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Precursors
come from
several
different
pathways

Diversity of plant natural products

Localization and transport
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Phenolic compounds

Phenyl ri : i
enyl ring Major subclasses of phenolic compounds:

e flavonoids
“Acidic” hydroxyl * flavones
OH o phenolic group e flavonols

* flavanones

Phenol

* anthocyanidins
* isoflavones
* chalcones
» stilbenes
e coumarins and furanocoumarins
* lignins and lignans
e naphta- and anthraquinones
* diarylheptanoids
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mCOZH

Phenylalanine

PAL

« _CO,H

Cinnamic acid

C4H

CO,H

O

p-Coumanc acid

4CL

COSCoA
) /@/\/

4-Coumaroyl CoA

Phenolic compounds

Phenylpropanoid
skeleton (C¢Cs)

OH

H;CO
OH
Coniferyl alcohol,

a component of lignins
and many lignans

-

3xC,

|
CeCs

Phenylpropanoid-acetate skeleton (CzC3-Cg),
with phenylpropanoid-derived (C4C3) and
acetate-derived (3 x C,) rings

Quercetin, a flavonoid
(CC3-Ce)

—— Phenylpropanoid skeleton
——— Acetate-derived rings
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Phenolic compounds
Challenge Phenolic compounds Pathway
UV irradiation Flavonoids (anthocyanins, proanthocyanidins, condensed tannins, Phenylpropanoid-acetate
isoflavonoids, flavones, flavonols, etc.)
Desiccation Suberins Phenylpropanoid-fatty acid
Gravity Lignins Phenylpropanoid
Herbivores/pathogens Stilbenes, coumarins, furanocoumarins Phenylpropanoid-acetate
Diarylheptanoids, gingerols, phenylphalenones, lignans, volatile aromatics Phenylpropanoid-acetate
Hydrolyzable tannins Shikimate
3
(0]
40 (]
= OH
(0]
Anthocyanidins Flavones Flavonols Flavanones

: @
O | O Flavonoids
I
Isoflavones

|
0]
Chalcones 5
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Phenolic compounds
Lignans Coumarins Phenylpropenes
Podophylllotoxin Warfarin Eugenol
HO H,CO =
T H D/\/
HO
Methyleugenol
HSCDD/V
H,CO OCH, H,CO
OCH,
Diarylheptanoids Furanocoumarins
: Angelicin
Curcumin 0 0
00 R
Stilbenes 0 0 (6]

Resveratrol

Gingerol

HO OH
OCH,
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Phenolic compounds

C

Shikimate-derived
aromatic core
constituent of

hydrolyzable tannins
(C4Cy)

COOH
HO : OH
OH
Gallic acid
(C¢Cq) Chestnut
B D

| Ellagic
acid

Castalagin
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Terpenoids
H3C \ /CH3 /
CH—CH, =
H,c
Isopentane Isoprene
Head-to-tail
Monoterpenes (C,o) Sesquiterpenes (Cy5) Diterpene (C,,)

Myrcene Menthone (E)-p-Farnesene Amorpha-4,11-diene Pimaric acid
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Terpenoids
Terpenoid biosynthesis: HiC
;‘;C—cHz—cqu“ Isopentenyl diphosphate
* Biosynthesis of the basic 2
five-carbon unit
. . HiC~ -
* Repetitive additions of Cs ; >¢:=CH_CHZD“ Dimethylallyl diphosphate
units HaC
* Formation of parent carbon ST
diphosphate
skeletons @)\/\ /l\/\o.. X SNo@®
e
: : : - N
* Modification of terpenoid o9 "
skeletons The prenyltransferase

reaction



Terpenoids

. ~s

Resin Oil stored in a glandular hair Plant latex
- : H
- OH 7
i H “H
(=)-Menthol (E)-p-Caryophyllene Zingiberene

10



Ty - seccondary metabolites

Terpenoids

Gl =

p-Carotene

Artemisinin 11
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Cyanogenic glycosides

CN = nitrile group
R, = aliphatic or aromatic group
R, = usually H

i el OGlc = glucose residue
\ attached by O-p-D-glucosyl linkage
C \
Rz/ CN

g itri Cyanogenic
a-Hydroxynitrile il
- OH Glucosyltransferase . i O,Glc
Hov oL
i CN B-Glucosidase R, CN

a-Hydroxynitrilases

> 0 + HCN ‘@‘ Insect defense

=& compounds 12
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Cassava (Manihot esculentum)
Linamarin Gi Almond (Prunus amygdalus)

Cyanogenic glycosides

N HO

&
=
-

OH (R)-Amygdalin
(S)-Dhurrin Sorghum (Sorghum bicolor)

OH CN H
0 =
HO o—
HO
OH

-Epiheterodendrin
(R)-Ep Barley (Hordeum vulgare)

13
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Cyanogenic glycosides

L-Amino acid Aldoxime a-Hydroxynitrile
R
R 2
2 (@) - OH
B B 2
R OH i Sl
N R, CN
NH, .
OH

Cyanogenic
glucoside

Glc
O/

14
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Glycone Central
carbon

OH

Side group

e U |
HO S

Glucosinolates
Sulfonated
i R S
et i \“/ \Glc Glucosinolate
N
~0s0;
Glucose /1 Myrosinase
R \I/SH
N
Noso,
R—N=C=S L R—S—C=N
Isothiocyanate ESP Thiocyanate
When R = When R =

R—C=N
VN
Nitrile ‘(\|/\
OH

> |
N
Epithionitrile ; N\ H

0]
Oxazolidine-2-thione \IS]/
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Glucosinolates
NH, ) GSH Glu
., 7 S m
R—CH —C » R—CH =N—OH > 2 R—C\ Gly
Noy  CYP79 CYP83 \\N— OH
Amino acid Aldoxime S-Alkylthiohydroximate
(e.g. chain elongated)
C-S-Lyase
Carboxypeptidase
v
S _al PAPS 5o UDP-Glucose o
—Gluc —Gluc
R— C< - J R— C< E */ R— C<
“"N— 0SO;H |Sulfotransferase 'N—OH Glucosyltransferase N— OH

Glucosinolate Desulfoglucosinolate Thiohydroximic acid

16




Alkaloids

Erythroxylum coca

CH0
HO

0]

F
'0

Cinchona officinalis

Quinine
N — CH3

Ho™

Papaver somniferum

o) ‘|3H3
: H N
Morphine
\ .“‘\\\ N |
g, 4 / CH3 0
N

Nicotiana tabacum Nicotine Q

Coffea arabica

Caffeine 17
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Alkaloids
Strictosidine
synthase
g
NH, CHO ¢«
N AWOGlc
b 0,07 S
Tryptamine Secologanin Strictosidine
-
| Y
Hom
HO g HO ¢ ~
Dopamine
~
COOH \ e e

(S)-Norcoclaurine
e NH, synthase -
o
L-Tyrosine 0 HO
H {S)-Norcoclaurine
HO

p-Hydroxyphenyl-
acetaldehyde

7

18
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Y% Throchifeorum Stiliticorum 5 xij »
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Magmaris Hedycroi

Piperis [angi -

Opy Thebaicr ana ),
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Bacteria and yeast have been
engineered with a combination
of plant and animal genes to
produce isoquinoline
alkaloids. Single batch means
a co-culture of yeast and
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Alkaloids
Glucose or modified substrates |
HO NH H
Dopamine 3,4-Dihydroxyphenyl
acetaldehyde
Single batch 1 (3,4-DHPAA)
biosynthesis
in yeast/E. coli
Noraudanosoline bacterium.
l l 60MT/NMT/
1 40MT
H,CO
46 O NCH,
HO CYP719B1/
. (S)-Reticuline SalR/SalAT
E. coli H4CO
Yeast BBE \\‘ CYP80G2/ “‘\
NMT ¢
O H3CO
¢ O _CH,
HO N“CH3

Berberine

O
O

Magnoflorine

H,CO

(S)-Scoulerine

Thebaine

20



