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[RAR Y &7 F REREESE (PKS) IZB T 5EY 2 — VRIPKS 13K U 7 F R KRR D iR HZ B TR
2B Y | 1 BORFEHEMEICEHDAMBE NA A > OFELFV THLHEY 22— A0 1 DU L
Wi TmERA VRV ETHD, Y 2— M PKS DKISIZBWT, T Xy VT X 7E
(ACP) |ZHEA L2 Y 7 F RHEAICH L TE Y 2 — L INOFMEE R A A BN 2 EEHRK
S A L7121, IRDEY 2 — WA Y 7 F RHREEZZITEST Z L2 0iIRTZ & TRY &7
F REMPE LTV, NEHOEY 2— LT FEHEEE (KSN) FAA id, TORIOEY
2 —/L D ACPx 22 B AR U & F RHIERZ s Cys BICZ T 72 %I, BV 2 —/LAD v 1
AERRAR-ACPN & ORI THURIEZ LD 7 T A4 B U AE A RS Z lit§ %, KS R A A 3K FHE-
REFEDTE S A+ 2721 T B 2 — VIEBHIEZHE 5 L EZ 2 55 Rl B 2 1
Y ThDH, LL, BV 2 — VAEEHIEICED S & B 2 Hitd ACPy—KSy MM AAER OFERM & |
ERIE 2 D 7 T A B MG ORUSHERIIRII TH 5, £ 2 TR TR, Y2 —VIEE
FHEICB D KS AL DT L VEEB S OfRHT & | RIS TR O SOSHRERFEINC [ <o
N R R UREREE R (KSq K A A V) ORSHERSERINT 21T > 7=,
1.KS FAAL vV DEY 2—/VIRT INVEEBRISCBE D % Z 37 BRMEIER O

KSx FAA % ACPny MO DHRY 7 F FfliE 2T D 2 & TEY 2 —/LOJIEHE Z il
LTWbEEZBND, N-I,NEETY 22— /LI DOBER MBI % DR Y XTF RIS T
AL BV 2= VT UNVEEBRIGIZIE Ry X7 KA A 2 (DD) BOMEEHNEZECTHD L
WD B E S © 78  ACPN—KSN [HIFR BAEH O B EEM: A2 7~ L72WFZEI3— Bl D 7 Th ) — ik
NHAENRATH -T2, FZTID2ODHF L XIEMMAERANEY 2 — V7T VIR K
IS G R DA T 5720, UAEYWE =2 F  OAGKICEPD 2 EY =2 —/L 8 PKS
VinP2 E¥ 2 —/L 4 D KS (KSs) RNAA U ZHERERENT OXI5: L L7z, VinP2 KSs R A A I3 VinP1
EY 2=/ 3D ACP(ACP;) 22HAR Y 7 F FHAZITID & & 2 b, VinP2KSs KA A 3% D
N K2 K>y %27 KA A > NDDy %, VinPl ACP; 1X C Kl Ky &> 7 KA A CDD; & %4
ZhAET 5, £, VinPl ACP;CDD; 2> 5 VinP2 NDDyKSy K A A L ~D T 3V EbnfS NG O H
R T,

B = A FUAEARRIZEBWT VinP2 KSy KA A VINZITHD AR Y 75 RpEEE L 7=5 7
U URENET VL L, F 27U 1-VinP1 ACP;CDD; 5 VinP2 NDD4KSs ~D 7 3V E#rfs
IR Z LN TE 2, VinP2 NDDyKSs DT S VIR SOSIZR1T D & 87 B A BAE
[ZOWTCEIMd 25 728, VinP1 ACP;CDDs @ CDDs %72 < L7z & /37 B2 ACP ¥y o€




2—/VDACPIZEZT-F AT EZ NI ETT VNI G 2 I T2, & DfE B VinP2 NDD4K S,
1% CDDs & K\ = F 7' U L-VinP1l ACP; /BT VA Z TS ACP 2 Z X 1% A T # X
7B THF 27 Y L-VinP1 ACPsCDDs & FL A TRIBIZ T SV EIRRBIEEIME T L7z, Z40H DOFER
1L VinP2 KSy KA A > DT VIR EIZH 0T, VinP1 CDD;-VinP2 NDD, [EfH A.{EA & VinP1
ACP3-VinP2KSy FAA VEMHAFEHOEL L b HETH L Z LA R-ET D, TV 2—/LHT Vb
KRNI T 2 2 X7 BRI EAER OBEMEZ R LIz O ®EH] & RFEOR R & &b
B, RICE Y 22— VT DIV SOSITIE 2 2D X o ERIFEEAER Td 5. ACPN1—KSn
RAA I EAERF X CDDN-NDDN HIHAA/EANBEE TH L Z 2R T2 LN TE T,

2. 7 METREBERIRBLIRBBEER (KSq) N A A v OMREREIEMT

KSq RAA UIXKS RAAL &7 X W—REHNOEWFE—MEE2H T 25 H OO EL Cys 73
Gln IZEZ D> TEY, KS NAA VLSS D 5 H O~ 1 U ERERIR-ACP O it S D F
IS % & PRI ATV, UAFIEE T, HUAEYE FD-891 OAGRICEAD L EY 2 — Ll
PKS GfSAKSq N A A >3~ 1 =/L-GfSAACPL DREEIEME 245 2 L #BH G E LTV,
Z D SRR & SR IR CTH - 72728 GISA KSq R A A > OBEREREEMEATICHL D Fi
ATZ, GISAKSq R A A > @ X Bl it G MR 2 it L7 R, RE O~ U 77 A U FF
TATNERERL L T2 Y ATy RBEEFDICHES L@ A RS OWREICKH Liz, 2OV AT K
DFEEHEREZ & &1 GISAKSe RA A VORI Z LT O L 9O ITHEE LTc, WEO~ v VT A
T AT VERSYIE GIn197, His332, Thr334, Thr336, His370 & O/KFEFEAIZ L 0 BURERIZE L 7= FLE T
EE S, BURESOGME S NS, AU/ 7 — M Thr334 & Thr336 OISKERIL & Dk
O CLELSI, His332 Mo 7' r a8 H) ZETEBME D, KS RAAL U TiE, Zhb
72 BRFEILD H B KS il L Cys NE &b 572 GInl97 ZFRWTETRESNTEY . AH
T I RS L L L7 T KS R A A v OBURESERE A S5 2 E R RIBI NS,
RICHE ~ 1 =/1-GfsA ACPL D ACPL /3 I 2 BEEFEIC OW TS 72, GfSA KSq F A
A V—ACPL 7 0 R Y v VB EROMEET R ATz, 7o T BT AN TTA 0TI R a—
7 CIEST L7z crypto-GfsA ACPL & GfSA KSq KA A > ® Q197C AR AR % NG S TH L=
0 AU 27 EAIROGERREEMATIC KT L, GfsA ACPy (3% ® Helix 2 & Loop 1 7% GfsA KSq R #
AVBLO KSo- itz RAA IO U —fEIR EFEAAERT 5 2 & TR ESND Z LIRS
nie,

LA EABFFE T, VinP2 KSs R A A OBEREMHTIZ LV £ 2 — L] 7 SOV R ROSIZ BT 5
H R G EAER OBEEM 2R Lz, & 512 GfsAKSq B A A > ORSREREEfATIC L 0 2k
BRI A SIS L, KS RAA A HlT 2 L MR S D HEESUGHEE 2RV LT, 2h
HOHLITEY 2 — /L PKS KS KA A VORI EREMIICEN I EERMA L DB XD
N5,
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Type I polyketide synthases (PKSs) are comprised of multiple modules, each of which contains a set
of catalytic domains for one round of polyketide chain elongation. The ketosynthase (KS) domain is
the primary domain responsible for controlling module order through intermodular transacylation
reaction and catalyzing decarboxylative Claisen-like condensation reaction to form carbon-carbon
bonds. However, the details of module order mechanism and reaction mechanism of decarboxylative
Claisen-like condensation remain to be elucidated. In this study, for elucidation of the function of KS
domain, we analyzed protein-protein interactions involved in the intermodular transacylation reaction,
and analyzed the function of the ketosynthase-like decarboxylase (KSq) domain to clarify the
mechanism of decarboxylation process in reactions catalyzed by KS domain.

Protein-protein interactions in the intermodular transacylation reaction were analyzed for VinP2
module KS (KS4) domain involved in vicenistatin biosynthesis. Analysis of the VinP2 KS4 domain
revealed that it preferentially receives acyl groups from the VinP1 ACP3; among the multiple ACPs
present during vicenistatin biosynthesis. This suggests that the protein-protein interaction between
ACP-KS is important for the regulation of module order in type [ PKSs.

KSq domains have high amino acid sequence identity with KS domains, but are expected to catalyze
only the decarboxylation process because it lacks one of the catalytic residues. Therefore, we
performed a functional analysis of the modular PKS GfsA KSq domain involved in the biosynthesis of
FD-891. X-ray crystallography of GfsA KSq domain revealed a complex structure with a ligand
mimicking the malonyl pantetheine thioester moiety of the substrate, malonyl-GfsA ACP.. Based on
this structure, we proposed a reaction mechanism for the GfsA KSq domain. The amino acid residues
involved in this putative mechanism are conserved in KS domains. This suggests that the
decarboxylation of KS domains is catalyzed in the same mechanism as that of the GfsA KSq domain.

In conclusion, this study demonstrated the importance of protein-protein interactions in the
intermodular transacylation reaction catalyzed by the KS domain and proposed a new mode of
mechanism for the decarboxylation process.
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