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Abstract: Diterpene synthases from plants are key enzymes in diterpene biosynthesis, which catalyzed the
initial cyclization cascade of (E,E,E,)-geranylgeranyl pyrophosphate, and generated diverse carbon skeletons.
Recent research show that the structural and stereo chemical differences lead to diverse natural diterpene
compounds of plants. The structures of diterpene synthases play a crucia role in cyclization function. This
article mainly reviews the mechanisms, functional characteristics, and structural information of diterpene

synthases according to the crystal structures and functions.
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Figure 1 Clustal W alignment of the amino acid sequences of
several Class I, Class I, and bifunctional diterpene synthases.
Conserved catalytic motifs are highlighted, that is, DXDD and
DDXXD. Sequence data: AtCPS, NP_192187.1| Ent-copalyl
diphosphate synthase [ Arabidopsis thaliana]; SmCPS, ABV57835.1
copalyl diphosphate synthase [Salvia miltiorrhiza]; SICPS,
BAAB84918.1 copalyl diphosphate synthase [ Solanum lycopersi-
cum]; TwCPS, AQW38541.1 copayl diphosphate synthase 4
[Tripterygium wilfordii]; AtKS, NP_178064.1| Ent-kaur-16-ene
synthase [Arabidopsis thaliana]; OsKSL, Q2QQJ5.2|KSL10
ORY SJ AltName: Full = Ent-kaurene synthase-like 10; Short =
OsKSL10; HaKS, CBL42917.1 kaurene synthase [ Helianthus
annuus]; SmKS, ABV08817.1 kaurene synthase [ Salvia miltior-
rhiza]; AgAS, Q38710.1TPSDV_ABIGR AltName: Full = (-)-
abieta-7(8),13(14)-diene synthase; GbL S, AAL09965.1]AF331704_1
levopimaradiene synthase [ Ginkgo biloba]; SmMMDS, BAL41682.1
miltiradiene synthase [ Sdaginelamoellendorffii ]; PpKS, BAF61135.1
ent-kaurene synthase [ Physcomitrella patens]
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Figure2 Phylogenetic analysis of several Class |, Class |1, and bifunctional diterpene synthases
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Figure 3 Superimposition of the overall structure of diterpene
synthases. a Overal structure of ent-copalyl diphosphate
synthase PtmT2 from Sreptomycs platensis Cb00739 has two
domains (By; PDB number: 5BP8); b: Overall structure of ent-
kaurene synthase (BjKS) from Bradyrhizobium japonicum has
single domain (a; PDB number: 4W4R); c: Superimposition of
BjKS with taxadiene synthase (TAX) from Taxus brevifolia.
Overall structure of TAX has three domains ( afy; PDB number:
3P5R)
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Tablel Summary of diterpene synthase with crystal structure

Species Diterpene synthase ~ Resolution (A)

Arabidopsis thaliana ent-Copalyl diphosphate 2.25,1.55,
synthase 2.76

Taxus brevifolia Taxadiene synthase 1.82

Abies grandis Abietadiene synthase 23

Sreptomyces platensis ent-Copalyl diphosphate 1.80

CB00739 synthase

Sreptomyces melanosporo-  Diterpene cyclase CotB2 1.80

faciens M1614-43F2

Bradyrhizobium japonicum  ent-Kaurene synthase 1.9-20
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Figure 4 Binding of AGP at packing interface of AtCPS structure. a Cut away view of the packing interface leading to general acid
D379 and D380; b: Overal structure of ent-copalyl diphosphate synthase AtCPS from Arabidopsis thalianaCb00739 (PDB number:
3pya). Color-coded as follows: o domain = blue, # domain = green, y domain = yellow, N termina helix= purple, ligand and contiguous

acid = magenta
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Figure 5 Active site mutations of cyclooctatenol synthase
(CotB2) (PDB number: 4OMG) to generate alternative diterpene
products
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Figure 6 Dimer structure of ent-kaurene synthase from
Bradyrhizobium japonicum. PDB number: 4W4S WT, the
bisphosphonate inhibitor, BPH-629 and the catalytic motifs
DDXXD, red are shown
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