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Histological and morphometric evaluation 

Sample preparations and procedures for histology and morphometric analysis were conducted as 

described previously (Feitsma et al. 2007). The absolute weight contribution (in mg) to the total testis 

weight of each of the following testicular components was determined: type A spermatogonia, type B 

spermatogonia, primary spermatocytes, secondary spermatocytes, spermatids, spermatozoa, apoptotic 

germ cells, and others (including somatic cells, blood and lymphatic vessel, connective tissue, and empty 

spaces). While the cytological characteristics of the more advanced zebrafish germ cell stages 

(spermatocytes, spermatids, and spermatozoa) have been described recently (Feitsma et al. 2007), we 

differentiated here between type A and type B spermatogonia (see Leal et al. 2009, for a comprehensive 

description of the spermatogonial generations in zebrafish. Type A spermatogonia present a larger 

nucleus (~7 μm in diameter) with poorly condensed chromatin. Type B spermatogonia present a smaller 

nucleus (~5 μm in diameter) and an increased amount of heterochromatin distributed as flecks throughout 

the nucleus or associated with the nuclear envelope. Moreover, type B spermatogonia show less 

cytoplasm that stains darker with toluidine blue than type A spermatogonia. 

 

Preparation recombinant zebrafish Lh 

Recombinant zebrafish Lh was produced as a single-chain molecule by joining the Lh β subunit with its α 

subunit coding sequences using a Gly/Ser linker (GGGSGGGSGGGSGGG) coding sequence, ligated into 

a mammalian expression vector containing an N-terminal TEV-cleavable His tag (U-Protein Express BV, 

Utrecht, The Netherlands). The resulting plasmid was used for transient transfection of 1 L HEK293-

EBNA1 suspension cultures growing in Freestyle medium (0.02% v/v FCS; Invitrogen) (Marx et al. 

2008). Four hours post transfection 0.9% v/v Primatone (Kerry Biosciences, Naarden, The Netherlands) 



was added. Five days post transfection the medium was harvested by centrifugation, concentrated, and 

dialyzed into 20 mM Tris (pH 8.0), 500 mM NaCl using a Quickstand hollow fiber (GE Healthcare, 

Diegem, Belgium) with a 10 kDa molecular weight cut-off cartridge (GE Healthcare).The protein solution 

was then loaded onto a 1 ml HisTrap column (GE Healthcare) and eluted with a gradient of imidazole 

(Merck, Darmstadt, Germany). Peak fractions were analyzed using SDS PAGE and Western blotting 

(described below), and relevant fractions were pooled and dialyzed into 20 mM Tris (pH 7.5), 500 mM 

NaCl and loaded on a 2 ml Concanavalin-A Sepharose column (GE Healthcare). Elution was performed 

using a gradient of α-D-methyl mannopyranoside (Sigma-Aldrich). Peak fractions were analyzed by 

Western blotting, pooled, concentrated and loaded on a HiLoad 16/60 Superdex 200 pg column (GE 

Healthcare). 

After analysis, relevant fractions were pooled, dialyzed into PBS and concentrated for use. In pilot 

studies, different dilutions with basal medium (1/4 – 1/25) were tested for the steroid release capacity of 

this preparation (data not shown). A 1/10 dilution was found to half-maximally stimulate androgen 

release and was used for further studies. 

 

Western blot 

To verify expression of recombinant zebrafish Lh, Western blotting procedures with a commercially 

available His tag-specific monoclonal antibody (Novagen) were conducted, following the instructions of 

the manufacturer.  

For Cyp17a1 immunodetection, testes were homogenised in PBS (pH 7.4). After centrifugation of the 

homogenates (10,000 g, 15 min, 4°C), the S9 fraction was collected and the protein concentration was 

determined using a Bradford assay, with bovine serum albumin as standard. For the western-blot analysis, 

20 µg of S9 protein was electrophoresed using a SDS-PAGE system (Mini-Protean II; Bio-Rad, Marnes-

la-Coquette, France) on a 10% w/v acrylamide/bisacrylamide gel and Tris-glycine buffer (pH 8.3) as the 

running buffer. Pre-stained molecular weight markers (BioRad) were loaded on the gels that were either 

stained using Coomassie brilliant blue or blotted onto nitrocellulose membranes. Cyp17a1 protein was 



detected using a zebrafish Cyp17a1 antibody (Brion et al. in preparation) as primary antibody and goat 

anti-rabbit horseradish peroxidase-conjugated antibody as secondary antibody (BioRad). Visualization 

was achieved with an enhanced chemiluminescence detection kit (ECL; GE Healthcare). 

 

Immunohistochemistry 

Testis tissue samples from adult outbred fish were fixed overnight in 4% w/v paraformaldehyde in PBS 

(pH 7.4) at 4°C supplemented with 0.2% v/v picric acid (only for Cyp17a1 detection). For the detection 

of the phosphorylated form of histone H3 (PH3), a G2-phase marker present in cells about to proliferate, 

samples were dehydrated and embedded in paraffin and cut into 5 µm thick sections, according to 

conventional procedures. For Cyp17a1 detection, fixed tissue samples were briefly rinsed in PBS, 

cryoprotected by immersion in 25% sucrose for 16 h, frozen, and then sectioned on a cryostat at 12 μm 

thickness. 

Immunodetection of PH3 was carried out exactly as described previously (Leal et al. 2008). 

Immunodetection of Cyp17a1 was performed as described previously (Menuet et al. 2005) with the 

following modifications. Sections were incubated with a zebrafish Cyp17a1 antibody (Brion et al. in 

preparation) overnight at a dilution of 1:300, the secondary antibody used was goat anti-rabbit conjugated 

to horseradish peroxidase (1:200). The specificity of the staining was controlled by processing adjacent 

sections without primary antibody or with the pre-immune serum. 

After visual inspection by two different observers, only PH3-stained sections required quantification 

(see results sections). For that purpose, the number of single immuno-positive, large and round or slightly 

oval nuclei (i.e. type A spermatogonia), and the number of cysts containing ≥4 positive nuclei of 

spermatogonia or spermatocytes were counted. Three different fields in each of two independent sections 

(at least 20 μm apart from each other) were analysed per fish (n=4 fish per treatment). After measuring 

the tissue area of each section using image analysis, the number of positive cells or cysts per mm2 was 

calculated. 

 



Gene expression analysis 

Total RNA was extracted from testis samples using either the FastRNA Pro Green Kit (in vivo exposure 

samples; MP Biomedicals, Solon, OH, USA), the RNAqueous-Micro Kit (ex vivo exposure samples; 

Ambion, Austin, TX, USA), following the manufacturers’ instructions. Further processing to estimate the 

relative mRNA expression levels of a number of selected genes (see below) by real-time, quantitative 

PCR was performed as described previously (De Waal et al. 2008). A TaqMan Gene Expression Assay 

was acquired to detect the endogenous control RNA, eukaryotic 18S ribosomal RNA (18S rRNA; 

TaqMan Gene Expression Assays; Applied Biosystems, Foster City, CA, USA]). The stability of 18S 

rRNA levels among the different samples sets analysed in the experiments reported here, is considered 

evidence for its suitability as housekeeping gene (Suppl. Fig. S3). Specific primers were designed to 

detect cyp17a1 (forward, 5’-GGGAGGCCACGGACTGTTA-3’, reverse, 5’-

CCATGTGGAACTGTAGTCAGCAA-3’), fshr (forward, 5’-GAGGATTCCCAGTAATGCTTTCCT-3’, 

reverse: 5’-TCTATCTCACGAATCCCGTTCTTC-3’), lhr (forward, 5’-

CGCTCAGTACCATCCAATGCT-3’, reverse, 5’-TTGAAGGCATGGCTCTCTCTATTTCT-3’), star 

(forward, 5’-CCTGGAATGCCTGAGCAGAA-3’, reverse, 5’-ATCTGCACTTGGTCGCATGAC-3’), 

and sycp3l (forward, 5’-AGAAGCTGACCCAAGATCATTCC-3’, reverse, 5’-

AGCTTCAGTTGCTGGCGAAA-3’) in a SYBR Green-based assay (Applied Biosystems). 
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