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A novel peptide was purified from Conus 2extife vanom which caused hyperactivi

in mice. The 31-amino acid peptide has sic residues with unusuat post-transiatianal
modifications: four y-carboxyglutamates and two brominated tryptophan residues. This
peptide, which we have designated the dibromarunning peptide, is the first known gene
praduct with multiple bromotryptophan residucs. We discuss the apparent nan-random
association of j-catboxyglutamate and brometry plophan in Conus peptides.
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Ke
transiational modification

The predatory cone snails use a peptide-based
neuropharmacolgical strategy to capture prey, defend
against predators and interact viih compstitors {Olivera
1997). Approximately 100 differen: peptides can ba
found in the venom of each Conus species.
Furthermore, the pepiices made by one species are a
distintive sel. dif'srent from tho pepides in any other
verom. Since there are approximately 500 difierent
species of cone snaifs, ca. 50,000 different peplides
are likely present in the venoms of the iiving Conus.
Only a tiny fraction of these have been

Conus rextie, post-

1957, Olivera et al. 1990). One of the halimark
characteristics of a significant proportion of Conus
pelides is the unusual post-iransiational modiications
found, some previously undescribed. Among the most
distictive are the y-carboylation of glutamate residues
10 yield oarboxyglutamate (Gla) (Mclntosh et al. 1984)
2Nt the bromination of tryptophan residues to 6-
bromotryplaphan (Tr) {Craig ot al. 1997; Jimenoz et
al. 1997).  Alhhough these posi-transiational
moitications are unusual even among Conus

even superiicially
The conapeplides are mostly small (8 - 35 amino
acids in length) and mulliply disulfide-bonded (Olivera
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peptides. The first was the bramosleeper peptide
from Conus radiatus (Craig el al. 1987). More
resently. a peplide belonging 10  new superfamily of
Conus toxins, 1x5a of the T-superiamiily, was found to
have both 6-aromatryploghan and J-carboxyaluiamate
fas well as ar. O-giycosylated treoning residue}
Rigby et al. 1999, Walker &t ai. 1999)

In this ropon, we describe a novel peptide from
Conus texiile venom which is the third to have both
these two unusuat post-wranslational modfications.
This peptide that we refer to as dibromerunning
peptide or 7 fas ihree disuifide linkages, four Gia
rosidues  and, uniquely, two residues of
bromotryptophan

Methods

Puritication of the peptide
Lyophilized Conus fextite venom from the
Philippines {200 ma) was extiacied sequentialiy with
10 ML each of 0%, 20%. 40% and 60% acetaniiie
The mixwre was sonicated for 30 s periods over ice.
centrifuged at 5.000 x g for § rain and the combined
supernatant was stored at -20° C. Aliquats of the
extract were fractionated by HPLG chromatography on
€, Microsorb MY anabytical column of a Vydac C.,
semi-preparalive column as previously descrived
(Walker et at. 1998). The cotumns were eluted with a
45%/min gradiert of acetoritrile (CH.GNj in 0.1%
tilluoroacetic acid (TFA) at 1 mlmin for the analyical
Golumn or 5 e/min for the semi-preparative column
(Fig. 1), Coresponding peaks from several suns were
#ooled and peptide tx7a was putified from the poot by
two consecutive runs on the analylical calumn eluted
with 0.23%/min of CH,ON in 0.1% TFA. The final
purification was a run on the same colimn eiuted
isocratically at 38% CH,CN in 0.1% TFA.

Bioassay

The biclogical activily of HPLC Iractions was
determined by intracranial {L.c.) injection inlo 9 to 15
day-old mice, Fractons were yophilized thon dissolved
in nomal saline solution before njection using an
ultrafing insulin syringe. The 26-gauge needle was
atlowed to penetrate the crarium to ~1.0-1.5 mm depth.
Control mice were injected wilh equal volume {1520 4L]
of normal saline solution conlaining dissolved residue (f
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Figure 1 Puriicatonof Ins dzromor,aning peptide, <7a, from C.
fexsie varorm (AVHPLC efomatograr of an niquol o e crude
venom ez cliblained as gzscribed under Mehods, (B) A pool
offractons canespanding i the bisaciive peakingaiedby ar-
<on i Pine{ 4 was agplied o an analytical G, Mcrosorh MY
Golumn,ndl tien elufed wih a 0.23%imin gradiert of 36-48%
acetorilie.  (€) Tha bioactie fraclionin Panel B was repuried
using thesa e conitions e, (D) lsocratic #ulio: of he pure
peplige wih %% aczlonilrie. The hisaciive peak in panels &
thicughDis incicated by anartce.

any) ol yophilized column butfer. After injection, the
mice were selurned o ther cages and observed for any
behaviosl symptoms. The tima at which the mouss first
showed abonormal behavior was also recarded. The
dose used was -0.3 0 05 nmole per mause. A higher
dose wizs P10t tried due o a imited amaunt of sample.

Reduclion and alkylation

The puriied peptide was reduecd with dithiothreitol
(DTT) znt alkylated with 4-vinylpyridine as follows.
The peplidie solufion was adjusted to pi 8 with 0.5 1
TRIS belore DTT was added ta a concentration of 10
mb. The solution was fushed with N,, incubated at
65 C o' 15 min then cooled to soom temperature.
After adding d-vinylpyridine (5 uL per mL of solution),
the mixire was left in the dark at room temperaiure for
25 min. The mixture was diluied with 0.5 mL of 0.1%



TFA prior to purification of the reduted peptide by
HPLC with the G., Microsorb MV analytical column

Digestion of the peptide

Approximately 1.5 nmol of peplide was digasted
with endaprateinase AspN {Boeringer Mantheim)
The lyophilized peptide was dissolved in 0. tml of
50 mM sodium phosphate, pH 8. Endoproteinase
ASPN {1 g enzyme per 20 mg pepiide) in 10 mi
TRIS Ci, pH 7.5, was added, and the reaction
Incubated for 17 b at 37° C, To stop the reaction
0.1% TFA (0.5 mL} was added. and the digast was
tractionated by HPLS with a G, Microsorb MV
analytical column eluted with a linear gradient of
0.9% acetoritrife per mLimin. The iniact mass of
the digestion fragments were anzlyzed by ESIMS
prior to chemical sequencing

Mass spectrometry

Electrospray ioni2ation {E51) mass spectra were
measured using an Esquite ion tap mass
spectrameter (Bruker Daltonics, Riberica, MA). The
HPLG-purilied sample, coflected in 0.1% TFA ang
acetonifrle was diluted in methanol-1% acetic asid,
transferred to a fused silica capillary and infused at
approximately 500 nUmin. The mass accuracy of
the ion 1rap instiument was typically better than 200
pom.

Peptide sequencing

The peptide was reduced with DTT and
alkylated with 4-vinyipyridine, Approximately 10 10
100 pmol of alkylated peptide and N-tarminal
digestion fraction tragments were sequenced by
Edman degradation with an Applied Biosysiem
Model 492 Sequenator (DNA Feptide Facility.
University of Utah). The 3-phenal-2-thiohydantain
derivatives were identificd by HPLG. Predicies
masses for each sequence were routinely veriied
by mass spectrametry

Identification and characterization of & cDNA
The Expressed Sequence Tag (EST) method
previously described (Walker et al. 1999) was used
to identity @ cDNA clone encoding 7a. Templates
were prepared using a QlAprep Spin Miniprep Kit
(QIAGEN, Valencia, CA) and submitted for
fluorescent sequencing primed with nucleolides,
M13R and subsequenty M13Y (Messing 1983) at
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the Health Sciences Center Sequencing Faciliy,
Eccles lnstitute for Human Genetics, University of
Utah. All molecular biotogy techniques were 2s
described in Sambrook. Fritseh and Mini alis
(Sambrock et al. 1969)

Results

Purification of the "dibromorunning” peplid e

A traction of Conus textile venom which za used
byperactivity in mice was pusified as descrived
under Methads. The pepiide induced rapid wring
in mice upon intrasranial injection. The purtic ation
of the peplide is shown in Fig. 1

Yable 1. Sequerce analysis of x7a.
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Chermical sequence analysis of the peptide was
carried out for 32 Edman cycles. As showr iny Table 1,
the sequence Gfy-Met-Xxx-Gly-Xxx-Cys-Lys-Asg-
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Gly-Leu-Thi-Thr-Cys-Leu-Ala-Hyp-Ser-Xxx-Cys-Cys-
Ser-Xxx-Asp-Cys-Xxx-Gly-Ser-Cys-Thr-Mel could be
assigned up to the 30th cycle. In cycies 3. 5. 18,
22 and 25 (indicated by Xxx) no standard amino
acid was obtained at the expested ievels
However, in positions 5, 18, 22 and 25, a small
amount of glulamate was detected, which we have
noticed is a ‘teli-tale’ sign (hat is characteristic of
the presance of a -carboxyglutamate residue. Ths
suggested that four of the unassigned cycles were
in fact v-carboxyglutamate residues.

I ordor ta ientity the residue at position 3, the
peptide was treated with Aspl and the N-terminal
heptapeptide fragmert analyzed with electrospray
ionization [ESI) mass spectrometry (MS). In the
positive ESI mass spectrum, intense daublets ware
observed at miz 1037.1 1 1039.1 and 10531 /
1085.1 {Fig. 2), while in the nsgaive ESI mass
spectrum, intense doublets were observed al miz
10351/ 1037.1 (Fig. 2 inser) and 10811/ 1053.1

(data nat shown). The abserved mass in the
positive wnization mode (m/z 1037.1) was
consistent with ‘he calculated monoisotpic mass
(1037.28 Da) for the [M+H]" of the peplide H-Gly-
Met-Trp-Gly-Gla-Gys”-Lys-OH. where Tro is &
ptophan and Oys* is
Furibermore, the mass spcelra of he peplide
had the crerctesistic doublet suggestive af the
aresence ol diorine, ind.eating fat there might be
a B-bromatiyptephan residue in the N-terminat
fragment. Thus the observed mass from the N-
ina) fragment peptide fits with the assumption
that fhe abserce of PTHs at cycle positions 3 and
5 was due 1o the preserce of 6-bromotryptophan
and y-carosky-gitamate, respectively. The second
set of doublets sbserved in both the positive (Fig
2} and negative ionization mode are attribited to
oxidation ol the methionine residue to methionine
sulfoxide. This evidence sirongly suggess that
within the fist thirty amio acids of the sequence.
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Figue2 ESI casured n ot agmen of 7a oblaed by Asphl-
reaiment. Insel shows Ihe expandied reg.on of the negalive ESI mass specleu.
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the five unassigned residues were
bromotryplaphan  at  position 3. ang
carboxyglutzinates at positions 5, 18. 22 and 25
The ESI mass spectrum of the infect peptide
contained fragments at iz 1226.4, 1231 7. 12442,
12493, 12618, 1256.8. 1279.7 and 1284.9 [posilive
ionization mode] which we interpret as [Mr3H]*
(M, +3HF", Vel [M, +Fel™. (M+Fe-3hf, M, +Fe-
BHJE, [1+2Fe-6H and (M, 2Fe-6H[™ [where M
indizates the mefhionine sulloxide speces; Fig. 3)
The inset in Fig. 3 snows the resolved isotope
distribution superimposed on the narmat specirum, ihe
spacing between the isotopomers in each of the
differant spacies indicated the charge state (+3}. In
the negative ionizafion mode the specirum sontains
inense species al miz 12242, 1297.8, 1242.2, 1267 5,
1259.7, 1265.3, 1227.6 asd 1282 6 which we interpret
as [M-aH]™, [M_-GH", (M+Fe-GHJ*, [, +Fe-GH]
[M+2Fe-GHJ. M, +2Fe-9R", [M+3Fe-12H)> ane
[M, +3Fe-12H}. A close carrespandence is abserved
between the species observed in the positive and

N
3

[M + 3H]3+

intensity (ao. of

no. of ions (x 104)

#romoTip and Gla in 3 Ness! Conus Peplide

neganve ESI spectra (Fig. 44 and 4B). A mass
difference of & Da {(mz 2 for ipiy<harged ions) is
consistent with a difference of six protons between
the positive and negative spedes. which supparts
the interpretation given atove. The MS/MS
spectrum measured in the negaliv eionization mode
of the miz 1242.2 species conlained intense
fragment fans ai miz 1182.7, 11 91.2, 1211.8 ang
1226.3 corresponding with the Ioss of one 1o four
moiecules of GO, (consistent will threpresence of four
-carboxyglutamate resiguss). tut 1y ofher ragment
‘ons [spectrum not shown}.

Houwever, the observed avenge mass (M) of the
intact peptide of 2676.2 Da was greatsr than the mass
predicted for the 30 AA sequerce cbtained by the
Ecman analysis (3412.45 Da). Themass difference
{»264 Da) betwsen the obseed ESIMS and the
calolated mass far the thirty residugs (inelucing the
Tip &t position 3 and four Gla residus es) was consistent
with an additional residue of §-brom olyptophan. This
result suggested an adcilionat g esidue al th C-

mre T

2

1

08} rra+3H)*

o
IMyyrFel®*

1200

Figure 3. ESI 1

1600 2000

and maximurn-resaluion setings.
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Figure d. €51 mass specia of ntac x7a measured in both the
positive (4) and negalive [B) ionization modes. The cluse
comesgondsnce between he species cbserved in A and B and
2 mass shilt of 6 Da was used 1o assign the species.

terminal end (which would not have yielded an
assignabe residue under the conditians of Edman
analysis utlized)

We have previously determined tha: the y-carboxy-
glutamate-containing conoloxin ix5a can refain a single
ferric cation and fose five protons 1o form a negatively-
charged species (Walker ef al. 1998; A.G. Craig. JP.
Spier, S. Rosamila, V. Fursey, M.B. Lirazan, submit:od
to J. Amer. Soc. Mass Spectrom, in press). The close
carrespondence between te positive and negative ESI
spectra and the mass dilference of & Da befween
corresponding posilive and negative species (miz 2 for
tiply-charged ians) listed above strongly supports the
assignment gven and therefare the retertlion of three
forric cations by the molecule and the loss of up to 12
prolans to form negatively charged species. Since
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anly six acidic residues are present in this peptide (4
yearboxyglulamaies and 2 aspaniates) which could
gve up a maximum of 10 protons. protans must be
femoved fram two of the six hydroxy amino acids
aesent in the peptide. The MSIMS spectrum in which
ur molecules of CO, are lost vithout loss ol a ferric
wation ard the abseace of other high mass fragmen:
5 in the MSIMS spectrum are consisient with our
previous findings for the ferns-carioaized conotown ixéa

Cloning

A cDNA clone, Ti7.1. encoding the peptide was
obtained using PCR as descrived under Methods; the
amino acid sequence predited by the CONA clone is
sown in Table I Consistent with the postulale that
e re was a 6-bromotiypiophan residue a1 position 3.
aTro codon was found. The sequence deduced from
the done was also consistent with -carboxyglutanate
al positions 5. 18, 22 and 25, since Glu codons were
found at these positions. Most importantly, the clone
4t predict & C-termiral tryplophan codon, consistent
wih B-romotryatophan as the C-terminal amino acid.

These results iead 1o the following sequence
assigiment for tre peptids:

GMWEYCKDGLTTCLAOSCCE{DC/GSCTMW
(ahere W = Trp and ; = Gla)

This is the first peplide known to contain more than
cne Trp residue. Injection of six mice at doses
Eelween 50 to 80 omolfg of Ihe purified peptide
eiciled continuous running for more than an hour in all
of the animals. We rcfer to the peptide as the
“fibromorunning peplide.”  ln conformatien with the
mmenclature proposed by Mclntosh et al. (Mclriosh ot
4l 1999). the peptide is given the provisional technical
tesignation 147a, encoded by the GONA clone Tx7 1

Discussion

We characterized a 31-amino acid peptide with
e disufide bonds What causes a characterisiic rapid-
nnning hyperactivity when injested i.c. inlo mice. The
pesence of wo residues of 6-bromotryptophian, and
four residues of -carboxyglutamate in the peptice is
especially noteworthy. Togelher. tho systeinos involved
in disulfide bonding. the -carboryglutamate residues
and the 6-bromotrystophan residues account for 12 of



the 31 aminoe acids in the peptide. Like the
bramos|eeper pepide, it has a disultide pattern that
supericially, at least, resembles that of the O-
supciarnly. However, additional cloning data (R
Shety ani C. Walker, unpublished resuits) indicats
thet this peptide is not a member of the O-superfamiy,
since 1s sgnal sequence differs from that of other O-
superornily members feven though the arrangement of
cysteines appears 1o be homolagous to the O-
supeamnily). Futher chareclerization of the peptide
and an ickntitcation of the role of pcarboxyglutamate
and e-bronatyptophan resicues awaits chemical
Synthzsiss ang stiucturedfunciion studies.

The fiating that twe unusual post-transiazional
modificatons, bramination of tryplophan and v
carbarytalen of glutamats residues ooaur logether in
three inrelated Canus peplides strondly suggests that
the combination of these two post-transiational
modilcations yields a lunctional motit important for
the neur epharmacological aciivity of these peufides.
As istypical of Conus peptides, their struciures and
sympuams eficited are very diverse. Thus. alincugh
the pesen peptide, 472, has a cysteine framework
simifar 1o nat of the bromosieeper peptide praviously
charatte rzed {rather than to that of conotoxin tx5a
from the same venom, Conus texilte), thie peptide
makes mite hyperactive when injected intracranialy
while as previously reported, the bromosleeper
peptide intuces a steepriike state. Although both
tx7a andl 15a elicit excitatory symplomatology. they
appear to be completely nrelated structurally. Thus
the subset of conotoxins which have both &
brometryptophan and y-carboxyghitamate are a
diverse, Highly potent and intriguing group of Conus
venon pepides

The only conopeptide with E-bromotryptophan
whose funttion is known is 6-conotoxin from Conus
geographrs which 1argets the SHT, receplor. it was
posiuldted that \he single residue of Trp might interact
with the serotonin (SHT) binding site [England et al.
1998]. I principle. one rationale for bromolryplaphan
in compeplides is that all Tre-containing peplides
could be tgated 10 SHT binding siles on the diverse
types of serotonin receplors. The discovery of a
pentice wih two Trg residues makes fhis explaration
less lkely. and suggests that the brominated residues
have ohermechanisiis roles

BromoTip and Gfe in a Novel Conus Pepide
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