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Abstract: Proteomic technologies the important tools in post-genome era have greatly promoted the development
of aquatic toxicology. This review was dedicated to the recent development and application of proteomic technologies
in aquatic toxicology. The development of proteomic research methods were fully introduced in terms of protein ex—
traction separation identification and quantification which especially focused on the introduction and comparison
of gel-based and gel-ree proteomic techniques as the main two protein separation and identification methods. The
application of proteomic technologies in aquatic toxicology were summarized in details from the perspectives of iden—
tification and quantification of proteins functional modifications of proteins and protein-protein interactions such
as studies on toxicological mechanism of water pollutants and the monitoring and evaluation of water pollution. Fi-
nally problems of present proteomic research were pointed out and suggestions were accordingly given for future

proteomic studies in aquatic toxicology.
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1
Table 1  Application of proteomic technologies in aquatic toxicology research
a b
1 ( tropomyosin)
( Chamaelea gallina) NEEN 2-DE-MALDI-TOF MS;
1 ( light chain of myosin) 42
N 2-DE-ESI MS/MS
Tl ( actin)
! ( actin)
( Mytilus edulis) ’ 2-DE-MALDI-TOF MS; 1 ( fructose-bisphosphate aldolase) 5
’ 2-DE-AL.C/MS/MS 1 ( malate dehydrogenase)
1 ( heavy metal binding protein)
i 1( hydroxyacid oxidase 1
( Mytilus edulis) (h Y )
DIGE-MALDI-TOF MS; | ( tubulin)
DAP.PBDE47.BPA 9
DIGE-ESI-MS/MS il ( alcohol dehydrogenase)
1 ( catalase)
( Chironomus ripari— s ( S-adenosylmethionine decarboxylase)
us) 2-DE-MALDI-TOF MS 1 ( aminotransferase) 44
— 0- ( O-methyltransferase)
Tl S ( glutathione S-transferase)
( Eriocheir ! o a-tubulin)
2-DE-ESI-Q-TOF MS/MS 45
sinensis) ! 23( calcium-binding protein 23)
1 ( protein disulfide isomerase)
1 ( creatine kinase)
(' Paralichthys 1 ( transcriptional regulator)
2-DE-MALDI-TOF MS 46
olivaceus) ) ( dehydrogenase)
i ( transferring)
1 70 HSPAS ( heat shock protein 70
kDa protein 5)
( Danio rerio) 1 GP96( chaperone protein GP96)
TBBPA DIGE-MALDI-TOF MS/MS 47
! B( B -actin)
! ( betaine homocysteine
methyltransferase)
1 7A1( aldehyde dehydrogenase 7A1)
Xenopus 4 rolyl 4-hydroxylase
( P DIGE-LC-ESI-MS/MS f Bl proly yerow 2 48
laevis) Aroclor 1254 ! al( actin al)
! la  ( tropomyosind a chain)
il ( peroxiredoxin 6) ( &)
T« ( alpha-enolase 1) ( ?)
( Danio rerio) 2-DE-MALDI-TOF MS 49
( BFRs) ! ( transketolase) ( @)
! 1( iron regulatory protein 1) ( Q)
1 ( methyltransferase)
Oryzias latipes 1 transmembrane 4
(Ory pes) MC-R 2-DE-ESIqTOF ( ) 50
1 A1( apolipoprotein Al)
1 ( ferritin)
1 PO( acidic ribosomal phosphoprotein PO)
( Oryzias latipes) 2-DE-MALDI-TOF/
MC-LR 1 ( phenylalanine hydroxylase) 51
ESI<TOF
1 ( enolase)
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( Gobiocypris

rarus)

PFOA 2-DE-MALDI-TOF/TOF-MS

( fatty acid binding protein) ( &)
( peroxiredoxin) ( &)
B( methionine sulfoxide reductase B) ( @)
1( glutathione peroxidase 1) ( &)
( ATP synthase) ( &)
( regucalcin) ( @)
( phenylalanine hydroxylase) ( ?)

ATP

2

( Ictalurus puncta—

tus)

2-DE-MALDI-TOF MS/MS

( E. ictaluri)

ll<—<—<—<—4>4>4>

90-3( heat shock protein 0-beta) ( 2h )
( fructosed 6-bisphosphatasel dike pro—
2h )
( glyceraldehyde-3-phosphate dehydrogenase)
( 6h )
ATP B

( ATP synthase beta subunit) ( 6h )

53

( Ruditapes decus—
sates)

(G) . (D)

2-DE-LC/ESI/MS/MS

1
!

(‘actin) ( G)
GDP (Rab GDP dissociation inhibitor alpha) ( G)

(actin adductor muscle) ( D)

54

( Pimephales

promelas)

( 17B-trenbolone)

2DH.C-MS/MS( iTRAQ)
( flutamide)

'
'
!

(aldolase b  fructose-bisphosphate)
a  ( hemoglobin alpha chain)
( betaine homocysteine
methyltransferase)

1b( triosephosphate isomerase 1b)

55

( Huso huso)

2-DE-MALDI-TOF/TOF-MS

— o |

70-2( stress protein HSP70-2)
8( keratin 8)
A (chain A

crystal structure of

bovine brain)

56

( Danio rerio)

HBCD( H) .
TBBPA( T)

2-DE-MALDI-TOF/LC+THCR

2b( aldehyde dehydrogenase 2b) ( H)
2( eucaryotic translation elongation
factor 2) ( H)
( transketolase) ( T)
70 HSPA8( HSP 70 protein 8) ( T)
( transaldolase 1) ( H + T)
0 HSP 70 9B( HSP 70 9B protein) ( H +T)

57

( Paralichthys

olivaceus)

2-DE-MALDI-TOF-MS

( sulfotransferase family)
ATP ( ABC transporter ATP-binding protein)

10( keratin 10)

58

( Takifugu

ru—

bripes)

2-DE-MALDI-TOF/TOF-MS

( telomerase reverse transcriptase)
4( SMC4 protein)

10( mitogen-activated protein kinase 10)

59

( Oryzias latipes)

MC-LR 2-DELC-MS/MS

S > o [ — | — — — —

A4( protein disulfide isomerase A4)
70 HSPAS5 ( heat shock protein 70
kDa protein 5)

ATP d ( ATP synthase mitochondrial d subunit)

( Micropterus

salmoides)

N N

2-DE-MALDI-

( toxaphene)
TOF/TOF-MS

ATZ.PCB 126

< — < P «—

C ( receptor of activated protein kinase C)
( myosin light chain alkali)
( phosphoglycerate kinase)

B( fructose bisphosphate aldolase B)

61
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b

1 2( peroxiredoxin 2)
( Danio rerio) 2-DE-MALDI- 1 4( retinol binding protein 4)
PFOS 62
TOF/TOF-MS ! 72( NDPK-22)
} gamma MX( crystallin gamma MX)
1 4( annexin 4)
( Danio rerio) il ( superoxide dismutase)
MCHR 2-DE-MALDI-TOF /TOF-MS 63
! ( pyruvate kinase)
} 2- A 1( 2-hydroxyacyl-CoA lyase 1)
1 ( pyridoxal kinase)
( Gadus
2-DE-MALDI-TOF MS/MS 1 G (G protein) 64
morhua)
1 1( protein phosphatase 1)
il ( chloroplast peroxiredoxin)
Scytosiphon gra— cytosolic phosphomannomutase
( Scptasiphon £ 2-DELC/MS/MS ! (o prosp ) 65
cilis) 13- ( cytosolic glyceraldehyde-3 phosphate
dehydrogenase)
! ATP ( mitochondrial ATP synthase)
( Gobiocypris 1 ( fructose 6-bisphosphatase)
PCP 2-DE-MALDI-TOF/TOF-MS 66
rarus) 11 ( glutathione peroxidase)
, 1 ( liver-basic fatty acid binding protein)
{—Takifugn—Tu=
il ER-60( protein disulfide isomerase ER—
bripes) 2-DE-MALDI-TOF /TOF-MS 67
60) | D1( cyclin D1)
| ATP ( ATP synthase)
( Pimephales ! B4 ( lactate dehydrogenase B4)
EE2 2D-4.C-MS/MS( iTRAQ) 68
promelas) il ( microtubule-associated protein tau)
il ( astrocytic phosphoprotein)
( Bugula neriti— il (' mitochondrial peptidase)
na) 2-DE-MALDI-TOF-MS 1 70( HSP70) 69
} ( reticulocalbin)
( A(,ipc“ (S}
1 ( valosin containing protein) ( GS)
medirostris ~ GS)
2-DE-MALDI- 1 ( creatine kinase) ( GS)
( Acipenser 70
TOF/TOF-MS 1 408 (40S ribosomal protein Sa) ( WS)
transmontanus ~ WS) S .
I ( protein disulfide isomerase) ( WS)
1 Al( apolipoprotein A
polipop.
( Sparus aurata)
DIGE-MALDI/LC-MS/MS | B ( beta-globin) 71
( ivermectin)
| ATP B ( ATP synthase subunit beta)
1 ~ubulin
( Haliotis diversi— B (e )
1 70( HSP 70)
color supertexta) DAP.BPA 2-DE-MALDI-TOF /TOF-MS 72
1 ( thioredoxin peroxidase)
1 ( aldehyde dehydrogenase)
1 2( peroxiredoxin 2)
( Sparus latus) 1 A3 ( disulfide-isomerase A3 precursor)
MP 2-DE-MALDI-TOF /TOF-MS 73
1 1( actin cytoplasmic 1)
! ( phenylalanine hydroxylase)
1 1( phosphoglucomutase 1)
1 B( cathepsin B)
( Cottus gobio)
DIGE-LC-MS/MS 16— ( 6-phosphogluconate dehydrogenase 74

decarboxylating)

! ( phosphoglycerate kinase)
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b

1 ( shikimate kinase)
( Patinopecten yes— 1 ( transcriptional regulators)
2-DE-MALDI-TOF MS/MS 75
soensis) | DNA RNA o  ( DNA-directed RNA poly—
merase alpha chain)
13- ( glyceraldehyde-3 -phosphate dehydro—
( Hyalella az— genase) ( &)
teca) ATZ.DEA 2-DE-MALDI-TOF MS/MS 1 1( hemocyanin subunit 1) ( &) 76
! VI ( alcohol dehydrogenase class VI) ( Q)
! b( creatine kinase isoform b) ( @)
1 B( lamin type B)
Oryzias latipes al roteasome alpha 1 subunit
(Ory pes) 2-DE-MALDI-TOF/TOF-MS ! (p P : 77
N i El al ( pyruvate dehydrogenase E1
component subunit alpha somatic form mitochondrial)
1 A ( Acyl-CoA binding protein)
Yy g P
( Oryzias latipes)
MC-LR iTRAQ 1 « ( globin o adult) 78
! (FAH)
1 70 HSPA9( heat shock 70 kDa protein 9)
( Danio rerio) il 2a af protein phosphatase 2a  cata—
MCHR 2-DE-MALDI-TOF /TOF-MS 78
lytic subunit «)
( Mytilus—satlo la ( a—tubulin)
! (actin) (C G)
provincialis M) ( Cylindro
1 ATP B ( ATP synthase subunit beta) (C D)
( Corbicula fluminea  spermopsis racibor 2-DE-MALDI-TOF MS/MS 80
! o (tubulin alpha chain) (M G)
C) skii)
L B ( B-actin) (M D)
1A )
a 1 ATZ atrazine ; BPA bisphenol-A A; DAP diallyl phthalate i DEA desethylatrazine

; E2 17 B-estradiol 178

MC-LR MCHeucine-arginine

47; PCB 126 polychlorinated biphenyl426

; PFOS perfluorooctane sulfonate

—

: ABC ATP-binding cassette ATP
; GDP guanosine diphosphate

; EE2 17 a-ethinylestradiol 17«
- - ; MP methyl parathion

; HBCD hexabromocyclododecane

; PCP pentachlorophenol ; PFOA perfluorooctanoic acid

; TBBPA tetrabromobisphenol-A Ao

°

; ATP  adenosine triphosphate
; HSP heat shock protein

i1

; FAH fumarylacetoacetate hydrolase

; SMC4 structural maintenance of chromosomes protein 4 4.

2.2

o Wang

5 68 iTRAQ

°

63

MCLR

MC4HR
o Martyniuk

( Pimephales promelas)

45 77

; PBDE47 polybrominated diphenyl ethers47

; NDPK nucleoside diphosphate kinase

’
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o 2-DE-MALDI-TOF-
MS
o ( Domingo Rubio)
( Carcinus maenas)
( 2). 2000  Knigge w2
( surface-en—
hanced laser desorption/ionization time-of-flight mass
spectrometry  SELDI-TOF-MS)
( Mytilus edulis)

2

Table 2 Information of field experiments in proteome research

a

( Pro- ( Dofiana)
cambarus clarki- 8 2-DE 35 87
a)
1 7( ATF7  cAMP-de-
( Domingo
pendent transcription factor)
( Car— Rubio) 2-DE-MALDI
| ABC G ( ABC trans— 88
cinus maenas) -TOF-MS
porter G family protein)
! ( aldehyde dehydrogenase)
- 1
( Scrobicular—
2-DE-MALDI ( HGPRT)
ia plana) ( Guadalquivir estuary) 3 89
5.45 cm -TOF-MS 13- ( glyceralde—
hyde-3 -phosphate dehydrogenase)
16
( Mytilus SELDI-
; 19 90
edulis) TOF MS
1 B( cathepsin B)
( Gothen— 1 S ( glutathione-S—
( Mytilus LC/2-DE-
5 cm  burg harbor) transferase) 10
edulis) ESI-MS/MS
} ( fascindike protein)
} ( aldehyde dehydrogenase)
L'V ATP B ( V-type ATPase
subunit
( Mi- ( Shenan— B )
2-DE-MALDI ! B ( triosephosphate
cropterus  dolo— doah River) 91
-TOF-MS isomerase B)
mieu)
| ATP B ( mitochondrial ATP
synthase B-subunit)
1 ( betaine aldehyde
dehydrogenase)
1 ( lactate dehydrogenase)
( On-
il ATP a ( mitochon—
corhynchus 2-DEFTHCR MS 92
drial ATP synthase alpha-subunit)
mykiss)
1 /20B-

( carbonyl  reductase /208-hydroxyste—

roid dehydrogenase)




1 ( glutathione
peroxidase)

2-DE-MALDI-TOF 1 | ( liver basic fatty 93

( Carassius

auratus)
acid-binding protein)

Tl H3( ferritin H3)

a 1 ! U

°

: ABC ATP - binding cassette ATP s ATF activating transcription factor ; ATP  adenosine triphosphate
; cAMP cyclic adenosine monophosphate ; HGPRT hypoxanthine — guanine phosphoribosyltransferase
( Chironomus (6)
riparius) ** . ( Scytosiphon gracilis)

( Geobacter metallireducens)

AF  affinity chromatography;
2-DE two dimensional electrophoresis;
DIGE differential in gel electrophoresis;
2D-.C-MS  two dimensional liquid chromatography coupled to mass spec—
trometry; -
ESI electrospray ionization;
FTACR Fourier transform-ion cyclotron resonance mass spectrometry;
N ICAT isotope coded affinity tag;

iTRAQ isotope tags for relative and absolute quantitation;

LC liquid chromatography;
LC" multidimensional liquid chromatography;

( 4) LC-MS liquid chromatography coupled to mass spectrometry; -

o LCMS/MS  liquid chromatography coupled to tandem mass spectrome—
(5 w -
LC"-MS multidimensional liquid chromatography coupled to mass spec—
trometry; -

MALDI matrix assisted laser desorption ionization;

° MS mass spectrometry,;
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MS/MS tandem mass spectrometry;

MudPIT  multidimensional protein identification technology;

m/z mass to charge ratio;

RP  reverse phase chromatography;

SCX  strong cation-exchange chromatography;

SEC  size exclusion chromatography;

SELDI-TOF-MS  surface-enhanced laser desorption/ionization time-of—
flight mass spectrometry;

SILAC stable isotope labeling with amino acids in cell culture;

TOF  time-of{light;
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