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  : 植物类型 III 聚酮化合物合酶 (PKS) 催化合成多种植物次生代谢产物的基本分子骨架，参与植物体许

多重要生物学功能的行使，一直是研究蛋白结构与功能关系、基于结构进行分子改造的重要模式分子家族。目

前在蛋白质数据库 (PDB) 中有超过 80 个不同种属来源的类型 III PKS 的三维结构被报道，其中包括了研究最

为透彻的查尔酮合酶在内的 7 种酶的晶体结构，这些结构的发表对于阐明该类酶复杂多变的底物专一性、链延

伸和不同的环化反应机制奠定了结构基础。三维空间结构解析以及基于定点突变的结构功能分析是进行酶工

程、基因工程的基础。以下系统综述了植物类型 III PKS 超家族晶体结构和功能的研究进展。 

: 聚酮合酶，查尔酮合酶，晶体结构 
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Abstract:  Plant type III 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 III PKS crystal structures with different functions have been reported in P rotein Data Bank, 

including the crystal structures of the well-studied Chalcone Synthase of plant type III 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 III PKS in the aspects of their crystal structures and functions. 

Keywords:  polyketide synthase, chalcone synthase, crystal structure 
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图 1  植物类型Ⅲ PKS 超家族成员氨基酸序列比较. 参照 M. sativa CHS2 标出重要氨基酸序列. 催化三联体 

(Cys164，His303，Asn336) 和关键活性位点残基 (Thr132，Ser133，Thr194，Thr197，Phe215，Gly256，Phe265，

Asn336，Ser338) 序列参照紫花苜蓿 CHS2 序列被标出 

Fig. 1  Sequence alignment of CHS superfamily type III PKSs. The catalytic triad (Cys164, His303, and Asn336), 

and the critical residues lining the active-site cavity (Thr132, Ser133, Thr194, Thr197, Phe215, Gly256, Phe265, 

Asn336, Ser338) are marked and numbered in M. sativa CHS2. 

 

1  植物类型 III PKSs 结构研究概况 
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表 1  植物类型Ⅲ PKSs 超家族成员三维结构 

Table 1  Summary of three-dimensional structures of plant type III 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 1I86 [5] 

  G256V, apo 1I88 [6] 

  G256I, apo 1I89 [6] 

  G256F, apo 1I8B [6] 

  F215S, apo 1JWX [7] 

  STS-like 18 sites mutant, apo 1U0V [9] 

  STS-like 18 sites mutant, resveratrol 1U0W [9] 

2-PS Gerbera hybrid cultivar Acetoacetyl-CoA 1EE0 [8] 

  Apo 1QLV [8] 

STS Pinus sylvestris Apo 1U0U [9] 

  Indol-3-yl pyruvic acid 1XES N/A 

  Methylmalonyl CoA 1XET 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] 

  I207L/L208F, apo 3A5S [17] 

CUS Oryza sativa Apo 3ALE [33] 

  Apo 3OIT [34] 

CURS1 Curcuma longa Malonic acid and ethylene glycol 3OV2 [35] 

  G211F, malonic acid 3OV3 [35] 
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图 2  植物类型Ⅲ PKS 超家族成员催化反应过程及产物 

Fig. 2  Comparison of the reactions and products of divergent plant type III PKSs.  
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图 3  M. sativa CHS2 三维整体结构和活性位点腔结构. (A) 三维整体结构：单体分别以橙色和灰色标出，催化

三联体  (Cys164，His303，Asn336) 和 Met137 以蓝色球棍模型标出 . (B) 活性位点腔结构：催化三联体 

(Cys164，His303，Asn336)、其他活性位点残基 (Thr132，Ser133，Glu192，Thr194，Thr197，Phe215，Phe265，

Ser338，Pro375) 侧链结构以球棍模型显示，碳原子为绿色；柚皮素查尔酮结构以黄色球棍模型显示 

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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图 4  植物类型Ⅲ PKSs 超家族成员活性位点腔结构比较. (A) CHS. (B) 2-PS. (C) STS. (D) BAS. (E) PCS. (F) 

PCS M207G mutant. (G) CUS. (H) CURS1. 催化三联体 (Cys-His-Asn) 以球棍模型显示，碳原子为黄色；其他
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重要活性位点残基侧链结构碳原子为绿色，以球棍模型显示；所有的 Gly 显示为主链结构；活性水分子显示

为红色圆点 

Fig. 4  Comparison of the active site cavities of type III PKSs. (A) CHS. (B) 2-PS. (C) STS. (D) BAS. (E) PCS. (F) PCS 

M207G mutant. (G) CUS. (H) CURS1. 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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