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Abstract

Oxidosqualene-lanosterol cyclases (ERG7) catalyze the conversion of acyclic
oxidoaqualene into tetracyclic or pentacyclic triterpenoids in the animals, fungi, and
high plants. A serial cyclization/rearrangement cascades catalyzed in one-step reaction
by oxidosqualene-lanosterol cyclase have fascinated the bioorganic researcher over a
half century. We have successfully performed the site-saturated mutagenesis on the
Tyr510 and Phe699 residues of Saccharomyces cerevisiae ERG7, corresponding to the
appropriate orientations to- stabilize-‘the-carbocation intermediates in the lanosterol
formation. The site-saturated ERG7 1 ‘mutants produced achilleol A, camelliol C,
(13aH)-isomalabarica-14(26)E,17,21-trien-3B-o0l, lanosterol and parkeol. The results
suggested that the position of Tyr510 residue may play a crucial role in stabilizing the
monocyclic C-10 cation anti-Markovnikov C-14 cation intermediate and lanosteryl
cation that were generated in the cyclization/rearrangement cascades.

In the cases of the site-saturated ERG7"%°X

mutants, most of the substituted residues
failed to complement the cyclase activity, except the Thr, Met, Lys, Asn, and His,
indicating the importance of the position for the catalytic function of ERG7. Further,
three novel intermediates, protosta-13(17),24-dien-3f-ol, protosta-17(20),24-dien-3[3-ol,

and malabarica-14F,17E,21-trien-33-0l, were isolated, for the first time, from the
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ERG7"M mutant. These products, in addition to
(13a.H)-isomalabarica-14Z,17E,21-trien-3f3-ol and
(13aH)-isomalabarica-14E,17E,21-trien-3B-0l, corresponding to truncation of the
cyclization/rearrangement cascade at the chair-boat (C-B) or chair-chair (C-C) 6-6-5
tricyclic cation and/or lanosteryl C-17 cation. Taken together, these results
demonstrate the functional role of the ERG7 Phe699 residue in stabilizing Markovnikov
tricyclic C-14 and lanosteryl C-17 cations as well as the plasticity of the ERG7 mutant

enzyme in changing the active site structure and subsequent reaction cascade.
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Abbreviations

AACT
CAS
DMAPP
FPS
GPP
GPS
HMGS
HMGR
IPI

IPP
LAS
MK
MVD
oS
0SC
PMK
SHC
SQE
SQS

TLC

acetoacetyl-CoA thiolase

cycloartenol synthase

dimethylally diphosphate
farnesyl diphosphate synthase

geranyl diphosphate

geranyl diphosphate synthase
3-hydroxy-3-methylglutaryl-CoA synthase
3-hydroxy-3-methylglutaryl-CoA reductase
isopentenyl diphosphate isomerase
isopentenyl diphosphate
lanosterol-synthase

mevalonate kinase

mevalonate diphosphate decarboxyase
oxidosqualene

oxidosqualene cyclase
phosphomevalonate kinase
squalene-hopene cyclase

squalene epoxidase

squalene synthase

Thin-layer-chromatgraphy
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