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Espécies Vegetais

Via do Acido Chiquimico

(Chiquimato):

DerivadOS CG-CII CG-CZ e CG-C3

Prof. Marcelo J. Pena Ferreira
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iossintese e Distribuicdo em Espécies Vegetais

ol

LOH
o
HO -
OH

OH
D-glucose

COLH

NH;
glycine

f

e _-COZH

HS
NH, NH
L-cysteine L-serine
cozH
NH;
L-valine

Via Acetato-
Mglona'ro: Ceras,
Acidos graxos,
Poliacetilenos,

NH,
L-alanine

\]’/\Y COH
Nt

Policetideos
aromaticos, f

Macrolideos

\VJY c-n_.u—

L-isoleucine

oo
o moTy M

Yu »H

-

_COH
uu:n'/\r R
N,
L-aspartic acid

GLYCOLYSIS
o
~OH
o
It >\,§j\
OH
b
glucose 6-P

ENTOSE PHOSPHATE
CYCLE ol

PO .
OH
erythrose 4-P

'8} = PHOTOSYNTHESIS

OHC_ ot
PO
glyceraldchyde 3-P
P
coum - Substancias
. o P
HOLC_ Ol P = _ Q/\r“’—” Aromaticas
PO HO™ OH HO _N”’ re
3-phosphoglyceric acid Sn : L-tyrosine .\ .
~ SHIKIMIC ACID Alcaloides
P
Cﬂf\ nus [ Aromaticos
HOLC __OF
~ NH
phosphoenalpyruvate L-tryptophan
oH ©OH
HOLC o J— jl/'\‘/“-,,p . or
S o on - on
pyruvic acid deoxyxylulose 5-P METHYLERYTHRITOL 4.1
| on Terpenoides
coas. ¥ o
r wod L
YL-CoA OH
MEVALONIC ACID

KREBS CYCLE

- COH
HO,C 'ﬁ( -

O
oxaloacetic acid

HOC COH HO
o

2-oxoglutaric acid

NH
COLH

NH,

coi

NH,
L-glutamic acid

COH
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FORMACAO DO PRECURSOR DA VIA

PEP  co.H
. COH
pfofl;\\\ aldol-type -
PO / reaction ],6\. o NAD*
( w vl o
g 'd o
o A E)W R El i o E2
X H HO |
OH OH ;
aldol-type OH
D-erythrose 4-P DAHP reaction /
CO.H COH HO CO:H HO, CO:H
NADPH -H0 Q NADH
HO" on B o on E3 B
OH OH
shikimic acid 3-dehydroshikimic J-deh_\'droquinic quinic acid
acid acid

dehydration
and enolization

E6 l -H,0 \\_\D oxidation

~a  and enolization

CO.H CO,H
El: DAHP synthase (aroF, aroG, aroH)
E2: 3-dehydroquinate synthase (aro B)
E3: 3-dehydroquinase (aro D)
E4: shikimate dehydrogenase (aroE)
ES: quinate deh)drugenm,e HO HO OH
E6: 3-dehydroshikimate dehydratase OH OH

protocatechuic gallic acid
acid

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

DERIVADOS C,-C,;: TANINOS HIDROLISAVEIS

1. GALOTANINOS

OH
OH
o OH
OH OH OH
OH OH B-glucogallin o OH
OH  ypPGlc Q o
HO N HO
I HO (0] Y HO (o]
El OH E2 - OH
HOLC OH OH 5 glucose
gallic acid B-glucogallin 1.6-digalloylglucose
E3-5 * PB-glucogallin (3 x)
Taninos oH
e AL
v/ promovem adstringéncia de

alimentos e bebidas

v’ utilizados em curtimento de peles de

animais

El: gallate 1-B-glucosyltransferase
E2: B-glucogallin O-galloyltransferase
E3-5: galloyltransferases

o OH
0% "o 9
00 o
0.0 OH
HO OH

pentagalloylglucose
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spécies Vegetais

DERIVADOS C,-C,;: TANINOS HIDROLISAVEIS

OH
2. ELAGITANINOS o
o OH
OH
on OH B—vlumgallm o OH
UDPGIL HO O
E2 » Y HO 0 oH
HO.C glucose OH
gallic acid B-gluc ogaum 1.6-digalloylglucose

0 } .
oH ) on E}5 * B-glucogallin (3 x)
HO. (0]
0. *
. OH
O
o o 0 HO.
30 0Ly d
) oy ¢ OH
radical coupling / ~ -
¥

r
OH
OH
4]
OH OH
0 0
0 O
0.0 OH
(o]
HC)
HO OH OH
HO OH ontaod . ~0sE
OH El: gallate 1-f-glucosyliransferase pentagalloylglucose
OH E2: B-glucogallin O-galloyltransferase
tellimagrandin T E3-5: galloyltransfera:

E6: pentagalloylglucose: oxygen oxidoreductase

ELAGITANINOS X GALOTANINOS ﬁ r@

HIDROLISE 0. L0 | OH

OH
pentagalloylglucose
hydrolysis
glucose
oH hydrolysis + glucose + gallic acid
OH —  gallic acid
OH
OH oH 0.0 OH
spontaneous
lactonization
I
HO' (o] 0
OH
lellimagrandin 11 hexahydroxydiphenic acid ellagic acid
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| TANNINS |

Q
<]
3
o
1]
=1
7]
[0}
o
-
o
3
2.
5
o

complextanninsl | hydrolyzable tannins |

| gallotannins ” ellagitannins |

OH

OH
g e

tellimagrandin 11

OH

epigallocatechin gallate

oH

epicatechin trimer

DISTRIBUICAO DOS TANINOS HIDROLISAVEIS

Ambomlalest

Magnoliales ] magnoliids

swJadsolbue

Poales commelinids

sjo00uOW

@
c
e
5
3
@
fabids
o
]
® .
@ malvids
=
=3
H
S
@
lamiids

campanulids
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+NH Cadeia
Polipeptidica

OH

Ligagdes de

Hidrogénio

PEP
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FORMACAO DO PRECURSOR DA VIA

COH

acid

= CO.H
P _/0//& aldol-type -
/ 1, -
po li reaction ]‘0-? o
v H —_—
N El e
HO" 0W @ .
| H HO |
OH OH
D-erythrose 4-P DAHP
CO,H CO:H
NADPH
HO™ on B o on B o on 5 wHo
OH OH OH
shikimic acid 3-dehydroshikimic 3-dehydroquinic
acid acid
dehydration E6 l _H-0 ~.0 f’r‘iﬂ'ﬂ’i‘”{ .
and enolization - ~a  and enolization
COH CO.H
: DAHP synthase (aroF, aroG, aroH)
¢ 3-dehydroquinate synthase (aro B)
¢ 3-dehydroquinase (aro D)
: shikimate dehydrogenase (aroE)
5: quinate dehydrogenase HO HO OH
: 3-dehydroshikimate dehydratase OH OH
protocatechuic gallic acid

'
OH

quinic acid

OH

20/08/2023
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COH

HO" OH
OH
Acido chiquimico

Illicium verum (Schisandraceae)
Anis-estrelado - "Shikimi"

HO. COH chemically 0. CO,Et
—_—
el B
HO® - AcHN
OH NH,
shikimie acid oseltamivir
Tamiflu
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CONVERSAO A ACIDO CORISMICO

@
I-l
CO.H CO,H CO,H
/_J CO.H
OH l 1 PO” PO’ jlj CO;H
shlklmm acid shikimic acid 3-P
l - HOP
1,4-elimination of
)COEH CO.H COH phasphoric acid CO.H
HNT O A 0 NN,
(o O=Pp— J\ J\
f-on , OH CO.H
OH OH
lyphosat PEP
glyplosite chnrlsmlc acid EPSP
(5-enolpyruvylshikimic acid 3-P)
El: shikimate kinase (aro L) E3: chorismate synthase (aro C) | & -
E2: EPSP synthase (aro A) EPSP: 5-enol-piruvil-chiquimico 3-fosfato sintase -



http://upload.wikimedia.org/wikipedia/commons/9/98/Tamiflu.JPG
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Espécies Vegetais

COH

L,

OH
chorismic acid

3

CO-H

OH

OMT

4-hydroxybenzoic
acid

prenil

CO,H
corismato liase
_—_— s

OH

4-hydroxybenzoic
acid

. CROMENOS

Cromeno policetidico
(o] OH
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COH co

El
OH H®Y én
4-hydroxybenzoic
acid
amination using
ammonia

L-GIn
CO.H (generated from

glutamine) as
i nucleophile
O'JI\COEH

1
NH,
4-amino-4-deoxy-
chorismic acid

-H
~~ *OH;

L

CO,H

chorismic acid

\ L-Gln

\ E6

COH
. NH;

A

2-amino-2-deoxy-
isochorismic acid

CO,H

PLP l ES  elimination of pyruvic acid l E7 El: chorismate lyase
ochorismate synthase (EntC)
COH COH salicylate s}'nlh;.ﬁe
NH; E4: 4-amino-4-deoxychorismate synthase (PabA, PabB)
PabA = glutamine amidotransferase
E5: 4-amino-4-deoxychorismate lyase (PabC)
E4 + E5: p-aminobenzoate synthase
NHa, anthranilic acid E6: 2-amino-2-deoxyisochorismate synthase
- E7: 2-amino-2-deoxyisochorismate lyase
p-aminobenzoic acid l E6 + ET: anthranilate synthase (TrpE, TrpG)
(PABA) TrpG = glutamine amidotransferase

CO;H E8: isochorismatase (EntB)
E9: 2.3-dihydro-2 3-dihydroxybenzoate
NH, dehydrogenase (EntA)
3
i ————> Alcaloides derivados do triptofano
L-Trp
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ACIDO FOLICO Q Q

PABA sulfanilimide

H;N N II:«[ HoN N § HoN N %
Y am e Y
HN # OH . HN HN o N
N El N -4 N
O ] Sn2 reaction (o]
CO:H
6-hydroxymethyl- 6-hydroxymethyl- 7.8-dihydropteroic acid -
7.8-dihydropterin 7.8-dihydropterin PP

- l/ L-Glu
ATP
HaN /N g reduction HoN /N 5
T 1 . Ngopn T .
HN ~ N HN = N
N ~ 9 N
H H
(8] N Y\/ COH

H
N CO:H 0
\r/\/

tetrahydrofolic acid o CO:H dihydrofolic acid
(FHy) (FHz)

N N )
Y j\/h:lc E4 T NADPH reduction
Ny N/ N ; HaN Y]\' N\
R o o
HN = N
N

0 CoH

HN

methotrexate 0 COH \ o
El: 2-amino-4-hydroxy-6-hydroxymethyldihydropteridine o H N COzH
diphosphakinase H |
E2: dihydropteroate synthase ! p-amino- O | COH
E3: dihydrofolate synthase ! benzoic acid |
. dihvdrofolate reductas . '
E4: dihydrofolate reductase a pteridine ! (PABA) } L-Glu

folic acid

Encontrado em vegetais verdes escuros (brocélis, espinafre, ...) e grdos (ervilha, lentilha, feijdo, ...)

R OH
COH Sn2 reaction COH COH i

- HO. or

H N — NH CH,0PP — H

CHOP gy & ? k2 ~y%  OH
anthranilic /T Hd O bH o
acid OH e
rro OH n® imine—enamine
phosphoribosyl PP phosphoribosylanthranilic acid l tautomerism
1
) enol-keto OH
-CO;y O-f Oh ?H lautomerism Coég [
~H0 s op | op
OH OH
E3 N E2 N
H H
— indole-3-glycerol P 1-(2-carboxyanilino)-
E4 | reverse aldol 1-deoxyribulose 5-P
reaction ’
HO COH
NH CO,H
NH;

L-Ser

@\/\ \ B & ™ —— 5 Alcaloides derivados do triptofano
N PLP N
H H

indole L-Trp
(enzyme-bound)

El: anthranilate phosphoribosyltransferase (TrpD)
: phosphoribosylanthranilate isomerase (TrpC)
: indole-3-glycerol phosphate synthase (TrpC)

: tryptophan synthase (TrpA, TrpB)

=]

s



EM MICRORGANISMOS
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COH

OH

4-hydroxybenzoic
acid

CO;H

|

/7 OH;

1@ O

COH

chorismic acid

amination using

L-Gln
E4 ammonia

CO,H

1
NH,

(generated from
glutamine) as

L

nucleophile

4-amino-4-deoxy-

chorismic acid
PLP l £S5

COH

NH:z

‘p-aminobenzoic acid

(PABA)

CO,H
OH

OH
2.3-dihydroxy-
benzoic acid

l ATP
l EnzSH

.
0. SEnz

os Naturais |

% L-Gln

\ Eo

COsH
. NHz

A

2-amino-2-deo
isochorismic a

elimination of pyruvic acid l E7

CO,H
NH,

anthranilic acid

l

xy-
cid

COH

N

] TZ A

=
=
3

H;

CO.H
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chorismate lyase

ochorismate synthase (EntC)

- salicylate synthase

E4: 4-amino-4-deoxychorismate synthase (PabA, PabB)
PabA = glutamine amidotransferase

E5: 4-amino-4-deoxychorismate lyase (PabC)

E4 + E5: p-aminobenzoate synthase

5: 2-amino-2-deoxyisochorismate synthase

nino-2-deoxyisochorismate lyase

E6 + ET7: anthranilate synthase (TrpE, TrpG)
TrpG = glutamine amidotransferase

ochorismatase (EntB)

: 2,3-dihydro-2,3-dihydroxybenzoate

dehydrogenase (EntA)

——> Alcaloides derivados do triptofano

iossintese e Distribuicdo em Espécies Vegetais

EM MICRORGANISMOS

CO.H
NH,
L-Ser
l ATP
l EnzSH

SEnz

SEnz

HO

1
OH HO 0 HO (8] 0 i) 0
:NH, —= o.._Ng — HO \I
O
OH NH

v" Atua como um sideréforo

OH

OH

OH

enterobactin
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FORMACAO DOS AAS. FENILALANINA E TIROSINA

CO.H

o
PLP
E6

phenylpyruvic acid

I e

0 CO.H
COH H \r\)l
o
o PLP
b
O cCo,H El ) E7
OH 4@ Lon
chorismic acid prephenic acid
E4 l NAD™
CO-H
O
El: chorismate mutase PLP

E2: prephenate dehydratase
: arogenate dehydratase
prephenate dehydrogenase E8

arogenate dehydrogenase

Eb; phenylpyruvate aminotransferase OH
E7: prephenate aminotransferase 4-hydroxyphenyl-
E8: 4-hydroxyphenylpyruvate pyruvic acid

aminotransferase

CO,H

E ¥ NH,

L-Phe

T £3

Q
o A

OH
L-arogenic acid
ES l NAD*
COyH

NH,

OH —
L-Tyr
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Em Animais....

v Aminodcidos aromdticos essenciais

v’ Tirosina formada pela hidroxilagdo da fenilalanina

v’ Sintese de catecolaminas (horadrenalina, adrenalina) e melalanina

02

0> tetrahydro-
tetrahydro- biopterin
CO-H biopterin CO;H
(L s IR
NH, . NH,
2 El o 2 O
L-Phe L-Tyr E3

melanina

o o COsH
o m I

X NH,

9 mo 2

L-DOPA
(L-dihidroxifenilalanina)

catecolaminas

20/08/2023
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4. DERIVADOS DO ACIDO CINAMICO (C,-C,)

El: phenylalanine ammonia lyase (PAL)

COH
2: tyrosine ammonia lyase (TAL)
E3: cinnamate 4-hydroxylase
E4: p-coumarate 3-hydroxylase
ES: caffeic acid @-methyltransferase
El

L-Phe cinnamic acid

‘JADPH l" 3 hydroxylation

COH C‘O;H CO;H

o
NADPH SAM \IADPH SAM
—

| 2 ES
OH MeO OMe
OH
L-Tyr -1-(0unmm acid caffeic dl.ld ferulic acid 5-| hydmx}lcmtic sinapic acid
(p-coumaric acid) aci

v podem ocorrer na forma livre ou esterificados

v (?) distribuic¢do universal

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

COMPONENTES UV-FLUORESCENTES NA PAREDE CELULAR

 EE—— Monocotyledor

9

8 v " =
§ 3 X g = = g
i 2 @ % T & , T =
I | 5 g & § £ 2 &
E § ¢ § 3 2 i ¢ & 8 § ‘¢
i 2 & & & 3 24 & € ] ¢ =
\ /

Commelina communis - Commelinaceae

Triticum sp. - Poaceae

11
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C4-Cy + C4-C3: ACIDO CLOROGENICO E DERIVADOS

HO COH
HO
- COSCoA HO
HO Z (o] o COH
0 OH
caffeoyl-CoA chlorogenic acid
quinic acid (5-O-caffeoylquinic acid)
El: quinate O-hydroxycinnamoyltransferase
OH
OH HoOC. /=7 0oH
= OH o) 3
| OH OH O o}

= HOOC /‘iﬁo

OH OH oH

OH
CH

O café torrado tem aproximadamente 5 vezes
mais dcido clorogénico do que cafeina.

O dcido _ clorogénico _tem _alta _ atividade
antioxidante, controla o dano celular e reduz a
[glicose].

o em Espécies Vegetais

"0SCo! OH
2y - COSCoA ol o OH
! - = LTyr
HO' HO.C E3 HO,C E2

4-c0umamy|-CoA 4-hydroxyphenyl- 4-hydroxyphenyl-
lactic acid pyruvic acid
CO.H CO.H
¥ NADPH
-::
4- coumuru)l 4-hydroxyphenyl- rosmarinic acid
lactic acid
E2: tyrosine aminotransferase E4: hydroxycinnamoyl-CoA:hydroxyphenyllactate
E3: hydroxyphenylpyruvate reductase hydroxycinnamoy! transferase (rosmarinic acid synthase)

ES5. E6: hydroxycinnamoyl-hydroxyphenyllactate 3- and 3"-hydroxylases

%mapic acid

UDPGle  OMe oH OMe
MesN /\/ OH
,&A/ choline
€ o
HO OMe MeN™ s OMe
[ 8 0]

glucose

I-O-slnnpoylglucose sinapine

E7: sinapate 1-glucosyltransferase
ES8: sinapoylglucose:choline O-sinapoyltransferase (sinapine synthase)

20/08/2023
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5. CUMARINAS

s _-COH s COH ~ “
Iy g COH
) OH 07 o

5

cinnamic acid 2-coumaric acid . coumarin
trans—cis lactone
0, l El isomerization Sformation
NADPH y
- COH - COH . .
2 CO,H
HO “ HO OH HO OH HO (0] 0

4-coumaric acid 2 4-dihydroxy- umbelliferone
cinnamic acid

GlcO (] HO [0} (0] HO (0] 0
El: cinnamate 4-hydroxylase scopolin scopoletin aesculetin
E2: cinnamate/coumarate 2-hydroxylase

MeO

s

v Lactonas de C¢-Cj

v’ Frequentes em vdrias familias de Angiospermas

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

5. CUMARINAS

Apiaceae 44,7%

Thymelaeaceae—/ 50

1,8%
4, |
Asteraceae— 2+ +
12,2%
“Outrasa,a%
Moraceae
2,0% cab
abaceae,
| Oleaceas 3.5%
Rutaceae 2,2%

24,8%

v" Distribuidas em todos os clados do APG-IV

13
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5. CUMARINAS

4-hydroxycoumarin

HCHO (AN :
Melilotus officinalis (Fabaceae)

I e
OH v Intoxicacdo do gado no pasto Vo 9°¢

C S - ‘ v Interfere com Vitamina K na coagulagdo
sanguinea conduzindo a hemorragia letal

dicoumarol

v" Dicumarol - pacientes em risco de tromboses

. . / S
v" Warfarina: cumarina sintética (0\,@:1
0] (0]

v' Empregada como rodenticida psoralen

warfarin

v Fotosensibilizagdo

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

6. DERIVADOS C,-C; OBTIDOS POR UNIDADES C4-C,

COH COSCoA COSCoA COSCoA
(o]
HSCOA
H,O NAD*
—
E3
R
OH
R =H, 4-coumaric acid R=H., 4’mum1myl -CoA
R = OMe, ferulic acid R = 0Me, feruloyl-CoA -
’ HSCoA - reverse
reverse Claisen
H0 COH aldol CHLCOSCoA o

r} E6
COH j))
COoH COSCoA

reverse
aldol N AD*
-
R ES p

OH OH
R=H, 4—hydmx)— R=H, 4 hydmxy—
benzaldehyde benzoic acid
R = OMe, vanillin R = OMe, vanillic acid

v Acidos fendlicos C,-Cy: distribuicdo universal

El: CoA ligase E4: thiolase E6: enoyl-CoA hydratase/lyase
E2: enoyl-CoA hydratase ES5: thioesterase E7: dehydrogenase
E3: dehydrogenase

14
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OCHs Orquideas vaniloides :
OH . . Vanilla spp. (Orchidaceae)
v" Baunilha - Vanilina

Salicina; Aspirina: inibe a atividade da COX, por transferéncia de um grupo
acetil para o grupo hidroxilico do aa. serina da enzima. A aspirina reduz o
processo inflamatdrio e inibe a sintese de prostaglandinas.

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

7. DERIVADOS C,-C, OBTIDOS POR UNIDADES C,-C;

OH OH

W Taraxacum of ficinalis
Asteraceae

Astilbe sp. - Saxifragaceae

v Acidos fendlicos C4-C,: distribuicdio restrita

15
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REDUCAO DOS ACIDOS A ALCOOIS

COH CO:H
L-Phe cinnamic acid

L E3  hydroxylation

0,
NADPH
CO.H CO.H COH

NH, # P

0,H

CO.H C
NH, 0,
NADPH SAM NADPH SAM
— — —
E2 E4 E5
HO MeO OH MeO
OH

OH OH

L-Tyr 4-coumaric acid caffeic acid feruhc .mcl
(p-coumaric acid)

! '
¢ CH,0H ' CH,0H
7 s

MeO

4-hydroxycinnamy! alcohol
(p-coumaryl alcohol)

coniferyl alcohol

sinapic acid

}

' CH,0H
#

S—hydroxyferullc
acid

MeO OMe
OH

sinapyl alcohol

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

CONVERSAO DOS ALCOOIS A FENILPROPENOIDES

loss of acetate leaving o ;j:rf;;ﬁg”
group; formation of it
quinonemethide | y-postiion
e
0] Me Oﬁ/ Me
OH  esterification 0 0 .
- A
OM
7 7 pe ¢
e NADPH OH
CH;COSCoA / isoeugenol
El

(propenylphenol)

NADPH
OMe OMe ™~ OMe \ | attack of hydride I
OH OH :OH E2 at a-position
S]
coniferyl coniferyl (lk/ H SAM
alcohol acetate
— —
E3 OMe
El: isoeugenol synthase 1 C OMe OMe
E2: eugenol synthase 1 OH OH OMe
E3: eugenol O-methyltransferase
eugenol
(allylphenol)

20/08/2023
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8. FENILPROPANOIDES (C,-C,)

OCOCH;
CHO | | I
/E Z A
MeO MeO 0 MeO OMe
cinnamaldehyde  cinnamyl OMe OMe OH o—/ OMe
acetate
anethole estragole eugenol myristicin elemicin

(methylchavicol)

Noz-moscada - Myristica fragrans

Anis - Pimpinella anisum

Anis-estrela - Illicium verum

v' Componentes de 6leos voldteis

v" Fungdes: Alelopatia, antimicrobiana

BIB 5754 — Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

www.shutterstock.com - 50809489

Syzygium aromaticum - Myrtaceae Botdes florais de cravo, fonte
cravo de éleo voldtil.

Eugenol: principal componente do éleo
de cravo.
Atua: anestésico bucal.
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DIMEROS (C¢-Cs), E POLIMEROS (C,-Cs),

CH,0H CH,OH CH,0H
P # #

MeO MeO OMe
OH OH OH

4-hydroxycinnamyl alcohol

(p-coumaryl alcohol) coniferyl alcohol sinapyl alcohol
POLYMERS
* ;;///
LIGNANS

pinoresinol
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FORMACAO DOS DIMEROS E POLIMEROS

OH OH OH OH OH
one-electron
P oxidation s yZ 9 .
D
_H*
e - 5 -~ -
MeO ~° Meo -~ MeO ' MeO MeO
OH o} o] (0] (o]
coniferyl alcohol A B C D

enolization

OH

jack

niferyl alcohol

r
(B-arylether linkage) OMe waran liakage)
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9. LIGNOIDES (C4-Cs),
phenolic oxidative o 'Q:Z:u o. .QZ:C

# coupling P

=25

- - NADPH _ _ ==

. H H H H =%

0 Mo . = MeO. g8

. o . HO A

e o Fz

OH Ho (+)-pinoresinol HO (#-lariciresinol ey
coniferyl alcohol =
Z

E2 l NADPH

E4: deoxypodophyl
ES: deoxypodopl

oxidation
to lactone

o%\

Q .

OMe OMe OMe
podophyliotoxin deoxypodophyllotoxin B-peltatin
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MeO OMe
OMe MeO ¥ OMe MeO OMe

Podofilotoxina: isolado das raizes de Podophyllum hexandrum e P.
peltatum e usado na quimioterapia do céncer de pulmdo, entre outros.

A substdncia e os derivados (etoposideo e teniposideo) possuem
efel‘ro antimitotico. '

e
ETOPOSIDE

IKJECTION

20/08/2023
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LIGNOIDES NA
ALIMENTACAO

v Redugdo das taxas de incidéncia de tumores de préstata e mama

— Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

sesamina

Cryptomeria japonica - Cupressaceae  Thuja plicata - Cupressaceae
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LIGNANAS X NEOLIGNANAS

OCH,4

OH
HO HO,
(o) -, -OH

OCHj

Piperales
Caneilales

recaes
Poales Commelinids

= Magnoliales
Laurales Magn

suuadsoiBuy.

Commelinales
Zingiberales
Asuara gales

Duoscorea\es
Pandanales

s1000u0I

Fabids
@ = !
5 My
8 Crossosomatales
H Mol Malvids
2 Brassicales

Huerteales

axifragales
le\amales

Jlan[a
‘,arynpnyna les
Cornales

Ericales
Aquifoliales
Asterales
Escalloniales

spuoiseiadng

Campanulids

P
2
g
3
#

Apiales

jales
tVahiiales
Gentianales
{Boraginales
arryales
Metteniusales
tlcacinales

Lamiids

10. LIGNINA (C,-Cs),

Hy cnm HE—
/ \ cHo ]
cn, | ]
<H
HCOH H(—CH I HCOH
i i o ]
—H HC— H? H
1 Aagnl HCOH =
ghin i Wt I
© ”zCOH LX< OCH, Hcl
DLH,
HyCoH —a | 2
i HyE0 OTH, e y)
CH,OH
oo Hc - o, DHH " HES i
;':IO a‘:lo o clu
| HE @ b GOH, o ch
HEoH ocH, |
T 3 HcoH oon, HC o .00 ocH,
HyC OCH, | | |
CHO, o OCH,
")CU" Tk, Mg en oH
1 |
b HC o
HE —o HOCH;— CH—CO ] !
7
|@ 1 M
—an OCH, H Gty o,
a H |
I Hye0 Q 0 ok,
o eH, HE————0
ot HGCH;— CH— CH

Gimnospermas - dlcool coniferilico
Eudicotiledneas - dlcoois coniferilico e sinapilico
Monocotileddneas - dlcoois coniferilico, sinapilico e p-cumaroilico

21



BIB 5754 — Produtos Naturais |: Biossintese e Distribuicdo em Espécies Vegetais

Detecgdo em Forsythia da atividade da enzima peroxidase e

deposigdo de lignina

Peroxidase Lignin
(syringaldazine/H,0,) (phloroglucinol/HCI)

Sclerenchyma
Cambial zone
Lignifying
young xylem
Mature, fully
lignified xylem
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SUBERINA

v' Suberina: derivados de dcidos graxos de cadeia longa e dcidos cindmicos

crosslitds another phenol

domaity \&r

phenyl
propenoates

Hypothetical structure of
suberin. Bermards (2002)

attau:hmm"

Suberin lamellae mote lipids

http://www.palaeos.com/Plants/Lists/Glossary/GlossarySi.html

20/08/2023
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—

Lycopodiophyta

Lycophytes

hyta '

FIGURE 4.1

Tracheophytes (Vascular Plants) e
[ Euphyllophytes ST
[ Monilophytes ——— I,i:_'mlpll_\h‘\-[

2 Woody Plants

T = extinet

f the tracheophytes. the vascular plants, modified from Pryer et al. (2001, 2004;
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(0]
x NHR
amidas
R
(o]
ROH
Q\)‘\OR -

R steres cinamicos

e
QR/\/

fenipropendides

R

g :

0]
flavondides
OH
OH
+
3x Mal-CoA o
/ R R
p-oxidagao 4cidos benzéicos 4cidos fenilacéticos
(0]
X OH ——> A
oxidagdo

(0] [¢]

a R

R dcidos cindmicos

cumarinas
reduggo

Q/\/\OH

R aicosis cinamicos

Qip\amsntn radicalar

lacoplamen(o radicalar

o Q :

lignoides

lignina
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