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    Abstract     The zebrafi sh ( Danio rerio ) is frequently being used to investigate the 
genetics of human diseases as well as resulting pathologies. Ease of both forward 
and reverse genetic manipulation along with conservation of vertebrate organ sys-
tems and disease causing genes has made this system a popular model. Many tech-
niques have been developed to manipulate the genome of zebrafi sh producing 
mutants in a vast array of genes. While genetic manipulation of zebrafi sh has pro-
gressed, proteomics have been under-utilized. This review highlights studies that 
have already been performed using proteomic techniques and as well as our initial 
proteomic work comparing changes to the proteome between the  ascl1a −/− and 
WT intestine.  

  Abbreviations 

   CID    Collision-induced dissociation   
  ESI-MS    Electrospray ionization mass spectrometry   
  LC-MS/MS    Liquid chromatography mass spectrometry   
   m / z     Mass/charge   
  MALDI-MS    MALDI mass spectrometry   
  MS    Mass spectrometry   
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  Mw    Molecular weight   
  SDS-PAGE    Sodium dodecyl sulfate-polyacrylamide gel electrophoresis   
  TIC    Total ion current/chromatogram   

15.1           Introduction 

 Initially, the zebrafi sh model system was used extensively for investigations in early 
vertebrate development due to the ease of genetically manipulation [ 1 ]. In recent 
years, investigations utilizing zebrafi sh have expanded into organ development [ 2 – 6 ], 
disease modeling [ 7 ,  8 ], and toxicology [ 9 ]. Similarity of zebrafi sh in genetic identity 
to humans combined with homologous organ systems has demonstrated the usefulness 
of zebrafi sh as a model system for using the model system for investigation of numer-
ous human diseases and disorders [ 10 ,  11 ]. Other features such as small size, produc-
tion of high number of externally developing embryos, optical clarity of embryos, and 
fast embryogenesis make zebrafi sh attractive for studying these diseases. 

 During this time, the number of genetic tools has increased dramatically which is 
complemented by the sequencing and annotation of the zebrafi sh genome [ 12 ]. 
Currently, there are techniques involving both forward and reverse genetics that have 
increased the usefulness of the zebrafi sh system. One of the now classic approaches is 
random generation of point mutations utilizing  N -ethyl- N -nitrosourea (ENU). In the 
mid 1990s, two large-scale ENU screens were performed which highlighted the abil-
ity of this vertebrate to be screened for novel mutations, which replicate defects in 
human diseases and disorders [ 13 ]. Since then there have been many additional for-
ward genetic ENU screens including novel screens such as looking for genes that have 
a maternal effect on development of the embryo [ 14 ,  15 ]. These forward genetic 
screens are now being complemented by the Zebrafi sh Mutation Project that aims to 
make mutations in each gene within the zebrafi sh genome using TILLING (targeting 
induced local lesions in genomes) methods [ 16 ,  17 ], which have currently generated 
mutants in 46 % of the zebrafi sh protein coding genes [ 10 ]. In addition to TILLING 
mutations in the zebrafi sh genome are also created by transcription activator-like 
effector nucleases (TALENs) [ 18 ] and the CRISPR-Cas system [ 19 ], which can be 
targeted to individual genes to create double strand breaks in the DNA. Double strand 
breaks are then repaired inaccurately by the non-homologous end joining repair 
(NHEJ) system to create a variety of mutations at the break site. 

 Compared to development of genetic tools, proteomic analysis has not been an 
extensively utilized technique in the zebrafi sh system. Proteomic analysis can iden-
tify changes in structural and enzymatic content of organs modifi ed by disease 
states, genetic changes, and differences over a developmental time course [ 20 – 29 ]. 
Thus proteomics can complement current methods of genetic modifi cation to the 
zebrafi sh system and add another tool kit to the analysis. Already, a variety of meth-
ods have been applied to analyze the changes in the zebrafi sh proteome. Here we 
will review some of the ways that mass spectrometry (MS) is being used to investi-
gate zebrafi sh proteomics and then provide an example of preliminary MS analysis 
that we have begun to compare differences in protein expression between wild type 
and mutant zebrafi sh embryos.  
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15.2     Experimental Design 

  ascl1a −/− embryos and WT siblings were grown to 5dpf. Intestines from mutants 
and WT were dissected into T-PERTissue Protein Extraction Reagent (Pierce) with 
Halt Protease Inhibitor Cocktail and EDTA (Pierce) with double the recommended 
concentration in order to prevent protein degradation. Whole protein extract was run 
on an 8 % SDS-PAGE gel and stained with Coomassie. In-gel trypsin digestion was 
performed on excised bands according to published procedures [ 30 – 32 ]. Samples 
were prepared for MS analysis and run on a nanoliquid chromatography tandem MS 
(nanoLC-MS/MS) using a NanoAcquity UPLC coupled to a QTOF Micro mass 
spectrometer (both from Waters Corp.). Raw data was processed using a ProteinLynx 
Global Server (PLGS version 2.5 from Waters Corp.) and the resulting pkl fi les 
were submitted to Mascot database search and proteins were identifi ed using the 
UniProt database. This procedure is extensively described elsewhere [ 30 – 32 ].  

15.3     Modeling Disease 

 A number of proteomic studies have investigated changes between the healthy con-
ditions compared to the diseased state. In a study by Lu et al . , proteomic alterations 
of zebrafi sh gills to  Aeromonas hydrophila  bacterial infection are observed [ 33 ]. 
Here as would be expected, proteins regulating bacterial infection and host immu-
nity were unregulated. Also, proteins modulating increases in energy metabolism 
were up regulated along with cytoskeletal proteins. The latter may be needed due to 
increased phagosomes to begin clearing the infection. 

 In another study, Chen et al .  determined the proteomic response to hypoxia [ 34 ]. 
In this study, adult zebrafi sh were exposed to hypoxic conditions for 48 h followed 
by extraction and preparation of only white muscle. The hypoxic conditions resulted 
in an increase in glycolytic enzymes in skeletal muscle with down-regulation of aerobic 
ATP production. This study also found increases in glycolytic muscle fi bers and hemo-
globin alpha variants suggesting a relatively rapid shift to low oxygen conditions. 

 Hogl et al. used proteomic analysis of a zebrafi sh knockout BACE1 to identify 
additional membrane targets of the enzyme [ 35 ]. BACE1 cleaves the amyloid precur-
sor protein and is therefore a drug target for Alzheimer’s disease. In the BACE1 
knockout proteomic analysis, the majority of proteins were unaltered but a group of 24 
intrinsic membrane proteins accumulated suggesting that they were no longer cleaved. 
Further analysis of identifi ed substrates can determine whether reducing the activity of 
BACE1 into combat Alzheimer’s disease will result in additional complications. 

 Fleming et al. utilized proteomics to help determine the timing of when the 
blood–brain barrier develops [ 36 ]. Exclusion of the drug from the head but not the 
body suggests development of a functional barrier between the blood and brain. 
Lack of drug accumulation in the head coupled with functional studies suggests that 
the blood–brain barrier matures between 8 and 10 days post fertilization (dpf). 
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While this investigation primarily identifi es the timing of a developmental event, 
the same assay might be used to characterize breakdown of the blood–brain barrier 
during a disease process.  

15.4     Comparative Proteomics 

 Proteomics can also take advantage of the changes between zebrafi sh developmental 
time points and even between different species to identify proteins that may be critical 
for initiating these changes. For example, sex determination within zebrafi sh is not 
strictly due to chromosomal inheritance. Groh et al. has used proteomic analysis to 
compare differences in protein composition between the testis and the ovary. Initially 
a global shotgun approach to generate an overall list of differential proteins was pro-
duced [ 37 ]. Once differentially expressed proteins were identifi ed, these investigators 
utilized the selected reaction monitoring (SRM) technique coupled with representa-
tional difference analysis (RDA) to more reliably detect low abundance proteins that 
are likely to be important in determination of either the testis or the ovary [ 38 ]. 

 Lin et al. have used proteomics to identify    evolutionary changes in the crystallins 
between sighted fi sh such as zebrafi sh and compare loss of diversity in these pro-
teins to loss of diversity in nocturnal rice eel and walking catfi sh [ 39 ]. Both rice eel 
and walking catfi sh have degenerative eyes. Here the number of overall proteins is 
limited by only including the lens in this shotgun proteomic approach. While there 
are a number of lens proteins, a number of other high abundance proteins are 
excluded by selective tissue acquisition. This approach identifi es the loss of alpha- 
crystallin in the rice eel, which may function as a chaperone protein preventing 
aggregation of the other crytallins.  

15.5     Changes to Protein Function 

 As in other systems antibodies to specifi c proteins can be immunoprecipitated and 
MS can be performed on the resulting pull-down proteins [ 40 ]. With this method, 
interacting proteins can be identifi ed as well as modifi cations to the target and asso-
ciated proteins. Within the zebrafi sh system there has been a lack of good and reli-
able antibodies to specifi c proteins. Many of the antibodies used in the zebrafi sh 
system are specifi c to proteins from other systems and cross-reacting with their 
homologous zebrafi sh counterparts. 

 The lack of zebrafi sh-specifi c antibodies has severely limited the identifi cation of 
interacting proteins by immunoprecipitation. Defl orian et al. however, has generated 
a host of antibodies that were then screened for unique non-overlapping patterns [ 41 ]. 
From the numerous antibodies generated, 9 monoclonal antibodies were selected due 
to interesting expression patterns while one was used for immunoprecipitation. The 
protein was then identifi ed    by mass spectroscopy and found to be vitellogenin 1. Even 
though this screening method is labor intensive, it would produce a number of good 
antibodies to identify interacting proteins by immunoprecipitation. 
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 Even when an appropriate zebrafi sh antibody is not present, the protein can be 
expressed with a FLAG tag in order to immunoprecipitate the protein [ 42 ]. 
Alternatively, Taskinen et al. expressed and purifi ed a new avidin protein in  E. coli  
to identify their native state. Here, MS demonstrated that the protein strongly binds 
biotin but the oligomeric state is unstable at low ionic strength [ 43 ].  

15.6     Comparison of  ascl1a −/− to WT Embryos 

 We have previously shown that  ascl1a −/− embryos fail to develop intestinal epithe-
lial secretory cells and only differentiate about 10 % of the normal number of enteric 
neurons by the end of embryogenesis [ 44 ]. While the Notch signaling pathway 
appears to play a role in formation of the intestinal secretory cells, the reason for 
failure of enteric neural differentiation is less clear. Mis-expressed proteins within 
the  ascl1a −/− mutants may provide information about what cellular processes are 
affected. We have therefore begun to use a shotgun proteomic approach to identify 
mis-expressed proteins. 

 In order to limit the tissue involved in the analysis, we have dissected and pooled 
intestines from both  ascl1a −/− and WT embryos at 5 dpf (workfl ow summary 
Fig.  15.1 ). Analysis of these extracts by SDS-PAGE demonstrates striking 
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  Fig. 15.1    Workfl ow for comparison of WT and mutant embryos. Intestinal lysates for both WT 
and mutant embryos 5 dpf embryos are prepared and run on SDS-PAGE gels followed by nanoliq-
uid chromatography tandem MS (nanoLC-MS/MS) using a NanoAcquity UPLC coupled to a 
QTOF Micro mass spectrometer (both from Waters Corp.). Raw data is processed using a 
ProteinLynx Global Server (PLGS version 2.5 from Waters Corp.) and the resulting pkl fi les are 
submitted to Mascot database search and proteins are identifi ed using the UniProt database. 
Proteins mis-regulated in mutant embryos are then verifi ed by whole mount immunohistochemis-
try, western, or quantitative PCR       
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differences between WT and  ascl1a −/− embryos (Fig.  15.2 ). In-gel tryptic digestion 
and nanoLC-MS/MS analysis identifi ed a series of proteins that were specifi c to (or 
more abundant in) WT or  ascl1a −/− embryos. An example of such a differentially 
expressed protein is Flotilin-2a (Fig.  15.3 ), a protein found in WT but not in the 
 ascl1a −/− embryos.

     Further comparison of alteration, increase or decrease of the levels of proteins 
and their post-translational modifi cations such as phosphorylation of acetylation 
between  ascl1a −/− and WT embryos will likely suggest mechanisms for the lack of 
differentiated enteric neurons.  

15.7     Conclusions and Perspectives 

 While proteomic analysis in the zebrafi sh system has still seen limited applications, 
there have been a number of promising investigations. As proteomics becomes 
more frequently utilized in the zebrafi sh system, it is likely to confi rm predictions 
based on mRNA expression. These approaches may also reveal surprising differ-
ences in protein expression that would not be predicted at the mRNA expression 
level. Proteomics can give more of a global picture of structural and enzymatic 
changes due to alterations in either the genome or the disease state that is not pos-
sible by mRNA expression alone. 

 While proteomic techniques will not replace genetic approaches, these tech-
niques promise to be a valuable complement. After shotgun proteomic analysis are 
completed, refi ned predictions for what proteins are important can be made and 
these and other less abundant proteins can be targeted in future experiments. One 
approach might be to refi ne the input cells using a genetic approach. For example, 
the relative ease with which transgenic fi sh can be produced has increased dramati-
cally in the past few years. This coupled with increased annotation of the genome 
increases the ability to create fi sh with specifi c cells labeled by fl uorescent proteins. 
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  Fig. 15.2    Comparison of 
WT and  ascl1a −/− 5 dpf 
intestine protein extract. ( A ) 
Molecular mass standards (in 
kDa). ( B ) WT intestinal 
protein extract. ( C )  ascl1a −/− 
protein extract       
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Specifi c cell types from fl uorescently labeled lines can then be isolated by 
Fluorescent Activated Cell sorting    (FACs). Homogenous pools of cells can then be 
obtained for use in proteomic analysis. This will lessen the content of extraneous 
protein to add in detection of more low abundance proteins. Lessening unwanted 
proteins and other MS techniques to increase detection of low abundance proteins 
will continue to make proteomics a valuable tool for the zebrafi sh system.     
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  Fig. 15.3    Identifi cation of a protein unique to  ascl1a −/− mutants. NanoLC-MS/MS analysis led 
to identifi cation of a doubly charged precursor peak with mass to charge ratio ( m / z ) of 457.23 (MS 
mode). Selection of this precursor peak for fragmentation by MS/MS (MS/MS mode) produced a 
series of fragment b and y ions, whose analysis led to identifi cation of a peptide with the amino 
acid sequence EVAAPDVGR, which was part of the protein Flotillin-2a. This protein was found in 
the protein extract from WT but absent in  ascl1a −/− 5 dpf intestine       

 

15 Mass Spectrometry for Proteomics-Based Investigation Using the Zebrafi sh…



338

   References 

    1.    Nusslein-Volhard C (1994) Of fl ies and fi shes. Science 266:572–574  
    2.    Schmidt R, Strahle U, Scholpp S (2013) Neurogenesis in zebrafi sh—from embryo to adult. 

Neural Dev 8:3  
   3.    Wallace KN, Akhter S, Smith EM, Lorent K, Pack M (2005) Intestinal growth and differentia-

tion in zebrafi sh. Mech Dev 122:157–173  
   4.    Wallace KN, Dolan AC, Seiler C, Smith EM, Yusuff S, Chaille-Arnold L, Judson B, Sierk R, 

Yengo C, Sweeney HL, Pack M (2005) Mutation of smooth muscle myosin causes epithelial 
invasion and cystic expansion of the zebrafi sh intestine. Dev Cell 8:717–726  

   5.    Wallace KN, Pack M (2003) Unique and conserved aspects of gut development in zebrafi sh. 
Dev Biol 255:12–29  

    6.    Olden T, Akhtar T, Beckman SA, Wallace KN (2008) Differentiation of the zebrafi sh enteric 
nervous system and intestinal smooth muscle. Genesis 46:484–498  

    7.    Bakkers J (2011) Zebrafi sh as a model to study cardiac development and human cardiac dis-
ease. Cardiovasc Res 91:279–288  

    8.    Santoriello C, Zon LI (2012) Hooked! Modeling human disease in zebrafi sh. J Clin Invest 
122:2337–2343  

    9.      Silvana A, Mihaela G, Özel RE, Kenneth NW (2011) Methodologies for toxicity monitoring 
and nanotechnology risk assessment. In: Biotechnology and nanotechnology risk assessment: 
minding and managing the potential threats around us. American Chemical Society, 
Washington, pp 141–180  

     10.    Seth A, Stemple DL, Barroso I (2013) The emerging use of zebrafi sh to model metabolic dis-
ease. Dis Model Mech 6:1080–1088  

    11.    Sadler KC, Rawls JF, Farber SA (2013) Getting the inside tract: new frontiers in zebrafi sh 
digestive system biology. Zebrafi sh 10:129–131  

    12.    Harrow JL, Steward CA, Frankish A, Gilbert JG, Gonzalez JM, Loveland JE, Mudge J, 
Sheppard D, Thomas M, Trevanion S, Wilming LG (2014) The Vertebrate Genome Annotation 
browser 10 years on. Nucleic Acids Res 42:D771–D779  

    13.    Driever W, Solnica-Krezel L, Schier AF, Neuhauss SC, Malicki J, Stemple DL, Stainier DY, 
Zwartkruis F, Abdelilah S, Rangini Z, Belak J, Boggs C (1996) A genetic screen for mutations 
affecting embryogenesis in zebrafi sh. Development 123:37–46  

    14.    Dosch R, Wagner DS, Mintzer KA, Runke G, Wiemelt AP, Mullins MC (2004) Maternal 
 control of vertebrate development before the midblastula transition: mutants from the zebrafi sh 
I. Dev Cell 6:771–780  

    15.    Wagner DS, Dosch R, Mintzer KA, Wiemelt AP, Mullins MC (2004) Maternal control of 
development at the midblastula transition and beyond: mutants from the zebrafi sh II. Dev Cell 
6:781–790  

    16.    Kettleborough RN, Bruijn E, Eeden F, Cuppen E, Stemple DL (2011) High-throughput target- 
selected gene inactivation in zebrafi sh. Methods Cell Biol 104:121–127  

    17.    Kettleborough RN, Busch-Nentwich EM, Harvey SA, Dooley CM, de Bruijn E, van Eeden F, 
Sealy I, White RJ, Herd C, Nijman IJ, Fenyes F, Mehroke S, Scahill C, Gibbons R, Wali N, 
Carruthers S, Hall A, Yen J, Cuppen E, Stemple DL (2013) A systematic genome-wide analy-
sis of zebrafi sh protein-coding gene function. Nature 496:494–497  

    18.    Sander JD, Cade L, Khayter C, Reyon D, Peterson RT, Joung JK, Yeh JR (2011) Targeted 
gene disruption in somatic zebrafi sh cells using engineered TALENs. Nat Biotechnol 29: 
697–698  

    19.    Hwang WY, Fu Y, Reyon D, Maeder ML, Tsai SQ, Sander JD, Peterson RT, Yeh JR, Joung JK 
(2013) Effi cient genome editing in zebrafi sh using a CRISPR-Cas system. Nat Biotechnol 
31:227–229  

    20.    Darie CC, Shetty V, Spellman DS, Zhang G, Xu C, Cardasis HL, Blais S, Fenyo D, Neubert 
TA (2008) Blue Native PAGE and mass spectrometry analysis of the ephrin stimulation- 
dependent protein-protein interactions in NG108-EphB2 cells. Springer, Düsseldorf  

R. Baral et al.



339

   21.    Darie CC, Litscher ES, Wassarman PM (2008) Structure, processing, and polymerization of 
rainbow trout egg vitelline envelope proteins. Springer, Düsseldorf  

   22.    Darie CC (2013) Mass spectrometry and its application in life sciences. Aust J Chem 66:1–2  
   23.    Ngounou Wetie AG, Sokolowska I, Woods AG, Darie CC (2013) Identifi cation of post- 

translational modifi cations by mass spectrometry. Aust J Chem 66:734–748  
   24.    Ngounou Wetie AG, Sokolowska I, Woods AG, Roy U, Deinhardt K, Darie CC (2014) Protein- 

protein interactions: switch from classical methods to proteomics and bioinformatics-based 
approaches. Cell Mol Life Sci 71(2):205–228  

   25.    Ngounou Wetie AG, Sokolowska I, Woods AG, Roy U, Loo JA, Darie CC (2013) Investigation 
of stable and transient protein-protein interactions: Past, present, and future. Proteomics 
13(3–4):538–557  

   26.    Ngounou Wetie AG, Sokolowska I, Woods AG, Wormwood KL, Dao S, Patel S, Clarkson BD, 
Darie CC (2013) Automated mass spectrometry-based functional assay for the routine analysis 
of the secretome. J Lab Autom 18:19–29  

   27.    Sokolowska I, Ngounou Wetie AG, Woods AG, Darie CC (2012) Automatic determination of 
disulfi de bridges in proteins. J Lab Autom 17:408–416  

   28.    Sokolowska I, Ngounou Wetie AG, Woods AG, Darie CC (2013) Applications of mass spec-
trometry in proteomics. Aust J Chem 66:721–733  

    29.    Woods AG, Sokolowska I, Yakubu R, Butkiewicz M, LaFleur M, Talbot C, Darie CC (2011) 
Blue native page and mass spectrometry as an approach for the investigation of stable and 
transient protein-protein interactions. In: Andreescu S, Hepel M (eds) Oxidative stress: diag-
nostics, prevention, and therapy. American Chemical Society, Washington  

     30.    Petrareanu C, Macovei A, Sokolowska I, Woods AG, Lazar C, Radu GL, Darie CC, Branza- 
Nichita N (2013) Comparative proteomics reveals novel components at the plasma membrane 
of differentiated HepaRG cells and different distribution in hepatocyte-and biliary-like cells. 
PLoS One 8:e71859  

   31.    Sokolowska I, Gawinowicz MA, Ngounou Wetie AG, Darie CC (2012) Disulfi de proteomics 
for identifi cation of extracellular or secreted proteins. Electrophoresis 33:2527–2536  

     32.    Sokolowska I, Ngounou Wetie AG, Roy U, Woods AG, Darie CC (2013) Mass spectrometry 
investigation of glycosylation on the NXS/T sites in recombinant glycoproteins. Biochim 
Biophys Acta 1834:1474–1483  

    33.    Lu A, Hu X, Wang Y, Shen X, Li X, Zhu A, Tian J, Ming Q, Feng Z (2014) iTRAQ analysis of 
gill proteins from the zebrafi sh (Danio rerio) infected with Aeromonas hydrophila. Fish 
Shellfi sh Immunol 36:229–239  

    34.    Chen K, Cole RB, Rees BB (2013) Hypoxia-induced changes in the zebrafi sh (Danio rerio) 
skeletal muscle proteome. J Proteomics 78:477–485  

    35.    Hogl S, van Bebber F, Dislich B, Kuhn PH, Haass C, Schmid B, Lichtenthaler SF (2013) 
Label-free quantitative analysis of the membrane proteome of Bace1 protease knock-out 
zebrafi sh brains. Proteomics 13:1519–1527  

    36.    Fleming A, Diekmann H, Goldsmith P (2013) Functional characterisation of the maturation of 
the blood-brain barrier in larval zebrafi sh. PLoS One 8:e77548  

    37.    Groh KJ, Nesatyy VJ, Segner H, Eggen RI, Suter MJ (2011) Global proteomics analysis of 
testis and ovary in adult zebrafi sh (Danio rerio). Fish Physiol Biochem 37:619–647  

    38.    Groh KJ, Schonenberger R, Eggen RI, Segner H, Suter MJ (2013) Analysis of protein expres-
sion in zebrafi sh during gonad differentiation by targeted proteomics. Gen Comp Endocrinol 
193:210–220  

    39.    Lin YR, Mok HK, Wu YH, Liang SS, Hsiao CC, Huang CH, Chiou SH (2013) Comparative 
proteomics analysis of degenerative eye lenses of nocturnal rice eel and catfi sh as compared to 
diurnal zebrafi sh. Mol Vis 19:623–637  

    40.    ten Have S, Boulon S, Ahmad Y, Lamond AI (2011) Mass spectrometry-based immuno- 
precipitation proteomics—the user’s guide. Proteomics 11:1153–1159  

    41.    Defl orian G, Cinquanta M, Beretta C, Venuto A, Santoriello C, Baldessari D, Pezzimenti F, 
Aliprandi M, Mione M, de Marco A (2009) Monoclonal antibodies isolated by large-scale 
screening are suitable for labeling adult zebrafi sh (Danio rerio) tissues and cell structures. 
J Immunol Methods 346:9–17  

15 Mass Spectrometry for Proteomics-Based Investigation Using the Zebrafi sh…



340

    42.    Jurynec MJ, Xia R, Mackrill JJ, Gunther D, Crawford T, Flanigan KM, Abramson JJ, Howard 
MT, Grunwald DJ (2008) Selenoprotein N is required for ryanodine receptor calcium release 
channel activity in human and zebrafi sh muscle. Proc Natl Acad Sci U S A 105: 
12485–12490  

    43.    Taskinen B, Zmurko J, Ojanen M, Kukkurainen S, Parthiban M, Maatta JA, Leppiniemi J, 
Janis J, Parikka M, Turpeinen H, Ramet M, Pesu M, Johnson MS, Kulomaa MS, Airenne TT, 
Hytonen VP (2013) Zebavidin—an avidin-like protein from zebrafi sh. PLoS One 8:e77207  

    44.    Roach G, Heath Wallace R, Cameron A, Emrah Ozel R, Hongay CF, Baral R, Andreescu S, 
Wallace KN (2013) Loss of ascl1a prevents secretory cell differentiation within the zebrafi sh 
intestinal epithelium resulting in a loss of distal intestinal motility. Dev Biol 376:171–186    

R. Baral et al.


	Chapter 15: Mass Spectrometry for Proteomics-Based Investigation Using the Zebrafish Vertebrate Model System
	15.1 Introduction
	15.2 Experimental Design
	15.3 Modeling Disease
	15.4 Comparative Proteomics
	15.5 Changes to Protein Function
	15.6 Comparison of ascl1a −/− to WT Embryos
	15.7 Conclusions and Perspectives
	References


