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,.,EREE Do Chemicals Matter?

Significant effects of chemicals on communities in aquatic

ecosystems
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... Do we focus on the right chemicals?

Example: Danube
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... Do we focus on the right chemicals?
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...Em Effect-Directed Analysis

Many successful studies identifying new or unexpected
toxicants in sediments and water
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'm Effect-Directed Analysis

Man successful studies identifying new or unexpected

toxicants in sediments and water
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...Em Effect-Directed Analysis

However:
*\Very time consuming and hardly applicable for routine monitoring
Limited number of toxicological endpoints

ldentification of (particularly polar) unknowns is still a great challenge
and not always successfull

Availability of scientists and practitioners with interdisciplinary EDA way
of thinking is limited.

Thus:
EDA-EMERGE as a new ITN to meet these challenges
*Born from NORMAN network on emerging pollutants
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EDA-EMERGE

Objective: Provide methodology and well-trained young scientists to
unravel the complexity of aquatic pollution to support EU water policies
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Duration: 4 years

Start 10/2011

14 partners, 7 countries
Coordination: UFZ

Adwsory board:

s em

fg HELMHOLTZ
CENTRE FOR

ENVIRODNMENTAL
RESEARCH - UFZ



http://upload.wikimedia.org/wikipedia/commons/1/1d/Location_European_nation_states.svg
http://www.ineris.fr/fr
http://www.niva.no/
http://iwawaterwiki.net/xwiki/bin/download/Organizations/KWR+Watercycle+Research+Institute/kwr200x.jpg
http://de.wikipedia.org/w/index.php?title=Datei:Logo_Eawag.svg&filetimestamp=20090106000805
http://upload.wikimedia.org/wikipedia/en/7/79/EEA_agency_logo.svg
http://www.iss.it/pres/prim/cont.php?id=1192&lang=1&tipo=6
http://de.wikipedia.org/w/index.php?title=Datei:Umweltbundesamt_Logo.svg&filetimestamp=20110531171836

EDA-EMERGE

Scientific objectives for a wider application of EDA:

* broaden the toxicological scope = involve new
"omics" tools

= enhance throughput = tiered approach,
automation

= enhance success rate — better tools for
biodiagnosis and structure elucidation, well trained
scientists

» enhance acceptance — close collaboration with
European and international stakeholders
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EDA-EMERGE

Projct design

tool development protocols demonstration
tools for simplified SCelglezln
routine = ) oli ocol = Gemonstration
application P program

specific higher tier EDA
advanced at selected
protocols sites
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EDA-EMERGE

Innovative analytical

tools for biodiagnosis:
e.g. proteomics, metabolomics

EDA J EMERGE
: L

| nn ovatlve @tting edge Powerful analytical\
biodiagnosis: approaches:
tOOIS INn EDA' * mechanism-specific early life + comprehensive GCxGC-MS
stage HEEEIT tools * accurate mass LC-MS/MS
E M E RG E * novel in vitro tools - diagnostic derivatisation
« fluorescing vertebrate models « retention prediction
* DNA microarrays - fragmentation prediction
(transcriptomics) « multiple computer tools for
* proteomic profiling structure elucidation

* metabolomic profiling « multivariate analysis

environmental
contamination

Original
hyphenated tools:

+ automated high-
throughput EDA

* two-dimensional micro-
fractionation coupled to
bioassays and MS

m biological chemical
analysis analysis

analysis
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.@ME Broaden the toxicological scope

|dentify unknown

and unexpected R |
effects with broad- [? Lt el
content gene Time Gin)

expression (DNA
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.HEHEE Enhance Throughput

High throughput EDA: 96-well plate o
fractionation
Sample * ‘“‘* g
Extraction I
n | G N |
retention time (min)
: Fractionation
<+
) .
3 96 well plate (20 sec fractions) LC
4
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Enhance Success Rate: Novel Strategies for |
Structure Elucidation a;;
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Ames: Significant mutagenicity of river water (blue rayon extracts)
LC-MS/MS: about 10 000 masses detected, mostly unknowns

Fractionation: Reduction to about 20 per mutagenic fraction
ChemSpider search: up to 150 candidate structures per mass
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Enhance Success Rate: Novel Strategies for

Structure Elucidation

EDA’J EMERGE

*L. A database search @
—~— | LC-HRMS L structure '
generation
/ E ;l:- <« empirical > Computer
"-,\ W formula tOOIS
e’ candidate structures
MS/MS experiments G ] gl
o . MS-fragmentation prediction &
lonisation experiments <:> 8
(APCI, ESI, +/-) Prediction of ionisation efficiency =5
Deuterium exchange Prediction of exchangable hydrogens §
Diagnostic derivatisation Prediction of derivatives g“’
< 8
Chromatography on < > retention £
different phases prediction S
A
> toxicity/mutagenicity 2 g
. g ~ @
prediction 9 Q9

Multi strain mutagenicity <
testing
final candidates C——— confirmation



Example: Retention Prediction

based on CHI (Chromatographic Hydrophobicity
Index)

and LSERS (Linear Solvation Energy Relationships)

CHI = aA+bB+sS+eE+vV+c

Substance descriptors:

A: H-bond acidity, B: H-bond basicity, S: polarizability and
dipolarity, E: excess molar refraction, V: McGowan volume

Corresponding phase parameters: a, b, s, e, v
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G Example: Retention Prediction

1) Calibration

equation to

known CHI calculate CHI/
calibration lXfrom retention

standards
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Example: Retention Prediction

- @ 2) phase
EMERGE c :
characterization
kKnown

descriptors
equation to training

known CHI calculate CHI set
calibration Xfrom retention /

¢ phase

standards
w CHI parameters

CHI = aA+bB+sS+eE+vV+c
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_ Example: Retention Prediction

known
descriptors
equation to training

known CH/ calculate CHI set

calibration Xfrom retention /

standards f phase

w CHI parameters
& 3) CHI prediction

CHI

pred predicted
descriptors \

CHI = aA+bB+sS+eE+vV+c

candidate .
structures
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Example: Retention Prediction

known
descriptors
equation to training
known CHI calculate CHI set
calibration Xfrom retention / )
standards Pnase
w CHI parameters
unknown CHI CHlored  predicted
compounds / descriptors
4) chromatography |
of unknowns
candidate
structures
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MEHEE
equation to

known CHI calculate CHI/
calibration Xfrom retention

standards t

unknown

compoundw

5) candidate exclusion

Example: Retention Prediction

<.

CHI<._.> CHlpreq predlcted
descriptors.

known
descriptors

training
set
phase

parameters
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q Example: Mutagenicity Prediction

mutagenicity requires S9 m———AN, Aromatic amines probable

activation
Enhanced mutagenicity with Predicted mutagenic potential
YG1024 and YG1041 (O- Stability of nitrenium ion
acetyl-transferase « nitrenium ion as ultimate electrophile
and mutagen after activation:
ArNH, P450 5 ac.trans. 5 ArNH*

« stability of nitrenium correlated to
mutagenicity

« aniline (PhNH,) as a reference

» calc. of heat of formation with MOPAC*

: mutagenicity probable, if

Comuntiation (g of BR plate] (AEaAnH+—AEANH2) < (AEphnps—AEphnH2)
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*Molecular Orbital PACkage
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...Em

Example: Peak 213
of mutagenic
fraction N2-8

X predicted to be non-mutagenic fg oyl
. : PhD thesis Christine Gall ' ENVIRONMENTAL
X retention does not fit esis Lhristine &allampols RECEARCH - UFZ
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| Conclusions
MEHEE

We have multiple analytical and computer tools for
toxicant identification available. Let’s use them and

iIntegrate them into automated strategies to provide the
shortcut we need.
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.HEHEE EDA-EM ERG E

Requirements for a wider application of EDA:

FINDING A NEEDLE IN A HAYSTACK -
1.THE SLOW WAY:




= Example: lonization efficiency
@MEHEE

Approach:

Calculate relative ionization efficiencies (RIE) in different ionization modes
(ESI+, ESI-, APCI+, APCI-)

signal intensity,
max(signal intensity, ;)

o &N O

MNH,

RIE, =log
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< Example: lonization efficiency
'EDﬂEMEHGE

RIEs of monofunctional compounds (meanzstd.dev)

APCI+  APCI+ ESl+ ESI- APCI-
[M+H]* [M]* [M+H]* [M-H] [M-H]
//N
n=3 @/ 0.0 26 0.2 <34 <34
(+0.0) (£0.6) (£0.2)
=8 Q” 1.6 0.5 3.6 0.8
= 0.0 (x0.4) (+0.6) (+0.6) (£0.6) (£0.3)
NN
n=10 U, -1.2 <-4.7 0.0 <-5.0 <-5.0
(x0.5) (x0.1)

» works quite well for simple molecules

 for multifunctional molecules a more refined approach is needed
/N
Our 0.0 -1.2 -1.6 <-2.6 <-2.6

unknown
= probably: pyrrole structure | RESEARCH - UFZ
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q Example: Deuterium exchange
0 1 2
»
L @ C
D 0 ‘g

Use of D,O (and MeOD) as LC eluents (quite expensive...) or

as sheath liquid into the ion source

= Mixture of H,O0+CH,OH : D,O

= Statistical distribution of D incorporation depending
on the LC gradient
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Example: Deuterium exchange

'EDA' |EMERGE

Relative signal in 0D 1D 2D 3D 4D
XNH* ,
@ theoretical 1.00 0.19 - - -
NH,
@ * theoretical 1.00 0.38 0.04 ; ]
NH;
@r theoretical 1.00 0.57 0.11 0.01 -
Our
unknown 1.00 0.64 0.17 0.01 n.d.
1.00 0.73 0.16 0.01 0.002
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5 Example: Deuterium exchange

EDA’J EMERGE

Counting is not always easy...

Easily exchanging Partially exchanging Not exchanging
-O-H ; conjugated/aromatic C-H
N-H : :
: Stabilized by
-S-H : intramolecular H-bonds aliphatic C-H
- (or limited accessibility)

Decreasing velocity of exchange reaction (log scale)

Time of LC-MS analysis

May help for structure elucidation of conjugated systems...

...but we need to estimate the extent of exchange
for partially exchanging candidates # neLmnor
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