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Paraquat, rotenone, and MPTP are different

o Rotenone = MPP+ ¥ Paraquat
2 _ 1009 v =
T3 £
£ & £ 100
I!Jé 75+ 8
[ B 15
ZT so0- &
= 3 w0
= 254 g
@ 25
0 T T e T T T T T ' 5 o
-9 -8 7 6 -5 -4 -3 -2 -1 O 0+
Lo 0@
log [inhibitor]
3 Vesicular VMATZ Uptake affer Rotenone Treatment
- - Cal |
MPTP = Ao
/N N-CH. n e
MPP+ i -
Ee B
g — k-]
HC—N, A NN e :
Paraquat .
/N N-CH,
— 800 1090 800 2000 2500 000
Cyperquat [Copamine] (uM)

125 —W—Ratenone  —s— MPP

—&— Paraquat

h8

107 10% 0% 105 10®

Dose (nM)

T Maimnumn Coll Death

SE-N-MC SK-NCI1

Striatal Dopaming .,

{ngimg tissua)

Veh-MPTP  NDI-MPTP

Contrel

Sal MPTP

B oo D e e o

HODI-Sal NDI1-MPTP

DAT

A 0 0 2 4 B 12 24 30 35 (hour)
Pa t - o Active
raqual S e = Cuspased

MPPs+
Fotenone

(hours)
116 kDa
=~ &9 kDa
MPPS s e s s s s s s e 1165 kR

ROEMIRE  — e ————— | 16 kT

A Trxt
MPP+ (M)
Con 3 oo H202
L — - Cotes
o ——
Rotencne (nM)
Con 5 202
- W — -
— -
Paraquat (M)
Con o0 soo  H2O2
— O
o
B Trx2
con MPP. "
3% 300 202
I —

- Oz

con . Fotenone -
H
1 10 a2
SEWSa
L
Paraguat
Con ——— HO2
100 500
S =
- = -



IPNAS  EEEPNAS

Increased vesicular monoamine transporter enhances
dopamine release and opposes Parkinson
disease-related neurodegeneration in vivo

Kelly M. Lohr™, Alison |. Bernstein®', Kristen A. Stout®, Amy R. Dunn®, Carlos R. Lazo®, Shawn P. Alter”,
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Synaptic vesicle glycoprotein 2C (SV2C) modulates
dopamine release and is disrupted in Parkinson disease

Amy R. Dunn”, Kristen A. Stout”, Minagi Ozawa”, KeIIyM Lohr®, Carlie A. Hoffman®, Alison I. Bernstein®, Yingjie Li™*,
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An imbalanced equation

GXxXE=P

Geneticists talk about the missing heritability, but | am
Interested in the missing everything else.



The Exposome: a Wild idea

Editorial

Complementing the Genome with an “Exposome’’:
The Outstanding Challenge of Environmental
Exposure Measurement in Molecular Epidemiology

Christopher Paul Wild

Molecular Epidemiology Unit, Centre for Epidemiology and Bicstatistics, Leeds Institute of Genetics, Health
and Therapeutics, Faculty of Medicine and Health, University of Leeds, Leeds, United Kingdom

Defined the “Exposome” as all exposures from
conception onwards, including those from
lifestyle, diet and the environment (2005)

Rappaport and Smith, 2010
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Exposome: the cumulative measure of the environmental
Influences and corresponding biological responses throughout
the lifespan (Miller and Jones, 2014)



External factors - internal signals

Ecosystems Physical-Chemical
Foqd out!ets, alcohol outlets Teioacaiie/anidie
Bﬂlrltt,:,? T;rﬁ; Lnsir;t e Electromagnetic fields
Population density Ambient light
Walkability Qdor and noise
Green/blue space Point, Iine sources, .g,
factories, ports

Lifestyle Outdoor and indoor air
Physical activity polition
Sleep behavior Agricultural activities,
Diet livestock
Drug use Pollen_/mold/fungus
Smoking Pesticides
Alcohol use Fragrance products

Flame retardants (PBDEs)
Social Persistent organic pollutants
Household income Plastic and plasticizers
Inequality Food contaminants
Social capital Soil contaminants

Social networks Drinking water contamination
Cultural norms Groundwater contamination
Cultural capital Surface water contamination
Psychological and mental stress Occupational exposures

Vermeulen, Schymanski, Barabasi, Miller, 2020



A combined LC and GC high-resolution
exposomics and metabolomics platform

Capturing exogenous chemicals and endogenous metabolites
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Normalized Intensity
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Metabolic, halogenated environmental chemical,
dietary constituent, Alzheimer’s medication

Table 2. Non-medication plasma metabolite features reproducibly associated with AD from MWAS

Feature Study 1 Study 2 Meta-analysis

m/7* RT? Metabolite Est (SE) D Est (SE) p Est (SE) p FDR
129.0661 89 Glutamine 0.22 (0.11) 0.04 0.31(0.13) 0.02 0.25(0.08) 0.002 0.07
246.9550 127 Unknown 0.41(0.17) 0.02 0.38 (0.21) 0.07 0.40 (0.14) 0.003 0.08
349.1515 80 Piperine -0.59 (0.31) 0.06 -0.89 (0.49) 0.07 -0.68 (0.27) 0.01 0.18

*Adduct of rivastigmine strongest feature associated with AD

Niedzwiecki et al., 2019 Annals of Clinical and Translational Neurology
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Vardarajan et al. Differences in Plasma Metabolites Related to Alzheimer’s Disease, APOE-¢4 status and Ethnicity.
medRxiv posted 1/20/2020. Published in Alzheimer’s and Dementia. May 6;6(1):e12025, 2020



Pathways altered in cases across different ethnicities

Size of bubble represents number of significant hits
Enrichment is calculated as (Total Hits/Pathway size)
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The exposomic workflow is amenable to C.
elegans (=500 worms)-pro-aggregating tau

PCA: pro-aggregating tau worms group MWAS: 900 features are significantly different
differently from wildtype worms black: features lower in pro-tau; blue: features higher in pro-tau
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A Differentially-expressed genes B
in beat-1i neurons
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Conclusions

High-resolution mass spectrometry (HRMS) has become the de
facto machinery for exposome research (in biological and
environmental matrices: plasma, tissue, urine, water, dust, air,
passive samplers)

HRMS provides the field with a tool that facilitates a systematic,
comprehensive, and unbiased approach to study environmental
contributors to neurodegenerative disease (or neuropsychiatric
or neurodevelopmental conditions)



REVIEW

The exposome and health: Where chemistry
meets biology
Roel Vermeulen™?*, Emma L. Schymanski®, Albert-Laszlo Barabasi**®, Gary W. Miller’*

Despite extensive evidence showing that exposure to specific chemicals can lead to disease, current
research approaches and regulatory policies fail to address the chemical complexity of our world. To
safeguard current and future generations from the increasing number of chemicals polluting our
environment, a systematic and agnostic approach is needed. The “exposome” concept strives to capture
the diversity and range of exposures to synthetic chemicals, dietary constituents, psychosocial
stressors, and physical factors, as well as their corresponding biological responses. Technological
advances such as high-resolution mass spectrometry and network science have allowed us to take

the first steps toward a comprehensive assessment of the exposome. Given the increased recognition
of the dominant role that nongenetic factors play in disease, an effort to characterize the exposome at a
scale comparable to that of the human genome is warranted.

Typical HRMS sample
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Fig. 2. Chemical complexity of HRMS and the exposome. Top: Known versus unknown features in a typical HRMS measurement [data from (7)]. Bottom: Selected
data sources relevant to the chemical exposome (10=14, 19). Arrows show the overlap of potential neuratoxicants in FooDB (hitp://foodb.ca) and FoaDB components

in RORMAN SusDat (www.norman-retwork com/nds./susdat/) (prioritized chemicals of interast).

Science. 367: 392-396, 2020
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