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Abstract

Isopentenyl diphosphate(IPP) isomerization to dimethylallyl diphosphate(DMAPP) is an important step for the efficient
production of isoprenoids such as lycopene, /3 -carotene, astaxanthin, etc. The type II isopentenyl diphosphate isomerase
gene from Synechocystis sp. PCC6803(sl/1556, Syidi2) was cloned and expressed in Escherichia coli DHS @ . When E. coli
DHS5 @ harboring lycopene synthesis genes, crfE, crfB, and crtl and mevalonate pathway genes, MvK1l, MvK2, and Mvd,
was cultured on LB medium containing mevalonate, the strain grew very slowly be due to the toxicity of isopentenyl
diphosphate derived from mevalonate. When Syidi2 was introduced to E. coli DHS5 @ harboring the lycopene synthesis genes
and mevalonate pathway genes, growth on mevalonate medium was fully restored and the colony showed red color indicating
lycopene formation. The growth rate of the mutant strain, E. coli DHS5 « (idi:: Jkm), was very slow because of IPP
accumulation and DMAPP deprivation. Ultimately the idi mutant was complemented by introducing the Syidi2 gene.
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Fig. 1. Two types of IPP isomerase. IPP, isopentenyl
diphosphate; DMAPP, dimethyl allyl diphosphate; FMN, flavin
mononucleotide; NADPH, nicotinamide adenine dinucleotide
phospate.
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Fig. 2. The strategy for functional characterization of
slI1556 of Synechocystis sp. PCC6803 as type II isopentenyl
diphosphate isomerase using lycopene marker. Red circle
represent the lycopene producing strain and yellow circle
represent the lycopene low and/or non producing strain.
Abbreviation: Mevalonate kinase; MVK]1, phosphomevalonate
kinase; MVK2, mevalonate pyrophosphate decarboxylase; idi,
IPP isomerase from E. coli; HPidi, IPP isomerase from Hae-
matococcus pluvialis; dxs, 1-deoxy-D-xylulose 5-phosphate
synthase; dxr, 1-deoxy-D-xylulose 5-phosphate reductoisome-
rase; ispA, FPP synthase from E. coli; ADS, amorphadiene
synthase. Pathway intermediates: G3P, glyceraldehyde 3-phos-
phate; DXP, 1-deoxy-D-xylulose S-phosphate; MEP, 2-C-
methyl-D-erythritol 4-phosphate; CDP-ME, 4-diphosphocytidyl-
2-C-methyl-D-erythritol; CDP-ME2P, 4-diphosphocytidyl-2-
C-methyl-D-erythritol 2-phosphate; ME-2,4cPP, 2-C-methyl-
D-erythritol 2,4-cyclopyrophosphate; HMB4PP, 1-hydroxy-2-
methyl-2-(E)-butenyl 4-pyrophosphate; IPP, isopentenyl pyro-
phosphate; DMAPP, dimethylallyl pyrophosphate; FPP, farnesyl
pyrophosphate; GPP, geranyl diphosphate, GGPP, geranyl-
geranyl diphosphate; Mev-P, mevalonate 5-phosphate; Mev-PP,

mevalonate pyrophosphate.
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Fig. 3. Construction of expression vectors containing several
isopentenyl diphosphate isomerase and their phenotypes on
LB medium containing glycerol and mevalonate. Abbrevia-
tions were shown in Fig. 2. A) constructed vectors, B)
culture of Aidi E. coli DH5 ¢ strain containing vector of
lycopene synthesis operon genes and Syldil as a type I idi
(1) and as a type II idi on glycerol medium (2), C) culture
of Aidi E. coli DHS e strain containing vector of lycopene
synthesis operon genes (3), culture of Jidi E. coli DHS @
strain containing vector of lycopene synthesis operon genes
and ECidi (4), culture of Zidi E. coli DH5 @ strain con-
taining vector of lycopene synthesis operon genes and Syldil
(5), culture of Aidi E. coli DHS @ strain containing vector
of lycopene synthesis operon genes and Syldi2 (6) on meva-
lonate medium.
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Fig. 4. Quantitative analysis of lycopene of cultured /idi
E. coli DHS ¢ strain containing pSup-LYC(lycopene synthesis
operon) and several isopentenyl diphosphate isomerases. Syl,
type I idi of Symechocystis sp. PCC6803; Sy2, type II idi
of Synechocystis sp. PCC6803, EC, idi of E. coli; RS, idi
of Rhodobacter sphaeroides; HP, idi of Hamatococcus pluvialis.
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