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Abstract: Plant type 111 polyketide synthase (PKS) generates backbones of a variety of plant secondary metabo lites with
diverse functions, and has long been models to elucidate the relationship between the three-dimensional structure and
function. More than 80 type Il PKS crystal structures with different functions have been reported in Protein Data Bank,
including the crystal structures of the well-studied Chalcone Synthase of plant type 111 PKS, as well as the 6 other kinds of
PKSs in the family, which are critical for understanding the structural basis for diverse starter molecule selectivity,
polyketide chain length and the cyclization reaction. Structure-based analysis and site-directed mutagenesis are foundation
for the investigation of enzyme engineering, genetic and metabolic engineering. This review summarized 7 plant-specific

type 111 PKS in the aspects of their crystal structures and functions.
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Fig. 1 Sequence alignment of CHS superfamily type Il PKSs. The catalytic triad (Cys164, His303, and Asn336),
and the critical residues lining the active-site cavity (Thrl32, Ser133, Thr194, Thr197, Phe215, Gly256, Phe265,
Asn336, Ser338) are marked and numbered in M. sativa CHS2.
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Table1 Summary of three-dimensional structures of plant type 111 PKSs

Name Species Apo/Complex PDB Code  References

CHS Medicago sativa Apo 1BI5 [4]
Coenzyme A 1BQ6 [4]

Naringenin 1CGK [4]

Resveratrol 1CGZ [4]

Hexanoyl-CoA 1CHW [4]

Malonyl-CoA 1CML [4]

C164A, apo 1D6F [6]

N336A, Coenzyme A 1D6H [6]

H303Q, apo 1D6I [6]

G256A, apo 1186 [5]

G256V, apo 1188 [6]

G2561, apo 1189 [6]

G256F, apo 118B [6]

F215S, apo 1IWX [7]

STS-like 18 sites mutant, apo 1Uov [9]

STS-like 18 sites mutant, resveratrol 1UoW [9]

2-PS Gerbera hybrid cultivar Acetoacetyl-CoA 1EEOQ [8]
Apo 1QLV [8]

STS Pinus sylvestris Apo 1U0U [9]
Indol-3-yl pyruvic acid 1XES N/A
Methylmalonyl CoA IXET N/A

Arachis hypogaea Apo 1Z1E [11]

Resveratrol 1Z1F [11]

PCS Aloe arborescens Coenzyme A 2D3M [24]
M207G, apo 2D51 [24]

M207G, CoA 2D52 [24]

BAS Rheum palmatum Apo 3A5Q [17]
4-Coumaroyl-primed monoketide intermediate 3A5R [17]

1207L/L208F, apo 3A5S [17]

CuUs Oryza sativa Apo 3ALE [33]
Apo 30IT [34]

CURS1 Curcuma longa Malonic acid and ethylene glycol 30V2 [35]
G211F, malonic acid 30V3 [35]
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Fig. 2 Comparison of the reactions and products of divergent plant type 111 PKSs.
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Fig. 3 Enzyme reaction, overall structure and detailed active site cavity structure of M. sativa CHS2. (A) The overall
three-dimensional structure of the CHS2 homodimer. The monomers are colored in orange and grey. The catalytic triad
(Cys164, His303, and Asn336), and Met137 are shown as blue stick models. (B) Detailed structures of the active-site
cavity. The side chains of Thr132, Ser133, Thr194, Thr197, Phe215, Gly256, Phe265, Ser338, Pro375 are shown as
stick models with carbons in green; Naringenin is shown as yellow stick models.
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Fig. 4 Comparison of the active site cavities of type 111 PKSs. (A) CHS. (B) 2-PS. (C) STS. (D) BAS. (E) PCS. (F) PCS
M207G mutant. (G) CUS. (H) CURSL1. The catalytic triads (Cys-His-Asn) are shown as stick models with carbons in
yellow. The side chains of critical active site residues are shown as green stick models, with exception of all Glycines
shown as main chains. Active water molecules are shown as red dots.
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IR B AT, TS AR F 2 S R

BAS [ Phe258 %I )i T M. sativa CHS2 f#4[ ]
1344 W% Phe265, 5 M. sativa CHS2 45440 H L
&S S INSER Leu208 FHIE BB KA EAEH . A
AT B2 LR Leu208 i1 Phe258 A4 52 A5 4k 53
T BAS WEPEERIA LYKl M. sativa CHS2 £
IS, U T HRY B —1

i F Thr123 (% M. sativa CHS2 %) Thr132)
TE BAS ™ Leu FITHUR, 454 rh A AA7ERA
STS MHIZE Thri32 FEA%IK 43T B S5
2, MSEAEAE TS Hb— AL B AR B K 4
¥, 5 Cys-His-Asn fiiifk = BRAARTE B S 5 P 2% .
HEB BAS SR T —FP X 5 F CHS 1 STS B4
A AL AIL TR A 7 i 45 6 v () A 1 e T 22 0 e
iR N, B His296 (X1 T M. sativa CHS2
i) His303) &M TGk i K o1 AT T
FEAE B-ERRR , IR TIIR T Co-Cy AR H
FEPITR

Ao TAEE R#ME T EFR
(Polygonaceae) 41584 Polygonum cuspidatum
Sieb. et Zucc. ) 1> BAS (PcPKS2) #il 1 1 HA
CHS #1 BAS {h 1ML fERE (PcPKS1), 7
PcPKS2 H Phe215 Fl Phe265 XU ik4E, 4374k
Leu #1 Cys HfX., F3SRMAGE By EANTE 2 A% T v
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LA BEAR A2 R, A5 HRE 2, PCPKS1 fEfH]
EH Al A B0 B 2R 2 7R R AN 2RI F LR, i L
HARLIEE . RS —1ES pH AP0, S 4%,
PcPKS1 IR e BAS W1, HAEfbax
(Kea!Km) 43 % Rp BAS Fll PcPKS2 1 1.5 A1 70
0, fE PcPKSL1 J¥%i, X CHS JF5il
Phe215 F1 Phe265 fR~F/71E, Fil/n PCPKS1 ik
FHDC T HA BAS AYHRF 5 1Y B 22U IR 3 91 i
EH BAS ifitE . T B PcPKS1 45 CHS/BAS
TR BAS 1M L5 SR> THLEE, £
X} PCPKS1 Fll PCPKS2 [ 28745 Fll b AR S5 ¥4 i A T
YEIEAESEA T

35 EEZRSE (CUS) MEHERSE 1
(CURSY)

LWR LB F LSy, HHMRNES
B i TSR R 2 A s s
TE T B B 5% 4 RE AR B T R R AS ] A9 A
b2 3 2 4 ALY /K RS CUS RN CURSL # ik
é;':[—_;*@ [33-35] .

351 LHEEAFM (CUS)

JK#E Oryza sativa CUS b ] 43 (1 75 1k
WG A F—2> T8 RS A 5O
A L2215 % (Bisdemethoxycurcumin) it S
Bk (Diarylheptanoid) Ce-Co-Co B 4281, Morita
AR O. Sativa CUS iRk i 5 B A2 7Y
I PKS AyRERZEH AR AL, LB apaBa HT
B [, IR R A MR A R A
A1 R ERTEE LS (K] 4G). T RAYTEYE
AT R LAY Co-Co BRI 1 43§10 ELIEER
TCo BEZEG i (B R Bt i S ORI 22 7™ 26 7 Sk W
fii#R (4-coumaroyldiketide acid), ZJ&7EH T ZE
KA 4R h i TR 2R 5 2 ST A G

YRGS, mELXZHRREZER
(Bisdemethoxycurcumin) ., Ji& F 2% #4) 19 52 s R A8
M265L Fl G274F (XF 1. T M. sativa CHS2 J¥ 51 f#)
G256 Fll F265) REMEIBIRY = —E, #x
4-hydroxyphenylpropionyl-CoA fE A th &Y r=
= Tetrahydrobisdemethoxycurcumin,

Miyazono 55 JL°F [a] i 1E T 7K A% CUS 1Y%
H, FEREHA I RIS TR, cus R Y
XA K AT LM Phe274 (KR M.
sativa CHS2 Phe 265) #% Gly iR, 1M
IRTROIEE B Cys174 R0k 15 A, UKW E
Ik R R A A SIS
352 LHAFM 1 (CURS])

2 Curcuma longa 5K 51 1 (CURS1)
Je Ty AP 2 R A BN K TG0, 5 CUS
HAT 2y 459% 14 751 ] — R0 72 2 I B i A
4T (Diketide-CoA Synthase, DCS) #l CURS1
() I AR, T MU A FE X PR 20 I < i T A
(Feruloyl-CoA) HIPS Ptk A iE1T =346 58
M2 TE K Ce-Cr-Co B 28 . 7E CURSL HAMAEAERT,
AE LUK 9 35 1 R B i 2 37 Ak 6
LWENTHY. BRT CURSL 4b, 1E%£H i
TEAE TS AN T 2% 5 Z A3 CURS2 Ml CURS3M™,

C. longa CURSL () 2.32 A SiA&st b 7%
TR A 2 A — IR K R (P
4H), eSS i T G211F 7848 REM K b f%
IREE AL, 78 2.5 A SikgE b R T
ANBUKERE Phe 211 (MIEE &8 . A= fomif ot 2= 9
CURS1 HA# A& —1, i A CURSL
1 B~ 2 (8] () K A B AE XS T CURSL #1
B A LA R YA L, L, 4t
HY B A5 7K I T RE £ 5T CURSL il B-Filil /iR (6] AH

cjb@im.ac.cn



http://www.dictall.com/indu/061/0609295A9E6.htm
http://www.dictall.com/indu/061/0609295A9E6.htm
http://www.dictall.com/indu/296/29590788F84.htm
http://www.dictall.com/indu/296/29590788F84.htm
http://www.dictall.com/indu/061/0609295A9E6.htm

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech

January 25,2012 \ol.28 No.1

YRR, i p-BRFR LA REAE A 25 i A CURSL i
AL AT BN

4 RERRE

HYIZERI PKS JEAEYIREL S Y Y&
RS, BAT RIS R R —1k . BEAE
AR A ] B PR B S AIL ] o S A JHE = 2 2 ) 245
. XIS PO R TR AN AT, LAk
TR HRAE AR BT A T T AR | SE A
TREIERL LT A 0T BuE AU B R
AEMERLEYNERD T, LaEeAn
BRI . FEYZEBII PKS 254 SIRERTSE
AMLEAT BSOS, REIL S PR 4 20
AP T TR DR AE T, BEX LSS H S REWT T B B
PR R R AR 2 ML
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