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Abstract: The chalcone synthase (CHS) superfamily of the type III polyketide synthases (PKSs) generates backbones of a
variety of plant secondary metabolites. Benzalacetone synthase (BAS) catalyzes a condensation reaction of decarboxylation
between the substrates of 4-coumaric coenzyme A and malonyl coenzyme A to generate benzylidene acetone, whose
derivatives are series of compounds with various biological activities. A BAS gene Pcpks2 and a bifunctional CHS/BAS
PcPKS1 were isolated from medicinal plant P. cuspidatum. Crystallographic and structure-based mutagenesis studies
indicate that the functional diversity of the CHS-superfamily enzymes is principally derived from small modifications of
the active site architecture. In order to obtain an understanding of the biosynthesis of polyketides in P. cuspidatum, which
has been poorly described, as well as of its activation mechanism, PcPKS2 was overexpressed in Escherichia coli as a
C-terminally poly-His-tagged fusion protein, purified to homogeneity and crystallized, which is helpful for the clarification

of the catalytic mechanism of the enzyme and lays the foundation for its genetic engineering manipulation.
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201 9 Rheum
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o BAS EnzSYﬂ fCO) 0 b
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1 CHS #0 BAS 1L & M T 72
Fig. 1 Enzyme reactions of CHS and BAS.

95 104 131 137 157 162214215259 265 338 341
Ms CHS2 QDMVVVEWPR TTSG IMYQQ LF SEE F AC
Am_CHS QAITTVENPK TTSSQH ILHYQ LF QS
RiPKS4 QDMVIVEIPK TTSGH IMYOQ  LF AC
PcPKS1 QAITTVENPK TTSS ILHYQ LF QS
PcPKS2 HKIQVKGMAE CLAGH IFYHL VL AT
Rp_BAS HKMQOVKGMAE CLAGH IFYHL  IL AT

2 AE#E CHS. BASEEREMFIILLE
Fig. 2 Sequence alignment of crutial amino acids of CHSs and BASs. The sequences of AMCHS2, RpBAS, PcPKS1,
PcPKS2 and RiPKS4 are numbered from Ms CHS2.
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PcPKS1 23]
PcPKS2  PcPKSI
BAS
PcPKS2
PcPKS1

PcPKS2

1 A@EFE

1.1 #7#
pET30a

BL21 (DE3) pLysS

DH5a

PFU DNA T4 DNA
TaKaRa NEB
Marker Ni

Superdex 200
Purifier 10 GE

Biorad

10/300 GL

Hampton Research

Nde I TATACATA
TGGCGGCTTCAATTGAGGAG Sal [
TATAGTCGACATGAATGATGG
GCACGCTG

1.2 PcPKS2 EAXMTEHRIRIE
PCR Nde [

Sal I
pET30(a) (Novagen)
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PcPKS2 C- Hise
PCR
pET30-PCPKS2 E. coli BL21 (DE3)

pLysS
1.3 PcPKS2 X EFRik4k
BL21 (DE3) pLysS
50 mL
LB 37 'C 200 r/min
1 100 ILLB (
50 mg/mL
34 mg/mL) 200 r/min 37 C 600 nm
(As00) 0.6-0.8 IPTG
0.5 mmol/L 25 °C 180 r/min
6h 6000xg
1L
40 mL (20 mmol/L Tris-HCI pH 7.5
300 mmol/L NaCl 20 mmol/L

20 min

1 mmol/L
8 ng/mL 4 ng/mL
) 400 W
15s3 (JY92-1IDN )
(10 000%g 12 min)
5 mL Ni-Agarose 2h
PcPKS2 20 mmol/L Tris-HCl
(pH 7.5) 300 mmol/L NaCl 150 mmol/L
2.0 mL Superdex 200 10/300 GL
20 mmol/L
Tris-HCI (pH 7.5) 50 mmol/L NaCl
EDTA 1 mmol/L DTT

SDS-PAGE

1 mmol/L
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1.4 ZFEEASKRERKREHEFIEMLIL
10 kDa

PcPKS2 20 mg/mL
20 mmol/L Tris-HCI (pH 7.5) 150 mmol/L NaCl
1 mmol/L EDTA 1 mmol/L DTT

1 1
Linbro 24 500 pL.
Hampton Crystal Screen & II 96
22°C 24 h
PcPKS2 (
1 mmol/L)

15 X-SEiTHEEEARK
72 h
30% PEG 8000 5%

X-
FR-E X- (
Riguka) RAXIS4++ (Area
Detector Systems Corporation)
160 mm 1.5418 A
MOSFLM (Collaborative Computational
Project, Number 4 1994)[24'25]
2 X
2.1 PpET30a-PCPKS2 EHFRILTE
PCPKS2 PCR
pET30a
PCR
Nde [ Sal |
1167bp( 3)
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Fig. 3 PCR amplification of PCPKS2 gene and
double enzymatic digestion of the recombinant plasmid.
(A) PCR amplification of PCPKS2. M: DNA ladder; 1:
PCR product of PCPKS2. (B) Double enzymatic
digestion of the recombinant plasmid. M: DNA ladder;
2: digested with Nde [ and Sal I .
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24 h
Superdex 200 Crystal Screen
15
(30% PEG 8 000 100 mmol/L
Q) 20 mg/mL Hepes pH 6.5 0.2 mol/L (NH,4),SO0,)
( 6
23 ERBRAEKEFHIFERMMRIL
PcPKS2 8 000
A B
kDa 23 45 kba M1 234567
97 — - = 97— ==
66— = 66—
50——5,—-5 50 & e = = e = < PcPKS2
35— 35—
] .
16—4 16—

Bl 4 SDS-PAGE #2ill PcPKS2 EMEMANULER (EDHRERE)

Fig. 4 SDS-polyacrylamide gel electrophoresis of recombinant PcPKS2 over the affinity chromatography, stained
with Coomassie Blue. (A) PcPKS2 solubility analysis after the cell lysis. M: molecular mass standards; 1: whole cell
of E. coli BL21(DE3)pLysS; 2: soluble fraction of the lysate; 3: insoluble fraction of the lysate; 4-5: unbound
fraction to the column. (B) Purification over the Ni column. M: molecular mass standards; 1-7: eluted fractions.
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Fig. 5 Gel filtration chromatography analysis of PcPKS2. (A) SDS-PAGE of Superdex 200 column elutions of
PcPKS2. (B) Gel filtration profile of PcPKS2 through Superdex 200.
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3 #Wik
PcPKS2
E 6 PcPKS2 R{kE R BAS PcPKS2
Fig. 6 Photographs of PcPKS2 crystals. (A) Microcrystals BAS
grown in 30% PEG 8 000, 100 mmol/L sodium
cacodylate trihydrate Na Hepes pH 6.5, 0.2 mol/L PcPKS2
(NH,),SO,4. (B) Plate-shaped single PcPKS2 crystals
grown with the additive of 3% (W/V) sorbitol.
PcPKS2 PcPKS2
pET30(a) BamHI Sall
(Additive Screen conditions Hampton Research) N-  Hisg
100 mmol/L Tris
(pH 8.0) 17% PEG 8 000 10 mmol/L DTT 3%
(W) 3d PCPKS2 NdeI Sall
X- N- 50
24 X-GEFTHETES R PcPKS2 C- Hiss
35A(C ) P222
a=82.23 b=83.11 ¢=119.7 A PcPKS2

B 7 PcPKS2 ZEH®RKE X-SHE&ITHMER
Fig. 7 Typical X-ray diffraction pattern of PcPKS2
crystal.
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