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Quem sao os componentes bioatives?
v Macromoléculas bioldgicas

v Substancias oriundas de sintese organica (®yudutos Sintéticos)

v’ Substancias de origem natural (Produtys Naturais)

Quais sae as fontes?
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Natural Products as Sources of New Drugs frc«1\\1981 to 2014
David J. Newman®' and Gordon M. Cragg® oV bol ;%fﬂ,{fﬁﬁfﬂfé‘ﬁlﬁgf

v, 101, 6%

brief definition/year
Biological macromolecule, 1997

Unaltered natural product, 1997

Botanical drug (defined mixture), 2012
Natural product derivative, 1997

Synthetic drug, 1997

Synthetic drug (NP pharmacophore), 1997
Vaccine, 2003

Mimic of natural product, 2003

»\.;(\ =R N ENRE END s /MM mST mSYNM mY
N

hgme 1. All new approved drugs 1981-2014; n = 1562.
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Quem sdo os componentes bioativas?’
’\\‘”’)\
, o oV
v' Macromoléculas bioldgicas < )rg,,l
v’ Substancias oriundas de sintese organica (Pr\\}&tos Sintéticos)
v' Substancias de origem natural (Produtn)s J\laturals)
)
Quais sao as fontes de»rodutos Naturais?
1 ’)
— Protist’ QZ ’))2) Archaebacteria
(17531) Q \\ =
oV
Ny, Fungi
o ;( ) (19,869)
i\)\
(N
O\
(,‘(f ()f') )
\‘1,\\\"\
v Ntie-Kang & Svozil, Phys. Sci. Rev. 2019: 20180121
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A GUIDE TO Iqbal Ahmad, Farrukh Aqil and SWILEY-VCH HAND B,()(.)I\ OF
MEDICINAL PLANTS e Medicinal
An Illustrated, Scientific and Medicinal Approach Modern H b J
. @
o e ing Phytomedicine Kisr .,(SH,,,, .% YR

Chua Tung Kian
Tan Chay Hoon

Turning Medicinal Plants into Drugs ‘\
i
N
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el o Bogenschutz Godwin
" ol -:lr“i Deke
M=o
—) e ,
wmauc.fai\gig.e SwILEvvon :
Handbﬁj\ f Chinese /
Mecglcmal Plants _ . Ayurvedic Medicina]
Plants of India

Vohume - |
Ramash Kumar Bhurys
-
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Ntie-Kang & Svozil, Phys. Sci. Rev. 2019: 20180121
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The impact of natural products upon modern drgg}ﬁiécovew

Current Opinion inﬁg}\rﬁcal Biology 2008, 12:306-317

M Plantas

B Microrganismos

21%

The 24 natural products discovered since 1970 that led to an approved drug In 1981-2006 O (
-
Lead, year, and structural class Origin Discoverer Dng, year Rowe 7 Gg)n_)
Validamycin, 1970 Actinomycete  Takeda (JAP) Acarbose, 1990 pog”, T )u
Oligosaccharide Voglibose, 1994 :{
Midecamycin, 1971 Actinomycete  Melli (JAP) Mocamycin, 1985 \3‘, )
Macrolide (( )
Pseudomonic acid, 1971 Bacteria Beecham (UK) Mupirocin 2q95 top 438
Polyketide O { )
Taxal, 1971 Plant Res Triangle InsYNH (USA) Pgcand 1993 v 81
Diterpene & @n)x ., 1995 v 123
Cephamycin C, 1971 Actinomycete Lty (USA) < {g xalactam, 1962 v
p-lactam N Cefotetan, 1984 v
A \\ %Y Cebuperazone, 1985 v
Coformycin, 1974 Actinomycete  inst Microbial Chem (:4) Pentostatin, 1992 v
Nucieoside -
Echinocandin B, 1974 Fungus Giba-G ”‘(w) Caspofungin, 2001 iv 208
Cyclopeptide o) ’) Micafungin, 2002 v
A Anidulafungin, 2006 v
Mizoribine, 1974 Fngus 45 Mizoribine, 1984 po
Nucleoside o <
Rapamycin, 1974 Acgapy \ B Ayerst (CAN) Sirclimus, 1999 po 434
Polyketide () Everolimus, 2004 po
Zotarolimus, 2005 po
Compactin, 1975 ) ( )F\nwt Sankyo (JAP) Lovastatin, 1984 po 264
Polyketide O ,;) Simvastatin, 1988 po 2
(‘ ( ) Pravastatin, 1989 po a
20 S Fuvastatin, 1994 po 195
< < Atorvastatin, 1997 po 1
|\ N\ Cerivastatin, 1997 po
) \\ Pitavastatin, 2003 po 7
<} Rosuvastatin, 2003 po
Cyclosparine A, 1975 Fungus Sandoz (SW) Cicbsparin, 1963 po 122
Cyclopeptide
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High-Throughput Profiling of Microbial Extracts\!

oy
)

pubs.acs.org/jnp

%'hv.;’r_ Prod. 2011, 74, 983-988

Tatsuya Ito," Takamichi Odake, Hideyuki Katoh, Yuichi Yamagughi, dnd Masahiro Aoki

Table 1. Analytical Results of 16 025 Samples

number of

group microbe samples

A fungi 5924

B fungi 1376

Cc fungi 1624

D fungi 1587

E actinomycete 854

F fungi w74 (
G actinomycete 2186~ /(
total 15€ny )™

number
of peaks

255094
47342

56254\

16%h)
24480
70749
52320
552619

\
N

¢

(J‘

number of  peak id lation group-specific group-specific

pealsf(a,}\\gu]ej (PIs) of Pls PIs Pls/sample
"‘; /4‘511 ) 24235 24235 10257 173
344 9654 27864 2120 1.54
34.6 9759 30892 1850 1.14
292 9013 33620 2190 138
28.7 2025 34302 379 0.44
28.6 11858 37013 2575 1.04
239 5063 38753 1740 0.80
345 71607 38753 21111 1.15°

“ Average of group-specific Psiis \.‘\1)15.
e

)

13000 extratos de microrganismos: 1,04-1,73 componentes

Unicos
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ESTIMATIVAS RELEVANTES PARA ANALISE( 0\ d
%)) \\

v ~ 20.000 metabdlitos flngicos na llferot)u')(&

Q \\ <
v Ndmero de metabdlitos secundar'los ")(»aomponen‘res por cepa

es‘rudad«
)
(\(;)(‘ )
v Ndmero de7fungos: 1,5 - 5,1 milhdes
\(\)\\\
(,)(~ )

ONDF\\(ﬁ’S)I‘AO OS DEMAIS 3-10 MILHOES DE
0O METABOLITOS ?

O )
L
?2? 3\4
E NO BRASIL ?: @\) S
9.
¥

“UF CHEMISTRY

NPR

R EVI EW View Article Online

View Journal

Ot

v
Thinking big about small. Eﬁ\ﬁngs — the (yet)
underdeveloped mlcrqg‘ natural products
chemistry in Brazil

Cite this: DOI: 10.1039/c3np70112c

Laura P. I6ca, Pierre-Marije All ‘4)d and Roberto G. S. Berlinck
”(7,)( )
v 280 Metabdlitos mlcrorqémsmos

v 235 Me‘raboh‘g@s Vunglcos

m Plant = Marine sediments mSoil mSeaweed = Marine invertebrate m Other
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Por qué plantas e microrganis(r,?a;&lxaJ sao tao prolificos

WO - -
produtores de compeéiientes bioativos?
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Quem sédo os componentes bioativos?’
S\

Quais s&o as fontes? o

f

Quais sao as classes de m&!.\)<|30|lt057
<;< )

(f(;)((]))
a b \

' o N

. Archaebacteria _1_ ]

Protista (2,402) Archaebacteria a

(184) Protista 912‘__ I i .
Baré, j - = =

\<ung| O T |

Bacteria
(17,531)

Fungi
(19,869)

‘) Animalia I I e— .
Plantae | I mEn .
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Terpenoids w Alkaloids
® Amino Acid and Peptide Natural Products Flavonoids
® Simple Aromatic Natural Products ® Aliphatic Natural Products
Steroid Natural Products ® Lignans
Polyketides ® Polycyclic Arimatic Natural Products
. <r" O Carbohydrate Natural Products m Others
&2
AL
AN
Ntie-Kang & Svozil, Phys. Sci. Rev. 2019: 20180121
13
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GLYCOLYSIS ~ f d h )
Como sao formados?
.OH LOH
o [s) %
HO — %
OH ro 'OH
O it
D-glucose glucose 6-P
COH
NHz PO’
plycine glyceraldehyde 3-P
3| CO3H HO,C LOH
HS ’\r Coatt HO B
NH; NH PO
L-eysteine L-serine 3-phosphoglyceric acid

cosH HOLC or

NH;

-
phosphoenolpyruvatef
Levaline  ~_ Ay p

Via Acetato- com
Malonato: Ceras, \YI:H -—
Acidos graxos,  L-lanine .~
Poliacetilenos,

CO.H ( ) o
Policetideos \l/\f,, 2 L(—M\r’“

aromdticos, Lleucy) ") ACETYL-CoA
Macrolideos ) \\\
‘\)
(,)( )
G ~r<’)
. \\(\ 9
r\(]”)\
14
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Via do acetato-malonato <o
* Precursora de policetideos: cadeias poli :jif;%ce“ro

¢~
NS

nCH3CO;H — —[CH,CO],—

» Compreende as seguintes c'cs es de metabdlitos:

» Acidos gr'axos % SN

. Pr'osTaglan' -has
. An‘h«lg‘\oﬁcos macrolideos;

_:¥arias substdncias aromdticas:

)\

%" xantonas, antraquinonas, tetraciclinas..

15
|
o \°
Macrolideos "o 1)
COH CO.H —> Ho .
YSCOA + 15% SCoA + 3x A"/SCOA S N
- NS
8] 0 8] 4 etapas
Acetil-CoA Malonil-CoA Metil-Malonil-CoA AnfotericinaB <~ he
e g"hl.n
oo,
/f-()‘}% :
i
o \ta.m nnad

Candicidin Monzn;in
icol Tylosin

in i
) Baditracin mra:ydlne Avoparcin
e o

At = Jhfens
Streptothricin Griseofulvin  Polyoxin Rapamycin
3 7 i 2y <

o 3
Gramicidin  Nystatin i L

1940 1950 1960 1970 1880 1890 2000
¢ ) http://smellslikescience.com/a-need-for-new-antibiotics/

, \(

o
CoAS\|(\ 9x malonil-CoA
A\
O, {}1 g |
Pr‘qp’i;;r\(il ICoA

0

\
o AN
‘v

Doxorubicina

16
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GLYCOLYSIS
on on /
_OH I .on
o o
OH OH )
i bu
D-glucose glucose 6-P
i OHC . LOH
COH :l—
NH» ]
glycine glyceraldehyde 3-P
— COH —~ COzH HOC_ .OH
HS - HO -
\{ \-ﬂl PO ‘
L-serine 3-phosphoglyceric acid
HO,C 1} 4
com 03 -]r”' l'
NH; phosphoenolpyruvatef
Lovaline  ~_ on on
Via Acetato- .
Y( 'O, H HOLC l b ﬁ \(Jl‘ or
Malonato: Ceras, o — W -l & T on on
Acidos graxos, L-alanine pyulit acid deoxyxylulose 5-P METHYLERYTHRITOL 4-P
Poliacefilenos, .. cou et o Terpenoides
Policetideos T L. Q- — T ]
-6 & HOLC on
aromaticos, L-leuc ) Al MEVALONIC ACID
Macrolideos < _% | SO

17

SUBSTANCIAS TERPENOIDICAS \

Mevalonic acid
MEV

o, —
Sopp )\/\OPP

dimethylallyl PP isopentenyl PP

(DMAPP) (Cs) Y (IPP) (Cs)

citosol

Methylerythritol
phosphate  pmgp

cloroplastds’

Hemiterpenes (Cs)

)
Monoterpenes (Cyq)

C >
" Iridoids
1PP \{
Cis O —— Sesquiterpenes (Cjs)
PP \‘
x2 {
Wi
=iy Cpy ———— Diterpenes (Cy)
) 1PP
x@
0
) Cas _ Sesterterpenes (Cps)
C3o Triterpenoids (Csg)
| l
Steroids (Cy5—C3p)
Cyo Tetraterpenes (Cyo)
Carotenoids

18
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EXPRESSAO DAS VIAS MEV E MEP NOS ORGANIS/HOS

v' Animais e fungos: exclusivamente via ME"

v’ Bactérias, algas e plantas: apresentam e emomgam as vias

MEP e MEV
Ea
(]:f"‘ | ’
A l

LipIT o
10mg
.

Aspergillus te(f/rq!':)s)‘ LovasTaTma
.')

NG
X
L\

v Enzitnas da via MEP sdo alvos atrativos no desenvolvimento de
no»ou an‘nmlcroblanos — via MEP usada pelo patégeno e ausente

em humanos
19
SESQUITERPENOIDES (C;5) <7

A D

CHs

Artemisinina

Componente de Artemisia annua (A;Te.'aceae)
Possui atividade con‘rr'a Plasmoﬁ

um fa/czparum

® A
genes genes() host organism: Saccharomyces cerevisiae
upregulated _ (downregulated

(AN
MVA = OLP -->_ sterols
HO )=
Artemisia r«z\v(a Artemisia annua
gene erlie P-450 gene

amo' e diene
Cg;ﬂhasz’

' semi-synthesis
'
O 3
|

' ' g
H ' ‘ H 1 H 1 )
2 {,‘ ) — — —— > . artemisinin
) i
Ab i |
N H o f H
%)) OHC HO.C

amorphadiene artemisinic acid

20
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DITERPENOIDES (Cs0) A0
P ¥ NN ol

NOC 55390-114-05 Y 5 s 7 2 »
5 md Maltiphe-Dose Vial 3
PACLITAXEL R Taxus brevifolia - Taxaceae
— Gymnospermae

Paclitaxel (Taxol)
isolado das cascas de Taxus brevifolia
e usado na quimioterapia do cdncer.

BMF 5890 — Farmacologia de Produtos Naturais 2020

FUNGOS ENDOFITICOS: O CASO DO TAXOL( HO

Jowrnal of Natural Products A
Vol. 58, No. 9, pp. 1315-1324, Seprember 1995 O

(’)

THE SEARCH FOR A TAXOL-PRODUCING % ﬂbROORGAN ISM
AMONG THE ENDOPHYTIC FIINGI OF THE

PACIFIC YEW, TAXUS # }’E&’IFOLIA

Er&a‘b\phytlc

1315

Paclitaxel
compound

S ¢
B s

Taxd\ Taxus brevifolia

<) 1993 Taxomyces andreanae

)\\ 1995 - Pestalotiopsis versicolor (478ug.L™1)

22
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ESTEROIDES (627_32) ) ')
As folhas fornecem glicosideos car‘dioa’rév;;:‘é
J ‘0
¢ 0
$
4
oH ((\L’ \‘\' \ 3
HO. o\;H{{L -
' OH?V,‘JBH TR TR
N . .
AN Digitoxina
( fr‘ )
_ b7 Nicleo esteroidal tetraciclico e trés
W residuos de aglcar.
\l' \)
! S Digitalis lanata — Digoxina o

s <
Digitalis purpurett> /

. C - = ==
Plantaginaceoe “oigoxin
D@d}alé(r'a I =
o7 e
A i L_
"

on
.OH
o
““JCL —
OH oH
EH Sn
D-glucose glucose 6-P
o one_ on
NH PO
plycine glyceraldehyde 3-P
o HO,C LOH
”s,\rco:r{ o COLH =
NH; NH, PO
L-cysteine L-serine 3-phosphoglyceric acid
CO.H HO,C or
i C
] 1..:.::.@ - mn,\ph..cuu‘lpyypy:vfi’)
Via Acetato- com Y
N HOpCN, 0
Malonato: Ceras, \YI:H —| oW
Acidos graxos,  L-alanine - Sruvic acid
Poliacetilenos, ot O cons ¥ o
Policetideos T NG
aromdticos, Lol ACETYL-CoA

Macrolideos <o ‘i\'
v

‘NTOSE PHOSPHATE
'CLE OH
PO

OH

auﬁn )

=9

OH

Q ,\\Y SHIKIMIC ACID
P v |

OH

“or
o oH
deoxyxylulose 5-P

erythrose 4-P

AN
(/'h{' OH

-
)
(e}
. cO,H
- L-phenylalanine Substancias
_ /@/\(“’1" Aromdticas
HO! I
~ e conl - Alealoides
~n [ Aromaticos
NH
L-tryptophan
OH
or
OH OH
METHYLERYTHRITOL 4-P
on Terpenoides
O
on

MEVALONIC ACID

26/08/2020
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O\
Ny
COH
HO" OH
1
OH

Acido chiquimico

[)
¢ )
\L\c um verum (Schlsandraceae)
A
~ 7 Anis-estrelado - “Shikimi"
OV
K/ ‘((]) )
2
A0 T
\’, )\ am f ;
v ®
HO. CO.H chemicall§ ) 0. COEt ;Se” Iu
X Sm,
HO" ) AcHN™
NH
OH o \\ 2
shikimig.acid * oseltamivir
¢ O ) Tamiflu
A J/)
'Ad i
a \*\ )\
\ 7]

25

)
»‘Wydade da COX, por transferéncia de um
grupo ace’rll para o grupa; Yidroxilico do aa. serina da enzima. A aspirina
reduz o processo mf‘oma'ror'lo e inibe a sintese de prostaglandinas.

Q HO
Il
+ HOCH—~ —> CH3—C—OCH2~| +
‘00C

Ciclooxigenase

Ciclooxigenase MR-
(enzima inativa)

¢ ) ‘ (enzima ativa)

26
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Al
GLYCOLYSIS PA (’ ) )
OH oH OSE PHOSPHATE A D e
o ~OH o LOH A o OH 5 \w‘(\. /
HO. — | ro s »\\ Y
. on Lo on - v M
i OH . .- ~ g
D-gfotiose oo erythrose 4-P P ¢ (o)
- o Ny
~ A~
cout OHC . .OH - (')‘f) ) _
A AN COH
oW Y
glycine glyceraldehyde 3-P ~ 'v) N, .
con(y -~ L-phenylalanine Substancias
\® B - .
e COR o Ho.c L on f%‘ ™ coit| Apomdticas
N NH. o W ‘f‘ ¢ L HO NH2 -e
L-cysteine L-serine 3-phosphoglyceric acid ﬂ L-tyrosine .
. ~ COH
< \¥.1 Kivic Acip Alcalo"des
) D ~i: | Aromaticos
con HO.C or 7
N T \N j] NH
NH; phosphoenalpyruvate(h, ) L-ryptophan
Via Acetato e~ L € AD) ) v o
- \rm;u Hoc BN Q or or
Malonato: Ceras, I — \\ S . ~  om on
Acidos graxos, L-alanine pm)n acid deoxyxylulose 5P METHYLERYTHRITOL 4-1
. . OH i
Poliacetilenos, co / Terpenoides
. . \l/\r CoAS
Policetideos i, J——— \]” ok
aromdticos, e, ) VL nn-v;j ONIC (:IL"IIJ
Macrolldeosé/ B
KREBS CYCLE
COxHy CO:H COH HO,C COH HO,C COH
L HOC e 2 2 3
\/\Nr“ (/)(,\, . /\erll - HOLKC /\Ln), W T
quo}"nf iy L-aspartic oxaloacetic acid 2-oxoglutaric acid L-glutamic acid
A

Me—N,

NH

HN

/u\ COzH
R

AIROVERAN
COMPOSTO

cloridrato o2 papaverina 30 mg-dipirona sodica 250 mg
extrato fluido de Atropa belladona Linné 0,03 mL

ALIVIA COLICAS

Posologia: 2

CO,H
||VN/\/\r

NH3

cada 8 comprinidos em

%
Atroping e\Escopolamina: relaxante musculatura lisa, alivio célicas
m‘re-vgmzus e menstruais, anti-espasmédico.

papaverine

F‘vaer‘ma. vasodilatador na insuficiéncia circulatéria cerebral e relaxante

muscula‘rur'a lisa.

28
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Papaver somniferum L.
©Thomas Schoepke

Papaver somniferum - Papaveraceae
papoula

Codeina: «nalgésico e antitdssico.
Morfing usada mundialmente como analgésico.
\\")\

29

Vimblastina: doenga de Hodgkin

Catharanthus roseus - Apocynaceae

Vincristina: antitumoral variada)-

Ao X
) A
. \\\ v f —
< Tecnocris ONCOVIN
sulfato de vincristina i Vs wacicin
1mg [, (wm o ERIN
K Uso odsto ¢ pediétrico

Uso intravenaso
0 Solusao injetavel
CONTEM: 1 Frosco-ampola -

0=/0=% OHL TR
0 uso resTRITO
st

| nzoDIAC

15
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The Finest Tonic Known

C
Cinchona sp. - Rubicgéce
A
Quining:yusada como antimaldrico.
7 .
0" Derivado: cloroquina

chloroquine

31
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H
N S
o

/=0

Penicilina6 QO
L 7 )( )
o\t

s

~7
\\“ F( d H H
AN ’ N : .8
\'y, [}
)
J ’J O
OH

Cefalexina O

Cephalosporium acremonium

32
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NN HO
€L\ Ho C \
<) 'C?*NH }—\/‘

N\ NH
@\ N o
o Ny,
A9 =0 HN  OH
)

[o]

HO NH
o= H N—
HO-— 7 =N |
=/ 7 “OH
HO oH ©

Echinocandina B

Aspenéillus nidulans

AD)

N\
QY

33
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Como sao obtidos (extraidos)? ¢8

EXTRACAO: obtencdo de substdncias a partir de matrizes

9

[vegetais (raizes, caules, folhas, flores e fr}gtcég), organismos

marinhos ou microrgarismos]

9

A

26/08/2020
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Como sao obtidos (extraidos)? ¢’

DEPENDENTE DA:
POLARIDADE DO SOLVENTE

T —— Poensaios

Caracterizagdo quimica

BMF 5890 — Farmacologia de Produtos Naturais 2020

SOLVENTE

Hexano
Eter de petréleo
Cicloexano
Tolueno

Extrogdo

Diclorometano
Cloroférmig )"

Eter eiifeo
Acetato de etila
A , Acetona
Etanol
Metanol
Agua

7<\ POLARIDADE

OUTROS FATORES: Agitagdo; Temperatura; Tempo
MEFODOS DE EXTRACAO A FRIO: Maceragdo; entre outros

v METODOS DE EXTRACAO A QUENTE: Infusdo; Refluxo

36

26/08/2020

18



26/08/2020

BMF 5890 — Farmacologia de Produtos Naturais 2020
f

Como sao obtidos (extraidos)?

37
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Fracionamento, isolamento e purificagdo:

v’ Partigdo por solventes: dissolugdo seletiva z;d‘isfr‘ibuigao

entre as fases de dois solventes imiscivzis

v MEtodos cromatogrdficos: ......

38
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f \
A\

Cromatografia

A Cromatografia € um método fusnco-w 7mico de
separagdo. -

Fundamentado na  migragde” diferencial de
componentes de uma mistira, que ocorre devido a
diferentes interagdz®entre duas fases imisciveis:

- Fase mével

- Fase estdciondria

39
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= Cromatografia planar

cromatografia em papel (CP)
cromatografia em camada delgada (CCD)

cromatografia em coluna - C/ass,'.’wcada em fungado
fase movel o)

\
) NN

Cromatografia a gds{ G)

CromaTogr'af*n hqmda

<— Solvente

_crom aTogr'afla liquida cldssica (CLC) apenas pela
<forca da gravidade

<— Fase estacion

cromatografia liquida de alta eficiéncia (CLAE)
necessario o uso de uma bomba de alta pressdo

26/08/2020
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Parametros para se utilizar a cromatografia

Natureza das substdncias a serem separadas.

Escolha da fases estaciondrias
As mais usadas (menor:¢usto) sdo a silica e
a alumina (ambas coivi cardter polar) - fase
normal (mais polar que a fase mével)

(l)H oH ‘lDH
_Si_c95i. _Si.
"o TG T N0 T o

9H O OH Al,O4
_Si
%O E\Os«“
Silica Alumina

41
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Escolha da fases estaciondrias

fase reversa - silica modificada (94 fase
quimicamente ligada) : silica Cq, €13
(menos polar que a fase mével)

Vantagens:

- substdncias ionhicas, hdo-ionhicas e ionizdveis

- forga de atrac@¢superficie-soluto é fraca

- adsor¢do ireeversivel é rara

i

/Si\/\/\/\/
%O |
CHs

Silica modificada - Cgq

42
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CROMATOGRAFIA EM CAMADA DELGADA (C&P)

> A cromatografia em camada delgada (CCH) € uma
técnica de adsorgdo liquido-séiido.

> Separagdo pela diferengcode afinidade dos
componentes de uma mistiura pela fase estaciondria.

Escolha da fase mdvel

subsintia—~ @
o
ponto de aplicagio —_—
da amostra —~ ° ° .
muito polar ideal pouco polar
43
REVELACAO
> Visual : Se as substdncias sdo coloridas.
> Luz ultravioleta: Muitos compostos se tornait fluorescentes
quando excitados por luz UV
> Reveladores especificos: AlCl;; Diragendorff
44
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CROMATOGRAFIA LIQUIDA EM COLUNA (CS)

Fase Movel: A escolha do eluente (solvent£)pode ser

mudada durante o processo cromatogifico.

Em fase normal: menos poldies > eluigdo que mais
polares

45

BMF 5890 — Farmacologia de Produtos Naturais

CROMATOGRAFIA LIQUIDA DE ALTA EFICIENCE
(CLAE) o

Coluna metdlica: fase reversa (+ comum Cy)

Equipamento: Cromatdgrafo

Fase maével: ;
0
PN ¢
H H H3C_CH H3C_CEN II

Detectoreg:<UV-Vis, UV-EM, ~]

RMN, IR | P ¥
10 L

46
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CLAE

Peak #1 1009 at 34.73 min

- UV

Peak #2_100% at 39.87 min

Coletor de fragdes
T —

2020 X
oM
O
O
KA N

& ; o7 *\‘Tsu T 6
2286 275 -50% at 34.86 min: 993,10 " 293 €0\ “50% at 39.99 min: 956,54
40,0+ 10,0 ( \ %
) )
o Ny
20,0 0,0- ( J
0 17 'AD
1 3%\<
1 N
) Q\ nm
250 %o o B ko o sbo sko 555 200 - & " A P P s s 5
)
2500 ()‘%4)1[Eu e
A O
2280] (< )™
\\ \\
2000 .\
v
0
O )
O
. $
INY
1250 AL
v
+.000]

=00
250
o | )
250
i
) 00 200 =00 0 00 00

ol

)
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Como sao identificado§?

2250] ‘

aaaaa

aaaaa

49
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Como analisar o conjunto de metibdlitos produzidos por

um organismo e obter uini’novo componente bioativo?

50
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What are metabolomic studies ?
1998 > emergence of the word "Metabolome”

"Complete set of low-molecular weight molecules (< 1500 Da) or metabolites synthesized
by a cell, whose shifts give the unique chemical fingerprints that specific cellular

processes leave behind".

—
ADP_|Adenosine
GRDP
GTP | GDP_|Guanosine.
GGDP | Guanine

s

AMP.

Adenine

GMP

—

o | o |

Gonzalez-Riano, C.; Garcia, A.; Barbas, €. 2016. Metabolomics studies in brain tissue: A review. J. Pharm. Biomed. Anal. 130, 141.

51

BMF 5890 — Farmacologia de Produtos Naturais 2020 ( .
O ( ’)
Metabolomic studies <Y
Q \\\

Metabolomics has joined genomics, proteomics and transcriptomics c;sQoye%f the new

"omics”, all of them employed to understand the global sys’rems;'(;.\jﬁgy.

Systems biology — holistic approaches to inspect the dyngq);‘\‘\\\gollec’rion of proteins,
v,

genes, transcripts and metabolites present in the | ivips(qr'ganism.
o Ny
A0

Transcriptomics

Gonzalez-Riano, C.; Garcia, A.; Barbas, €. 2016. Metabolomics studies in brain tissue: A review. J. Pharm. Biomed. Anal. 130, 141.

26/08/2020
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Metabolome

How to access and analyze the metabolome ?

Rapid detection
Analytical Small sample ./ and identification
techniques amounts < %) I of hundreds of
metabolites

Whiciyehalytical technique to use ?

53
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Metabolomic studies - Analytical techniques

> Analyses:

v
> Samples y LC}hr‘omm‘ogr'apl'ny
v' Mass spectrometry

v NMR > Data
acquisition

> —

11 ﬁ
Metabolite extraction ’ [P Data acquisition
L
. Mass
3 spectrometry

> Detection &
Identification

ML
N
Features selection l

<—T¥% e E!

~' Pathway analysis &
reconstruction

» Data processing
(Bioinformatics)

.://

. Identification & quantitation ;
of metabolites \' > )|

54
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CHROMATOGRAPHIC ANALYSIS : HPLC s
Pum e Q\ ™
i Injeit__olJ Injection i ‘ C =
!
Column
\ '\' .
§ ')\l u
] -
Degasser Column [ . ®
oven - . .
"_‘\ - - .
{E(J;;t _
- Compounds elution
. =R
D Electronic | (//fj()-,
Solvent i | o
e Waste e \etector  "Recorder
HPLC s/stem " e
Z ‘\ ) 150 201 min
Obtained data: ©
= Refgrtion times .
® LAbundance of components

% kd g Tine ]

55
DETECTION: PDA
OH
* PDA - Photo Diode Array Detector
Diode Array Detector
: . Grating
Achromatic Detector Optlpal
e Lens Flow Cell Slit & OH O
( O E[H . {) Al'e Vitexin
L /J _@. Jeeraeen Pfeeeqfeeesees s
‘%’ Homium | Ha, oM
VISLamp Lamp Filter (4
g AN
1 OH
OH
~ Chlorogenic acid
,-“ 4 ‘ 0,
HO j \y O OH 0 ©[O>
cupeol '
w so s
N o}
| <Oj© (]
X ] o
Obtained data: NP class (sometimes) Rutacridone Sesamin
56
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{ \
DETECTION: NMR RO’

)

* NMR - Nuclear Magnetic Resonance

Sample and

—~o= Lo
F/ :
detector coil fF coil - Magnet ﬂi
IS 1| e — EEOT o el of :
T "
ransmitter (o}
| 8 o
h <
Receiver [ o
] ¥
v ]
0
<

| Record@r
y-axis | 3 xads
After Becker 07

' Obtained data: Chemical structure

57
;
DETECTION: MS - Vo
Mass Spectrometry
® &
¢
AD
Low Resolution High Resolution
MMogygen =16amu. ¢ ] : MMoyygen = 15.9994 a.m.u.
MMNitrogen =14 am.u. \ ‘/ MNitrogen =14.0067 a.m.u.
Myydrogen = 1 a.m.uHt Muygrogen = 1.0079 a.m.u.
\ ‘J( M
MM H,0 .18 g.mol* MM H,O =18.0152 g.mol*
MM.NH;? = 18 g.mol* MM NH,* = 18.0384 g.mol*
" Obtained data: Molecular Mass
58
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HYPHENATED TECHNIQUES IN METABOLOMIC APPRQACHES

* Hyphenated technique is a combination or coupling of)iwo different

techniques with the help of proper interface.

* The term was introduced by Hirschfield {1930).

» The hyphenated technique.Gi-'developed from the coupling of a

separation fechnique and «n-online spectroscopic detection technology.

Examples:

BMF 5890 — Farmacologia de Produtos Naturais
HPLC-PDA-MS-MS -
pres (e}
oo Bisire 1374min I
' s "o I ]/ \/\L%OH
150 OH
0] / OH
- HO OH
w4
nH \ "
< \&\ \
I}
i
B St Raass s nassnaney niany aases nanas nanny sy nasas e B {
W om B W B W B W BB B W 2y
1 % E) & k) & EY 1% 1o o 1% o min
ntens e
x105
se31
i
25 !
=0 Ton molecular
153
10]
os a3
S o) ‘ ‘ ‘
200 oo %0 1000 1200 1400 iz
Intens. X MS2(341.3),
ot Y188
1259
[0}
100 ‘
\ HO X
< . o 0 OH
H HO
Y25 0
1131 O H
0.00 4 Lt T T T
100 150 200 250 300 400 450 500 550 miz
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Metabolomic studies - Work flowchart

- _ | Samples analysed Differential Dereplication of kn0\6‘< Multivariate
Samples | cing: » | expression natural products u: \g , | statistical
* LC-HRFTMS | analysis using: « DNP ) | analysis using:
« LC-PDA f| | *MZmine = Antibase (" I| |=PCA
* LC-1D NMR I * MZmatch » Marin{fe) ’I | = OPLS-DA
* LC-2D NMR e XCMS . g/;;:}!f,bider [| |®Z-=scores
- |
[ |
I [ |
| |
/ | T
Spectral Processed
data data
| J \ J \ J \ J
!
Analysi Data Processin Dereplication Statistics
R e P Statstcs |
61

2020
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Metabolomic studies - Work flowchart

* Data Processing

row retention time
row m/z

Compound 2

W

B | NEm

Compound 6

Compound 7

0.66 0.67 0.68 ) 145 1.46 1.53 1.60

218.09842 201.10237 204.08280',239.13658 249.12092 202.08458 243.13393

RKMT_176_ASW-Am_01.cdf peak area 0 0 J 0 0 0 0
RKMT_176_ASW-Am_02.cdf peak area 0 0- 0 0 0 0 0
RKMT_176_BFM-11m_01.cdf peak area 0 0 0 0 0 408987.958 0
RKMT_176_BFM-11m_02.cdf peak area o 0 0 0 0 390879.16 0
RKMT_176_BFM-1m_01.cdf peak area T AN 0 0 0 0 0 0
RKMT_176_BFM-1m_02.cdf peak area 0 0 0 0 0 0 0
RKMT_176_BFM-2m_01.cdf peak area 0 0 0 0 0 0 0
RKMT_176_BFM-2m_02.cdf peak area 0 0 0 0 0 0 0
RKMT_176_BFM-3m_01.cdf peak azéa) 0 349595.572 279225.725 0 0 2686404.16 0
RKMT_176_BFM-3m_02.cdf r‘_egk area 137704.533 366920.773 257520.333 252988.906 0 2994991.34 212050.828
RKMT_176_BFM-4m_01.cdijpeak area 0 0 0 0 0 0 0
RKMT_176_BFM-4m_02.cof peak area 0 0 0 0 0 0 0
RKMT_176_BFI_\II-Sm_Ol.cdf peak area 0 187033.675 233374.013 287729.615 0 2126167.22 0
RKMT_176, BEM: 5m_02.cdf peak area 0 182821.874 230427.035 0 0 2173357.33 248352.875
RKMT 76 _ISP3m_01.cdf peak area 0 0 0 0 0 0 0
RKNTTL 276_ISP3m_02.cdf peak area 0 0 0 0 0 0 0
Rr”\/IT 176_MB_01.cdf peak area 0 0 0 0 448014.57 0 0
RKMT_176_MB_02.cdf peak area 0 0 0 0 446484.049 0 0

62
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Metabolomic studies - Work flowchart <0°

¢ )

= Dereplication Process (

. )
o The Urine Metabolome database is a fr‘eely cv‘,n‘qble electronic database
):.','[:_ containing detailed information about ~3IOU small molecule
h m d b metabolites found in human urine glérgwith ~3900 concentration values.
U
he Human Metabolome € N

7

‘x o coRod B

,nemS ider e
2014

The free chemical database

The Natural Compound Identifier

M arl n th LIPID Metabolites and Pathways Strategy (LIPID MAPSg)
., ) database of the marine natural products literature LI p I d Omics G a tewa y

63
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{ J

o Ny

Metabolomic studies - Work flowchart %%

O
o |

Ao M
- Analysis, &f known compounds
—> CL\"
(Quantitative approach)

Approach of

-4 > [ Untargeted Analysis of unknown compounds
ag,\‘ ‘ (Profiling)

64
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METABOLITES FROM MARINE MICROORGANISMS
\})\
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)

METABOLOMIC STUDIES - TARGET Agpnogig";':ﬁ”

;'/ &ve ®
o "eae=

TIsolation and selection of strains

- - K0 ®)
Il_!‘:l N <( &

Fermenfflﬁon and crude extracts / , ‘)\\ \ Ar‘agé Beach Sdo SebasTic”xo _ SP
<

O U(,j )
Qo & = = \ {’,"(;)()'
v'-v”»v"'fu_'-tr i‘\\\
-t W oV tond W wesn \f 5 g

Functional chramafography{ . ( ’J)

Extraction

elution

\

—~ » % ] .

o 7 Ay LA e AT

R\¢ "- g “ .

N} .
o\ ° . . Incubation

3 ‘ v |—d®”® protein Pmrer:;‘s;rnbxz withextract  Compound ~ Compound  Dereplication
L (/( )= I bonded to  +protein by LC_MS of
“ “’,) - L protein compounds

Q )\.\ Fractionating, purification and
‘(\ identification of bioactive compound
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Araca Beach

. . oY
Metabolomic studies - Targeted

2020 o
oV
L

A AN
A\
<\;)‘

approach

a \;\ \}
Furctional chromatography

(
2

L .
Sdo Sebastido - SP g — Protein control
— Crude extract (pre-FC)
— Extract (post-FC)
g 24.4 min
254
I i f
204 M\
. (j‘ )
15 {,.)w ) [)\ > I
; " U P |
RN\ SRR RA! WLENA A S )t LV
e v = ] = 5 = ) = 2
08 O Hits
; (t O
PP PR ) Al Al 2§
"l_L_T\ . 5 10 15 20 25 30 35 Time [min]
W) YOS BRB08T_TBX2_1-9_01_7685.0: BPC +AI NS

£ LoMS_Branco_01_150716_1-1_01_7877.d: BRC +AI MS

—— LCM5_BRB081_Extrato_1-19_01_7806.0: BFC +ATNS

67
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Intens.

xs| Peak @ 23.9 min:

-\ I
LV BRB081_TBX_19_01_7885.d: V5, 238 240in 70982104
1+ )

¢
(O
92064 N\
1+ \ \
70153 | Q\
N
1,920.6
N ) [M+Na]*
4
2+
46080
24 oy
» 365139330
W iy
20908 47 30119 SUA0 57270 7438 84055 98202
N FLH‘M AT [T TR
ntens. , OLJ LCMS_BRBOB1_Extrato_1-19_01 7896.d: +M1S, 24.4-24 5min 121412151
. N o N ! = O
w{ Peak @ 24.4 min: AD' s
1+
912.70
3d
934.7
[M+Na]*
2]
) 911
70155 912.7
[M+H]*
) i+
9 T\ 267.08 365.18 510.33 571.84 761.65 840.46
} bl T L b sl Sl g b st ] N T
f ? Y ? y f b " r r
200 300 40 500 600 700 800 900 1000 mz
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ANALYSES ON GNPS PLATFORM

aturais

2020

- s -a «
€ 5 C @ gnpucsded
O
A
TTS— —
Ny
9 M Ny
v
o7
: W
D
GNPS is a web-based mass s,‘v)uompuy ecosystem that aims to be an open-access knowledge base for
commun: \y-wl{%cﬁamranon and sharing of raw, processed or identified tandem mass (MS/MS)
spemum-(-ycu)a‘u PS aids in identification and discovery throughout the entire life cycle of data;
O from initial data acquisition/analysis to post publication.
AD)
&«
Tweets
a - 18,163 compounds
¢ ) o e ) 221,083 spectra
) s ks e
® ] 4
) =
N : S
9 ) GNPS spectral
%4 libraries

69

sample

NALYSES ON GNPS PLATFORM

2" .
MSCluster
—
i
9 )
o Ny |
7 () ¢ spectral
O S
("2 alignment
s\ v
\ Amiz=  Amiz=  Amiz= create
¢ ) 147.0723 57.0203 90.0510 moiecular
o Ny | | network
£ L L.
) - S
) A
< ‘
9 ) “ \

70
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- 14 Da (CH,)

e

% lle-1

T

\,M,AA&/\L:/{/’/ /

Please Login to Use Workflows

The Future of Natural Products Research and Mass Spectrometry

71

Aracd Beach

BRB-081 (2L) — A1
1.40¢g

BRB-081 O
[ (‘T ) — 1
‘ BRB-081 Hex ‘ BRB-081 CHQ%I‘ | BRB-081 MeOH ‘
051g 047¢\" 0.42¢g
~OV Sephadex LH-20
[ [ [ \ ,L&?fﬁ" \ [ [ [ |
e a9t (= ])la)la) (o))
\ e
- Y, 5 )t ons PN oz LC-MS
A\ m/z
\\ N z
/."” : m/z884.6
1) ™ |
c—=— 1
N ") kJ\ J'\‘J um Al Jvh"\\ \_/\uU\uI\k A
7 5 ) % 5 B3 ) =T
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Mass-guided Fractionation 08 ‘*\
Q )\'\ Aragé Beach
BRB-081 a
= LOP
N \? ) Surugamide A LC-MS
: Surugﬁ!ﬁiﬁé
s ( ~)B orC
o
¢O°
. a \\"ﬁew surugarhide ? A |
4 N J ﬁ_,PI_/\“‘)u'\MJk;L \:‘_/\/‘J“J\ N .
L] ‘“1}}'} - % = ] E T P)

weree

Lt

LTl
e

Aragd Beach

v J )
BRB-081 \
| ) (();a( —
BRB-081 Hex BRB-081 CHCI?\Q )| "BRB-081 MeOH
291¢g 2.17 gQﬂ { L 232g
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Where are surugamides ?

.. and the challenge goes on .....

OSMAC approach : One Girain Many Compounds

75
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OSMAC approach

Aragd Beach
BRB-081- Streptomyces sp.

3 — B I
s Myeelum " ACB -7 days, broth

W -

3 ¢ . 7 days, broth C-‘\'

.3 PC-1

s O E s -
w0
5 PD -7 days, broth

¥
™
\" d 4 18 18 " 12 10 8 5 4 2 ] 2
Surugamides Production PO )

DRSM SR ay ey " Cuture Media

T
7 Days
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2020

\(
. (50ug/mL] Xanthurenic acid 2

BRB-081 PCA707]
Streptomyces sp. | 3807

¢

A0

N

Citotoxic Activity
N Not active
B Active

]
B Media blanks

ISP2blanl J
S
A\ S P e e ®

\/ Surugamides
v % Growth inhibition

Days of Cultivation c

1day
B 2 days
N 3 days
. 7 days
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2020

O
P Q )') Atol das Rocas - Brazil

" \\< Bacteria
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712Q67%

7

iolaceoruber

Streptomyces Vio
Yees coelicoflayys

418

Streptomyces tricolor

i ep\omyoesiragms
Streptom,
BRB

\.Sf

:}I

SMoelUBWLIE mwu\ngsum:wu, J

Streptomyces v:m_amamazma .
ran

Bacillus halotolerans

Mar. Drugs 2019, 17, 671; doi:10.3390/md1

Compounds

Cytotoxic crude extracts

.

8§

g
Farmacologia de Pro

)

Troe scal: 0.1
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2288288 ¢ 8 Y

a) 50 ug/mlL

[|O}Y SEJ0Y WOJ} BlI910e( dULIB s

Marine Bacteria from Rocas Atoll as a Rich Source

of Pharmacologically Active

Article
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MOLECULAR NETWORKING OF MARINE BACTERIA FROM ROCAS ATOLI S

g o]
Ho, i
mus’ RN W} HO"~ f? (
P A.” Mﬂ"\“’;f . D\\i’; g,(;i
£ Yool N 368.309 N r i
- j*wmu’\go B - &3P s f«.{x‘«’(u Legend
| A MA —‘ N QL i {
. / / 06 'y e - -
Surugamide . A ‘e By ey M Firmicutes
B Surugamide C17-Sphinganine I & A,\/’ ™ [T Nocardiopsis
A B T a e 7 0 - ™ Streptomyces
OH
NH; .
W Saiinispora
-
I . W Brevibacterium
Antibiotic o,
TAN 1169A [ Not identified
"] Not active
Annotated by

GNPS library

\
Wl o Smumspurme

Edge strength
_0 HNﬁ ge streng!

M09
I
I
EEEEEE r> 065
Desf D2 .

OH- Staumsporme
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CHEMICAL CLASSES FOUND IN ACTIVE EXTRACTS OF MARINE
BACTERIA FROM ROCAS ATOLL

L
l O
O °
Relative \ '
abundance

Diketopiperazine
Lipopeptides
Surugamide

Desferrioxamine
Sphinganine
Erythromycin
Salinispora_unknown_1
Glycosylated_unknown
B Rifamycin
Saliniketal
Staurosporine
Salinispora_unknown_2
Antibiotic TAN
Nocardiopsis_unknown

N
oA
———

A
o

Bacilius BRB39A, Y
Baciffus BRB397

Streptomyces BRB417

Baciliius BRB408!

Nocardiopsis BRB364
Nocardiopsis BRB352
Salinispora BRB415
Salinispora BRB468
Salinispora BRB462
Salinispora BRB284
Salinispora BRB256
Salinispora BRB399
Salinispora BRB320
Salinispora BRB414

Nocardiopsis
Nocardic

Streptomyces BRB418
Streptomyces BRB356
Streptomyces BRB350
Streptomyces BRB358
Streptomyces BRB298
Streptomyces BRB302
Brevibacterium BRB368
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(

Atol das Rocas [ | Brewbactermm ,p
[ ] Str-eptun cces sp.
Cl Sah.'vspor'a sp.

¢ ]Q\ WNocardiopsis sp.

(- Proteobacteria
[] Firmicutes

[] Not identified

DKP: '
s Rifamycin

i c, oy

Lipopeptides

[] Not active

Staurosporine

'é S5ob

—0 HN—

Desferrioxamin

"
PSSP N
o 538

\r"n/ ~ \‘NY’\\/\;“/\a

¥ Gl

AL i xmr%awxq

\ .
Er'y’fhrom)"‘._,‘{y:‘ ’ ’ fz""sg FrAR _.f-w g:o-'w}. Surugamide
(\ s 0e25q5 F! -

CHROMATOGRAPHIC FRACTIONATION OF Streptomyces sp. (BRB-302)
FROM ROCAS ATOLL

Growth inhibition (%)

Fractions
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IDENTIFICATION OF COMPOUNDS - Streptomyces sp. (BRB-302)

a) b) 20
HO N .
K / Y UV-Vis
- o}
HO* H
; K 261
H R OCHj3 )l 290
OH OH OH (\OH 200 2% 300 350
Novonestmycin A OH
C) . d ) 127.0743 949.5668
. . ) 1229.6705
0%
@0
- ® oan P ‘ 1 MS/MS
®9¢e \
. 'f. 'e 552687 7214250
. \. .‘ Q % 323.1889
. > . . é" ' h 200 400 ) 500 1000 1200 miz
] p
B0 o0
D
259 o
85
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v  Ambas as abordagens (targeted or un‘rargca‘i’éd)
permitem obter o componente bioativo

v Estratégia pode ser aplicada o -gualquer extrato,
oriundo de um organismo

v' Permite guiar o isolqmchfo por atividade bioldgica e/ou

por novos componentes

Ddvidas ????

Obrigado pela atengdo !!l
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