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Environmental Proteomics

 Post-environmental Experimental
genomics tool system

Research goal Complexity | Feasibility

Metabolic pathways

Isolate in the
Stress responses and

« Designed to provide laboratory adaptation
quantitative (gProteomics) Community function
and qualitative (sProteomics) Communityin | UM%er controlied
measurements of final gene the laboratory | n1odel communities to
products (proteins) as study Interactions
biomarkers of metabolic Community i Comrzunity function
aCtiVity the environment ecs Ir:)g?gai;;n:zllei)/(;nt

conditions

 16S rRNA work and deep o o _ _
. Relationship between feasibility of proteomic studies and
metagenome sequencing are sample complexity. Different complexity levels can be

key for success of used to accomplish certain study goals.

proteomics Carla M. R. Lacerda, and Kenneth F. Reardon Briefings in
Functional Genomics and Proteomics 2009,8:75-87

Batielle

The Business of Innovation



\\ =
2-dimensional polyacrylamide 2D-GE separation @/ Digestion Liquid I
gel electrophoresis with - chromatography l p e

matrix-assisted laser with tandem mass
desorption/ionization B o spectrometry
time-of-flight mass - B— A \
spectrometry 2 IEF Tt

- - : 5 " g L F 4 '.".

T e |V
> Microcapillary
SDS-PAGE column
Digestion l Siolal

F\ C18 reverse phase (RP1)

SRR +  Strong cation exchange phase (SCX)

':" : é-;,. a0
A\ A C18 reverse phase (RP2)

Matrix-assisted laser - 4 Electrospray
desorption/ionization ionization (ESI)
time-of-flight mass source tandem
spectrometry analysis mass spectrometry

Rapid and direct measurement of microbial activity in the
subsurface, which can support ISB diagnostics and
optimization as well as transition to passive treatment or long-
term monitoring.

Protein identification _
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Environmental Metagenomics

« Extensive evaluation of
microbial communities
with depth previously v
unattainable Extract DNA

v

Next generation 16 S rtDNA

Sediments, soils, ground water

* |dentification of microbes

involved with: sequencing/ Ilumina MiSeq
Ecosystem Health J A
Remediation
Corrosion and SILVA Database Custom Chemical and Physical Data
Search
Fouling ) l
* Integ ration into existing Profiles of Microbial Community and Biochemical Pathways,

Correlation to Chemical and Physical data

evaluation technologies
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Data Integration

. Data
Integration
P Historical data
. Extent of
I(:?-:&gr:zmlcal contamination
« Scope of . :

\ _ « Oxygen contamination Peptide markers
Biological presence/ , p, * Most common
Factors absence j L;rgriics bacterial species
« Proteomic « pH Y * Crucial

composition « Redox geochemical
« Microbial potential factors

community « etc

composition

Baftelle

5 TZ!Q Busuless of Ilnnovation



Project Objectives and Goals

Develop Quantitative Proteomic (gProteomic) Approach to
Target Degradation Biomarkers of Chlorinated
Compounds

* Targeted gProteomics has a potential to complement gPCR in
scenarios where gPCR does not aid remedial actions.

* gProteomics is a true measure of active biodegradation of
contaminants and may support RPMs in decision making as well as
application of Monitored Natural Attenuation and save significant $$
to the project.
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Experimental Setup

1. Environmental subsurface water 4. Quantitative Proteomics

samples of:

= 90 minutes gradient
Chlorinated Volatile Organic

Compounds (CVOCs)

* |sotopically labelled peptides

* Bioinformatics

. Sample cleanup and trypsin

digestion in solution . Spectra searched

. Discovery(LC/MS-MS) C18 column _
(Eksigent 3C18-CL-120, 3 um, 120 A, 0.3 x UniProt database or |

150 mm), Mascot/ NCBI nr

using ProteinPilot/

Shotgun proteomics database
Shotgun proteomics with peptide
specific inclusion list

Time gradient (90 and 120 minutes)
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Environmental Samples

Chlorinated Volatile Organic Compounds (CVOCs) -
Environmental Pollutants

* Environmentally hazardous:
o Considered toxic and mutagenic
o Health risk if in groundwater

« Types of contamination:
o Soil and groundwater
o DNAPLs in subsurface

o Managing of DNAPLS, solvents sorbed
to solid, volatilized in soil gas and
dissolved in water

« Degradation
o Microbial reductive dehalogenation
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Microbial Dehalogenation of CVOCs

anaerobic-reductive dechlorination aerobic-oxidative dechlorination

PAH ... _ CO, NO5, H,0...
Cometabolic '
E (TCE, cDCE, V() g I

Direct (cDCE, VC) degradation

€O, CI, H,0

Heﬂ‘e“e Reductive Dechlorination of

Chloroethenes.
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Electron
Acceptors

PCE
TCE
DCE
VC

TCA
DCA
CF

HCH

Chloro--
phenols
Chloro-
benzenes
Dioxins
PCBs

Dehalococcoides
195, VS, MB Dehalococcoides

CBDB1, BAV1, FI2

Dehalogenimonas
fidal Flat Cluster

Lahn Cluster 1
Lahn Cluster 2

Tidal Flat
Cluster (A)

Dehalobium

Dhc group

Dehalobacter

Electron donors
Hydrogen
Acetate

0.10

e EEEEEEEEEEEEE T EEE T . W EEEEEEEEEEEE.e

Phylogenetic tree of OHRB based on bacterial 16S
rRNA sequences. Maphosa et al (2010) Trends

Geobacter

‘Anaeromyxobacter

Desulfomonile

Desulfuromonas

Desulfovibrio

Sulfurospirillum
Desulfitobacterium

Electron donors
Hydrogen

Acetate

Fumarate

Pyruvate

Ethanol

Lactate

Butyrate

Restricted Metabolism Versatile Metabolism

Electron
Acceptors

PCE
TCE
DCA

Chloro-
phenols
Chloro-
benzenes
Fumarate
Nitrate/nitrite
DMSO
Sulfate
Thiosulfate
As(V)
Fe(lll)
Mn(1V)
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Microbial Dehalogenation of CVOCs

Cl Cl Cl Cl Cl H H H H H
\ / \ / . N\ / _ N\ / _ \ /
2H" + 2e 2H"' + 2e C 2H"' + 2e C 2H" + 2e
H' +CI H* +CI C H* +CI H* +CI
7\ 7\ AN AN AN
Cl Cl Cl H Cl 4 H Cl / H H 4 H
pceA tceA
Dhc strain 195 | % >> ________ >
tceA
Dhcstrain FL2 = = = = = = = = > P - —— >
__________________ : bvcA .
DhestrainBAVl = = - - e e e e e e e e e e e = - T T
? . verA
Dhe strain VS, Dhe strain GT L >

Dhc Rdase genes implicated in reductive dechlorination of chlorinated ethenes.
Bioaugmentation for groundwater remediation. (2013) ed. H.Ward .
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Naval Air Station, Jacksonville, FL

s e —a N y i I & ‘R
& S P70 1 < ASU3 56001 -
R = R \, d E
& ) . ﬂ’ $ . : “i ﬂ , ¢ Ly j '&AW%S/MWQZI.‘
. Mw35D WAL R e ‘ ' ] i" vk
%! - _ ) 56002 B . 0U3'6 d
MW-405/MW-391 Q : ! - _h
¢ B PW008 4 » 1 MW-
o ‘ _______ Building 103 R ! $
MW-40S - Upgradient, Outside TTAs
PZ-02 -TTA
MW-36S - Downgradient, Outside TTAs
PCE TCE | cDCE VC TOC vcrA pH ORP DO Methane
(ug/L) | (ug/L) | (ug/L) | (ug/L) | (mg/L) (C/L) (mV) | (mg/L) | (ug/L)
PZ-02 (12/11/14) Target Treatment Area
50 50 3,300 | 3,300 26 3x1077 [ 6.48|-150.8| 0.19 | 17,000
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Discovery — 16S Sequencing

% of Bacteria

Dehalococcoides 5%
Geobacter 24%
Methylobacter 9%
Desulfuromonadales 27%

IIII
\\\\\\\\

Geo b
aCter 2
4%

Bacteria

““ High diversity of Dehalococcoides
(5% of total Bacteria),
Dehalogenimonas (0.3% of total
Bacteria), Methanogens (1% of
total population) and sulfate
reducing bacteria (3% of Bacteria)
suggest presence of CVOC
degraders.
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Discovery — Shotgun Proteomics

160 " Metabolism
140 " Genetic Information Processing
' 1%
120 Organismal Systems 129%
€ Unclassified .
3 100 120
CC) 80 20, —
= —
- 2%
20 " Carbohydrate Metabolism i B
" Energy Metabolism
0 ¥ Lipid Metabolism

PZ-02 Target Treatment Area = Nucleotide Metabolism Metabolism Level

® Amino Acid Metabolism

® Metabolism of Other Amino Acids
Glycan Biosynthesis and Metabolism
Metabolism of Cofactors and Vitamins
Metabolism of Terpenoids and Polyketides
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Discovery — Shotgun Proteomics,
Inclusion List - Assembly

- Aligned all protein sequences of: Peptide ID Peptide Sequence iz
VerA VerA  YFGAGGVGALNLADPK 775.4
o Vvcr VerA  VPDHAVPINFK 618.8
o BvcA VerA EADYSYYNDAEWVIPTK 1032.4
o TceA VerA  TGAAIHWK 442.2
BvcA  SLNNFPWYVK 631.9
BvcA  STVAATPVFNSFFR 772.4
» Selected conservative peptide BvcA  SLNNFPWYVK 634.3
: BvcA  DFENPTIDIDWSILAR 952.9
sequences for each of protein BvcA  DEALWFASSTGGIGR 783.8
BvcA  TPVPIVWEEVDK 706.3
 Total of 25 conservative peptides BvcA  GYYNDQK 444.2
identified BvcA  VANEISPK 429.2
ljaentine TceA  YHSTVTR 432.2
TceA  LGLAGAGAGALGAAVLAENNLPHEFK 1231.1
« Constructed a library of peptide Iceﬁ ifsgéhiﬁ? i;g;
ce .
sequences that LC-MS/MS TceA  YSGWNNQGAYFLPEDYLSPTYTGR  1400.1
specifically targets for during the _ _ o _
Library of conservative peptides implicated in
Sample analyses reductive dechlorination of chlorinated ethenes.
e
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Discovery — Shotgun Proteomics with
Inclusion List

Peptide ID Peptide Sequence m/z
VerA - YFGAGGVGALNLADPK 775.4 Peptide ID Score Match Peptide Sequence
VerA VPDHAVPINFK 618.8 bvcA 478 163 SLNNFPWYVK
VerA EADYSYYNDAEWVIPTK 1032.4 478 163 STVAATPVFNSEFR
VerA TGAAIHWK 442.2
BvcA SLNNFPWYVK 631.9 91 41 SLNNFPWYVK
BvcA STVAATPVFNSFFR 772.4 hydA 19 4 LYSTVFK
BvcA  SLNNFPWYVK 634.3 19 4 QQQTLIEK
BvcA DFENPTIDIDWSILAR 952.9 19 4 MDTHAALYEQGK
BvcA DEALWFASSTGGIGR 783.8 13 7 MGYGQDVTGK
BvcA TPVPIVWEEVDK 706.3 13 7 AHKPEVVADK
BvcA GYYNDQK 4442 1 3 7 SPQQIFGSASK
BvcA VANEISPK 429.2
TooA VHSTVTR 4320 13 7 ENGFDIPVLCELK
TceA LGLAGAGAGALGAAVLAENNLPHEFK 12311 pociits of LC/MS-MS oroteomics with peptide
TeeA DVDDLLSAGK >16.7 inclusion list for sample PZ-02.
TceA ALEGDHANK 477.7

TceA YSGWNNQGAYFLPEDYLSPTYTGR 1400.1

Library of conservative peptides implicated in
reductive dechlorination of chlorinated ethenes.
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Discovery — Shotgun Proteomics with
Inclusion List
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Discovery — gProteomics with Isotopically
Labelled Peptides

H.N_ _NH
\(
NH
HaN
H H
OH ~_Z OH z OH OH
: : o
HaN N N N N ‘N N N N N N N N N OH
H H | H/H]iH/’\Hi H I H H H H [ H H H
0 0 0 0 0 0 0 0 0 0 0 0 0 o

C13 -
HaN /'\’— OH
Target STVAATPVFENSFFR (772.4 m/z) protein |

at 71.74 minutes, labelled at Alanine sites O
(13C6; 15N2).
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Discovery — gProteomics with Isotopically
Labelled Peptides

- Detection of A conwo Sample B cowo Sample
specific peptides @2 & &
with improved Lght it ﬂHef'g;rgpe
experimental matrix ﬂ e ﬂ ’%

P

- Direct comparison @i féf
of isotope-labelled | ﬂm
peptide pairs. LC- q
MS/MS, and Ll A e

guantification of

peptides of interest. ﬁ || ‘
NI il s
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Discovery — gProteomics with Isotopically
Labelled Peptides

— @ XIC from 20150505016. wiff (sample 1) - PZ-02 Spike: 54441-41-16- ANALYZE. Experiment 1, +TOF MS (300 - 800): 772339 +/-0.025Da
@ XIC from 20150505016, wiff (sample 1) - FZ-02 Spike; 54441-41-16 - ANALYZE, Experiment 1, +TOF MS (300 - 800} 775.406 +/- 0.025 Da
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.| Overlay of 772.4 and

[ ]
- 6 / t
/76.4 m/z in the
5%
[ ]
= PZ-02 splked
65%
- sample
= o
2
2
3 sz
E
5 67.80
R
o
40%
" 5458
35/" 15482 555
| 55,07
30%
q s539 53 6791
558 96.30
2% %677 5795 47
51.02
5.3 5159 519 i 5747
2% 5035 5075 5217 " 5340
4758 g797 4917 B9 a9m7 5273 5293 5864 53.04
4 i 97 43,34 W‘“\ 5933 5370 w0
6034
il | nss 6113 108
i, i g202 6256 6261 6637 6643 6754
L ’
A
21! L Ry INAL sl \ i |
43 4 5 % 47 8 [ 50 51 52 53 54 5 E3 57 58 5 €0 61
Time, min

L
Battelle

The Business of Innovation

20



Discovery — gProteomics with Isotopicall
Labelled Peptides

= @ Spectrum from 20150505016. wiff (sample 1) - PZ-02 Spike: 54441-41-16-ANALYZE  Experiment 4, + TOF MS ~20f 772.4 (100 - 1600) from53.776 to 54.036 min, f . wiff (sample 1) -PZ-02 Spike; 54441-41-16 - ANALYZE , Experiment4, +TOF MS "2 of 7724 (100 - 1600) from 53.207 to 53.408 min)
@ Spectium from 20150505016.wiff (sample 1) - PZ-02 Spike; 54441-41-16 - ANALYZE, Experiment 5, +TOF M5"2 of 775.4 (100 - 1600) from 53.777 to 54.038 min, sublracted by (Spectium fom 20150505016.wiff (sample 1) - PZ-02 Spike; 54441-41-16 - ANALYZE, Experiment 5, +TOF MS"2 of 775.4 (100 - 1600 from 53.209 to 53.410 min)

| 4
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Discovery — gProteomics with
Isotopically Labelled Peptides

Labeled
One of 8 daughter J VerA (1) VerA (1)
products in MS-MS PI1 69238 700.39
MRM experiment from g:g ggg-z‘g gg:-g?
STVAATPVFNSF.F . Pl4 1067.54 1075.55
. (BvcA) C-13 peptide PI5 4472 4472
: PI6 201.12
PI7 17313 173.22
PI8 284.14 284.14

x = 51.88 fmol on column (80uL
injection volume, 0.65fmol/uL)

L
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Summary

- Shotgun analysis of PZ-02 sample showed diversity of
peptides involved in metabolical processes

- ldentification of specific peptides to be incorporated into the
inclusion list

- |Isotopically labelled peptides as an internal standard

- Successful quantification of bvcA peptide concentrations in
sample

Baftelle
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Thank you!

Questions:
kucharzyk@battelle.org
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