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Espectrometria de Massas

+ 1897, Joseph John Thompson
descobriu que todos os gases
produzem a mesma particula
carregada negativamente e
determinou a razdo massa carga
(m/z), a partir da magnitude das
deflex0es de raios negativamente
carregados através de campos
magneéticos e elétricos.

*1911 — J. J. Thompson
Primeiro Espectrometro de Massas
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Desenvolvimento e aplicacdo de imagens em espectrometria de massas
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Desenvolvimento e aplicacdo de imagens em espectrometria de massas
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Metodologia desenvolvida para a analise espacial de tecido por
espectrometria de massa MALDI

A Microprobe Mode
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Metodologia desenvolvida para a analise espacial de tecido por
espectrometria de massa MALDI
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Metaboldmica

Area of application

Plant breeding and crop quality assessment

Food assessment and safety

Toxicity assessment

Nutrition assessment

Medical diagnosis and assessment of disease status

Pharmaceutical/drug developments

Yield improvement in crops and fermentations

Biomarker discovery

Technological advances in analytical chemistry

Genotyping

Environmental adaptations

Gene function elucidation

Integrated in systems biology

&

The OMI/CS Cascade
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Metabolomica Complexidade

GC-MS/MS




Metodologia de Desreplicacao
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Abrangéncia da espectrometria de massas
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Espectrometria de Massa em Alta Resolucao

Mass resolution

What is it? .
Definition:
Mass resolution = (ion mass)/(mass peak width)
R=(m/z) /W,
W, ,, = Peak width Example:

at half height R =200 Da./0.5 Da.

W,,, = 0.5 Da. R =400
m/z = 200 Da.

Mass resolution

Older definition — peaks of equal heights

Definition:

Mass resolution = (ion mass)/(mass peak separation)

From previous example:

R =200 Da./ 1.0 Da.
Ryge, = 200

Rz =400

R=(miz)/ A,
A -2w,, ~ 10D

Valley Height
~10% of peak height

miz = 200 Da.
Interference

Sum

Analyte




Differentiating Structures Using HRMS

Many structures may have the same integer value molecular weight,
but different molecular formulas

These structures can be differentiated with HRMS

For example:

U L

HNWNH
C4HgO, CsHyg C3HgN,
70.0418 amu 70.0783 amu 70,0531 amu

Mass resolution
Older definition — peaks of equal heights

Definition:
Mass resolution = (ion mass)/(mass peak separation)

R=(mlz)/ A,
A ~2w,, ~10Da

From previous example:
R =200 Da./ 1.0 Da.
Rygs = 200

Resolving power & mass accuracy
m/z = 613.964203

SQ, TQ, IT TOF, Q-TOF
" 613.9642 X103
e { ". 1 6139642
" R =614/0.68 = 903 Il 7 R = 614/0.0423 = 14,522
! I| | 5
o |
. e II | E;
(W= 0.68 DA —|  |€—— s
- i! | «——— W, = 0.0423 Da.
o I | 3
|
o | | 2
“ | !I 6145675
| 1 14350
o | fn Y
\ g k/ ) o L
R

o™ B WOR W R OW S8 T G142 Gl §146  GIAR  ES  GlSD

‘ I Counts vs. Mass-to-Charge (miz)
T

Ry12 =400
Valley Height
~10% of peak height
miz = 200 Da.
Interference Analyte Sum
Mass error

* Mass error = (exact mass) — (accurate mass)

« Mass error in parts per million (ppm) =

(mass error)
(exact mass)

X 10°




LRSS '-;.- ALapew BE oo v 0% e v S04
Aoy Jelamamon | I Adusiun e

Ahsitwes 1IN - 10%

mmmﬂlml*_

R e e e e e )

150
__ 101 What will we discuss?
g:
x
E« 90 » What is mass resolution and mass accuracy
2 ::: ggg ga + Why and when they are important
a
£ - . . .
- 60 - 1000 Da How tq use resolution and mass accuracy for practical
.,é analysis
= 307
0 T T 1
0 1 2 3 4 5
Mass Accuracy (ppm)
- ) J\J\ i LC-HRMS
0.,9 "
/L 3010135
.4
HzN
1 i DS DU | . 1
€0 B0 100 120 14 160 180 20 220 240 30 320 40 30 80an
5ppm Tolerance 50ppm Tolerance
T D -




A Liquid Chromatography Mass Spectrometry based
Metabolome Database for Tomato

Sofia Moco, Raoul J. Bino, Oscar Vorst, Harrie A. Verhoeven, Joost de Groot, Teris A. van Beek,
Jacques Vervoort and Ric C.H. De Vos Plant Physiology 141: 1205-1218 (2006)

What will we discuss?

+ What is mass resolution and mass accuracy
+ Why and when they are important

+ How to use resolution and mass accuracy for practical

analysis
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A Liquid Chromatography Mass Spectrometry based

Metabolome Database for Tomato

Sofia Moco, Raoul J. Bino, Oscar Vorst, Harrie A. Verhoeven, Joost de Groot, Teris A. van Beek,
Jacques Yervoort and Ric C.H. De Vos Plant Physiology 141: 1205-1218 (2006)

113

Ret (mi
Ret(min) __ ,vm/z  UVAVES MS/MSfragments Mol Form 1M€o Meand oo ieip
Av StDev Mass (ppm)
9.45 0.09 341.0883 - 179, 135 CH0, 341.08781.52 Caffeic acid-hexose |
975 0.08 3250930 2" 163 C.H,0, 3250929 0.25 Coumaric acid-hexose |
10.32 0.08 341.0883 310 179, 161, 135 CH0, 341.08781.58 Caffeic acid-hexose Il
1135 0.08 341.0883 200 2SLBLI L ¢ 40, 3410878153 Caffeic acid-hexose Il
1208 0.06 3551036 200 193,177, 145 C M0,  35510350.31  Ferulic acid-hexose |
1258 0.07 3410883 - 181,179,137, 135  C,H,0,  341.0878 1.49 Caffeic acid-hexose IV
13.32 0.05 3410883 - 8,220,189 ¢ M0, 3410878139  Caffeic acid-hexose V
300sh, o
13.43 0.07 3530878 900 191,173,127 CH,0, 353.08780.01  3-Caffeoylquinic acid
1371 0.07 325.0929 285 163, 119 CH0, 3250929 0.05 Coumaric acid-hexose I
1441 010 3530878 202" 179,173 C,H,0, 353.0878 -0.08 5-Caffeoylquinic acid (5)
1590 0.05 3551036 - 193, 175, 160 C M0, 3551035042  Ferulic acid-hexose Il
1598 0.06 3410886 - 179 CH,0, 341.08782.26 Caffeic acid-hexose VI
1676 0.07 353.0880 323 191,173, 161,127 C,H 0, 3530878 0.49  4-Caffeoylquinic acid
19.53 0.25 12725901 - 20 1085 H,NO,, 12725866 2.75  (Esculeoside B)FA
236, Quercetin-hexose-
2142 0.04 7411870 299sh, 301, 271, 255 C,H,0,  741.1884 -1.82
351 X' e deoxyhexose-pentase
({Lycoperoside G)FA or
22.83 0.06  1314.6001 - 209, TD 0T G H,NO, 131459722.11  (lycoperoside F)FAor
! ! {Esculeoside A)FA |
256, Quercetin-glucose-
2343 0.04 609.1451 299sh, 301, 271, 255 CHO,  609.1461-1.59 % g
355 rhamnose (5)
1269, 1137, 1107,
975, 908, 866, B12, (Lycoperoside G)FA or
25.48 0.16  1314.6005 - 770, 752, 275, 179,  C,H_NO, 1314.59722.54 (Lycoperoside F)FA or
161, 149, 143, 125, (Esculeoside A)FA I
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Freezing and
—
grinding

STEPS 1-2
Growth and harvest of

plant material

Data
processing

LC-MS profiles

Extraction, centrifugation
and filtration STEPS 3-7

Output:

CSV file
STEP 15

MetAlign for mass
peak extraction and

alignment over samples
STEPS 10-14

| Transfer vials
E to autosampler

LC-PDA-QTOF MS

STEPS 8-9

Data analyses
o t-tests
« multivariate analyses tools

« correlation analyses

l

Identification of relevant

mass peaks

STEPS 16-19 )
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Untargeted Metabolomics Strategies—Challenges
and Emerging Directions

CRITICAL INSIGHT

Alexandra C. Schrimpe-Rutledge,"*** Simona G. Codreanu,'*** Stacy D. Sherrod,' #**
John A. McLean'??*

'Department of Chemistry, Vanderbilt University, Nashville, TN 37235, USA

2Center for Innovative Technology, Vanderbilt University, Mashville, TW 37235, USA

*Vanderbilt Institute of Chemical Biology, Vanderbilt University, Mashville, TN 37235, USA

Wanderbilt Institute for Integrative Biosystems Research and Education, Vanderbilt University, Nashville, TN 37235, USA

Abstract. Maetabolites are building blocks of cellular function. These species anre
invelved in enzyme-catalyzed chemical reactions and ame essential for callular func-
tion. Upstream biological disruptions result in a series of metabolomic changes and,
as such, the metabolome holds a wealth of infermation that is thought to be most
predictive of phenotype. Uincovering this knowledge is a work in progress. The field of
metabolomics is still maturing; the community has laveraged proteomics axperence
when applicable and developed a range of sample preparation and instrument
methodology along with myrad data processing and analysis approaches. Research
focuses have now shified toward a fundamental understanding of the biology re-
sponsible for metabolomic changes. There are several types of metbolomics ex-
periments including both targeted and untargeted analyses. While untargeted , hypothesis generating workflows
exhibit many valuable attibutes, challenges inhanant to the approach remain. This Crifical Insight comments on
these challenges, focusing on the identification process of LC-MS-based untargeted metabolomics
studies—specifically in mammalian systems. Biological interpretation of metabolomics data hinges on the ability
to accurately identify metabolites. The mnge of confidence associated with identifications that is often overdooked
is reviewed, and opportunities for advancing the metabolomics field are described.

Keywords: Metabolomics, Untargeted, Targeted, Discovery, Global, Validation, |dentification, Bicinformatics
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Increasing confidence
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Untargeted Metabolomics Strategies—Challenges
and Emerging Directions

Metabolite identification confidence
Level 5

Unique Feature
Mass measurement accuracy, £ ppm

Level 4

Molecular Formula
Isotope abundance distribution, charge
state and adduct ion determination

Level 3

Tentative Structure
MS1 m/z database match

Level 2

Putative Identification
MS/MS spectrum match

Validated ldentification
Reference standard
confirms structure

L

61M+ compounds (PubChem)

unit resolution.... .. 354+1Da.................. 200k molecules
100 ppM............. 35416+ 003D............. 44k molecules
10 ppPM..cennnn 354.158 + 0.003 Da......... 11k molecules
1ppm............. 354.1579 + 0.0003 Da......10k molecules

Heuristic Filtering

CogHaoNoOy o 10k isomeric structures

Orthogonal information

fragmentation data (MS/MS)
retention time

collision cross section
spatial/temporal location
optical spectroscopy

NMR

HO =1\!| FN_ OH
Hod D bm‘ .................. 1 confirmed identification



GNPS: Global Natural [’m(lmtx\mml \Iuleculdl Network _ -@

MassIVE Datasets | Documenﬁf Fi €ontact

Please Login to Use Workflows

The Future of Natural Products Research and Mass Spectrometry

Table 2. Confidence Annotation, Statistical Evaluation, and Selected Bioinformatics Tools

Confidence Utility Statistical treatment/ Bioinformatic tools
Approach
Levels 5 and 4 Ranking significant differences t-test Most statistical software packages
(Unique m/z feature or Principle Component
Molecular formula) Analysis (PCA)
Partial Least Squares (PLS)
Modeling
Data visualization and Cloud Plot/Volcano Plot XCMS Online [38]
prioritization Self-organizing Map Metabolite Expression Dynamics Inspection (MEDI) [39]
(SOM)
Pathway/network analysis Pathway and network prediction mumimichog [45]

without formal annotation

Level 3 Matching parent ion exact mass MS1 database and MS2
(Tentative structure) and fragmentation patterns spectral library

Levels 2 and 1 Integration with known biology Pathway and network
(Putative identification analyses

or Validation)

ChemSpider, METLIN, HMDB, MassBank, mzCloud, LipidBlast,
GNPS, NIST [16-19]

MetaboAnalyst [40]

Kyoto Encyclopedia of Genes and Genomes (KEGG) [41]
Mbrole (Metabolite Biological Role) [42]
MetaCyc/BioCyc [43]

ChemSpider 5. MassBank

The free chemical database



Bases de Dados de Produtos Naturais que podem ser utilizadas
para busca de substancias em meios virtuais

Database

Super Matural Il

Universal Natural Product

Database

Chinese Matural Product
Database

Drug Discovery Portal

iISMART

Database from historical
medicinal plants, DIOS

AfroDb
NuBBE

NMumber of entries

355,000

197,201

53,000

40,000

20,000

6,702

1,000
640

Additional information Refs
2D structures:; vendor information for over *
215,000 compounds

3D structures assembled from other available 289

Chinese databases

Has been used in a virtual screen for PPAR-y 290
agonists

Mot all natural products, but all based on 49
available samples

Based on components from traditional Chinese 291,
medicines 292
Successfully used in several virtual screening 293
campaigns

Compounds from African medicinal plants 204
Compounds from Brazilian sources 205¢

20, two-dimensional; 3D, three-dimensional; iSMART, integrated systems biology-associated research with traditional Chinese
medicine; FPAR-y, peroxisome proliferator-activated receptor-y. *See the Super Natural Il database. *See the NuBBE database.

Ei

a

A.L. Harvey, R. Edrada-Ebel, R.J. Quinn, The re-emergence of natural products for drug discovery in the genomics era, Nat. Rev. Drug Discov. 14 (2015) 111-129.

d0i:10.1038/nrd4510.
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Home Aboutus WebAPIls Help & Signin

ChemSpider

Search and share chemistry

Simple Structure Advanced History

Search ChemSpider

Matches any text strings used to describe a molecule.

Search

Systematic Name, Synonym, Trade Name, Registry Number, SMILES, InChl or CSID 0

What is ChemSpider? Search by chemical names Search by chemical structure Find important data
ChemSpideris a free chemical structure « Systematic names « Create structure-based queries « |iterature references
database providing fast text and « Synonyms o Draw structures in the web page o Physical properties
structure search access to over 47 « Trade names « Use structure files from your computer « Interactive spectra

million structures from hundreds of data  « Database identifiers
sources.

Blog Subscribe
Introduction to the new ChemSpider website

What's new with ChemSpider?

Linking from ChemSpider to the Crystallography Open Database

VISIT OUR BLOG

Chemical suppliers

49 Million

chemical structures

915

Data sources
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Table 1

Freely and commercially available web-resources for M5-based metabolomics.

Maime Link Mote

“Freely available” software

Pathway
AraCyc hittp: ['www ar abidopsis org/biocyc/index jsp Arabidopsis
BioCyc hitp: [/biocyc.org/ Organisms
EcoCye hittp: ecocycorg/ Escherichia coli
KaPPA-View3 hittp: Mkpv.kazusa or.jp/lpv3 | guestl ndex jsp Arabidopsis, nce, tomato,

lotus

KBLG hittp: [fwww genome. jp/ ke gg) ligand himl Organisms
MetaCyc hittp: [fmetacy corg/imdex shtmil Organisms
MetaCrop hittp: [mietacroplipk-gater slebende Crops
PlantCye hittp: ['www plantcycorg/ Plants

Analytical data (samples)
ARMeC
KOMICS
McGill-MD
MotoDB

Analuiiral dais Foismdaed
Publication and literature
BioMeta
ChEBI
HMDB
ENApSACK
MassTRIX
MMCD
MMsINC
PubChem
LCI ChemDB

Compound family
Favonoid viewer
LIPID MAPS
LIMDBANK

“For a commercial fee™ database
Adams library

Dictionary of natural medicines
DiscoveryGate

MASS Frontier

NIST

Scifinder

hittp: [www armecorg /Metaboliteli brary /index himl
hittp: ['webs 2 kazusa or jp/komics

hittp: metabolomics mcgll cal

hittp: [/ ap plied bioinformatics wurnl/moto/

http: [ biometa cmbi i nl/

It [ 'vewrve b ac ulke ) clhebi)

http: ['vwww himdb.cal

hitp: [fkanayanaist jp/ KNApSACK/KNApS ACK. php
http: [/mips gsf de fproj/metabolomics)

hitp: [/ mmcd. nmrfam wisc edu |

http: ['muns .d sfarm unipd it /MM sl NC hitmil

http: [/ pubchem ncbi nlm.nilk gov)|

http: [fodb.ics weiedu CHEM /We by

http: ['www metabolome jp/ software/ Favonoid Viewer/data/mass

http: ['www lipi dmaps org findex hitml
hiitp: [/lipi dbank_ jp/

Identification of essential oil components by gas chromatgraphy /quadrpole mass specroscopy, 4th

Edition (2007)

http: [/ dnp chemnetbase comfdictionary-search do? method=view&kid=27142068<i=
http: ['www symyx com) products | databases fd iscovery gate/ ind ex_jsp
hitp: ['veww thermo.com/com/cdal product /detail [ 1,1055, 1 1442 00 himl

hitp: ['veww nist gov fsrd/onlinelist_him
http: ['www cas or g2/ SCIAINDER /SCHOLAR/ index himl

Arabidopsis, potato
Tomato

Crops

Tomato

Flavonoids
Li pids
Li pids
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Fig. 1. Schematic overview of peak dnft and correction in LC-MS.
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Bases de Dados de Produtos Naturais que podem ser utilizadas
para busca de substancias em meios virtuais

Extra:t Lihrary | Rt ‘ ‘MW‘ ‘ uv ‘ ‘ Tax| (+)-ESI-MS (-)-ESI-MS
LC/MS-ELSD Bioloegical
Profiling Screening -
Database - [
‘ i | I%E‘ hwed L Lid
' ' [t s Plausibility Check Final hitlist
Peak Library Biological Results _-
— af
Balanol
-"...-l" \ + 5 other compounds
Peak Library B Feak Library M
from Active Extracts 1 from Inactive Extracts

M Hy "
N &m g O L
o o~
Frioritzation based on o
Dereplication of Known ua, O
Bioactive Natural Products

Peak Library for the Focussed iy "
Isolation and Identification o d‘pﬂ

of Bioactive Principle Q;TOE o @TOJIQ

D. Wolf, K. Siems, Burning the Hay to Find the Needle — Data Mining Strategies in Natural Product Dereplication, Chim. Int. J. Chem. 61 (2007) 339-345.
doi:10.2533/chimia.2007.339.
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Aplicacoes






Introducao

Barauna: Aspectos Gerais
2
¢ .. bratna, bratna-parda e bratna-do-sertdo

A madeira é dura, pesada, de alta resiténcia e
durabilidade

[~ Arvore espinhenta de crescimento lento

]

" % Galhos espessos e bem distribuido numa copa de
- = poucas e pequenas folhas

v Santos, Rai Vinicius, and Maria Betania Moreira Amador. "Baratna: Dialogo entre natureza e sociedade."
Periodico Eletronico Férum Ambiental da Alta Paulista 9.7 (2013).



_____________________

Bloqmmlc ‘

v' FORCISI, S. et al. Liquid chromatography-mass spectrometry in metabolomics research: Mass analyzers in
ultra high pressure liquid chromatography coupling. Journal of Chromatography A, v. 1292, p. 51-65, 2013.



1. Introducao

Abordagem metabolomica

y
-
"
0“
- L . |
- Coleta e preparo de Anilise  Processament i Andlise Identificacdo dos Interpretagio
f amostra - instrumental | ~ dedados C estatistica - metabolitos - biolggica

v" Canuto GAB, Costa JL da, Cruza PLR da, Ana Rosa L. de Souza ATF, Klassen A, Rodrigues KT, Tavares
MFM. METABOLOMICA: DEFINICOES, ESTADO-DA-ARTE E APLICACOES



3. Metodologia

1 Analise estatistica da atividade
citotoxica

st [one-sample, paned and unpared] |, Ore-veap ANOVA (lollowed by Tukey, Dunnatt,
H thy Nessrnan¥sids of Borderord pot lests)

- Foram analisadas a partir da média +
desvio padrao (DP) da porcentagem
de inibicao do crescimento celular;

- GraphPad Prism 5.

* RIuska aly

ﬁ aiablumhm
Edum stafistics nchading nomally bests) « Frsdman

» Comelation matra:
Oeganization of dala lable

Sample data

@ Stast with an emply data table
Usesampladats  How s 2 Cobeer data table
Choose a graph

mumnnuuu
s B

Selected graphc  Scatter plot, horizontal

Graphing replicates o b
m—




3. Metodologia

Analise Multivariada dos dados

] - - \‘ » Scores colored by Sample Group
7 A ) Coefficients vs. VIP
’ ’ ,
s A 7 150 B
1 Y P ,‘
N 100 r
% 4
> i Tk - \‘\
7 A 4 - R ¢ MUC
- ~
\\5_‘_",!/,, A \ o MUG
‘s Ada P %
N T
-100
150
-100 o 100 2

v

600 -500 -400 -300 -200 -100 O 100 200 300 400 500 600

" sl Variavel de Importancia na
Analise Discriminante P

Ortogonal dos Minimos Projecdo (VIP)
Quad rados ParCi aiS(OP LS_ Da) S-Plot (Leaf & frut = -1, branch = 1)

Analise de Componentes

Principal (PCA)

Interpretacae grande volumes de dados
(UPLC-QTOF-MSE)

plcom){1]P (Correlation)
v

=723 30
012001 [B41.18112

Determinacéo dos possiveis biomarcadores

(35013821

Q22 02 03

o1
PP (Loscings)

S-plot

Long, C. lin. (2016). Comparative UPLC-QTOF-MS-based metabolomics and bioactivities analyses of Garcinia oblongifolia. Journal of
Chromatography B: Analytical Technologies in the Biomedical and Life Sciences, 1011, 179-195.



3. Metodologia

Analise Multivariada dos dados
Meétodo Hierarquico de Analise de

biflavonoids xanthones benzophenones
! A 1

. [ 1 r LN R
Cluster, 1456789 111213231014 151617181920 212223 24252630 2728293233 34 353637383940

Leaf
Leaf
Leaf

Leaf

Contribui para um melhor entendimento
Branch

da variacdo dos metabolitos nas B

Branch

High

diferentes partes da planta; e

Fruit

low
Mapa de Calor (Heat map)

Software utilizado GENE-E.

v Long, C. lin. (2016). Comparative UPLC-QTOF-MS-based metabolomics and bioactivities analyses of Garcinia oblongifolia. Journal
of Chromatography B: Analytical Technologies in the Biomedical and Life Sciences, 1011, 179-195.



3. Metodologia

-1 Parametros de analise quimiometrica
\

O modelo utilizado na analise de componentes principais (PCA) foi o pareto;

A andlise discriminante dos minimos quadrados ortograficos parciais (OPLS-DA) foi
utilizada para validar o modelo de PCA e identificar os metabdlitos diferenciais;

Os biomarcadores foram selecionados pela variavel de importéancia na projecao (VIP)
juntamente com o S-Plot.

O Heat map foi utilizado para corroborar com os resultados obtidos de PCA, OPLS-DA, VIP e S-
PLOT.




4. Resultados e Discussao

1 Cromatogramas | Na, galho e casca (modo
ESI)

Brauna - Folha _1_Licia
UPLC-QToF_3909 1: TOF nqs ES-
] 0.90 BPI
100, 8.04¢3
"
] 27 38
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] 6 11 16 21 4.08 5.20
1 193 222 275 316 37 47T 443460 483 3774 532 556
0 T e e e R I e e e e e == i i A e e Y
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4. Resultados e Discussao

1 Cromatogramas
ESI)

galho e casca (modo

Brauna - Folha _1_Licia
UPLC-QToF_3888
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4. Resultados e Discussao

) Tentativa de identificacao dos metabolitos secundarios
presentes nos extratos de folha, galho e casca

tr Modo de ionizagdo Modo de Férmula Tentativa de S. S. S.
Picos  (min) negativo ionizacdo positivo molecular identificacédo brasiliensis  brasiliensis  brasiliensis Referéncias
Folha Galho Casca
MS MS/MS  ppm MS MS/MS ppm
[M-HT [M+H]* P
1 090 191,0549 173,0440 -3,7 - - - C7H120s (Ai:idoquinicgf) + + + (ABU-REIDAH et
127,0401 T al., 2015a;
85,0333 SRIVASTAVA,
emmmm—— 2016)
2 099 1910189 1330167 -1,6 - - - CeHsOr  (_Acido citrico® + (OJEWOLE, 2003)
111,0075 T
3 100 191,0496 1330151 -3,7 - - - CuHsO n.i + + -
85,0302 POt it T
4 166 343,0655 191,0497 -52 - - - CuHiOw  “Acido quinicos + (ABU-REIDAH et
169,0125 ‘galoil isdmerog g al., 2015a; ERSAN
125,0265 Scaca=” etal., 2016)
5 1,87 3430634 191,0522 -29 3450817 153,0187 -1,4  CuH16010 Acido quinico + + (ABU-REIDAH et
169,0082 125,0203 galoil isbmero 112 al., 2015a; ERSAN
125,0193 etal., 2016)
6 193 4651231 271,0438 -2,8 467,1385 3150734  -3,4  CigH20u n.i + -
169,0129 153,0202
125,0238
7 1,95 - - - 345,0824 153,0210 0,6 C14H16010 Acido quinico + (ABU-REIDAH et
galoil isomero Il1 al., 2015a; ERSAN
etal., 2016)
8 2,03 3430835 191,0540 2,3 3450824  153,0209 0,6  CuHi010 Acido quinico + (ABU-REIDAH et
169,0121 galoil isdmero IV al., 2015a; ERSAN

125,0247

etal., 2016)




4. Resultados e Discussao

] Tentativa de identificacdo dos metabolitos secundarios
presente nos extratos de folha, galho e casca

tr Modo de ionizacéo Modo de Férmula Tentativa de S. S. S.
Picos  (min) negativo ionizagéo positivo molecular identificacio brasiliensis brasiliensis  brasiliensis Referéncias
Folha Galho Casca
MS MS/MS  ppm MS MS/MS ppm
[M-H]' [M+H]" PRaininin 1S
9 2,04 - - - 3150710 153,0193  -1,9 CisHuOs 1 Levoglucosan + (ABU-REIDAH et
125,0159 galato isomerg4 al., 2015a)
10 212 - - - 315,0726 153,0215 3,2 Ci3H1409 Levoglucosan + (ABU-REIDAH et
125,0114 galato isdmero 112 al., 2015a)
11 2,22 449,1292  271,0503 -0,7 - - - Ci8H26013 n.i + -
169,0157
125,0159
12 254 4950789  343,0688 2,8 - - - C21H20014 Acido quinico + (FRAIGE etal.,
191,0524 digaloil isomero | 2017; SANTOS et
169,0148 ’4‘————_‘~~ al., 2017)
13 2,65 353,0856 191,0531 -4,8 3551042  163,0403 3,7 CisHis0s  {Acido clorogénicga) + + (HASSAN et al.,
179,0337 89,0397 SN —————r 2011; WILLEMS et
135,0439 al., 2016)
14 273 - - - 497,0946  479,0812 3,0  CxuH20u4 Acido quinico + (FRAIGE etal.,
309,0629 digaloil isémero I 2017; SANTOS et
153,0195 al., 2017)
15 2,74 - - - 315,0729 153,0209 41 Ci3H1409 Levoglucosan + (ABU-REIDAH et
125,0215 galato isdmero 11| al., 2015a)
16 2,75 389,1086 2710392 0,5 - - - Ci6H22011 n.i + -
169,0164

125,0276




4. Resultados e Discussao

) Tentativa de identificacao dos metabolitos secundarios
presente nos extratos de folha, galho e casca

tr Modo de ionizagdo Modo de Formula Tentativa de S. S. S.
Picos  (min) negativo ionizag&o positivo molecular identificacéo brasiliensis  brasiliensis  brasiliensis Referéncias
Folha Galho Casca
MS MS/MS  ppm MS MS/MS ppm
[M-HT [M+H]*
17 2,78 4950750 343,0645 -5,0 497,0954 479,085630 4,6  CxuHx0O1s Acido quinico + (FRAIGE et al.,
191,0562 9,0629 digaloil isdbmero 111 2017; SANTOS et
169,0143 153,0203 al., 2017)
18 2,93 4950759  343,0643 -3,2 497,0956  479,0872 50  CauH20014 Acido quinico + (FRAIGE et al.,
191,0616 309,0630 digaloil isbmero 1V 2017; SANTOS et
169,0119 153,0201 al., 2017)
19 3,01 359,0091 169,0140 3,6 - - - CisH2010  etil-O-B-D-(6-O- + (SANTOS et al.,
galoil)- 2017)
glucopiranosideo
20 3,01 - - - 497,0926  479,0812  -10  CaH200u4 Acido quinico + (FRAIGE et al.,
309,0629 digaloil isbmero IV 2017; SANTOS et
153,0195 e m——— al., 2017)
21 316 321,0239 169,0121 -2,5 - - - C14H1009 (Acido digalico®} + (ABU-REIDAH et
125,0238 D ENIEY 2 al., 2015a)
22 3,21 453,1016 313,0551 -3,8 - - - C20H2012 2-hidroxi-4- + + (SANTOS et al.,
179,0317 metoxifenol 1-O-B- 2017)
169,0128 D-(6°-O-galoil)
glucopiranosideo
23 348 6330762 463,0793 54 - - - C27H22018 (Corilagina?i‘, + (SRIVASTAVA,
300,9986 Te———- 2016)

169,0133

Padrao analitico




4. Resultados e Discussao

) Tentativa de identificacao dos metabolitos secundarios
presente nos extratos de folha, galho e casca

tr Modo de ionizagao Modo de Férmula Tentativa de S. S. S.
Picos  (min) negativo ionizagao positivo molecular identificacéo brasiliensis  brasiliensis  brasiliensis Referéncias
Folha Galho Casca
MS MS/MS  ppm MS MS/MS ppm
[M-H] [M+H]*

24 369 6350938 457,0819 -0,8 - - - Ca0H28023 n.i + -
169,0127
125,0114

25 3,70 631,0961 479,0884 4,1 633,1121  319,0495 4,6 C28H24017 n.i + + -
169,0130 153,0235
125,0231

26 3,94 923,1716  481,1007 4,9 - - - C6Hz6021 n.i + -
169,0107
125,0255 P it O

27 4,08 787,1006 6350993 15 - - - Ca4H28022 ’tetra-o-galoil-\' + (BERARDINI;
617,1226 “glucose isomero_I¥ CARLE;
465,0739 S =" SCHIEBER, 2004)
169,0145

28 4,14 787,1068 615,0982 -2,5 - - - Ci5H24014 n.i + -
169,0111
125,0196

29 4,16 787,1042 635,0993 6,0 - - - Ca4H28022 tetra-O-galoyl- + (BERARDINI;
169,0068 glucose isdmero I1? CARLE;
617,1226 e SCHIEBER, 2004)

30 4,17 - - - 467,0858  153,0191 6,9 CaHiO1z 7~ O- + (ABU-REIDAH et

l’galoilnorbergeniné‘,’ al., 2015a)
31 4,18 615,0983 - -0,5 617,1168  303,0540 4,1 Ca8H24022 | Miricitrina O- ! + (ABU-REIDAH et

153,0210 “galato isomerg al., 2015a)




4. Resultados e Discussao

1 Tentativa de identificacao dos metabolitos secundarios

presente nos extratos de folha, galho e casca

tr Modo de ionizagéo Modo de Férmula Tentativa de S. S. S.
Picos  (min) negativo ionizacéo positivo molecular identificacéo brasiliensis brasiliensis  brasiliensis Referéncias
Folha Galho Casca
MS MS/MS ppm MS MS/MS ppm
[M-H] [M+H]*
32 4,40 - - - 617,1122 303,0524 -3,4 CasH24022 Miricitrina O- (ABU-REIDAH et
galato isémero 112 al., 2015a)
¢——---‘~
33 4,41 939,1135 787,1022 3,3 - - - C41H32026 P%nta O-galoil-| ﬁ -\ (ERSAN etal.,
769,0886 ~~_ D? __,f 2016)
617,0902 T
467,0977 P BNy
34 4,46 - - - 771,1117  153,0194 9,3 C34H26021 dl O-galoil-2,3- (S) (ABU-REIDAH et
,hexahldroxmlfenol al., 2015a)
~ sila-quersifol®~~
35 4,67  463,0877  301,0325 465,1042  303,0537 19 C21H20012 ‘Quercetma 3-0s (BERARDINI;
~_hexosideo® » CARLE;
Semm— SCHIEBER, 2004)
36 4,83 6150992 463,0869 10 617,1132  303,0486 -1,8  CxsH24016 Quercetina-3-0O- (SALDANHA,;
301,0328 (6°°-O-galoil)-B- VILEGAS;
169,0112 hexosideo DOKKEDAL,
————— 2013)
37 505 1091,1239 939,1112 24 - - - CagHz6030 ,’T—|exaga|0i|-“\ (ABU-REIDAH et
769,1029 *< hexosideo? ./ al., 2015a)
393,2011 T
433,0771 L=
38 520 5850894 469,2008 2,4 587,1027 457,0462 -1,7  CxHOss Quercetma galoﬂ‘, (ERSAN et al.,
301,0325 303,0493 * pentosideg®~* 2016)
169,0166 153,0224 -




4. Resultados e Discussao

) Tentativa de identificacao dos metabolitos secundarios
presente nos extratos de folha, galho e casca

tr Modo de ionizacéo Modo de Férmula Tentativa de S. S. S.
Picos  (min) negativo ionizagao positivo molecular identificacao brasiliensis brasiliensis  brasiliensis Referéncias
Folha Galho Casca
MS MS/MS  ppm MS MS/MS ppm
[M-H] [M+H]*

39 5,22 619,1095 449,0901 1,1 621,1203 451,1079 -6,6 C31H24014 n.i + -
169,0164 301,0754
125,0459 153,0187

40 5,32 523,2187  469,2070 1,5 - - - C26H36011 n.i + -
169,0137
125,0575

41 5,55 349,0580 198,0759 5,7 - - - Ci16H1409 Etil 2,4-dihidroxi- + (DORTA et al.,
197,0420 3-(3,4,5- 2014)
169,0096 trihidroxibenzoil)
124,0149 oxibenzoato

s TITENSG

42 6,24 5251210 389,1068 4,6 527,1376  417,1063 6,4 CaoH2209 {erundeuvina N + + (VIANA;
371,1021 137,0260 “~<isdmero [2-7 BANDEIRA;
169,0185 MATOS, 2003)
135,0057 Padréo analitico

43 6,78 525,1205 389,1053 3,6 527,1379 417,1101 9,3 C30H209 Urundeuvina A + + Padréo analitico
371,0912 137,0269 isbmero |12
169,0130
135,0101

44 6,92 5231061 387,0897 6,1 5251228  415,0859 8,0 CaoH2009 n.i + -

135,0090 389,1020
137,0258




4. Resultados e Discussao

1 Espectros de massas

UPLC-QToF 3909 534 (4819) Cm (5325%) 2 TOF WS ES-
0 463,086 29763 OH “|-H
quercetina-O-(O-galoil)-hexosideo
615.0872
0
Ol m/z 463.0869
s CasHys04 OH
m/z 615.0992 - CeHi0s
e C,H,0, (152 Da) '
- a
7' 44
\ - CyHjg0y;
= C13H1409 (162 Da)
454 0063 0 I
1890065 616108 Ol
HO
601,085t
10020000 “CyHigOn  lsoms | oH
o CH;05-  OH
447.0870 5372138 7H5Us
1700303 424204
U e wom T T¥py W06 B0 18cet7 m/z 169.0112 CHO-
15H9%7

0- mz
160 180 200 20 240 20 280 300 30 M0 360 B0 400 420 40 460 480 500 S20 540 560 SK0 600 €20 640 m/z 301.0328




4. Resultados e Discussao

1 Espectros de massas T L

e N
UPLC-QToF 3623 205 (1861) Cm (204:206) PRl 2 TOF MSES- -H
1910528 ’ 28063 0 R
,, OH
Y 0
] HO R
@ '
. 30663 0 HO.
™ , - .
: - C,H,0, (152 Da) = 4cido quinico HO 0 GHO,
. —_—
galoil OH 1o
1621016
s woe | el HO OH CH, 00
! M5 BIETR 09 4551311 505136 } T
U..".w.m |669965| L Loy S ‘..,.I. S 3969?81 43311044410418 4931194 G0 O CisHi50; m/; 1910523
s 430641
UPLC-QToF _3623 324 (2832) Cm (321:325) MSES-4 Mz 4950759
acido quinico (g el 295‘
100
1680117 digaloil -CH, 05
- 0 |-H
3430655 HO - H
Lk - C,H,,0: (174 Da) -00, 0 OH
407 P
HO
1250211 s o OH . O
MUT 33055 oS3 970085
1670213 Vs | 0507 RN
[‘35“96 \u N R N . . B . 1 O G0y Cik05
1 M| 1 i 1} 1 1 1} | 1 T 1] 1] 1] 1 1 1 T 1 T 1 1 1
W0 0 180 20 20 0 %0 M M0 M K0 B 40 40 40 & 40 50 m/z 1250259 m/z 169.0012




4. Resultados e Discussao

1 Atividade Citotoxica

- Percentual de inibicao da proliferacdo celular (%) de extratos de S.brasiliensis em
concentracdo de 100 pg/mL.

Inibicdo da proliferacdo celular (%)

Extrato HL60 DP% HCT-116 DP%  PC3  DP% SF-295 DP% RAJI DP%

Galho 7217 844 0 - 1637 236 3404 763 497 187

Folha 88,68 135 77,55 246 3922 349 7425 446 5364 1447

Casca 8316 024 57,80 521 3349 133 7394 317 1734 747




4. Resultados e Discussao

1 Atividade Citotoxica

- Atividade citotdxica in vitro dos extratos de folha e casca em células tumorais e
nao tumoral.

Clso pg/mL (Intervalo)*

* Valores de Clg, com um

SF-295 PC3 HL60 RAJI HCT-116 SW-620 929 intervalo de confianca de
Amostra  (Glioblastoma) (Préstata) (Leucemia) (Colorretal) (Colorretal) (Colorretal) (Fibroblasto ~ 95% obtido por regressio
P murino) ndo-linear a partir de trés

experimentos independentes,

Casca >100 >100 58,75 >100 93,64 25,68 82,0 realizados em duplicata em
(52198' (85106' (11 ) (51143' seis linhagens tumorais e
6 103,1) 40,57) 131) uma linhagem no tumoral.

Folha 18,57 7154 @ 55,90 61,73 65,46 49,53 aDoxorrubicina  foi usada

-~

(5292-  (3395-  (A7T19-  (3493-  (5360-  (5511-  (3362-
116,6) 1507)  5859) 89,45) 71,10) 71,75) 72,97)
Doxorrubicina? 0,25 0,44 0,01 0,46 0,11 0,03 0,99

(022028 (034 (0005 045047 (0,08-0,14) (0,02-005) (0,92-1,08)
054 001

como controle positivo




4. Resultados e Discussao

1 Atividade Citotoxica

- Valores Indice de seletividade IC., (células ndo tumorais)/ICg,(célula tumoral) nas
linhagens tumorais.

Indice de seletividade 1Cso (células ndo tumorais)/ICso(célula tumoral)

SF-295 PC3 HL60 RAJI  HCT-116  SW-620
(Glioblastoma) ~ (Prostata) (Leucemia) (Colorretal) (Colorretal) (Colorretal)

Casca ND ND 14 ND 0,9 3,2

Folha 0,6 0,7 0,9 09 08 0,8




4. Resultados e Discussao

) Analise Quimiometrica
- Analise de Componentes Principai

o Amostras foram claramente
separadas e agrupadas em trés
grupos;

o O gréafico de PCA-X
representou 77,73% da variancia
total (poder de discriminacéo
das amostras)
(R2X[1] = 0.5256 e R2X[2] =
0.2517).

2]
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-100
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-200 -150  -100 -50 0 50 100 150 200

Scores Comp([1] vs. Comp[2] colored by Sample Group
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" e

1
MarkerLynx XS 3 - PCAusp (M2: PGA-X) - 2017-08-12 10:38 19 (UTC-3)

Casca
Folha
Galho
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4. Resultados e Discussao

) Analise Quimiometrica

Analise Discriminante Ortogonal dos Minimos Quadrados Parciais (OPLS-

Da)

Galho vs Folha

Scores colored by Sample Group

1Gzho

Q20,99
R2Y 0,99

1 foha

Vedn

1Gaho

1 Gaho

20

0

400 0 0 il

0

150

A M

it
YLy 1530, - Wy Sty 4.15p (V2 OPLSDH) - 20180221 (9458 UTC.3)

to[1]

Casca vs Folha

Scores colored by Sample Group

L
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4. Resultados e Discussao

-1 Analise Quimiometrica

Potenciais Biomarcadores
Galho vs Folha

Coefficients vs. V/IP S-Plot (Galho =-1, Folha=1)
. r 4137 253835

80 10 8 mal)
! %3
! 1 08+
50 ' I
1 m ' 06t
% " - ol Folha
40 - . § 4]
3 J "' $ o .
+ ] = .
LY " L
W, § o
2 ' s Galho
T g4t
10 067
T [ ]
087 :
00 o " oata VY bW

A0S Aot oot 0000 ooots oo 000t oot 014 012 010 -008 006 004 002 000 002 004 006 008 040 y
oS} Galo) ‘
. . . p[1) (Loadings)
Vehy 5301 WM Tap 0 OREON - R T DTS Merkery )G 3 - PCA_Ingles20.usp (V6: OPLS-DA) - 20171113 11:35.40 (UTC-3) e




4. Resultados e Discussao

-1 Analise Quimiomeétrica

Potenciais Biomarcadores

Variable A by G i
/ 2agr|a e Averages by Group \ 25. n.i

I Tpe 29. tetra-O-galoil-glucose

o % romerol - ‘ | v’ A quercetina e seus derivados
| 35. quercetina-O-hexosideo | q

8 25 l36 quercetina-O atoitj‘l possuem propriedades

wl 4 1 he;(osideo antioxidante, anti-histaminico

_hexagaloilhexosideo e antiinflamatoria

® rzj I (KAHRAMAN et al., 2003;
‘38 quercetira gaioii- — _

20 pentosideo LESJAK et al., 2018;

' - 40. n.i MAMANI-MATSUDA et al.,
0 = |
k Folha Galho / 41. etil 2,4-diidroxi-3-(3,4,5- 2006).

triidroxibenzoil)oxibenzoato




4. Resultados e Discussao

-1 Analise Quimiometrica

Potenciais Biomarcadores

Galho vs Casca

/ Coefficients vs, VIP \ / S-Plot (Galho =-1, Casca=1)
- ] 10

0
[ 0
B0 0%
LA ' AL
IR 2 0
- =
1 ' ! 0
T ' ' 5
r ’ L ¢ S
L . z
T ' ' T
| R
bl & Galho
1 087 m
l[l-
t O.B
N L}
00 A0 LA

400 QM 0ols om0 QM Q0000 Q05 O QO 00X OO O
02 020 018 016 014 012 010 008 006 -004 -002 000 002 04 006 008 010 012 014 0f
CoelfCS7) Gahe)
Voo 06 501 - g B 2wt [ W: OPLS04 - B0 42331 (UTEY 1) (Loadings)
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4. Resultados e Discussao

D Anal 1S€ Qu Im |Ometrlca v' Derivados do &cido galoil quinico
Lo . possuem consideravel atividade

Potenciais Biomarcadores o :
antioxidante. Quanto maior o

naumero de unidades de galoil,

/ Variable Averages by Group 13 \ maior a atividade observada
] L T (BARATTO et al., 2003).

0 4. &cido quinico galoil \\
o { isomero | |
0 § | 5. acido quinico galoil | v' Regulagdo da expressdo de genes
4 18 : lsorrllef‘o I — | relacionados a apoptose (LI et al.,
: | 13 sewdoclorogenico 2017; YAMAGATA et al., 2017);
" 20 13 | 18, acido quinico digaloil : v' Diminuicéo da proliferacio em
\_isdmero // células cancerigenas no pulméo
’ oomi T T (YAMAGATA et al., 2017);
M v’ Diminuicdo da taxa de
& Galho Casca 90 crescimento de células HT29 em

46% (NAM et al., 2017).



4. Resultados e Discussao

) Analise Quimiometrica

Agrupamento de amostras ~~ HNENNEEETT TN
baixa intensidade alta intensidade
Mapa de Calor (Heat map) r
1
sls|slg| slglel 2| sls|slg| & -
o As amostras das folhas foram £2lee 9535 5 5555 (min pico
m ﬂ E “ 2.53  4cido quinico digaloil isomero [ 12
das  devido a  maior S Sl B
agrupa . . I - 122 aClgo quinico gallmll 1someroIII ';
. . . o e 7a ac: oqmmcoeii Wi 1stl)mero
quantidade relativa de &cido quinico. | mm= 521 soe Titico ol somerol 3
En LSl bBS ;
o As amostras de cascas foram |, BN N O M) 382 oioidenificado "
. . 3 1 e 5
agrupadas pela maior quantidade de |2 N T W [T 099 o citico )
é NN Bl || W [ ] ]6.25 uundeuinaAisomerol 42
isbmeros de acido quinico galoil e : BT N N 001 idoquinico 1
g 4.42 PeGalp* 33
- - g _ Eﬁﬂ B - 467 hexagaloil-hexosideo 37
digaloil, corroborando com o0s |g e o e "
gn 3.71 ndoidentificado 25
resultados de PCA. ‘ . I I 2 i B
520 quercetina galoil pentosideo 38
5.33  pdo identificado 40
5.56  EtHiBenz* 41




Introducao — O cajueiro

- ) Figura 1 — Tipos de cajueiro.
Nome da familia; Anacardiaceae I

Nome cientifico: Anacardium
Occidentale Linn

Nome popular: Cajueiro

Centro de origem: Brasil

“» Adaptada ao clima quente e seco; [I
*+ Classificada pelo porte;
“+ Dois tipos de cajueiro: comum e ando-precoce. ﬂ

5

Fonte: Elaborada pelo autor.

SANTOS-SEREJO, J. A. DOS et al. Fruticultura Tropical: espécies regionais e exoticas. Brasilia, DF.
Embrapa Informacao Tecnoldgica. 2009.
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Materiais e Métodos

» Coleta das amostras:

Local de cultivo das
plantas

Tabela 2 — Descricdo das amostras analisadas

Denominacgao Amostra Caracteristica

EOTADAD EXPERIMENTAL DF PAGASYS

Clone 1 CCP 76 Resistente
Clone 2 BRS 226 Resistente
Clone 3 BRS 189 Resistente

Fonte: Elaborada pelo autor

Clone 4 BRS 265 V

* Planta doente
* Planta saudavel
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Resultados e Discussao

Perfil quimico via UPLC-ESI-QTOF-MS(/MS) dos extratos de folhas da Anacardium

Occidentale L.

Figura 7 - Cromatogramas dos diferentes clones de cajueiro ando-precoce analisados.

Anacardium ocidentale_C1R1_1

20,21

22-34
UPLC-QToF_1377 1 18,1 381: TOF MS ES-
4.29 . BPI
100 35 36 Clone 1 - Resistente 1537 2.36e3
47 7.06
" 57 o080 joss 37 9 40
6.83 133553%° 1442 16,06
0 T T T T T T T T T T T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
UPLC-QToF_1389 1: TOF MS ES-
BPI
0.95 1.47e3
Clone 2 - Resistente
13.17
y 11.87 13,40 1464 > 1558 1576
o T T T T T T T T T T T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
UPLC-QTOF_1406 1: TOF MS ES-
4.28 BPI
1007 o4 2.44e3
3.01 . .
. R I 701 Clone 3 - Resistente
=1 0.870.95 3.99 T 5.38[|555 7.22 15.36
173 215 271/\332 6.62 13.52 15.90
0 T T T T T T T T T T T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
UPLC-QTOF_1425 1: TOF MS ES-
BPI
1007 1.74e3
Clone 4: Saudavel - Suscetivel
<]
o 10.34 11.93 12.89 1460 1538
T T T T T T T T T T T T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
UPLC-QToF_1413 1: TOF MS ES-
BPI
1007 2.23e3
] o Clone 4: Doente - Suscetivel
11.86 1314 )
[ T T T T T T T T T T T T T T T T T T T T T T T T T 7 Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

Fonte: Elaborada pelo autor
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a
» Perfil quimico via UPLC-ESI-QTOF-MS(/MS) dos extratos de folhas da Anacardium
Occidentale L.
Tabela 6 continuacio — Constinintes 1dentificados ou tentativamente 1dentificados em folhas de dnacardium Occidentale L. das plantas sanddvels
(C1,C2, C3, C4_5A) e da planta doente (C4_CA).

Pico tw [-H]- AI-H] Fragmentos de Formala Erro Tentativa Referencias Clone Clone Clone Clone 4 Clome 4
noe. (min) Calculade Observado ions (MSMS) Molecular ppm Identificacio 1 2 3 Sandivel  Doente
21 457 10911213 1041 1285 939 1167;769,0932;  CuHuwlOy 6.6 Hexagaloil (GPACE et al., 2016; + + + = +

6170867 1690123 hexosides ERSAN etal, 2014)
31 459 5901037 5001074 2850398160 0123; CouHaOys 6.2 Cianiding 3-Q-(2" (ABU-REIDAH st + - - -
125,0252 galoil)-galactosideo al 2015)
E.7: 469 470827 447 (000 301,03453; 300,0271  CoyHulDy -4.0 Chercenna 3-0- (ABU-FEIDAH + + + + +
rammiosides etal  2015)
33 475 5850880 5850023  301,0341:169,0125 CyHnOis 73  Quercetina galoil (ERSAN et al,, + + + + +
pentosiden 2016)
34 527 5850880  S850012  301,0350:169,0152 CyHuwOis 55  Quercetinagaloil  (ABU-REIDAH + - -
pentosideo dimeso etal 2015}
35 544 3400560 3400562  105,0405:107.0426 C.H.Ow 06 2 4-di-hidrowi-3- (DOETA 2t 4l + - + + +
168 0128; 124 01645 (3.4,5-m- 2014
hidroxibenzail)
ctbenzoato de etilo
A6 T.02 5370822 537 0800 417 0616; 3750301  CouH 1200 24 Amentoflavona ou (ABU-FEETDAH + + + + +
agatisflavona etal, 2015y
aT 1441 3412117 341 3125 20T 2304:119.0514; CraHaOy 53 Arido anacirdico (ERS5AM eral | + - - -
1006, 428 {15:3) 20146)
15 538 3602430 1602406 3252503 CaaHay Oy -85 Acido anscardico (ERSAM et al, + - + -
(17:3) 2016)
ELY 580 3432430 3452428 3012550 CraHagOhy -6 Acido anacardico (ERSAM et al, + - - -
(15:1) 2016)
40 G068 3712588 3712582 327 2686 i 2 Y -1.1 Arido anacirdico (ERSAM eral, + - - -
(17-2) 2016)
LY

Fonte: Elaborads pelo antor



Resultados e Discussao

» Andlises quimiométricas:

Figura 9 — Grafico em 3D da Analise de Componentes Principais para as amostras de
Anacardium Occidentale L. analisados por UPLC-ESI-QTOF-MS(/MS).

Scores Comp|1] vs. Comp|3] vs Comp|2]. Colorido por grupo de amostra.

LN

30C

T2(095)
00

Fonte: Elaborada pelo autor
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Resultados e Discussao

Figura 11 — Gréfico dispersdo (S-plot) para os extratos de
folhas do clone 1 relacionados aos dos clone 4 - doente.

BRS 265

D - Monogalato de dimerode 3,71  729,1516 0,076905 0,851377

S-Plot(C1=-1,C4 CA=1)

et procianidina tipo B 2
ZZ B — Dimero de Procianidina 2,74 577,1382 0,145079 0,978857
' tipo B

0.41

C - 2,4-di-hidroxi-3-(3,4,5-tri- 5,44  349,0543 0,136453 0,934055

0.21
i hidroxibenzoil) oxibenzoato

-0.0

p(corr)[1] (Correlation)

-0.25 CCP 76 de etilo .

-04] A - Catequina 3,01 289,0669 0,202476 0,817749
-0.6T1

-o.sf - %’ A’ - Penta-O-galoil-glucosideo 4,28 939,1139 -0,167484 -0,886497
-0t (9]

-08 -0.7 -0.6 -05 -0.4 -0.3 -02
p[1] (Loadings)

B’ - Acido Anacardico (17:3) 15,39 369,2391 -0,775554 -0,98636

Fonte: Elaborada pelo autor
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En@a Resultados e Discusséao

Biomarcadores de Resisténcia

Figura 12 — Grafico disperséo (S-plot) para os extratos de folhas do
clone 1 relacionados aos dos clone 4 - doente.

S-Plot (C1=-1,C4 CA=1) ‘

1.07
m/z

i A’ - Penta-O-galoil-glucosideo 4,28 939,1139
! B’ - Acido Anacérdico (17:3) 15,39 369,2391

0.27

-0.0

-0.2¢1

p(corr)[1] (Correlation)

-0.41

-0.6T

-0.87

| B’

101 [o]

-0.8 -0.7 -086 -0.5 -0.4 -0.3 02 -0.1 0.0 0.1 0.2
p[1] (Loadings)

Fonte: Elaborada pelo autor
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En@a Resultados e Discussao

Biomarcadores de Resisténcia

Figura 13 - Variacdo média dos discriminantes do extrato etandlico do clone

1 em relagdo ao clone 4 doente. l? ﬂ
Variable Averages by Group ~ ¢" °OH AClDOS ANACARDlCOS'
200-: oL on ]
w0l BRS 265 @ N CCP 76 Inibicdo de germinacéo de
601 e Q»g, . r@:: conidios e crescimento micelial
g 140: \E OH . T:; ‘ OHQ :H de fungos
E wlm ol L Q D (MUZAFFAR et al., 2016) ﬂ
2 Lo Y o [ 4.28 939.1139
= OHgl °’% ° B 1539 360.2391
= 100h HO' OH OH
80+ OH HO  ©OH
r Compostos /
T OH A’ - Penta-O-galoil-glucosideo 4,28 939,1139
4071 A
T |
207 P B’ - Acido Anacardico (17:3) 15,39 369,2391
0
Folhas C4 CA Folhas C1

Fonte: Elaborada pelo autor
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Em’@:a Resultados e Discusséao

Biomarcadores de Suscetibilidade 76

Figura 14 — Gréfico dispersao (S-plot) para os extratos de folhas do clone 1
relacionados aos dos clone 4 - doente.

BRS 265
S-Plot (C1=-1,C4_CA=1)

1'0i B A

087 ’ % (@ o

¥ m/z
g 041 D - Monogalato de dimero de 3,71 729,1516
£ o2l ¢ procianidina tipo B
% ! cEP-76 B — Dimero de Procianidinatipo 2,74 577,1382
'g -0.2i B
5 047

06l C - 2,4-di-hidroxi-3-(3,4,5-tri- 5,44 349,0543

os] e hidroxibenzoil) oxibenzoato de

R : O etilo
wop o8 . A - Catequina 3,01 289,0669
-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 (
p[1] (Loadings)

Fonte: Elaborada pelo autor
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En@a Resultados e Discussao

» Analise Discriminante por Projecdes Ortogonais a Estruturas
Latentes (OPLS-DA):

Figura 15 — Grafico de scores da OPLS-DA para os extratos de
folhas do clone 2 relacionados aos dos clone 4 - doente.

Scores colored by Sample Group

100t

80T

BRS 265

BRS 226

60T

40t

[ oC2
! 3 R2Y = 0,99
T 0 o2 : thLCA Q2 =0,99

20+
40!
'505 oC2

-80T
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1]

Fonte: Elaborada pelo autor
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Resultados e Discussao

En@a

A - Catequina 3,01 289,0669 0,350639 0,922335
Figura 16 — Grafico dispersdo (S-plot) para os extratos de
folhas do clone 2 relacionados aos dos clone 4 - doente. B - Dimero de procianidina 2,74  577,1382 0,175672  0,973503
tipo B
S-Plot (C2 =-1, C4_CA=1) BRS 265 C.- 2,4.-di-hidr.oxi-3.-(3,4,5-tri- 544  349,0543 0,15251 0,890879
ol & hidroxibenzoil) _OX|benzoato
08! % B 'y de etilo
0sl G’ - Quercetina Galoil 4,24  615,0998 -0,168821 -0,886397
- od] Hexosideo
§ 0al B’ - Penta-O-galoil- 4,28 939,1139 -0,259856 -0,946644
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Figura 17 — Grafico dispersdo (S-plot) para os extratos de folhas do clone 2
relacionados aos dos clone 4 - doente.
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Figura 18 - Variagdo média dos discriminantes do extrato etandlico
do clone 2 em relacao ao clone 4 doente.
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Figura 19 — Grafico dispersdo (S-plot) para os extratos de folhas do clone 2
relacionados aos dos clone 4 - doente.
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» Analise Discriminante por Projecdes Ortogonais a Estruturas
Latentes (OPLS-DA):

Figura 20 — Grafico de scores da OPLS-DA para os extratos de folhas
do clone 3 relacionados aos dos clone 4 - doente.
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Figura 21 — Gréfico dispersédo (S-plot) para os extratos de

folhas do clone 3 relacionados aos dos clone 4 - doente.
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Figura 22 — Grafico dispersdo (S-plot) para os extratos de folhas do clone 3
relacionados aos dos clone 4 - doente.
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Variacdo média dos discriminantes do extrato etandlico do clone 3 em
relacdo ao clone 4 doente.
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Figura 24 — Gréfico dispersdo (S-plot) para os extratos de folhas do clone 3
relacionados aos dos clone 4 - doente.
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Figura 25 — Gréfico de scores da OPLS-DA para os extratos de folhas do clone 4
(saudavel) relacionados aos dos clone 4 (doente).
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Figura 26 — Gréfico disperséo (S-plot) para os extratos de folhas do
clone 4 (saudavel) relacionados aos dos clone 4 (doente).
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Figura 27 —Variacdo média dos discriminantes do extrato
etandlico do clone 4 (saudavel) em relacdo ao clone 4 (doente).
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