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Summary
The sk secretion of the Siriped Burrowing Frog Literis afboguréans coninins the pepiides named guiiatins |, 2 and 3.
The sequences of these peplides are as follows:- punstin | (GLLOSWL-NH2E guitatin 2 (GLLDNVL-NHZ) and
guitatin 3 (GLLOTYEGLM-MH2), This pepaide profile 18 different from those of congeners sa far sudsed in that it
comiking neither peuropepildes nor antibiotic peptides. In contrast, the peptide profile of L. albogwéirta is similar bo that

of Cycierans awsinglis. In particular, the fwo peptides in the skin secretion of C eusrealis cormespond 10 gusistin | and
GLLOGTYL-NH3, Guitatin 1 §s nod present in the secreibons of the olber 22 Litorie species thal we have mvestigated

Pepiide profiling indicases thai Livorie affegunan s mor closehy relabed 1o the gemas Crolorana than Liforin.

ﬁw:mﬂmw.mﬁm,mwmm.mwm,
0.

ABBREVIATIONS: HPLC, high performance liquid chremstography; LC, bquid chromalography; MHT protonated
molecule; M5, moss specirometry; MSME, mass specirometry/'mass. spectrometry (landsm mass specirometryl; s,
mass to charge ratic nbOS, neuronal nitric oxide synikase.

Introduction

Amphibians have rich chemical arsenals which form an integral part of their defence systems, and
alzo assist with the regulation of dermal physiological action. In response o a variety of stimuli,
host-defence compounds are secreted from special glands onto the dorsal surface and into the gut of
the amphibian (Blevins & ZaslofT 19%0; Lazarus & Attila 1993; Erspamer 19%9%4; Barra & Simmaco
19495}, Many of these are neuwropeptides; antimicrobial, anticancer, and antifungal active peptides or
peptides which inhibit the formation of NO from neuronal nitric oxide synthase (RNOS),

During the kast decade members of the BowieTyler research group have identified some 200 sctive
peptides from the glandular secretions of 35 species of Australian anurans from the genera Crinla,
Cyvelorana, Limnodynastes, Litoria and Uperolein, recently reviewad by Apporyi er of (2004).
Most anurans of the genera Crimia, Litoria and Uperoleia have at least one neuropeptide, severl
antibiotic and anticancer active peptides, and at least ocne peptide which inhibits the formation of
MO from oNOS (by complexing with, and changing the shape of the regulatory protzin Ca?*
calmodulin). For example, the Green Tree Frog of Australia, Litoria caerulea, produces the potent
neurgpeptide caerulein, the hinged antibiotic caenin 1.1 and the nMOS inhibitor cacrin 2.1 {sec Table
1}, There are several Litoria species which do not produce antibiotic peptides, instead, they secrefe a
variety of newropeptides. For example, the Red Tree Frog Litorio rubells produces a number of
neurcpeptides, including tryvptophyllin 1.4 {Table 1), In complete contrast, frops of the penem
Cyolorang [Gao, CW., Bowie, 1H. and Tvler, ML unpublished waork (with the excepiion of the current
discussion of Cousrralis)] and Limnodvrasies (Apponyi ef al. 2004), produce small peptides which
been shown to be inactive in our testing program. We do not know how these frogs protect
themselves from predators, either large or small. As an example, Limnodvaasies inferioris produces
the neutral peptide dynastin 1 ({Table 1} (Apponyi e ol 2004d), A number of tree frogs produce
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fnactive peptides analogous to dynastin 1, but these peptides co-occur in the glandular secretion
with setive peptides. For - example: Litorin cosrulea prodoces coeridin | together with the
newropeptide cuerdlem, the sntimcrobial peptide caerins 1.1, and the nNOS mbibitor caerin 2.1
(Tabie 1).

Table i Some amphilsan pepgides (Apponyl o ol 2004)

Mame Amino neid sequence Acthvity
Caerulzin pEQDY{ S0 TOWRMDF-NH; 0

Caprin 1.1 GLLSVLGSVAEHVLPHYVIPVIAEHL-NH2 hed
Caerin 2.1 GLYSSIGRALGGLLADVVEKSKGOMA-OH &
Tryptophyllin 14 pEFPPWENH: P
Dynastin 1 GLVSNLGIOH g
Creridim | GLLDGLLGTGL-MH3 B

{#) Smooth muscle active neirapeptide (active at the nansmelar coneesiration)
B} Antibiotic (micromakar),

{2} Antszancer active pephide (micromolary.

(il Antifungal agent | micnomolark

() nNCES inhibdbor {macrmmolar),

() Smooth muscle (active ot the micramalor concentration}

(g} Insiive

In this paper we compare the peptide profiles of the Auwstralinn frogs Litorio afbegnifofs and
Cyedercme anatralis. The reason why we have undertaken this stdy s explained by the background
i the work. The relatwonship between the geners Cwolorama and Liteeio (particularly the L. owrea
group) i complex as obeerved by Burton (199861 All Cyelorawe species have burrowing

ioms. Historically. Cywelerane was originally considered & member of the Australasian
Leptestactylidne (now Myobatrochidse) (Parker 19400, Packer recognised two major groups, one of
which comprised two specics in which the outer metwtarsal tubercle wis pol shovel shaped,
characteristic of harrowing frogs. Subsoquently, O (nermds wes trassferred to Hyle (now Lirosia) by
Strwugchan {1969, and C dahiii to Livoria by Tyler ef af, (1978), The latier specics was clagsified as
& member of the L. awen group by Tyler and Davies {1975)

Cyelorana was considered (o bea hylid geaus by Tyler (1978) because of its possession of an apical
element to the imermandibularis muscle charscieristio of all Australopapuan hylids, Crelorana may
be distmpuished from Literia by the absence of intercalary cartilapes. Ovelorama afboeuitals was
transferred 1o Liferia by Tyvler (1974) bocause of its posseszion of infercalary cortilapes which are
charctenstic of the genus Litoria, Chromosomal morphology led King (1981} to piace this species
in & mondtypic group within Litoeda, bul sobsequent work has fovoured ts returts 1o Ceelorang:
namely, immunotogical data {(Hutchinson & Maxson 1987). cocoon formation {Withers & Hichans
1995y, hand musculature (Burton 1996) and sperm mosphology (Meyer st ol 1997},

The comparson of the stractures. of petive peplides in skin 2ecrations of anorans {peplide profiling)
topether with muerphological chameteristics indicate whether two species should be classified
within ane group, and also demonstrate the occurrepce of different populations within a parficular
spectes, Thisis detaled th o recent review (Apponyl ef . 2004}, Bxamples (taken from this review)
of species classified within the-same group are (1) L. scbella and L. elecirice; (1) L awrea and L
runiformis; and (i) L cosrles, L splendide and L. gillen!, Examples of species which pephde
prefiling imbicales the sccurmence of distinet and different populations within a parhcular species sre
L. coersdea and L rubelia,




LISENG S PEFTIDES TO DETTRMINE THE OENUE OF THE AUSTRALLAN STREFET HERROWING FROG

The success of peptide profiling brings us 1o the present study. We report the structures of the
peptides contimed in the glandular secretion of Litoria afhoguttata, and compice these strucires
with (i) those of peptides inolated from other frogs of the genus Literia, and (i) those produced by
Cyelorana australiy, Consideration of these datn shoold indicate whethar albogutten: has been
correctly classified as o member of the genos Litoria,

Materials and Methisds
The two female spectmens of Cyclorana auraliv wnd Litoria afbogutiate used in this study were
collected {respectively) on the banks of the Adelaide River neir Darwin in Januasy 1992, and near
Brishane in March of [990,

Preparation of Skin Secretions

Live Cyclorana austvalis or Litoria alboguttana was held by the back legs, the shom maistensd with
deionisad water, and the grmular dorsal glands were stimulated by means of a bipotur slectrode of
21G platinum ttached to w Palmer Student Model electrical stimulator. The electrode was mbbed
gently in a circulor manner on the dorsal surface of the animal, using 10 vobts and o palse duerntion
af 3ms. (Tyler ef af. 1992 The resnlting seceotion was washed from the frog with defonised water
(50 ml}, the maxture diluted with an equal volume of methone], centrifuged, filtered throagh a
Millex HY filter it (045 mm), and reduced i volume 1o co. | ml. This procedune provided less
than | mg of peptide materizl from cach frog (estimated from HPLC sepomfions}, and does not
injure the animal. The technigue was spproved by The Univessity of Adelaide Animal Edhics
Committiee.

HPLC Separation of the Glandular Secretlon

HPLC separntion of the skin secretion was achieved wsing & VYDAC C18 HPLC columm {3m,
I00A; 4.6 % 250 mm) (Separstions Group, Hesperin, CA-, USA} equnltbrated with. [0% nectonrbrils /
aqueous (1% triflooroacetic scid. Crode extract {150 uL) was injected knto the column. The elution
profile was generated using o linear grhient produced by an 1C1 DP 800 Data Siation controlling
two LCLI0D HPLC pumps, increasing from 10-75% scetonitrile over a period af 30 mim, st a flow
rate of 1 mLfmin. The cluant was monitored by ultmviolet shsorbance at 214 om esing sn 101 LC-
1200 vartable wavelength detector (1C] Australia, Metbourne, Australia). HPLC traces are shown in
Fig: 2. Fractions were collected, concentrated and dnied in vecrs for M5 and Edman investigation,
Purified fractions generally contain < 25 ug of peptide malerial.

Sequence Determination of peptides using mass spectrometry

Electrospray MS/MS- dats were: determined using & Micromass OTOF2 erthoponal sccelerntion
time-of-Tlight mass spectrométer with o mass range fo 10000 Da. The OTOF2 is Timed with an
electrospruy sourge in- un orthoponn] confimumtion with the ZSPRAY interfice. Samples were
dissolved im scetonitrile’water {1:1) and infused into the electrospray source with a flow mie of 5
ml per minute. Conditions were as follows: copillary. voliage 311 KV, apurce (emperatune BIOC,
desolvation lempemture 1500C and cone voltape 80-130%, MS/MS datn wers sequired with the
argon collision gos energy set to ca. 900V o give optimn] fragmentation,

Edman degradation

Autornated Edminn sequencing of all peptides was performed by o stindsrd procedure (Hunkapiller
of @l TR using an Apphed Biosysiem 492 progise sequender equipped with a S04 data analysis
module, The best results were obtained using: g disc: of immobilon film treated with biopeene m
ethancl, onto which the peptide was sheorbed from agueous scetonitrile (90%). The disc wos
pierced several tmes with o raeor blade w asd the Now of solvent,
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riscussion

The Striped Burrowing Frop Litoria alboguttara (Fig | A) has heen classified a8 a member of the
penus Liforia (Tyler 1974). However, L. sibdguittada 18 the only spectes of Lioris by burrow and m
this regard is similar to-all spectes of Cyvolorama, It is found o coastal regions of Quecnsland,
porhern Mew South Wiles and the north cast of the Northemn Ternitory. Femules of L albopuitata
can be up o 81 mmin lengih. The back s olivee to pale green with hrown patches and it has 2 pole
yellowgreen mid-vertehral stripe. The ventral surface 8 dull white with darker mottling. A
distinctive feature is the dorse-lateral fold from theshoulder 1o the groin.

e Gianl Frop Crelorane awstealiv (Fig. 1B) 4 the lisgest ground-dwelling frog in northem
Australia, ocourring From the north west of Western Austrabia through the Northern Termitory to the
castern coastal region of Crecensland, The female can reach 105 mm in kength, The dorsum varies

fromm pabe grey to brown and green. Dork brown head siripes extend from the tp of the snout to the
Manks. There is often a pafe mid-dorsal stripe,

A

Figure 1. (A) Laorda afhoputery  (ofive
preem 0 eodour), (B) Creloromn awvdrofis
[Inght brows i coloumri

Ualimr versloes of  these piciures may e
vizwed ot Frogs of Australis {ARCH websiie
{hiip:frogs orpauirogsd Soe also (Barker
. TH95L
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Fignre 2. HPLE tmces of peptide regioms of the glandular seoretons of (A} Ciclorans amrirrts, snd (8) Lo
Apart from colour differences, the two species Lirorly alboguttatn wnd Cyelorana australis look
similar. Can peptide profiling provide any evidence as to the classification of L afbogutiala o a
specific genus” The peptide regions of the HPLC profiles of the dorsal secretions of L. alboguttala
and O australis are shown in Fig. 2. The identified peptides are marked (by molecular weight) in
Fig. 2. The amino scid sequences of the three peptides from Litorie albogutfats, named guttuting,
together with those from . australls, sre shown in Table 2. The sequences were determined by o
combination of positive 1on electrospray mass spectrometry [see Table 2 and Fig. 3 (guttatin 1] and
automated Edman degradstion (o differentiate between the isomeric mesidues Leu and Te and to
confirm the overall sequence).
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Wa hove not tested the pepeides listed in Table I ggamnst micro-organisms. However amphibian
peptides with similar sequences: show nesther anttbiotc, anticancer nor neuropeptide activity [of
caeridin | and dynastin 1 (Tabiz 1))

Comparison of the peptides of albeguiat with peptides identified from Cyeforamns australls

We hive carmied out o prefimanary survey of the glindular secretions of o number of species. of the
genis Cyelorana, ncluding O aantralis. (Gao, C.W . Bawie, LU & Tyler, M1, unpablabed wark, with
the exception of the current discussion of Caunralisy, The HPLC peptide profiles (¢g see Fig, 28 for C
enentrolin) showed the presence of o fow small peptides, present inonly microgram amounts. This s
o be contrasted with the peptide profiles of most Literia species: these show the presence of
numerous peptides, often produced in high concentmations (Apponyl o ol 2004)) Mass
spectromeiric (Tebles 3 and 4) and Edman degradation datn show the sequences of the peptides
from L alboguttatn snd C, auwstralis to be those listed in Table 2 Wark on Croloroma species was
discontinued {in the mid [990s) because of the saall amounts of spparently inoctive peptides
present in the secretions.

L 11 5 v LisH:};
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Figure 3, Fectrospray s spectrum (MSMMS) of gotintin | B md Y42 Fragmenisiions e shown stheematically
aborve il Below (e | i serriptiom of e positive | nonllsoms Iniure] uf
Wﬁﬁﬂ#ﬂ.ﬂwwmﬂm positive iom (g {nmed pomenclmiure)

Tabde 1. Sequerces of pephides. solaied from Lioria ofbogmiare and Cyelorana mereliv,

Name Sequence Malecalar weight Source
Crustafin | GLLBSVL-NH:z Ti4: Lagand C.a
Cruttatin 2 GLLDNVL-NHa T Lo,
Ciututin 3 GLLDTVRGLN-NH; 127 L
Unnamed GLLDGTYL-MH2 THS Ca
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Tubde 3, Mass spetirometric sequence detenminnbon of getinimns.

Fior v descrpuioe af tre 8 owd ¥+2 fragmeanmtions of the MH povemd tony of pepsthioler, see. Hisomee omd Lo
IR

Gutiatln 1, MH, sz 715 (See Fig, 3).

Gutintin 2, MH?, w7 TAZ,
B s miz 725, 612, 513, 399, 284, 171 [ (GLILDNVL-NH;]
Y+2ions  miz 685, 572, 344, 230 [GL{LIHN-230]
BECjUEnE OLLDNVL-NH2

Coottatin 3, MHT, m4 1028
B igns afe 1011, BOT, THA, 727, 590, 500, 309 (390 TVKGL-NH2)
Y+2ions  miz BSE, 745, 630, 430 [GLILD{TV)]
sequence {GLILDTVEGL-ANH3

Tuble 4, Mass specimmetric requence determiniion of peptides from Celnraa oy,

MH* mix 715 {See Fig. 3),

MH" mi 786
B ionis ms 769, 656, 357, 456, 399, 284 [284-DGTVL-MHz]
Y+lmwns. o 729,503,388, 331 [GLLDMGT-331]
BeCjUenCe GLLIMTVL-NH3

The skin peptide profile (Fig, 24) of Litoria atbometata is different from those of other species of
the penus fiteria that we hove studied (Apponyi ef of, 2004)'. However, it shows similarity 1o the
skin peptide profile of Cyclorana mustralis. In particular, the peptide with MHT = 715 (Fig. 3) of
auytralis is identioal with guttatin 1 from L. ofbeguttere. This peptide is oot produced by the 33
spocies of other Australian anurans that we have studied, The HPLC peptide profile of a frog is a
serisliive probe (when taken together with morphological and biological characterics] which can
determune the uniqueness of & specics, the close relationship between twio (or moee) species. and
even demonstrate the existence of different populations of the same species {Appony of @l 2004,
Stane of of. 1995, Steinbomer o of, 1996).

The HPLC peptide profile of L. afbogurian is different from afl congeners so fiar studied, in that
there are neither neuropeptides nos antibiotics present m the secretion. In contrast, the appeanince of
the peptide profile of L. albemutiat is simikar to that of Cawsiralis. In particular, the peptide named
guttatin’ | is produced by both L. afbogurara and C anvralis 2

In eonelusion, the evidence frin pepbide profiling clearly shows that Litoria alboguiiaia 15 better
clagsified o8 0 member of the penus Owelorges than Liforio. This B o ogreement with
mmmunolopicsl datn {Hoichinaon & Muxson 1987), cetoon formution {Withers & Richards 1995,
hand muscalatore (Burton 1996) and sperm morphology (Meyer o ol 19971, However, the fact
remadns thid Litorin sfbogaiiinte possesses infercalary structures that are charncteristic of Lioris by
not Cyelorana, Assuming that this classification [Tyler 1974} bolds in oll eases, it may be that
Litorie albogutiaa, rather than being returned o the genms Cvoliroma, 88 beiter placed in a
ey e penul sepanite from Liforis and Cyolorama We have nof tuken this schon bere pending
the completion of revisionory shudies of Avstralion hylids.

I.ﬁuhimﬂhwﬁmﬁmhmﬁdﬂw}mmﬂ-wmmm
nor smooth muscle sciive peplides. HMowesver this species  doesd coplum an  nfOS  inkibtlor  (losscurin
ELLM?UHH’AMEMHH. ML),
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I, Members of different geners do nol usually produce e same peplade types in their skin secrelioss, There s &n
exgeplaon t (s generalisatson, in that the common nearopeptide aeralein (see Table | for the sequence of cognalen)
has been detecied in species of Litowris in Australia (Apponsd ef ol 2004 ), togetbser with the Afrcan frog Nemopus laevis
aned the South American leplodactybic frog Leptodacivhe abyrimthicis (Erspamer 1964).
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