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METABOLITOS: PRIMARIOS E SECUNDARIOS

METABOLITOS PRIMARIOS: substéncias relacionadas a
processos bdsicos celulares de produgdo de protoplasma e
geragdo de energia.

Exs.: carboidratos, lipidios, proteinas, dac. nucleicos

METABOLITOS SECUNDARIOS OU  ESPECIAIS:
substdancias ndo relacionadas a processos bdsicos
celulares de produgdo de protoplasma e geragdo de

energia.
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...em organismos fotossintetizantes
Fotossintese: 6 CO, + 6 H,O0 — C,H,0, + 6 O,
Energia luminosa — Energia quimica (ATP, NADP+, NADPH, carboidratos)
Onde ocorre ? Cloroplastos

HO o,

membrana ADN
tilacoidal

espacio
tilacoidal

Reacciones
dela iz,

membrana
plastidial
externa

intermembrana plastidial

ntema membrana —
del tilacode

4

0, CHO

Reagdes: ocorrem hos tilacdides, cujas membranas possuem fotossistemas

Fotossistemas: pigmentos que captam energia luminosa

Pigmentos: clorofilas, carotenoides, ficobilinas
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...em organismos fotossintetizantes
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...em organismos fotossintetizantes

Lipideos Nitrogénio
(triglicerideos) do solo

Acidos graxos

Pirwvato |—3 | Acetil CoA #

Fotossintese

CICLO DO
ACIDO CITRICO
(CICLO DE KREBS)

> Proteinas

| Polissacaridecs
(amido)

RuBP: Ribulose 1,5-bisfosfato
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Reagdes do ciclo de Calvin

H.C-0-(®)
H.C-0-®) H—-C—-OH
H.0
C=0 s <
H-C-OH Rubisco oo
H-C-OH
H—-C—-OH
H.C-0-(® N
H.C-0—-(P
Ribulose 1.5-bisfosfato 3-Fosfoglicerato
00 ATP app  O=C-0-( SR s I 0=C-H
A | \. NADP' p
H-C-OH e H-C-OH Mo A A sl
s oslogl ‘f‘f"‘“ 1 gliceraldeido | Glicose 6-fosfato
H.C-0-(P) quinase H.C~0-(P 3-fosfato H,C~0-(B
desidrogenase
3-Fosfoglicerato I.3-Bisfosfoglicerato Gliceraldeido

3-fosfato

Rubisco: Ribulose 1,5-bisfosfato carboxilato/oxigenase
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Carboidratos

Monossacarideos: aldoses (D-glicose) ou cetoses (D-frutose)

« Estrutura linear que em solugdo origina as formas ciclicas

H\'G/O Aldeido

H— : —OH
HU—‘?—H s @H,0H 6 @H,0H
H—'@—OH P ¥
H—@—O0H <=———
H “(‘g~on
|‘| H  OH H  OH
D-Glicose Intermediéario a-D-Glicose B-D-Glicose
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Polissacarideos:
v Os organismos vegetais podem formar polimeros com centenas ou
milhares de monossacarideos que possuem diferentes fungoes

Celulose: cadeia linear de moléculas de glicose, cuja fungdo é
estrutural.

Amido: cadeia pouco ramificada de moléculas de glicose, cuja

fungdo € reserva de energia.

GH,OH CHOH
o, o
CELULOSE WA HoouA i AMIDO
SCH, OH sCH, OH $CH, OH oI\ o
i _0-(156
Lo 9 0 oH H  OH H OH| .~ o-(1-6)
A o Con o AT CHZOH CHZOH CH CH,OH
H OH H OH OH H O H
OH N Bo-4 o R s gH H oH H OH gH H
H H o o o -0 OH o
OH OH OH H  OH H  OH \ H  OH H  OH
GLICOSE GLICOSE GLICOSE o-(1-—4)
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spécies Vegetais

...em organismos fotossintetizantes

Fotossintese

Nitrogénio
do solo

CICLO DO
ACIDO GITRICO
(CICLO DE KREBS)

Prote

Pirwvato | | Aceti CoA #
GLIIILISE

=

GLYCOLYSIS
OH CNTOSE
OH _OH Y
@ I . S .
HO. ro ¥ O PHOTOSYNTHESIS
O o . .
OH OH on
erythrose 4-P -
D-glucose glucose 6-P Y ~
OHC__ .OH
COH
NH; ro -
elycine glyceraldehyde 3-P
co,H g
5 . . COH
coH e _COH HO,C._.OH .
Hs . HO -
~ ~ ) I
NH, NH, PO HO on HO
L-cysteine L-serine 3-phosphoglyceric acid . ~ Lotyrosine
- SHIKIMIC ACID
_ NH;
co HO,C . _OF @
T - NH
NH, phosphosnclpyruvate L-tryptophan
Lovaline  w_ o on
CO.H HO,C_ _O \I “or or
N - & on on - oH
L-alanine pyruvie acid deoxyxylulose 5-P M HYLERYTHRITOL 4-P

i OH
\[/\r(":“ coas. ' o
NH, \r’ HO,C

L-leucine OH

MEVALONIC ACID

H KREBS CYCLE
COoH - COqH cosH HOLC COH HOLC COzH
\/\r - moeT L e Oy O
NH; NH; [s] [+ NH»
L-isoleucine L-aspartic acid oxaloacetic acid 2-oxoglutaric acid L-glutamic acid
- l
NH
8 COH - HN CO:H COH oyt
Sy R W SN I
NH; NH; H NH, NH
L-methionine L-lysine L-arginine L-ornithine
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Glicose-6-fosfate

o A
| desidrogenase _  aswun
o=p—0—° (66PD) 4 o**
Hexocinase | -
Glicocinase o
(IRREVERSEVEL) Fosfoglicomutase

nErag,
L
»
~

e

OH

Glicose Glicose-6-fosfato
Fosfoglicoisomerase
o=
1 o
- F'd L a o= CH,0H
Glicdlise (12 fase) 'K .
OH
OH
0=(i_" Frutose-6-fosfato
H=C-0OH
CH,0-PO? E — ATP Fosfofrutoci
2 4 osfofrutocinase
- SR (IRREVERSIVEL)
Gliceraldeido
3-fosfato
Triose- ¢ ?- ¥
fosfato o=p ° CH,0 =F=0
isomerase . - Aldolase L. o I
L D E—— on
CH,0H OH
Di- OH-fosfato Frutose-1,6-his-fosfato
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Bm""":":f_..-) “0-C=0
G ~C-0-p0?

=G o CH,0 —PO?

1 =C=0— - & -
H- c- OH o CI 0-PO; ) e

&H 0=po:2 Gliceraldeido - 3- fosfate H-C- OH

% ® _desidrogenase ! 2
g CH,0—PO; BPG-

Gliceraldeido ( ’ﬁ . 8
3-fosfato  HPO,?2 (Pi) 1,3-bis-fosfoglicerato

NAD*.

fosfatase

'0—?=0
H-C=0H

Glicdlise (22 fase)

3-fosfoglicerato

Fosfoglicerato
mutase

ADP 9=£=0 0-C=0

0-(I:-0 C- 0-PO; Enclase H-C-0-P0¢’
C=0 EH | 3
&H Piruvate cinase 2 CH,0H

e (IRREVERSEVEL) Fosfoenolpiruvato 2-fosfoglicerato

Piruvato

Glicdlise: Glicose 6-fosfato — 2 Piruvatos + 2 ATPs + 2 NADPHs + 2 H,0
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GLYCOLYSIS

OH OH
v V
’CL,OII \/@(IH
O (o)
HO = | ro.
OH OH
OH

EH
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OHC__ .OH

J

ro
glyceraldehyde 3-P

I|(73\'j ~OH
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HO,C__OP
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OH

l OH K
HOC O \"/'\‘/\DP . or
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OH OH
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HO,C
OH
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Via Acetato-Malonato
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@ Acido pirdvico
CH,—C—~COOH
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1
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|
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|
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CH,
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COz2 NADH,
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Espéci
GLYCOLYSIS
(I)Ii OH
LOH OH
o o
.mM;::L — WN;::L
OH
O Su
D-glucose

glucose 6-P

OHC LOH
f( ©.H
NH; PO
glycine glyceraldehyde 3-P
alol - COLH HO,C . LOH
T no” Ty
NH, NH, -
L-cysieine L-serine 3-phosphoglyceric acid
CO.H HO,C T”I'
NH, phosphoenolpyruvate
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' !
COaH HO, OO ﬁ ~op
i | NH; \ﬁ O OH OH
Ym Acetato-Malonato lanine pyruvic acid deoxyxylulose 5-P
Acidos graxos, Ceras,

K N ~_.CO.H
Poliacetilenos, T T
L ‘L. Ni
Policetideos aromaticos i.-iucine

¢ ..,\\\r,(r

ACETYL-CoA
Macrolideos «<———

HOLC

MEVAL
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COH HO,C CO;H
HOLC /\"/ — W
[s] 8]

oxaloacetic acid 2-oxoglutaric acid

os Naturais |

es Vegetais

o

or
OH

METHYLERYTHRITOL 4-P

OH

OH
ONIC ACID

NADP*

dose | oN P [+ ‘
6-fostato o

Gl desiirogenase  Glicono-i-actona

6-fostato 6-fosfalo

lactonase

Xk
g sfostato
HG—OH

HC—OH lostogliconato
HC—CH
desidrogenase

+
i HC=0 =0 Ho—
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y " : HC—0H
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’ S-fosfato
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30/07/2023



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

GLYCOLYSIS
OH ‘.7” PENTOSE PHOSPHATE
LOH LOH CYCLE oOH
o o )
HU\)::L“” — l-n\):/\L — "‘\/'\/“,, ~— PHOTOSYNTHESIS
OH 1 .
o O .-.—,nm,:f-larl’ g
D-glucose glucose 6-P : -
OHC LOH E—
co.H R
NH>
glycine glyceraldehyde 3-P
a .
i Substadncias
P
e _COM _COH HOXC_OH Aromaticas
HS HO Y
\gu, NH; ro re
L-cysteine L-serine 3-phosphoglyceric acid Alcaloides
P
Aromaticos
COLH HO,C \_]rlrl'
NHy phosphoenolpyruvate -
. Lovaline OH OH -
Via Ace.TaTo- o o | o ~ ~on or
Malonato: Ceras, i — h R S T on on
Acidos graxos L-alanine pyruvic acid deoxyxylulose 5P METHYLERYTHRITOL 4P
g . - y
Poliacetilenos, Terpenoides

~ COyH CoAS ¢ O -
Policetideos T I I e — ..,,,(’}\L

NH,
aromdticos L-leucing ACETYL-CoA oH
i l MEVALONIC ACID

Macrolideos
B KREBS CYCLE
A __com _coum } . . )
~- Mo ”U:(,/\r H ”“V(/\'ru»,n__ HOSC \_/ﬁrcu:n o Hox \/\r< 01
NH, NH, o O NHa
L-isoleucine L-aspartic acid oxaloacetic acid 2-oxoglutaric acid L-glutamic acid

>
NH
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BLOCOS CONSTRUTORES DE PRODUTOS NATURAIS

Unidades C;: Metilagdo realizada por metiltransferases (MT)

NH,
N
A 7 17 N
I w
NH, N N
O

[o) CHg

OH

HO OH
1, S-adenosyl-L-methionine (SAM)

| .

C NPMT )

\T\J&CHB NH,

B </N fN\JN

NH, N

o

v onipresentes na natureza
v classificadas de acordo com aceptor
O (54%); N (23%); C (18%); S (3%): X (2%)
v OMT's seletivas, exceto biossintese de
flavonoides e fenilpropanoides

v CMT's: bactérias e plantas

HO  OH ' .
2, S-adenosyl-L-homocysteine (SAH) v NMTS e SMTS planTaS e animais
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4, catechol
OH

N HO
9, indole acetic acid (IAA)

HO o
|
HO
)
14, 6,7-dinydroxyflavone
HO

o OCONH;
HO ORy
NR,
S o

19, desmethyl
mitomycins A and B

o

OH OH
20, mycinamicin VI

OH O o =
15, quercetagetin HO

os Naturais

COOH

@o@

22, phenazine-1-
carboxylic acid
o

HN
\
> )\
O
H \\d 27, melhylnanlhme

26, xanthosine O

/
N

| »
N N

29, dimethyixanthine

mo5e7
2 HO N(CHa) Hoﬁ
3 OH
N 5, anthracyclines 6, demethylrebeccamycm
H = OH
i | HO. OH
- OO
SO

23, dTDP-3-amino-3 4,6-
lrndeoxygluoose

] OH

HO. 0. OH
Ayl

7, salicylic acid 8, isoflavone

5-hydroxyconiferyl
alcohols, acids, and

12,34,5-

trihydroxycinnamic
CHs acid

11, 2,7-dihydroxy-5-
methyl-1-naphthoic

acid (e}
o H
~ A o

g N u PoH
o
OCHj3 17, desmelhyl\l/
dehydrophos
OH HO N O
16, calicheamicin precursor M

HO N(CH3)2

5-hydroxyferulate

18, caffeoyl-CoA

-

OH
o) HO 21, novobiocin precursor

Biossintese e Distribuigdo em Espécies Vegetais

L OH Cl
e} HO 0} ?3 o
HzN
°H otoP OHorop OH
24, dTDP-3-amino-3,6- H
dideoxyglucose ;é N

HN B /TH

) ] o
OH OH OH (o} 0/
o
0 | o </0 o K/O OoH NH,
HO o
HO NH, HO NH HO NH 25, chloroeremomycin
o precursor
= o=
OH
OH
W Y

28, chnoclxgosacchande Ho. ]\/NHz
HO

N=\

PN

30, glycine HoN

31, histamine 32, phenylethanolamine
i > NH; (o} NH o
| |
N >/\N’Z< QP
N HO H NH,  HNT
33, nicotinamide 34, guanidinoacetate :
35, phosphoethanolamine  H,CO
0.
37, 16-methoxy-3-hydroxy-2,3-dihydrotabersonine
HO 36, y-tocopherol

9 38, mycolic acid precursors

PcaA, CmaA2 o

I O
OH

13, caffeic (R H), and

aldehydes (R,= polar),

(R,=OCH;, R,=COOH),

HO SCoA

S—AcpM

Sitio de metilagdo demarcado em verde

Sitio de metilagdo demarcado em verde

42, 6-mercapto-
purine

NPR, 2012, 29, 1238-1250

NPR, 2012, 29, 1238-1250
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Alkylation reactions: nucleophilic substitution

(a) formation of SAM
Ad = adenosine

NH,

NH, H
N i Ad
o o o N SN i N =N
n 1 II; — </ f\ J Sn2 HiC 1 </ I )
N N7 reaction ®'S= N N/

P S SN )
HO™ |~07 |07 | T0=CH; —CH,

OH OH OH - o
i =4 S—d

triphosphate is a
gnir):f i(f:.n‘ing group \ HO OH ATP HoN HO OH
.5 CO,H COzH
HiC S-adenosylmethionine
NH;> (SAM. AdoMet)
L-Met El: SAM synthetase

(b) O- and N-alkylation using SAM: regeneration of methionine

neutral molecule is
good leaving group

N @ reaction ®
- . SY CO.H w S CO.H HS CO:H
é—i\’][_[ NH, El H NH, E2 NH,
( or 2 ) SAM o S-adenosylhomocysteine homocysteine
- (SAH) R
- N°-methyl-FH,
Ve 3
! §—0-cH; B3|
: FH.
I — NH=—
: (or §— NH=CH) s COM
El: methyltransferase | H;C \/\‘/
E2: SAH hydrolase ~ "~77 77777 TT T OO oo oo o e oo m e m e e m e e NH>
E3: methionine synthase L-Met -

— Produtos Naturais I: Biossintese e Distribuicdo em Espécies Vegetais

(c) C-alkylation using SAM

ortho (and para) ,T\d
positions are @
activated by OH -9 COH
) ) HyC™ A
_r‘\. NH»
OH

30/07/2023
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Unidades C,: Frequentes em metabdlitos da via do acetato-malonato

CO,H
SCoA SCoA

YN = e
0 o C,

acetyl-CoA malonyl-CoA

HO .
! CO,H
CO;H stearic acid
OH (18:0)
orsellinic acid
4xCy

Obs.: Nessa via biossintética é comum a presenga de outros iniciadores além de
Ac-CoA
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Aldol and Claisen reactions

f=}
O (0 o]
J
R —_— R __» D RO
K A )
H H_- H
4 ;‘\ resonance-stabilized
.B; = enolate anion o 1
. R
o o) o loss of leaving X
. \)Lj R QD growp __» e
1 X iy x Claisen-type product
nucleophilic addition of \ X
enolate anion onto carbonyl \h R H H* R =H, X = OEt, ethyl acctoacetate
R W\J)‘\ X alkoxide anion

H R OH O if no suitable leaving
\M group, protonation occurs
X X
R H
aldol-type product
R=X=H, aldol

=H, acetaldehyde
= OEt, ethyl acetate

30/07/2023
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Unidades Cs: Unidade Isoprénica
Presentes em metabdlitos da via do MEV e MEP

SCoA HO
3x == HO.C \X/\
0 OH &
acetyl-CoA mevalonic
acid

OH HO f isoprene unit
W\OP — oP Cs
o} OH OH OH
deoxyxylulose methylerythritol
phosphate phosphate

o]
0
o}
parthenolide tetrahydrocannabinolic acid
3% Cs da.mrénirznedwl 6xCy+2xCs
: 5
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/I\/\/_‘
~ orp

— H+
. ® .
)\/(a’ﬁ)\/\ )\/\)\/\
DMAPP o WOPP ~ ~opp
H

. isopentenyl .
carbocation diphosphate geranyl diphosphate
formation (IPP) (GPP)

A8 e e o e

resonance-stabilized allylic cation

(d) O-alkylation using DMAPP

;\]—[

O
diphasphate is Syl :°
good leaving group /\)\ reaL'fiuu '\‘
@
PO~ =
~
dimethylallyl diphosphate
(DMAPP)
-H" o)
E; ‘\O&)\ - f’; \C(I:;A/K
H
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Unidades C,C; e Derivados: Unidade Fenilpropanoidica

Presentes em metabdlitos da via do dcido chiquimico

CO,H O/\
oY .
L-Phe O/\/ CeCa
COH
O’Y CCs S O/
NH,
HO :

L-Tyr
CeCy
| OH
_-0 0
Glucose
Rhamnose
MeO
OH O
—_— OH —_— OMe —_— naringin
eugenol podophyllotoxin CeCs +3 x Cs + sugars
CeC3+1xC
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Unidades C,C,N e Indol-C,N: Presentes em alcaloides aromaticos

CO.H
CO,H
NH,
NH, N
L Phe . ©/\l \ — N\
N NH N

CO-H . S
CyC,N L-Trp indole.C,N

NH,
HO

L-Tyr

MeO

J
N

papaverine
CsCaN + (CeCa) + 4 x C) Iysergic acid
ﬂ indole.CoN +C5 +C; —

CeCs

MeO
MeO

MeO

30/07/2023

15



30/07/2023

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

Descarboxilagdo de o-aminodacidos

R CO,H
\{ o
' H
H NH> R ’\, H R g PLP R
\[/4 H ™~ protonation \f — j
— restores N
+ < decarboxylation aromaticity #N NH,
CHO hydrolysi
OH vdrolysis of
PO ﬁ ) Z imine to aldehyde
Z OH | | and amine
PO \ N
CH; CH; N” TCH;
X
N CH3 H
pyridoxal P
(PLP)
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Unidades C,N e CsN: Presentes em alcaléides alifdaticos

DA s =

N
NH, o
L-Om CyN
H:N CO.H N
M/ — NN — O
NH, N
L-Lys - CsN

cocaine

CyN+2xCr+(CsCp+2xCy

f

CsCs

16
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BIOSSINTESE X BIOGENESE

C5 isoprene unit
OH A o

OH
0 HOQCx&‘)\/\OH —_— */l\_l/l\*/"‘_‘/
~, ~OH ’ /k /R /l
* mevalonic acid

—_— * *
g U (MVA) HO

cholesterol
carbon lost
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EXERCIcIOS
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