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Sodefrin: A Female-Attracting Peptide
Pheromone in Newt Cloacal Glands

S. Kikuyama,” F. Toyoda, Y. Ohmiya, K. Matsuda, S. Tanaka,
H. Hayashi

A decapeptide called sodefrin was isolated from the abdominal gland of the cloaca of the
male red-bellied newt, Cynops pyrrhogaster. The native peptide, as well as the synthetic
one, had a female-attracting activity. Sodefrin was found in the apical portion of the
epithelial cells of the abdominal gland. Sodefrin is apparently species specific because
it did not attract females of Cynops ensicauda. This is the first amphibian pheromone to

be identified and the first peptide pheromone identified in a vertebrate.

In urodeles, chemical stimuli contribute to
sex recognition and courtship behavior (1).
It has been suggested that males emit olfac-
tory attractants or pheromones to lure fe-
males (2). The abdominal gland of the clo-
aca has been thought to be the site where
these substances are produced (3). We have
found that the water in which sexually ac-
tive male newts (Cynops pyrrhogaster) were
kept attracted conspecific females (4). The
attractant pheromone was secreted by or
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Fig. 1. Female-attracting activity in the abdominal
gland of the male newt. Twenty abdominal glands
were homogenized in 20 m| of distilled water. The
homogenate was centrifuged at 5000g for 1 hour
at 4°C. The supernatant was lyophilized and was
used as the test substance. Oviducal extract was
prepared similarly and was used as a control sub-
stance. Preference testing was done as described
(5). Each sponge block contained tap water or
extract from the indicated amount of the abdom-
inal glands or oviduct. Results represent mean
values (* SE) of eight tests. *Probability of signif-
icant difference (P) < 0.05; **P < 0.01.

through the abdominal gland of the cloaca
because the water in which abdominal
gland-ablated males had been kept did not
attract females (4).

We report here the isolation and char-
acterization of the female-attracting phero-
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mone from the abdominal glands of male
newts. Female-attracting pheromone activ-
ity was monitored by a preference test (5).
An aqueous extract of the abdominal glands
had a female-attracting pheromone activity.
The minimum effective amount of extract
in a sponge block that attracted a female
placed in a container filled with 3000 ml of
water was the equivalent of 0.1% of the
abdominal gland content (Fig. 1). The ac-
tive substance in the abdominal gland was
soluble in water but not in organic solvent.
When the water-soluble fraction was sub-
jected to gel-filtration column chromatog-
raphy, the female-attracting pheromone ac-
tivity emerged in a fraction with a relative
molecular mass below 5000. Pronase diges-
tion eliminated the activity, indicating that
the active substance is a peptide.

To isolate the active peptide from an
aqueous extract of the abdominal glands, we
used two purification cycles of reversed-
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Fig. 2. Purification of female-attracting substance from the abdominal gland of the male newt. (A) The first
reversed-phase HPLC. Fifty abdominal glands were homogenized in 100 ml of distilled water. After
centrifugation at 5000g for 1 hour, the supernatant was lyophilized, dissolved in 0.15 M NH,HCO, (pH
8.0), and applied to a Sephadex G-100 column (2.5 cm by 80 cm; Pharmacia) equilibrated with the same
solution. Fractions with relative molecular mass below 5000, which had female-attracting activity, were
pooled and lyophilized. The lyophilized sample was dissolved in 0.1% trifluoroacetic acid (TFA) and
applied to an octadecyl silyl-silica cartridge (C,, Sep-Pak; Waters). The adsorbed substances were
eluted with acetonitrile containing 0.1% TFA. The lyophilized C,4-adsorbed fraction was dissolved in
0.1% TFA and applied to a 4 mm by 125 mm column [Superspher 60 RP-8(e) column; Merck] equilibrated
with 0.1% TFA. A gradient of acetonitrile was used at a flow rate of 1 ml min—'. The active fraction,
designated by the small hatched bar on the appropriate peak, was collected. (B) The second reversed-
phase HPLC. The active fraction from (A) was further purified on a 4 mm by 150 mm phenyl column
(Inertsil; Gas-Liquid Science, Tokyo) with a gradient of acetonitrile at a flow rate of 1 ml min~" in the
presence of 0.1% TFA. Female-attracting activity was detected in the peak fraction designated by an
arrow. Detection of female-attracting activity was done as described (5). Yield of the final product was 0.6

rg per gland.
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phase high-performance liquid chromatog-
raphy (HPLC) (Fig. 2). Direct sequencing
of the final product with a pulsed gas-liquid
phase protein sequencer revealed that it is
a decapeptide with amino acid sequence
Ser-Ile-Pro-Ser-Lys-Asp-Ala-Leu-Leu-Lys.
Its amino acid composition, determined by
acid hydrolysis, was Asp, 1.10; Ser, 2.01;
Pro, 1.03; Ala, 1.10; lle, 1.09; Leu, 2.21;
and Lys, 2.13. Thus, the amino acid com-
position data are in agreement with the
amino acid residues deduced by peptide se-
quencing. COOH-terminal analysis by car-
boxypeptidase-P digestion revealed that the
terminus consisted of a free Lys residue. The
relative molecular mass of 1071.2, estimat-
ed from fast atom bombardment mass spec-
trometry (6), corresponds with that calcu-
lated from the amino acid sequence.

The peptide showed no sequence ho-
mology with any known peptide (7). Thus,
the peptide was designated sodefrin (de-
rived from the ancient Japanese word “so-
defuri,” meaning “soliciting”), reflecting its
possible function as a sex attractant.

Ten nanograms of native sodefrin ab-
sorbed on a block of sponge were enough to
attract female newts placed in a container
filled with 3000 ml of water. Synthetic so-
defrin (8) exhibited female-attracting activ-
ity similar to that of the native material.
Female newts could recognize a sponge block
containing the minimum effective amount
(10 ng) of sodefrin even when the container
was filled with sodefrin solution diluted to
0.1 pM or less, but not when it was filled
with more concentrated sodefrin solutions (1
pM or more). This indicates that the sponge
block was releasing enough sodefrin to keep
the concentration in the neighboring water
above 0.1 pM and below 1 pM and that the
minimum effective concentration lies in the
range 0.1 to 1.0 pM (Fig. 3).

Frozen sections of abdominal glands
stained with antiserum to sodefrin by im-
munofluorescence (9) showed that the api-
cal region of the epithelial cells was positive
for sodefrin (Fig. 4).

In order to observe the effect of sodefrin
on a congeneric species of newt, we chose
the sword-tailed newt (Cynops ensicauda) to
use as a model. Although C. ensicauda fe-
males were insensitive to sodefrin, they
were attracted to a water extract of abdom-
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inal glands from males of their own species.
On the other hand, C. pyrrhogaster females
responding to sodefrin were not attracted to
the water extract of the abdominal glands
from C. ensicauda males (Fig. 5). These
results indicate that the female-attracting
substances differ between these two species
of the genus Cynops.

The existence of pheromones in the
class Amphibia has long been postulated.
We isolated and characterized a phero-

monal peptide with a female-attracting
activity in Amphibia. Various vertebrate
pheromones have been chemically identi-
fied. The majority of the pheromones from
terrestrial animals are volatile in nature
(10), with a few exceptions (11). In tel-
eosts, compounds such as prostaglandins
(12), steroids (13), pteridine derivatives
(14), and lipids (15) have been identified
as pheromones. In this class of animals,
the presence of protein- or peptide-like

Fig. 3. Determination of the minimum ef-
fective concentration of sodefrin. One
sponge block with 10 ng of synthetic so-
defrin and two blank blocks were placed in
a container filled with 3000 ml of the indi-
cated concentrations of sodefrin solution.
The minimum effective concentration of
sodefrin was estimated from the concen-
tration of sodefrin solution that blocked the
attracting activity of sodefrin released from
the sponge. Preference tests were done as
described (5). Results represent mean val-
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ues (*+ SE) of eight tests. *P < 0.05; P <
0.01.
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Fig. 4. Localization of sodefrin in the abdominal gland. Immunohistochemical examination of sodefrin
localization was done as described (9). (A) Abdominal gland stained with antiserum to sodefrin. (B)
Abdominal gland stained with absorbed antiserum. There is a reduction of the immunofluorescence in (B)
as compared with (A). The specimens were examined with a microscope (Olympus BX50) equipped with
BX fluorescence attachment. Images were photographed as double exposures. |, lumen; n, nucleus. Bar

is 25 um.
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Fig. 5. Attracting effect of sodefrin
- on females of two different species
of the genus Cynops. Test females
were C. ensicauda and C. pyrho-
1 gaster. Each sponge block con-
E tained tap water (A), 100 ng of so-
defrin (B), or a water extract from
1/100th of the C. ensicauda ab-
1 dominal gland (C). Preference tests
. were done as described (5). Results
represent mean values (+ SE) of
eight tests. *P < 0.05.
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pheromones has been suggested (16), but
these putative pheromones have never
been isolated. Given the fact that sexually
mature newts lead an aquatic life, a non-
volatile, but water-soluble, peptide is a
reasonable form to expect as a pheromone
in this vertebrate.
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Epithelial Antibiotics Induced at
Sites of Inflammation

Barry S. Schonwetter,* Ethan D. Stolzenberg, Michael A. Zasloff

The role of antimicrobial peptides in epithelial defense is not fully understood. An epithelial
B-defensin, lingual antimicrobial peptide (LAP), was isolated from bovine tongue and the
corresponding complementary DNA cloned. LAP showed a broad spectrum of antibac-
terial and antifungal activities. LAP messenger RNA abundance was markedly increased
in the epithelium surrounding naturally occurring tongue lesions. This increase coincided
with the cellular hallimarks of acute and chronic inflammation in the underlying lamina
propria, supporting a role for epithelial antimicrobial peptides as integral components of

the inflammatory response.

The epithelia of vertebrates provide the
first line of defense between organism and
environment (1). When this barrier is
breached, microorganisms invade and an
acute inflammatory response occurs (2).
The physical barrier is fortified by the se-
cretion of numerous antibacterial agents,
including immunoglobulin antibodies, en-
zymes such as lysozyme, and proteins such as
lactoferrin (3). Antimicrobial peptides have
also been detected in barrier epithelial cells
of several mammalian species, including
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mice, cows, and humans (4-6). Although
the expression of antimicrobial molecules
in epithelia suggests that they may partici-
pate in host defense, no direct evidence has
been obtained to support such a role.
Mammalian tongue contains a dense ep-
ithelium that is constantly colonized by the
microbial biota of the mouth, which in-
cludes bacteria, fungi, and viruses (7). Al-
though abrasions to the surface of the
tongue occur often, invasive infections in a
normal host are rare, remain localized, and
heal rapidly. Invasive infections of the
tongue would interfere with the processes of
chewing, swallowing, taste, and speech (8).
Why is this exposed surface free of con-
tinuous infection? We approached this prob-

Fig. 1. Purification of lingual antimi-
crobial peptide (LAP). (A) Strong
cation exchange chromatography
1 of bovine tongue epithelial extract.
(B) Antimicrobial assay of fractions
against Escherichia coli D31. (C)
Antimicrobial assay of fractions
against Candida tropicalis. Antimi-
crobial activity against E. coli D31
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was detected in fraction 70 (B), cor-
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60 responding to a peak [in absor-
bance at 220 nm (A,,)] eluting at
40 min (A). Antimicrobial activity
against C. tropicalis was detected
in fractions 57, 65, 70, and 96 (C),
corresponding to peaks with reten-
tion times of 33.5, 37.5, 40, and 53
min (A), respectively. PGLa (5 pg)
was used as a control for E. coli
D31 activity (B), whereas ampho-
tericin B (5 wg) is active against C.
tropicalis (C).
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