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AVALIACAO DA TOXICIDADE DOS POLUENTES PRESENTES NO RIO Flavia Y. Yamamoto

Denis M. S. Abessa

DOCE APOS ROMPIMENTO DA BARRAGEM DO FUNDAO (MG)

ATRAVES DE DIFERENTES BIOMARCADORES EM PEIXES
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Rompimento da barragem DOCE RIVER BASIN
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contaminantes




Mariana, MG

* <40 milhdes de m? de rejeitos
de minério de Fe

* Percurso de 600 km até a foz
em Regéncia (ES)

* Impacto ambiental

ANA, 2015
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Journal of Hazardous Materials Advances 9 (2023) 100250

Contents lists available at ScienceDirect X HAZARDOUS
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Explaining the persistence of hazardous chemicals in the Doce River 1)
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Data in Brief 45 {2022) 108715
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Data Article
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sediments from the Doce River four years | i
after the mining dam collapse disaster
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RESULTADOS Fator de Enriquecimento e SQG

SEDIMENT QUALITY
ENRICHMENT FACTOR GUIDELINESS
INORGANICS PAHs
————— As___Cd __ Cu Fe  HO __Mn___V >TEL >PEL_ .. SQGq _ 2PAH SIEL soeg
| GUA | Sumi 2044 17791 1090 3.84“ 680 8(38%) !2(9.5%) 0.39! 000 1(77%) 0.003
R 1.1 DOICSAMSIGSRI0s o0 1 177%) 0000
CAN  Sum 338 640 178 324 337 154 1075 4(19%) 0 016 001 1(77%) 0.003
_ Win 825 666 324 304 481 358 1682 8(38%) 2(9.5%) 045 000 1(7.7%) _ 0.003 _
INAQ 1 Sum 595 901 1.81 628 476 242 11.40 5 (23%) 0 020 039 | 6(46%) __ 0.285 !
Win 462 681 154 452 236 294 998 9(42%) 2(9.5%) 040 0,11 5(385%) 0.063
REF Sum 075 354 121 314 171 405 909 3 (14%) 0 022 002 1(77%) 0.006
Win 077  3.39 126 336 822 407 911 6(28%) 0O 0.34 0,02 1(7.7%)  0.001
GOV Sum 196 543 214 1.88 519 093 1029 2 (10%) 0 013 017  6(46%) 0.105
Win 10

1.94  4.66 2.06 205 4.1 0.98 8.87 (47%) 2(9,5%) 047 0,11 4 (30.8%) 0.04

AIM Sum 049 206 1.39 179 447 114  7.67 2(9.5%) 0 015 002 1(77%) 0.058
Win 088 171 1.20 1.62 1308 052  6.03 1 (4.7%) 0 017 003 1(77%) 0.011

[COLI Sum 183 243 148 227 530 086 7.37 0 0 011 021  6(46%) _ 0.100
Win 080 1.40 1.8 126 239 043 497 7 (33%) 0 026 053 | 6(46%) 0313 !

LIN Sum 161 212 1.58 2,02 478 1.26 7.38 0 O 0.11 0,24 6 (46%) 0.150
Win 328 262 1.34 271 884 1.06 5.8 0 0O 0.11 0.16 6 (46%)  0.092

|
LGUA — Maior quociente SQG — pior cendrio da poluicdo do sedimento 1



PCA — CONTAMINANTES INORGANICOS
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Earlier hiomarkers in fish evidencing

stress responses and tolerance to Continuous exposure to multipie pollutants

metal and organic pollution along
the doce river basin Industrial and domestic effluents

Mining
activities

Untreated
WWwW

g q Livestock/
%~ Organic Crops
D contaminan’}&

Earlier biomarkers

infishes ~ MIDDLEAND LOWER DRB
~ Moderate to lower pollution

Inorganic
< contaminant@
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Coleta das amostras
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15 redes de 10m (2 dias por ponto)
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Peixes anestesiados com Benzocaina 0,02%

Coleta das amostras Coleta das amostras no campo para
biologicas reducdo do estresse e manutengdo dos
peixes vivos




Peixes do Rio Doce

* Aproximadamente 420 peixes:
* Diferentes Niveis tréficos e nichos (pelagico e demersal)

Lambari (Astyanax lacustris) - PELAGICO
O mais abundante

. —
A £ S0k n T . ,
‘e s 5 ¢ ) : - . ‘ L - s rees
‘4 e .
1 5 : . 21117 I 4 o dn!
L ” -l
", : SRFIE 2 rY el
" -." -
A £ "y - N
: ) - D N .
'3 Jid N, . - !
N ! ) \ v W 1)
& ', l: ",‘. L ]
; . P | "
4 L - : - R | e
"B . l[ “ 1 :
1 : - ) 0 A4 \Aakd
1N *_. { o - l';.
- > 14 ‘s' 10 ? 1«8

Cascﬁdo (Hypostomus éfﬁnis) - DEMERSAL Mandi (Pimelodus maculatus) - DEMERSAL
> - ' ¥ ) P AT

S — “ 3 -
~ O SR e
_‘.‘h‘._' . - A 113 .-
» - ' . ATV
o A

Jundia (Rhamdia quelen) - DEMERSAL

TIPELD I NG ey
T e r -2



~15 individuos por ponto e sp.
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ANALISES BIOLOGICAS

(BIOMARCADORES) ] Amostras vergo e
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Analises Estatisticas Multivariadas (PCA)
e integrag¢do com os dados quimicos
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Distinct histopathological lesions in
fishes from the doce river basin under

influence of multiple pollutants and
environmental factors




l ANALISES BIOLOGICAS
(BIOMARCADORES) 2 Amostras veréo e
inverno 2019
Flgado l Gonadas
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anquias

Branquias lambaris alteradas
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Branquias lambaris sem alteragées

RESULTADOS



RESULTADOS

A. bifasciatus da estagdo
chuvosa apresentou maior
incidéncia de fusdo de
lamelas (COL e LIN >
70%), alteragdes
'~ estruturais nas lamelas
primeira e secunddria,
neoplasia de células
pavimentosas (100 % em
GUA, COL) e perda de
- microdigitacdes.

Em geral, essas alteracoes
foram mais frequentes em
lambaris do que em
bagres



RESULTADOS
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s » Maior incidéncia de alteragdes do sistema
S circulatorio em peixes do Alto Rio Doce

(Rhamdia quelen)

» Peixes do Médio e Baixo demonstraram
maior frequéncia de alteragbes associadas
ao sistema imune, principalmente durante
o inverno
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Sdence of the Total Environment 846 (2022) 157332

Contents lists available at ScienceDirect

SCIBNCE 5 v

Tl Environmant

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

From molecular endpoints to modeling longer-term effects in fish embryos L)
exposed to the elutriate from Doce River —

Flavia Yoshie Yamamoto ®*, Angie Thaisa Costa Souza °, Vinicius de Carvalho Soares de Paula ¢, Isabella Beverari ?,
Juan Ramon Esquivel Garcia 41 André Andian Padial ™¢, Denis Moledo de Souza Abessa *

* Institute of Biosalences, 5@ Poudo Stote University, Sdo Vicente, Brosl

Y Graduation Program in Ecology and Conservation, Federal University of Parand, Curitiba, Brazl

= Deparmment of Chemnistry and Biology, Federal University of Technology-Parand, Curitiba, Brasl

4 Panama Fish Farm, Pauls Lopes, Brazil

" Analyses and Synthests tin Biodiversity Lab, Botany Department, Federal University Curitiba, Broed



Teste de Toxicidade em embrioes de jundids

PISCICULTURA Solugdio elutriato (EPA, 2001)

foni2
5 PANAMA 1:4 (Sedimento : Agua)
8 pontos do Rio Doce

Desova induzida
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Teste de Toxicidade com
embrides de jundia

I
Exposicdo por 96h
ao elutriato
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Teste de Toxicidade em embrioes de jundids

* Temperatura 24° C
| * Fotoperiodo 12h

O,: 4,4 a7,8mg. L'
pH: 6,6 a 7,2

OECD FET (236)

Exposicdo: 96h

Controle negativo
Placa 96 pogos — 200 pI
de elutriato (100% e 50%)

ou Agua reconstituida

Troca a cada 24h (100pl)

Anormalidades + Andlises

bioquimicas ou molecular



Controle

Deformidades nos embrioes

Controle 48h

GUA 100% com Controle 96h
Edema cardiaco




* Auséncia de olhos

* Deformidades na estrutura bucal

* Nadadeiras
danificadas

* Auséncia de barbilhoes

* Deformidades

faciais

* Deformidades axiais
(esqueleto e cauda)
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RESULTADOS

Apesar de ndo haver mortalidade significativa para os grupos expostos, verificou-se maior taxa

de deformidades e Dano no DNA dos embrides expostos ao elutriato do local impactado pela
atividade de mineragdo (Gualaxo do Norte)

Deformities index

(0]
(=)
]

(*2]
(=]
|

F-N
(=]
]

0

Embryo 100% Elutriate

24hpf
48hpf
72hpf
96hpf

Embryo DNA Damage

Bl 100% Elutriate

EE 50% Elutriate



MODELAGEM MATEMATICA Total deformities - 100%

Efeitos a longo prazo e
a nivel populacional
=
Rhamdia quelen — Jundid G
-
0.9 -
=
o
A~ [ E
= | S o 0.8 - :
Impacto Gerado sobre a populacgdo § |
apés 100 a 200 anos, pela taxa de |
individuos DEFORMADOS % 0.7
Maior impacto nas populacoes de: E — CONT
0.6 | — REF, LIN
GUALAXO DO NORTE = 66% | = Al oo
CANDONGA — 78% 0.5 - g
GOVERNADOR VALADARES — 78% 80 100 120 140 160 180 200

Time (years)



‘ ALTO RD MEDIO RD BAIXO RD

Quimicos Contaminantes inorgdnicos Contaminantes orgdnicos + Contaminantes orgdnicos+
(As; Cd; Fe; Mn) Al Ti,V Al Ti, V

Fontes de Activitidades de minerag¢do Efluentes industriais e Efluentes industriais e

poluigcdo domésticos domeésticos

+ Agricultura

Biomarcadores 1 niveis MT, LPO (figado, cérebro) 1 dano DNA TAChE (brain and muscle),
dos peixes |GST, GSH Respostas do sistema imune genotoxicity
Disturbios circulatdrios (figado) (figado) Respostas do sistema imune
(figado)
Embrices de = Deformidades, Dano DNA Dano DNA 1T GST
peixes

qSQG Maior poluigdo Polui¢dio moderada Poluigdio baixa
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Os peixes amostrados no Alto DRB, especialmente nas cabeceiras, apresentaram as maiores respostas de estresse,
como LPO e deplecdo de GSH, provavelmente relacionados aos maiores niveis de metais das atividades de
minerag¢do nesta drea.

Peixes do médio e baixo DRB, apresentando danos no DNA e respostas de genotoxicidade, indicaram impacto de
outras fontes de polui¢cdo ao longo do rio, intfroduzindo produtos quimicos inorgdnicos e orgdnicos

Bagres de inverno apresentaram maior nUmero de correlagdes significativas de respostas indicando influéncia da
sazonalidade e do nicho frente a exposicdo aos contaminantes.



Gualaxo do Norte (Mariang,

CONSIDERACOES FINAIS

» Turbidez e metais reduziram alguns meses apds o
desastre porém se mantiveram relativamente altos
mesmo 3 anos apods o evento (Fe, Mn, Al)

» Elementos como As, Cd, Hg séo t6xicos mesmo em £ 5/& ){ ";-',;_{_,;: A
Y SRRk A s N L
Ko A y \ \

baixas concentragoes e podem ser potencializados em i 2
misturas complexas Plantacdes de café (Colating,
MG)

> Efeitos subletais — crénicos, precisam ser mais
investigados, efeitos letais podem subestimar a toxicidade

» Respostas diferentes de acordo com a espécie e
sazonalidade

»Ndo ha um gradiente claro de polui¢éo ao longo do
Rio Doce pois diferentes atividades humanas presentes na
BRD interferem na qualidade da dgua.




Upper DRB (Mariana, MG)

CONSIDERACOES FINAIS

E1Y ’ .'.“".',l
. . ’ :-. . p ,‘:‘

» Apesar de ser esperada uma melhoria na qualidade da dguale
a jusante do rio, a presenca de multiplas fontes pontuais e '
difusas de produtos quimicos ao longo do rio, resultando em
uma mistura complexa de contaminantes, causa diferentes G 7y
respostas de estresse e tolerdincia a ictiofauna da RDB " i
- é’&ﬁ" S
»Fatores ambientais, como a estagéio chuvosa, séo importantes [* -

para determinar a biodisponibilidade de poluentes, causando

Lower DRB (Colatlna, MG)

diferentes respostas de estresse em peixes.

» Os processos continuos de contaminacgdo ocorridos ao longo
desta bacia hidrogrdafica, mesmo antes e depois do
rompimento da Barragem e Funddo, aliados as falhas na
implementagcdo e cumprimento da legislagéio ambiental,
dificultam a melhoria da qualidade da dgua levando a
implicagdes negativas para a satde humana e ambiental
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C-HRMS-BASED METABOLOMICS AS A POWERFUL
APPROACH TO ELUCIDATT MECHANISMS OF

ACTION OF ENVIRONMENTAL CHEMICALS FROM
DOCE RIVER IN BRAZILIAN FISH EMBRYOS

for Environmental Omics




1) FISH EMBRYO TOXICITY TEST

Viable eggs (8hpf)

120 eggs per
beaker

1 egg
per well

Rhamdia quelen (jundid)

24-wells
microplates

Survival rate
' (every 24hpf)
i Deformities
G (96hpf)

METABOLOMICS
(?6hpf)

- 200 ml per
beaker

- 2 ml per well
- 5 replicates

- 5 replicates

I Semi-static system:

LRenech 50% of solution every 24h




CONTROL vs. TREATMENT GROUPS

Negative Control Solvent Control
(Reconstituted water) (acetone 0.002%)

INORGANIC CHEMICALS ORGANIC CHEMICALS
(standards solutions) (0.002% Extracts from sediments)

2MET - Mining
(0.4 Fe , 0.2 Mn ppm)
+ Al (0.1) and Ti (0.01)

TMET - MINING Activ.
(0.4 Fe ,0.2 Mn ppm)
(UPPER DRB)

(industries)

MIXTURES
(inorganics + organics)



SURVIVAL RATES

1> No significant mortality and deformities for the treatment groups and controls

Survival (%) 1 MET 2 MET

Replicate 1 100 79

Replicate 2 100 100

Replicate 3 88 96

Replicate 4 96 92

Replicate 5 92 96
Average

(Microplates) 95 93

3 ORG

96
96
92
92
88

93

4 ORG

96
100
100
96
100

98

5 MIX

100
96
100
75
88

92

100
88
88

93

100
92
100
96

97

100
88
100
96

93



METABOLOMICS

ﬁ ------------------1
~ | Elucidate mechanisms of action and |
e =

TraRSEriBtom 5 I characterize the effects caused by
e : environmental chemicals in organisms :
L N ' at the molecular level
Proteome ~ Proteins & l___________________.I

= . R A e ‘:-‘r: Lipids {lipldome) ﬂ:.'i'_:-.
Netabalome | L nomias Drugs
PHENOTYPE Metabolites

“Directly reflect the underlying biochemical activity and state of cells, being considered as the end point of the “omics”
cascade, thus better predicting the molecular phenotype ”

Clish, C. B. (2015), Molecular Case Studies, 1(1)



| ABORDAGENS DA METABOLOMICA

Direcionada (Target) Ndo-direcionada (Untarget)
Hipdtese gerada

Andlise
Global /Compreensiva

Correlacionado a bancos

de dados/livrarias

|dentificagdo qualitativa

Quantificacdo relativa




UNTARGET | |
METABOLOMICS — PEeermemeiPesen

Fish Embryo Toxicity Test

I
WH#/(F[”W 2) Sample Preparation Extraction of metabolites with
Metabolite Isolation ACN /Chloroform
I
3) Separation and Separation with LC-HRMS (HILIC
Analysis column/all ion fragmentation)
I

Data analysis with ROIMCR

4) Data Processing
approach in MATLAB software

I
5) Statistical Analysis and Multivariate analysis: PCA, ASCA, PLS-DA
Classification
I
6) Identification of Identification of significant
metabolites metabolites with MS-DIAL

7) Biological Pathways Affected pathway analysis
Interpretation by MetaboAnalyst




2) METABOLITES EXTRACTION

FISH EMBRYO TOXICITY TEST
Jundid (Rhamdia quelen)

200 ml Treatment
groups/ controls

Samples W
Pools of ~50 embryos &8
(50 mg)

- 5 replicates

Treatment groups

and controls

: | - Stored at -80° C
UPPER 1205 per - Add surrogates

= beaker

[ MeOH F

| (METABOLITES) ~

| i 3. ADD 900 uL of
Ressuspension LOWER L 5. ADD 500 pL of ice-coldl‘I

= = ' and

- « Chloroform |

' LIPIDS

HOMOGENIZE

water and 300 L
of

} Ortiz-Villanueva, E (2018) Sci Tot Env, 635, 156—166.



MIXTURES OF i (e
METABOLITES e

Methionine l.Vlix l.
STA N DA R DS F 0 R -[ e l | (1;n:°r:pou:ds) INJECTION into QTOF
TA R G E T _[ Neu['o'rrqns

miters

l Mix 2 _

A N A LY s I S nucleosides ;- Only Surrogqtes
_[ l (12 compounds) H < Each MIX of STDs (1, 2, 3, 4, 5)

LIPIDOMIX |

BIG MIX (5 replicates at 1ppm, std curve)
-[ PIPES*

Mix 3 Organic
- acids

(17 compounds)

i; — Fish embryo samples (-/+)

BIG MIX Standard Curve (1.8 — 0.01 ppm) Mix 4 Individual

t"‘\ l“\f’\ CNONCN | (29 compounds)

IO 05 025 0125 0012 O

Mix 5 Hormones
=4 + Lipids MeOH
(17 compounds)

and Blanck
of extrac. *P|IPES after extraction




3)LC- HRMS analysis

Chromatographic Separation (LC)

UPLC system (BRUKER) Column HILIC (ACQUITY UPLC BEH) "
T —— Y~

A1 — Acqueous phase 50:50 (Acetonitrile /Water)

B1 — Organic phase 90:10 (Acetonitrile/Water)
10mM ammonium formate (NH4COOH) + 0.2% HCOOH

Injection volume: 2 uL Flux: 0.4 ml/min RT: 10 min



HRMS parameters

AII -ion fragmentation (MS1/MS2)
UNTARGETED ANALYSIS

BRUKER IMPACT Il QTOF Full scan broad band acquisition
(MS1/MS2)

Mass range (m/z) 60 — 1000

Normalized collision energy VIP-HESI lon source

Positive and Negative mode (separate acquisition)
Positive 20-30 eV (scan: 3 x 3.0 Hz)

Negative 24-36 eV (scan: 3 x 1.0 Hz)




4) ina ana|y5is (one sample for each standard mixture)

Aminoacid Standard mixture POSITIVE NEGATIVE MCR-ALS
E'Anquticql standard i MS MS2 M31 MS2 D = CST
L . ! D é a matriz de resposta
i Sigma Aldrich i instrumental, C é a matriz
=17 compounds | de concentracdo relativa e
| 1
'=Diluted to ~ 2ppm i S é uma matriz de espectros
L i \— “—F— puros
e o rvantieat
Regions of Interest (ROI) parameters Augmented Augmented Ausgmenfed Quantificatior
MSI12 +/-
Intensity threshold: 0.5% of max. MS12 + MS12 - / Elution

Intensity MCR-ALS profiles

Minimum occurrence: 5 + — » Identification

Mass error tolerance: 0.005 Spectra
profiles




Multivariate curve Resolution (Resolugéio multivariada de curvas com minimos quadrados alternantes)

Elution profiles Mass spectra

Col — — — — =

' DHEH- | !JHE.H-
1t J I

rl i r:.- - |;|c.- = I::: . -';lr- ) ti 0] \';1 =p = J'I'- -'II k i

Dm' DHH"

iy

it I

f ¥ ] _‘ =i I'IF_ _T_.I_ J'T le‘ _.'.:.' Bl —— ,- :I _Jl_ L2 I 1 'L L.
18 e W 1 = - q = — —

' Dust. | ‘ Duss.
LB | i. T II | I

1' II.'_-\. it ﬂ__ _lT __F-I_u _? ' L1 = ;_"\- am L I l- | |

_-I' Disz. Dusz-

' e s e "—"-;.'.;’“—;; i an % .. Ll .'_ull_!'r._;l HLI-_LI-. L)

MCR Bilinear model

nﬂﬂh. ME2+, K51, Hﬂ-=c STHEH. M52+, ME1-, ME2-

ALS optimization

Py Enm
. 40" E Concentration profiles
. r : resar it TR A e, i
3 |
"
a1
&=
4= [T
| e |
1 : S ™ ST R
i Y || g ML L il - ..I."I' L Batl—e = i l_.'-l
m all iy ) 100 140 Ty HiH) in
5‘!’
M5+ MEI+, M51- MSZ- Spactra

1
is] L |
i
II
Iy
I

o e
n:'] uu-..“r--JAJ!.IHLM_ Ll ol o U | Ill i JLL uE.I M.IJ I ﬂ--n I‘ﬂ:

'|'.||.' .E-:ILI J.IJ.I

I COMNEROEREE 15 & HEEDM)I
Pk s Sorbrmiam in Mo teraion b 8

Zin) et o pndialts v wm MRS S ATT) ETE
T Fittang e [lngie a1, B i (b = D

FR T A e (7T, Bl M (e = 5T

WMCE S

Faran of saloress sipkisil (A% S ns bty o= FREDST
Back I oonr s o - '




Aromatic side-chains

‘ L-PHENYLALANINE *

[H+] 166.086805

MS2 + 120.0796/103.0533 OH
[H-] 164.0671
MS2 - 147.041/ NH;
«10° elution profile comp.: 13 with variance 0.92495 %
10 F ' ' ' ' ' ' ' ' ' :
5| |
00 2IO 4|0 6IO 8|0 1 (I)O 1 2IO 14|10 1 6|0 1 8|O 200
scan nr.
x10°
10 F ' ' ' 169.3sec ' ' ' ]
5| il
00 5IO 1(|)0 1El>0 2(I)O 2510 3(I)O 35|0 4(I)0 450

sec

057

057

MS1+ spectrum: 13

100b.7T

120.1

100 150 200

MS1- spectrum: 13

250

164.1

100 150 200 250 300

057

057

MS2+ spectrum: 13

120.1

3.1

100 150 200 250 300

MS2- spectrum: 13

164.1 239 1

100

200 300




'METHIONINE SULFONE (SURROGATE)
O

[H+] 182.0487 0O
MS2 + 136.0466 L
[H-] 180.0330 H3C ‘ﬁ’ OH
MS2 - 78.9835 O NH-o
15 % 10° elution profile comp.: 20 with variance 1.9383 %
10+ -
5t i
0o 2|o 4|o 6IO slo 1c|)o 12|o 14|10 1elso 1;30 200
x10° |
' ' ' 1200.4 sec ' '
10+ |
5| i
Oo_ 510 1(;0 1510 2_(30_ B 251)0 3(;0 3slo 4(I)0 450

SecC

057

057

MS1+ spectrum: 20

. R | .
100 150 200 250
MS1- spectrum: 20
180
78.98

100 150 200 250 300

057

0.5¢

MS2+ spectrum: 20

100 150 200 250 300

MS2- spectrum: 20

6P.96

/6.906

180

248

100

200 300




Cationic side-chains

L-ARGININE

[H+] 175.11950 NH O S T
2
[H-]173.1039 H

MS2 - 131.0787 NH;

4 «10° | elutlion prolfile corlnp.: 28lwith v?riance|0.3397l9 % | 05! | 05|
3t ]
[ | ob— .. . b .
1L | 100 150 200 250 100 150 200 250 300
0 : : : : : : : : : MS1- spectrum: 28 MS2- spectrum: 28
0 20 40 60 80 100 120 140 160 180 200 1 . . . : : 1 : . :
scan nr.
%10°
' ' ' ' ' ' " 1368.6 sec
3r i 173.1 1731
2+ |
1+ ]
O 1 | | | | | 1 | 0 I I I I ‘ 0 ! ! '
0 50 100 150 200 250 300 350 400 450 100 150 200 250 300 100 200 300

secC



‘ IDENTIFICATION OF METABOLITES — STD. MIXTURES

POSITIVE Acq. NEGATIVE Acq.

Data Analysis MS-DIAL ROIMCR* P LICR-GCINVARIER VAN {0)/% (058 TOTAL (+/-)

MIX 1 (17)

Aminoacids 15 15 15
MIX 2 (12)

Nucleosides 8 9 8
MIX 3 (17)

Organic acids 3 4 4
MIX 4 (29)

Individual comp. 13 11 15 22 (75.8%)
MIX 5 (17)

MIX 6 (6)
Surrogates 3 3 _315_0_90_/0.2

TOTAL (95) 46 (48 4%) 49 (51.5%) 48 (50. 5%)___- 75 (78.9%) |

*need to re-check to confirm results

I I
L17 (100%) »

11 (91.6%)

11 (64.7%)



Analysis of
augmented MS12

|
i i
FISH EMBRYOS I performed both |
| separated +/- and i
RO I-M C R (Multi-sample analysis) { jointly
Simul vsis of POSITIVE NEGATIVE Augmented
Imultaneous analysis or: MST MS2 MST MS2 MS1/MS2 (+/-)
Treatment group (5 replicates)
X
Control group (5 replicates)
[
MS1 MS2 -
1 1 B
cat 2 2
replicates 3 2 L Treatment ‘ |
4 4 1
2 > . MCR-ALS 100 components
1 1 ope o oo .
2 2 5) Multivariate analysis = Areq Quantification Identification
3 5| & Control PCA ? Elution
4 4 PLSDA L .
> 2] Cluster Height proflles Spec.tra
Statistical Analysis (ASCA) proflles
Gorrochategui, E. (2019) Bioinformatics, 20(1). -




CHOLINE

«10° elution profile comp.: 3 with variance 3.6183 %
F T T T T T =

I I | | |
0 1000 2000 3000 4000 5000 6000

scan nr.
x 10
T T T T T T T T
- 199.3 sec .
L 1 1 1 11 Ve 1 1 1 1 |
0 50 100 150 200 250 300 350 400 450
sec

: Vitamin-like essential nutrient - 1:
: Neurotransmiter :
' RT - 199.252 (MS-DIAL) [
l Control > Treatment :

«107 proflle area of component 3 for the 10 experlments

p=0,000546

1 2 3 4 5 6 7 8 9 10

x 10° proflle max helgth of component: 3 for the 10 experlments

p=0,000235




CHOLINE
POSITIVE

[H+] 104.1056
MS2 60.0802

0.8

0.6

04r

0.2

104

| hoa

MS1+ spectrum: 2

200 400 600

MS1- spectrum: 2

800

200 400 600

800

08r

0.6

047

0.2

08r

06

04r

021

I Analysis of augmented |

: MS12 +-

L

MS2+ spectrum: 2

104
6(1.1

200 400 600 800

MS2- spectrum: 2

200 400 600 800



HO
OH

N-ACETYL-L-ASPARTIC ACID 0 M0

| Derivative of aspartic acid — Neuro-functions :

|
| RT—103.8 (MS-DIAL) I
I Control > Treatment :
10 «10° elution profile comp.: 69 with variance 8.2367 % |_____________________________.
5 X 107 profile area of component: 69 for the 10 experiments
T T T T T T T T T T
s p=0,000169
2
o:, (- L1 Ll | -l L L L L L - 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
scan nr. 0
x10° 1 2 3 4 5 6 7 8 9 10
10 ' 1102.9 sec ' ' ' ' ' 1
10 X 108 profile max heigth of component: 69 for the 10 experiments
T T T T T T T T
Al | p=6,09E-05
5
o I | L | | | | | | B
0 50 100 150 200 250 300 350 400 450
sec




N-ACETYL-L-ASPARTIC ACID

0.5

0.5

MS1 spectrum: 69

’| ,4 T T T I
130
8 1%4
I I% | | | | | | | |
100 200 300 400 500 600 700 800 900
MS2 spectrum: 69
T T T T T T T T
88.04
| | | | | | | |
100 200 300 400 500 600 700 800

| Analysis of MST2 - 1



15

10

10

INOSINE

sec

«10° elution profile comp.: 5 with variance 0.59367 %

T T T T T

| | | | 1
0 1000 2000 3000 4000 5000 6000

scan nr.
x10°
99.73 sec ' ' ' '

I 1 ny \ 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450

15

10

15

10

OH OH

: Nucleoside — Nucleic acids
1 RT 100.2 (MS-DIAL)
: Treatment> Control

«10° profile area of component: 5
T T T T

for the 10 experiments

p =0,00258

1 2 3 4 5 6 7 8 9 10

«10° profile max heigth of component: 5 for the 10 experiments

 p=0,00304




INOSINE
POSITIVE

[H+] 269.0886
MS2 137.0443;
291.0662;159.0259

0.8

0.6

04r

021

0.8

0.6

04r

0.2

MS1+ spectrum: 38

291
(LN
54 zﬁg
| e i .
200 400 600 800
MS1- spectrum: 38
67 886
884
o [ 883
200 400 600 800

0.8

06

04r

021

0.8

06

04r

0.2

1 Analysis of augmented
MS12 +-

|
|
|
MS2+ spectrum: 38
189 ' '
137
291
1
200 400 600 800
MS2- spectrum: 38
886
884
8 887
i 885
1|11574 |E%§8
200 400 600 800



'MCR Bilinear model

2

Diss1s, msze, st Ms2-0ug=C Sms1s, msze, mst. Ms2- sug

| o, L;’-:i.'h LE_J:. NP




6) IDENTIFICATION OF SIGNIFICANT METABOLITES

v’ Separated analysis of Positive and Negative acquisition files

MS-DIAL

ENEANIRN

Raw data (cdf files 2 abf files)

B b croiedn o

WS s e (adis

Brdieze |

= b praldy

Il e et e R L B ST

Fii: ramie:

50 I S

L

oy

Treatment x control groups

Doy W ETH SO RIS

KEETLALG ek ol o 2

IMETT o 4259

anek:

Selection of Reference Matched metabolites

D TSR R bR SR AN el ke 2
AL L et

el e Y Y

TRAET A e 42100 L

1FA=1 1 e AT

AN NI

ROIMCR

I L L] e L T e Ll 1o i b

TR 1% ene A

LR ETAS GRS

KE LA bl i 2

LS S

S B DR SR VA kel s | S

5 AH1%

LR ETA S0 T MRS etzb o 25 | 70770

MS2 spectra match with available database

] A TN SRt T RS PR Y P8 EPTY TR

DAMETAEC ORI ZD RS AL ol i o | TCTT L,

—adINIR

(LRI E Rl EN | N0 E N 08

Mass error < 0.005 (MS1, MS2)
Total score > 850.00

Identification of significant components (Student’s T test)

v' MS2 spectra match with list obtained from MS-DIAL

v" Mass error < 0.005 (MS1, MS2)
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5.0

BIOLOGICAL PATHWAYS

Metahnhnalyst 8.0 - user-friendly, streamlined metabolomics data analysis

Module Overview

Input Data Type

Riw Spectra
M5 Peaks
Annctated Feabures

Genenc Format

Available Modules (click on a madule to proceed, or soroll down for mare details)

Statistical Ana _l,-':;it:

lone factor)

Functional .|:|.rllr"ll!||":|i'.:.

Enrichment Analysis Pathway Analysis

Statiztical Analygis . .
e Biomarker -'l'|'1:,1|}|-,'.|~_.
[metadata ta

Functional bata-

analysis

Joint-Pathway

Analysis

Statistical Meta-

analysis

Metwark Analysis

Poweer Ana

Dther Utilities




| METABOANALYST

Pleass upload your data use one of the options below Select a pclthwcly Iibrclry

X Danio rerio (zebrafish) (KEGG)

Compoond Lisi Concentration Tabla Metabolomics Warkbendch Datn
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SIGNIFICANT IDENTIFIED METABOLITES

MS-DIAL analysis

MSDIAL results

Significant DOWN
Significant UP
TOTAL Matched

Rate

Total POS and NEG

ROIMCR analysis

ROIMCR results

Significant DOWN
Significant UP

TOTAL

Total POS and NEG
Affected pathways (23)

1 MET
Pos Neg
54 20
5 0
101 50
0.58 0.40
79 (52%)

Affected pathways (23) w18 (Z 852%1-:'

1 MET
Pos Neg
63 61
3 6
0.66 0.67

133 (66.6%)
13 (56.5%)

2 MET
Pos Neg
33 8
1 1
98 49
0.35 0.18
43 (29%)
12 (52.1%)

2 MET
Pos Neg
68 48
2 4
0.7 0.52

122 (61%)
12 (52.1%)

3 ORG
Pos Neg
46 22
2 0
99 55
0.48 0.40
70 (45%)
15 (65.2%)

3 ORG
Pos Neg
50 26
2 1
0.52 0.27
79 (39.5%)
7 (30.4%)

4 ORG
Pos Neg
57 19
4 2
106 43
0.58 0.49
82 (55%)
14 (60.8%)

4 ORG
Pos Neg
50 31
3 4
0.53 0.35
88 (44%)
15 (65.2%)

5 MIX
Pos Neg
43 20
3 0
118 49
0.39 0.41
66 (40%)
14 (69.8%)

5 MIX
Pos Neg
36 24
1 2
0.37 0.26

63 (31.5%)
11 (47.8%)

6 MIX
Pos Neg
58 18
2 0
104 49
0.58 0.37
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Positive height
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CONCLUSIONS

» All treatments showed to significantly reduce many essential metabolites
(aminoacids, nucleosides) when compared to controls

» Metal exposure (1 MET) triggered the most significant effects when compared
to the control group.

» Organic mixtures also induced significant effects in fish embryos.

» The mixture of additional contaminants to the metals from 1 MET, may have
reduced their bioavailability, and thus causing lower toxicity.

» Complex mixtures of chemicals induced distinct patterns of responses that
should be further investigated.
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NEXT STEPS

Look for potential biomarkers for each exposure condition
Interpret the relationships of the affected pathways with the chemicals

VY V

exposure
Concluding the analysis of the standards mixtures
Target analysis of the metabolites in the samples
Perform Lipidomics analysis

YV V VYV

Integrate metabolomics + lipidomics + chemical datasets to provide a
better interpretation of the potential effects of the pollutants from the Doce
River

Biological “ Chemical
data data

~_---------_’
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