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Plant-specific type III polyketide synthase superfamily:
gene structure, function and metabolistes
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Abstract: Plant-specific type III polyketide synthase (PKS) produces a variety of plant secondary metabolites with notable
structural diversity and biological activity. So far 14 plant-specific type III PKS have been identified according to their enzymatic
products, and the corresponding genes have been cloned and characterized. The differences among the various PKS are mainly in
their substrate specificities, the number of their condensation reactions, and the type of ring closure of their products. However,
numerous studies have revealed the common features among the plant-specific type III PKS, which include sequence homology,
similar gene structure, conserved amino acid residues in the reaction center, enzymatic characteristics and reaction mechanism. We
briefly reviewed 14 plant-specific type III PKS to better understand genetic and metabolic engineering of plant-specific type III PKS.
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BEIZALAGY) (Polyketide, PK) JEh 4 . B
PR IR B A A 7 ) — R A AR,
TR RN . UIRRIE, B REEE.
fp2s . BRI EMAEYE . HTAEYE R

e RIS 282, i R EL & Yy e o 145
PR R B 2%, NI iR &5 W) B 35 2 0

ORESE /RS TR O 7 a2t 7/ B SN IVE- TR e/ P9 Dk i
TRZEGUERM— LRI Y) Pimey . Rl
il Bl P (11197 N s WEZI A E L OEA R = N It B 2 = S
fERE R . MMER . FER . BT . FK506,
HINERFEEIUER, DAY 8 FH BT 3
MEMEAER . BARHRENE FXAZEY. M
VR GY) TR . R EE
Y5, K, KRG RABUME . O R
P BLAMTIEERY ., BET, CRIETREL A2y
Y EAER B AT B 100 1256TT,

R G BEARFRE L | S5 EE, HHAE
WEMAEEILH, ¥ RS TS
(Polyketide synthase, PKS) f#fb& . HHi LMY
PKS KAk Enl 432 3 28 181 PKS & LIRHOE 7
TEMZIIRERE, B—BEH —BlAr . FEk
AL D RE S, FEAMEAL G IR AR . R
K REERALEY); 1A PKS B &0 —4n] E & ff H
HITMZME A, FEMETEREmS YR
AWA R, T RURTIT B PKS FEAFAE T+
11 % PKS J& T4 /Kl -5 Wi (Chalcone synthase,
CHS) (EC 2.3.1.74) 2§, FEAFETHYMMEH,
SRR AT R IR RSO A, FEATTER
RO T B 2 WL A A A . AR E
FLEF XA ST 11T PKS 8 S0 56 N 2544 | D AR
AT 43T

1 A4 XA I PKS Xk i R

CHS i /276 TAEY) o 1972 4%, CHS Ak
POV 345 0 B VK I T A B 3R P e e B
1983 4R F 1> CHS [WFEE 3 51 AR g e e ), 1
Kyt bt e, CHS JENAEA MY & % 4
TR B R AL, SEES B IEHA
TR BOR [R) Fk v ) CHS 5 L, FRTERR 4y

TR A B CHS 5 A0 i i 2 8 10
R BE RN R k) 28 CHS (CHS-Like)”
SR, RSB EER AL . THABAROG . (0 FRak A K
Gt 7 UL R AT — E 22 SR SR 2 T —
R 5 TR R e —— 2 IR i 5 g L R B 2K 1% (Chaleone
synthase superfamily), XFRAFEYZEAY 111 PKS A
B )% (Plant-specific type III polyketide synthase
superfamily),

Hili, CaNEEE, . Ry
ST 14 PR TIT PKS S . XS] PKS
1 22 500 FEZAR AL R R ISP R Rk . A0S ROV IR B
CRIEE TR L) LAKG™ W6 Wi i FH AN [R] 304k
JraA, X2 PKS MAFR . L =Uk 1. LAl
W ZEAY 11T PKS AN RGE K F b a5 R W,
HIPIZERY T PKS M 586 R3S, BT Myl 1y
s, B RAEYITT R CHSs FLIRE R ALy 2R Y
111 PKS (CHS-like) 454 iyt sz o2 e (181 1O,

) XA MIPKS MEKEEHEH

YA 1T PKS A R AL 51 A1 24t
FIRRIE, FZAFESER S50 . PRI . &M
O A DA RS [ A A AR AL 507 PR S
K| 25 A6 2 v SR I 2R B 11T PKS 1Y — AN LR RAE . 5
MY BT DM THEY) b R—A R
W4 ¥ Antirrhinum majus CHS (AMCHS) &4 2
AHNEF (Intron) FM7, Y24 20 S4ERFFEH, Fif
I BB 1T PKS BE & A 1D NE T HiZN S
Fpr BARSFRS ) 4B AMCHS BiASW &, 4
— W& T E S AL AE, BN T
% A4NEF (Exon) PIEB, Sommer F1 Saedler!”
HEMSE — N & F IR A8 & 0 X — W R OP 15 375
(o SR AR B 22 W I 58 9F R X AMCHS 1)
Feik . Rk K AMCHS B§2prEfr, HikThfE
VE#E— LA 5T, WA 4 10 B AR R} s il
Py 28 B 111 PKS 8 53 0% He b A 53 5 P 285 449 5 T 1)
A .

AR, TERAN T/ 2 ~8F 3 PNE T
HYZERY 11T PKS FEIH (PcPKSI, %4 250 % & M HEDT
F8UE B H G 5% 7 W O A WU TG PR CHS
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Table 1 Plant-specific type III polyketide synthase superfamily
Number 9f Type of ring
Name Start substrate condensation Product Reference
reaction closure

Chalcone synthase (CHS) p-Coumaroyl-CoA 3 Claisen Naringenin chalcone [2]
Benzalacetone synthase (BAS) p-Coumaroyl-CoA 1 No p-Hydroxybenzalacetone [17]
g ;icdos;lletlli(;:é t(réz}rc:tsla: p-Coumaroyl-CoA 3 Lactone Tetraketide lactone [18]
Stilbene synthase (STS) p-Coumaroyl-CoA 3 Aldol Stilbene [20]
Bibenzyl synthase (BBS) dihydro-m-Coumaroyl-CoA 3 Aldol 3,3'5-Trihydroxybibenzyl [27]
f;ﬂ?;;szc?g?r%(g;ate dihydro-p-Coumaroyl-CoA 3 dAelc(:iz(t)rlb(o‘Z](i;ilaot?;n) 5-Hydroxylunularic acid [29]
Acridone synthase (ACS) n-Methyanthranioyl-CoA 3 Claisen Acridone [30]
Benzophenone synthase (BPS) Benzoyl-CoA 3 Claisen Benzophenone [34]
Biphenyl synthase (BIS) Benzoyl-CoA 3 Aldol Biphenyl [35]
2-Pyrone synthase (2PS) Acetyl-CoA 2 Lactone Pyrone [38]
Aloesone synthase (ALS) Acetyl-CoA 6 Aldol Aloesone [15]

Isovaleryl-CoA and

Valerophenone synthase (VPS) Tsobutyryl-CoA

Pentaketide chromone
synthase (PCS)

Octaketides synthase (OKS)

Malonyl-CoA

Malonyl-CoA

Phlorisovalerophenone
3 Claisen and [42]
Phlorisobutyrophenone
5,7-dihydroxy-2-methylch
romone

SEK4 and SEK4b [44]

4 Claisen [43]

7 Claisen

PcPKS2, Z5st 3 BN e g it 7 1) Ry 42 30 Y BE 9 T
4 fiff, Benzalacetone synthase, BAS) #H 4k M &L
Polygonum cuspidatum Sieb. et Zucc HRE B FILE
SE, 3 AWETFAE LR 2 AL R AR A B e 4
PRApPI, 5 PePKSI Fil PcPKS2 W5 T 2 ML, 4
¥ AMCHS 55 />N & T 148 AL B AR R SE
MRTRE B T — AL PePKST Fl PcPKS2 1 3
AT Z A B AR RLED 724
1k, CHS J& & S ra iy vh e L [ A oA de )iz iy 2 Al
I PKS, A E &3 RS uE a2 5 111 PKS
R GEHALE R (CHS-like) #kAF CHS J " iZE
G fE 728 2, bR T PcPKSI Fll PcPKS2,
AT — 20 TAE R B P E— & 1~2
AN R B AE ) 25 Y 1T PKS BRI K0 o FL
A fE— N A CHS HEP (EU647246). —4
HNE T CHS-like JE[H (DQ459349), —ANXUN &
T CHS-like %[ (EU647245), *% &3] PcPKSI Hl
PcPKS2 3N & FIRFIBANLE U R G L F 5
Brasi (1), FATEN R PcPKS2 AT W] RE
W AR EE FEN—A 3 W& F CHS
(PcPKST) #EALTA, BAAEY) b, B — I 5%
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W R I T R 111 PKS 8 22 TG ik i) B DR 2544
R AE Y /N ST Physcomitrella patens R E W)
19 KA 11 PKS B, H 6 PAETNE T, 4
NER VNS T nRAR RS A 20 &0,
HEHY) KRATE 4.5 ACHFAT NGRS R RS b 4y
B ok U PRI 28 TIT PSS F TF 4 19 3 K 25 4 75
AEAD R GAEAR D) DA AAAER) o FHY) BB IE &
(B-ketoacyl synthases, KS) # i\ Ry 22 A 111
PKS M5, KRG B e 75 B 7E L2 1% XA
SNEFI, BT, A R T PKS SEH N & T
IRE T M HIE o SR —LEBEIE R, AT
MR HE D E A TER R, GmeedEsk, MR
A1 I PKS Y G165 B 53 AN A& R 4 v e 5, (H
X I R B R 1) B R A A A IR 2 B2/ A2
A 1T PKS 7EHEP A K 52 2% iyt Ak 22 A i A7 ]
RE S AN W35 N ™ A B A ) R s e 215 5 i 4
Heo PURCARE I 09 3 T 2540 Al A AT BE A7 AE TR 4L
E A2 B E MR 1T PKS SR HA AL 7
(CHS-like) FEPH, iE—20 1) TAET 2 M I AR ) 2%
B M1 PKS Z N & 1R S50 78 & SR v (0 3 A
AR



5 R IREATHRSORIER S . IR AR

1485

—— Vitis vinifera STS E

23
10 72

13

—126 59

ii 3 Ruta graveolens ACS
1|5—|E Sorbus aucuparia BIS

— Humulus Tupuhus

Rheum palmatum ALS
Gerbera hybrid 2-PS
Bromheadia finlaysoniana BBS

Hypericum ‘}%’eqrforatum BPS

Hydrangea macrophylla STCS
[ydrangea macrophylla CTAS

100 Arachis hypogaea SIS =~ .

L [89 Polygonum cuspidatum PcPKS2
Medicago sativa CHS2 Rheum palmatum BAS -
Glycine max CHS1

Humulus lupulus CHS2

CHS-like proteins

,—‘ 36  [——— Hydrangea macrophylla CHS
L | 64 > H)%Jej_‘icum alrgz rosaemum CHS

10

)

—135

.
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1
B S R 775% DL ICRK [10])
Fig. 1

48 Camellia sinensis CHS2
27 Sorbus aucuparia CHS
65 Rubus idaeus CHS i
100 ez Rubus idaeus RiPKS4
- 1’2 00000
2 Ipomoea nil CHS . .
20 =R Antirrhinum majus CH§‘"0

[ ISP ; SRR X e
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5 ==———— Vitis vinifera CHS
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6 Arabidopsis thaliana CHS

o Brombhe adia finlavsoniana CHS3

W Zeamays CHS -

77 Pinus sylvestrls STS .
4|:|WL Pinus sylvestris CHS

Picea mariana CHS

{Equisetum arvense CHS
39 Psilotum nudum CHS
i Psilotum nudum STS

Amvcolatonsis mediterranei DneA
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voonim o1
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L

EYMEE M PKS BREMRARAZLESNER (UAELEE NI PKS A5 KR, BTRRLAESTHEERFT

Neighbor-joining tree of type 111 PKS. Numbers at the forks are bootstrap values from 100 replicates. Four bacterial type III

PKS were used to root the tree. The accession numbers used in the analysis were as previously described !'%.

3 A4 £ R NI PKS A8 %k B o 66 Lok A
R 4

FEY)ZEAY 11 PKS M8 0% 0 IE ) e 15 A Ak
PURIEER 2%, FERMAE 3 ANJriE: — KR
HOARN TR A AN F Y 32778 s R AR 2 W
HA AR R S8z iR G R R e s =R RS EEAE
JREHT, 2377 A A 2 R i R B ) —— &I
Y, n 2 04 A N TS M B - b ) AR R R
Bisnoryangonin (BNY), 3 2454 [ b T s - v (1] 44
| ;=#) 4-Coumaroyltriaceticacid lactone (CTAL), 7F
FRE ST, B YR A St -y n .
TEY) R &) E 2 AE 2K . R LA KRBT
eEWaE. Hrb, KA RIS WA G &
FEHLHI A IIEG, (A0 LUE 2 R AEY 257 11T PKS

TE R R A Y AE W6 BUE b R AT 36 B Ry R
M, g B E W EEA T T R AR
WRARAE 0], AEY) R & W A 6 LR AR Y G B
it FBR A . A E B AR O AR A T, A
R G LI A WERE Y R | Bk 55
P . TR . R A DL AR R S R
Z 8] B AR B A5 00 1 7 AT i 4 B AR o
ke

HLHZE AL 1L PKS M5, H AT e b g )
2 A oK I A B, HfEfb ok B ZBEHT R A
(Malonyl-CoA) (Z&# III PKS “#EfH” JEH)) 3 4
SRS AT 3 1 L0 4 5 ROV HE R 4-7 K2 ISE A T
A (p-Coumaroyl-CoA) (Z5#4 111 PKS “JE15” JKY)) 7
F b, ZJaEiE 3k (Claisen) BIIRAL W A= 15
TR A Y i Z 45 /R (Naringenin chalcone),
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HoWZmmE & WA TR (R 2)27, 253
B A & H) T IZAFTE TR St TERIR N 24K
oy LB A B S dz A A7 SR A6 I
BB YIRS, JRAEARY) 5 P50 A AR ] v ke B2
ERT, piIk%srge (UV) #i65. diide, b .
i SR AR T AR, AR ST A SRR
A OREATTAE Y (RIS HEHR 105 ) X A A i R
TRIATT B B R,

TR 111 PKS B R R R /2 3 F 2= 0
40~45 kDa K /NI I 3L A A AY [R) 7 — R T A
M5k Cys164. His303 Fl Asn336, X 3 MEMYE
B M1 PKS #8505 4o X P57 i S SR PR AL Al T %28
Tt 35 P oty (R TP L) R IG IR o T4
G AR R AR R ST . AL B A
Medicago sativa CHS AR S5 ¥4 FI e 15 5878 T 55 45
SeAE7R T CHS i fbh B2 2 A IR B Y UL i Ak 7
1) BB TENMT Cysled fiifi; 2) N _BE-CoA
AR AE L TE-CoA; 3) REL G WHE I Ir it fil; 4)
TR - R fR-CHS & AW 56 ML A 161,
Ak, CHS WG AL iR 345 Val98 | Thr132. Serl33.
Met137. Gly163. Thr194. Gly211, Gly216, 1le254.
Ser338. Pro375, LIM CHS “[ " 2 JEM2 Phe2l5
il Phe265™, MM 11 PKS H M Ho A A 53 ity
(CHS-Like) HIRERY Z LK H E A EE—CHS %
PEOL R/ N , X 2o/ INE AR Bl kAR T R IR A Y
TEREME | HEAE AR 1K BRI AL (% 1. 1 2),
31 FTBRERIESE (BAS)

A H LN ER A (BAS) fdi 5 CHS AH R )
W), B AAFEAR K22 5% . M K3 Rheum
palmatum BAS — 103 R¢ fiJ2 Phe2l5 (M. sativa
CHS U7 )8 Leu BUR, & s 5B TR ZE /TN, X
AN E BB T BAS TH LT, %
fL ' F Phe B, Bl R ERIEE 1Y 4E (H7E L TR b
A B B 4TI (% 1. &1 2)M%), Austin Al Noel™
TAA CHS “I']J 10”7 Phe, Phe215 Fll Phe265 W] HEI Y
KA PKS IHPEN s 55 A (CoA) ZiHHIEZ
[ 1y 25 (R 4544 o FRATRIAFFEIESE , PePKS2 [Al#E & —
A~ BAS, Fillkf/E, Phe215 Fl Phe265 7£ PcPKS2
HOBOWERG , 4359 Leu #1 Cys BUG, SFHOREIHE
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(19 42 i 7E AT v I B B4R AT 285 (181 2)P)0 50—
AR A BRI R A AR AT, &)
I RRGEKE B £W, PcPKS1 & —A> St Al i
CHS, #Rifi, UifempgrrtraiRE R PcPKSI J&
—/NEBHEA CHS Al BAS 3R XL AERE, H
PcPKS1 Yy BAS I P fi fb 50 % (Kcat/Km) It
PcPKS2 & 70 {51!, BAS 7t dt H A7 55 %2 25 BAf i
—RINIRT L5 (Phenylbutanoids) M H AT
VIR Co—Cy 3 T B AT I HA R EA IR, HAT
XS T LE R AL B W) T2 B ALAE B P AR TG AL
= W A R % B
(Gingerol) F1Zi% (Curcumin)!'™, LK 7 4 158
H— b RE B9 D7 A W) BB T B (Raspberry
ketone)!'”),

32 4-BEBHBEASEE (CTAS)

J\IIAE Hydrangea macrophylla var. thunbergii
A-F G WEH R & B (p-Coumaroyl triacetic acid
synthase, CTAS) ik 4-F G HLHHHE A FIPT —HBE4H
Bl A Jr118] 3 SR AR5 SV, {H CTAS Bt = 4h
TR, SBCAE ) 2 v T I I v ]
AR ——CTALIY (3 1. 18 2). FFIHT R,
TE CTAS ', CHS {f A 4 Thr197 # Asp B, [F]
BIPER 2 T M. sativa CHS 55 290 f & SRRk S0 B
P 6 MR MR AP, CTAS 74 CTAL 1Y
1A% Hydramacroside B /77T /\liIfEnt Fep, J&
— P EE YRR,

3.3 K&l (STS)

4B (Stilbene synthase, STS) AEWSF] 5
CHS HH W] (4 i WAt A S FURH [) 79 T3 1 - v i) 4% 7
Y, SRmiJa gL B, —E A ROV AILHI AR 22 5%
CHS iz 1731 N se 3 R 2448 15 S AL AL T M i -
Hh ] 4 53 C6 Fl C 1 HEAT 4 45 32 3 A iUl e 3%
ARM ;W STS Wiz 7 T N RERE 4 7 (Aldol
condensation) Jz N ALl T 4R - (B 44537 C7
MoC2 i O AT 48 A E R A R A O R
(Resveratrol), HfEA C1 fyEBRRN (R 1. H
2). JaZkbist s, STS 55 CHS ZI[EHAA BEWNTF
FURBIMERY, BRORTH] i B SR AL A, — 3% 2 1]
B R A R AL 22 512, B STS MR

(Glucoside lindleyin) .
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(BT RID) VR A (BT R R 4k e e AR 3 T
STS 55 CHS Z IR RGE A T 0, 4R R —HAE
IR K TVAFHE 609%~90% ) [F]— P, 7€ 34 4~ CHS
HI 44 STS MARGAH I, STS BA HAR 4,
M2 5 AH [ SO A CHS R4, W5 45 2R3
Bl STS M CHS ZWitfbimik. A, Kibd:
Arachis hypogaea STS ¥} 5 Pueraria lobata CHS
cDNA Zpl7E RIBHEhRIL, BATRMRIL>YF
HEMES, WA CHS ALY M3 mE
(LR 2 A RN 2.7%~4.2%), TifE STS fifk
7R A R R AR (2908 R
1.4%~2.3%)>" B FAEY) STS 774 (3 7 B —Ff
ARG NAEEIREZ MY, RIEMYIZ
o S X A BRI A I AR ) — Bl AR W DR
R, AT b ABE . A STS 1
ME . B RS RB)E, R PIRE Y RHRT
HAE ) B R, R AR — R E Y
HYH#ER, ARG EAREDIRE, T
G BURMERL M RIPEN BLEk . STA
HIZEAE s MR RN JTEEE
Fls MU A5 O BR3P A T 5 R E SR A T 5 X
H AN R RPN A, Hrb, B A
FURTEAT & R i 57 i) 2 FOZE DU R O A8 PR
PrEAL T AE RO PR STS MFMi AR
[A] AL LR IS W N AE RS B A (Cinnamoyl-CoA), H
PR R ERAAE (Pinosylvin), tHJE—FE EAHEY)
PRR.

34 BREES (BBS)

IS & T (Bibenzyl synthase, BBS) AUfEfL
5 STS e, HZRIBIIEYA iR . BBS
B -m-F S BESI RS A (dihydro-m-Coumaroyl-
CoA) WilRIRIEY), MR AN BEHiEE A 19 3 1
LR DAL 3 o 2 252 1) A0 45 S L B R B IS ) 1
o, I T A R A S S S AL A b ) A o)
T C7T M C2 A BT A R -
(Dihydrostilbene)——3,3'5-Trihydroxybibenzyl, H.f
A CLALEBRY (% 1. F 27, T BBS ¥
FIZERI LI AR 7R, CHS fRSFALS Met137,
Val98 Fl Gly211 43 51%% Leu. Ala F1 Thr B84 A fE

HERE M BBS BRI ER . A s f b
PHEAELHZURT, R R 1 R P9 A TR AR T A 19
T, BN -REAEY L H =85 —09,10-
Dihydrophenanthrenes JF i K R, #HEMEERIL G
Yk — PR A R,

3.5 K-AREREEAEE (STCS)

K-RMREERALSYHFET N ERE
(Hydrangea) . # 2& (Liverworts) . K K 2 A5 ¥
(Cannabis) VI EH H#E (Poison ivy) H1, EAIH
MV Z A G WA IR A E R, et R
(Phyllodulcin) Ay FHMEHE 3 M 600~800 5128, iz
FACE W oy AN, TR A P BE R I T2
A1 I PKS WAL, SRMTERIPREE T, 245 %
AL AP R A s R 15 B F A FE B, (H7E
R, RO 22 N ET R ZE A 1T PKS
BEAE . lan, /MIFE Hydrangea macrophylla -
IR IS A B (Stilbenecarboxylate synthase, STCS)
MfEf 7205 STS. BBS Y22 Jil 3 TR 7 Fiii e
GRS FBER S AL] b, STCS LABE. -4-F T2t
4l A (Dihydro-4-Coumaroyl-CoA) N IRIKY), 1
1ok BN WIS A 1Y 3 > A A8 1 1 S 46
G RO EEFRIG R r 1 b, JFiE 1 N
A5 SNSRI T A S C7 A C2 430 8 AT 46
3% B4 W 5-Hydroxylunularic acid, {HA5 &3 1052,
Ho O EARRABR R (%1, J 2)P
3.6 MIEE&EE (ACS)

ZHEFHEY (Rutaceae) HA = 31454y 1Y IE i
g¢ F 0 B i SR & B MY BE B 5 B (Acridone
synthase ACS) #1b& Y. ACS LK H TN B4l
fitg A B 3 A CTAR P I 3% 22 0 4 4 TN 1 42 B F
S IEY N-H IR B (W) BEAiRE A
(n-Methylanthraniloyl-CoA) 1 I, Z/J5i#id 53
# (Claisen) AIFRAL S AR WY IE B A6 5 ) ——1.3
OO -N- HOJE 0y BE BR (1,3-dihydroxy-N-
methylacridone) (% 1. K 2)P%, ZEFRHEY AL
CHS ifJ2& STS TERIN A 1F T #RAREAI T N- T 4T 2
FEOE (W) TRAEE AR R GG IIEY) , MEF A= B ACS
HAT AR 4-7F G A G Ui f 2 AR,
VeI L N-F RGP 8 () WEAHEG A SRS
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WIi 15%1, BEABER T PKS —FF, ACS &
2y A L 100 kb5 CHS A fir25, H ACS
=R AS IR (T132S/S133A/F265V) fefg B i (%
ik ACS I F N-FH BRAR 2 B8 (IR Al i A SR 1R IR
YIRIRE S, AVRENS B G INXS 4-7F ARG A 1Y%
FPERH, 3% 3 A IEF T ACS X CHS 75
PEASAE AR H BB, SR, ACS =BRKRARIA (T132S/
S133A/F265V) T3S GE 45— 5 WV WE B 5 B BE 7 1)
FESCULEH, AR oM — LE F AT ACS Ty
AEA MR, R E 60 B4 3T Y e A4 4 R 3
SRR TR SR/ R R T, A HioE
TEWIMURL (Piperaceae) MM b &L T x ik 5910,
ZRUEYE TAYEEYIREER, R A2
AR EY A, (AR FH T3 DNA &, HAE
BR 23R 7 7 T (VR FH 32 3 B ) ).
37 ZXHEEE (BPS) MEEXEE (BIS)
AT 2K {5 (Benzophenone synthase,
BPS)PYUHIEC A 4B (Biphenyl synthase, BIS)P /2%
PE R D RENF ST S5 R LW, BPS M1 BIS Z A YD) fE
KUK CHS Ml STS Z I X &R 52, HUE R
A T2 5] . CHS F1 STS fii FH 4-7 D LIS A,
11l BPS i1 BIS i FH 2% H BE4fi i A (Benzoyl-CoA)
EIRIEY) . BPS fi bk FITN B4t RE A (9 3 4> C
AR P I 1 S W 4 5 BN 4 B R TP SRR TG A o T
b, Z 58 v 3 AR R B AR R B A Rk
Phlorbenzophenone . 1fii BIS M GEWE #] F 5 BPS 4 7]
(I HE AL & AR ) 1 b [RMA = 4, I SRR R BE
W, BIS iz 14 TN EEBE4E & (Aldol condensation)
WAL A RS, 3,5- —FFEBK (3,5-Dihydroxybiphenyl),
HAEA CLALEBRRN (R 1. K 2). BPS &H M
7k H [l (Benzophenones) #1 (J¢) %A — 2K H il
(Xanthones) C; H:A G ZLM)CEEEY, KB TATAEY)
RRRMEEY, BAEBFEANNAIEREE, 1
Guttiferone F HA5 7R58 (T HIV AL Py 6 40
BIS & WA ALAY) (Biphenyls) (17 i i1,
R & Y 2 % 3B (Rosaceae) 3 R W F}
(Maloideae) 1 —AHYPIEER, HEAW R
FEPERT M S TR R UL A L E R PR
Y, iR BRAEM . ILAESE
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3.8 2-MIEENSES (2-PS)

2-ML MR 5 W (2-PS) el T WL F 42 Gerbera
hybrida, 5 CHS A[E, 2-PS ANREFH 4-7F & Bt
fiti A, TiEFIH AT A (Acetyl-CoA) 1E R IH
Y, HApAek AT AR A 1Y 2 A SR AE
ISR AR A RN E IR O BERRE A T L, S
T ERfE (Lactone) WA Y, 6-H FE-4 F2FE-2-nk
MR (6-methyl-4-hydroxy-2-pyrone) (# 1. & 2)P7,
FERE IR A (RSN R, 2-PS AT LA
TR B A BUR IS 1 O BERRE A VE MR ERIK
Yy, RIRMERCR TR 1015, UL g2ps] WS, —
F AR ML 4035 A LA 4 A 35 R A bk e
Ke. 5 CHS JFHI X 25 SRR, g PR HRE
WP E AL AL Z B, 2-PS F KR T REE i —
AR EE A cHS HEmRPY, KT
LALHTE M. sativa CHS b IARZEHI R JEA 45 R
R, 5 CHS ML, 2-PS ML R ARE /N, &
SRS ME G 45 R R W, CHS = Bk MR 58 A8 K
(T197L/G256L/S3381) [IIIAEL 2-PS 5E A [H] M),
2-PS 2hy 2 b f A7 3 T 78 HH g A B SR A A
¥ (Gerberin Ml parasorboside) 2L T HifA, X FFp
&R R AT YA T2yt , BA
ARGF A IR A0 . ECRE A TR R R A T
&AM s RE P, 2-PS W] DU 2R B BEHG Bl A
(Benzoyl-CoA) MEIRIKY ™ E 6- 7K H-4-F2FE-2-lk
MR (6-phenyl-4-hydroxy-2-pyrone), i%ik&H4h
6y HIV-1 2 IR0 R R EARE, WTRERA
ETERIIRERT,

3.9 EEHEE (ALS)

FEM K R palmatum 75EENNEG S (Aloesone
synthase, ALS) [Al#ELL 4TS A MG EY), LU
N BTG A N IER Y, (HAS TS, ALS fi
b2 IR 6 LM AR A N, R R A 28 R
77 A 05 5 1 B B —— = 254 (Aloesone) (3 1.
K 2)% ALS 5 CHS f-H5F 60% Y& SRR 51 [H]
—M, JFERA LTI SRR A 455008, A1
ALS 1, CHS {7 A Thr197. Tle254. Gly256 F
Ser338 43 ill4k Ala. Met. Leu il Thr FFEBUR, A&
JEUR R e S LR BR HETE 2-PS HP R RERLIRR Y, gk
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TEICEE M. sativa CHS S 45+ [R] TR AL 25 5 i
7/~, ALS HA 5 CHS HIE A =445y, {3 ALS 1
TEEIRFL (1173 A% EH R KT CHS (1019 A®) #il

A nlRE

TRE A RIS YIRS, ALS 75K
(Rhubarb) H (¥4, Ul Aloesone O-glucoside

(7-O-p-D-glucopyranoside) #1 Aloesone C-glucoside

2-PS (298 A%), .45 s R 5 1 P 0 = 4z A AR (8-C-B-D-glucopyranoside) ELA R34 4 35 LS,
__OH OH
CHS EHZSWY\“J/ Claisen A
2 ” OH O
3 Maionyi-CoA 1‘441 ingenin chalcone #
on . )L/T H;cWU
Y /Y > EnZS \/\ ""’4 ﬂ urx UCIMdldLClUIlC OH
~J __| Malonyl-c5A Lt OH
CoAS CTAS o._0
CTAS EnzS Lactonc ﬁ/\ OH
0 g
p-Coumaroyl-CoA 3Malonyl-COA O O O O
STS HO
STS EHZW Aldol X Resveratrol
— CO,
3 Malonyl-CoA 0000 ol
CoAS OH BBS _OH BBS
e ‘

J 3 Malonyl-CoA ! 3,35 Trlhydroxyblbenzyl
dihydro-m-Coumaroyl-CoA & OH Y OH
jJ[:I“J“ STCS _ Enz%WAWrAW/\WJ/‘v/ . Stes ‘T/\fj/\V)

— >
CoAR. 3 Malonyl-CoA 0000 Akl
.0 CH, .
ihydro-p-Coumaroyl-Co ! roxy unu aric aci
dihydro-p-C 1-CoA | 5-Hyd: l 1 d
CH3 HN \,113
i R N R
CoAS el T T Clalsen ”
I 3 Malonyi-CoA O O 0O
o . 1,3- d1hydroxy-N-methylacridone
n-Methylanthraniloyl-CoA . N N o _HO_
BPS I:ILQ ™ Do N | N |
d g Claisen
e -y _ 3 Malonyl-CoA W RUREELY Phlorb :
o o orbenzophenone
i BIS EnzS\“/\H/\“/erJ::j BIS
0 > I B =
Mool Oa A e WLl L A1daT S \ /
3,5-Dihydroxybiphenyl
2pS (EnzS [ ] 2PS Os ‘1|’
D ” Lactone N
COAS\/ _| 2 Malonyl-CoA 000 OH
0 ALS Iﬁ_l 6-methyl-4- hydroxy-2-pyrone
EnzS HO
B YO Y Y Y Y ALS
6 Maionyi- 5(:1—\ O 0O O 0O 0O O Aidoi™ U)r]/\(
o CO, CH, 0 Aloesone
o
Y VPS _EnzS yps  HO-~ OH
Isovaloeryl CoA 3 Malonyl ng . m ST \)W
a a CH
PCS EnzS | . ,HO\/\/O\/ 3 LQI:I.,.S) erophenio
- P(_/b | | rlllUllbUleUl prcv!
el g . 5,7-dihydroxy-2- hlhr
CoAS H y y-2-methylchromone
MO _| 4 Malonyl-CoA 0 000 O Claisen OH O _ | CH; O
O O H,c . OH
Malonyl-CoA pas R 000000 N g@ OH
Sy 0000 O0O0O0 O Claisen {0 HO o
7 Malonyi-CoA { 20
HO or
SEK4 f HO
HO 0 SEK4b

B2 #EYEE N PKSs BREMZABUREIER™Y RURNERERGEEEPIRL, REIHIRE 1 SE32H)

Fig. 2 Comparison of the reactions and products of known divergent plant type III PKSs. The position and type of cyclization
reaction (Claisen, aldol, or lactone) of each presumed linear polyketide intermediate is depicted. The reaction mechanism of

plant-specific type 111 PKSs was as described in the references of Table 1.
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3.10 FXEIEEE (VPS)

MRS A6 (Humulus lupulus, hops) 7 IHR -G F
(Valerophenone synthase, VPS) LIS IH 4G A—F
PR IBE k5 T R SE A EE A (Isovaleryl-o¥, Isobutyryl-
CoA) MEMWIKY, LN _BHERE A NIEMIKY,
AL 2 AR 3 LSRRG RN, a2
W, 3K A% AU ER AL [ W A B, Phlorisovalerophenone B
Phlorisobutyrophenone, 448812, TEMRIMAGHE KN
H1, CHS AJ LA453Z 5 Ik JE-CoA S IR ey, ™
W1k Phlorisovalerophenone Fl—> P44 i PN i &1 F=
YrrriR i VPS FINGERI I CHS i ELIEAH I A
VE BRI, VPS 5 CHS &L 751 Le %) 25
FKH, ZHTEE CHS “RIGIKWEE A a5
FfEEIr 28 BB 2ZER, CHS {R5FH Thrl32
H1 Thr197, 7EMUE 4L VPS H 4358 Gly F1 Tle B/t .
5 2 A VPS RILTIRIRAEE WA BR Psilotum
nudum 1, HAE 132 F1 197 (7 & F#5H Ser, H CHS
FIMRTG AL VPS T LRSFIY Ser338 7EFANTHR VPS Higk
Val Bt VPS FEMUE A AR =, — R0
R ER Wy FR o, 0w MR K (Humulone) A1 ¢ JFR i
(Lupulone) -7~ PP iR (19 LT R

31 KGER-RBESE (PCS) #N¥ 4Kk iR S i
(OKS)
TR MR-G5 i (Pentaketide chromone synthase,

PCS) REGSHEALN —BEAHEE A 7 FRIEZE 4 D048
AR A 5,7-dihydroxy-2-methylchromone!®!, fij
EWTR AW (Octaketides synthase, OKS) W LA
TS AT A 53 TR SE 7 A W46 SOV AR T
A W M i 7= ) ——Octaketides SEK4 il SEK4b™*,
JFHI SR R, OKS SAHYZEAL 1T PKS #%
TR At B 53 BEAR R AT 50 % ~60 % 1Y 2 3L 1R T 51 /] —
P, 5 ALS. PCS K& 2-PS #flF], CHS {fitEf7 S
Thr197. Gly256 F1 Ser338 435Il Fofth 22 5L 2 T B
Ro FITRALPLEE - B 7R, OKS [ 1k s iR 81>
(1124 A%y, EEHERGES: T HMF SN . HA
P25 Aloe arborescens PCS Wiz Kehellin F
Visnagin /E4) & BERAE T RTARILA B Tk A A
[ FE 4 OKS AT RE Bt A= 3R 3 25 W M B e it 1 iy
LR/
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4 ReEfRREZ

HIPIZEAL T PKS 8 S 53 DI RE ZRE P IS
P P I TR X AR SR G N 2 AR . BB KT
P H Al B 51 (CHS-Like) ThRERYZREMEY R A H
JR AR ——CHS 1E L 8 F /N B, 3 /N AR
S TR D A A 4, kRS A AR 1L
e KU T B3 F BRI W e PRk | BEAE R B
AR NEALE . I, 48 R 257 111 PKS 5K
TSR 5 T B IR) B SR B, X0 A 2 il A7 2 TR
AR A TR B S A T BB Y

REFERENCES

[1] Shen B. Polyketide biosynthesis beyond the type I, Il and
IIT polyketide synthase paradigms. Polyketide synthase
paradigms. Curr Opin Chem Biol, 2003, 7(2): 285—-295.

[2] Austin MB, Noel JP. The chalcone synthase superfamily
of type IIl polyketide synthases. Nat Prod Rep, 2003,
20(1): 79—-110.

[3] Schroder J. A family of plant-specific polyketide
synthases: facts and predictions. Trends Plant Sci, 1997,
2(10): 373-378.

[4] Kreuzaler F, Hahlbrock K. Enzymatic synthesis of
aromatic compounds in higher plants: formation of
naringenin (5,7,4’-trihydroxyflavanone) from p-coumaroyl
coenzyme A and malonyl coenzyme A. FEBS Lett, 1972,
28(1): 69-72.

[5] Reimold U, Kroger M, Kreuzaler F, et al. Coding and 3’
non-coding nucleotide sequence of chalcone synthase
mRNA and assignment of amino acid sequence of the
enzyme. EMBO J, 1983, 2(10): 1801-1805.

[6] Yang J, Gu HY. Duplication and divergent evolution of
the CHS and CHS-like genes in the chalcone synthase
(CHS) superfamily. Chin Sci Bull, 2006, 5: 505—509.
Tnak, BRLHE. ARG BB 4% (chalcone synthase
superfamily) K= 52 F4r ALY =0RE. B)208 4R, 2006,
51(7): 745-749.

[7]1 Sommer H, Saedler H. Structure of the chalcone synthase
gene of Antirrhinum majus. Mol Gen Genet, 1986, 202:
429-434.

[8] Durbin ML, McCaig B, Clegg MT. Molecular evolution of
the chalcone synthase multigene family in the morning
glory genome. Plant Mol Biol, 2000, 42(1): 79-92.

[9] Ma LQ, Pang XB, Shen HY, et al. A novel type III

polyketide synthase encoded by a three-intron gene from



2y A AR T SR & W SR N A5 . D ae AR ™=

1491

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Polygonum cuspidatum. Planta, 2009, 229(3): 457-469.
Ma LQ, Guo YW, Gao DY, et al. Identification of a
Polygonum cuspidatum three-intron gene encoding a type
III polyketide synthase producing both naringenin and
p-hydroxybenzalacetone. Planta, 2009, 229(4): 1077-1086.
Jiang C, Schommer CK, Kim SY, ef al. Cloning and
characterization of chalcone synthase from the moss,
Physcomitrella patens. Phytochemistry, 2006, 67(23):
2531-2540.

Blacklock BJ, Jaworski JG. Substrate specificity of
Arabidopsis 3-ketoacyl-CoA synthases. Biochem Biophys
Res Comm, 2006, 346(2): 583—590.

Lorkovic ZJ, Wieczorek Kirk DA, Lambermon MH, et al.
Pre-mRNA splicing in higher plants. Trends Plant Sci,
2000, 5(4): 160—167.

Ma LQ, Gao DY, Wang YN, et al. Effects of
overexpression of endogenous phenylalanine ammonia-lyase
(PALrsl) on accumulation of salidroside in Rhodiola
sachalinensis. Plant Biol, 2008, 10: 323—333.

Abe I, Utsumi Y, Oguro S, et al. The first plant type III
polyketide synthase that catalyzes formation of aromatic
heptaketide. FEBS Lett, 2004, 562(1/3): 171-176.

Abe I, Sano Y, Takahashi Y,

mutagenesis of benzalacetone synthase. The role of the

et al. Site-directed
Phe215 in plant type III polyketide synthases. J Biol
Chem, 2003, 278(27): 25218-25226.

Abe 1, Takahashi Y, Morita H, et al. (2001) Benzalacetone
synthase. A novel polyketide synthase that plays a crucial
role in the biosynthesis of phenylbutanones in Rheum
palmatum. Eur J Biochem, 2001, 268(11): 3354-3359.
Akiyama T, Shibuya M, Liu HM, et al
p-Coumaroyltriacetic acid synthase, a new homologue of
chalcone synthase, from Hydrangea macrophylla var.
thunbergii. Eur J Biochem, 1999, 263(3): 834—839.
Matsuda H, Shimoda H, Uemura T, et al. Chemical
constituents from the leaves of Hydrangea macrophylla
(110):
and B,

var. thunbergii absolute stereostructures of

hydramacrosides A secoiridoid  glucoside
complexes with inhibitory activity on histamine release.
Chem Pharm Bull, 1999, 47(12): 1753—-1758.

Schroder G, Brown JW, Schrdoder J. Molecular analysis of
cDNA,
relationship with chalcone synthase. Eur J Biochem, 1988,
172(1): 161-169.

Tropf S, Kaércher B, Schroder G et al.

mechanisms of homodimeric plant polyketide synthase

resveratrol synthase. genomic clones and

Reaction

(stilbenes and chalcone synthase). A single active site for

the condensing reaction is sufficient for synthesis of

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

stilbenes, chalcones, and 6'-deoxychalcones. J Biol Chem,
1995, 270(14): 7922-7928.

Fliegmann J, Schroder G, Schanz S, et al. Molecular
analysis of chalcone and dihydropinosylvin synthase from
Scots pine (Pinus sylvestris), and differential regulation of
these and related enzyme activities in stressed plants.
Plant Mol Biol, 1992, 18(3): 489—503.

Melchior F, Kindl H. Grapevine stilbene synthase cDNA
only slightly differing from chalcone synthase cDNA is
expressed in Escherichia coli into a catalytically active
enzyme. FEBS Lett, 1990, 268(1): 17-20.

Yamaguchi T, Kurosaki F, Suh DY, et al. Cross-reaction
of chalcone synthase and stilbene synthase overexpressed
in Escherichia coli. FEBS Lett, 1999, 460(3): 457—-461.
Hain R, Reif HJ, Krause E, ef al. Disease resistance results
from foreign phytoalexin expression in a novel plant.
Nature, 1993, 361: 153—156.

Fremont L. Biological effects of resveratrol. Life Sci,
2000, 66(8): 663—673.

Preisig-Miiller R, Gnau P, Kindl H. The inducible 9,
10-dihydrophenanthrene pathway: characterization and

expression of bibenzyl synthase and

S-adenosylhomocysteine Arch  Biochem
Biophys, 1995, 317(1): 201-207.

Suzuki H, Ikeda T, Matsumoto T, et al. Polyphenol

hydrolase.

components in cultured cells of Amacha (Hydrangea
macrophylla Seringe var. thunbergii Makino). Agric Biol
Chem, 1978, 42: 1133-1137.
Schroder

Stilbenecarboxylate biosynthesis: a new function in the

Eckermann C, G, Eckermann S, et al.

family =~ of  chalcone
Phytochemistry, 2003, 62(3): 271-286.

Baumert A, Maier W, Groger D, et al. Purification and

synthase-related  proteins.

properties of acridone synthase from cell suspension
cultures of Ruta graveolens L. Z Naturforsch C, 1994,
49(1/2): 26-32.

Springob K, Lukacin R, Ernwein C, et al. Specificities of
functionally expressed chalcone and acridone synthases
from Ruta graveolens. Eur J Biochem, 2000, 267(22):
6552-6559.

Lukacin R, Schreiner S, Matern U. Transformation of
acridone synthase to chalcone synthase. FEBS Lett, 2001,
508(3): 413—-417.

Junghanns KT, Kneusel RE, Baumert A, et al. Molecular
cloning and heterologous expression of acridone synthase
from elicited Ruta graveolens L. cell suspension cultures.
Plant Mol Biol, 1995, 27(4): 681-692.

Liu B, Falkenstein-Paul H, Schmidt W, et al.

Journals.im.ac.cn



1492

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

November 25, 2010 Vol.26 No.11

[35]

[36]

[37]

[38]

[39]

Benzophenone synthase and chalcone synthase from
Hypericum androsaemum cell cultures: ¢cDNA cloning,
functional expression, and sitedirected mutagenesis of two
polyketide synthases. Plant J, 2003, 34(6): 847—855.

Liu B, Raeth T, Beuerle T, et al. Biphenyl synthase, a
novel type III polyketide synthase. Planta, 2007, 225(6):
1495-1503.

Rubio OC, Cuellar A, Rojas N, ef al. A polyisoprenylated
benzophenone from Cuban propolis. J Nat Prod, 1999,
62(7): 1013-1015.

Kokubun T, Harborne JB. Phytoalexin induction in the
sapwood of plants of the Maloideae (Rosaceae): biphenyls
or dibenzofurans. Phytochemistry, 1995, 40(6): 1649—1654.
Eckermann S, Schroder G, Schmidt J, ef al. New pathway
to polyketides in plants. Nature, 1998, 396: 387—390.
Helariutta Y, Kotilainen M, Elomaa P, et al. Duplication
and functional divergence in the chalcone synthase gene
family of Asteraceae: evolution with substrate change and
catalytic simplification. Proc Natl Acad Sci USA, 1996,

[40]

[41]

[42]

[43]

[44]

93(17): 9033-9038.

Ferrer JL, Jez JM, Bowman ME, et al. Structure of
chalcone synthase and the molecular basis of plant
polyketide biosynthesis. Nat Struct Biol, 1999, 6(8):
775-784.

Jez ] M, Austin MB, Ferrer J, et al. Structural control of
polyketide formation in
synthases. Chem Biol, 2000, 7(12): 919-930.

Zuurbier KW, Leser J, Berger T, et al. 4-Hydroxy-

plant-specific  polyketide

2-pyrone formation by chalcone and stilbene synthase
with nonphysiological substrates. Phytochemistry, 1998,
49(7): 1945-1951.

Abe I, Utsumi Y, Oguro S, et al. A plant Type III
polyketide synthase that produces pentaketide chromone. J
Am Chem Soc, 2005, 127(5): 1362—-1363.

Abe I, Oguro S, Utsumi Y, ef al. Engineered biosynthesis
of plant polyketides: chain length control in an
octaketide-producing plant type III polyketide synthase. J

Am Chem Soc, 2005, 127(36): 12709-12716.

REIREDIREDREDREDREDR LR LR LR EIR LR EIREOIMREIR IR EDIREDIREDREDR LD R LD R LR LR LR LR K

A% bt F P ot oftF ot B AN

MRECFHHERTIAS

® W
978-7-03-029002-1

At K% S¥
¥ 88.00

AV B IR RSBV IR R A A | BUE R IR S PR A R | E Y BEIR
B BRI M T S5 RS M A 0 B A S PR B R A5 PO b2 o AR A 50 — Ry ki L
AR T R+ 24 BN SN SUR B BTk e | Op i AR
A4S AT HERAE W2 RO OGSA RO AT FE N B, K& BEAR O | 2428 | BRgE A S TR AR

RG] 2%

2010 4 9 A Hir

A
o
i %
AR A, HA A RIS
Ze ]
RSl

MR R

W A% TN L MR WAL 2 1 At 44 26 145 (B hip 2%)

HERA L AL RUR BEAR AL 16 5

Freg i pst B2 AR

HfrRlE st B . 100717

BRAEN: FSCF (010-64031535)
™ EiTH . www.dangdang.com www.joy.com www.amazon.cn www.beifabook.com
O 22K R P 53 B Bl 3 http://www.lifescience.com.cn, WIIEHRE S H

Journals.im.ac.cn



