BILL, 3-7 3/ ) T VBT A ZATADESGR I NG, ZDBRINKIBIIG%2Z\TT3-73 )
) FVBEBEL B EEZ D, CmiP2 IZIZ TE RXA YDSEFEHELERV, 22 CTHHO TE TH 3
CmiR1(58 % DOMFEM) 23z it d 2 £ % 2 7, @ IO TE (2 PKS ICliE->Tr—F &
NTLESLTVNVHORELZOEEEZFOEEZ SN TVED, RV 7 F FE#Z2UH T
WHEAZ AT AMEZa— FLTwAEET2 ZORETRIELET Z Enkhhofizd, &
D L TE DI E RS TRICF A AT V0 6 HREE 2 U O 14 & L 72 (Fig. 55).

CmiP3 CmiP2
module 3
>
66 ©
s @
FADH, FAD S CmiR1 HO
o \ E o} . o}
o) NH, ( NH,
H,0 H,0

H FAD FADH, H H,0
o——>

. FAD-dependent glycine oxidase

Fig. 55 3-7 3/ 7 F VB PRIE RS
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342 2V IA T T UY) a v iDL RN
ZDEIICEGRINZ3-T I/ 2 FVBIE, vin 7 7 A —ICHEL T 5 BEEET LR
%G % cmiS Bin TH#2 S BIIR S 117z CmiS3-7 12k > T, KD PKS ~NEAINS D
DRI IEZZ\T 2 £ 27, $7%b5 VinN AE0 7 TH 5 CmiS6 12k h) 77 = bz kT 3-
7)) FVEIZPCP THB CmiS4d ~Ntn—FE N3, ZL T VinM AE1 7 TH % CmiS3 23
TR T S/ BEMAINT A LIk, P e TR T2, 3T o VR
FVinK DFER 7 THS CmiS5 12k DHc PKSNEHEAZINS, &) #ETH 2 (Fig. 56),
CORFICT I IVIEDEAZ NS PKS 13, NEKICACP FAAL VOATHREINEEL 22—V %2H

$% CmiPl TH 2 EER T,

HO AMP—O 3 3
0 o ACP 0 0

D) NH,
ATP-Ic_iependent : ATP-dependent H
NH, igase NH, &H NH, ligase N N
7_?. L_) I > 0]
ATP PP -
)k/R PP
HO ;i

NH,
L-amino acid

~
|

Fig. 56 3-7 3/ / F VB~ OBHKIG

Z D1 CmiP5 — CmiP8 — CmiP7 — CmiP6 DIE TR 4 & K /7 F R8RS HET L ¢
W< (Fig. 57). % L TtEIC CmiP6 @ C RICHIET A TE F XA VIi2k 5775 LERILZZ T 5
72®, VinJ A0 27 CTH 3 CmiM6 28 CmiS3 I k> TfME N7 3 /% "Hifi#E, L., 77
Y LBLDEL B EEZ 505 (Fig. 58), TY 22—V 10 I8 3 “HESDAERTIE, 7L 3=
AV DOWEERZEZ DR AMEDA L 7 4 VERIN AR TFUTE S5 %A, DH F XA v
DT 2 BRI DENT DA TIZY AMEA L 7 4 v 2 ELS D2 RT %S/ BIRE R
TIRRARBTH 5,
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CmiP1 l CmiP5 lCm|P8l CmiP7 l CmiP6 l

Ioadmg module 4 module 5 module 6  module 7 module 8 module 9 module 10 module 11 module 12

@@@@@@ @@®@@@ ®®@@@®@@ @@®®@@
S

OH o) OH \ii A <:
NH, NHR' o) OH o) OH
R’ =ﬂ‘\H/kR NHR' =0 OH o} o )

trang%rlase OO0,

®
S

///\W

NHR' O OH o OH
NHR (o} OH O OH
NHR (0] OH (0]
NHR o OH
NHR' O
NHR' 0]

NHR'

Fig. 57 PKS 2L %7 7Y a v GO

CmiP6 l

module 12

o

OH PKS product

Fig. 58 CmiM61c k37 3 /Mo, 775 LB
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RIZ PKS FEEVNI S HEEHiEESR IC X > T B b, iikzxiIstE2ons, “REDI 7%
LEMEFICIE 2 0w L 4 DDBEVPEDb 2 EEZ 65, $T2 b7 a— L4 P450 (LR T
H5CmiMA 7L I ATy 77 avEg& 10z L, 2O ICKBIEIEAINS,
I 512 NAD KA LETTEEE CTH 5 CmiM3, b L < IZFIL { CmiM4 23X 512 2 DKEHE %
B L., 10 DRITIE ANV AR VIHEDVER T 2 & 272, T2 & 8,9, 10 Mo T a, -AEIFID 7 T
VML B, 126 DIKEDG E R0, 12, 1357 TT /) 7 — FHVEL TREMEZ AU 254,
TNDY 8RBT RIZBEE 2T\, A T IUARMBE O SOBIC X ) HERBHEI NS LHE 27,
ZO%., 7 b -2 = VHEERICKZ HEAOBEENEL, mENics LIt o7 S
Voa v ERBERT 3 L Z 515 (Fig. 59),

8 0] @
P450
9/ 12 3 N —_—
. @ - Michael

10 11% - carveol addition

b H dehydrogenase

HO OH HO OH 6H cremimycin aglycon

Fig. 59 KA b PKS BfilfERIc X 2 Bk~ v 7 7 % L O FREAGRERE

343 v n—2DLEE R

YR =AY X XY —AMEED 3 MKBEIAFIUEINTOEIIEE RS> TWE 7D,
X ¥ Y — ADOKEGEEN 2 B Z OGN 2 #EE L 72 (Fig. 60), $4hbb . £ —RAGH
RMTAHEL L D-ZVa—A-1-) Vg%, CmiCT 23F S ¥ v-2Y V[ (dTDP) ¥ 2 2 L i
X DIEEMSE S, Z11% CmiC6, CmiC5 BZNZIL 6 fL, 2 iz Bk L, 2,6-¥ T4 ¥2-3,4-
TRD-ZNaA—=ADEL S, 2% 3-7 LY 77— TH5 CmiC3 BT EX V{LEEnizds
DIRILZITH) L EZ T, BoNnt26-TAF4-7 F-D-7E—AF35-ZEXF7—XITk->T
KT 2 EE2605, Z2OHBAMANVEZNIET 47 LY 75 —8 CmiC2 12 X DEILI N,
dTDP-L-¥ ¥ F ¥V — AWERT %, 3 MKEIEICRTT 2 X F AL D4 L 2D TES D
EZARPITH 208, LIFEEICE W TEEEL LTI S 117z FD-594 AU 81 5 kil
RS TI3, dTDP-D-4 Y R —ADYFD-594 7 7'V a2 Y GHEIHE G L 721212 O- 2 F ULy U TF
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L7V Fu—REfi e %5 280330 >Tw5 [64], bbb, 7L 3942 yofad CmiCl
k% O-2FVALIZERE LRI 2 b0 LB 6D, —J7, HHIEELY - 7 2 7 BRECS AT
DoESNEHRTII v —AIE L 2o T\WE, Iz EBEORME & KT 3 L REM DS
HL %, 7L IeA > rDyen— RO ARRE I RFEHTH 208, KIGERE FERD
WO LEECH B ET D 01E, ZXRAEEYEGKR TR N 2 SRR IR TH 5 2 Los
L, 207 ay FiaRZ e it ek s, L2L, 7L 322D 'H.NMR A7
LTI —RA I MICHSDIC7F S vV - TX S Y VKEICEDZRERD Y 7Y v TER
DEEL (J=10Hz) [26], BREATHZ LEEDLI 228\, Z2ITEZLNDE DD CmiMS5 23
REROMIEBIEFERCH L L) T ETH 203, BRATIRT /RIS S CmiM5 23R -
TREFEL, &5 & ORI IL % it 2 O 3 R 22w, Ko TRtk E LTE oD
., DX XY AL L L TAEAK I, CmiMS IZRFFR OB KS % il L, Z2 0k
O- X FNMALHEFTT 2 L I RKTH 5, TNZIFEL T IZiF s v r — 2DV ARHILE %
WEL, ZD% CmiM5 DREREMENT 217> T 2 EDMETH 5,

dTDP-1-glucose

synthase 4,6- dehydratase o) 2,3-dehydratase O
o] @ o]
HO

© opo,= © OaToP OdTDP o OdTDP
D-glucose-1-phosphate

3-ketoreductase 3,5-epimerase 4-ketoreductase

o @ e @ g
—> * — WOdTDP — HodeTDP
HO OdTDP o dTDP-L-digitoxose
H CH
CHg3 3 H
CH3 / / / CH3
(0]
glycosyltransferase 0]
@ (retaining?) 0
OH
HO  OH I HoZd&Q/™0 on )
OH OH

cremimycin aglycon OH
HO\::Z:I£:;7\\OdTDP CHa
dTDP-L-digitoxose

SAM-dependent
O-methyltransferase

OCH,
Howo OH T cremimycin
OH

SAM SAH

Fig. 60 TDP-L-¥ ¥ b ¥V — 2D PRGN 72 5 VIS FR I N2 PR - X F VAL

66



3.5 RIS IR

32 CHRONLRIY 7 F FEGBBIET V7 7 A% -3 2 DR EETOMAGLELS 7L I
AV DEGHICBEb > TS LM RBI N, LaLl, EBRICZIDZ FAY =371 3
AT VESGRICBEE L TWE I ERRTLDICTIE, 2DV FAY =S hOBREREL, 7
LA VAERICHET I ELZMERT 20H0H %, 2O OB TIHEERZRA S C
EWZ L7, —MRINICHERE 7/ & DNA s 2 13 kEE 28 A L, MEHERZ 25]
EHISHBIEICE>TEL B I EBAISN TS [65], BIREICE T 2 BB FOEAIC
X, SFETUTO L) AFEIHEIN TS

7a k77 A M-PEG %
NRBIETZEAL 2 0OEEEOMAEEEZ ) V' F — L THfE (7e b 77 A M) L, RV
IF L 7Y a—) (PEG) fA1E T, SRR T ZMA 2 2 LIk > TEAT 2 FiE, kA
RSBV TEELD 508, Z O E A IO W TIAHARERI DD 5,

L7 baRLb—yavik
SRR T 2B AL 2 WG OMIIEEEZ ) V' F — A TEHAMNIC AR L TarET v bt
WL, EEZENT 2 2 &I & o CTHENEEE - Mo Rz 221), 2 22 60 REIE T2
AT 2 FHE, KBEROEERIE L L CEIEFICECHCo N2 FHETH 258, HERE
TOMMEHNZA %20 [66],

Tk (@avyar—vavih)
HBALWISKEIE T2 7O FRTHEEORGE~NEAL TEE, —RINICIE F R1E
DOIFRE LIRAET 2 2 LIk o TR OB mEE2ITOE 3 TE, 7077 A b
ftarv 7y b VoFfHEOREZ NI LT, HIWEHEICTZ 2720, TEOM
A 2 TIEIRFEICEL C OMEDIDD 5,

BB 2 EEEE IS OWTIEMU TICORTHEELS > F 7 u—4 P450 %% 2 — N7 288
T cmiM4 ZiER L 72,

1. bec 7 7 A% =B 25 FE 0 JEIET becO DUWHIEIEBRIIRIN L TEDH ., BE-14106 D 8
BrAKIB{L X 10TV 22 v BE-14106 S8R DHFFICHIN L T 5,
2. cmiM4 B DBE XM S FIER AR TH D . cmiM4 ZHHE L TH LD EEFOEE
BRI wEEZOND,
3.comiM4 17 L 2o ATy 10 MOBLRIGICEb S EEZ o, ZBRE~ 7077500
MEEEPRLAE LI L TR EAREH Lo Twa eE Lo N, ZOBEEBFEZEETIE L
AT ORERPAIS S b LB AT,
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351 2L 34 v RO RIE

WH . OB DG TR 2 B 2 BRI WV S B SRR G T 3 FAE VRIS S T H
%o A7 SRR /7 & DNA RICHAEY RSS2 204 £ i, 2 os{E iz
HIIET 2 HEVEFAE T TOAEFTHKR 2 & 9 1ck b BB T2 O A SR HIT K
206 THD, LrL, 7V IvATVEERIIILL ZN6 OPEWEICIHEZ A L Tl
COFEZEMT 22 L3RRV, 22 TET 7L <A 2 VAEERD EORET A A
ZHLTOEDIZDOWTHNT, SHUEWE%Z M Z 7- Yeast-Starch ZEREEHIZ FL L, T4 61
7V AT EERZIEE, 28°C THEBERELZITo %, ZOFH. 7L I~ v VAEERIZF
FAPLZ PSR L CitEzR S, 7 F 794270 VISR T8V ERGIMEZE L 2, —J7.
70587 2=2a—VR7 3/ 7Y ay FHPAEWEHISN L TIEZMENSH 1 | BI5IEk 2
Fod BRI TS OFUEYWEMEEE T2 vl v 2 ED395h - 72 (Table 5, Fig. 61),

Table 5 7 L 3~ A > VAEFEREOYEY R

Antibiotic concentration (ug/mL)  sensitive?
kanamycin 200 O
streptomycin 50 O
spectinomycin 50 O
thiostrepton 3 X
chloramphenicol 170 O
apramycin 50 O
tetracycline 50 A

3.5.2  EAEIC X BEIE TIHERO /R

AR TIZE T, UFAETHICEXL =AY F ¥ - NVA A7 ay /) 74 FAEER, FD-891
A CRG TR OB FERE R H o 72 70 b 75 2 +-PEG Ex WG L 72, KIGHE. .
il OB T HEBATEE 2 > v F LR 7 ¥ — pWHM3 % N — 2 BRI 77 2 2 F %
EL, INzR)VZFLYy 7Y a—VEEN, 78 b 77 AMUL 7 L S =4 O VAERANEA
L7z, Z O, HNOPUEWEIEZ /8 985k 2152 2 L3R b oD, HIVDEIR
TRITCIIMEDr 72, F/2, TL 7 bR ARL— a VEILK B3 BETEALRALZD, HRNOPLE
WEIEZ R T HER S 2 Lok d o, 2 I THEARICK 2EEFEAZER T LIC
L7ze ZOBMENT 2 KGRI, BIEEdE2 M 2 BEEE 28577 2 2 F pUZ8002 %
fREEL. HIfEN D DNA % 2 F UL T 2152 L &\ (dam™) K E. coli ET12567 / pUZ8002
ZHHT 2, COWMIZT 7Y A7) ViidEE G L (Tet®), 72 pUZ8002 ICk > THF <A
UNE (KmR), 7v 7 47 2= a— i (Cml®) 2632 2 3o nTw3, Thbt, A
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4 ] I'J ‘ﬁ
A dh 4

thiostrepton
chloramphenicol
apramycin
tetracycline

positive control (without any antibiotics)
kanamycin

streptomycin

spectinomycin

oA

Fig. 61 MR L T 28°C, 4 HREEBROBFEREMICE T2 7 L S <A > VAR O LR RN

WCHOTEBERIERH 77 A 2 FCIREEMEORENEL, 77 A F2EAL THHRE
HZ WHEEMEDS D > 72, Z 2 TH L { ReDirect i [67] %2 H > CTHHEMRIERHD 79 2 3 F %
2 Sl el B

3.5.3 ReDirect i1 X 2WEBRIEH 7' 7 A S F OREEE

ReDirect % & ZENEE T2 EARL 77 A P2 RF LA RKBEEN T, SREEFOMEEM
Pz # I 2 A1 7 7 —HKED 3 DDEEE Reda (5°-3° TF Y X7 L 7 —%), RedB (— A
DNA f&& 4 v 8 78), Redy (fEEMifo =XV X 7 L 7 —VPHERE) 2 RHEIETEE, 22
NGRS T 2 VIR ENUEE T & v MICER L 728 FW R % PCR THIRS ¥ TE
AL, RIBEANTHIFEEZ 24 C S THERERN 77 2 3 F2 R 2 FETH 5, 2003
EUZ Gust 5IC X D FERSI N DTk, FIRBEET A MK 2HIRBAEC Zvnio, HKNE
HICHEERIERN 72 A S F2 &G T2 2 LT H 5, 2D OBUE, BIE T HEERERA
T AL F2HERT 2B —RNICH o N2 FiETH D, K a2 PIFRE ITE N T L
5. 2RI NEEBTFREDORELEETW R Z2HAL, BETF7 725 —2HHET 20%81C D
JGH I T 5 [68], AFZETlIE cmiM4 Z 1ZIFH0ICE K 15 kbp @ Cosmid106 Xho 1 Wik %
M D7 % — pBlueScript SK 1 (+) I 7 1 —=> 27" L 72 @ (pBlueScript-106Xhol) % X— 2 &
L C. ReDirect #EIZ & 5 cmiM4 EERRIEH 77 A S F2R3ET 5 2 LI L7, £7. ReDirect
BOEBOTNEZELDE L Fig 62D L)tk D,

69



39 nt from sense strand ending in start codon
NNN...ATG

1) @ ¢

NNN... TAC Gene to be deleted
ORE 39 nt from anti-sense strand ending in stop codon>

N Paac

electroporation

PCR

A-RED recombination
plasmid plJ790

cat — Is

E. coliBW25113 / plJ790

(8) induction of 7\'-RED
by L-arabinose (4) electroporation

plasmid (7) Conjugation

A-RED recombination with Streptomyces
plasmid plJ790 ORE

—i - E. coli ET12567 / pUZ8002 / plasmid

E. coliBW25113 / plJ790 / plasmid
pUZ8002

cat — s

(5) loss of temperature sensitive
A-RED recombination plasmid
plJ790 by culture at 37 °C

plasmid

E. coliBW25113 / plasmid

(6) transformation of ET12567 Streptomyces
containing pUZ8002

(8) culture on plate medium
containing spectinomycin

pUZ8002

E. coliET12567 / pUZ8002 / plasmid

Streptomyces disruption mutant

Fig. 62 ReDirect #51C & 28 {5 Tl (BROEFRE S LDOHFZFIZ—EL T 23)
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Thbb,

1. HFEHELZ Z e S AR BIET2HET 2 77 A3 F plJ790 2§ L T 5 KIGH E.
coli BW25113 ISR s T2 &8 77 A FE2EAT %,

2. oriT ELHI & Wil FRT ¥4 F 2 & CHiEWEN S T~ — A — 28R L L EEET
WEDHEIES 2 H T2 774 ~—%2H\WTPCR %2179,

3. 798/ —ATCHIABZEOREZ2FE L THEE, L7 btnarE5 v be L2 E#
ERCE

4. PCR THRon Wiz L7 bR —2a VICTEAT S,

5. KIGE N CHEEREG T £ Pt~ — 5 — MR 2 2358 2 5, 37°C THEEL.,
FEREZ D 79 A 2 F pll790 %# RIBEHE 5,

6. Mlifab 775 A2 2 F#% E. coli ET12567 / pUZ8002 ~E AT 3,

7. BEET 26T 2 H0RE L 0BAZIT),

8. PUAEWE A ORI CERKGE L, HWOREM EBETHME2ETI0HEERT 5,

AR TIT>7 2 LZ2RT E Fig. 63 DXk Ik %, 73 pBlueScript-106Xhol % E. coli
BW25113 / plJ790 IZE AL, L-7 7€/ —AFE T CTRE L THILZBEZ RIS 5%,
v tuvavesry bzl —J577 A3 F pl)778 2 HlfREEZE Hind M, EcoR 1 T
HILL TR ART F 7 <A > VIIMEIE T (aadA) A& v b Z2FERLE LT, cmiM4 Tiijfig 39
bp%ﬁ?%fﬁ%?—%ﬁwTPﬂUﬁﬂxcMM4EE?%X&7%/74vvﬁ%Eﬁ?ﬁ
oy FANEHET 270D DNA Wik 2872, ZOBDO 774 <—I2iE cmiM4 3T OEEERLS & bt
EYWPEINES £ v PSS T 2 EM BRI ﬁ@@%Hmlﬁmﬁﬁéﬁﬁb(SGﬂkmxn
ZHETLTE &, BB TR 2 > R ICHAY A — A —2BREHRS X9 Ic L,
IhzzL 7 btuaRL— 22T E. coli BW25113 / plI790 / pBlueScript-106Xhol ~E A L |
KIGHENT cmiM4 BI5 7% AR7 F ) <4 ¥ ViEEGE T2 v k&L 72 (106Xhol-aadA),
RICHUEYE TOBIRGERNICHEMIC R 202D, 779RAIFRII—Z2 T ETY
VB F %2 9 % pBlueScript SK I (+) 25, A+~ A ¥ VINMEEE 26T % pET28 ~
Ll 7z, 2O 7 A FTREBTFHIAZ GBI GG, v IV r7axAF —N—{KL s
TN aRAF—=N—RKDHR 2 AT 5 2 EBHIR R o o EY A~ — 5 —% DNA
Wi DANANINT 2 0803 H 572, 22 TpldI13 067 77 <A & Vilt#EIE T (aac(3)IV) %
pBlueScript SKII (+) ~7 R —=v 7L, 61777 A3 F LD pET28-106Xhol-aadA % %
NZENHIREE Hind L THALLTIA Y —>avy L, 7Y ES Y VHE N OBEERIERN 75 2
2 F 106Xhol-aad A-Hindll+pBlueScript-aac(3)IV %Ki 3 2 KIGH 28I #E, 77 A 2 FZ&Hh
L7,
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. e o Xhol Xho
K omi cmiM4
14.9 kbp
pBlueScript-106 Xhol :
—
bla
— pBlueScript-106 Xhol

/V X E EcoR | EcoR V Hind 1l
cmiM4 ' pBluescript Il SK (+)
pBlueScript-106 Xhol ! EcoR| Nael (blunt) EcoR | Hind Il :
P ()
H oriT
: plJ773 dlgested by EcoR | + Nae |, pBluescript-aac(3)IV
i »RED ligated with pBluescript

recombination

Xho Hind Il Xho! Hind Il Xho! Hind Il Xhol
Hind Il
] digested by Hind i, i
- digested by Xhol, - ligation oriT
oriT ligated with pET28 oriT
9 P 106 Xhol- aadA-Hindlll+pBluescript-aac(3)IV
106 Xhol-aadA (AcmiM4) > pET28-106 Xhol-aadA
bla kanR
—)

Fig. 63 ReDirect 512 & % cmiM4 BEERRIERM 77 2 & FEH O FIE

29 LTS N cmiM4 BEERIERR A 77 A 2 R % E. coli ET12567 / pUZ8002 ~EA L., 7
LI A Y VAR EDESICH VT,

3.54 BEGTEIC X 2888 AT

—#& 7% E. coli—Streptomyces JEDEEEIETIE, —RINICEAZMAZA T (k= a v 7). HFx
fie U 72 O - BRI & . EERRIERRE 777 A S F & 0RRF L 70 KIG B O MHIEE % 131355 2 I i
ZTRGL, vV = F—)b-V —F (MS) ERIGHIAEE, 58T 5, 20k, BEFHHIRZ 2%
SNTRRE DO A ZERGET 270, KBFERZ2E&0 7 7 ARERICHEEEZET2 Y27
AW (Fig. 64) M OVIAEEIMEEE F A€y MOSU ZPiEWE 2B LKz Bl 5 2 5,
COFHEIC K VBB RO BB EF T %,

HO =
0] 0

Fig. 64 7 ¥ 7 AW DO

L Lads, 7V IivA Y Y AEROSGA., LElfh ToEaZ2MENTo 703, 2 ER
TR R 2135 2 LGSR o7, FRBUVEWEBINE 10 HM BEET2 L, SV 7 X
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Wit Z2 R o 72 KIBEBEB L CL o7,
Z2ZC, FEEMHEIFEL S PR CAEMBEAICL2EEFHEZ ISR L2 Lo &
ZA, Table6 DX H o7,

Table 6 LA X 285 FHLEZ G2 Bat L 22861

ratio

vector strain heat shock medium MgCl,  (donor : recipient)  Ref.
0." SuperCos 1 S. coelicolor 50 °C, 10 min. MS 10 mMm 1:1 [67]
1.  pSET152 K. setae no effect ISP4 30 mM 250:1 [69]
2. pSETI152 S. natalensis 45 °C, 10 min. MS 10 mMm 3:1 [70]
3. pSETI52 A. teichomyceticus no effect MS, ISP4 40 mM 1250: 1 [71]
4. pSET152 S. ipomoeae 50 °C, 10 min. MS, ISP4 20 mM 44 : 1 [72]
5. pSET152 derivative  S. pristinaespiralis 50 °C, 10 min. MS, ISP4 30 mM 125:1 [73]
6. pSET152 N. sp. ATCC 39727 n.d. V0.1 10 mMm 1:1 [74]
7. plI8600, plJ8655 S. rimosus 40°C, 10 min. TSA (Oxoid) 10 mM n.d. [75]

* ReDirect BETO@EFDO 70 k al

INSOME»SHEHET 2 &, BARFICHH T 2RI HKNEREZEOLDZHWTED,
MgCl, DRI HEATH % L b s, FEETREBEFEED) £ {rbish > G512,
KIGH OIS % e oot U OREIEMZ 2 L ET 2 2 e TPRHEER, 22T2hez2s
FICHEREGEIC X 2B TEZDOME 2175 72,

FTHAICHVE 7L 2 A o VAERO T RERZ RS 2 72 0 0RO B 217> 7o,
SFECROEEICHT 252 2 &£ DUk RHIIZ ISP2 FEXIEHITH - 7225, MS, SK2, X% b,
V0.1, YS ORFEREHICHERE L, ZOAEB2BIE L7, LaL, MUIBWTS ISP2 £ ) &g
TIRPHR L {fTbi s 2 L3 | R8BI ISP2 8o 518 5 N Bl 120 & J98L§
52 EIZL T,

RICHEAFMEOMR 21707, BEEOE— 2 a vy Z7HE%Z 10 0206 5 miiL. £
Ze—Fryav 7 &2{To Tkl BRERDWRERL 72, KIBE & B oMo iz
10:1-2:1FCTELEE, FLEARORKME 6 AL, ZNFNARTF )ALV
MEE2E T2 av=—24EEF LT 202812 L 7 (Fig. 66),

ZORER, E—t¥avy 2 E2{ToEFRERICRN L TRGEZEFEEA L (Table 7). MS
Redh ECBEAERIT) L. AT F /oA ViEER R TIE an = =034 B o 2 Ly
o7z (Table 8), ZDEMTHEONIan=—I3, ARV F /)24 v2Etr ISP2 FEREH & A
RIF)RASVET T IA L 2t ISP OB ICHEE L, 47027 024 — =3
ColBia iz tkEZ R ) —=v T L1,

1
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J N

R
179

) 0N 04

\

)

S. sp. MJ635-86F5 on MS agar (1 month) S. sp. MJ635-86F5 on SK2 agar (4 days)

[
S. sp. MJ635-86F5 on Bennett's agar (4 days) S. sp. MJ635-86F5 on V0.1 agar (4 days) S. sp. MJ635-86F5 on YS agar (4 days)

Fig. 65 KIEREMICE TS 7L 3~ A > VEERDEGTOKRT (£ LIZHE D79 S. lividans
TK64 % MS FERIGHIICHER L 72 H D)

Table7 b— k3 av 2 &N LR DR

CFU of recipient spores  Transconjugation frequency

CFU of E. coli donor cells

5x107 5x108

108 X X
108 (heat shock) X 1.2x 1077
10° X -
10° (heat shock) X -

3.5.5 EE IR OBE R OHER

ARTF )= A Vit (Spec®), 777 w4 ¥ VIR (Aprad) 23T an = —ik 9 AES
n, FTINo0BEFMEZan=— PCR TN L 7, F2Ic@Eh L iR EEE 5 2 v
MO 794 v —. emiMABIBHD 754 <—, $/av tu—nt L CHREBMEER T
cmiM5 BEIRH D 77 4 = —% L TZNEFNPCR 2{To7-L 25, 3200 ar=—ICEWTH
Tt 7 38 Wi BIR DI E 038 - 72 (Fig. 67). T &b bHAEWEMMSEE 2 2 v M IEEiE S .,
cmiM4 BIE I EEI N Lo 72, £72 cmiMS BEFREIEIN 0TI L IS 4
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E. coliET12567 /pUZ8002 Streptomyces sp. MJ635-86F5 <conjugation>

/106 Xhol-aadA+pBluescript-aac(3)IV j
p p (3) inoculated on ISP2 agar E. coli + Streptomyces

preculture inoculated on
LB containing Cm, Km, Apra, Amp, Spec culture rt, static MS, V0.1, YS, ISP2, Bennett, SK2 agar plate
37 °C, shaking, overnight until sporulation containing 10 mM of MgCl,
culture harvest with 20 % glycerol culture
100 mL of LB medium 3 flasks . o 28 °C iah
containing Cm, Km, Apra, Amp, Strep centrifugal filtration » overnight
o P Y 5,000 xg, 10 min.
87°C, shaking, until ODgoo = 0.4 9 + water containing Nali, Spec
harvest v stored at -80 °C until use
spore suspension culture 28 °C
washed with LB, 3 times heat shock V
+3mL of LB 50 °C, 5 min. screening for SpecR and ApraS strain
E. coli for conjugation actinomycete for conjugation
Mannitol-Soya (MS) agar V0.1 agar ISP2 agar
mannitol 2% yeast extract 0.05 % yeastetract 0.4 %
soya flour 2% meat extract 0.03 % malt extract 1 %
(substituted to soy bean meal) soluble starch 0.24 % glucose 04 %
agar 2% glucose 0.01 % agar 2 %
(substitute for dextrose)
Bacto peptone 0.05 %
(substitute for tryptose)
agar 2 %
Yeast-Starch (YS) agar Bennett's agar SK No.2 (SK2) agar
yeast extract 0.2 % yeast extract 0.1 % yeast extract 0.5 %
soluble starch 1 % meat extract 0.1 % meat extract 0.3 %
agar 1.5 % NZ amine, type A 0.2 % soluble starch 2 %
glucose 1 % glucose 0.5 %
agar 2 % peptone 0.5 %
KH.,PO, 0.02 %
MgSO, 7H,O 0.06 %
agar 2 %

*pH of all media was adjusted to 7.3.

Fig. 66 FEAEDFERTIE & BEH v 72 B D R

Table 8 A DR B8

Speck Transconjugation

Medium Colonies Frequency”
MS > 64 >7.1x1077
YS n.d. n.d.
V0.1 > 16 > 1.8x 1077
ISP2 n.d. n.d.
Bennett n.d. n.d.
SK2 n.d. n.d.

* E. coli : Streptomyces = 10 : 1
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FEEOBE T ZARTH L EZ2MER LT, o TINSG 3DODEKZRAIZ Y —=v 7 LK
DEFH S AcmiM4-1, 3, 8 L 4T, S 5Tz iT- 7%,

Emerald 5 ,ut ‘M),

primerF,R  @0.2 y . R '

template 1 uL 98 °C ;98 °C ;

water 3.6 UL 5 min. 110 sec. 72°C 1 72°C

total 10 pL '
00
<wt> <double cross-over recombinant>
RE?VIIREXCT RE,?\/‘RE:CE
cmiM4-Rev cmiM4-Fwi
cmMa-Rev 200 PP g cmivta-Fud \_a 1,503 bp_o /

cmiM3 | cmiv4 cmiS1 cmiM3 cmiSt
————— — ) ez —mp—-
oriT

aadA + oriT (1503 bp) ( cmiM5 (1286 bp)
kb)

(kb) (kb) (kb)

[SINENY)
(SIS
= NDwhOo

[SINEENEC YN
oW hoh—
= N s

— - - - - - —

wt L ] wt
gDNA SpecR, ApraS exconjugants wt | ] owt
cmiM4 (1336 bp) gDNA Spech, ApraS exconjugants
Kb) [

g T R TR R RS I R (kb)

N o=

PR A0

sk BN | I

ow roh=

= pwsOa

L ] wt
SpecR, ApraS exconjugants

wt
gDNA

Fig. 67 AXIF 724> Vitlk, 777 <A > VEZMEZR L 2BE 2 7 =—d PCR IZ X % @t

3ODEKEZNZENEEEL, 7/ L DNA it L7:, STz THEPCR 21T>7: L 2
»awn=—PCR LFUE%AR L% (Fig 68), XICHIAEVWEMEEE T 22y b2 7L <4
> UARERG AT /) L DNA . cmiM4 OALEISEYNCIHA I N0 8 ) 2R T 57D,
PFHFUNL TNVIAL X =2 a v 7o, 2D 7 5 DNA ZHIREEE Mlul DA, H LI
Mlul & Hpal ZFHWC5ERMHMLL, 70 =27 VELIKEIC X > T DNAWiH %208 L 72, 2
NxE XAV 7V VIS, cmiM4 TIRICHIET % cmiS1 BIEFZ2E# DNA L L, v g 7Y
FAX = arvziTol, T5LEEHAERTIE cmiM4TEH3Z Hpal 4 S SELEL R\ iz ofifiid
HIFREZ R IR R 12 B VT HHT 6.4 kb DWTH DS L 72D, 3 DD cmiM4 fBRIEVE CII AR
77 A REMETZ 774 =10t L7 Hpal A4 b BFEEL T 2720, Miul Lo A
Tld 6.4 kb DWih 12, MiluT, Hpa 1,2 D DHIREERE THALL 72 b D TIZH 2.4 kb DM 356 L
Too ZOFER XD 3 ODBETHEEKIZAT cmiM4 O EICHUEYERIEEE T2 & v b 2siEf
SN TN I aRF—N—DBEFHIAZERTH S LI T EE2RT I LR (Fig. 69),
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aadA + oriT cmiM4 cmiM5
(1503 bp) (1336 bp) (1286 bp)
[ 1T 1
(kb)
dNTP Mix 0. - 0oyl o
template 0. om ag o :
Ex buffer 98°C:98°C ! 231
Ex taq 0. 5 min. 10 sec. 729G 72°C i
primer F, R 0. : . 4.4
water up to 1 323
° e - - -
D o —
® 1. wt
o - 2. AcmiM4-1
3: AcmiM4-3
4: AcmiM4-8
1 2 3 4 1 2 3 4 A 2 3 4
Fig. 68 AcmiM4-1, 3, 8 2> Gl L 7z gDNA Z#fl & L Tf7-> 72 PCR
probe (cmiS1) agarose gel electrophoresis Southern blotting
t 1 t 1
Miu| Hpal Hpal Miu | W R S ,,__":V___,;,_is_vlv___ s f_
(O mpr——— - . X
aadA + oriT cmiS2
2. - ——6.6kb

lv ——l i
6.6 kbp

Miu'l Miul + Hpall

s —24kb

o

-
A”

Miu Miul + Hpal

Fig. 69 AcmiM4-1,3,8 DY HF A 7V 54— a v

3.5.6 AR OEERETE R O N

RBICZNS cmiM4 Bk %E 7 L 2 <4 > VAEPERITAERR & A UL CRiis s - AR L, 15
SNHWEPL 7L Ie Ay v MHL T 2R EMU FILETHE L 72, BonEmtim%
KEETICZDEE 74 V7 =8 L, LC/MS TIENT L7z, ZOFER, 7L <A raiitd
22 EFHORT, BEREERICRSTWE I b ok, LL, fhoE—27122o0nT UV K
INDHRKEZ R & 2 A, 7L 224> v R UK 300 nm 2789 E— 27 IZHFEET, 250
nm BT ISR Z R0 s n b EEoN It EEo7, Thbb, cmiM4 2T 2 2 ki
koT, 7V IeA Yy v AEARPIREZEET 2 2 L 3HRE»o%d, 7L <A > VKR
HROEDLZEWCHIIL, BoNTBLEFI IR L IA T VEGHICEDS 2 L 2%

Ak Y 5 2 & HHIK T (Fig. 70),
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Streptomyces sp. MJ635-86F5 AcmiM4 muntant

preculture
100 mL, 2 flasks
+ Spec, Nali

30 °C, 200 rpm
4 days

culture 100 mL,
12 flasks

27 °C, 200 rpm
3 weeks

Tryptone 0.85 %
Soytone 0.15 %
NaCl 0.25 %
KH,PO, 0.125 %
D-glucose 2 %

pH 7.3

0.3x BPS medium (modified)

D-glucose 1
oatmeal 0.9
malt extract 0.15
yeast extract 0.09

MgSO, - 7H,0 0.012

NaCl 0.03 %
CaCOgj; 0.15 %
soluble starch 0.9 %
MOPS 1.1 %
propionate 05 %

pH 7

Y%
%
Y%
%
Y%

cremimycin, authentic (at 300 nm)

1.401
1.201
1.001
-, 0.80]
< ]
0.601
0.401
0.201

0.001

L

wet cells

+ 200 mL of CHCl3: MeOH =1 : 1
rt, overnight

filtration and concentration

+ 200 mL of MeOH : hexane =1 : 1
concentration of MeOH layer

+ 100 mL of CHCl3: MeOH =4 : 1

concentration

Y

PDA analysis

phenomenex Luna 3u C18(2) 100A, 150 x 4.6 mm
30 % CH3CN (0 min.) — 100 % CH3CN (20 min.)
0.01 % TFA, linear gradient, 40 °C

I T I
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
time [min.]

extract from AcmiM4 mutant (at 300 nm)

0.20,
0.151
0.101

2
< ]
0.05

0.00-

-0.05—

e
0.00 2.00 4.00

00

time [min.]

L L L L L L B B L
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Fig. 70 AcmiM4 TEEEREES 220l © PDA 1 X 2 bt
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36 ¥t

ARETIZZ L I3A v v OEGRFEE 2 HE BIE LRV THRIT 720, 7L I vy
A:PE Streptomyces sp. MJ635-86F5 106 Y T4 ¥ o ~F¥ Y — A GHBERICEENS 2,3-T F
7% —¥,46-T F 79 —XBETZTFHLDICL CEIBT7 7 A9 —DREREIT> 72, 208
R 7V oA v UAERREEET 7 L DNA B 95 kb ORI cmi 7 7 A% —2 A L7z, Z
DBIEBEF7 FTAY = -7 2/ BEGRFY 7 F FMLAY O A AMEEREE FICHEL TR S

BB TREDHIAEL T, £, 207 7 A Y —DOEIX Fig. 71 TR 9 X 9 I BE-14106 4
BIIZBEH 5 bec 7 7 A% —%°, ML-449 LG5I % mla 7 7 A7 — E PSR I 7z,

C2M2C3 R3M3 S1 S2 S4 S6 C4 C6
cmi Cluster
(Cremimycin)
R2R4 M4 P2 S3S85 M5 C5 C7 P5 M6 P6 P8 M7 R5
1 U KL N T
mla Cluster
(ML-449)
H A1 A2 C B JSM O D P G E F Q
1 U KL N T
bec Cluster
(BE-14106)
H A C B JSM O D P G E F Q
« type | polyketide synthase <:ZI post-PKS modification
« starter unit biosynthesis « regulation

<j sugar biosynthesis
Fig. 71 cmi, mla, bec 7 7 A ¥ — D K

Table 9 cmi, mla, bec 7 7 A% —IZE T 3HEMED H % 85T

cremimycin ~ ML-449  BE-14106  Proposed Function

cmiR1 mlaQ becQ type I TE

cmiP1 mlaB becB type I PKS

cmiR2 mlaM becM TetR-type transcriptional regulator
cmiM4 mlaO becO P450 monooxygenase

cmiS1 mlaU becU fatty acyl-CoA thioesterase

cmiP2 mlaC becC type I PKS (truncated)

cmiS2 mlal becl FAD-dependent glycine oxidase
cmiP3 mlaA2 (becA) type I PKS (truncated)

cmiP4 mlaAl (becA) type I PKS

cmiS3 mlaLL becL amino group protection

cmiS4 mlaS becS acyl carrier protein

cmiS5 mlaK becK acyltransferase

cmiS6 mlal becl adenylation and loading to ACP
cmiP5 mlaD becD type I PKS

cmiM6 mlaP becP deprotection of S-amino acid moiety
cmiP6 mlaG becG type I PKS

cmiP7 mlaE becE type I PKS

cmiP8 mlaF becF type I PKS

cmiRS mlaH becH LuxR-type transcriptional regulator
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309DV A =BV THAMOH 2BETFE2FLDD L Table 9 DX H 2% 2, 7% U4
WEET S B-7 3 BRI ORMEICEb 2 DIE, cmi 7 7 A —Tld cmiP2, P3, P4, S2 DY
DTHH, TG LHELECHAEZGE L, WUEELROLZZoNLEELZI—F LTV
BIETFDmla )i bec 77 A% — EIZHEICW O THUE I LT\ 5 (mlaAl, A2,1,C & becA, 1,
C). ¥ 7BAMIVEREER., 72 ) BADBHiISK T 7' 2 v 25T 5 PKS ~O 7 > V5
BIIGZ T 2 FE 22— F LT 2EETRHIZZ 7 A8 —DI3IFHIICFEC X 9 RIEXST
TRREINTWED L5005 (cmiS3-S6 & . becJKSL, mlaJKSL), HIiZ7 7'V a v EEICE D %
PKS Eir T R OB IR #EZ T ) EEEETICBLTH ZOREIZIZIER—TH > 7 (cmiPl,
mlaB, becB & . cmiP5, M6, P6-P8 & becDPGEF, mlaDPGEF), fthic b8 {n T-#IIcBEb 2 L&
Z 6 NSRBI F (cmiRS, mlaH, becH). P450 B2EIE T (cmiM4, mlaO, becO), I B1FF = 2 5
7 —X¥ BT (cmiRl, mlaQ, becQ) %5, HREMEDOE VBB FLIIEL TR NS, 2D L) %M
P SHWTT 2 L. 2o 320 B8-7 I/ BEEHM~v 0T VY LAFUEYBEA GRS FITIE,
ML R 2 IEOMIET 7 I A —FEL, LT 52 Ll k> THBAMEZ R >R 7 F
FEGHEET 7 7 A —IiholtHEZ o5, £ PLPIREM Y &/ BB L2 2 —F 7
ZHMEFVEAELTES T, b DI FAD IRER 7)) o VIg{LI#EE % 2 — F T 2851 emiS2,
mlal, becl 237 7 A7 —NICHFHELTWBE3DHING3DD 7 7 AY =@ L TR ONARET
b5,

¥/, 2D emi VIR =BT L IRA T VELGRICEDLS 2L RHIET S0, cmiM4 E
LI ERZ T o7, ZDFE., cmiM4 B2 AXR7F /) <A > ViEEEFICERL L 7%
DI U7z & OMBUETFBEMRIZ 7 L S =4 > VAERBEZ BRIk >0, cmi 7
TR =WV I AT VAEGHICELS 2 L2 EDPO L LKA, LaL, ZoFEREIT
) ETHREEINA L A v VAEGRPHEORIFIIR L2 2 EBHREr > 7, T
cmiMABIETF 2 ELTEARTF /24 VIMEEBEFICER L TL o7z 72012, FLDOREE
BT OIRENERICfTb e o TL £ o7 (BIEZE). L < I1F CmiM4 12 X 2 LG
IRV r F FHEMIGOBF IO TE D, EGETEAE2 PKS ETEEL TL v, DKo
EERDPETL o TLESRLIEZRRL TS, TNEMAET 272DIZIZ) 7Y A4 L
PCR T cmiM4 AN D 7 L S =4 oV AERGBOEIEFBIEL CBEIN T 20 2R T 5, b L
{1d CmiM4 B B OFEEBERET 21T 2 LD IETH B EEZ B,

REFETEH T 7L S > VBEEOEREFR T EAMBICET 2 MR L2 A
AR TRHT Tl 2 2 LS d> > 72 B3, BE-14106 > ML-449 @44 GE R T & FkRIC
FAD KA 7)) o VLIRS 7 2 ) BB RIS > Tw 3 2 LB ani, 22T/ L
S URREE T 2 2 BB MIGOMHZ HiE L. CmiS2 OREREMT 2 Hls & L 7205810
FIrz Lz,
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47 BIRIEEICE T 57 I IS AN O]
4.1 ¥

BIRTHRLIELITIVIVA L VEGBERET7 7 A5 —2id, WREETH 2 3-73 7
) F VBT 570D PKS, 77 a v B ERET 579D PKS, ¥ v — AHRr 2 MY
270D TA X HEAMEELENEZ - F T2 8BTBHEEL COL, Mo -7 3/ BE
Gl rn s 7y MEAKGEIET L FBE. cmi 77 A8 —HICIZBRIEE %2 7 7Y a v B & HE
FT 5 PKSICU—F T 5700 HMOBERBEF DML Tz, DLRicowTid, BRI
BHBTHL L EDIT, HEICIho DR ZRBII ., BEMIT2T o7 L v ) MELHET
2, LpL, 7V 3eA Y VHRREEGRICE T 2 7 2 /7 HE AR IO W TI3Th &R RBE
SNTVARVL, HICBREIICT7 L I v EHEUL EDBIRAE %2463 % BE-14106
® ML-449 128V TIZZ DEABEE T2 7 A Y —I3HG S, BRI ED 7 2 7 {LIcBI§ 2
ZEHfTbin T\ 5 [24,25],

Jgrgensen & 75 BE-14106 PR E AR ICE W T T S/ BB SIS T 5 £ L, BEEHE
HREETOXN R E L7 D13 FAD KL 7Y o VB UEESR E D E D> 7 Becl TH 5, Z LT
cmi 79 A —icd Z OfgEE LIRS B O EE CmiS2 MEET 3.

7V vEbE#EFIZ, D-7 3 BBLEEZED SV — T IB T AEED 1 O TH B, ZDLDME
DIV B L, BEUA I UDPMKTBEINDE I LICLS>TT VA XU E T VES
THRERINDG I EPHMOEN TS, FEAERREIZIEESC, D-7 7 = V&I L T bl
WG 2R T, Z OfEEEREIX Fig. 72 0 X ) ICRBI N Tw 3, TabbBEENICEEFSI Nk
FAD 37 2V BDfEAE L7 XA F LYy D FY F2EIZKRETV S v 2BbT 5, ZHUICkDED
7eA T UIRFEBERINITAR T TIC K BRI B ZZ T T/ IV A X VBE T v ETAEEI NS
EEZ6NTWS, —HE FY FICk->TREIGI N7 FAD ZRFBREZ W THOLB{LL, To
BRI~ LR 2,

DX BRIENER T2 7)Y VBLEED O b, ROMAIN TV HDIEF 7 3 V&
B TIET 5 ThiO TH %, BIE F TIC Bacillus J&5 Geobacillus J&H2 D ThiO (2D\»
THERBIRIT DM T O T\ 5 [76-87] 25, TN T 2 ) HEBKIGICED 2 L W IREIES5 FT
B INTwZRwy, LrL7L <Ay VR ENTIEORFZRE I3 TR, 7utet Vg
2=y FRSBERIN TS L0 ) EERINHIZ[88] & cmi 7 7 A Y —hic 7 2/ HEBIE &
HFEEZ A 2 BREE T 2EERE T, Jorgensen 5237 S/ HE AICEbH 5 & P L 7% Becl 12
MHFEEZFFD CmiS2 237 L S = A ¥ VEARHEIET 7 7 A8 —hITHFEL 2 &6, CTOfEHR
D37 2 HE NI B TREEDYE 2 6 ik,
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H
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Fig. 72 77V & Y BAURER Dl X 7 = X 1 [76]

Z 2T, ZOIFFICHEEG T I ) HIEBEIGICE D % £ P L 72 CmiS2 2 HEBRICHBIIE T
in vitro TOMEREMBIT 21T 2 L2 HMWE L, AEOWIRICET L 7=,

42 BERFEBLRORE

cmiS2 3 3 ECHEM L aAI VEEFZ2 7y 7L —FE L, PCRICTHIRL 72, o
DNA Wi iz fllfREESE EcoR V &) v LR T L 7 7 10— = X 7 & — pBlueScript SK
I+ icr7a—=vr7L%k, 2L C, KIGENTNRICERAF P vy F2@Me3EEL L TK
BRI, 77 AT PRI 7 —% pCold IZKHLL 7=, 26 % ZNZ LR A
E. coli BL21 (DE3) ~EE AL, WEEFHIR L L7 (Fig. 73),

Cosmid gene
F primer (10 LM) 0.2 pL 7/ PCR -
R primer (10 pM) 0.2 uL / c
2.5 mM of dNTP Mix 0.8 L
template 10 ng
PrimeSTAR GXL 0.2 yuL
5 x PS GXL buffer 2 uL
water up to10 pL
- 30 cycles > pCald -oms2 pCold -omiS2
' ' ET28- 2 ET28- 2
98 °C 1 98 °C H ;;ETSO-(;:I:n”SZ ;;ETSO-?:%”SZ
5min. ;10 sec.\ 55°C  ggog | g8 °C
! or — n
60.°C 1.50nrw|n.; 7 min. in E. coli DH5 in E. coli DH5a.
15sec. 30s o ( E. coliBL21 (DE3) / pCold I-cmiS2
or e /pET28-cmiS2

/ pET30-cmiS2

Fig. 73  cmiS2 WEEF PR OREEE

Lol BABGE 217> CTH, toLGBEOFELL 72 CmiS2 2152 2 SR L p o7, Z
WEINKDERF TV E TG R DL L TS RBIENS 2 L EZX T, D7)
pET30 "D 7 u—=v 7 Hi7\v, CRICERF L VI TRAAG LY V87 L LTHREHIES S
52 EBHE L7, S SICKEENTORRAER ISR S e AEE 12 v 7 CmiS2 7
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Bz bHEL 72 (Fig. 74), M BB o 75 81% %2 T CmiS2 2 7Bl S ¥, SDS-PAGE Tf#
Mrzfr) &, LT o X9 LRt ont,

pBluescript-acmiS2 (a = artificial) agarose gel electrophoresis agarose gel electrophoresis
(kb)["=""0 ]

(kb [¢)
introduced into E. coli DH5c. 231 | A
9.4| i
lasmid preparation 6.6| - 23.1 L
P prep 34| S -— - 4 24 . g
digested by Nde | and Hind IlI %8 - - - — 2a] T e T e e e -
DNA recovery ——— %8 — —_—
) ] PET28 ' —
ligated with pET28 or pCold | pCold | y G
. . : pBluescript-acmiS2
introduced into E. coli DH5a L ] L J
pET28-acmiS2 pCold I-acmiS2
plasmid preparation
checked by agarose electrophoresis pET30-cmiS2-C-Hisg SDS-PAGE (pCold I-acmiS2-N-Hisg)
kDa) r .
introduced into E. coliBL21 (DE3) (kDa)
glycerol stock preparation o7

66

culture (pET28 or pCold I-acmiS2-N-Hisg,
PET30-cmiS2-C-Hisg 45
LB containing kanamycin or ampcillin "

37 °C, until ODgyg = 0.8 Cmis2

Cmis2 ——4
decomposed
CmiS2? | ——=30

decomposed __y 4
+IPTG (final 0.1 or 0.05 mM) CI’FT)\iSZ? 0
20.1 1MW
culture 15 °C (20 °C), overnight - | 2precipitate
20.1 1LMW ZE?:%I 1

harvest 2 precipitate 14.4 5 flow through 1

3CFE 6 flow through 2
resuspended in buffer A 14.4 4 flow through 1 7200 mM i eluate

5 flow through 2
6200 mM imidazole eluate
lysed by French Press

centrifugation
Ni2+-affinity column chromatography (kDa)
flow through was applied to the resin again,
washed with 50 mM imidazole in buffer B 97
eluted with 200 mM imidazole in buffer B 66
V SDS-PAGE analysis 45
CmiS2 —»
Buffer A Buffer B decomposed — |
50 mM NayP,0; 50 mM Na,P,0, CmiS2?
0.2 yMFAD 100 mM NaCl
100 mM NaCl pH 8.0
pH 8.0 1LMW
2pET28
20.1 3 precipitate
4 CFE
5 flow through
14.4 6 50 mM imidazole eluate
7 200 mM imidazole eluate

Fig. 74 ALEEBETFZMH07: CmiS2 HBLROMEL C R AF Y V¥ TGS k7 L LT
%2 720 ® CmiS2 FH R DL

. CRERAF P vy TGS vV HEZRBIIE 786, SDS-PAGE L TTPRIL 75 v 87
DREZ (41 kDa) & D /NS WEZRJ TSNV 3Bz,

2. pCold I THHLRZMHEEL | (KR TRIHEZEL 256, HINY V37 X D/NS Ny B
TR K 72

3. pET28 THILRZ R L 72BRICiE pCold I THEFE L 7R L D /NS vy FIdE LK
(ot

C4Ud CmiS2 EBL I N, REBABLEWNICHLET 2 2 ik > THlllEND 7 77—
PHEOEFZIZE ) NRKBIBUIW S, NEBF 715> T LE2 I L 2RBT HHHT
Hote, D7)y VBLERICELTOAKROBHIAZINTED, 20 L9 &4, N K
R —WMHEDT I BRI (ERAF P8 TG L DIHIET DR THRBRZMHEL
BE, KRED IPTG THEFFE L (0.05 mMm f2EE), 37°C o F RN RMEE#ET 5 2 & ik L
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7270 VB LEEDE O N TV A [89], 72 2T CmiS2 I2xf L T EMEDETREEL., ¥ v
I HVEED BT O S s a7z,

Table 10 CmiS2 H5#5&1: (cmiS2 DHID “a” I AN TEEFTHD I EE2RT, )

Entry  Plasmid temperature & time IPTG additive result
1 pET28-acmiS2 (N-His) 37 — 15°C, 15-20 hrs 0.1 mm none slightly soluble, decomposed
2 pColdl-acmiS2 (N-His) 37 — 15 °C, 15-20 hrs 0.1 mm none slightly soluble, decomposed
3 pET30-cmiS2 (C-His) 37 - 15°C, 15-20 hrs 0.1 mMm none decomposed
4 pET28-acmiS2 (N-His) 37°C, 4-5 hrs 0.05 mMm none reasonably soluble
5  pET28-acmiS2 (N-His) 37 °C, 4-5 hrs 0.05 mMm FMN reasonably soluble
6  pET30-cmiS2/pGro7 37 °C, 4-5 hrs 0.05 mM none reasonably soluble
7  pET28-acmiS2/pGro7 37 °C, 4-5 hrs 0.05 mMm FAD reasonably soluble (the best of them)
t cell E 4
weteels Ni2+-affinity nry
+25 mL of buffer column c_hromartfography (kDa) (kDa)
lysed by French Press (His60 Ni Superfiow) 97 97—
4 times washed with buffer 66 "o
centrifugation washed with buffer 45 45 .. —— — -
11,000 rpm, 10 min. | containing 50 mM of imidazole il
cell free extract ggjr:tegn‘ﬂgzbgg M of imidazole 30/ 30 - g g
Buffer desalted by PD-10 20.1 [N 20.1 .-
50 mM Na,4P,0- . :
100mmM SQCZI 7 concentrated by Amicon Ultra-4 1aa) 144 &8 =
pH7.0-8.0 = - —_——
purified CmiS2 (41 kDa) 1es 4 s e v 8 8 10 a2
P; precipitate 1 LMW 7 PD-10 fraction 1
GroEL ca. 60 kDa 12 3 4 5 6 7 g . g
‘ ’ e s tow g Sisupematant 2 pegite 3£5-10 facton2
2 pET28 6 50 mM imidazole eluate 4 flow through 10 PD-10 fraction 4
3 precipitate 7 200 mM imidazole eluate 5 20 mM imidazole eluate 11 PD-10 fraction &
4 CFE 6 200 mM imidazole eluate 12 PD-10 fraction 6
Entry 5 Entry 6 Entry 7

(kDa)

97
97—
66—
- — -
45 ..
= - e—a—— W@
\ B 30 o
& -— —
- 20.1 S
.
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 M 12 14.4
1 LMW 7 PD-10 fraction 2 1 precipitate 7 PD-10 fraction 2 —
2 precipitate 8 PD-10 fraction 3 2LMW 8 PD-10 fraction 3
3CFE 9 PD-10 fraction 4 3 CFE 9 PD-10 fraction 4 12 3 4 5 6 7 8 9 10 11 12
4 flow through 10 PD-10 fraction 5 4 flow through 10 PD-10 fraction 5 1 LMW 7 PD-10 fraction 2
520 mM imidazole eluate 11 PD-10 fraction 6 550 mM imidazole eluate 11 PD-10 fraction 6 8 PD-10 fraction 3

2 precipitate
3 CFE 9 PD-10 fraction 4

4 flow through 10 PD-10 fraction 5
550 mM imidazole eluate 11 PD-10 fraction 6
6200 MM imidazole eluate 12 concentrated CmiS2

6 200 mM imidazole eluate 12 concentrated CmiS2 6 200 mM imidazole eluate 12 concentrated CmiS2

Fig. 75 CmiS2 ¥4 ot

T3 EMENLTIED 208, AR L 72 CmiS2 218 % Z L 23k 7 (Fig. 75), & o I[Cfli 4 #at %
fio MR, ATEE 1D emiS2 % pET28 1270 —=v 7V L CHRERZHEL, >y vy v
N7 T&H % GroEL/ES & HFEH X W 7285412 CmiS2 13 b A b L 72, FEHEloBR, BiE. & L <
1& CmiS2 ICIERFEICIKAE LT L % o7 GroEL (&, 2.5 mM D ATP % /il 2 7 SR CHeis 9 %
I DED L 2 LK (Fig. 76),

Fo, ARRICLTZ L <A o VRIE A AR I % £ PSS CmiS1, CmiS3, CmiS4,
CmiS5, CmiS6, CmiM6 (22T H 4 pCold I ZH\WCRKEFEHD 77 2 2 FEMEL 72,
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E. coli BL21 (DE3) / pET28-cmiS2-NHisg / pGro7 SDS-PAGE

wet cells 3.9 g (kDa)
+ 30 mL of buffer 97 -
66

lysed by French Press
12,800 psi, 4 times 45

= e
centrifugation

' 11,000 rpm, 10 min.

30
cell free extract
NiZ+-affinity column chromatography
. . 201
(His60 Ni superflow) 0.1 -
14.4 ~~
washed with buffer 12 3 4 5 6 7 8 9
1 precipitate 5 58-10 ;raction 2
i 2 CFE 6 PD-10 fraction 3
Wash.ec! with bUffer. . 3 50 mM imidazole eluate 7 PD-10 fraction 4
containing 50 mM imidazole, 4 300 mM imidazole eluate 8 PD-10 fraction 5
2.5 mM ATP 9 concentrated CmiS2

eluted with buffer
containing 300 mM imidazole

desalted on PD-10

' concentrated by Amicon Ultra-4

purified CmiS2
218 uM,ca.1 mL

Buffer
50 mM sodium pyrophosphate

100 mM NaCl purified CmiS2
pH 8.0

Fig. 76 CmiS2 D ¥EH - F L

4.3 7V ¥ VBLETEO B!

9 CmiS2 2% Becl & [AERICT Y > v DRILIELEZET 20, IVAF -7 v A1
Lo THHIY % 2 &2 L7z, FAD KFRL Y o v IRAUIER 13 Z O KGO EFET FADH, 231K &
NBRHBIRLKEZERT 22 EBHMMENT VS, 22 TIOBEBILKEZELE VL FL ¥ —X
ZHOCC, 473 7vFEYET7 2/ =)0 510 nm IHBRIRINZH T 5%/ v A4 S v ik
U338, ZOEKEIC L > THEREZBEHKS2 2 Lo nTws (Fig. 77 L), 2o7 v+
A7V > VBRSO D-7 £ IRIRAURER DR SOGEE 2 BT 2 DI S hTw
2FETHA I LS, CmiS2 DIEMHEZ BT 2 DICHRETH 5 L HWr L 7,

CmiS2 2T 2 NA X ¥ =¥ 7 v A& Fig. 77 IR T &) G Tcfiok, 7V v,
4- 7)) TvFEV Y, 72/ =, PRIV EHRORNF X V-V R2IBEEIELLE A
CmiS2 Z/MZ % 2 LIC X ) RIGZMKRIE 2, 2 LT 1 KD S 3 R £ TEIFHEED 510 nm
DODWCEZA N E, TV Vv ZMATICA Y FaX—F 37D L DHEBTHAMNL 72, Z DGR,
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glycine 10 mM

4-aminoantipyrine 0.5mM \N OH
phenol 2mM QN- | . H,0, Q
horseradish peroxidase 5 U/mL
CmiS2 5 uM J NH peroxidase
50 mM disodium pyrophosphate 4-aminoantipyrine  phenol quinoneimine
100 mM NaCl, pH 8.0 Amax =510 nm
without glycine
008k | mmmmmm— 10 mM glycine + CmiS2, 1 hr.

—— 10 mM glycine + CmiS2, 2 hrs.
—————— 10 mM glycine + CmiS2, 3 hrs.

400 450 500 550 600
Alnm

Fig. 77 XN A X5 =X 7 v A DL RIGSMAE. ZOFEICK 5 CmiS2 DG D H

CmiS2 1377 > v 2t L, WEg{kEZEL S 2MEEELH 2 2 L 2B L, LerLz
DEERTEMEIZIFF 1255, ¥/ A SV IClkT 2 B2 AR S X 9124 % £TITid 3 WiE
DL, ST SV BZEERTH S 3-7 b ) FVBFAZRATADBGFEEL kol
IZZ DGR EHEIT L ep o EEZ, AR 7 2 7 BB G %2 M 2 FEBZ B L 7.

4.4 WRERIIEEHDEK

F3HE341 TRLAEKI, ZVIRA T VHIBRERZEART 2 LEZ 6515 PKS
CmiP4, CmiP3, CmiP2 TH H, ZDH L CmiP2 D KR F X A ViF, D B X A VT TAEET
HHEFPHEL, Thbt, INo6DORY 7T FEPERIGOTER L 2BIFons Dl 3-7 b
/T VBR-ACP TH 2 EEZ 6N, L L, HEICHHALF vy VEEBREINTE D, iHE
BThrHEELERIN TV, ZO85A, ZOH%D DH FAAL VIIEERTH L EEZ 65Nk
ZEHh5, CmiP2 D ACP EICTELZDIE2-/ +VIB-ACP L%, Z 2 CARIATIZ3-7
F VEE-ACP, b L <1 2-/ % VIE-ACP 37 3/ B AMKIGDOIE TH 5 & PR 7, 7 ACP
R LTI NVEZERT 2DIEREETH S LFEZ T, ACP L7 VEE DIICHFET 5
RARNS YT TNV B EEML 72 N-TF L AT 7 2 (SNAC) {54 AIVK VB E
i L. NAC-FAZATNE LbDE T 2 ) HEBKIGOFE 7w 7k L LT Fig. 78, 79
WRTEIICER L., BRSO 2179 2 LT Lz,

F9.2- 408 vERBHEWELE L, SNCKBY ZFVEZFHIE LI LICE) 3- 7/ F
VBBILF NI AT N R, THREETNRGREL, 3-7 F ) F YRR, REBICNN-Y Y



7aNFIIULANLRIA I K (DCC) & NNN-P XF)N-4-7 3/ YT (DMAP) fFfEF. N-7+
FUSATTIVEMEIREZEICED, 37 ) FUBONAC FAZ AT NV 2ES5 2 EHBH

K7z,

O 0 (0} (0} 1.5 I_mLfof 'aulggt'['ate o) o)
6 3
\/\/\)J\ )J\ ﬂ» \/\/\)I\/I'k 1 5mm|_00f EtOH \/\/\)J\)J\
+ EtO OEt THF (5 eqiv.) OEt OH

2-octanone diethyl carbonate

3-oxononanoic acid ethyl ester
4mL 12 mL (4 equiv.) 9

, ight
overnig| 26,52 %

queched with sat. citrate,
vacuum distillation
pressure; 1.4 kPa

vapor temperature; 103 °C
oil bath; 140 °C

o} o o} o}

3-oxononanoic acid
330 mg, 19 %

\/\/\)I\/u\ 3.4 eqiv. of HSNAC \/\/\)I\/”\ H
—_—
OH s

2 equiv. of DCC
0.1 equiv. of DMAP
dried CH,Cl,
0°C—rt

3-oxo0-nonanoic acid

100 mg (0.58 mmol) 18.9mg, 12 %

Fig. 78 3-77 } / F/ 4 L-SNAC D&

2-7 2 VEENAC FAZ AT M -ZFL-3-3-PAF LTI 7REL) ALESA I Pl

3-oxo-nonanoyl-SNAC

=

i (EDCI) &£ DMAP FAE . 2-/ 2 VBBE N- TR F LT AT 7 I VDOMERKIGIC L VBB IE 2

Z EDHR 7 (Fig. 79),

6 equiv. EDCI
6 equiv. of SNAC
le) 0.2 equiv. of DMAP

\/\/\/\)}\ (all were co-evapolated with toluene)
—_—
~ OH ~

2-nonenoic acid
5 mmol, 781 mg

0°C — rt, overnight

Fig. 79 2-/ %/ 4 )L-SNAC D&,

4.5 BRI )RR 2 817 5 HPLC EHEYE O
Bk

AL TERINE 7L <A > VBRIEE X, % 3 & 6l
R—=YDFig. 54 ® Fig. 55 CPRLZLIHIL3-TI /) /T VETH
% LFEZ 5N 503, THUFERIVEBUC RN 2 48 £ R 7z s 72 (HPLC
2 X BRI 2 AT ) 72 OIS IZ BRI W 2 R DB B AR ~ZE A 2
WEBH B, Z T TARWETIE T T/ B% HPLC IS TR 2 B
WHHZIN S 7 ==V AV F 4> 7 %— I (PhenyllsoThioCyanate,
PITC) Z HH\»T, 7 = =)V F 4 A )L N 3 )L (PhenylThioCarbamyl,
PTC) #FEAE (A, =254 0m) £ T 52 LT L7, &I CTRERRIGIC
Ferr o THHEME CH % 3-PTC-/ F v xR L 7o, LRI
FOERIN3- T/ ) Fvike, TR PYEY P VMY

87

H
S/\/N\”/
2-nonenoyl-SNAC
pale red, 320 mg (25 %) o

3-amino-nonanoic acid
10 mg

+ 1 mL of coupling solution
evap, pump up

+ 3 mL of ocupling solution
+50 pLof PITC

rt, 2.5 hr
evap, pump up

dissolved in CHCly
washed with brine, 3 times

open silicagel column chromatography
CHCly: MeOH =10 :

@\ i
N NH (0]
\/\/H\)\)J\
OH
PTC-derivative
4.2mg (24 %)

Fig. 80 3-PTC-/ F v
& DA%



IFLTIvK=10:5:2:3DEATRALLD Y 77V v JERICIER L, 2 ZIOEFHED
PITC %N Z. EiH <25 REHE L7z, ZNZWEZ AL, R F )L IR oL, A1
J@Z TR L, WHS VA7 v a2 777 4 —I12TRER L 72 (Fig. 80),

4.6 3-7+/FVIEENAC 54 ZATI)IV2ZHET S 7 G A DOBRE

4.6.1 3-7 b/ FVIESNAC, 7'V ¥ ¥, CmiS2 12 X % 7 S 7 I A S HGT

42 THH5NK CmiS2 & 44 TEHKR LK 3-7+ /) FVEENAC 74 AT VEH T, 73/
R SOBDFEBRICHK Z 20 L9 », BERKIGZ BT L7, 3-7 7 F Y #E-SNAC |3 FEER ICHR
EET o720, DMSO Z W CHEEKIGICHV 2 10 fFREDO 2 b v 7R Z#HE,
ZIFFSOMAER L7z, 3-7 7 F v, 7V > v, R EBUE R L 72 CmiS2 2 20zl
Z. 28°C THREHA v F axX—F L7, 208, BEKINAKREFEO TP YL Z2MA ST
LK o TR Z B IES ¥, 36 NUIERZ TR 25, JRIEIC PITC I X 25584 L& i
L2k > T, HPLC TOMH ZilA 7z, NAC 74 T A 7 )VIEFHEMAUIRF IS IR IR S 4, By
WSS DIE 3-PTC-/ FVBICHR 2 EE 2, Lo E—=23ERD 7)) > itk
2 DPRRKICOFERGAIER K E BbN 2 b DI TH Y, 3-PTC-/ FriEe KT 5 E—
7 RT3 LIk R o,

Proposed catalytic mechanism

CmiPSl CmiPZ» CmiPZ»CmiFH‘
Enzymatic assay
(or) (<) o o o)
7 7@ o A A L
8 § H S OH

O,
O FADH, FAD 0 l¢)
3-oxononanoyl-SNAC 0 glycine
o) NH, __ 3m  )—NH, :
X CmiS2, FAD
\/\/\Jiz/ﬁ\ N
S/\/NY
H FAD FADH, H H H X (0]
HQN_S:\ :HQNug: o, HN® OZS: 3-aminononanoyl-SNAC
o 0 g — o
HO HO HO' HO'
glycine glyoxylate
CmiS2: FAD-dependent glycine oxidase

Fig. 81 4.6.1 ICBWTHE L 727 3 /7 FB ABERE & 2B IHT o BB NG
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Table 11 4.6.1 1281} 2 BEEBSA:

Entry substrate glycine = FAD CmiS2
1 2.5 mM SmM 1mM 10 uM
2 2.5 mM SmM 1mM 70 uL of CFE
3 25mM SmM  1mM  10uM + 5 uL of CFE
4 25mM S5mM 1 mM X
5 X SmM 1mM 10 uM
6 2.5 mM X 1 mM 10 uM
7 25mM  5mM X 10 uM

enzymatic reaction
28 °C, overnight

centrifugal evaporation

+ 100 pL of coupling solution
sonication

+5 pLof PITC
rt, 30 min.

centrifugal evaporation

+ 50 pL of water < A l’\/\,\_,_,\
+ 500 pL of EtOAC Entry 3 + 3-PTC-nonanoate

centrifugal evaporation [\M‘A Entry 7 (without FAD)
J - N - ﬁ\

N Entry 6 (without glycine)
+100 pLof CHsCN SN - Entry 5 (without substrate)
centrifugation %U\M\A: Entry 4 (without GOX)
J\/\/\JL/\ Entry 3 (GOX + CFE)

Entry 2 (CFE)
LV N Entry 1 (all)

3-PTC-nonanoate

(254 nm) / mAU

Y

HPLC analysis

0 5 10 15 20 25 —> t/min.

TOSOH ODS-100V 4.6 250 mm

40 °C, UV 254 nm, flow rate 0.7 mL/min.

20 % CH3CN in 50 mM CH3COONH, (0 min.)
60 % CH3CN in 50 mM CH3COONH, (30 min.)

Fig. 82 4.6.1 IZ&1F % HPLC 73t Dtk
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4.6.2 7 I/ HEGE R US— o — R OB

4.6.1 TORPE 43ICBVTT Y > v 2BALT 521G > 72 2 L6 BERGHHELT
LRZWERIZZ) > B+ oicBibEanizcnwl ticdb s tELL, £, 79 0BlEH#ED b-
73 BB R I W TG ET L, Y F A VS MY 7 A (DTH) ##/E T, Zunrt
WEVRERIE? Y E= 7 A5 D-70u7 72 VBEB L ELIRED I T3 [90],
ZFITT I MR E LTV VBT vES Y AN EHVS Z LI L, ik,
CmiS2 3D ¥ VRV EBEET 5 2 LI & > THRIHEES R IN D TIIE D2 EH 2
2o STZTHHBLZDIE cmiS2 KO emiC2 ERIU A Xu v EIZHFFEL TWwW 3 emiS1 DHFETH
%, cmiS1 FEREYIZ 3.3.3 (50 *—) T L7z &k 912, BecU, MlaU & L 2@ HHEMEZ R X
T, BRERAIDY R ETH S, L L Igrgensen 5 1& DY v 87 B HS NRPS-PKS A 7
Uy FEERICBOWTEME N XA VHOMEEHICEbL 2229 LREBLTWS, 22T CmiSl (¥
CmiS2 &l 6 DMAMEH%Z T 2 2 & T CmiS2 ZiEME(LT 2 &£ FHL % (Fig. 84). 2D L)1
NG 8 VR % 2 — F§ 285 Lt OWRERANELE T2 6 OREREY 23, ¥ v X7 HD
EHEACICFEG L2 I REDHFEL T3, HlZI1E NRPS TH % CmnO % VioO D7 7 =)V
{LIEE R X 4 ik, B CHA M 2fT> Cb 2 DOMEEZRE T 2 2 L ka o7, Th
5 DEEFBE T O FFICIERIT/INZ 72 ORF 2B L TV 2 BEF2 68 vV HEFKBL I T
CmnO % VioO A Y FaX—FrI¥ET A, 7ToMEEREZBET 2 2 L3R, Lw
AIBDTH 5 [91], TNB/NX %% 87 % MbtH-like protein & MEIZIL, FalL Tl 7 7= U1k
R L DA KOG D RPN T3 [92], PE2 5 CmiST £ CmiS2 #HiCA ¥ F 2 R—} X
W, Z ORERCAE Y %2 AT L 72, CmiS1 OFEBLRIE 4.2 T CmiS2 & FIRHICHEZE L 72 E. coli
BL21 (DE3)/pCold I-cmiS1 % fEH L 7z, pCold FEHLR 7 ¥ —IC B 1T 2 EFHESM TR 2, BER TS
DFEEZRT-7-L A, BHICHEL L7 CmiSl BB oD T, TNEZ NP 774 =F 4 —
HoLrae b7 74 —THELL, ZLTCInzHWT Table 12 DM TEEZ 1T - 7223,
fiifg 3-PTC-/ + vz il 5 2 L 3R> 7%,

E. coliBL21 (DE3) / pCold I-cmiS1-NHisg SDS-PAGE
wet cells1.4-1.6 g (kDa)
Ni2+-affinity column chromatography 97 -—
+ 30 mL of buffer (His60 Ni superflow) 66

lysed by French Press washed with buffer 45
12,800 psi, 3 times

centrifugation washed with buffer

11,000 rpm, 10 min. containing 50 mM of imidazole 30 -
cell free extract eluted with buffer
containing 300 mM of imidazole 20.1 s -
— — 1
ngfe;/l " hosphat concentrated by Amicon Ultra-4 1 2 3 4 5 6 7 8 9
m sodium pyrophosphate 1 precipitate 6 PD-10 fraction 3
100 mM NaCl 2 E:FE P 7 PD-10 fraction 4
pH7.0-8.0 purified CmiS1 3 flow through 8 PD-10 fraction 5
19 mg from 1.6 g wet cell (Max.) 450 mM imidazole eluate 9 CmiS1 conc.

5 300 mM imidazole eluate

Fig. 83 CmiS1 M5l
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Proposed catalytic mechanism

CmiP3| Cma CmaCmS“
Enzymatic assay
AN $
@ M H lycine or NH,CI
S/\/ \"/ + gly 4

fo) FADH2 FAD
3-oxononanoyl-SNAC o
putative NRPS-PKS O NHy g )—NH; ‘
accessory protein :
X CmiS1, CmiS2, FAD

CmiS1

activation
NH, O
2 H
\/\/\M A~N
H FAD FADH, H H H S WN/
HzN‘Szo\ é‘ sz:gzo 0 HN* Oio 3-aminononanoyl-SNAC o
HO HO HO' HO
glycine glyoxylate
CmiS2: FAD-dependent glycine oxidase

Fig. 84 4.62 2BV THIE L7 3/ AR & FBICAT - IR E

Table 12 4.6.2 128} 2 EEKBEAM:

Entry substrate FAD  nitrogen sourse (10 mM) CmiS2 CmiSl1

1 25mM 1 mM Gly S uM 5 uM
2 25mM 1l mM NH,CI 5uM 5 uM
3 25mM 1mM Gly S5um X
4 25mM 1 mM NH,CI 5 uM X
5 25mM 1 mM Gly X 5 uM

4.6.3 WRSAE T ITB T 2R R ot
4.6.1 I2BWT CmiS2 12 &k B ESICIHET L 2o M E LT 1 22 okDid, BBHE
DIFETH 5, S FTITME SN 7Y & VIBLEERE O SOGREEE Tl SOBAMEFT L 7 B%, Bt
N7z FAD 3BT & - THBL I, iy 4 2 V235847 5, L L, SRl OEEENIG TS
DIFETSHE, bL3-7 b/ FVEB-SNAC AT S/ EPEHEB L2 LTH, 22 TERLAA S
HILZ T ) BIGHAINFEEL W itk ), HBOEBHIE>TLE) EEZ 6N, 22T
INZIFGEET 2 7- D12 CmiS2 ZrFFT 2 KIGE OE2> 5 CmiS2 DFEH, MRKEE T—
B 2 BSRSE THT o 72 (Fig. 85), MR MG B - TS BB I TV 2 SR 1 BAS i 5 & 7 L 21
X277 RITOTHHRZINYRE ., BBRIRED 0.1 ppm U MRz /o —7 Ry 7 R
WNCTERE L7, Z OREERZ T 7L 3V FEHR N RGEZ 83T, Z7u—7xy 7
AWNTHERL 7z, %z 4.6.1 LARDOSEMETHERRIGICH W ., 7, 462 THWHELT ~
T LB T I HE AL LTHOW TR, Lo L, HPLC 7H1d 6 1 3-PTC-/ + VgL —&
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T3 — 7 ZRHHRT, MEL 72 CmiS2 ORERIEEZ BT 2 2 & idikAr o7,

Proposed catalytic mechanism

CmiP3| CmiP2| CmiP2| CmiR1‘

&) )
© @
S S HO
0 FADH, FAD )=o o]
] NH, __ym )—NH,

H FAD FADH, H

HoN HoN* HaN*

&OXJL Xm0yt
HO HO HO
glycine

H H
(¢] O:S:
o —» o

HO

glyoxylate

CmiS2: FAD-dependent glycine oxidase

anaerobic condition

Enzymatic assay

M H o
N + or
S \[( NH,4CI
3-oxononanoyl-SNAC o

>v<
NH, O H

N
s/\/\[O(

3-aminononanoyl-SNAC

CmiS2, FAD

glove box

Fig. 85 4.63 2BV THE L 727 2/ HE AR & FEBR AT » 7R SOR

Table 13 4.6.3 128} 3 MRS

Entry substrate FAD  nitrogen sourse (10 mM) DTH  CmiS2
1 25mM 1mM Gly I0mM  30uMm
2 2.5 mM 1 mm NH,Cl1 1I0mM 30 uM
3 25mM 1 mM Gly X 30 uMm
4 25mM 1 mMm NH,Cl X 30 uM
5 25mM  1mM Gly 10 mM X
6 2.5 mM 1 mm NH,Cl1 10 mMm X
7 X 1 mMm Gly 1I0mM 30 uM
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47 2-) 2VIENAC FAZATINZHOE 7 3 ) I8 A K)IBDOKHT

DEDFERID, 73 7 HREARKINIE T Z2EDOEEIL -7 b/ FVBF 4 X7 )L TlEEN
EMRBINT, I T, CmiP2 D KR F XA VIIEHRITH B EIREL. RIZ2-/ F VBT
FIZATNEIE L L ERSOHEICES Z i 7,

471 2-7 %/ 4I)L-SNAC & CmiS2 TOWEE KB

47 DEELY . 7 I EEARKIGICHELRDIZEETH S 2-/ %/ 4 V-SNAC & 7 3 /7 Hifit
S THB 7V b LT VYEZY AL A Y, ZLTCmiS2 TH B EEISN, 22T¥
T, CmiS1 Z w2 2 R ERNZIT> %, L2 L ZOEMGE T TRICDEITZHERT 5 2 &
Ko7,

Proposed catalytic mechanism

CmiP3 l CmiP2l CmiP2 I CmiR1 I
Enzymatic assay

s % ® \/\/\/\is/\/nﬁ( + HZNJLOH

truncated DH OFADH, FAD )'= o e} .
(presumably active) \ NH, NH, » 2-nonenoyl-SNAC glycine
X CmiS2, FAD
NH, O
2 H
\/\/\)\/U\S/\/NY
H FAD FADH, H " H S
H2N4§:o\ : HQN*:gzo ho. HN® o o 3-aminononanoyl-SNAC
—— —
HO HO HO HO
glycine glyoxylate
CmiS2: FAD-dependent glycine oxidase

Fig. 86 4.7.1 ICBWTHIE L 727 I /7 FEABENE & FEBRIAT o 7 B KU

472 2-7 % Vi, CmiS1, CmiS2 TOREEKIGHHT

SDEBEEE 2, X617 3/ WEESI% Pfam X InterProScan % i\ »CT F X A v gD [F4:
MR EZFHMICITo 7L 25, CmiS1 XN CoA /K7 fiREZ%E (Fatty acyl-CoA Thioesterase,
FcoT) 77 SV —R T 2R EMFAMEZ AT 2 2 e HAS D LR o7, FeoT IKRT %%
VR OHTIR O TIERIGER 2585 S - D id, K% Mycobacterium tuberculosis H12 D
Rv0098 TH %, ZDF ¥ 3 71E7 2/ RISIOMFEAND S 72 V-CoA TEF 75 —R L EINT
E 723, 2007 4 Sacchettini 6 1 & > THRMGRHIEEZ 6 T % 7 >V CoA DK ARE %2 KD EESR
TH2EFESN[95], £/, ZOWEDH S DI >TED ., -~V v 7 AREITE OB D
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Table 14 4.7.1 1281} 2 BEEBEAE

Entry  2-nonenoyl-SNAC  FAD  glycine CmiS2 buffer (pH, etc.)
1 1 mM ImM 5mM 25 uMm pH7
2 1 mM ImM 5mM 25 um pH 7 + 10 % glycerol
3 1 mM IlmM 5mM 25 uM pH6
4 1 mM ImM 5mM 25 um pH 8
5 1 mM 1 mM X 25 um pH7
6 X ImM S5mM 25 uMm pH7
7 1 mM 1 mM 1 mM 25 uMm pH7
8 1 mM ImM 10mM 25 uM pH7
9 1 mMm ImM S5SmM X pH7
10 1 mM ImM 5SmM 100 um pH7
11 1 mM ImM SmM  75uL CFE pH7

B-¥— MEENBEM L) ICHEINTHT, £5THRY PRy 70X BiEELE->Tw5,
D&)Ay PRy IEEHT 5 FALAT 77— E LTI ROFALRT 7 —EPAIS N
TWw 5%, Rv0098 DG IZ Z2 o L3R A >TwE o, MBEMRMF AT 7%
ELIEIN T 5,

b5 CmiS1 23Rv0098 & [FRRDOflEHREZH T 5 LHEZ % L. CmiS2 #32-/ % / 4 )L-ACP
W7 S REEREL, AU 3-73/ /F /A I)-ACP % CmiS1 2SAKZML, 3-73 /7 /) F v
M~ & &) BRI PR 2 (Fig. 87), Thbb, 47.11CC3-73/ ) FVEH
LRI N o DiE, CmiSl BFEEL 2o 7 2 & TF A4 T AT VKSRGS HEF T3,
CmiS2 DEEFIEMWEILIC 3-7 2 ) ) F VBF AL ATADPEEL T L E- I EDEREEEZ S
ns, #2Z2C2-/%/A4)N-SNAC & 7'V >, CmiS1, CmiS2 % K IZA ¥ F 2 X— F L CEEH#
BOGSAEBD i 217> 720

Table 15 4.7.2 1281} 2 EE)BEM:

CmiS2 CmiS1 substrate
Entry  2-nonenoyl-SNAC  FAD glycine (25uM) (25uM) disappearance (TLC)

1 1 mMm 1 mM 5 mM O O O
2 1 mm 1 mMm X O O X
3 1 mMm 1 mM 5 mM O X X
4 1 mMm 1 mM X O X X
5 I mMm 1 mMm 5 mMm X O O
6 1 mMm 1 mMm X X O X
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Proposed catalytic mechanism

CmiP3 l CmiP2l CmiP2 l CmiS1 l
Enzymatic assay

. fs % . \/\/\/\)Ol\s/\/HY + glygine

NH,CI

truncated DH O FADH, FAD )=O I
(presumably active) \ NH, NH, 2-nonenoyl-SNAC
i CmiS1, CmiS2, FAD

Y
NH, O

OH
3-aminononanoate

H FAD FADH, H

HN HoN* HaN*
&OLA jgzo Ho
HO HO

HO
HO
glycine glyoxylate

CmiS2: FAD-dependent glycine oxidase

Fig. 87 4.721C8WTHE L 27 3/ HB ABENE & FZBR AT o 7 BEE NG

BEA V¥ 2 _X— MEDOE%Z TLC THWT % &, HETH S 2-/ %/ £ )V-SNAC D AR v
F DWMEIMERTR ., 22T ns Z PTC iFEMHL L T LCMS I TaMrziT> 7%, Z D
B, 2-7 %/ 4N-SNAC & 7'V >, CmiS1, CmiS2 % & THIZ 72354512 3-PTC-/ F Vg & -FF
R 23[E—C m/z DS —3 T B2 € — 7 (m/z307.1 [M=H]") 28132 Z L 3k, BAREZ
12 CmiS2 FEGFHE T ORIBIAR T2 61k, miz347.1 [IM-H]” 25”3 =272 L7, Zu
TV vDi2-7 %) A V-SNAC IZFEA L, T4 T A T VDK iR S 117z CmiS1 BESE KOG
Wizt EzZ o, 2% CmiSl 1374 = A 7 VUK RO % il d 2 721 Tl | o, B-A
AR ATV > v A 7VRNINE & 2 st 2 632 2 ERB I sz,
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RT: 0.01 - 50.02
100+

80

22.87

NL:
1.00E6
Analog UV 1

35.93 38,11 40.62 43.46 46.47 49.87
- " s

80

D
o

N
o

Relative Abundance

20

28.16

15_&15.95 19.01

NL:

1.24E8

TICF: -c Full ms
[ 100.00 -
1000.00]

30.70

~31.50 36.3’8’36’_ 75

42.70 43.61 49.87

0=

279 620 7.15 8.21
T T T 1 T T T T

10,6
T

28.16

9 15.34  18.65 22.08 23.65 25.36 291
T T

1
—

NL:

2.75E7

m/z= 306.0-308.0
F:-c Full ms [
100.00 - 1000.00]

30.82 33.91 38.26 42.81 44.31 48.57
T r 1 rr 1 rrrrrrrrr]

5

15 20 25 30
Time (min)

S#: 1092-1128 RT: 27.56-28.48 AV: 19 SM: 7B NL: 1.28E7
F: - ¢ Full ms [ 100.00 - 1000.00]

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20

Relative Abundance

61

307.1

308.1

421.0
| 422.0 498.9 529.9

3091
343.1
L ,

35 40 45 50

5.1 s

3-PTC-nonanoate
m/z 307.1 [M-H]~

616.1

638.2

691.1 7528 786.8

392.1
IAARE RS RALe aas LARAE RARE REAR MRS RALE RARE RAME ]

500

|
400 600

m/z

601.2 |
T

961.4
945.4
16531 8460 9068 ~ > || 9772
LAAAN RARE) | LARAR

LRAE RAAR RARE RARE RN MRS | T
700 800 900 1000

Fig. 88 4.7.2, Entry 1 @ LC/MS Zi#tifi® 73t TOSOH TSK-gel ODS-100V column (2.0
x 150 mm), 40 °C, 30 — 100 % CH;CN in H,O (40 min.)
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RT: 0.01 - 50.02

19.16 NL:
1003 1.00E6
80 Analog UV 1
60
407
20 28.25
3 2906 34,-\92‘,;5.56 41.09 44.89  48.06
0 2511 NL:
100 1.23E8
§ 80 TICF: -c Full ms
< [ 100.00 -
e}
S 60 1000.00]
Q
<
2 40
3
< 18.52 20.50
L 20 = 25.96
= _7.75 9.84 13.23 15.56 2388 80.05 3148 35.18 36,52 38.85 4454 45,73
0 2511 NL:
100 3.71E7
80 24.96 mlz= 346.0-348.0
F:-cFullms [
60 100.00 - 1000.00]
40
20
0.71 379 552 7.56 9,39 1262 1572 18.48 23.0 2585 2843 32.39 34,48 37.69 39,30 42.58 46.60 48,04
G||||||||||||||||||||||||||||||||||||||||||||||||||
10 15 20 25 30 35 40 45 50
Time (min)
S#: 963-1007 RT: 24.43-25.57 AV: 23 SM: 7B NL: 1.22E7 = ©) OH
F: - ¢ Full ms [ 100.00 - 1000.00] | S j/
347.1
100 NS J\
N N (6]
> \/\/H\)\/U\
90 OH
85
695.0 —H,0
80
75
= S
70 | J\ o]
65 x N N/\<
3 60 H o ??
C
S 55
E (0]
£ 50
® dehydrated CmiS1 product PTC derivative?
5 m/z 347.1 [M=H]~
& 40
35
696.1
30 =
25
2  348.1
15 697.1
10
5 349.2 717?184
11 1912 2490 307 339.5] 384.8 4151 4989 5209 5750  656.9 694.1] l” 7868 g344 8601 9227 o67.8
0 [BAARAARESAAN RARE AN RALE RARN LARE RARE RARN AL Lasatans: | BAARLEARE RARE RARE RARN RALE RARE RALE LAAN RARE RALE RALE RARE LARE] '| MR LAAn Lan | RAARL AN RARE AL RALE RALE RAME RALE RRAN RARS |
100 200 300 400 500 600 700 800 900 1000

m/z

Fig.89 4.7.2,Entry 5 ® LC/MS 5% srHr5&ft: TOSOH TSK-gel ODS-100V column (2.0
x 150 mm), 40 °C, 30 — 100 % CH;CN in H,O (40 min.)
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4.8 BRI IR DOREGETIE

LC/MS SHHic X 5T CmiS1 237V ¥ v % o, B-ARRIRIF 4 T AT LI A 7S &, 4
TAF IR % BT 205 Th 2 2 EWRBENT, 22 TIOEBMEZRET 270
CmiS1 BB 2 i L. NMR CHSEIRE 21T 72,

48.1 KA —)LTH CmiS1 K

3 NMR CEEENIGERY) %2 BT 2 720 12 3RO EZ2 NS 20 ENH 5, Z
:Tﬁﬁ%ﬁ%%l%yL#64mMJ\kLko:ﬂﬁ%ET%%Z/%/KwSNMHM@@%
DIIEFEITML L 10 % DMSO % & A ZREERRFTH 1 mM PRETH D | BIGEIREZTT) 729
2=V EF, FEEE 10mg T 21213 40 mL ORIGA T — VBB TH o772 TH %,
7. DMSO REZ bl bk EiFe b, hodE7 v b v EMIERECTH 2 NN-Y X FIVEIVLT
S F (DMF) ZHw % & CmiS1 OIFEEDIMBEGICHA L TL Eo7%7®, ZDRIGSEMEDRETH
2L L7z (BEL <13 4.9.2 12880B),

COF ERHML T CmiS1 BEEGAEY) 2 EEBINT 2 2 L B0, PRI N AEME
CANKVBETH D, WEDSE Z EPTRHR 720, L FRk PTC #FEM4E L 72 b D ORI
WERITH) T LI LT, PTC SFEMLDITREIZ AT 400 51227 — V7 v 7L EEFE e, &
SNV ZNEHS VAT N AT L Ia s 777 4 —KROWHD 7 5y 2 0DS #7470
v M5 7 4 —THELL 72 (Fig. 90),

2-nonenoyl-SNAC 1 mM + excess PITC
glycine 5mM
CmiS1 10-20 M ,
DMSO 10 % rt, 3 hrs or overnight T € PTCproduct (yellow)
50 mM sodium pyrophosphate evap., pump up .
100 mM NaCl P4’
pH 8.0, total 40 mL extracted with EtOAc (acidified H,0) |~ —PTC-Gly (yellow)
each 500 pL to 80 sample tubes evap., pump up s
287, overnant Normal phase ?HPCTISC:dMgOT'zgg iS1 product crud
. - Silicagel chromatography - L-gerivatized LmiST product crude
centrifugal evapolation 2:1+3
9 P CHCI3: MeOH =10 : 1 3: purified PTC-derivatized CmiS1 product
+ coupling solution
e . MPLC (ODS)
(=C1I-(|)3.Cl5\l..2pyg():hne FEtgN : Ho0 CH4CN in 50 mM NH 4-acetate
Y e 0 - 2 min. 32 % CH4CN

2-10 min. 32 — 57 % CH4CN
10 - 16 min. 57 % CH4CN

Y

CmiS1 product PTC-derivative (8 mg)

Fig. 90 CmiS1 BEE MG D PTC FHEAAL - B (KA 7 —)
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4.8.2 CmiS1 BRI DOREEIOE

%5 N7 PTC #FEMAIZ £ 3 LC/MS OIS CHROKISERY) £ F U AR & mi iz s L
TWB I EZMER L, % H-, BC-NMR & X ' COSY, DEPT, HMQC, HMBC A X7 + )L
ZHE L7, 'TH-NMR, COSY Ik ) '"H> 7/ F L 2IgET 2 2 L a3k, PC-NMR & HMQC,
HMBC (2 & ) H-C OB Z BT 2 Z L3k, 2T 6 Rldnshdid, Exricr7 vy
VE2 ) RVBBRA T NI DA LD DTH oD, ZDH% PTCHFEMLL -2 &
WKEoT 722NV FAANNINEB TV v ES BRZBKLTC 722 VF A ey v A v
PTH)LL72bDh, J FYBOANKFINIEE 6 BEZEEL 72 DH % Tl HMBC Tk
T DI EDBHERD o, L L LC/MS HTICE T m/z 347.1 [M-H]~ #2844~ & L7
DMSMS 777 RXV b AF v 2ai Lzl A, miZ191.1 ZBHIL, 2O PTH-Z7V > v &
—H L7 &5, CmiSl EEYD PTC #FEM4IE 3-PTH- 7V > =V ) F U BTH D EREL T
(Fig. 91),

position o2 [ position dc On
1 170.1 1
3 0 36.4 2.76 (m, 2H) ' 173.8

2 2
N—X# 3 53.2 5.27 (quin, 1H, J = 7.1 Hz) 3
Sg\ 5 4 32.1 1.76 (m, 2H) 4 183.2
+N (0] 5 22.5-31.6 1.25-1.42 (m) 5 48.9 4.11 (d, 1H, 19.3 Hz)
\/\/\)\/H\ 6 22.5-31.6 1.25-1.42 (m) 4.29 (d, 1H, 19.3 Hz)
9 7 5 3 1 "OH 7 22.5-31.6 1.25-1.42 (m) Ph 128.5-133.1 7.22-75
8 N . ¢ 2 8 22.5-31.6 1.25-1.42 (m)
3-PTH-glycinylnonanoate 9 14 0.89 (t, 3H, J= 6.9 Hz)
HRMS (FAB-) calcd for
C18H23N203S: 347.1429 [M—H]_
found 347.1427 [M—H]-
SNAC OH OH OH
e} HO (e} HO (e} (o]
Vi Cmist >/ \ >/ \ ©
mi i i
O HN PITC 0 N cyclization N

/ : s=( H*, heat N\(
Gly, H,O HSNAC NH S

2-nonenoyl-SNAC N-carboxymethyl-3-aminononanoate 3-PTH-glycinylnonanoate
(CmiS1 product)

Fig. 91 CmiS1 BE MG D PTC FHE(RD NMR J7E M O FHEARLRFIZ 81 5 PTH Bk
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3:PTHderivati"e_Proton_ﬁ-S-l.jdf H'5, 6, 7’ 8 . H-9
el Ph 1
e H-5
\07 k “
S H-2 |
- H-4 | )
E ISE | H-3
2 ! A
° D LV J L&
PTHderivative_COSY_ft-2-1jdf 3
gradient absolute value cosy %
(=l §
s
I'U
g
=]
=
I.‘:»"
&
2] o =
- N
o L
il
o
£
@ ® /~® rl—f_/
o] B
o
’\7(‘3@
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vﬁ@@g Ff
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- L
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o
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g
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1% T —
£
g‘ ('
> T T T T T T T T T T T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 02 04 06 08
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Fig. 94 CmiS1 R SISEY) PTC #HEAED COSY A7 k)L (in CDCly)
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X : parts per Million : Proton

0
(thousandths)

Fig. 95 CmiS1 BEEMIGARY PTC 84k D HMQC A X7 + )L (in CDCly)
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Fig. 96 CmiS1 BRGNS PTC %8k HMBC A< )L (in CDCly)

TIC chromatogram MS spectrum at 25 min. MS/MS spectrum of m/z 347.1
o St o
5 fims [ 053 053
o] o]
5
(0]
50 50
N
5 S [M — nonanoate]~ =191.1
7o 7o
o o3 S N o)
o 60 s0d
2 2. EE OH
= 45 % 453 % a5 - =
‘ H 3 [M—-H]"=347.1
4o a0 a0
35 354 354
30- 309 jeost 309
2 2549 254
630 603
2 552 20 20
- i 59 53
- 3005 3590 ] b
’ 556 T i s ;
. w1 ws
. Lo i o, ssep bl L” se son 02 s
Time fmin) h i

Fig. 97 CmiS1 % K64 EY PTC & E & LC/MS 3 Wi D Lefr: TIC 7 u~ 7 7 A,
Center{AH5IRE[E] 25.11 383 D MS A X7 bV, Right: m/z = 3471 ZHA A v & LoD
MS/MS A7 )V (Left, Center 1 Fig. 89 @ b D L [d]—)
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4.8.3 CmiS2 DILEH CmiS1 B <TH % Z & DT AEIEER

PLEDFER XD CmiS1 KIGERME 7V > v h32-7 % ) £ V-SNAC i< 4 7 VAL, F4
IAFNVIKGIRZZ T N-ANVRFS RFN-3-T 3 ) ) FrvEThs ek, 22
T, ZOMAEPE CmiS2 # A4 v X 2 _—F L, ZOBENKIG»S 3-7 2/ /) 2 VBBERT %5
ZEIIL 72, AL N-DVERXS AFIVL3-7 3 ) FUiE%E, FBEL 7 CmiS2 & 28 °C T
WA ¥ 2_—F L., PTC #HE(RML L T LC/MS Tt 2T -7, Z D% Fig. 98 12" X 9 (2
CmiS2 E N-AWNVARX S XFN-3-7 2/ ) Friezeilikl., 3-73/ / F VBN EHL 7z, UV
72 b7 L0 HEPSHWIT S E, BRICE>TRONA N-ALVRF S AFV-3-7
S FVBEZEDRSRIEG -7 ) R VBICERI N, —Ji% £ TD LC/MS ST
CmiS1, CmiS2 ZFRH N Z U, BERIIGHATH 5 N-ANVARFXF S XFN-3-T 2/ ) F Vg
DD ERFREED ST, TN EBILEYD T SETH D CmiS2 132 D—J7 L ik L
BT DMBERE ELEEZ NS,

A)[moo
! i
2
&0 | | | |
0 10 20 30 40
t/min, ———— >
B)[moo
-]
&0 | | | |
0 10 20 30 40
T A ——
C)[ .
1000
o)
< ]
E _
~ i *
&0 | | ] |
0 10 20 30 40

t/ min.

Fig. 98 CmiS2 PAULE & CmiS2 & OEEFE LD HPLC f#hr (A) FEE#EL (B) 2 TANL
B4 (C) B) ICEBRWIEMTH 5 3-PTC-/ F v 2 AEDLEI L LELD St TOSOH
TSK-gel ODS-100V column (2.0 x 150 mm), 40 °C, 30 — 100 % CH;CN in H,O (40 min.) & i
3-PTH-7'V) & =)V / F V[ (CmiS2 FE GEE PTH 3584K), e 1& 3-PTC-/ F ~ [ (CmiS2
P35 SOGAE R Y PTC 3B8AK) %2187,
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4.9 7 I/ HEAREEREDELAIITEE

47,4812k 7L 324 v VBRI EAEABRICE T 5 7 3 7 EREAKIGIZ, CmiSl, CmiS2 &

VI /7S HEARGICIE AL b RwEEL o NLEERIC kTN S 2 L35
DElkol, XoTINSDMENED LI LIUGREKETT S/ HE ARG % il L Cwv L Db
ICOWTHIR 22 70, BIZHH R BT 217 > 7,

4.9.1 CmiS1 OILEFAE

4712k D, CmiS1 1 2-7 %/ ANFEIC TV o v R A 7 MAINT 2 2 LD S 9 & 25 7228,
D7 2 7 FET S FRD SKISDHET T 2 Do, Z DIERERMEIC OV TN 21T > 72, 20 fliHD
L-7 3 /M, DL-7 7=, Z LTL7T v B0 L% 7)) & v Db D ICEEEROGERIC N 2 TH&
WA Y Fa_—F L, PTC HEEMALL 2D D%E LCMS IS TN L, ZRZFNT 2/ BHRbn
ENEGAIEON LAY DOTTE» S PR miz fEICB T 2 MS 27 R Lz L
s, VS v EREPROFBIL TS DL-7 7 v RO TE ZERYERET S5 2 L
T, BRI ERYIDBENZ N -DIF 7)o v WO ARTH- 72, T4bEH, CmiSl 1
72 BRI OB ORISR WIEENEEZE T2 2 e E o T,

F7o. 2-/ FVBAKREBRKSOEE L L THYIEATH, 3-PTH-Z7Y) > =)V F g%
BT 228 ko, 21Ud CmiS1 BF AT ATV, BLLEN-TXF LT AT
7 2 VDO R Rk U CORE R BRI ICE LT WA 2L ERBRL TV S,

49.2 T2V 7 vEA4IZk D CmiS1 DRIBFEIFHGT

CmiS1 DfTEES R b EWEFE AT 720, Br o172 28LE¥ T4 v 2=+ L,
ZoEM Tz IV VIAEZH W7 v e A B TBIMIL 72, v~ VSIS IS EEET 5 5
F—=NVZHRT 2 L FHADOY AT 4 FIEGPYIUT, 412 nm IBKKINEZ G T % 5-X VA7
F-2-= P 0 ZEFBBERERT 5, COPOREOZENZBMIT LI LT, FA-LVDERZIT
IDWIN2 YT v AkEThHsb, FTHEMERE L CTI1KRMA »F 2=} L7 CmiS1 BGE
Wrhico e vl 2 MA & 2 A, INARIEEHOLROL, N-7RF LY AT 7 2 v oz
LCWw3 2 EDHMENR (Fig. 99), 727V v 2MATh0WEERE ERBOEAWIZIERIC
NS, FRBEOADFRICIL e VikEEZMATH 7Y ¥ PO A & FABRED R
ZRLIZZEDS, CmiSl ITHEET 2 FA—NHE N2 VlEBKIGL 72 b DR EEZ T, H
WZDT7 v AETIFI Ve Vil 2 RA L 7 BER SONER DWOGIE 2 UV/Vis i HiZ CTRER Y
BT 2 D3RIV A, CmiS1 DA T V< vk L BEEARSKIB L TERIELTL 0,
DX BHEEEETH) Z EBHRE» o, 2 I CTRHUBEEKINERZEEERL T E, &
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R IC DR EFERBD T2 P P V2 INA THERILZZIRLE Y, Z2 A< viddz
IMZ 72 O DOWSEEE %2 HIE L 7z,

A) ” B)
o(
" \[f s )U (
g N- acetylcysteamlne
S
o CmiS1 Elmann's reagent
HO 5,5 Dlthlobls(2 -nitrobenzoic acid)
\ o
glycine
NH O |
\ 42 |I
N i
OH HO Sag ™ \ﬂ/ 1
0 :
SN N
5
2Znonenoyl-SNAC 5-Mercapto-2- nltroben20|c acid
N-carboxymethyl-3-aminononanoate (Amax = 412 nm) —glycine + glycine

Fig. 99 A) KEERICBIT L2z~ r 7 v A OB, B) TV~ ik 2 M2 72FD CmiS1 X
IR D e — glycine: 77V & Y # M A 312 28 °C T 1 Kl A >~ F 2 _R—+ L 72 H D + glycine:
RAEARESmM I 2 K517 r 2z, 28°C TLKEA v FaxX—FL7bD

9. CmiS1 BEEIGIED pH AL ZBET L7z, U YV IBRENE O REREDREF S 5 pH 2%
L., pH6-8 TD CmiSl ifitkz N2 r 7y A THELZEZ A, pH6 TIIFAEIEEIHES,
pH8 T EWIEMEZ R L%, 72 LONREZ 37 °C I LIFGATIRIIGELTLE- %, %
7- pH 7 DBHIC 7 ) 2 0 — L % JEHEE 10 % 1272 % & 5 WML 72 & 2 5. il b ARTR I

I EEA TSR B L 72 (Fig. 100),

2-nonenoyl-SNAC 1 mM 0.07 W37°C. 1 hr
glycine 5mM ’
CmiS1 10 uM 0.06 n €28°C, 1 hr
50 mM sodium pyrophosphate 0.05 |
100 mM NaCl s *
pH 6 - 8 (10 % glycerol) £ 0.04 B
final 100 pL o ¢
% 0.03
28 °C or 37 °C, 1hr T TS
0.02
quenched with CH3;CN
0.01
10 pyL20 mM DTNB =
incubated atrt, 1 hr 0
pH 6 pH7 pH7 pH8

+ 10 % glycerol
detected absorbance at 412 nm

Fig. 100 CmiS1 7@ pH A7

KA, CmiS1 FERTEME DIMEMRAFMEIS DV TR L 72, BSHa 2 £12 CmiS1 1220°C v ) ki
BRI P Tl b = ORI 2 /R L 72 (Fig. 101),

FLWEZBRET 0B RIE7 0 by ERIEREOBRIIE NI Ly Ty AL ITE W
TH7 3/ HEGHROMN 21T > 72, ZDfES. DMSO IRE%L 1 % £ CmiS1 1F#RIRIVIC RIS
L. DMF ZfH\2% £ I SICRIGEDEEOHRELS 2D Z L2905 7% (Fig. 102(A), ¥77 3/
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2-nonenoyl-SNAC 1mM 0.06
glycine 5mM
CmiS1 10 M 0.05 * L 4
50 mM sodium pyrophosphate — *
100 mM NaCl =004
pH 8 E
final 100 1L g 0.03
b
156 —37°C, 1hr I 002

o
o
=
L

quenched with CH;CN

o

10 pb 20 MM DTNB
incubated at rt, 1 hr 10 15 20 25 30 35 40

temperature [°C]

detected absorbance at 412 nm

Fig. 101  CmiS1 J& 1k D B A

HPEHRIZOWTIERIED 7V Y LEEZ RS T, L-F721E DL-7 7 = v Z w6, fill
TEMEIE A L T L DYoo 72 (Fig. 102(B)).

(A) 025

—
oY

-
o
w

*
0.2 0.25
= = 02
= =
E 0.15 —1nr %
Q 0.15
2 —&2hr < *
0.1 )
% —A—3hr I 0.1
*
0.05 0.05
0 0 *
10 % DMSO 20 % DMSO 30 % DMSO 10 % DMF  20% DMF Gly5mM Gly 10mM Gly20mM  L-Ala DL-Ala

10 mM 20 mM

Fig. 102 (A) JE7 1 b U PERGPEASE D CmiS1 iEMEICK T 282 (B) CmiS1 @ 7 &/ SfitHi4k
WS % e

DL Eo®Et 211> 7% & 2 AT CmiS1 O FR#RIGSEMA X pH 8 DFEMEKH, 20°C TA v F 2 X —
FT2RZETHDLEDD oD, TV VYDOREEE 5-20mM IZ EIFTwo LS, N-TXrF Ly
AT 7 S VDEBENZNCIG. TER LT 2B gholzz0, CmiSl BERIEED 7)) &
VBRGSOV THIRNT, TR EEIRE LT, O L 72 CmiS1 DFEEEIZ 10 uM T
HoIlb b T, RAIEEZ R L RO 7)) > VIREIX 200 mM BBETH -7z, $/, 7
Vo v ANTRWRHZWOCE OB R o> 2 £ 6, CmiSl X 2-/ 2V IBF 4 T A
TMZT ) v A 7 NI 78, MK REOS % il d 2 2 & ARSI sz,

4.9.3 CmiS1 )L

2 IC CmiS1 DIEENINT 2 R SOSHEE IOV T L7z, 0-1mM D 2-/ %/ £ )L-SNAC
WAL, 7Y 2% 200mM AT 10 77/, 20°C T/ LA v F¥FaxX—F L, ZI~CmiSl Z/ll
A CHERIOCZHIB L7z, 30 TBRERBDO T2 P MY L ZIMATHRIGZIFIESE, T2 v Ty
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Fig. 103 CmiS1 i&MED 7' & VR A7

AIT&D ﬁﬂﬁ%‘?ﬁ’l‘éﬁ%?ﬁﬂﬁbf:o Z OfEH, CmiS1 D 2-/ # /7 4 )V-SNAC 12X 9 % K, filil 250
k12157 k /K fEIF 4.85x 103 57 - um! TH o 72 (Fig. 104), Tl h € n JE

cat

MM, Ky
FTH 25 Rv0098 DL 2+ A4 V-CoA 1T T % k /K, fHETE (312 x 102 57! - um!) TH
D [95]. “RANHEHPEEMEARICBI D 2 KRR & L CRISEOMBIRZE L T3 2 L3y

ol

HSNAG [uM/min.]

0 200 400 600 800 1000 1200
2-nonenoyl-SNAC [uM]

Fig. 104 CmiS1 @ 2-/ % / A )L-SNAC 12 X3 2 [ 5 S 8 L

494 7V FXINBOWHN

CmiS2 2MuD 7)) & v F ¥4 —¥ L FRROBLIIGZ1T> T b &9 dud, BlIERYE LT
TVXXNBERERT 23T THS, 7IVAFTIUBEEDT7LTE F% LC/MS THRIET %
IZiZ, ¥=btr 7=t 7YY (DNPH) 2 £ THEHRILL., Fonkt F 7V viFEEik% iR
Mid 2 PN TH 2, 22T CmiSl, CmiS2 BEEKIGIAKIC DNPH %Il 2 CHEML L,
N % LC/MS TRHT L 72, Z DFESR, m/z 253 [M-H] 2R3 7 VA ¥V E N7 v ikE
R T 5 2 EHK, BEZMA TRV ZOE—27 2 L7223, Z4id CmiS2 23
ZVT NI L THOWEEZETAZEEMIGLTED, FELEVWHERTHSL EHEZ 5,
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2-nonenoyl-SNAC 1 mM

glycine 200 mM
CmiS1 10 uM
CmiS2 10 uM

50 mM sodium pyrophosphate
100 mM NacCl, pH 8.0

20°C, 2 hrs

+120 pLof 1 mM DNPH in 1 N HCI
37°C, 1 hr

extracted with 500 yM of EtOAc

centrifugal evaporation

LC/MS analysis
TOSOH TSK gel ODS-100V
2.0 x 150 mm, 0.1 mL/min., 40 °C

30 % CH4CN in H,0, 0.1 % HCOOH (0 - 3 min.) | N
30 — 40 % CHaCN in H,0, 0.1 % HCOOH (3 - 6 min.) Z N7
40 % CH4CN in H,0, 0.1 % HCOOH (6 - 12 min.) H
40 — 80 % CHaCN in H,0, 0.1 % HCOOH (12 - 20 min.)

02N \O: N02 O
H
NH, T
NT 2 HO)‘\”/
H

2,4-dinitrophenylhydradine glyoxylate O

(DNPH)
observed m/z 197 [M-H]~

O.N O
2 2 o

N

/N\)k
NTOX OH
H

O,N NO,

or

X

hydrazone derivatives

80 — 100 % CH4CN in H,0, 0.1 % HCOOH (20 - 25 min.)

1 mM glyoxylate

>_//

observed m/z: 253 [M-H]- O

0.90 (x10,000,000) Tc@l mAU
ke 1 DNPH
0.00 1500
2.003(x1,000,000) TIC@2 —
3,030,347
1.003
0.00] 1000
9.00 {(x70,000) 253.00@2 ]
109,471
0.00 /A\Nk 500
6.00 {(x70,000) 197.00@2) ]
169,416 ]
0.00 L e s e S s e B e B B B A e 0 T T T T T T
10.0 125 15.0 75 20.0 225 100 125 15.0 175 200 225
min min
all
2.00(x70,000,000) Tc@l mAU
320,149,782 b
1.004 2000 DNPH
0.00 l
1.90 §(x1,000,000) Tic@?) ]
1,936,424 ]
LO(FMM/\WW\W 15007
0.00] ]
3.105(x10,000) 253.00@2 ]
331,755 1000
1.00- ]
0.00 ]
7.00 (x10,000) 197.00@2 500
172,392 /\M‘ ]
0.00 L e s B s s B B B B s B e L e o] T T T B T T
10.0 125 15.0 17.5 20.0 225 100 125 15.0 175 200 225
min min
without substrate
9.00 {(x1,000,000) Tc@1 mAU
19,645,660 4000
1 DNPH
0.00 ]
2.00 3(x1,000,000) Tic@?2) ]
12,003,733 30007
1.003 b
0.003 1
9.00 (x1,000) 253.00@2 2000
o //JM |
0.00, A ]
8.00 {(x10,000) 197.00@2, 10007
188,205 /(\_N 1
0.00 L e s e e B e B L R e e ] T T T T T T
10.0 125 15.0 17.5 20.0 225 10.0 125 15.0 175 200 225
min min
. N ~ Ly
Fig. 105 7'V A X2 Lo
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410 £t

AKEDOWMEZ £ L5 &, REFEFPES N TR 2D o7, 7L <4 o VBl
BAEABICE T 27 2 7 HWEAKIESS, CmiSl, CmiS2 IZ X > T I N Tw3 2 L ZHS»ITL
7eo 72/ BRI OMFEPEMHTCld. CmiS1 2MEHEE-CoA 4 2 A7 7 —¥TH 2 W[HEMEL
W EDRBINTD, BAREZEIZTVIS VR 2 ZVBF A AT AL TV E,
HIZF AT AT NVZMKRGEST 2 L), 2 O00MBKEZA L TWwas I E2HoIC L, ZL
T, CmiS2 13 CmiS1 BEREIGAE I 2L L . KDL TT ) 4 X Vg2t s v 2 %EH %z
FioTkh., NG 220DEICE->T3- 73/ ) FVBOEAERITbN, Z L2 RH L%,

D2 ODMEKIGERBENTHBEERZZ EI2LD ., CmiP2 ® KR F XA ¥, CmiP2,
CmiP3 125D > THIEL TW3 DH F XA 23, Al biEERD F XA v Th 5 2 & o35i K R
SN, 22T, SETICHEDEIPNTVE, ) 2u~A > Y EAKIZED % PKS © DH
F XA ¥ EryDH4 . % 2 7 > ¥ (curacin) E&KICEIDH %5 PKS D45 DH F X A >~ CurF, CurH,
Cur], CwtK E DR NVF TN T 74 XY M Z To72 L 2 A, Fig. 106, 107 D Xk 95 Ik 57z,
CmiP2-CmiP3DH F X £ Y3, ZNFWEEICHAR EAF SV ETANRTIX VBERALTED,
flbd> DH F X4 D N Ky, C RKifm L mMHAMEZ R L7z, £/ 6 > — kL all NV v
P ADBDNV =TI TINE DI F AL VIEaWINnTws, ZOHTIEF 27> VEARK
IZEF % DH Tb [EkosE  TREEDIREN K B o7 b D03h ) | GRS X O 8 v o8y
BOMEORICEH FVELG L TR vEEZ S5NS, HIZ SWISS-MODEL % H\»T CmiP2,
CmiP3 ® DH F X A v O =iz €57 ) v 7 LCA% &, EryDH4 28Rl L | 7 PG %
92 2 & TE, Fig. 108 AR T LI Ic, 2NFMM LAy b Py FHEZIERT %
PRI N, IN5ld Fig. 108 FRICKIRT 2 LX) Ic~T7rd M ~—2BKL, TEFI
Y —BiEtEE R L T3 EEZ 55, BE-14106 XX ML-449 E &2 % BecA-BecC,
MlaA2-MlaC D&% S FREDWi & 417z DH F X A4 U BHFEEL, U chlis w3 2
EDS, ZORIBIEEMERISIZFRROEE CET T2 b0 EEZ 6N 5,
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* %y t: 1 30 6
EryDH4 -N 2362 PLLLAAVDVEG- HGGAVF‘I'G.LS'I‘DEQPWL GGRTLVPGSVLVDLALAAG.DVGLP- il -V]’..LVLQRP 2446
CurF-DH-N 1687 PLLEGEKINLAGIEDQHRFQSYIGAESPEYLNHHQVFGKVLFPSTCYLEIAASAGKSLFTSQEQVVVSDVDILQS 1761
CurH-DH-N 934 RLLGNKLELAS - TEQTI¥HQODINLNNHPWIGDHRVYDIPVIPGVSYIAMTLAA - - -VGVP- 55 VIDINFQQP 1006
CurJ-DH-N 941 PLINQKFQSPL- SKEIFFESYFSTENLPFLADHIVYEQVVVPGASHISLLLAAASLIFAA - TECQIEDILFPQA 1018
CurK-DH-N 958 PLLGEKLNLARIENQHHFQSYLTAESPAYLS IAAAVGKNLLITGEQVVVSDVTIVRG 1037
CmiP1-DH1-N 1069 PLFGAVVEPAG - [DGVLLTGRLSLASHPWL VHAGDRVGCG - - - - TLDELALHAP 1138
CmiP1-DH2-N 2376 - SDGVVFTGRLSLATHPWL LTLQAP 2445
CmiP4-DH1-N 2002 - - GGYLFTGRLALREHPWLADHTIAGTTIVPGTAF LVLHTP 2070
CmiP4-DH2-N 4076 - - GSVVLTGRLSLRTHAWLGEHRVDGAAVVPGTAVL LVLRAP 4144
CmiP6 -DH-N 909 -EDGIAFTGRIGS TNEEWL LTLOAP 978
CmiP7-DH1-N 929 - SGGAVLTGRLSLGTHAWL LTLQAP 998
CmiP7-DH2-N 2633 - SDGVVLSGRLS PATQDWL LTLQAP 2702
CmiP7-DH3-N 4322 - SDGVVFTGRLSLATHPWL LTLOAP 4391
BecA-DH 5461 - -GTALFTGRVTLADHPWLS LVLHAP 5529
MlaA2-DH 922 - - GTRLFTGRITLAGHAWL LVLNAP 990
CmiP3-DH 915 e -GG.LFT LALREHPWL. LVLHTP 983
................ 2 O TS O P P rY5 0 O P T T YT Tryo0
Bl B2 3,,B2a B2b oHD1 B3

: : : . . 8y :
EryDH4 -N 2447 LVLAGAGA - - LLRMSVGAP----------- IDVHAAEDVADLADAQWSQHATGTLAQG - -VAA- - - - - - - 2501
CurF-DH-N 1762 LVIPETEI-KTVQTVVSFA- NSYR - FEIFSPSEGENQQTPQWVLHAQGKI¥TEPTRNSQ- - - - - - 1819
CurH-DH-N 1007 LFLAESNTERETQLMLHTA- - ------ - - - GKQFVEVFSRDGAK - - - QEEWQQHASMSVSENPPPPPT - - - - - - 1063
CurJ-DH-N 1019 LAIPEQGV - RTVQVVLTPONNSFSFQVISFPDSLESQINQVSNNGSH - - - ISDWAVHATGKLSVA - -NAEQ- - - - - - 1083
CurK-DH-N 1038 LVIPETDI-KTVQTVISTL----------- - LEIFSTSEGDNQOANQWELHAEGKIFLDSETNTK- - - - - - 1095
CmiP1-DH1-N 1139 LVFPEDAQ - VALQAAVGPP - VDLYARTAD - - - - BLPWTHHATAALVPAAPDRAAAEP - - - 1196
CmiP1-DH2-N 2446 LVLPAQGG-VVLQVVVGGA----------- SRDEAAPA - GPSWAKHATGTLAAA - - SGAAAAE - - - 2504
CmiP4-DH1-N 2071 LVVPEAGG- IRLHLAVAEE----------- EFTVSSKPDSDEA - BLPWV! 2126
CmiP4-DH2-N 4145 LIVPESGA-VSVRAVVGAP- SFEVHSSSEG---- - - PWRL; 4192
CmiP6 -DH-N 979 LVLPPAGG - VRVHVAVDGG - GVIVFGRDETADP - BVPW: 1033
CmiP7-DH1-N 999 LVLPVEGA -VQVQVVVGAG----------- VAVYSRTADGAGLAPEWTEHATGVLVPS - - SGRS - - - - - - 1055
CmiP7-DH2-N 2703 LVLPPAGG-VRVQVNVDGA- - --------- VIVFARDEAADG - BVPWTRHAVGVLAPA - -RAET - - - - - - 2758
CmiP7-DH3-N 4392 LMLPMTGA - VGVHVIVSGA - SVTVFAGDADA - - - DVPWT GVVVPS- - -TEG----- - 4444
BecA-DH 5530  VEFGSQSA-ALLQVIVGPD- LTIRSR E- - - - BQSWIENATGTLGAL - -VEVS----- - 5582
MlaA2-DH 991  VEFGSQSA-ALLQVIVGPD----------- SLTIRSRSEE- - - - DHSWIDNATGTLSAL- - - - - - - 25 1039
CmiP3-DH 984 LVLSTQSS - SLLQVAVGPA- - - - - --- - - - SLTIRSH D- - - - VRLWVEHADGSIGPGETAPELPEPVRV 1044

eeess..100.......110.......220.......130.......140.......150.......160.......

B3a B5 pé

. >
Flg. 106 EryDH4, CurF, CurH, Cur], CurK @ DH F X 4 > N K45 & BecA, MlaA2, CmiP3
> N & .
WHIETZDH FAAL Y EDIVFTNT 74 A b (BRANZIGEMEIC 28 7 His L% KA
B L O 2 LU IEATIC & D A S N RESEEZ R T, )

EryDH4-C 2502 ---------- (€} EQWPPEDAVRIP DGLAEQGIE PSFQA WRKD.S STAA----- EEGYAF 2576
CurF-DH-C 1820  -e-s----e- AKI LEKIQAECSQAI RE RSKGID SSFQEI LWKGQGKAL FPEELTA - QL oL 1898
CurH-DH-C 1064 ----------LSVDI-PALCEQLRP TLTEI SISLVYGPMLQA QAWIGE SLLEIEVPKALAF - QLAGEPT 1141
CurJ-DH-C 1084 ----------SLIPLEEIQARCSQKIDSAEI QHLWDRQIHLGQSFRWIEQVWLGE LCOMKVPKTIL- - NETK¥QL 1161
CurK-DH-C 1096 ----------AKIPLEQ¥ORECSQVIDIQQOHYQOQOFKSREIDYCNSFQEIKOLWKGOGKALGKIALPEETAG - QATDYOL 1174
CmiP1-DH1-C 1197 ----------ARGTAASWPPAGAKPIGL. EQ - AAHDLGAGPGSAN A DRG - DAKRYGL 1274
CmiP1-DH2-C 2505 ooo - - - - STAEPLPWPPPDAAPVDVS ALGDETRA - EAGLFCL 2583
CmiP4-DH1-C 2127 ----------MAEPERSWPPRGAAPADLTGL QVSAA- - - - DVAGFGI 2202
CmiP4-DH2-C 4193 ----------VAGEAFPWPPRAARPLAVGD LPEA- - - - APGGFL 4268
CmiP6-DH-C 1034 ----------SGADLAPWPPTGAEA RF AL RA - SAGRFGL 1112
CmiP7-DH1-C 1056 ----------[EGVELSSWPPAGAE GL! ALPDEVAG - EAGRYGL: 1134
CmiP7-DH2-C 2759 ----------VGGELAPWPPVDAEP GI ALPDGAAN - EAARFGL: 2837
CmiP7-DH3-C 4445 ----------SGSDLSSWPPAGAE GL! ALPDEVAG - EAGRYGL 4523
BecC-DH 1 ----------MSKAERPGLPDGVREVDIEHL DSALDTATGG- - - - DYLL: 76
MlaC-DH 1 CEEEEELE MSKAERPGLPDGVLEVDIEHL DSALDSTAGG - - - DDYLL: 77
CmiP2-DH 1  MTGSEEAFASADGTDEAWPPPGGDAWDTAGL WSSGEDIYADVEVEGAPASSPKPEAF! 90

ISP TrrT S8 5850000 20T rrrY = {788 c o8B 0oL (oBE 08B 60 o800 08B o B 6B 008 00 o8 oB0080 80

—> GEEED
aLl 7 aCl 35
L . . : .o .

EryDH4-C 2577 LSLG- - ALGEPGG - GKLPFAWNTVTLHASCGATS -BT------- PAGADAMALRVIDPAGHLVATVDSLVVRSTCGEKWEQPEPRG 2653
CurF-DH-C 1899  VSYA-IPHTET-DKI¥LPVGVEKFKLYRQTISQVWAI-AEL----- - RQTNLTANIFLVBNQGTVLVELEGLRVRVIEP------ - - - 1968
CurH-DH-C 1142 {PDL - FDFSSPSGVFWAPWRVKEMTLSHPTPSRFYAY - VEEPS! QLQTRS¥DIQLLBETGOAFGRINGFTVKRAPSQLFLK - - - - 1223
CurJ-DH-C 1162 IIALVLDQSGNKNETFVPFSIDKFTFYNSSDNDLLWC - ¥TCESKDKQSGEKFKADIQLFPOHGOLVAQVIGFEGRKA - - - - - - - 5 1237
CurK-DH-C 1175 LGHA - IGNTETPDKAYLPVEIDKLKQYRQTITQVWAL -VEI - - - - - - PENTLKGSIKLVDNQGSLLAEIEGLRVTATTADALLK- - - - 1250
CmiP1-DH1-C 1275  MALLGRDTAGGDA - PRMPVAWIGVTLHASGAATLRVR-LS------- VREPDTVRVAL PTGEPVATVDSVA PVPADALRIDPEG 1353
CmiP1-DH2-C 2584 EPLL- - DDSGR - - - ELLPFAWTGVSLKAAGASAL -EPGAEAATLYL TEGRPVMT'VRSLV PVSVDQLASS - - - 2656
CmiP4-DH1-C 2203 ILVA- - DQGAREGVQLLPFSWSGVRLGRAGASVL -RTGERTVGLTLTDPSGALVASVAALVMLPATGAQISAVE- - 2278
CmiP4-DH2-C 4269  VAPA- - GLVRDDTVAYLPFAWIKVELHATGATRLRVR-LT------- PSGADAVALTVTBTAGTVVVAAESVVLRPGANASA- - - - - - 4340
CmiP6-DH-C 1113 SALT - - GVAGDG - - AALPFVWSGVELYASGAAALRVR -VR- - - - - - - PVGERAVALEVADTAGVPVASVDSLVLRPVDVBRFTTP - - - 1185
CmiP7-DH1-C 1135 GAFT- - AVAGER - - AALPFSWSDVE: -VVGAGAVALDLADTAGQPLASVGRLALREVDEDTSAAV - - - 1207
CmiP7-DH2-C ~ 2838  AALT- -GAAGDG- - AALPFVWSGVE - PVGERAVALEVADTAGVPVASVDSLVLRPVDVDRFSTAR - - 2911
CmiP7-DH3-C 4524 GAFT- - AVAGER - - AALPFSWSDVELYASGASAVRVR-MR- - - - - - - PVGERAVAVDLADGSGQPVASVAALTVRETAPEALSSIG- - 4597
BecC-DH 77  ALVP- -DIDRDBR-TFLPFALRGIRVHKGGARAVRIH-TV- - - - - - - P-GDDEFSLALTGDDGEPIATIGSVVS 148
MlaC-DH 78  ALVP- -DLERDDR-TFLPFALRGIR -P-GEGGVSLALTGDDGEPVATVGTLV. 149
CmiP2-DH 91  ALGP- -LLDGEEG-LFLPFALRRVRVHHSGAKSLRVH-IT------- PDGDKSVSLSAVBAAGNAVVSVGSVAL; 164

tees...100.......110.......120.......130.......140.......150.......160.......170........
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oHD2 10 p1l pl2 13 35,

Fig. 107 EryDH4, CurF, CurH, Cur]J, CurK ® DH F x A ¥~ C K45 & BecC, MlaC, Cmi2 IZ
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Ay
‘f/<MMDH
EryDH4 (PDB ID: 3EL6) CmiP3-DH + CmiP2-DH

Fig. 108 EryDH4 Of M (PDB ID: 3EL6) &, Zhz#fle L CEFY v 7/ &7 CmiP2,
CmiP3 @ DH F X A YO FPHllEE a4 Wifoid a-~V vy 7 A, RANL - — b2 z2zhz sk
LTw3,

RERANTIT o TR SIS SR 722 F L0 2 ELLTDRRICIZR 5,

« CmiS1 13 2-/ FVBF AT ATNEZRFE L, ZVvEAL 7ML, KRS %,
- FAIZZATFOLEAIE CmiS1 OEE Rk IcEHETH 5,
- CmiS2 IARKFRED V(LR RFHRT 5,

Lo T, CmiS1 & CmiS2 IT &k 2 BERGHEMEZ Fig. 109 D X ) ICP/L 7, T4bb,

1. CmiP4, CmiP3, CmiP2 D& HEHE N X 4 VI3 & TEERTH D . RA&MIC CmiP2 @ ACP |
W2 2-) 2 VIBF AT AT ABELERI NG,

2. CmiS11&2-/ %/ A NW-ACP 27V v =LA r MAHINL, ZDBICIAKDEZRTT S,

3. CmiS2 I3 CmiS1 IZ X > T PKS 26 IS N-AW VKX XFN-3-T S ) ) F Vg%
kL, ANVKFXTRAFUT BB T 5, LA S dARBMmL, 7Y 4%
SOVERDSIRHR S, 3-7 2/ ) FUVERDERT B,
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CmiS1
HO HO HO HO, HO
0 o] 0 o] o]
o) 0 o] 0
H H H Ha
N ND N N NH,
— "3 OH 7—» ®\4\ OH f» . 5 OH —> @ OH —> o
H [ ( OH COH
H0, O, OH, H,0, H< H oH
o ’ Og O glyoxylate
T E I LY
N )
)\ _z 3-aminononanoate
07 N N HN
& FADin GOX )\
07 N N
o) ) )
R CmiS2

Fig. 109 AFEDMERIIEHNTIC X > TPRHSK S CmiS1, CmiS2 D fil bRk

R F MEEYEGRICE LT T 2 7 EBEAI NS00,

. E2= A8 F oA Ve FZVAGHD L) ICHBEER T 2/ B Th 554 (Fig. 110)

HsC, CHj "
[0}
H3CHN ., N
s /%/O “ N
OH

o}

CHg CHy
o o — | SN
HeC
HO OH vicenistatin
NH,
L-glutamate \ CHs CH,

7N
CHy OCH, ©

HiC,
0 o]
HGCHN%O N NH
A 07, S

CHGHN HO éHs incednine 0

Fig. 110 L-ZWV% S VPR TI2ER =AY F v ELXUNA v P2V DEARK

2. VT4 v —<A T (zwittermicin) EERD L H 1T, MREHEEHLE LT LY V) 6i5HE
IN7T7 /) 2u=)L-ACP H & 1 5 554 (Fig. 111) [96,97]

o OH o S o S OJS . S NH 4 OH NH, NH
Zm Zma Zmal ZmaF - .
?NHZ;N) :§<NH2—G> NHZ—a) NH, —a) NH, —> HZN)LH/\(NW/—Q\/Y\
H

0 0 o - .0 OH 6H OH OH
OH OH H OH N0

L-serine (2S)-aminomalonyl-ZmaH zwittermicin

2

Fig. 111 Y74 v ¥ —<A >V ERBICB T 27 3/ <1 = )L-CoA DA
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3. UV ¥ ¥ v (thizoxin) EEKD L H 12, EERDEH T—E NRPS 25 b 554
(Fig. 112) [98]

SB® OB
S):O S o S

HN
H3C—<
O OH H3C

OCHg

Fig. 112 UV ¥> U AERBRICEIT % NRPS Ik 512 v DEA

4, A4 a%7F Y v (33 R— Fig.25) [44] %/ ¥ 2 7 Y ¥ (nodularin) 4K (Fig. 113) [99]
D & 9T PLP AR 7 &/ B EER | X A ¥ D30 555

NdaF

Fig. 113 /Y27 VY EEBRICEIT 27 2 /7 FHEB G

DIz IN T, 7, TOHRTT I 2 HEEHER» S T 2 2 HDADBRY 7 F FEH
NEAINDDIE, BefhD PLP KA 7 &/ HIEBHEIC L 255D ATH 5,

72, ERNOMRBHERICE T, PLP&KFER 7 & ) HEEEE DN ORSE CEBEN R 7 2/
HEEB2MET230L LT, 7YEZT Y 7 —EOURIER, 7VEZTLY—XDT7 I /M
BBKIGEH %, TVEZTV 7 =X EIEL-7 I/ B o073 /KIS % iUl 3 2 & T
by, EFBELCa,BA AN RYBET VET 2522, 7VEZT LY —E EIEK
Ha-737BO7 3 i AN IS LMBIEELZET2HETH S, Zio OfEEERNS
FHEDOLDTH B EFEZ o, X M MRGEARNTIC X DGR R SN T w5, Fig. 114 IR
EIE, PARIXVIBORF VT ARG VBEOT7? VEZT ) 7 —X (L% —¥) Tld, Bk

115



W7 S 7 BRED 70 b VI EIRED SIS, 7 3/ it d 2 2 i kK D#&HS
% (Fig. 114(A), [93]) — /i A BERZET A7 I/ B2RET 277V 7 —X (L7 —1)
T, 772V - TV VRESERBRICBRIL L 4 X F Y T U A4 28— -5 vk
(MIO) 23l RSt & LChBE T 2 b D TH 3 [94],

(A)

: Base—H 3
Base : H3C
as R fCH, Base—H )\(/N
0 *NH,4 /NH3 ~N
H N

R
HR O S} R O
o ¢ o — o< 0® J» ) S ©
X O - N \, "o o]
R O H NHg
O H NHg e} ® ¢} HN
@ ) NH, /NHg \
H—Acid H LAC'd :Acid 4-methylideneimidazole-5-one (MIO)

<%, & Cof@(@% a{/f“z% F{/f‘@[ €4f ae
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Materials and Methods

General Procedures

Purification, enzymatic reaction, and analysis of low molecular compounds

Distilled and ion-exchanged water were prepared by Autostill WG-25 (Yamato Kagaku), and ultra-
pure water was prepared by MilliQ-Labo from distilled water or Direct Q from tap water (Millipore).

'H, ?H, *C-NMR, DEPT, COSY, HMQC, HMBC and INDEQUATE spectra were recorded in a
mixture of CDCl3/CD;OD ('H, '3C, and INADEQUATE) or CHCls/ CH30H (*H) or CDCl; (for
substrate synthesis) with a JEOL Lambda 400, a JEOL AL 400 or a JEOL ECX 500 or a Brucker
DRX 500 spectrometer. Spectra were calibrated to residual solvent signals with resonances at dy,c:
3.31/49.0 ppm (CD30OD) or 6y,c: 7.26/77.2 ppm (CDCl3) and 6y: 0 ppm (TMS). HPLC/PDA was
performed on Waters 996 Photodiode Array Detecter combined with Hitachi L-6250 Intelligent Pump
and Hitachi Column Oven L-7300. Obtained data was analyzed by Waters Empower™2. LC/ESI-
MS was performed on Shimadzu LCMS-2010EV system or Thermo Finnigan LCQ fleet combined
with Shiseido NanoSpace SI-1 system and Shimadzu Column Oven SSC-2300.

Gene manipulation

Streptomyces sp. MJ635-86F5 was kindly gifted from Microbial Chemistry Research Center, In-
stitute of Microbial Chemistry. E. coli DHS« and plasmid vectors LITMUS28, LITMUS28i (New
England Biolabs), and pBlueScript I SK (+) (Agilent Technologies) were used for routine subcloning
of DNA fragments. Cosmid vector pOJ446 [102] was used for construction of the cosmid library. E.
coli BW25113/plJ790, E. coli ET12567/pUZ8002 and plasmid vectors plJ773, plJ778, and pET28a
(+) were used for gene inactivation experiments. E. coli BL21 (DE3), E. coli Rosetta™?2 (DE3)
pLysS (Novagen), and E. coli SoluBL21™(Genlantis Inc.), and plasmid vectors pET28a (+), pET30a
(+) (Novagen), pCold I (Takara Bio), and chaperone expression plasmids pGro7, pKJE7 (Takara
Bio) were used for the protein expression. Restriction enzymes and modification enzymes were pur-
chased from Takara Bio. General DNA manipulations in E. coli were performed according to the
standard protocols. PCR was performed with a GeneAmp PCR System 9700 (Applied Biosystems)
or PCR Thermal Cycler Dice® gradient TP600 (Takara). Oligo DNAs for PCR primers were syn-
thesized by Greiner bio-one. DNA sequencing was performed on double-stranded DNA templates
by the dideoxynucleotide chain-termination method with a Model4000—-1 (LI-COR) and a Epicentre
SequiTherm EXCEL I DNA Sequencing Kit. During this study, resultant plasmids were begun to be
submitted to FASMAC Co., Ltd to be sequenced by 3130xI1 genetic analyzer or 3730xI DNA analyzer
(Applied Biosystems). Obfuscated DNA fragments by the second structure were submitted to Nippon
Genetech CO., LTD. to be sequenced by CUGA® sequencing system. Obtained DNA sequence data

was analyzed by Geneious (Biomatters Ltd.).
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Cultivation of organisms

Medium composition

LB (Lysogeny Broth) medium
used for the culture of E. coli
1 % tryptone, 0.5 % yeast extract, 1 % NaCl in deionized water

TB (Terrific Broth) medium
used for the culture of E. coli
1.2 % tryptone, 2.4 % yeast extract, 8 mL/L glycerol, 0.94 % K,HPOy, 0.22 % KH,;PO, in
deionized water

SOB medium
used for preparation of electrocompetent cells
2 % tryptone, 0.5 % yeast extract, 10 mM NaCl, 2.5 mM KCl. After sterilization,
MgSO, - 7H,0 and MgCl, - 6 H,O were added to give final concentration of each 20 mM and
10 mMm.

SOC medium
used for regenerating transformed competent cells
2 % tryptone, 0.5 % yeast extract, 10 mM NaCl, 2.5 mM KCl. After sterilization,
MgSO, - 7H,0, MgCl, - 6 H,O and D-glucose were added to give final concentration of each
10 mM, 10 mM, 20 mM.

GYT medium
used for the storage of electrocompetent cells
10 % glycerol, 0.125 % yeast extract, 0.25 % tryptone

Cremimycin seed medium [26]
used for the preculture of Streptomyces sp. MJ635-86F5
2 % galactose, 2 % dextrin, 1 % Bacto Soytone, 0.5 % corn steep liquor, 1 % glycerol, 0.2
9% (NH4),S0O4, CaCOj3 in deionized water, pH 7.4

TSB (Tryptone Soya Broth) medium
used for the culture of Streptomyces sp. MJ635-86F5
1.7 % tryptone, 0.3 % Bacto soytone, 0.5 % NaCl, 0.25 % KH,POy, 0.25 % D-glucose in tap
water, pH 7.3

Modified TSB (Tryptone Soya Broth) medium [24]
used for the preculture of Streptomyces sp. MJ635-86F5
1.7 % tryptone, 0.3 % Bacto ' soytone, 0.5 % NaCl, 0.25 % KH,;POy, 2 % D-glucose in tap
water, pH 7.3

Cremimycin production medium [26]
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used for the culture of Streptomyces sp. MJ635-86F5 and cremimycin production
5 % D-glucose, 1 % soy bean meal, 0.4 % polypepton, 0.1 % yeast extract, 0.4 % meat extract,
0.25 % NaCl, 0.5 % CaCOs; in deionized water, pH 7.4
0.3x BPS medium [24]
used for the culture of Streptomyces sp. MJ635-86F5 and cremimycin production
0.9 % oatmeal, 0.15 % malt extract, 0.09 % yeast extract, 0.012 % MgSQOy - 7TH,0, 0.03 %
NaCl, 0.15 % CaCOs, 0.9 % soluble starch, 1.1 % MOPS were dissolved in tap water and pH
was adjusted to 7. After sterilization, sterilized D-glucose aqueous solution was added to give
a final concentration of 1 %.
ISP2 medium
used for the sporulation of Streptomyces sp. MJ635-86F35, intergenic conjugation, and cultiva-
tion of gene inactivation mutant
0.4 % yeast extract, 1 % malt extract, 0.4 % D-glucose, pH 7.3
ISP4 medium
used for the sporulation of Streptomyces sp. MJ635-86F5, intergenic conjugation
1 % soluble starch, 0.1 % K,HPOy, 0.1 % MgSO, - 7TH,0, 0.1 % NaCl, 0.2 % (NH4),SOy4, 0.2
% CaCOs3, 0.0001 % FeSO, - 7H,0, 0.0001 % MnCl, - 4H,0, 0.0001 % ZnSO, - 7H,0, pH
7.3
Bennet’s medium
used for the sporulation of Streptomyces sp. MJ635-86F5, intergenic conjugation
0.1 % yeast extract, 0.1 % meat extract, 0.2 % NZ amine, type A, 1 % D-glucose, pH 7.3
MS (Mannitol-Soya flour) medium
used for the sporulation of Streptomyces sp. MJ635-86F5, intergenic conjugation
2 % mannitol, 2 % soya flour, pH 7.3, autoclaved twice
V0.1 medium [74]
used for the sporulation of Streptomyces sp. MJ635-86F3, intergenic conjugation
0.05 % yeast extract, 0.03 % meat extract, 0.24 % soluble starch, 0.01 % D-glucose, 0.05 %
Bacto peptone, pH 7.3
YS (Yeast-Starch) medium
used for the culture and sporulation of Streptomyces sp. MJ635-86F5, intergenic conjugation
0.2 % yeast extract, 1 % soluble starch, pH 7.3
SK2 (SK No. 2) medium
used for the sporulation of Streptomyces sp. MJ635-86F5, intergenic conjugation
0.5 % yeast extract, 0.3 % meat extract, 2 % soluble starch, 0.5 % D-glucose, 0.5 % peptone,
0.02 % KH;,POy, 0.06 % MgSO, - 7TH,0, pH 7.3
R2YE medium
used for Streptomyces sp. MJ635-86F5 protoplast preparation and protoplast regeneration

126



10.3 % sucrose, 0.025 % KH,SO,, 1.012 % MgCl, - 6H,0, 1 % D-glucose, 0.01 % Difco
Casaminoacids, 0.5 % yeast extract, 0.573 % TES were dissolved in tap water. After steriliza-
tion, following sterilized solutions were added to 80 mL of culture; 1 mL of 0.5 % KH,PO,, 8
mL of 3.68 % CaCl, - 2H,0, 1.5 mL of 20 % L-prolne, 10 mL of 5.73 % TES buffer (pH7.2),
0.2 mL of trace element solution, 0.5 mL of 1 N NaOH.

RS medium
used for regeneration of protoplast of Streptomyces sp. MJ635-86F5
10.3 % sucrose, 0.025 % KH,SO,, 1.012 % MgCl, - 6H,0, 1 % D-glucose, 0.01 % Difco
Casaminoacids, 2 mL/L trace element solution, 0.5 % yeast extract, 0.573 % TES were dis-
solved in tap water. After sterilization, separately sterilized 1 mL of 0.5 % KH,PO,, 0.4 mL
of 5 M CaCl, - 2H,0, 1.5 mL of 20 % L-prolne, 0.7 mL of 1 N NaOH were added to 100 mL
of sterilized culture respectively.

R1IM medium [103]
used for regeneration of protoplast of Streptomyces sp. MJ635-86F5
10.3 % sucrose, 0.1 % D-glucose, 0.01 % casamino acids, 0.025 % K;SOy, 0.2 % L-asparagine,
0.5 % polypepton, 0.8 % yeast extract, 0.407 % MgCl, - 6H,0O were dissolved in tap water.
After sterilization, separately sterilized 100 mL of 5.73 % TES buffer (pH 7.2), 100 mL of
7.37 % of CaCl, - 2H,O0, and 10 mL of 0.5 % of KH,PO, were added to 790 mL of sterilized
culture respectively.

YEME medium
for preparation of protoplast of Streptomyces sp. MJ635-86F5
0.3 % yeast extract, 0.5 % peptone, 0.3 % malt extract, 1 % D-glucose, 34 % sucrose. After
sterilization, separately sterilized 2.5 M MgCl, - 6 H,O and 20 % glycine were added to give a
final concentration of 5 mM and 0.5 %, respectively.

CRM medium
for electroporation of Streptomyces sp. MJ635-86F5
I % D-glucose, 10.3 % sucrose, 1 % MgCl, - 6H,0, 1.7 % tryptone, 0.3 % soytone, 0.5 %
NaCl, 0.25 % KH,PO,, pH 7.3

trace element solution
for preparation of R2ZYE, R5 medium
40 mg/L ZnCl,, 200 mg/L FeCl, - 6 H,O, 10 mg/L CuCl, - 2 H,0, 10 mg/L MnCl, - 4 H,0, 10
mg/L Na,B,0, - 10H,0, 10 mg/L (NH,),Mo,0,, - 4H,0

Appropriate antibiotics were added to the culture on demand after sterilization and Bacto™ agar
(for Streptomyces cultivation) or agar powder (Kanto Chemical Co., Inc.) was added to give a final

concentration of 1.5-2 % to prepare agar medium before sterilization.
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Preparation of E. coli BW25113/p1J790 electrocompetent cells

E. coli BW25113/plJ790 was inoculated in 5 mL of LB medium containing 25 pg/mL chloram-
phenicol and cultured at 30 °C, overnight. 100 uL of resultant culture was then added to 10 mL SOB
medium containing 20 mM MgSO,, and 25 ug/mL chloramphenicol. Cultivation was performed at 30
°C to OD, of 0.4. Resultant cells were harvested and washed with chilled sterilized water, 10 %

glycerol twice. Finally washed cells were resuspended in GY'T medium or 10 % glycerol.

Feeding studies

Production and purification of cremimycin

Cultivation of Streptomyces sp. MJ635-86F5 for the production of cremimycin was carried out in
0.3x BPS medium adjusted to pH 7.0 with 2 M of NaOH. Fermentations were performed in 500
mL of Erlenmeyer flask with 100 mL of medium. The production cultures were inoculated with 5%
(vol/vol) of the preculture with a 0.5x modified TSB medium (30 °C, 3 days, 200 rpm). Fermenta-
tions were run for 3 weeks at 27 °C with agitation (200 rpm). Resultant mycelia was extracted with
CHCI53/CH30H (1:1) and filtered. The extract was concentrated in vacuo. Resultant material was
dissolved in CH3OH, and then extracted with a mixture of hexane/CH3OH (1:1). The lower layer
was collected and concentrated. The material containing cremimycin was dissolved in a mixed sol-
vent of CHCl3/CH3;OH (4:1) then washed with distilled water three times and brine. The organic
layer was collected and concentrated by evaporation. The residue was dissolved in a mixed solvent of
CHCI3/CH30H (4:1) and precipitated by adding hexane. The precipitate was collected by centrifu-
gation and washed twice with hexane. Resultant faint pink powder was further purified by the gel
filtration (LH-20, CHCI3/CH;OH = 4:1).

Administration of stable isotope-labeled substrates

[1-13C]CH3COONa, [1,2-'3C,]CH3COONa, [1-!3C]propionate, and succinate-d, were purchased
from Sigma—Aldrich or Isotec Inc. D-[6,6-H;]glucose was synthesized according to the previous
report [104]. Preculture and culture of cremimycin-producing strain were carried out by the same
procedure as described above. After 4 days of the main culture, each stable isotope-labeled substrate
was added at the final concentration of 0.5 %. Resultant isotope-labeled cremimycin was isolated in

the same manner described above.

Search for the cremimycin biosynthetic gene cluster

Isolation of genomic DNA from cremimycin-producing strain
Total DNA was isolated from Streptomyces sp. MJ635-86F5 following the procedure; Cremimycin-

producing strain was cultured in modified TSB medium at 30 °C for 3 days. Resultant mycelia was
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washed with 0.3 M (10.3 % w/w) sucrose and resuspended in TE25S buffer (0.3 M sucrose, 25 mM
Tris-HCI (pH 7.5), 25 mM EDTA). 10 mg lysozyme (from from chicken egg white, purchased from
Sigma-Aldrich) was added to the cell suspension and incubated with gentle shaking at 37 °C for 2
hours. Then SDS solution (3.3 mL of 0.5 M EDTA, 0.84 mL of 10 % SDS, 3.3 mg of pronase) was
added to the solution and the solution was additionally incubated for 1 hour. Genomic DNA was
extracted by phonol-chloroform extraction and chloroform extraction, and subsequently purified by
isopropanol precipitation and ethanol precipitation. Resultant DNA was dissolved in TNE buffer (10
mM Tris-HCI, 100 mM NaCl, 1 mMm EDTA, pH 7.5) and incubated with ribonuclease A to remove
contaminated RNA at 37 °C for 1 hour. Resultant DNA was isolated by phenol-chloroform extrac-
tion, chloroform extraction, isopropanol precipitation, and ethanol precipitation as described above.
Resultant purified genomic DNA was briefly dried and dissolved in TNE buffer and stored at 4 °C

until use.

Obtaining a probe for exploring the cremimycin biosynthetic gene cluster
Hexose-2,3-dehydratase and 4,6-dehydratase coding genes were amplified using the degenerate
primer pairs 23DHI1 (forward, 5’-CGG GCG STT CTT CWC CRT CGA GG-3’) and 23DH3C
(reverse, 5’—~GMK CCC TGC TCG GAC TGG AG-3’), 46DHNI1 (forward, 5’-GCS GAG WSS
CAC GTS GAC CG-3’) and 46DH3C (reverse, 5’-CGB ACG TTS DBS CCG TCS CCG TA-3"),
respectively. PCR products were cloned into pT7-blue (Novagen) or pGEM-T Easy (Promega).

Construction of cosmid library

The cosmid library for Streptomyces sp. MJ635-86F5 was constructed in the cosmid vector pOJ446.
Genomic DNA was partially digested with Sau3A I and dephosphorylated before ligation with Hpa 1-
CIAP- and BamH I-treated pOJ446. Resultant ligation mixture was packaged into A-phage followed
by phage transfection to E. coli XL1-Blue MRF’ (Stratagene) by using protocols described in the
Gigapack Ill Gold Packageing Extract (Stratagene).

Screening of cosmid library

The library was plated out on LB agar plates containing 5 ug/mL tetracycline and 50 ug/mL ge-
neticin. 1779 colonies were transferred to other two LB plates containing 5 ug/mL tetracycline and
50 pg/mL geneticin. In addition, 100 colonies were collected to one tube containing LB medium
supplemented with 5 ug/mL tetracycline, 50 ug/mL geneticin. Resultant 18 tubes were then incu-
bated with shaking at 37 °C overnight. After the cultivation, glycerol was added to the tubes to
give a final concentration of 15 % (v/v) and stored at —80 °C. 1779 colonies grown on LB plate
were then transferred to Hybond-N+ membrane (GE helthcare) and lysed with denaturant solution
(0.5 M NaOH, 1.5 M NaCl) for 15 min. and neutralized with neutralizer buffer (1 M Tris-HCI, 1.5

M NaCl) for 5 min., two times. Finally the membranes were soaked in 2x SSC buffer to remove
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colony debris and washed in 5x SSC buffer. This denaturation operation was performed two times
then dried and baked at 80 °C for 2 hours. Hybridization was carried out as described for the DIG
system (Roche Applied Science). Two positive cosmid genes were obtained at the first screening,
named Cosmid73 and Cosmid106. These two genes were digested with various restriction enzymes
and resultant DNA fragments were sequenced. Sequencing data showed that Cosmid73 and Cos-
mid106 were overlapped with 9.3 kb region including NDP-4-keto-6-deoxyhexose-2,3-dehydratase,
NDP-hexose-4,6-dehydratase, and NDP-1-glucose-coding genes, but suggested that outside of them
involved in the polyketide biosynthesis, the second screening was carried out using the end regions
of cosmid genes as DNA probes. As a result, additional two positive cosmid genes, named Cosmid25
and CosmidS59 were obtained. Cosmid25, Cosmid106, and Cosmid59 were submitted to Macrogen
Japan Co. Ltd. for shotgun sequencing. Obtained sequence data was annotated briefly by MiGAP
and re-analyzed in detail by FramePlot 4.0beta and BLAST. Additionally gDNA of Streptomyces
sp. MJ635-86F5 was submitted to Hokkaido System Science Co., Ltd. for whole genome shotgun
draft sequencing. Obtained data was assembled by Velvet, and resultant contigs were assembled

again with cosmid shotgun sequencing data by Geneious.

Genome walking by inverse PCR

Genomic DNA (3 ug) of Streptomyces sp. MJ635-86F5 was completely digested with several
restriction eyzymes, respectively. Resultant each 0.75 ug gDNA was self-ligated by ligation mix
(Takara). Inverse PCR was performed with the use of primer pairs iPCR_ F (5’-GGG TCG ACG
ATG CCT CGC AG-3’) and iPCR_R (5’-GCT TCG CTC CTC GTA CGG GC-3’). A PCR mix-
ture consisted of 0.2 uL. Prime STAR GXL DNA polymerase (Takara), 0.2 mM each dNTP, and 0.2
#M each primer in a total volume of 20 uL. The condition of thermal cycles were as follows; Initially
98 °C for 5 min., followed by 30 cylcles of 98 °C for 10 s, 55-62 °C for 15 s, and 68 °C for 8 min.
The amplified PCR products were recovered from agarose gel and purified with FastGene Gel/PCR
Extraction Kit (Nippon Genetics Co., Ltd). And subsequently nested PCR was performed with the
use of purified PCR products as template.

Preparation of Streptomyces sp. MJ635-86F5 protoplasts

Spore suspension of Streptomyces sp. MJ635-86F5 was added to 100 mL YEME medium in a buff
led flask and incubate 3—4 days at 30 °C in an orbital incubator. Resultant culture was harvested
and washed with P buffer twice and lyzosyme was added to the resuspended solution to give final
concentration of 3 mg/mL, and incubated at 30 °C for 2 hours with checking the protoplast formation

by microscope. Obtained protoplast was filtered and stored at —80 °C until use.

P (Protoplast) buffer
10.3 % sucrose, 10 mm MgCl, - 6 H,O, 2 mL/100 mL buffer of trace element solution. After
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sterilization, separately sterilized 1 mL of 0.5 % KH,PO,, 10 mL of 3.68 % CaCl, - 2H,0, 10
mL of 5.73 % TES buffer (pH 7.2) were added to 80 mL of buffer respectively to give final

volume of 100 mL.

Gene inactivation experiments

About 15 kb Xho I fragment including cmiM4 gene from Cosmid106 was ligated with Xho I frag-
ment of pBlueScript I SK (+), resulting in pBSc-106Xhol. P450-coding gene was then substituted
with aadA + oriT cassette from plJ778 followed by ReDirect Technology [67] protocol except that
plasmid singulation was performed after the gene replacement in E. coli, resulting in the plasmid
106Xhol-aadA, using the primer pair REDIRECT-P450_ F (5’-TCT CTC CCG CAA TTC CCC
CAC CGA TCG GAG GTT AAC ATG ATT CCG GGG ATC CGT CGA CC-3’, bold characters
show Hpa I site) and REDIRECT-P450_R (5’-CCG GCC CCG CAT CGC GTC GCG CCG GAC
GCC GTT AAC TCA TGT AGG CTG GAG CTG CTT C-3’, bold characters show Hpa I site). In

short, this operation could be showed following procedure;

1. Antibiotic-resistance gene cassette with homology arms was prepared by PCR with plJ778
fragment as a template.
2. Obtained cassette was introduced into E. coli BW25113/plJ790/pBSc-106Xhol by electropo-

ration.

Resultant plasmid was subsequently digested by Xho I and ligated with pET28. Orientation of the
DNA fragment was confirmed by agarose gel electrophoresis of Hind Il fragment of the resultant
plasmids. On the other hand, apramycin resistance gene aac(3)IV was cloned with pBlueScript II SK
(+). At first pIJ773 was digested by EcoR I and Nae 1. Resultant DNA fragment was then ligated with
EcoR I and EcoR V digest of pBlueScript II SK (+), resulting in the plasmid pBSc-aac(3)IV. And
resultant two plasmids were digested with Hind III respectively, and subsequently ligated each other
resulting in the delivery plasmid for cmiM4 inactivation.

The delivery plasmid was introduced into E. coli ET12567/pUZ8002 and used for the conjugation
with Streptomyces sp. MJ635-86F5 following the procedure described in the textbook. Briefly, donor
cells (E. coli ET12567/pUZ8002 containing the delivery plasmid for cmiM4 inactivation) was washed
three times with LB medium without antibiotics. On the other hand, spore suspension of recipient
cells (Streptomyces sp. MJ635-86F5) was diluted with 2x YT medium, and heated at 50 °C 5 min.
Resultant cells were mixed to give the colony forming unit (CFU) ratio of donor cells and acceptor
cells was 10 : 1 and subsequently cultured at 28 °C on several media (The highest conjugative transfer
frequency was obtained from MS medium.). Antibiotics were added after 15—20 hours incubation.

In addition, protoplast-PEG method was also used for the transformation. 5 uL of TE buffer con-
taining the delivery plasmid was added to 50 uL of Streptomyces sp. MJ635-86F5 protoplast and
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mixed with tapping. Subsequently 200 uL of 25 % (w/w) PEG 1000 diluted with P buffer was added
to the solution and well mixed. Resultant solution was inoculated on R1M agar plate and incubated
overnight. Soft agar containing 50 pg/mL spectinomycin was put on cultivation medium and incu-
bated at 30 °C until spectinomycin-resistant strain appeared.

Colonies showing spectinomycin resistance were appeared in 10 days incubation, and they were
transferred to another ISP2 plate containing 50 pug/mL spectinomycin and 25 pg/mL nalidixic acid,
or 50 ug/mL apramycin and 25 ug/mL nalidixic acid. Three strains showing desired phenotype were
then cultured in ISP2 medium and genomic DNAs of them were isolated with the protocol described
above. Their genotypes were confirmed by genomic PCR and Southern hybridization. Neighbor
protein-coding gene was selected as DNA probe and DIG-labeling was carried out described for the
DIG system. Three genomic DNAs were digested with Mlu 1 or Mlu 1 and Hpa I, respectively, and
Southern hybridization was performed with DIG-labeled DNA probe. Three mutants were cultured
and extracted in the same manner for wild-type strain as described before. Resultant crude extracts
were subsequently filtered and analyzed by LC/PDA (phenomenex Luna 3u C18 (2) 100A 4.6 x 150
mm, 40 °C, from 30 % to 100 % CH;CN-H,O in 30 min., linear gradient, 0.7 mL/min.) and LC/MS
(Chemicals Evaluation and Research Institute, Japan, L-column2 ODS 1.5 x 100 mm, 40 °C, from
30 % to 100 % CH;CN-H,O in 30 min., linear gradient, 0.1 mL/min.).

Characterization of CmiS1 and CmiS2

Construction of plasmids for overexpression of CmiS2

At first cmiS2 gene was amplified by PCR from Cosmid106 with primers GOX_F (5’-AGC GGT
CAT ATG CAC GTG GTC G-3’, bold characters show Nde I site) and GOX_R (5°-TGA AGC
TTG CCG ACG GGA GCA TCG-3’, bold characters show Hind III site). Amplified product was
ligated with EcoR V- BAP-treated pBlueScript II SK (+). Resultant plasmid then digested with Nde |
and BamH 1, and obtained fragment was subsequently ligated with pET28a (+) or pCold I so that
CmiS2 was overexpressed as fusion protein with Hisg-tag at N-terminus. Resultant plasmids were
introduced into E. coli BL21 (DE3) or E. coli Rosetta™ 2 (DE3) pLysS. CmiS2 fused with His¢-tag
at C-terminus was also constructed in the same manner except using the reverse primer GOX_ RCHis
(5°-GAC AAG CTT CCC GGC CGC TGC-3’, bold characters show Hind IIl site) and an expression
vector pET30a (+). In addition, artificial cmiS2 gene, which is optimized for the overexpression in E.
coli strain (a_ cmiS2, a = artificial) was synthesized by Operon Biotechnologies. This a_cmiS2 was
cloned into pET28a (+) using Nde I and Hind I sites. The resultant plasmid named pET28-a_cmiS2
was introduced to E. coli BL21 (DE3) together with a chaperone expression vector pGro7 or pKJE7
(Takara).
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Expression and Purification of CmiS2

E. coli BL21 (DE3) / pET28-a_cmiS2 / pGro7 was grown in LB medium containing 50 pg/mL
kanamycin, 25 ug/mL chloramphenicol, and 0.5 mg/mL L-arabinose. Culture was grown at 37 °C
until ODgpp = 0.6—0.8, then isopropyl-5-D-thiogalactopyranoside (IPTG) and FAD were added to the
culture to give a final concentration of 0.05 mM and 1 ug/mL, respectively. Culture was continued at
37 °C for additional 4—5 hours. The harvested cells were resuspended in a buffer A (50 mM sodium
pyrophosphate, 100 mM NaCl, pH 8.0), and lysed by FRENCH® Press (Thermo IEC, 12,800 psi, 4
times). The debris was removed by centrifugation (11,000 rpm, 10 min.) and obtained supernatant
was applied to a His60 Ni superflow resin (Clontech) equibrated with the same buffer. Unspecifically-
bound protein was washed with the same buffer, subsequently the buffer A containing 50 mM imida-
zole and 2.5 mM ATP. The bound enzyme was eluted with the buffer A containing 300 mM imidazole,
then desalted on PD-10 column and concentrated by Amicon Ultra-4 (EMD Millipore).

(Preparation was also applied in the anaerobic condition in the same manner except that cells were

lysed with sonication under argon.)

Construction of plasmids for overexpression of CmiS1

The gene cmiS1 was amplified by PCR from Cosmid106 with primers FcoT_F (5°-CCG AGC
TCT TGG CAT ATA TGG ATG-3’, bold characters show Sac I site) and FcoT_R (5’-AGT CAA
GCT TTG TCC CAG GC-3’, bold characters show Hind IIl site). Amplified product was ligated with
EcoR V- BAP-treated pBlueScript II SK (+). Resultant plasmid then digested with Sac I and BamH I,
and obtained fragment was subsequently ligated with pCold I so that CmiS1 was overexpressed as
fusion protein with Hisg-tag at N-terminus. Resultant plasmids were introduced into E. coli BL21
(DE3).

Expression and purification of CmiS1

E. coli BL21 (DE3) / pCold I-cmiS1 was grown in LB medium containing 100 pg/mL ampicillin.
Culture was grown at 37 °C until ODggo = 0.6—0.8, then cooled to 4 °C on ice bath. IPTG was added
to the culture to give a final concentration of 0.2 mM. Culture was continued at 15 °C for additional
15-20 hours. The harvested cells were resuspended in a buffer A (50 mM sodium pyrophosphate, 100
mM NaCl, pH 7.0), and lysed by FRENCH® Press (12,800 psi, 3 times). The debris was removed by
centrifugation (11,000 rpm, 10 min.) and obtained supernatant was applied to a His60 Ni superflow
resin equibrated with the same buffer. Unspecifically-bound protein was washed with the same buffer,
subsequently the buffer A containing 50 mM imidazole. The bound enzyme was eluted with the buffer
A containing 300 mM imidazole, then desalted on PD-10 column and concentrated by Amicon Ultra-4

on demand.
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Enzymatic assay of CmiS2

3-Oxononanoyl-SNAC (final 2.5 mM) or 2-nonenoyl-SNAC (final 1 mM) and glycine (5—10 mM)
or NH,Cl (10 mM), and FAD (1 mM) were added to purified CmiS2 solution (5-10 uM, in 50 mM
sodium pyrophosphate, 100 mM sodium chloride, 10 % DMSO), and enzymatic reaction was carried
out at 28 °C, overnight. The reaction was quenched by adding equal volume of acetonitrile, and debris
was removed by centrifugation. Resultant supernatant was concentrated by centrifugal evaporation,
and the residue was dissolved in coupling solution for phenylisothiocyanate (PITC) derivatization
(CH3CN : pyridine : EtsN : HO =10: 5: 2 : 3). Excess PITC was added and the mixture was
incubated at room temperature for 30 min.—1 hour. Resultant solution was dried and the residue was
extracted with ethyl acetate. The extract was washed with acidified water. The organic layer was
then concentrated and the residue was dissolved in 100 uL of acetonitrile. Resultant samples were
analyzed by HPLC/ESI-MS using TOSOH TSK-gel ODS-100V column (2.0 X 150 mm).

Enzymatic assay of CmiS1 and CmiS2

3-Oxononanoly-SNAC (final 2.5 mM) or 2-nonenoyl-SNAC (final 1 mM) and glycine (1-500 mMm)
or NH,Cl (10 mM) were added to purified CmiS1 and CmiS2 solution (20 uM each, in 50 mM sodium
pyrophosphate, 100 mM sodium chloride, 10 % DMSO), and enzymatic reaction was carried out at
15-37 °C, overnight. The reaction was quenched by adding equal volume of acetonitrile, and debris
was removed by centrifugation. Resultant supernatant was concentrated by centrifugal evaporation,
and the residue was dissolved in coupling solution for phenylisothiocyanate (PITC) derivatization
(CH3CN : pyridine : EtsN : HbO =10: 5: 2: 3). Excess PITC was added and the mixture was
incubated at room temperature for 30 min.-1 hour. Resultant solution was dried and the residue was
extracted with ethyl acetate and the extract was washed with acidified water. The organic layer was
then concentrated and the residue was dissolved in 100 uL of acetonitrile and filtered. Resultant
samples were analyzed by HPLC/ESI-MS using TOSOH TSK-gel ODS-100V column (2.0 x 150

mm).

Isolation PTH-derivatized CmiS1 product

CmiS1 was purified following the procedure described above. 2-Nonenoyl-SNAC (10 mg, final 1
mM) and glycine (15 mg, 5 mM) were added to CmiS1 solution (20 uM, in 50 mM sodium pyrophos-
phate, 100 mM sodium chloride, 10 % DMSO), and enzymatic reaction was carried out overnightat
28 °C. The reaction was quenched by adding an equal volume of CH;CN, and the debris was removed
by centrifugation. Resultant supernatant was concentrated in vacuo, and the residue was dissolved in
coupling solution (CH3CN : pyridine : Ets;N : HO =10 : 5 : 2 : 3) for phenylisothiocyanate (PITC)
derivatization. Excess PITC was added and the mixture was incubated at room temperature, overnight.

Resultant solution was dried and the residue was extracted with ethyl acetate and the extract was
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washed with acidified water. The organic layer was then concentrated and the residue was partially
purified by normal phase silica gel column chromatography (CHCI, : CH;OH = 10 : 1). The product
was further purified by medium pressure liquid chromatography using ODS cartridge column (Ya-
mazen) with CH;CN in 50 mM ammonium acetate (32—57 %), resulting in 3-PTH-glycinylnonanoate
(8 mg).

'H-NMR (500 MHz, in CDCl3) §: 7.50-7.29 (m, 5H, Ph), 5.27 (quin, 1H, J = 7.1 Hz), 4.29 (d, 1H,
J=193Hz),4.11 (d, 1H, J = 19.3 Hz), 2.76 (m, 2H) 1.76 (m, 2H) 1.42—-1.25 (m, 6H), 0.89 (t, 3H, J
= 6.9 Hz)

13C-NMR (125 MHz, in CDCl3) 6: 183.2, 173.8, 170.1, 133.1, 129.2, 129.1, 128.5, 53.2, 48.9, 36.4,
32.1,31.6, 28.9, 26.2, 22.5, 14.0

HRMS (FAB-): m/z calcd for C jH,;N,0,S: 347.1429 [M—H]"; found: 347.1427 [M-H]~

Kinetics of CmiS1

CmiS1 was purified following the procedure described above. Various concentration of 2-nonenoyl-
SNAC (10 uMm—1 mM), glycine (200 mM) were mixed in the buffer (50 mM sodium pyrophosphate,
100 mM sodium chloride, 10 % DMSO, pH 8.0) and pre incubated for 10 minutes at 20 °C. After
that, purified CmiS1 was added to the solution to give a final concentration of 0.1 uM and resultant
solutions were incubated for additional 30 minutes, at 20 °C. The reaction was quenched by adding
the equal volume of CH3CN, and 20 mM Elmann’s reagent was added to the resultant each solution
and incubated at room temperature. The absorbance at 412 nm was observed by Shimadzu UV-Vis

spectrometer UV-2450.

Synthesis

3-Oxononanoyl NAC thioester

3-Oxononanoate (100 mg) was dissolved in methylene chloride (5 mL). The solution was cooled to
0 °C with ice bath, and 4-dimethylaminopyridine (7 mg) and N,N’-dicyclohexylcarbodiimide (DCC)
(186 mg) were added. After 210 uL of N-acetylcysteamine was added to the solution, the reaction
solution was allowed to warm to room temperature and stirring was continued for 3.5 hours. The
reaction solution was filtered through a pad of Celite to remove DCU and the filtrate was concentrated
in vacuo. The residue was dissolved in CHCI, and purified by silica gel column chromatography
(CHCI, : acetone = 10 : 1) to give 3-oxononanoyl NAC thirster (19 mg, 12 %).
'"H-NMR (400 MHz, in CDCl3) §: 5.87 (bs; NH), 3.69 (s, 2H), 3.46 (q, 2H, J = 6.3 Hz), 3.09 (t, 2H,
J =63Hz),253(t,2H, J = 7.5 Hz), 1.97 (s, 3H), 1.55 (m, 2H), 1.28 (m, 6H), 0.88 (t, 3H, J = 7.2
Hz)
BC-NMR (125 MHz, in CDCl,) 6: 202.3, 192.4, 170.4, 57.1, 43.4,39.2, 31.5, 31.4, 28.7, 28.6, 23 .4,
22.4,14.0
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2-Nonenoyl NAC thioester

2-Nonenoic acid (781 mg) was dissolved in dried methylene chloride (5 mL). The solution was
cooled to 0 °C with ice bath, and 4-dimethylaminopyridine (DMAP, 122 mg) and a solution of 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI, 4.6 g) dissolved in dried methylene chloride
(1 mL) was added. After 1 hour, N-acetylcysteamine (2.4 mL) was added to the reaction solution
and the solution was sired overnight at room temperature. The reaction was quenched by addition of
aqueous saturated ammonium chloride, and then the mixture was extracted with methylene chloride.
The organic layer was dried over with anhydrous Na,SO, and evaporated to dryness. The crude
product was then purified by silica gel column chromatography (CHCI, : acetone = 6 : 1) to give
2-nonenoyl NAC thioester (320 mg, 25 %).
'"H-NMR (500 MHz, in CDCl3) 6: 6.93 (dt, 1H, J = 15.5, 7.1 Hz), 6.13 (dd, 1H, J = 1.7, 15.5 Hz),
5.89 (bs; 1H), 3.46 (q, 2H, J = 6.2 Hz), 3.09 (t, 2H, J = 6.2 Hz), 2.20 (dq, 2H, J = 1.7, 7.1 Hz), 1.96
(s, 3H), 1.46 (quin, 2H, J = 7.1 Hz), 1.49 (m, 6H), 0.88 (t, 3H, J = 6.9 Hz)
3C-NMR (125 MHz, in CDCl3) §: 190.3, 170.3, 146.7, 128.2,39.7,32.2, 31.5, 28.8, 28.2, 27.8, 23.1,
22.4,14.0
HRMS (FAB+): m/z caled for C,;H,;NO,S: 258.1527 [M+H]*; found: 258.1519 [M+H]"

Phenylthiocarbamate derivative of 3-aminononanoate

3-Aminonanoate (10 mg) was dissolved in the coupling solution (CH;CN : pyridine : Et;N: H,0 =
10:5:2: 3)and 100 uL of phenylisothiocyanate (PITC) was added to the solution. The solution was
stirred at room temperature for 6 hours. After evaporation of the solvent, the residue was dissolved in
ethyl acetate and the solution was washed with diluted hydrochloric acid. The organic layer was dried
over anhydrous Na,SO, and evaporated to dryness. The residue was purified by silica gel column
chromatography (CHCI, : CH;OH = 10 : 1) to give phenylthiocarbamate derivative (4.2 mg).
'H-NMR (500 MHz in CDCl,) §: 7.96 (bs, 1H), 7.38 — 7.17 (m, 5H, Ph), 6.69 (d, 1H, J = 8.6 Hz),
4.78 (bs, 1H), 2.82 (dd, 1H, J = 4.6, 16.5 Hz), 2.64 (dd, 1H, J =4.0, 16.5 Hz), 1.62 (m, 1H), 1.54 (m,
1H), 1.4 — 1.2 (m, 8H), 0.86 (t, 3H, J = 7.2 Hz).
13C-NMR (125 MHz, in CDCI3) 6: 179.6, 176.5, 135.8, 130.1, 127.3, 125.1, 51.8, 37.1, 33.5, 31.6,
28.9, 26.1, 22.5, 14.0.
HRMS (FAB-): m/z calcd for C,(H,;N,0O,S: 307.1480 [M—H]"; found: 307.1490 [M—-H]".
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