
ǕǶǫǪǦǨǦȏǦ ðǪǴǼ. Ǫ-Ƕ ǓǦǸǦǾǦ ǖǮǷǸǴǨǷǰǦ



ʉʝʢʫʥʜʘʨʥʠ ʤʝʪʘʙʦʣʠʪʠ ʥʘ ʨʘʩʪʝʥʠʿʘ, ʘʣʛʠ, ʛʘʙʠ, ʠʥʩʝʢʪʠ, ʞʠʚʦʪʥʠ...

ɺʦ ʩʦʩʪʘʚ ʥʘ ʝʪʝʨʠʯʥʠ ʤʘʩʣʘ, ʠʣʠ ʢʘʢʦ ʩʪʝʨʦʠʜʠ. 



Å˝́̈̎̏̃̉̅̎́ ̄̑̔̐́ ̒̆̋̔̎̅́̑̎̉ ̍̆̓́̂̏̌̉̓̉(35πππ ̓̆̑̐̆̎̏̉̅̉Ɋ
Å˞̆ ̘̌́́̓ ̏̅ ̋̏̑́̓́ ̎́ ̈̉̍̈̆̌̆̎̉̓̆ ̪̅̑̃́ ̉ ̋́̋̏ ̆̑̏̍̏̎̉̕ ̪̋́ 
̉̎̒̆̋̓̉̓̆Ȣ

Å˜̏̋́̇̔̃́́̓ ̘̈̎́̉̓̆̌̎́ ̙̂̉̏̌̏̋́ ̉ ̙́̑̍́̋̏̌̏̋́̕ ́̋̓̉̃̎̏̒̓
Å˟̆̑̐̆̎̉ ̒̆ ̪́̄̌̆̃̏̅̏̑̏̅̉ȟ ̅̏̅̆̋́ ̓̆̑̐̆̎̏̉̅̉̓̆ ̒̏̅̑̇́̓ ̋̉̒̌̏̑̏̅ 
̉Ⱦ̉̌̉ ̅̑̔̄̉ ̗̔̎̋̉̏̎́̌̎̉̕ ̄̑̔̐̉Ȣ

Å˶́̄̌̆̑̏̅̎̉̏̓ ̒̋̆̌̆̓ ̒̏̅̑̇̉ υȟρπȟρυȟςπȟςυ ̉̓̎Ȣ ̪́ ̄̌̆̑̏̅̎̉ ́̓̏̍̉
Å˛̒̎̏̃̎́ ̄̑́̅̂̆̎́ ̗̆̅̉̎̉́ ̆ ̉̈̏̐̑̆̎ ɉς-̍̆̓̉̌̂̔̓́-1,3-̅̉̆̎ɊȢ
Å˜̏̑́̅̉ ̘̏̄̑́̎̉̆̎́̓́ ̑́̒̓̃̏̑̌̉̃̏̒̓ ̃̏ ̃̏̅́ ̒̆ ̉̈̏̌̉̑́́̓ ̏̅ 
̏̑̄́̎̉̈̍̉̓̆ ̒̏ ̗̪̆̋̒̓̑́̋̉́ ̒̏ ̎̆̐̏̌́̑̆̎ ̘̑́̒̓̃̏̑̔̃́Ȣ ɉ˞̆ 
̪̃̂̑̏̔̃́́̓ ̃̏ ̄̑̔̐́̓́ ̌̉̐̉̅̉ɊȢ



ÅWallach (1887)ȡ ̖̉̐̏̓̆̈́ ̅̆̋́ ̓̆̑̐̆̎̏̉̅̉̓̆  ̎́̒̓́̎̔̃́́̓ ̒̏ 
̮̐̏̃̑̈̔̃́̆ ̒̓̑̔̋̓̔̑̎̉ ̗̆̅̎̉̉ ̏̅ ̐̏ υ ˞ ́̓̏̍̉Ȣ

Å Leopold RuzickaɉρωυσɊ ȡ ̄̏ ̐̏̒̓́̃̉̌ ̂̉̏̄̆̎̆̓̒̋̏̓̏ ̉̈̏̐̑̆̎̒̋̏ ̐̑́̃̉̌̏.

Å˞̓̑̔̋̓̔̑̉̓̆ ̎́ ̉̈̏̐̑̆̎̏̉̅̉̓̆ ̒̆ ̉̈̃̆̅̆̎̉ ̒̐̏̑̆̅ ̐̑́̃̉̌̏̓̏ Ȱ̄ ̌́̃́-
̏̐́ȱ̙̐ ̮̏̃̑̈̔̃́̆ ̎́ ̉̈̏̐̑̆̎̒̋̉̓̆ ˞υ ̗̆̅̉̎̉̉ ɉρ-τ ̮̐̏̃̑̈̔̃́̆ɊȢ

Å˜̏̒̌̏̇̆̎̉̓̆ ̓̆̑̐̆̎̉ ̒̆ ̅̏̂̉̃́́̓ ̒̏ ̗̪̅̉̍̆̑̉̈́̉́ ̎́ ̒̆̒̋̃̉̓̆̑̐̆̎̉ ̉ 
̅̉̓̆̐̑̆̎̉ȟ ̋̏̉ ̒̆ ̐̏̃̑̈̔̃́́̓ Ȱ̏ ̙̐́-̏̐́ȱ̙(4-τ ̮̐̏̃̑̈̔̃́̆ɊȢ

C      C

C

C C

.



¾˔́ ̮̐̏̃̑̈̔̃́̆ ̎́ ̉̈̏̐̑̆̎̒̋̉̓̆ ̗̆̅̉̎̉̉ ̪̘̎́̆̒̓̏ ̒̆ ̋̏̑̉̒̓́̓ 
̐̏̉̍̉̓̆ Ȱ̄ ̌́̃́-̏̐́ȱ̙̉  Ȱ̏ ̙̐́-̏̐́ȱ̙̃ ̮̑̈̔̃́̆Ȣ 

ː̌́̃́-̙̏̐́

˛̙̐́-̙̏̐́

ˑ̏̐̏̌̎̉̓̆̌̎́ ̃̑̒̋́



¾D(+)-˘̉̍̏̎̆̎ ɉ̋̏̑́ ̎́ ̌̉̍̏̎ ̉ ̅̑̔̄̉ ̗̉̓̑̔̒̉Ɋ

¾˕̗̪̈̏̌́̉́ ̒̏ ̗̮̆̎̓̑̉̔̄̉̑́̆̕ ̉̌̉ ̗̪̅̆̒̓̉̌́̉́ ̒̏ ̃̏̅̆̎́ ̐́̑̆́Ȣ

¾ˑ̉̐̆̎̓̆̎ ɀ̑ ̗́̆̍̒̋́ ̒̍̆̒́

¾˗́̋̏ ̒̆ ̋̏̍̂̉̎̉̑́́̓ ̅̃̆ ̉̈̏̐̑̆̎̒̋̉ ̗̆̅̉̎̉̉ ̈́ ̅́ ̒̆ ̏̑̍̉̑́̕ 
̪́̄̌̆̑̏̅̎̉̏̓ ̒̋̆̌̆̓ ̎́ ̌̉̍̏̎̆̎ȩ 

ː̌́̃́-̙̏̐́



˟̆̑̐̆̎̉ ˡ̏̑̍̔̌́ ˜̗̑̆̓̒̓́̃̎̉̉

˙̏̎̏̓̆̑̐̆̎̉ ɉ̓̆̑̐̆̎̉Ɋɉ5˞ 8̊)2̉̌̉ ˞10 1̊6 ˕̒̐́̑̌̉̃̉ ̍̏̎̏̓̆̑̐̆̎̉ȟ 
̌́̋̓̏̎̉ ̉ ̓̑̏̐̏̌̏̎̉

˞̆̒̋̃̉̓̆̑̐̆̎̉ɉ5˞ 8̊)3̉̌̉ ˞15 2̊4 ˕̒̐́̑̌̉̃̉ ̅̆̑̉̃́̓̉ ̉ 
̌́̋̓̏̎̉

ˑ̉̓̆̑̐̆̎̉ ɉ5˞ 8̊)4̉̌̉ ˞20 3̊2 ˞̌́̂̏̉̒̐́̑̌̉̃̉

˟̑̉̓̆̑̐̆̎̉ ɉ5˞ 8̊)6̉̌̉ ˞30 4̊8 ˚̆̉̒̐́̑̌̉̃̉ ̒́̐̏̄̆̎̉̎̉ȟ 
̒̓̆̑̏̌̉ ̉ ̒̓̆̑̏̉̅̉

˟̆̓̑́̓̆̑̐̆̎̉ ɉ5˞ 8̊)8 ˗́̑̏̓̆̎̏̉̅̉

˜̏̌̉̓̆̑̐̆̎̉ ɉ5˞ 8̊)n ˜̑̉̑̏̅̆̎ ̘̋́̔̔̋



ǆǜǎǐǑǎǝǓǎ

ǼǮǸǶǦǱ

ǩǫǶǦǳǮǴǱ

ǒǔǓǔǜǎǐǑǎǝǓǎ 
(ǲǫǳǸǦǳǮ)

ǱǮǲǴǳǫǳ

ǲǫǳǸǴǱ

Ŭ-ǸǫǶǵǮǳǫǳ

ǇǎǜǎǐǑǎǝǓǎ 
(ǸǹȍǦǳǮ, ǰǦǶǦǳǮ, 
ǵǮǳǦǳǮ, ǰǦǲǺǦǳǮ)

Ŭ-ǸǹȍǴǳ

ǰǦǲǺǴǶ

Ɯ-ǵǮǳǫǳ
ǒǔǓǔǘǋǖǕǋǓǎ

ǎǗǕǆǖǑǎǈǎ 
ǖǋǉǙǑǆǖǓǎ

ǓǋǎǗǕǆǖǑǎǈǎ 
ǖǋǉǙǑǆǖǓǎ 
ǎǖǎǊǔǎǊǎ

ǎǖǋǉǙǑǆǖǓǎ



ˍ̗̘̉̋̌̉̎̉ ̍̏̎̏̓̆̑̐̆̎̉

˙̗̘̏̎̏̉̋̌̉̎̉ ̍̏̎̏̓̆̑̐̆̎̉ ɉ̍̆̎̓́̎̉Ɋ



ˎ̗̘̉̉̋̌̉̎̉ ̍̏̎̏̓̆̑̐̆̎̉

̪̓̔́̎̉

̋́̍́̎̉̕

̋́̑́̎̉

̐̉̎́̎̉



ˍ̘̑̏̍́̓̉̎̉ ̍̏̎̏̓̆̑̐̆̎̉



CH2OH

OH

Ŭ-̐̉̎̆̎̋́̍̏̑̕

̄̆̑́̎̉̏̌ ̍̆̎̓̏̌
˝̏̈̉ ̉ ̏̒̓́̎́̓̉ ̗̬̮̃̆̉́˜̆̐̆̑̍̉̎̓

˗́̍̏̑̏̃̏̕ ̅̑̃̏ ̓̆̑̐̆̎̓̉̎

O



CH3

CH3

CH
CH3

CH3̪̄̃́́̈̔̌̆̎
˙́̒̌̏ ̏̅ ̄̆̑́̎̉̔̍

CH3

CH3

CH3

̋́̑̉̏̉̌̆̎̕

˙́̒̌̏ ̏̅ ̘̋́̑́̎̉̌̆̕



̋̆̅̑̆̎
˙́̒̌̏ ̏̅ ̋̆̅́̑̏̃̏ ̅̑̃̏

CH3

CH3

CH3 CH3

CH3

CH3

H3C

̌̏̎̄̉̏̌̆̎̕

̂̏̑̏̃̉̎́

ȣȢȢ ˠ̙̓̆ ̒̆̒̋̃̉̓̆̑̐̆̎̉



CH3

CH3

CH3

CH3

OHCH3

CH3
CH3



˞̉̓̆ ̒̓̆̑̏̉̅̉ ̒̆ ̓̑̉̓̆̑̐̆̎̉Ȣ ˚̉̃̎̉̏̓ 
̒̋̆̌̆̓ ̆ ̅̏̂̉̆̎ ̒̏ ̙̃̎́̓̑̆̎̏ ̮̐̑̆̔̑̆̅̔̃́̆ȟ 
̐̏̑́̅̉ ̙̓̏ ̎̆ ̒̆ ́̎́̌̉̈̉̑́́̓ ̐̑̆̋̔ 
̉̈̏̐̑̆̎̒̋̉ ̗̆̅̉̎̉̉Ȣ

CH3

CH3

CH3

CH3

CH3 CH3

HO

˞̓̆̑̏̉̅̉̓̆ ̒̆ ̓̑̉̓̆̑̐̆̎̉ (C30)

ˏ̙̎́̓̑̆̎̏ ̮̐̑̆̍̆̒̓̔̃́̆



ɼ-̋́̑̏̓̆̎

̍̏̑̋̏̃̉

ː̌́̃́-̙̏̐́

ː̌́̃́-̙̏̐́
˛̙̐́-̙̏̐́





¾˕̈̏̐̑̆̎̏̓ ̎̆ ̆ ̐̑̆̋̔̑̒̏̑ ̈́ ̒̉̎̓̆̈́ ̎́ ̓̆̑̐̆̎̏̉̅̉̓̆Ȣ

¾˟̆̑̐̆̎̏̉̅̉̓̆ ̃̏ ̋̌̆̓̋̉̓̆ ̒̆ ̒̉̎̓̆̓̉̈̉̑́́̓ ̏̅ ́̋̓̉̃̉̑́̎́̓́ 
̏̒̏̑̉̌̉̑́̎́̕̕ ̏̑̍́̕ ̎́ ̉̈̏̐̑̆̎ ɀ̉ ̈̏̐̆̎̓̉̌ ̐̉̑̏̏̒́̓̕̕ 
(IPP).

¾ˑ̃́ ̘̎́̉̎̉ ̈́ ̒̉̎̓̆̈́ ̎́ IPP:

Á˛̅ ̍̆̃́̌̏̎́̓ ɉ̒̆̒̋̃̉̓̆̑̐̆̎̉ ̉ ̓̑̉̓̆̑̐̆̎̉Ɋ

Á˛̅ ρ-̅̆̏̋̒̉̋̒̉̌̏̈́-5-̏̒́̓̕̕ ɉ̍̏̎̏̓̆̑̐̆̎̉ȟ ̅̉̓̆̑̐̆̎̉ȟ 
̓̆̓̑́̓̆̑̐̆̎̉ɊȢ
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˙̆̃́̌̏̎̒̋́ ̋̉̒̆̌̉̎́

˟˒˝˜˒˚˕ ˍˣ˒˟˛ː˒˚˕˚˕˞˟˒˝˛˕ˑ˕

˜̪̏̒̓̏́̓ ̅̃̆ ̋́̑̂̏̎̉̌̎̉ ̄̑̔̐̉ ̃̏ ̍̏̌̆̋̔̌́̓́ ̎́ 
̗̗́̆̓̏́̆̓̉̌ ˞̏ˍȟ ̏̅ ̋̏̉ ̒́̍̏ ̆̅̎́ ̒̓́̐̔̃́ ̃̏ ̗̪̑̆́̋̉́

˘˕˚˒ˍ˝˚˛
˝ˍ˔ː˝ˍ˚˒˟˛



¾˜̏̈́̒̓́̐̆̎ ̆ ̍̆̃́̌̏̎́̓̎̉̏̓ ̐́̓Ȣ

¾˔̘́̐̏̎̔̃́ ̒̏ ̪̋̏̎̃̆̑̈̉́ ̎́ ̗́̆̓́̓ ̃̏ ̗́̆̓̉̌ ̋̏̆̎̈̉̍ ˍȢ

¾ˤ̆̋̏̑ ρȡ ˗̪̌́̈̆̎̏̃́ ̗̪̋̏̎̅̆̎̈́̉́ ̎́ ̗́̆̓̉̌ ̋̏̆̎̈̉̍ ˍ ̉ 
́̋̓̉̃̉̑́̎ ̐̑̏̓̆̉̎̒̋̉ ̋̏̍̐̌̆̋̒ ̎́ ̗́̆̓̉̌ ˞̏ˍȢ ɉ̮̅̏̂̉̃́̆ ̎́ 
̗̗́̆̓̏́̆̓̉̌ ˞̏ˍɊȢ

¾ˤ̆̋̏̑ ςȡ ˍ̌̅̏̌̎́ ̗̪̋̏̎̅̆̎̈́̉́ ̎́ ̗̗́̆̓̏́̆̓̉̌ ˞̏ˍ ̒̏ ̓̑̆̓́ 
̍̏̌̆̋̔̌́ ̗́̆̓̉̌ ˞̏ˍȟ ̐̑̏̒̌̆̅̆̎̏ ̒̏ ̖̉̅̑̏̌̉̈́ ɉS-3-̖̉̅̑̏̋̒̉-
3-̍̆̓̉̌̄̌̔̓́̑̉̌ ˞̏ˍɊȢ

¾ˤ̆̋̏̑ σȡ ˝̗̪̆̅̔̋̉́ ̎́ ̓̉̏̆̒̓̆̑̒̋́̓́ ̄̑̔̐́ ̒̏ NADPH(R-
̍̆̃́̌̏̎́̓ȟ ̖̅̉̉̅̑̏̋̒̉ ̋̉̒̆̌̉̎́ɊȢ
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ˤ̆̋̏̑ σȡ ̗̪̑̆̅̔̋̉́ ̎́ ̓̉̏̆̒̓̆̑̒̋̉̓̆ ̄̑̔̐̉
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3,3-̅̉̍̆̓̉̌́̌̉̌
̐̉̑̏̏̒́̓̕̕

̉̈̏̐̆̎̓̉̌
̐̉̑̏̏̒́̓̕̕

Enz-B: H+

ˤ̆̋̏̑ τȡ ˡ̮̏̒̏̑̉̌̉̑́̆̕ ̎́ ̖̉̅̑̏̋̒̉̌̎̉̓̆ ̄̑̔̐̉ ̉ ̉̒̓̏̃̑̆̍̆̎̏ 
̮̅̆̋́̑̂̏̋̒̉̌̉̑́̆ ɉ̉̈̏̐̆̎̓̉̌ ̅̉̏̒́̓̕̕ ̉̌̉ ̉̈̏̐̆̎̓̉̌ ̐̉̑̏̏̒́̓̕̕ IPP).

˕̪̎̓̆̑̍̆̅̉́̑̏̓ 
̒̏ υ ˞ ́̓̏̍̉ ̆ 
̏̅̄̏̃̏̑̆̎ ̈́ 
̮̏̂̑́̈̔̃́̆ ̎́ 
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˞˒˗˛˶ˍ ˚˛ˏˍ ˒ˑ˕˚˕ˣˍ ˞˒ ˞ˏ˝˔ˠˏˍ ː˘ˍˏˍ-˛˜ˍ˥



C30˕  C40 ˟ ˒˝˜˒˚˕˟˒ ˞˒ ˡ˛˝˙˕˝ˍˍ˟ ˜˛˕˚ˍ˗ˠ

ˢ˒˙˕˟˒˝˜˒˚˕C5 1 IPP  ̉ ̌ D̉MAPP

˙˛˚˛˟˒˝˜˒˚˕C10 2 ̄̆̑́̎̉̌-PP

˞˒˞˗ˏ˕˟˒˝˜˒˚˕C15 3 ́̑̎̆̈̉̌̕-PP

ˑ˕˟˒˝˜˒˚˕C20 4 ̄̆̑́̎̉̌-̄̆̑́̎̉̌-PP

C25 5 ̎̆̐̏̈̎́̓̏

˟˝˕˟˒˝˜˒˚C̞30 6 2 x (̕ ́̑̎̆̈̉̌-PP)

C35 7 ̎̆̐̏̈̎́̓̏

˟˒˟˝ˍ˟˒˝˜˒˚˕C40 8 2 x (̄ ̆̑́̎̉̌-̄̆̑́̎̉̌-PP)

˗̪̌́̒́̂̑̏ ̎́ ˞ ́̓̏̍̉̉̈̏̐̑̆̎̉̐̏ ̓̆̋̌̏
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x2

˞˒˞˟˒˝˟˒˝˜˒˚˕


