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35   R = PhCO, R' = CH2CH(CH3)2
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elimination

ring
expansion

cyclization

epoxide opening,
three Markovnikov
cation cyclizations

nonenzymatic cyclization product;
18,19-dihydro OS + enzyme,
20-carbon truncated analogue + enzyme,
and 15-ethyl OS + enzyme
yield analogous products

10,15-didemethyl OS + enzyme
and 20-oxa OS + enzyme
yield analogous products

15-demethyl-18,19-dihydro 
OS + enzyme yields an 
analogous product

cyclization

protosterol cation;
20-oxa OS yields a trapped
version of this intermediate

rearrangement,
elimination

lanosterol

2,3-oxidosqualene

elimination
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elimination

olefin protonation,
two Markovnikov
cation cyclizations

Formed from squalene + wt enzyme; 
27-OH-squalene + wt enzyme, 
29-methylidene oxidosqualene + wt enzyme, 
and 2,3-dihydrosqualene + wt enzyme yield 
analogous products.  Increased formation 
with squalene + Phe601Ala, Trp169His, 
Trp169Phe, or Trp489Phe mutant enzymes

hopene

squalene

eliminationrearrangement

rearrangementring expansion

Markovnikov
cyclization

Markovnikov
cyclization,
elimination
or hydration

+

elimination

diplopterol

elimination

Formed from squalene + wt 
enzyme; 2,3-dihydro 
squalene + wt enzyme yields 
an analogous product

rearrangement

rearrangements,
elimination

Formed from squalene 
+ wt enzyme

elimination

Formed from 
squalene + wt enzyme

Related products are formed 
from squalene + Tyr420Ala 
mutant enzyme
and from squalene +
Phe 365Ala mutant

Formed from squalene + wt 
enzyme; 2,3-dihydro 
squalene + wt enzyme yields 
an analogous product

Markovnikov
cyclization

Markovnikov
cyclization
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cyclization,
hydration

Formed from 2-demethyl 
squalene + wt enzyme

ring expansion

Related products are formed from truncated  
analogue 40 + wt enzyme, squalene + Phe601Ala 
mutant, and squalene + Tyr420Ala mutant

elimination
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