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Proteomics and the proteome

Proteomics = the study of all proteins expressed by the genome of
a given cell or tissue of an organism
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EASYRING biomarker discovery strategy

(EASYRING - Environmental Agent Susceptibility Assessment Utilizing Existing and Novel Biomarkers as
Rapid Non Invasive Testing Methods) - EU FP5 project associated with the CREDO cluster (2003-2005)
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Carp and Xenopus exposures

Control Tamoxifen| MDHT ||Flutamide |Lambro R|

Carp: 4 doses, 2 weeks, continuous
Xenopus: 1 dose (10-8M), 4 weeks, semi-static
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Mini 2-DE of X. laevis plasma

5 ug protein, IPG pH 3-10 NL o

Vitellogenin

250 kDa
150 kDa

100 kDa

75 kDa

Complement C3
Actin

37 kDa

Immunoglobulin
light chain

25 kDa

precursor

Albumin

Estrogen regulated
protein Ep45

Unidentified




Table 1. Proteins identified from Xenopus laevis liver by preparative 2-DE and MALDI-TOF MS followe:

Mascot searches in the NCBInr database.

Spot Protein name (Family) Accession # Theor. Mr/pl Expect Queries
# a a. (matched)

Carbamoyl-phosphate synthetase I and ABA01549 165355/5.98 2.2e-16 100(42)
Retinoid X receptor beta AAH99003 50623/8.55 0.0067 100(14)
Carbamoyl-phosphate synthetase I ABAO01549 165355/5.98 3.5e-14 100(41)
Carbamoyl-phosphate synthetase I and ABAO01549 165355/5.98 1.8e-25 100(54)

Hypothetical protein MGC78867 (Leukotriene A4 AAH72036 69318/6.34 0.031 100(14)
hydrolase. Peptidase family M1)*
Heat shock protein gp96 (Hsp90 family) AA021339 92828/4.77 5.6e-11 85(29)

p97 subunit of 15S Mg(2+) — ATPase CAA38146 89760/5.16 Te-13 100(30)

78 kDa glucose-regulated protein precursor (Hsp70 Q91883 72705/4.96 Te-13 100(27)
family) and
Hypothetical LOC495268 (Lactamase, beta 2)* AAHB4364 32627/6.11 0.029 100(10)

Unknown (protein for MGC:52648) (Hsp70 family) AAH41200 72489/5.03 1.1e-13 100(28)
74 kDa serum albumin and AAHS81223 72476/5.57 2.8e-12 100(26)
Serum albumin B precursor (74 kDa serum albumin) P14872 72503/5.57 7e-10 51(17)
Serum albumin A precursor P08759 72563/5.53 0.037 19(7)
Calreticulin CAA47866 48542/4.39 0.0005 80(14)
Phosphoglucomutase 1 AAH43876 61904/5.81 3.5e-19 95(32)
Catalase AAH54964 60620/7.66 5.6e-13 55(19)
Catalase AAH54964 60620/7.66 1.8e-19 100(30)
Catalase AAH54964 60620/7.66 1.1e-10 88(22
Catalase AAHS54964 60620/7.66 5.6e-12 49(18)

Hypotetical protein MGC64309 protein (Protein AAH54954 57060/4.72 1.1e-08 100(22)
disulfide isomerase)®
P4hb protein (Protein disulfide isomerase) AAH46736 58380/4.81 4.4e-08 86(20)

P4hb protein (Protein disulfide isomerase) AAH46736 58380/4.81 1.4e-15 100(28)
Beta-Tubulin at 56D AAHS54297 50240/4.79 4e-06 90(18)
Tubulin, beta, 5 AAHT74549 50152/4.78 1.4e-13 68(26)
Tubulin, alpha 7 AAHG61260 50532/4.96 1.4e-07 73(17)
Keratin 8 AAH44116 56029/5.25 1.5e-05 88(18)

Unknown (protein for MGC:64458) AAHS54248 52149/6.06 0.00012 100(16)
(Formiminotransferanse cyclodeaminase)*®

ATP synthase, H™ transporting mitochondrial F1 AAH46741 563957/5.25 3.5e-10 70(28)
complex, beta subunit

67kD laminin receptor precursor AAWG62261 34208/4.81 6.9e-06 69(12)

Vimentin 4 CAA34742 53521/5.08 7.5e-09 67(17)
Magho-nashi homolog and AAHS53764 17124/595 0.0087 99(9)

Similar to aldehyde dehydrogenase 9 family, member AAH44080 56811/6.58 0.027 100(15)
gi}nilar to aldehyde dehydrogenase 9 family, member AAH44080 56811/6.58 1.8e-07 60(17)
gi:nilar to aldehyde dehydrogenase 9 family. member AAH44080 56811/6.58 7e-10 71(20)
éi:nilar to aldehyde dehydrogenase 9 family. member AAH44080 56811/6.58 0.02 93(14)
illdehyde dehydrogenase class 1 BAAT76412 55750/7.51 100(26)

ARP3 actin-related protein 3 homolog (yeast) AAH47983 47716/5.67 71(12)
Enolase 1, alpha AAH54169 47817/6.17 71(22)
Alpha-enolase CAAG8706 47930/5.92 66(16)
S-adenosyl-L-homocysteine hydrolase CAA07706 48170/5.98 2 45(14)
Adenosylhomocysteinase AAH73400 48172/6.04 78(22)

Similar to aldehyde dehydrogenase 9 family, member AAH44080 56811/6.58 89(15)
Al

MGC80785 protemn (Aldehyde dehydrogenase 2 AAHT77908 57727/7.55 71(12)
family)*
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Guanme mucleonde bndng proten_ beta * related 0Nt 0 2 4208)
wguence | (G-proten)
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a) Abbreviations used: #, number; Theor., theoretical: Seq. Cov (%), percent sequence coverage.
b) Protein identified with a peptide tolerance of 150 ppm. Unless otherwise stated all other protems were
identified using a peptide tolerance of 100 ppm.

¢) *. Information on protemn name/family was obtamed by homology searches using Blastp.

d) Protein scores greater than 54 were significant (p<0.05).




Proteins identified in X. laevis plasma
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.~ Differentially regulated proteins

* 123 identified proteins
- Constitutive + differentially regulated

* 19 protein families

- Albumin - Serotransferrin precursor

- Endodermin - Triosephosphate isomerase

- Alpha-2-macroglobulin - Vimentin
- Apolipoprotein A1 - Vitellogenin B1
- Alpha-1-antitrypsin - Ficolin-1
- Complement C3/ C4 - Fetuin

- Enolase 3 - Hypotetical proteins
- Creatine kinase

- Estrogen regulated protein Ep45 precursor

- Immunoglobulin heavy and light chain

- Fibrinogen (alpha, beta, gamma)

- Glyceraldehyde-3-phosphate dehydrogenase

- Fructose-1,6-bisphosphate aldolase
- Actin




Differential expression in X. laevis liver

Male, 10-8 M EE2, pooled/individual, = 2-fold regulation
= e » — B 1, EE2 pooled and individual

Bl 1, EE2 individual only
Bl !, EE2 pooled only

B 1|, Contradictory results EE2
pooled/ individual

Bl |, EE2 pooled and individual
!\, EE2 individual only

{, EE2 pooled only
Complex pattern of expression

430 proteins differentially
regulated by EDC treatment

106 differentially regulated
spots represented identified
proteins




Proteins identified in X. laevis liver

241 analyzed proteins
196 identities

131 unique protein spots

17 % of the protein spots caireticulin

contained > 1 protein

Thioredoxin

67 kDa laminin receptor precursor
ATP synthase alphal/ beta

Tubulin, beta 5 and 7 alpha
Keratin

Thioredoxin

Catalase

DEAD box helicase

GDP dissociation factor
Glutaminyl t-RNA synthetase
Fibrinogen gamma chain precursor
Insulinase

108 M EE2, female, 500 ug pooled liver

Carbamoyl phosphate synthetase
?

Hsp 90b By - r
b | p97 subunit of 15S Mg(2+) ATPase

Hsp70 * b . - ———__ D

R Serum albumin B precursor
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\ 5
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0;*\

{Aldehyde

_ :
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i * — 5. .'.'. -

‘ ‘. ‘0’;»-, . -

S hat” . Argininosuccinate
+  synthase
Fructose-1 ,G-biSphosphatase

a -

Vitellogenin Ribosomal protein L-10

Fructose-1,6-bisphosphate aldolase/
7-keto-8-aminopelargonate synthetase




Proteins identified in X. laevis liver

241 ana|yzed proteins 108 M EE2, female, 500 ug pooled liver

Carbamoyl phosphate synthetase
?

196 identities Hsp 90b By -

i ) \ o p97 subunit of 15S Mg(2+) ATPase
131 unique protein spots Hsp70 * . R

Serum albumin B precursor
T

17 % of the protein spots carreticulin IR ©Y! | A synihethase

contained > 1 protein ~

Catalase
Thioredoxin

67 kDa laminin receptor precursor
ATP synthase alphal/ beta

Tubulin, beta 5 and 7 alpha
Keratin

Thioredoxin ‘ <. * .  Argininosuccinate
Catalase - synthase
DEAD box helicase /

» . fan
GDP dissociation factor Fructose-1,6-bisphosphatase

Glutaminyl t-RNA synthetase .
Fibrinogen gamma chain precursor
Insulinase

Vitellogenin Ribosomal protein L-10

Fructose-1,6-bisphosphate aldolase/
7-keto-8-aminopelargonate synthetase




Gene Ontology terms for X. laevis liver proteins

Molecular function; 97 identified, 62 unknown Biological process; 76 identified, 83 unknown

O Antioxidant activity I Cellular process

B Binding B Physiological process

W Catalytic activity [ Biological process

[1Enzyme regulator activity M Response to stimuli

M Signal transducer activity [ ]GO term not found

B Structural activity
[ Regulation of transcription
M Translation regulator activity
51 61
W Transport proteins

# of proteins associated with term [1GO term not found # of proteins associated with term

Cellular component; 38 identified, 121 unknown

121 M Cell
B Organelle
"] Extracellular region
M Protein complex
]GO term not found

23

# of proteins associated with term




1-D SDS-PAGE and Vtg-western blot of plasma
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kDa Control EE2, 108 M

250
150
100

75
50
37

25

Control EE2, 108 M

Control EE2, 108 M

7.5 % PA

7.5 % PA

e iy

w--- — Vig

Anti-xenopus Vtg 1:2000

Control EE2, 108 M

v

waww

b e B e

i b
B Pl
.

Anti-xenopus Vitg 1:2000




- Development of dipstick for
| endocrine disruption
monitoring - non-disruptive
Bl sampling of fish mucus




Detection of Vtg in carp mucus

Development and testing of Vig LFIA

Oneway Analysis of log ELISA mucus By LFIA mucus
2

(%2}
S
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<24
0
w
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ke

<« Control line

| B = v O
< Test line ) l O

Dip-stick in mucus/
PBS extract q A With Control

Dunnett's
0,05

LFIA mucus

LFIA = Lateral Flow Immunoassay

Rapid non-invasive testing method for detection of Vtg in carp mucus.




Vtg in plasma vs. mucus

Bivariate Fit of log ELISA mucus By log ELISA plasma

log ELISA mucus

log ELISA plasma




Vtg in plasma vs. mucus
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Vtg in plasma vs. mucus

EE2, MDHT, FLU



Vtg in plasma vs. mucus

EE2, MDHT, FLU TAM Fleld



Vtg in carp plasma vs. mucus

Oneway Analysis of log ELISA plasma By Group

log ELISA plasma

L

CEE2

CE EE2

EE2 1 EE2 2 EE2 3

Group

EE2 4

Plasma Vig
Hg/ml £SD (N)

Mucus Vitg
Hg/ml =SD (N)

Untreated
control

202+310 (10)

0.41+0.32
(8)

Oneway Analysis of log ELISA mucus By Group

Solvent
control

86+99 (10)

0.54+0.97
©)

1,5

3

log ELISA mucus
o o
I I I I

u
|

-

-

EE2 -1 ng/I

169+157 (10)

1.04+1.93
©)

EE2 - 4 ng/I

775+1278 (9)

5.25+6.11
)

CEE2

CE EE2

EE2 1 EE2 2

Group

T
EE2 3 EEZ

EE2 - 16 ng/I

5935+4453
(8)°

27.6+11.6
()"

EE2 - 64 ng/|

3535520978
(10)*

30.8+25.5
(2)"

* Significantly different from untreated control, Dunnetts test of log-transformed data (p<0.05)

Carp Vtg ELISA kit (Biosense)




Estrogen regulated protein Ep45 precursor (Ep45)

CONTROL, M

Belongs to the serpin superfamily of proteinase inhibitors

Similarity to Hu alpha-1-antitrypsin, the major plasma
serpin?

Absent in control, 6-fold increase in expression within 8
days by E2 exposure’ EE2, 10°M, M
Induction parallels that of Vtg®

Possible role in female reproduction by protecting Vtg
from proteolytic cleavage during transport?

EE2, 108 M, F

"Holland LJ, Wangh LJ. 1987. Mol. Cell. Endocrinol. 49:63-7
2Holland et al. 1992. Journ. of Biol.Chem. 267:7053-7059




Xenopus plasma: Anti-Ep45-peptide western blots

Xenopus laevis plasma; females exposed to Xenopus laevis plasma; females exposed to Flu / MDHT Xenopus laevis plasma; females exposed to
EE, / controls - EP45 detection. EP45 detectio~ TAM / Lambr~ -~ ~P45 de*~ -+~

FLU TAM Lambro

Xenopus laevis plasma; males exposed to Xenopus laevis plasma; males exposed to Flu/ MDHT Xenopus laevis plasma; males exposed to
EE, / controls - EP45 detection. EP45 detection, TAM / Lambro- ="~ "5 detec” -

o E2 FLU MDHT

b47 8 25 p-b29 p-b30 p-b31 10 p-b11 p-b13 p-b14
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Xenopus plasma: Anti-Ep45-peptide western blots

Xenopus laevis plasma; females exposed to Xenopus laevis plasma; females exposed to Flu / MDHT Xenopus laevis plasma; females exposed to
EE, / controls - EP45 detection. EP45 detectio™ TAM/ Lambr= === "P45 de

FLU MDHT TAM Lambro

p-b18 p-b22 p-b23 p-b24 p-b36 p-b37

controls

R. Urbatzka et al. / Comparative Biochemist
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Fig. 3. Vitellogenin (VTG) plasma protein levels of male and female X. laevis
according to Figs. | and 2. The concentration is given as pg/mL. Significant
deviations from the control were tested by one-way ANOVA, Dunnett’s-test and
are indicated by asterisks (** =p<0.01, *=p<0.05).
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Xenopus plasma: Anti-fibrinogen f3 -peptide western blots
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Figure 1 Process flow for the development of novel protein biomarker candidates. ‘Numbers of analytes’ refers to the number of proteins expected to be
evaluated as candidate biomarkers in each phase of development. ‘Numbers of samples’ refers to the sample requirements for each phase. LC-MS/MS, liquid
chromatography tandem mass spectrometry; 51D, stable isotope dilution; MEM, multiple reaction monitoring.
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Conclusions

@ A toxicoproteomic strategy has been established to identify biomarker
candidates under various exposure regimes in different species

@ Higher identification success rates are obtained in species with better
genomic coverage (e.g. X. laevis > carp > cod)

@ Proteome changes linked to annotated databases and Gene Ontology
terms may help elucidates toxicological mechanisms and modes of
action

@1n general, responses specific to a single chemical are interesting as
biomarker candidates, however suites of biomarkers may prove more
informative in field studies targeting emerging pollutants - e.g. applied
in protein/antibody arrays
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