
Investigating Bouncer’s role in species-specific fertilization
Krista R. Gert1, Sarah Herberg1, Benjamin Steinmetz1, Alexander Schleiffer1,2, Andrea Pauli1

1Research Institute of Molecular Pathology (IMP), Campus-Vienna-Biocenter 1, 1030 Vienna, Austria 2Institute of Molecular Biotechnology (IMBA), Dr. Bohr-Gasse 3, 1030 Vienna, Austria  

Fertilization is central to the perpetuation of all sexually reproducing species. An important aspect of this process, particularly for externally fertilizing organisms, is that the sperm of one species fertilizes only the eggs 
of the same species, thereby maintaining species specificity. How this is achieved on the molecular level remains unclear. Recently, we uncovered Bouncer, a protein essential for fertilization in zebrafish (1). Females 
mutant for this small, oocyte-expressed, and GPI-anchored protein are infertile, while mutant males retain normal fertility. Though Bouncer is conserved among vertebrates, the high level of sequence dissimilarity 
among homologs suggested that Bouncer may contribute to species specificity in fertilization. By substituting zebrafish Bouncer with Bouncer from medaka in the zebrafish egg, we found that changing this single 
factor allowed cross-fertilization between these two evolutionarily distant fish species. Thus, Bouncer mediates species specificity in sperm-egg interactions in the case of medaka and zebrafish. We are currently ex-
ploring whether Bouncer’s species-specific function is conserved, and when, phylogenetically, the cross-fertilization barrier mediated by Bouncer arose between reproductively isolated species. In addition, we are 
using Bouncer’s zebrafish/medaka specificity to determine the protein region and key amino acids that mediate Bouncer’s function. Moreover, unlike zebrafish, medaka and many other fish species express a second, 
secreted Bouncer isoform in the egg whose function is still unknown and is currently under investigation. This work gives insight into species-specific mechanisms in vertebrate fertilization and opens the door to under-
standing the process of fertilization as a whole.
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Can Bouncer from other species rescue fertilization in zebrafish?

What region(s) of Bouncer mediate species specificity?

Bouncer is an egg membrane protein required for fertilization

Is medaka Bouncer sufficient to allow entry of conspecific sperm?

Current Questions and Outlook
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QGL RC L FCPV TS L NSS - CAP - VV TECPVQE L CY TADGR FGRSSV L FRKGC ML RADCSR - S - RHQM I RGNN I S FS FSCCGGHYCN
EN L YCYYCPQTS FNRS - CRH - I L SECRP QE L C F TA L GRFGHAPV L FSKGC MSQRDCVR - S - SSQM I RGNN I S F TNSCCGRPYCN
GN L RCL YRP I L EKEYE - FQP - I V TECPRGE VCYKAEGRYGNYSA L SAS MPRRVCGL - Q - HD L SYQGVVY TMSYSCCDRPYCN
DN L L CY FSP L L EKEVS - FK F - I A TECPPGD L CF KADGRYGNHSA L SGRG MAREACSQ - T - HS I RYKGSV FVMSYSCCDSPYCN
EN L HCYYSPV L EKE I T - FE L - VV TECPPNEMCF KA L GRYGNY TA L SARG ML EKDCSQ - V - HS L R L L GTVY TMSYSCCDWPYCN
NN L L CYYSP I MYRNK T - FD L - I L TECP P TE L CM TGNGRYGNHSA L S TRG VAP TGCGQ - V - HP L R L KGTVY TMTYACCDYNYCN
A I L L CH FCPVHR L DVA - CVA - ME TECQPEE L CY TGTGHRSGL EP L SAQG L PRV L CGL - Q - HPVSYRGSNY TMSS TCCSWD L CN
D T L L CY FCP L QHK TDS - CVN - T TSRCP P TQRCS SSRGHYGL VHV L SAQG MDVA L CGS - Y - E I L S FKGTD FNVSH TCCCKDQCN
EH L L CNV CP L HEKSE L - CPN - F T TECRP GERC TSSRGFYGA L HV L SAQG I SAD L CGS - Y - EMV TYRG I KYK L RYACCCGN TCN
TS L RCN FCP L QHKGRS - CSNDS T TEC L PQERCG TSSGRFGP I H I L SAQG L TPD L CNS - T - HAV TYRGVSYNV TYRCCCRDQCN
AV L L CHY CP L QAAGTR - CN - - I T TEC L EHERCS SGWRRYGRVHV L A L QG L SPE L CGS - N - QT L THKGL EYE I TY TCCCRD L CN
QA L TCA FCE L TEA T - D - C L E - CP I I CQDEE TCY TAKGML L GV TV L QSKGC I GFPMCGR - K - E TQTH FGNSYV L SY TCCQGK L CN
FSKDCYYCDVSP T T - K - CPS - I KMSCEEDQDCYVGEGVA L GVPMVHNKG TRA I NCGK - E - QPV TYRG  I TYS L V T I CCNGQL CN
S L KDCY FCEV TSSQ - K - CPS - T L MSCDNDE DC FVGRGVA L GVSVVQNKG TRA I NCGK - E - HP I THMGV TYS L V TQCCKGA L CN
T TKKCYYCDV TVAY - H - CVG - I PM I CEDEEDCYVGRGTAKGFPG I I KKGC I QAVSCT W- P - QS I T FRDV TYN L T TYCCQEE L CN
G I KDCV FCE L TDSA - R - CPG - THMRCGDDEDC F TGHGVAQGVGP I I NRGC VHS TSCGR - E - EP I SYMGL TYS L T T TCCSGH L CN
GVKDCV FCE L TDSA - T - CPG - I PMRCGDDEDC F TGHGVAPD I GP I I NKGC VQS T L CGR - E - EPVSYKGV TYS L I T TCC TGH L CN
GVKDCV FCE L TDSM - Q - CPG - TYMHCGDDEDC F TGHGVAPGTGPV I NKGC L RA TSCGL - E - EPVSYRGV TYS L T TNCC TGR L CN

GN L L CY FCP L TEK + +S - CPGD I T TECPPDEDC F TGRGRYGGVSV L SAKGCM+A T L CGR - E - HPV TYRGV TYS L +Y TCC +G+ L CN
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Figure 1. Bouncer is a short, conserved, membrane protein. (A) Bouncer is required for female fertility in zebrafish, while Bouncer mutant 
males retain normal fertility. (B) GFP-Bouncer (green) localizes to the egg membrane (red, lyn-tomato) and to vesicles. (C) Apart from the well-con-
served cysteines, Bouncer shows high amino acid divergence among different species (%ID, percent sequence identity with the mature domain of 
zebrafish Bouncer). Bouncer is restricted to either the male (sperm symbol) or the female (egg symbol) germline. 
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Does Bouncer phylogeny correlate with cross-fertility?
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Figure 4. Phlyogenetic distance among Bouncer pro-
teins does not correlate with cross-fertility. (A) Phyloge-
netic tree depicting the evolutionary relationships among 
Bouncer proteins from a selected set of fish species. The 
upper clade comprises Bouncer A proteins (including zebraf-
ish Bouncer), while the lower clade, the Bouncer B proteins, 
are absent in zebrafish and their function is unknown. 
(B) Percent identity matrix of the mature domains of Bouncer 
A and B proteins from the fish species tested. (C) Transgenic 
zebrafish lines expressing a different fish Bouncer in the ze-
brafish bncr-/- background were crossed to wild-type zebraf-
ish males in vivo to test rescue ability. Unexpectedly, fugu 
Bouncer A (40% ID with zebrafish Bouncer) and seahorse 
Bouncer (41.25% ID with zebrafish Bouncer) rescue fertility 
with zebrafish sperm, while spotted gar Bouncer and the 
Bouncer B proteins do not.    
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Figure 3. Bouncer mediates species-specific fertilization. (A) Zebrafish and medaka Bouncer share only 40% amino acid sequence identity. 
Orange brackets denote predicted disulfide bonds. (B) Medaka Bouncer is sufficient to allow entry of medaka sperm into zebrafish eggs (5.7% aver-
age fertilization rate in IVF experiments).Means ± SD are indicated. (Kruskal-Wallis test with Dunn’s multiple comparisons test. ****P < 0.0001; **P 
= 0.0052; n = number of eggs; N = number of biological replicates). (C) Fertilization of zebrafish eggs expressing only medaka Bouncer with 
medaka sperm yields medaka-zebrafish hybrid embryos.
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Figure 5. Zebrafish/medaka Bouncer chimeras suggest 
involvement of finger 3 in species specificity. (A) Structur-
al model of Bouncer based on the related Ly6/uPAR protein 
CD59. Disulfide bonds (yellow) form the basis of the 
three-finger structure. (B) Strategy to test which of Bouncer’s 
fingers mediate(s) species specificity. (C) Fertility of zebraf-
ish/medaka Bouncer chimera lines in vivo with wild-type ze-
brafish sperm. Constructs with finger 3, 1+3, the top or base 
of medaka Bouncer result in the most reduced fertility, where-
as constructs with medaka finger 1, 1+2, 2, or 2+3 are able to 
rescue fertility. (D) None of the chimeric Bouncer constructs 
tested thus far rescue fertility with medaka sperm in vitro, 
while in vitro fertilization rates with zebrafish sperm recapitu-
late those in vivo.      
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Figure 2. Bouncer homologs from other species are not sufficiently conserved to rescue fertilization in zebrafish. (A) Fertilization assay 
in which eggs from transgenic females were tested for fertilization with zebrafish sperm. (B) Transgenic zebrafish lines, each expressing Bouncer 
from a different species (mouse, human, frog (Xenopus laevis), and medaka (Oryzias latipes)), were generated in the zebrafish bncr-/- background 
and the females were tested for fertility with wild-type zebrafish males. None of the transgenic constructs rescued fertilization efficiently in the ze-
brafish bncr mutant background, while expressing zebrafish bncr as a transgene in the same manner fully rescued fertility. Means ± SD are indicat-
ed. (Kruskal-Wallis test with Dunn’s multiple comparisons test. ***P < 0.0002, n = number of eggs, N = number of biological replicates).
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