
Conformational Switches in Toxin Folding and Uses
Thereof Cross-reference to related application: This
application claims benefit and priority from U.S.
provisional patent application No. 60/608,151 , filed
on September 9, 2004, the contents of which are
incorporated herein by reference. Field of Invention:
The present invention relates generally to novel
peptides, and specifically to novel peptides useful as
peptide or protein scaffolds for drug design.
Background Of The Invention: The listing or discussion
of a prior-published document in this specification
should not necessarily be taken as an acknowledgement
that the document is part of the state of the art or
is common general knowledge. All documents listed are
hereby incorporated herein by reference. Proteins play
a crucial role in almost all biological processes
through their specific interactions with other
biomolecules. This seemingly boundless and exciting
therapeutic potential of proteins has its associated
disadvantages. Problems such as denaturation, poor
absorption and intestinal permeability, antigenicity,
difficulty in manipulation and modification, and route
of administration (for example, intravenous) are seen
as the major obstacles in the use of these precious
macromolecules as therapeutic agents. Despite the
larger size of proteins, only a small number of amino
acid residues form the functional site that is
involved in their interactions which is responsible
for the biological properties. Invitro experiments
also show that short peptides containing the
functional site of the proteins exhibit the biological
activity of the parent protein molecule. Complemented
with the advancement of combinatorial chemistry and
solid phase peptide synthesis, the importance and vast
potential of utilizing peptides and proteins as
therapeutic agents is rapidly gaining importance and
recognition. The diverse conformational and functional
possibilities that are available, serve as a valuable
source of potential ligands in drug design and
development. However, short linear peptides would face
problems such as enzymatic digestion, as well as
suffer entropic cost in binding due to its
flexibility. The recent two decades have seen the
increasing focus and utilization of protein
engineering to circumvent some of the problems that
impede the development of proteins as drug leads.
Techniques such as utilization of protein scaffolds to
incorporate novel 



bioactive peptides, minimization of proteins to create
"mini-proteins" are gradually gaining popularity.
Another important strategy utilized would be usage of
small, conformationally restrained and rigid
structures to incorporate novel activities. Besides
conferring stability and locking the active segment in
the conformationally correct structure, such strategy
also minimizes antigenicity of the epitopes. One such
example is cyclic proteins of US patent application US
2003/0158096. The bioactive peptide in the
"mini-protein" scaffold allows rapid and efficient
chemical modification, manipulation and structural
characterization. Most preferred mini-protein
scaffolds include proteins with a number of disulfide
bridges, which confer conformational stability, as
well as to impart resistance to proteolytic activity
and denaturation. Toxins from the venoms of snakes,
scorpions, spiders and cone snails are good sources of
small disulfide-rich proteins and provide an excellent
repertoire of naturalprotein scaffolds. In these mini
protein scaffolds, disulfide bonds help in determining
the folding and conformation, which have a vital role
in maintaining its biological potency. One study uses
venom from a scorpion as the basis of a scaffold for
holding peptide sequences in place32. This has the
advantage of maintaining a peptide in structure with
relatively stable activity. This scorpion scaffold
construct is over 30 amino acids long and may still be
prone to poor absorption, intestinal permeability and
antigenicity when some peptides are used in the
scaffold. A a-conotoxin isolated from Conus geographus
has been used as a scaffold to host glycoprotein D of
the herpes simplex virus and found to retain some
antigenic properties of the native viral
peptide.Objects Of The Invention: The findings of this
work relate to the identification of key structural
determinants responsible for the folding of
a-conotoxin ImI. Here we describe the contribution of
proline in the first intercysteine loop, as well as
the conserved carboxyl terminal amidation, as the
major structural determinants in the folding of a
class of short peptide toxins, a-conotoxins.
Identification of these structural switches are useful
in the design of mini protein in the desired
conformation. a-conotoxins are short, disulfide-rich
peptides derived from the venom of the marine
predatory cone snails. One of the key structural
features of these toxins is the presence of a highly
conserved cysteine framework made up of two disulfide
bridges amidst its short sequence of 11-19 amino acid
residues. Native a-conotoxins have a "Globular" 



conformation held in place with two disulfide bonds.
In spite of the relatively diverse range of possible
amino acid variation within the two intercysteine
loops, a-conotoxins show a preference to the
"Globular" conformation (Ci-3, C2-4) over the flatter
"Ribbon" (Ci-4, C2-3) or the flexible "Beaded" (C1-2,
C3-4) conformation. Recently, a new group of
conotoxins was discovered: l-conotoxins (or
c-conotoxin) 2>30 3 1 . Though the c/l-conotoxins
possess identical conserved quadruple cysteines in its
framework, the native conformation observed was the
ribbon (Ci-4, C2 ) conformation instead of the usual
globular structure seen in a- conotoxins. In vivo
assays with native globular a-conotoxin Gl showed that
the beaded isoform suffered a ten fold reduction in
biological activity, while force-folding into the
ribbon conformation abolished all nACHR antagonistic
activity! 1 Conversely, c/l-conotoxin CMrVIA in its
nativeribbon conformation has a potency that is 3
orders magnitude higher as compared to the non-native
globular conformation in seizure induction.2 These
findings emphasize the point that structural
conformation has a crucial role to play in determining
the biological potency of these short peptides.
However, the structural features attributing to this
change in disulfide linkages and conformation change
are still unclear. By synthesizing variants of a
native a-conotoxin, we have shown that the C-terminal
amidation and Proline residue in the 1st intercysteine
loop can effect a shift of the folding tendency of
a-conotoxin from the native globular conformation, to
the non-native ribbon conformation. By understanding
the folding nature of this highly compact and stable
structure, it is possible to manipulate the peptide
backbone as a scaffold for insertion of short, active
sequences, useful in the development of novel
bioactive peptides.Summary of invention: In one
aspect, the invention provides a method of altering a
protein conformation by removing, for example by
deletion or substitution, one or more
conformation-inducing amino acids. In one aspect the
invention provides a method of altering the
conformation of a protein or a peptide from a globular
conformation to a ribbon conformation comprising
removing, for example by deletion or by substitution,
a specific conformation-inducing residue from the
protein or peptide. In one embodiment, the
conformation-inducing residue is proline. In one
particular embodiment, the conformation-inducing
residue is proline located in a loop of a domain of
the protein or peptide, for example an inter-cysteine
loop of a domain defined by one or more pairs of
cysteine residues forming disulfide bonds.
Furthermore, an Nterminal 



or C-terminal cap may be added or removed at the
relevant end of the protein or peptide to further
promote or stabilize an induced conformational shift.
In a further aspect the invention provides a method of
altering the conformation of a protein or a peptide
from a ribbon conformation to a globular conformation
comprising introducing, for example by insertion or by
substitution, a specific conformation-inducing residue
from the protein or peptide. In one embodiment, the
conformation-inducing residue is proline. In one
particular embodiment, the conformation-inducing
residue is proline and is introduced into a loop of a
domain of the protein or peptide, for example an
inter-cysteine loop of a domain defined by one or more
pairs of cysteine residues forming disulfide bonds. As
in the previous method, an N-terminal or C-terminal
cap may be added or removed at therelevant end of the
protein or peptide to further promote or stabilize an
induced conformational shift. In another aspect, the
invention provides a method of altering the
conformation of a peptide, the method comprising
modifying a peptide comprising the sequence of Formula
I to introduce a proline residue two positions
N-terminal to Cys3 or to remove a proline residue that
is two positions N-terminal to Cys3, wherein: Formula
I is -Cys1 -Cys2-Xm Cys3-Xn-Cys4-; Cys1 , Cys2, Cys3
and Cys4 are cysteine residues that together form two
disulfide bonds, between Cys1 and Cys3 and between
Cys2 and Cys4, between Cys1 and Cys2 and between Cys3
and Cys4, or between Cys1 and Cys4 and between Cys2
and Cys3; X is any amino acid; and m and n are the
same or different and each is equal to or greater than
1. In certain embodiments, the peptide has a
C-terminal group that is either of a carboxy group or
an amide group, and the method further includes
converting the Cterminal group to the other of the
carboxy group or the amide group. In another aspect,
the invention provides a method of altering the
conformation of a peptide, the method comprising
modifying a peptide comprising the sequence of Formula
I and a C-terminal group that is either of a carboxy
group or an amide group to convert the Cterminal group
to the other of the carboxy group or the amide group,
wherein: Formula I is - Cys1 -Cys2-Xm-Cys3-X n-Cys4-;
Cys1 , Cys2, Cys3 and Cys4 are cysteine residues that
together form two disulfide bonds, between Cys1 and
Cys3 and between Cys2 and Cys4, between Cys1 and Cys2
and between Cys3 and Cys4, or between Cys1 and Cys4
and between Cys2 and Cys3; X is any amino acid; and m
and n are the same or different and each is equal to
or greater than 1. In certain embodiments the method
further includesintroducing a proline residue two
positions N-terminal to Cys3, for example by insertion
or 



substitution, or removing a proline residue that is
two positions N-terminal to Cys3. In another aspect
the invention provides a peptide comprising a
conotoxin consensus sequence as defined in Formula I,
and having one or more amino acid residues inserted or
substituted between Cys2 and Cys3 such that the region
defined by Xm differs from the corresponding region in
any wildtype conotoxin sequence, or having one or more
amino acid residues inserted or substituted between
Cys3 and Cys4 such that the region defined by Xn
differs from the corresponding region in any wildtype
conotoxin sequence, wherein: Formula I is -Cys1-Cys2-X
m-Cys3-X n-Cys4-; Cys1 , Cys2, Cys3 and Cys4 are
cysteine residues that together form two disulfide
bonds, between Cys1 and Cys3 and between Cys2 and
Cys4, between Cys1 and Cys2 and between Cys3 and Cys4,
or between Cys1 and Cys4 and between Cys2 and Cys3; X
is any amino acid; and m and n are the same or
different and each is equal to or greater than 1. In
one embodiment the peptide has a proline residue two
positions N-terminal to Cys3 and a C-terminal amide
group, and the peptide has the tendency to adopt a
globular conformation. In another embodiment, the
peptide is lacking a proline residue two positions
N-terminal to Cys3 and a C-terminal carboxy group, and
has the tendency to adopt a ribbon conformation. In
different embodiments, the sequence RGD or RGDW is
inserted between Cys2 and Cys3 or between Cys3 and
Cys4. In a further aspect the invention provides a
peptide comprising the sequence as set forth in any
one of SEQ ID NOS. 2, 3, 4, 6, 7 or 8.In still a
further aspect, the invention provides a peptide
consisting of the sequence as set forth in any one of
SEQ ID NOS. 2, 3, 4, 6, 7 or 8. By comparing the amino
acid sequences of a-conotoxins and c/l-conotoxins
(Table 1), several differences are apparent. Firstly,
unlike a-conotoxins in which the conformational^
constraining proline residue is invariably present in
intercysteine loop 1, c/l-conotoxins has a
hydroxyproline residue in intercysteine loop 2 but
lacks the kink-inducing residue in the first loop.
Secondly, it can also be seen that the C-terminus
amidation is conserved in all known a-conotoxins
(except GID a-conotoxin), but consistently absent in
all the 3 currently known members of the
c/l-conotoxins. It is with these differences in mind
that the synthetic peptide variants were designed.
Aside from the fact that a-conotoxin ImI is one of the
most studied a-conotoxin3 16, ImI conotoxin was
selected as a model for our investigation due to the
fact that the 



intercysteine loop sizes are the closest to that of
c/l-conotoxins, and that ImI conotoxin does not
possess any form of post-translational modification
other than the conserved Cterminal amidation. Further,
the 3-dimensional structure of the native peptide,
along with several of its point mutation variants had
already been solved by NMR spectrometry. In this work,
the following synthetic variants were designed to
examine the role of proline in both intercysteine loop
1 as well as the effect of C-terminal amidation: ImI
Conotoxin:
Gly-Cys-Cys-Ser-Asp-Pro-Arg-Cys-Ala-Trp-Arg-Cys-C0MF
[SEQ ID NO: 1] ImI Acid:
Gly-Cys-Cys-Ser-Asp-Pro-Arg-Cys-Ala-Trp-Arg-Cys-COO#
[SEQ ID NO: 2]P6K Amide:
Gly-Cys-Cys-Ser-Asp-Lys-Arg-Cys-Ala-Trp-Arg-Cys-COWH
[SEQ ID NO: 3] P6K
Acid:Gly-Cys-Cys-Ser-Asp-Lys-Arg-Cys-Ala-Trp-Arg-Cys-C
OOi? [SEQ ID NO: 4] CMrVIA Acid:
Val-Cys-Cys-Gly-Tyr-Lys-Leu-Cys-His-Hyp-Cys-COOH [SEQ
ID NO: 5] CMrVIA Amide:
Val-Cys-Cys-Gly-Tyr-Lys-Leu-Cys-His-Hyp-Cys-COiVH^
[SEQ ID NO: 6] CMrVIA K6P Acid:
Val-Cys-Cys-Gly-Tyr-Pro-Leu-Cys-His-Hyp-Cys-COOff [SEQ
ID NO: 7] CMrVIA K6P Amide:
Val-Cys-Cys-Gly-Tyr-Pro-Leu-Cys-His-Hyp-Cys-COZ\rH
[SEQ ID NO: 8] Brief Description Of The Drawings:
TABLE 1: Sequence alignment of a-conotoxins and
c/l-conotoxins. {m/n) refers to the number of residues
in the 1st and 2nd intercysteine loops respectively,
when the peptides adopt either the globular or ribbon
conformation. FIGURE 1: (A) Purification of synthetic
ImI Acid variant, (B) P6K Acid variant, and (C) P6K
amide variant on a Phenomenex Jupiter C18 5 m 300 A,
250 mm x 10 mm semi-preparative column, using 0.1% TFA
(Eluent A) and an increasing gradient of 80%
Acetonitrile with 0.1% TFA (Eluent B). FIGURE 2: (A)
Oxidation profile of the various purified peptides in
100 mM Tris-HCI, 2 mM EDTA, pH 8.5. Chromatographic
separation of the oxidized samples revealed 3 isoforms
in 



each of the variants. Predominant isoforms in each
variant are marked with (*).Table 2: Air Oxidation of
synthetic peptide variants. All variants oxidized into
3 possible conformers of varying proportions. FIGURE
3: Chromatographic profiling of forced-folded
conformations of peptide variants. The retention time
of the forced folded conformation were compared and
matched with the dominant isoform derived from air
oxidation. FIGURE 4: 1-Dimensional NMR spectroscopy
comparing the spectrums of the (A) P6K Acid variant
peak 1 with the forced-folded ribbon conformation, (B)
P6K Amide variant peak 1 with the forced-folded ribbon
conformation, and (C) ImI Acid with the forced-folded
ribbonr conformation, (D) ImI Conotoxin with the
forced-folded globular conformation, (E) CMrVIA Acid
with the forced-folded ribbon conformation, (F) CMrVIA
Amide with the forced-folded ribbon conformation, (G)
CMrVIA K6P Acid with the forced-folded globular
conformation, (H) CMrVIA K6P Amide with the
forced-folded globular conformation. FIGURE 5: Mass
Spectrometry profiles of the various reduced and
oxidized Iml-conotoxin and CMrVIA conotoxin variants.
TABLE 3: Mass Spectrometry summary table for the
theoretical and observed mass for the peptide
variants. FIGURE 6: 2-Dimensional NMR summary chart
comprising of 70 ms TOCSY aH-NH region (top) and 300
ms ROESY region (bottom) defining the various spin
systems and sequential connectivities. 2-D NMR
experiments were carried out on the dominant
structural isoform for each variant, and the samples
were dissolved in 90 % H2O and 10 % D2O, pH 3.0-3.1 on
Bruker DRX-500 MHz spectrometer. (A) ImI Acid Variant
Peak 1, (B) P6K Acid Peak 2, (C) P6K Amide Peak 1, (D)
ImI conotoxin Peak 3, (E) CMrVIA Acid Peak 3, (F)
CMrVIA Amide Peak 3, (G) CMrVIA K6P Acid Peak 1, and
(H) CMrVIA K6P Amide Peak 1.TABLE 4: Chemical shifts
summary for (A) ImI Acid Peak 1, (B) P6K Acid Peak 2,
(C) ImI Conotoxin Peak 3, and (D) P6K Amide Peak 1.
FIGURE 7: Structural modeling ImI Acid variant Peak 1
and P6K Acid variant Peak 2 performed with Accelrys
lnsightll molecular modeling software. Backbone RMSD
for the 2 structures were 0.38  0.06 and 0.72  0.12
respectively. 3- Dimensional structure of solution
structure of ImI conotoxin was obtained from Protein
Data Bank. FIGURE 8: Profiles of the 2 constructs RGD
in the first cystine loop (RGD1) 7a and RGD in the
second intercystine loop (RGD2) 7b oxidized into 3
possible conformers of varying proportions and the
ability of these to inhibit platelet aggregation of
these conformers.Detailed Description Of The
Invention: 



Peptide synthesis: The peptide variants were
synthesized by solid phase peptide synthesis with Fmoc
chemistry on ABI Pioneer Model 433A Peptide
Synthesizer. The amino acid residues were coupled
using N-[(dimethylamino)-1 H-1
,2,3-triazolo[4,5-b]pyridine-1-ylmethylene]-Nmethylmet
hanaminium hexafluorophosphate N-oxide/
N,N-Diisopropylethylamine in situ neutralization
chemistry. The synthetic peptides having C-terminal
amidation were synthesized using Fmoc-PAL-PS support,
while variants possessing a free carboxyl terminal
were assembled on a pre-loaded Fmoc-L-Cys(Trt)-PEG-PS
(Polyethylene glycolpolystyrene) support resin. Ail
four cysteines in the sequences were protected by
Trifluoroacetic acid (TFA)-labile Trityl group, with
no selective deprqtection. The synthesized peptide was
then cleaved off the resin, with the concomitant
removal of side chain protection groups using
Trifluoroacetic acid: Ethane-dithiol: Thioanisole:
Water (92.5:2.5:2.5:2.5). The crude peptides were
subsequently purified by reverse-phase HPLC (Figure
1). Purified reduced ImI conotoxin was custom ordered
from Synpep Corporation (Dublin, CA). The purified
peptides were then characterized by their molecular
mass (Figure 2). Air oxidation of the purified peptide
was carried out in 100 mM Tris-HCI with 2 mM EDTA, pH
8.5, and allowed to stir in air for 48 Hr. lsoforms
within the oxidized peptide samples were then
separated using reverse phase HPLC on a BioCAD SPRINT
chromatographic workstation or AKTA(tm) purifier
system, using a gradient of 80 % acetonitrile, with
either 0.1 % TFA or formic acid as ion-pairing agent
over 100 min on Vydac 201 SP501 C 18 4.6 mm x 250 mm
analytical column (Figure 2A).The peptides were
verified to be fully reduced based on ESI-MS (Perkin
Elmer Sciex API III Triple-stage Quadrupole System)
prior to oxidation studies. For air oxidation, 0.1 mM
of peptide was dissolved in folding buffer comprised
of 100 mM Tris-CL and 2 mM EDTA, adjusted to pH 8.5,
and allowed to stir in air for 48 hrs. Oxidation
studies were also repeated in denaturant condition, as
well as glutathione redox system (data not shown).
Complete oxidation of the peptide was verified by the
reduction of four mass units, which is attributed to
the formation of the two disulfide bridges within the
peptide backbone (Figure 5, Table 3). Each of the
synthetic variant folded into three isoforms upon
oxidation (Figure 2A, 2B, Table 2). Iodine oxidation
Peptide variants with the desired forced-folded
disulfide linkage of choice were generated 



by means of selective deprotection. This involves the
orthogonal side chain protection of the four cysteine
residues so as to generate specific cysteine pairing
of choice in the formation of the two disulfide
bridges. Cysteine pairs involved in the formation of
the first, and second disulfide bridge were protected
using S-trityl and S-acetamidomethyl protection groups
respectively. The S-trityl group which is removed
during the cleavage step allows the first disulfide
bond to be formed by stirring in air in 0.1 M ammonium
bicarbonate (pH 8.5) at a concentration of 0.1 mg/ ml
for 48 Hr. The second pair of cysteines was
deprotected and concomitantly oxidized using iodine
oxidation. This was achieved by adding 0.1 M Iodine to
a deaerated solution containing 0.1 mM peptide (10
equivalent/ ACM) in Acetonitrile/ TFA/ Water (20:2:78
% v/v), and stirred vigorously under nitrogen blanket
for 1 min before quenching with 1 M ascorbic acid
dropwise until the solution becomes colorless. The
oxidized peptide was then isolated using
RPHPLC.Identification of Dominant lsoform from air
oxidation The retention time of the forced-folded
conformation for the various peptide variants were
compared with the corresponding air oxidation
chromatographic profiles so as to identify the
conformation of the dominant isoform in each variant
(Figure 3). Air oxidation of ImI conotoxin was used as
a control to verify that the folding conditions used
maintained the folding bias of native a-conotoxins.
From the chromatographic profiling of synthetic ImI
conotoxin, ImI Acid variant, P6K Amide variant, and
P6K Acid variant, it can be seen that only ImI
conotoxin maintained the folding bias of having
globular conformation as the dominant isoform, while
the other 3 variants has shifted towards the ribbon
conformation (Figure 2B, Table 3). NMR Data: The
dominant isoform from the air oxidation studies for
each variant was then analyzed on the Bruker 300 MHz
spectrometer to acquire the 1-Dimensional NMR
spectrum. The 1-D NMR spectrum was then compared with
the spectrum of the various possible conformation
obtained by selective deprotection. The conclusions
obtained from the 1-D NMR analysis matches with the
data of the conformation obtained using HPLC. The
three dimensional structure for the major isoform of
each variant was then solved with 2-Dimensional
Nuclear Magnetic Resonance Spectroscopy (Figure 5,
Table 4). In all four cases, ~ 1 mM of the peptide
gave NMR spectra of adequate quality for TOCSY and
ROESY 2-D NMR experiments at pH 3.1 in 10 % D2O, 90 %,
acquired on Bruker DRX-500 



MHz spectrometer. Spectra were acquired at 298 K with
water suppression. TOCSY mixing time was set at 70 ms
and ROESY spin-lock time of 300 ms. Structural
modeling was performed using Accelrys lnsightll
software with NOE constraints derived from the NMR
spectrum (Figure 5). NOE constraints were classified
as Strong (1 .9- 3.1 L) , Medium (1 .9 - 3.8 A), and
Weak (1 .9 - 5.5 A). Pseudo-atom corrections were made
for methyl and methylene protons according to Wuthrich
et al. 17 High temperature molecular dynamics was
first performed using lnsightll Discover module at 300
K and 600 K at 10 ps, followed by 900 K at 20 ps.
Dynamics was subsequently done at decreasing
temperatures from 900 K to 400 K in steps of 100 K
before cooling to 300 K by "soaking" in an assembly of
water molecules at 20 ps. The 15 frames with the
lowest energy levels were then overlaid with an
averaged structure from 2 11 frames. Overlaid ImI
conotoxin Peak 1 gave a backbone RMSD of 0.39  0.12.
Overlaid P6K Acid Peak 2 gave a backbone RMSD of 0.51
0.09., both adopting a "Ribbon" (Ci -4, C2-3)
conformation. 2-D NMR TOCSY spectrum gave a spectrum
similar to that reported by David Craik et al5. Figure
4 demonstrates 1-Dimensional NMR spectroscopy
comparing the spectmms of the P6K Acid variant peak 1
with. the forced-folded ribbon conformation, P6K Amide
variant peak 1 with the forced-folded ribbon
conformation, and ImI Acid with the forced-folded
ribbonr conformation, ImI Conotoxin with the
forced-folded globular conformation, CMrVIA Acid with
the forced-folded ribbon conformation, CMrVIA Amide
with the forced-folded ribbon conformation, CMrVIA K6P
Acid with the forced-folded globular conformation,
CMrVIA K6P Amide with the forced-folded globular
conformation. Figure 7 shows structural modeling of
ImI Acid variant Peak 1 and P6K Acid variant Peak 2
performed with Accelrys lnsightll molecular modeling
software and compared with solution structure of ImI
conotoxin. Backbone RMSD for the 2 structures were
0.38  0.06 and 0.72  0.12 respectively. 3- Dimensional
structure of solution structure of ImI conotoxin was
obtained from Protein Data Bank.Discussion Analysis of
the sequences of a-conotoxin ImI and the
c/l-conotoxins revealed the structural differences
which formed the basis to the design of the synthetic
variants. ImI Acid variant was designed to identify
the role of the conserved C-terminal amidation that is
seen in nearly all of the known a-conotoxin. By
converting the peptide amide into the peptide acid
form, we have successfully shifted the folding
tendency from -54 % of the classical globular form
seen in the oxidation studies of the synthetic ImI
conotoxin, to ~67 % 



ribbon conformation in the ImI Acid variant (Figure
2B, Figure 6). 18 We proceed to conduct a reciprocal
folding studies on a native c/l-conotoxin, CMrVIA
conotoxin. Reciprocal studies on the effect of
C-terminal amidation in CMrvlA conotoxin also resulted
in a shift of structural conformation towards the
globular form. However, this shift is of a much lower
extent as compared to ImI Conotoxins. This is likely
to be due to the presence of a confounding variable of
differing second intercysteine loop size between the
two classes of conotoxin. Another structural feature
examined in this work involves the replacement of the
Proline residue with a Lysine residue. Lysine was
selected as a substitute due to its occurance in all 3
members of the c/l-conotoxins at the same position of
the 1st intercysteine loop. Such substitution also
resulted in a shift from the globular conformation in
ImI conotoxin to ~68 % ribbon conformation in the P6K
Amide variant. Reciprocal studies involving CMrVIA
c/l-conotoxin was also conducted. Native CMrVIA
c/l-conotoxin folds to 53 % ribbon conformation. When
Lys6 was replaced with a Proline residue, the
synthetic variant shifts to fold preferentially to 83
% globular conformation. These results reinforced the
point that the conserved Pro6 in ImI conotoxin has a
role in determining the final conformation of the
peptide toxin.Similarity in the degree of shift seen
from the P6K Amide variant and ImI Acid variant
suggests that both C-terminal amidation and Proline at
the 6th position are likely to have similar effects on
the folding tendency of a-conotoxin ImI in the in
vitro setting. A further modification combining both
the structural switches as seen in P6K Acid variant
resulted in a further shift of folding tendency to -76
% ribbon conformation, suggesting a likely synergistic
or additive effect of the 1st intercysteine loop
Proline, and C-terminal amidation on the folding
tendency. Though the two structural features
identified were not able to result in an absolute
shift of the folding tendency from the native globular
conformation to the ribbon conformation, they no doubt
play a crucial role as conformational switches in the
ImI conotoxin. Though the peptides fold into different
predominant isoforms, the excess of one form over the
other is not drastically different, suggesting that
folding may occur by independent pathways. It is not
clear whether proline cis-trans isomerization or
hydrogen bond interactions contribute to these folding
pathways. These findings will have a significant
effect in the manipulation of these small, compact 



peptide toxins in the development of peptide
scaffolds. The folding (oxidation) of the peptides
will result in 3 possible conformations, depending on
how the 4 cysteine residues pair up to form the
disulfide bridges (Imagine pairing combination of
[1-2, 3-4], [1-3, 2-4], [ 1 -4, 2-3]). Based on the
pairing, the peptide will adopt different shapes
(that's why they are termed "globular", "ribbon" or
"beaded"), and the type of residues they will present
on the surface will be different even though they have
the exact sequence. The idea of using this as a
scaffold is that depending on the type of pairing (and
consequently the conformation resulting), the same
framework can have more than 1 conformation.Example 1.
Use as a host sequence The sequence can be used as a
rigid structural framework, in which we can insert a
short segment of bioactive peptide sequence. This
inserted segment can then make use of the conformation
dictated by the structural scaffold so as to attain
the desired activity. We have tested the sequence by
inserting a well-studied tripeptide sequence
(Arg-Gly-Asp) into the conotoxin framework, and the
RGD-Conotoxin chimeric peptide exhibits the
antiplatelet activity that we would expect of the
tripeptide sequence. Whole blood samples were freshly
drawn from healthy volunteers, Platelet aggregation
was measured via change in electrical impedance.
Collagen (2 mg/ml)or ADP (20 mM) was used as agonist
Table 5 and Figure 8 show an antiplatelet activity
assay when RGDW is put into the host sequence in
intercystine loop 1 (RGD1) and intercystine loop 2
(RGD2) showing the inhibition concentration. In
several examples seen in natural protein molecules, a
large percentage of the protein molecule is involved
in defining the conformation of the active segment
which is responsible for the biological activity.
However, this active segment is usually made up of
just a short length of amino acid sequence.
Conventionally, there will be the effort to minimize
the protein size so as to exploit the feasibility of
using the active segment as a viable therapeutic agent
and/or to insert into a protein scaffold so as to
restrict the flexibility of the active segment into
the desired conformation. A larger protein molecule
will also presentwith problems of antigenicity due to
the presence of several antigen presenting sites on
parts of the molecule not relevant to the activity of
interest. Short, linear synthetic peptides
corresponding to the active segments of the parent
protein molecule usually will present the problem of
excessive flexibility and the related high 



entropic cost of binding, or that the segment will be
degraded easily due to the lack of a compact
structure. By inserting into a scaffold that is
stabilized with several restraining disulfide bridges,
these problems can be reduced. Further, by using a
scaffold that is of a small size, we can rapidly and
easily mass produce the peptide using chemical
synthesis, as well as to easily attain the structural
information using physical techniques such as
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Sequence [SEQ ID NO] Prey Globular Ribbon Ref EpI
GCCSDPRCNMNNPDYC* [ 9 ] Mollusks 5/12 13/4 19 18 PnIA
GCCSLPPCAANNPDYC* [ 10] Mollusks 5/12 13/4 2019 PnIB
GCCSLPPCALSNPDYC* [11 ] Mollusks 5/12 13/4 2019 Mil
GCCSNPVCHLEHSNLC* [12 ] Fish 5/12 13/4 2 12 0 El
RDOCCYHPTCNMSNPQIC* [ 13] Fish 5/12 13/4 222 1 AUIA
GCCSYPPCFATNSDYC* [ 1 4 ] Mollusks 5/12 13/4 232 2
AUIC GCCSYPPCFATNSGYC* [ 15] Mollusks 5/12 13/4 232 2
GIC GCCSHPACAGNNQHIC* [ 16] Fish 5/12 13/4 2423 GID I
RDgCCSN PACRVNNOHVC [ 1 7 ] Fish 5/12 13/4 2524 AnIB
GGCCSHPACAANNQDYC* [ 1 8 ] Worm 5/12 13/4 262 5 AUIB
GCCSYPPCFATNPD C* [19] Mollusks 5/1 1 12/4 232 2 Vd .1
GCCSDPRCNYDHEI C* [20 ] Mollusks 5/1 1 12/4 272 6 



ImI GCCSDPRCAWR C* [ 1 ] Worm 5/8 9/4 10 ImII
ACCSDRRCRWR C* [21 ] Worm 5/8 9/4 4 3/5 Class Ml
GRCCHPA CGKNYS C* [22 ] Fish 4/9 10/3 282 7 Gl ECCNPA
CGRHYS C* [23] Fish 4/9 10/3 292 8 GIA ECCNPA CGRHYS
CGK* [ 2 4 ] Fish 4/9 10/3 292 8 GII ECCNPA CGKHFS C*
[25] Fish 4/9 10/3 2928 S I ICCNPA CGPKYS C* [ 2 6 ]
Fish 4/9 10/3 3O2 9 xJh CMrVIA VCCGYKLCHO C [27 ]
Mollusks 5/7 8/4 2 CMrX GICCGVSFCYO C [28 ] Mollusks
5/7 8/4 2 MrIA NGVCCGYKLCHO C [29] Mollusks 5/7 8/4
31,32o 1 TABLE 1TABLE 2 Globular Ribbon Beaded ImI
Acid 30.09  0.61 67.24  0.36 2.67  0.46 P KAcid 19.75
0.29 76.16  0.44 4.08  0.54 ImI Cntx 54.02  0.39 42.97
0.95 3.02  0.56 P6K Amide 68.50  1.69 30.23  1.47 1.27
0.39 CMrVIA Cntx 3 1.27  0.87 52.92  0.34 15.81  0.54
CMrVIA Amide 33.95  0.55 48.84  0.97 17.22  0.42
CMrVIA K6P Acid 82.94  0.40 3.48  0.26 13.57  0.40
CMrVIA K6P Amide 93.14  0.67 5.33  0.70 1.53  0.06
TABLE 3TABLE4 Gl - 3.775 - - - C2 8.304 4.507
2.755/2.240 - C3 8.952 4.927 3.557/3.444 - _ S4 8.722
4.692 3.915 _ D5 7.675 4.941 2.756/2.802 - - P6 -
4.348 2.415 2.051/1.956 3.897/3.767 R7 8.641 4.259
1.921/1.830 1.648 3.204 



C8 8.041 4.410 3.371/3.189 - - A9 8.558 4.145 1.345 -
- WlO 7.949 4.957 3.378/3.128 - - RIl 8.488 4.972
1.883/1.762 1.641 3.234 C12 7.861 4.365 3.136/2.984 _
(B) to P6K Acid Peak 2 2D NMR Chemical Shifts NH aH PH
gH dH Gl - 3.830 - - C2 8.529 4.682 2.783/3.007 - C3
8.694 5.032 3.303 - S4 8.729 4.583 3.916 - D5 8.164
4.712 2.990 - K6 8.322 4.088 1.949/1.711 1.466 R7
7.914 4.409 1.917/1.809 1.623 3.217 C8 8.061 4.775
3.080 - A9 8.316 4.279 1.360 - WlO 7.713 4.840
3.389/3.260 - RIl 8.177 4.595 1.838/1.716 1.580 3.174
C12 8.189 4.595 3.281/3.052(C) ImI Conotoxin Peak 3 2D
NMR Chemical Shifts NH aH bH gH dH Gl - 3.892 - - - C2
8.779 4.688 3.321/2.815 - - C3 8.348 4.414 2.870/3.375
- - S4 7.965 4.537 4.004/3.895 - - D5 7.979 5.153
3.198/2.706 - - P6 - 4.343 1.989 1.838/1.729 - R7
8.368 4.332 1.735/1.831 1.967 3.252 C8 8.081 4.414
3.649/3.143 - - 



A9 8.150 4.141 1.407 - - WlO 7.774 4.510 3.444/3.239 -
- RIl 7.685 3.854 0.614 1.407 2.924 C12 7.951 4.551
3.498/3.143 - - (D) to P6K Amide Peak 1 2D NMR
Chemical Shifts NH aH bH gH dH Gl - 3.587/3.654 - - -
C2 8.321 4.471 2.433/2.791 - - C3 8.647 4.866
3.280/3.239 - - S4 8.669 4.461 3.776 - - D5 7.801
4.551 2.683/2.762 - - K6 8.245 3.961 1.564/1.315 2.877
1.786 R7 8.069 4.195 1.489/1.709 1.773 3.072 C8 7.809
4.584 3.055 - - A9 8.252 4.076 1.205 - - WlO 7.714
4.708 3.074/3.226 - - RIl 8.147 4.477 1.386/1.561
1.654 3.028 C12 8.132 4.427 3.097/2.759 _TABLE5WHAT IS
CLAIMED IS: 1. A method of altering the conformation
of a peptide, the method comprising modifying a
peptide comprising the sequence of Formula I to
introduce a proline residue two positions N-terminal
to Cys3 or to remove a proline residue that is two
positions Nterminal to Cys3, wherein: Formula I is
~Cys1 -Cys2-Xm-Cys3-X n-Cys4- ; Cys1 , Cys2, Cys3 and
Cys4 are cysteine residues that together form two
disulfide bonds, between Cys1 and Cys3 and between
Cys2 and Cys4, between Cys1 and Cys2 and between Cys3
and Cys4, or between Cys1 and Cys4 and between Cys2
and Cys3; X is any amino acid; and m and n are the
same or different and each is equal to or greater than
1. 2. The method of claim 1 wherein the peptide has a
C-terminal group that is either of a 



carboxy group or an amide group, the method further
comprising converting the Cterminal group to the other
of the carboxy group or the amide group. 3. A method
of altering the conformation of a peptide, the method
comprising modifying a peptide comprising the sequence
of Formula I and a C-terminal group that is either of
a carboxy group or an amide group to convert the
C-terminal group to the other of the carboxy group or
the amide group, wherein: Formula I is -Cys1 -Cys2-X
m-Cys3-X n-Cys4- ; Cys1 , Cys2, Cys3 and Cys4 are
cysteine residues that together form two disulfide
bonds, between Cys1 and Cys3 and between Cys2 and
Cys4, between Cys1 and Cys2 and between Cys3 and Cys4,
or between Cys1 and Cys4 and between Cys2 and Cys3; X
is any amino acid; andm and n are the same or
different and each is equal to or greater than 1. 4.
The method of claim 3 further comprising introducing a
proline residue two positions N-terminal to Cys3 or
removing a proline residue that is two positions
N-terminal to Cys3. 5. A peptide comprising a
conotoxin consensus sequence as defined in Formula I,
and having one or more amino acid residues inserted or
substituted between Cys2 and Cys3 such that the region
defined by Xm differs from the corresponding region in
any wildtype conotoxin sequence, or having one or more
amino acid residues inserted or substituted between
Cys3 and Cys4 such that the region defined by Xn
differs from the corresponding region in any wildtype
conotoxin sequence, wherein: Formula I is -Cys1
-Cys2-Xm-Cys3-Xn-Cys4-; Cys1 , Cys2, Cys3 and Cys4 are
cysteine residues that together form two disulfide
bonds, between Cys1 and Cys3 and between Cys2 and
Cys4, between Cys1 and Cys2 and between Cys3 and Cys4,
or between Cys1 and Cys4 and between Cys2 and Cys3; X
is any amino acid; and m and n are the same or
different and each is equal to or greater than 1. 6.
The peptide of claim 5 having a proline residue two
positions N-terminal to Cys3 and a C-terminal amide
group, the peptide having the tendency to adopt a
globular conformation. 



7. The peptide of claim 5 not having a proline residue
two positions N-terminal to Cys3 and having a
C-terminal carboxy group, the peptide having the
tendency to adopt a ribbon conformation. 8. The
peptide of claim 5 wherein the amino acid sequence RGD
is inserted between Cys2 and Cys3 or between Cys3 and
Cys4.9. The peptide of claim 5 wherein the amino acid
sequence RGDW is inserted between Cys2 and Cys3 or
between Cys3 and Cys4. 10.A peptide comprising the
sequence as set forth in any one of SEQ ID NOS. 2, 3,
4, 6, 7 or 8. 11.A peptide consisting of the sequence
as set forth in any one of SEQ ID NOS. 2, 3, 4, 6, 7
or 8.93231-142 seq listing 09-08-05 ST25 SEQUENCE
LISTING <110> Manjunatha, K i n i Kang, Tse siang
<120> Conformational switches in Toxin Folding and
Uses Thereof <130> 93231-142 <150> 60/608,151 <151>
2004-09-09 <160> 29 <170> Patentln version 3.3 <210> 1
<211> 12 <212> PRT <213> cone snail <220> <221>
MOD_RES <222> (12) ..(12) <223> AMIDATION <400> 1 Gl y
Cys Cys ser Asp Pro Arg Cys Ala Trp Arg Cys 1 5 10
<210> 2 



<211> 12 <212> PRT <213> artificial <22O> <223>
synthetic peptide <400> 2 Gly Cys Cys Ser Asp Pro Arg
Cys Ala Trp Arg Cys 1 5 10 <210> 3 <211> 12 <212> PRT
<213> artificial <220> <223> synthetic peptide <220>
<221> MOD_RES <222> (12) ..(12) <223> AMIDATION <400>
393231-142 seq l i sting 09-08-05 ST25 G y cys cys Ser
Asp Lys Arg cys Ala Trp Arg cys 1 5 10 <210> 4 <211>
12 <212> PRT <213> artifi cial <220> <223> synthetic
peptide <400> 4 Gly Cys cys ser Asp Lys Arg Cys Ala
Trp Arg cys 1 5 10 <210> 5 



<211> 11 <212> PRT <213> cone snail <220> <221>
misc_feature <222> (10) ..ClO) <223> Xaa can be any
naturally occurring amino acid <400> 5 VaI Cys Cys Gly
Ty r Lys Leu Cys Hi s xaa Cys 1 5 10 <210> 6 <211> 11
<212> PRT <213> artificial <220> <223> synthetic
peptide <220> <221> misc_feature <222> (10) ..(10)
<223> Xaa can be any naturally occurring amino acid
<220> <221> MOD_RES <222> (11) ..(11) <223> AMIDATION
<400> 6 val Cys Cys Gly Tyr Lys Leu cys His xaa cys 1
5 10 <210> 793231-142 seq listing 09-08-05 ST25 <211>
11 <212> PRT <213> artificial 



<220> <223> synthetic peptide <220> <221> misc_feature
<222> (10) ..(10) <223> Xaa can be any naturally
occurring amino acid <400> 7 VaI cys cys G ly Tyr Pro
Leu cys His Xaa cys 1 ,5 10 <210> 8 <211> 11 <212> PRT
<213> artificial <220> <223> synthetic peptide <220>
<221>- misc_feature <222> (10) ..(10) <223> Xaa can be
any naturally occurring amino acid <220> <221> MOD_RES
<222> (11) ..(11) <223> AMIDATION <400> 8 VaI cys Cys
G ly Tyr Pro Leu Cys His Xaa cys 1 5 10 <210> 9 <211>
16 <212> PRT <213> cone snail <220> 



<221> MOD_RES <222> (16) ..(16) <223> AMIDATION <400>
9 Gly Cys Cys Ser Asp Pro Arg Cys Asn Met Asn Asn Pro
Asp Tyr Cys 1 5 10 15 <210> 1093231-142 seq listing
09-08-05 ST25 <211> 16 <212> PRT <213> cone snail
<220> <221> MOD_RES <222> (16) ..(16) <223> AMIDATION
<400> 10 Gly cys cys ser Leu Pro Pro cys Ala Ala Asn
Asn Pro Asp Tyr cys 1 5 10 15 <210> 11 <211> 16 <212>
PRT <213> cone snail <220> <221> MOD_RES <222> (16)
..(16) <400> 11 Gly Cys cys Ser Leu Pro Pro cys Ala
Leu ser Asn Pro Asp Tyr cys 1 5 10 15 <210> 12 <211>
16 <212> PRT <213> cone snail 



<220> <221> MOD_RES <222> (16) ..(16) <223> AMIDATION
<400> 12 Gly Cys Cys Ser Asn Pro VaI Cys His Leu G lu
His Ser Asn Leu cys 1 5 10 15 <210> 13 <211> 18 <212>
PRT <213> cone snail <220> <221> misc_feature <222>
(3).. (3) <223> Xaa can be any naturally occurring
amino acid <220> <221> MOD_RES93231-142 seq listing
09-08-05 ST25 <222> (18) ..(18) <223> AMIDATION <400>
13 Arg Asp Xaa cys cys Tyr His Pro Thr Cys Asn Met Ser
Asn Pro Gin 1 5 10 15 lie cys <210> 14 <211> 16 <212>
PRT <213> cone snail <22O> <221> MOD_RES <222> (16)
..(16) <223> AMIDATION 



<400> 14 Gly Cys Cys Ser Tyr Pro Pro cys Phe Ala Thr
Asn Ser Asp Tyr cys 1 5 10 15 <210> 15 <211> 16 <212>
PRT <213> cone snail <220> <221> MOD_RES <222> (16)
..(16) <223> AMIDATION <400> 15 Gly Cys Cys ser Tyr
Pro Pro cys Phe Ala Thr Asn ser Gly Tyr cys 1 5 10 15
<210> 16 <211> 16 <212> PRT <213> cone snail <220>
<221> MOD_RES <222> (16) ..(16) <223> AMIDATION <400>
16 Gly Cys cys Ser His Pro Ala cys Ala Gly Asn Asn Gi
n Hi s lie cys 1 5 10 1593231-142 seq listing 09-08-05
ST25 <210> 17 <211> 19 <212> PRT <213> cone snail
<220> <221> MISCFEATURE 



<222> (4) ..(4) <223> 4-carboxyglutamate <220> <221>
MISC_FEATURE <222> (16) ..(16) <223> 4-hydroxyproline
<400> 17 lie Arg Asp Xaa Cys Cys Ser Asn Pro Ala Cys
Arg val Asn Asn xaa 1 5 10 15 His VaI cys <210> 18
<211>- 17 <212> PRT <213> cone snail <220> <221>
MOD_RES <222> (17) ..(17) <223> AMIDATION <400> 18 G
ly G ly Cys Cys Ser His Pro Ala cys Ala Ala Asn Asn
Gin Asp Tyr 1 5 10 15 cys <210> 19 <211> 15 <212> PRT
<213> cone snail <220> <221> MOD_RES <222> (15).. (15)
<223> AMIDATION <400> 19 



Page 693231-142 seq listing 09-08-05 ST25 Gly Cys cys
ser Tyr Pro Pro cys Phe Ala Thr Asn Pro Asp cys 1 5 10
15 <210> 20 <211> 15 <212> PRT <213> cone snail <220>
<221> MOD_RES <222> (15).. (15) <223> AMIDATION <400>
20 Gly Cys Cys ser Asp Pro Arg Cys Asn Tyr Asp His Glu
lie Cys 1 5 10 15 <210> 21 <211> 12 <212> PRT <213>
cone snail <220> <221> MOD_RES <222>- (12) ..(12)
<223> AMIDATION <400> 21 Ala cys Cys ser Asp Arg Arg
Cys Arg Trp Arg Cys 1 5 10 <210> 22 <211> 14 <212> PRT
<213> cone snail <220> <221> MOD_RES 



<222> (14) ..(14) <223> AMIDATION <400> 22 Gly Arg Cys
Cys His Pro Ala cys Gly Lys Asn Tyr Ser Cys 1 5 10
<210> 23 <211> 13 <212> PRT <213> cone snail
<220>93231-142 seq listing 09-08-05 ST25 <221> MOD_RES
<222> (13).. (13) <223> AMIDATION <400> 23 Glu cys cys
Asn Pro Ala cys Gly Arg His Tyr ser Cys 1 5 10 <210>
24 <211> 15 <212> PRT <213> cone snail <220> <221>
MOD_RES <222> (15).. (15) <223> AMIDATION <400> 24 Glu
Cys cys Asn Pro Ala Cys Gly Arg Hi s Tyr Ser Cys Gly
Lys 1 5 10 15 <210> 25 <211> 13 <212>- PRT <213> cone
snail 



<220> <221> MOD_RES <222> (13).. (13) <223> AMIDATION
<400> 25 Glu Cys cys Asn Pro Ala cys Gly Lys His Phe
Ser Cys 1 5 10 <210> 26 <211> 13 <212> PRT <213> cone
snail <220> <221> MOD_RES <222> (13).. (13) <223>
AMIDATION <400> 26 lie cys Cys Asn Pro Ala cys Gly Pro
Lys Tyr Ser Cys 1 5 10 <210> 2793231-142 seq listing
09-08-05 ST25 <211> 11 <212> PRT <213> cone snail
<220> <221> MISC_FEATURE <222> (10) ..(10) <223>
4-hydroxyproline <400> 27 VaI cys cys G ly Tyr Lys Leu
cys His Xaa cys 1 5 10 <210> 28 <211> 12 



<212> PRT <213> cone snail <220> <221> MISC_FEATURE
<222> (11) ..(11) <223> 4-hydroxyproline <400> 28 G ly
I3e Cys Cys Gly VaI Ser Phe Cys Tyr Xaa Cys 1 5 10
<210> 29 <211> 13 <212> PRT <213> cone snail <220>
<221> MISC_FEATURE <222> (12) ..(12) <223>
4-hydroxyproline <400> 29 Asn G ly VaI Cys cys G ly
Tyr Lys Leu cys His Xaa Cys 1 5 10 


