
DISEASES OF AQUATIC ORGANISMS
Dis Aquat Org

Vol. 113: 81–83, 2015
doi: 10.3354/dao02823

Published February 10

The amphibian chytrid fungus Batrachochytrium
dendrobatidis (Bd) causes the disease chytridiomy -
cosis and poses a continuing threat to many tropical
amphibians (Hoffmann et al. 2010). In Puerto Rico,
it has led to the apparent extinction of 3 species,
Eleutherodactylus karlschmidti (last seen in 1976),
E. jasperi (1981), and E. eneidae (1990), and recent
declines of 6 other species (Joglar & Burrowes 1996,
Burrowes et al. 2004). Previous studies have docu-
mented a strong positive correlation between the
effectiveness of antimicrobial skin peptides and
resistance to Bd in wild amphibians and in experi-
mental infection studies (Woodhams et al. 2006a,b,
2007). 

To investigate the mechanisms of resistance among
surviving high-elevation frogs, we induced (via
injection of norepinephrine bitartrate, 40 nmol g−1

body weight) skin secretions from 15 adult males and

9 adult females of the common coqui E. coqui col-
lected from El Yunque, Puerto Rico, in March 2014.
At the time of collection, the frogs were swabbed for
the pre sence of Bd by standard methods (Longo et al.
2013), and 8/24 (33%) were positive by PCR, with a
mean infection intensity of 618.5 (range: 1−4888) Bd
zoospore genomic equivalents. The skin secretions
were enriched for hydrophobic peptides by passage
over C-18 Sep-Paks (Waters) and examined by
matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry as previously
described (Rollins-Smith et al. 2006, Woodhams et al.
2006b). 

Two mass signals (mass to charge, m/z) at 1225 and
1436 were observed in 8 and 6 samples, respectively,
and were present equally in both males and females
(Fig. 1). However, other mass signals in the range of
antimicrobial peptides were not detected. When
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ABSTRACT: The amphibian skin fungus Batrachochytrium dendrobatidis (Bd) occurs widely in
Puerto Rico and is thought to be responsible for the apparent extinction of 3 species of endemic
frogs in the genus Eleutherodactylus, known as coquis. To examine immune defenses which may
protect surviving species, we induced secretion of skin peptides from adult common coqui frogs
E. coqui collected from upland forests at El Yunque. By matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry, we were unable to detect peptide signals sugges-
tive of antimicrobial peptides, and enriched peptides showed no capacity to inhibit growth of Bd.
Thus, it appears that E. coqui depend on other skin defenses to survive in the presence of this
deadly fungus.
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enriched mixtures of the skin peptides were tested
for their capacity to inhibit growth of Bd zoospores
(Rollins-Smith et al. 2006), the peptides showed no
inhibition of growth at concentrations as high as
200 µg ml−1 (Fig. 2). 

The complex interactions of Bd with E. coqui are
the subject of ongoing investigations. Cool tempera-
tures and dry conditions appear to promote disease

development, while warmer temperatures at other
times of the year promote survival (Longo et al.
2010). In spite of an average Bd prevalence of 43%
among highland populations, E. coqui survive with
low to moderate infection intensities averaging 1003
Bd zoospore genomic equivalents, a pattern indica-
tive of enzootic conditions (Longo & Burrowes 2010).
However, the fact that these frogs die from chytrid-
iomycosis when environmental conditions are harsh
both in the lab and in the wild suggests that they are
susceptible to Bd (Longo et al. 2010, 2013), and that a
mechanism to resist high infections is effective dur-
ing favorable times. Thus, E. coqui is an excellent
model to study the evolution of defense and how
environmental factors may modulate the processes
involved. Given that antimicrobial peptide defenses
appear to be lacking in this species, other skin
defenses such as production of lysozyme, mucosal
antibodies, or protective skin bacteria (Rollins-Smith
et al. 2011) may play a greater role in protection.
These studies are underway, and we hope that they
may reveal alternative defense mechanisms that pro-
vide resistance or tolerance to this pathogen in
changing environments.
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Fig. 1. Representative matrix-
assisted laser desorption/ion-
ization time-of-flight profile
of peptides recovered from
an adult male Eleutherodac -
tylus coqui after injection of
40 nmol norepinephrine g−1

body weight. Arrows indicate
mass signals (mass to charge,
m/z) at 1225 and 1436 which
were present in multiple 

individuals 

Fig. 2. Representative assay of growth inhibition of Bd zoo-
spores (isolate JEL197) by peptides from a male Eleuthero-
dactylus coqui. Note that even at the highest concentration
of peptides, there was no inhibition of growth. This assay
was repeated for peptide samples from 4 individual frogs (3
males and 1 female). OD490: optical density at 490 nm. Error
bars are mean ± SE of 5 replicates of zoospores with or with-
out added peptides. The positive control was zoospores
alone with broth. The negative control was heat-killed (60°C 

for 10 min) zoospores with broth
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