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Dal geranilgeranil pirofosfato al fitene e ai carotenoidi
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AO®

Carotenoidi

f-carotens
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violaxanthin astaxanthin

Riavvolgimento della parte
terminale della catena

Introduzione di funzioni
ossigenate

&-rcarotene
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B,w-carotene (y-carotene)
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: 3p,3p ,4&,4m1tetrahydmxy-ﬁ,B-camtene (crustaxanthin)
OH red crystals, Arclodiaptomus salinus and other Crustaceae
@]

2.2 3p,3p'-dihydroxy-3,3-carotene-4,4'-dione (astaxanthin)

O violet crystals with metallic brilliance, Crustaceae

N R PR R PR B P PR

(+)-B,e-carotene (a-carotene)
violet crystals, widely spread, vitamin A active

HO (+)-3c,3'ce-dihydroxy-f3, e-carotene (lutein, xanthophyll)
copper red crystals, egg yolk, leaves of all higher plants, Staphylococcus aureus
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HO

(—)-3,3'-dihydroxy-f3,x-caroten-6"-one (capsanthin)
red crystals, paprika (Capsicum annuum)

(+)-5c1,6a-epoxy-3,3-dihydroxy-3,k-caroten-6'-one (capsanthin-5,6-epoxide)
red crystals, paprika (Capsicum annuum)

3,3-dihydroxy- k-caroten-6,6"-one (capsorubin)
violet red crystals, paprika (Capsicum annuum), Lilium bulbiferum and other Liliaceae
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protonation of double
bond gives tertiary cation;
then elecirophilic addition
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NADPH Ffﬂﬂfﬂ!—jﬂ.’f
munangemem

penerating ketone 0 ";,lL
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e.g. fucoxanthin

El: B-cyclase
E2: ecyclase
E3: B-ring hydroxylase

H @.ﬂ—“\ ‘15'_

B-ring Y-ring £-ring
e.g. P-carotene e.g. (-carolene
Oz O3
E3 l NADPH ml NADPH

. 1 NA%EPH i A
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E7 HO HO

e.g. zeaxanthin 0 e.z. lutein

£.g astaxanthin

opening of
/(\ig‘%\/i&k epoxide ring :
HO o~ E8

e.g. violaxanthin OH
e.g. capsanthin

ET: p-carolene oxygenase
E8: capsanthin/capsorubin synthase

E4: e-ring hydroxylase
E5: zeaxanthin epoxidase
E6: neoxanthin synthase
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Monooxygenases
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Dal farnesil pirofosfato allo squalene ed al colesterolo
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.....In viaggio verso il colesterolo!

squalene

g1 | OxFAD
NADPH

(35)-2.3-oxidosqualene
(squalene oxide)

protosteryl cation

animals
fungi

loss af proton
gives alkene

El: sgqualene epoxidase

lanosterol

98

sequence of W-M [, 2-hvdride
and 1,2-methyl shifts

protosteryl cation

plants i

loss of proton leads
to cyclopropane

cvcloarienol
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cholesterol

lanosterol

La trasformazione del lanosterolo in colesterolo richiede una ventina di passaggi, con
una sequenza che puo variare da specie a specie, ma che deve comunque comportare:

La riduzione
del A%4

La i1somerizzazione
del A8a A3

La demetilazione
al C4e al C14

99



Chimica delle Sostanze Organiche Naturali — CTC A.a. 2022-2023

HO)

lanosterol

Demetilazione al
C14: avviene prima di
quella al C*

reduction of
doubie bond

B NADP‘H

Y

814 4
El: sterol |4-demethylase A™-diene

E2: sterol A'*-reductase
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Demetilazione al C4

lanosterol cholesterol
sequenitial oxidalion of oxidation of decarboxylation
da-methyl group o carboxyl Jg-alcohal fo ketone af f-kelo acid
G -3
NADPH NADY — O
— e —— — —
E1l E2 HO g
encl-keto laulomerism;
/ methyl takes up more
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back to 3 g-alcahol

EI+E2+E3; sterol 4o-methyvl oxidase (sterol C4 demethylase) EZ: sterol-do-carboxylate 3-dehydrogenase (decarboxylating)
El: methylsteral monoox ygenase E3: 3-ketosteroid reductase
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Riduzione del A%4

lanosterol cholesterol

El: sterol A™-reductase Isomerizzazione del A8 a A
atllic dehvdrogenation gives reduction of
isomerization 1'1"‘”.#“.’_3” ted diene double bond

f’ .S ‘MDPH f’ % NADPH Iy Y

AR —

1.5" ‘\‘ H E} 1,]"5 *|-[H

n

Al ene A _diene

El: sterol A®-A’ isomerase (cholestenol A-isomerase)  E3: sterol AT-reductase (7-dehydrocholesterol reductase)
E2: AT-sterol A'-dehydrogenase (lathosterol oxidase)
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Membrana cellulare

Lato extracellulare Carboidrati

Glicolipidi

Proteine FDSfD"pidi

Colesterolo : : 2
esterni ed interni
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Cause della diversificazione strutturale nell' ambito degli steroidi

104

AO®

Af-unsaturation Al yunsaturation

A*_unsaturation
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Cause della diversificazione strutturale nell’ambito degli steroidi A®

H

L]
“H
I8

I
'.."H

stigmastane (Caq) poriferastane (Crg) 2% 28 lanostane (Cag) > cycloartane {Cap)
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@osterD

precursore

cycloartenol

fucosterol

ergosterol campesterol
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e.g. sitosterol g.r. stigmasterol e.g. Ergn-hieml.

El: sterol C-24 methyliransferase E3: A™M sterol reductase
E2: 24-methylenesterol C-methyltransferase E4 sterol C-22 desaturase
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squalene

N

catione dammarenile catione protosterile

N

lanosterolo cicloartenolo

HO

colesterolo fitosteroli

vitamine D

saponine saponine

triterpenoidiche steroidee pregnenolone ————»  estrogeni

androgeni

acidi biliari

progesterone

glicosidi corticosteroidi
cardioattivi



