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(57) ABSTRACT 

The present invention relates generally to a molecular 
framework having a cyclic structure. More particularly, the 
present invention provides cyclic proteins and derivatives 
thereof in which particular turns and other elements of the 
molecular structure are held in defined orientations with 
respect to each other. The cyclic proteins of the present 
invention provide a molecular framework for the introduc 
tion of particular amino acids or heterologous amino acid 
Sequences to facilitate the presentation of biological activi 
ties associated with these heterologous amino acid 
Sequences. The molecular framework of the present inven 
tion may be naturally cyclic or may be a cyclized derivative 
of a linear molecular or may be a linear derivative of a 
cyclized molecule. The present invention contemplates the 
use of the molecular framework with or without particular 
amino acids inserted or Substituted thereon for the treatment 
of or prophylaxis of disease conditions in animals, mammals 
(including humans) and plants. 
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NOVEL MOLECULE 

FIELD OF THE INVENTION 

0001. The present invention relates generally to a 
molecular framework having a cyclic Structure. More par 
ticularly, the present invention provides cyclic proteins and 
derivatives thereof in which particular turns and other ele 
ments of the molecular structure are held in defined orien 
tations with respect to each other. The cyclic proteins of the 
present invention provide a molecular framework for the 
introduction of particular amino acids or heterologous amino 
acid Sequences to facilitate the presentation of biological 
activities associated with these heterologous amino acid 
Sequences. The molecular framework of the present inven 
tion may be naturally cyclic or may be a cyclized derivative 
of a linear molecule or may be a linear derivative of a 
cyclized molecule. The present invention contemplates the 
use of the molecular framework with or without particular 
amino acids inserted or Substituted thereon for the treatment 
of prophylaxis of disease conditions in animals, mammals 
(including human) and plants. 

BACKGROUND OF THE INVENTION 

0002 Reference to any prior art in this specification is 
not, and should not be taken as, an acknowledgment or any 
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0006 These small cyclic proteins have diverse activities 
including anti-microbial properties, haemolytic activities 
and as uterotonic agents. However, the biological function of 
cyclic proteins in plants is largely unknown. 

0007) 
inventors have characterized a new family of cyclic proteins. 
The cyclic proteins exhibit conserved cysteine residues 

In work leading up to the present invention, the 

defining a structure referred to herein as a “cystine knot'. 
This family includes both naturally occurring cyclic mol 
ecules and their linear derivatives as well as linear molecules 
which have undergone cyclization. These molecules are 
useful as molecular framework Structures having enhanced 
Stability over their linear counterparts. 

SUMMARY OF THE INVENTION 

0008 One aspect of the present invention contemplates a 
molecular framework comprising a Sequence of amino acids 
forming a cyclic backbone wherein the cyclic backbone 
comprises Sufficient disulfide bonds or chemical equivalents 
thereof to confer knotted topology on the molecular frame 
work or part thereof wherein Said cyclic backbone comprises 
the Structure:- 

CIX. XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

form of Suggestion that this prior art forms part of the 
common general knowledge in Australia or any other coun 
try. 

0.003 Bibliographic details of the publications referred to 
by author in this specification are collected at the end of the 
description. 

0004 Proteins have been traditionally regarded as linear 
chains of amino acids which fold into a defined three 
dimensional shape necessary to enable their biological func 
tion. In many proteins, the linear peptide backbone is 
croSS-linked via disulfide bonds between cysteine residues 
but even in these cases, the three dimensional folds are 
generally topologically simple and are not knotted. 

0005 Certain plants of the Rubiaceae and Violaceae 
families provide Small cyclic proteins in the order of 
approximately 30 amino acids. The cyclization involves an 
amide bond resulting in no identifiable N- or C-terminus in 
the molecule. Notable examples of these small cyclic mol 
ecules are the circulins (Gustafson et al., 1994), kalata B1 
(Saether et al., 1995), cyclopsychotride (Witherup et al., 
1994) and several molecules from the Violaceae family 
(Schopke et al., 1993; Claeson et al., 1998; Goransson et al., 
1999). 

0009 wherein 

0010 C is cysteine; 

0.011 each of X. . . . X, X'... X'), X" . . . 
X'), X". . . . X"), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 

or between the Sequence residues may be the same or 
different; and 

0012 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and each of a to f may be the same or different and 
range from 1 to about 20; 

0013 or an analogue of said sequence. 

0014) Another aspect of the present invention contem 
plates a molecular framework comprising a Sequence of 
amino acids forming a cyclic backbone wherein the cyclic 
backbone comprises Sufficient disulfide bonds or chemical 
equivalents thereof to confer knotted topology on the 
molecular framework or part thereof wherein Said cyclic 
backbone comprises the Structure:- 
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CIX. XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

0015 
C is cysteine; 0016 is cystei 

(007 Sh of IX. XIX, X) X. X'), X". . . . X'), XY . . . XY) and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and acid residues within or between the 
Sequence residues may be the same or different; and 

wherein 

0018 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 

about 3 to about 5, c is from about 2 to about 7, d is 
about 1 to about 3, e is about 3 to about 6 and f is 
from about 4 to about 9; 

0025 or an analogue of said sequence. 
0026. Yet a further aspect of the present invention pro 
vides a molecular framework comprising a Sequence of 
amino acids forming a cyclic backbone wherein the cyclic 
backbone comprises Sufficient disulfide bonds or chemical 
equivalents thereof to confer knotted topology on the 
molecular framework or part thereof wherein Said cyclic 
backbone comprises the Structure:- 

CIX1 ... XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

and each of a to f may be the same or different and 
range from 1 to about 10; 

0019 or an analogue of said sequence. 

0020. A further aspect of the present invention provides 
a molecular framework comprising a Sequence of amino 
acids forming a cyclic backbone wherein the cyclic back 
bone comprises Sufficient disulfide bonds or chemical 
equivalents thereof to confer knotted topology on the 
molecular framework or part thereof wherein Said cyclic 
backbone comprises the Structure:- 

0027 wherein 

0028 C is cysteine; 

0029) each of X. . . . X.), X'... X'), X". . . . 
X'), X". . . . X"), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and 

0030 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 

CIX. XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

0021 wherein 
0022 C is cysteine; 
0023) each of X. . . . X.), X'... X'), X". . . . 
X'), X. . . X"), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and 

0024 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and wherein a is from about 3 to about 6, b is from 

and wherein a is about 3, b is about 4, c is from about 
4 to about 7, d is about 1, e is about 4 or 5 and f is 
from about 4 to about 7; 

0031 or an analogue of said sequence. 

0032 Still a further aspect of the present invention pro 
vides a molecular framework comprising a Sequence of 
amino acids forming a cyclic backbone wherein the cyclic 
backbone comprises Sufficient disulfide bonds or chemical 
equivalents thereof to confer knotted topology on the 
molecular framework or part thereof wherein Said cyclic 
backbone comprises the Structure:- 
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CIX. XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

0033 wherein 
0034) C is cysteine; 

(.0035 Sh of IX. XIX, X) X. X'), X". . . . X'), XY . . . XY) and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and 

0036 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and wherein a is about 6, b is about 5, c is about 3, 
d is about 1, e is about 5 and f is about 8; 

0037 or an analogue of said sequence. 
0.038 Yet another aspect of the present invention is 
directed to a molecular framework comprising a Sequence of 
amino acids or analogues thereof forming a cyclic backbone 
and wherein Said cyclic backbone comprises Sufficient dis 
ulfide bonds or chemical equivalents thereof, to confer a 
knotted topology on the three-dimensional Structure of Said 
cyclic backbone and wherein at least one exposed amino 
acid residue. Such as on one or more beta turns and/or within 
one or more loops, is inserted or Substituted relative to the 
naturally occurring amino acid Sequence. 
0.039 Even yet another aspect of the present invention 
contemplates a molecular framework comprising a sequence 
of amino acids or analogues thereof forming a cyclic back 
bone and wherein Said cyclic backbone comprises a cystine 
knot or its chemical or Structural equivalent which conferS a 
knotted topology on the three-dimensional Structure of Said 
cyclic backbone and wherein at least one exposed amino 
acid residue. Such as on one or more beta turns and/or within 
one or more loops is inserted or Substituted relative to the 
naturally occurring amino acid Sequence. 
0040 Another aspect of the present invention is directed 
to a molecular framework comprising a Sequence of amino 
acids or analogues thereof forming a cyclic cystine knot 
motif defined by a cyclic backbone, at least three disulfide 
bonds and associated beta Strands in a defined knotted 
topology and wherein at least one exposed amino acid 
residue. Such as on one or more beta turns or within one or 
more loops is inserted or Substituted relative to the naturally 
occurring amino acid Sequence. 
0041. A further aspect of the present invention is directed 
to antibodies to the molecular framework of the present 
invention. 

0.042 Still a further aspect of the present invention pro 
vides a method for the treatment or prophylaxis of condi 
tions or diseases in mammals, preferably humans, including 
the Step of administering a molecular framework as herein 
before described either without modification or having het 
erologous amino acids grafted thereon. 
0.043 Yet another aspect of the present invention pro 
vides a composition comprising cyclic molecular framework 

molecules as hereinbefore described and a pharmaceutically 
acceptable carrier and/or diluent. 
0044) Even yet another aspect of the present invention 
provides a method for conferring pathogen protection to a 
plant, including the Step of administering an engineered 
framework as hereinbefore described. 

0045. A plant pathogen includes a spider, insect, fungus, 
Virus and bacterium. 

0046) Another aspect of the present invention contem 
plates a method for detecting a molecular framework as 
described herein in a Sample, Said method comprising con 
tacting Said Sample with an antibody or other immunoint 
eractive molecule Specific for Said molecular framework or 
its derivatives or homologues for a time and under condi 
tions Sufficient for an antibody-molecular framework com 
plex to form, and then detecting Said complex. 
0047 Single and three letter abbreviations used through 
out the specification are defined in Table 1. 

TABLE 1. 

Single and three letter amino acid abbreviations 

Three-letter One-letter 
Amino Acid Abbreviation Symbol 

Alanine Ala A. 
Arginine Arg R 
Asparagine Asn N 
Aspartic acid Asp D 
Cysteine Cys C 
Glutamine Glin O 
Glutamic acid Glu E 
Glycine Gly G 
Histidine His H 
Isoleucine Ile I 
Leucine Leu L 
Lysine Lys K 
Methionine Met M 
Phenylalanine Phe F 
Proline Pro P 
Serine Ser S 
Threonine The T 
Tryptophan Trp W 
Tyrosine Tyr Y 
Valine Val V 
Any residue Xaa X 

BRIEF DESCRIPTION OF THE FIGURES 

0048 FIG. 1 is a diagrammatic representation of the 
isolation and characterization of cycloviolacin 01; (a) HPLC 
profile of the crude extract from V. Odorata. The region of 
interest is expanded in (b) to show the peptide peaks labelled 
with their mass. Cycloviolacin 01 eluted last in this profile. 
The peptide was reduced with tris-carboxyethylphosphine 
(TCEP) and alkylated with maleimide. (c) The reduced and 
alkylated species (labelled M+6), which has a mass 582 Da 
greater than the native peptide Since 97 Da was added to 
each of the Six cysteine residues during alkylation, was 
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purified under the same HPLC conditions and eluted five 
mins earlier than the native peptide. The reduced and 
alkylated Species was cleaved with Endoproteinase Glu-C to 
facilitate Sequencing. (d) The cleaved species (labelled 
M+24), has a mass 18 Da greater than the reduced and 
alkylated peptide due to addition of H2O across the cleaved 
peptide bound. (e) N-terminal Sequencing of cycloviolacin 
01 for 30 cycles yielded the indicated sequence. 
0049 FIG. 2 is a diagrammatic representation showing 
the Structural features of cycloviolacin 01 and other plant 
cyclotides. (a) A ribbon representation of the NMR-derived 
Structure of cycloviolacin 01, with the cysteine residues 
numbered Cys' to Cys'. (b) A superimposition of the 
cystine-knots of kalata B1, circulin A and cyloviolacin 01. 
Only the cystine residues are shown and their CC. atoms are 
highlighted as spheres. (c) A Schematic representation of the 
cyclic cystine knot motif showing the arrangement of the 
connected disulfide bonds and the general topology of the 
knot. The bold arrows represent the strands of the B-hairpin 
(labelled strand 1 and strand 2) and the shaded arrow 
represents an extended region which is distorted from Stan 
dard B-geometry but nominally makes up the third Strand of 
the f-sheet. (d) A Summary of the conserved and variable 
residues in the known cyclotides. The conserved amino 
acids involved in the formation of the embedded ring in the 
Structure are outlined in grey and connected by disulfide 
bonds Cys-Cys'Y and Cys'Cys". All other amino acids are 
outlined in black, with variable residues shaded with diago 
nal lines and conserved residues in plain circles. In an 
attempt to represent Something of the three-dimensional 
topography of the knot, those residues closer to the observer 
are outlined with a thicker black outline. 

0050 FIG. 3 is a diagrammatic representation showing 
topologies of cystine knot peptides. (a) The common cys 
teine connectivity of known cystine knot peptides from 
plants, animals and fungi. This connectivity pattern can be 
redrawn to illustrate that the pattern is topologically simple, 
i.e. involves no line crossings in two dimensions, as shown 
in (b). Circularization of the backbone, as in (c), removes 
this topological Simplicity, as occurs in the CCK family of 
cyclotides. Other non-knotted arrangements of disulfide 
connectivities are, however, theoretically feasible, as shown 
in (d). The Series (e) to (h) shows Successive unfolding of 
non-cyclic cystine knot peptides, demonstrating their topo 
logical Simplicity. This unfolding is based on a kinemage 
from Benham and Jafri (1993). 
0051 FIG. 4 is a schematic representation of the three 
dimensional structure of kalata B1 (Saether et al., 1995) 
middle of diagram and the 6 acyclic permutants produced 
upon opening of the 6 loops between the cysteine residues. 
The numbers in parentheseS represent the loops which are 
opened. 

0.052 FIG. 5 is a schematic representation showing CH 
chemical shift difference between the acyclic permutants of 
kalata B and native kalata B1. Only the four permutants 
which produced late eluting peaks were analyzed. The 
chemical shifts were measured from TOCSY spectra 
recorded on a Bruker ARX500 MHZ spectrometer at 298 K 
and are referenced to internal DSS. Arrows above the shift 
represent the Secondary Structure; the black arrows represent 
the B-hairpin and the white arrows represent the distorted 
Strand which has a B-bulge present. 
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0053 FIG. 6 is diagrammatic representation of the sec 
ondary chemical shifts of the grafted RGD peptide (open 
bars) and the native peptide (black bars). 
0054 FIG. 7 is a representation of the amino acid 
sequences of cyclic peptides, McoTI-I and McoTI-II as 
described by Hernandez et al., 2000. 

0055 Table 2 is a summary of amino acid and nucleotide 
Sequence identifiers. 

TABLE 2 

SEOUENCE IDENTIFIER DESCRIPTION 

<400>1 cycloviolacin O1 
&4OO-2 cycloviolacin O2 
&4OO-3 cycloviolacin 03 
<400>4 cycloviolacin 04 
<400>5 cycloviolacin O5 
&4OO-6 cycloviolacin 06 
&4OO-7 cycloviolacin 07 
&400-8 cycloviolacin 08 
&400-9 cycloviolacin 09 
&4OO-10 cycloviolacin O10 
&400>11 cycloviolacin O11 
&4OO-12 cycloviolacin H1 
&4OO-13 kalata B5 
<400>14 circulin A 
<400>15 circulin B 
&400-16 cyclopsychotride A 
&4OO-17 violapeptide 1 
&4OO-18 kalata B 
&400-19 kalata B2 
&4OO-2O kalata B3 
&4OO-21 kalata B4 
&4OO-22 varv peptide A 
&4OO-23 varv peptide B 
&4OO-24 varv peptide C 
<400>25 varv peptide D 
&4OO-26 varv peptide E 
&4OO-27 varv peptide F 
&4OO-28 varv peptide G 
&4OO-29 varv peptide H 
&400-30 native kalata B1 
&4OOs31 des-(3)-kalata B1 
&4OO-32 kalata B1-(8–7) 
&4OO-33 des(12-13)-kalata B1 
&4OO-34 des(16)-kalata B1 
<400>35 des(19-20)-kalata B1 
&4OO-36 des(24-28)-kalata B1 
&4OOs37 kalata B1-(24–23) 
&4OO-38 synthetic peptide 
&4OO-39 synthetic peptide 
&400-40 synthetic peptide 
<400>41 synthetic peptide 
&400-42 synthetic peptide 
&4OO-43 synthetic peptide 
<400>44 synthetic peptide 
<400>45 synthetic peptide 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0056. The present invention provides a molecular frame 
work comprising a sequence of amino acids or analogues 
thereof forming a cyclic backbone and wherein Said cyclic 
backbone comprises Sufficient disulfide bonds, or chemical 
equivalents thereof, to confer a knotted topology on the 
three-dimensional Structure of Said cyclic backbone. 

0057 Reference herein to a “molecular framework” 
includes a proteinaceous molecule having a defined three 
dimensional Structure. This defined three-dimensional Struc 
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ture comprises loops of amino acid residues and other 
elements of molecular structure held in defined orientation 
with respect to each other. The molecular framework itself 
may exhibit a particularly useful property Such as having 
anti-pathogen activities Such as against Viruses, microorgan 
isms, fungi, yeast, arachnids and insects or it may confer 
useful therapeutic properties in plants or animals. Further 
more, it may provide the framework for inserting one or 
more amino acids or amino acid Sequences capable of 
conferring a desired biological effect. Insertion of the one or 
more amino acid residues or Sequences may occur on a 
B-turn or within a loop. The molecular framework may also 
be presented in a linear form as a Substrate for cyclization. 
Alternatively, a cyclic molecule may be derivatized into 
linear form which itself may have useful properties or it may 
act as an agonist or antagonist of Such properties. 
0.058. The sequence of amino acids forming the backbone 
of the molecular framework may be naturally occurring 
amino acid residues or chemical analogues thereof. Chemi 
cal analogues of amino acid residues include non-naturally 
occurring amino acids. Examples of non-naturally occurring 
amino acids are shown in Table 3. 

0059 By way of example, when a molecular framework 
in the form of a cyclic polypeptide is isolated and purified 
from a biological Source, Such as a plant, the molecule 
generally comprises naturally occurring amino acid resi 
dues. However, the present invention extends to derivatives 
of Such a molecular framework by inserting or Substituting 
non-naturally occurring amino acid residues or chemical 
analogues of amino acid residues. Alternatively, Single and/ 
or a heterologous Sequence of naturally occurring amino 
acid residues may be inserted or Substituted into the molecu 
lar framework to confer desired properties on the molecule. 
0060 Reference herein to a “cyclic backbone' includes a 
molecule comprising a Sequence of amino acid residues or 
analogues thereof without free amino and carboxy termini. 
0061 Preferably, the linkage between all amino acids in 
the cyclic backbone is via amide (peptide) bonds, but other 
chemical linkers are also possible. 
0062) The cyclic backbone of the molecular framework 
of the present invention comprises Sufficient disulfide bonds, 
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turns and loops in the cyclic backbone may also be achieved 
by engineering Suitable covalent bonds or other forms of 
molecular associations. All Such modifications to the cyclic 
backbone which result in retention of the three-dimensional 
knotted topology conferred by the cyclic cystine knot are 
encompassed by the present invention. Furthermore, 
although a cyclic cystine knot is characterized by a knot 
formed by three disulfide bonds, the present invention 
extends to molecules comprising only two disulfide bonds. 
In Such a case, the molecular framework may need to be 
further Stabilized using other means or the molecular frame 
work may retain Suitable activity despite a change in three 
dimensional Structure caused by the absence of a third 
disulfide bond. 

0064. In yet a further modification, the cyclic backbone 
may comprise more than three disulfide bonds Such as 
occurring in a double or multiple cystine knot arrangement 
or in a Single cystine knot arrangement Supplement by one 
or two additional disulfide bonds. 

0065 All such modifications are still encompassed by the 
term “cyclic cystine knot' or “CCK'. 

0066. The terms “knot” and “cystine knot” are not to be 
limited by any mathematical or geometrical definition of the 
term “knot'. The knots contemplated by the present inven 
tion are Such due to their similarity to a mathematical knot 
and/or by virtue of the intertwined folding of the molecule 
which results. 

0067. The present invention provides, therefore, a 
molecular framework comprising a Sequence of amino acids 
or analogues thereof forming a cyclic backbone and wherein 
Said cyclic backbone comprises a cystine knot or its chemi 
cal or Structural equivalent which conferS a knotted topology 
on the three-dimensional Structure of Said cyclic backbone. 
0068 Accordingly, one aspect of the present invention 
contemplates a molecular framework comprising a sequence 
of amino acids forming a cyclic backbone wherein the cyclic 
backbone comprises Sufficient disulfide bonds or chemical 
equivalents thereof to confer knotted topology on the 
molecular framework or part thereof wherein Said cyclic 
backbone comprises the Structure:- 

CIX1 ... XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

or chemical equivalents thereof, to confer a knotted topol 
ogy on the three-dimensional Structure of the cyclic back 
bone. 

0.063. In a preferred embodiment, the cyclic backbone 
comprises a structure referred to herein as a "cystine knot'. 
A cystine knot occurs when a disulfide bond passes through 
a closed cyclic loop formed by two other disulfide bonds and 
the amino acids in the backbone. Such a cystine knot is 
referred to herein as a “cyclic cystine knot' or “CCK'. 
However, reference herein to a “cyclic cystine knot' or a 
“CCK' includes reference to structural equivalents thereof 
which provide Similar constraints to the three-dimensional 
Structure of the cyclic backbone. For example, appropriate 

0069 wherein 
0070 C is cysteine; 
0.071) each of X ... X, X'... X'), X" . . . 
X'), X". . . . X"), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and 

0072 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and each of a to f may be the same or different and 
range from 1 to about 20; 

0073 or an analogue of said sequence. 
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0.074 Preferably, each of a to franges from 1 to about 10. 
0075. In still an even more particularly preferred embodi 
ment, the present invention provides a molecular framework 
comprising a Sequence of amino acids forming a cyclic 
backbone wherein the cyclic backbone comprises Sufficient 
disulfide bonds or chemical equivalents thereof to confer 
knotted topology on the molecular framework or part thereof 
wherein Said cyclic backbone comprises the Structure:- 
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0085 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and wherein a is about 3, b is about 4, c is from about 
4 to about 7, d is about 1, e is about 4 or 5 and f is 
from about 4 to about 7; 

0086 or an analogue of said sequence. 

0087. In a further preferred embodiment, the present 
invention provides a molecular framework comprising a 

CIX1 ... XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

0076 wherein 
0.077 C is cysteine; 
0078 each of X ... X, X'... X'), X" . . . 
X'), X". . . . X"), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 

Sequence of amino acids forming a cyclic backbone wherein 
the cyclic backbone comprises sufficient disulfide bonds or 
chemical equivalents thereof to confer knotted topology on 
the molecular framework or part thereof wherein Said cyclic 
backbone comprises the Structure:- 

CIX1 ... XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and 

0079 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and wherein a is from about 3 to about 6, b is from 
about 3 to about 5, c is from about 2 to about 7, d is 
about 1 to about 3, e is about 3 to about 6 and f is 
from about 4 to about 9; 

0080 or an analogue of said sequence. 
0081. In yet an even more particularly preferred embodi 
ment, the present invention provides a molecular framework 
comprising a Sequence of amino acids forming a cyclic 
backbone wherein the cyclic backbone comprises Sufficient 
disulfide bonds or chemical equivalents thereof to confer 
knotted topology on the molecular framework or part thereof 
wherein Said cyclic backbone comprises the Structure:- 

0088 wherein 
0089 C is cysteine; 

0090 each of X. . . . X.), X'... X'), X". . . . 
X'), X". . . . X"), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 

or between the Sequence residues may be the same or 
different; and 

0091 whereina, b, c, d, e and frepresent the number 
of amino acid residues in each respective Sequence 
and wherein a is about 6 b is about 5, c is about 3, 
d is about 1, e is about 5 and f is about 8; 

0092 or an analogue of said sequence. 

CIX1 ... XCX. XCX. XCX. X" CXIV. XVI CXY... XY 

0082 wherein 

0083) C is cysteine; 

0084 each of X ... X, X'... X'), X" . . . 
X'), X. . . X'), XY . . . XV, and XY . . 
. XY) represents one or more amino acid residues 
wherein each one or more amino acid residues within 
or between the Sequence residues may be the same or 
different; and 

0093. The molecular framework of the present invention 
has particular advantages in relation to one or more of 
increased chemical Stability, resistance to protease cleavage 
and improved bioavailability. 

0094. The molecular framework of the present invention 
is also referred to herein as a “cyclotide'. A cyclotide is 
regarded as being equivalent to a molecular framework as 
herein described and, in its most preferred embodiment, 
comprises a cyclic cystine knot motif defined by a cyclic 
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backbone, at least two but preferably at least three disulfide 
bonds and associated beta Strands in a particular knotted 
topology. The knotted topology involves an embedded ring 
formed by at least two backbone disulfide bonds and their 
connecting backbone Segments being threaded by a third 
disulfide bond. As stated above, however, a disulfide bond 
may be replaced or substituted by another form of bonding 
Such as a covalent bond. 

0.095 The molecular framework of the present invention 
permits modifications to be made to the molecule while 
retaining the Stable Structural Scaffold. Such modifications 
include, for example, different amino acid residues inserted 
or substituted anywhere in the molecule but preferably in 
one or more beta-turns and/or within a loop. The newly 
exposed amino acids, for example, may provide functional 
epitopes or activities not present in the molecular framework 
prior to modification. Alternatively, the newly exposed 
amino acids may enhance an activity already possessed by 
the molecular framework. A Substitution or insertion may 
occur at a single location or at multiple locations. Further 
more, the molecular framework may be specifically Selected 
to more readily facilitate Substitution and/or insertion of 
amino acid Sequences. Such modified forms of the molecu 
lar framework are proposed to have a range of useful 
properties including as therapeutic agents for animals and 
mammals (including humans) and plants. Therapeutic 
agents for plants include pest control agents. AS Stated 
above, the molecular framework has advantages in terms of 
increased Stability relative to, for example, conventional 
peptide drugs. The increased Stability includes resistance or 
leSS Susceptibility to protease cleavage. Furthermore, the 
molecules may have a hydrophobic face which may benefit 
their interaction with membranes while still being highly 
water soluble. This may improve their bioavailability. 

0096. Accordingly, another aspect of the present inven 
tion is directed to a molecular framework comprising a 
Sequence of amino acids or analogues thereof forming a 
cyclic backbone and wherein Said cyclic backbone com 
prises Sufficient disulfide bonds or chemical equivalents 
thereof, to confer a knotted topology on the three-dimen 
Sional Structure of Said cyclic backbone and wherein at least 
one exposed amino acid residue. Such as on one or more beta 
turns and/or within one or more loops, is inserted or Sub 
Stituted relative to the naturally occurring amino acid 
Sequence. 

0097. Even more particularly, the present invention con 
templates a molecular framework comprising a Sequence of 
amino acids or analogues thereof forming a cyclic backbone 
and wherein Said cyclic backbone comprises a cystine knot 
or its chemical or structural equivalent which conferS a 
knotted topology on the three-dimensional Structure of Said 
cyclic backbone and wherein at least one exposed amino 
acid residue. Such as on one or more beta turns and/or within 
one or more loops is inserted or Substituted relative to the 
naturally occurring amino acid Sequence. 

0.098 More particularly, the present invention is directed 
to a molecular framework comprising a Sequence of amino 
acids or analogues thereof forming a cyclic cystine knot 
motif defined by a cyclic backbone, at least three disulfide 
bonds and associated beta Stands in a defined knotted 
topology and wherein at least one exposed amino acid 
residue. Such as on one or more beta turns or within one or 
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more loops is inserted or Substituted relative to the naturally 
occurring amino acid Sequence. 
0099 Although the inserted or substituted amino acid is 
preferably an exposed amino acid on a beta turn, the present 
invention contemplates an inserted or Substituted amino acid 
anywhere on the molecule. 
0100. The inserted or substituted amino acid residues 
may be a single residue or may be a linear Sequence of from 
about two residues to about 60 residues, preferably from 
about two to about 30 residues, and even more preferably, 
from about 2 residues to about 10 residues. The insertion or 
Substitution may occur at a single location or at multiple 
locations. The latter includes the insertion of non-contiguous 
amino acid Sequences. Furthermore, different amino acid 
molecules may be inserted/Substituted at different Sites on 
the molecule. This is particularly useful in the preparation of 
multivalent or multifunctional molecules. 

0101 These inserted or substituted residues are referred 
to as being heterologous relative to the amino acid Sequence 
naturally occurring in the molecular framework. The term 
"graft' or its various derivations is used in the Specification 
to refer to amino acid insertions and/or Substitutions. 

0102) The heterologous amino acids inserted or substi 
tuted in the molecular framework have the capacity to confer 
a range of activities and biological properties to the mol 
ecule including modulating calcium channel-binding, which 
is useful in the treatment of pain or a Stroke, C5a binding, 
useful as an anti-inflammatory agent, proteinase inhibitor 
activity in plants or animals, antibiotic activity, HIV activity, 
microbial activity, fungal activity, Viral activity, cytokine 
binding ability and blood clot inhibition and plant pathogen 
activity (e.g. insecticidal activity) amongst other properties. 
The molecule may be a modulator in the Sense that it may 
facilitate the activity or inhibit the activity. Accordingly, the 
molecule may act as an agonist or antagonist. Furthermore, 
the heterologous amino acids may form a Sequence which 
may be readily cleaved to form an open-ended circle or 
which is required to be activated by proteinase cleavage. 
0103) The present invention encompasses a range of 
amino acid Substitutions, additions and/or insertions to the 
amino acid Sequence of the molecular framework. 
0104 Substitutions encompass amino acid alterations in 
which an amino acid is replaced with a different naturally 
occurring or a non-conventional amino acid residue. Such 
substitutions may be classified as “conservative”, in which 
case an amino acid residue contained in a polypeptide is 
replaced with another naturally-occurring amino acid of 
Similar character either in relation to polarity, Side chain 
functionality, O Size, for example, 
Ser&rlarr;Thr&rlarr; Pro&rlarr;Hyp&rlarr; Gly&rlarr; Ala, 
Val&rlarr;Ile&rlarr;Leu, His&rlarr;LyS&rlarr; Arg, 
ASn&rlarr;Gln&rlarr; Asp&rlarr;Glu O 
Phe&rlarr;Trp&rlarr;Tyr. It is to be understood that some 
non-conventional amino acids may also be Suitable replace 
ments for the naturally occurring amino acids. For example, 
ornithine, homoarginine and dimethyllysine are related to 
His, Arg and LyS. 
0105 Substitutions encompassed by the present inven 
tion may also be "non-conservative', in which an amino acid 
residue which is present in a polypeptide is Substituted with 
an amino acid having different properties, Such as a natu 
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rally-occurring amino acid from a different group (e.g. 
Substituting a charged or hydrophobic amino acid with 
alanine), or alternatively, in which a naturally-occurring 
amino acid is Substituted with a non-conventional amino 
acid. 

0106 Amino acid substitutions are typically of single 
residues, but may be of multiple residues, either clustered or 
dispersed. 
0107 Amino acids of the cyclic peptide backbone are 
preferably conservative in order to maintain the three 
dimensional Structure in a form functionally similar to the 
cyclic peptide before derivatization. Substitutions of amino 
acid residues in the cyclic peptide to introduce or otherwise 
graft heterologous Sequences onto the backbone need not be 
conservative. 

0108) Additions encompass the addition of one or more 
naturally occurring or non-conventional amino acid resi 
dues. Deletion encompasses the deletion of one or more 
amino acid residues. 

0109 The present invention also includes molecules in 
which one or more of the amino acids has undergone side 
chain modifications. Examples of Side chain modifications 
contemplated by the present invention include modifications 
of amino groupS. Such as by reductive alkylation by reaction 
with an aldehyde followed by reduction with NaBH, amidi 
nation with methylacetimidate, acylation with acetic anhy 
dride; carbamoylation of amino groups with cyanate, trini 
trobenzylation of amino groups with 2, 4, 6-trinitrobenzene 
Sulphonic acid (TNBS); acylation of amino groups with 
Succinic anhydride and tetrahydrophthalic anhydride; and 
pyridoxylation of lysine with pyridoxal-5-phosphate fol 
lowed by reduction with NaBH. 
0110. The guanidine group of arginine residues may be 
modified by the formation of heterocyclic condensation 
products with reagents Such as 2,3-butanedione, phenylgly 
oxal and glyoxal. 
0111. The carboxyl group may be modified by carbodi 
imide activation via O-acylisourea formation followed by 
Subsequent derivitization, for example, to a corresponding 
amide. 

0112 Sulphydryl groups may be modified by methods 
Such as carboxymethylation with iodoacetic acid or iodoac 
etamide; performic acid oxidation to cysteic acid; formation 
of mixed disulphides with other thiol compounds, reaction 
with maleimide, maleic anhydride or other Substituted male 
imide, formation of mercurial derivatives using 4-chlo 
romercuribenzoate, 4-chloromercuriphenylsulphonic acid, 
phenylmercury chloride, 2-chloromercuri-4-nitrophenol and 
other mercurials, carbamoylation with cyanate at alkaline 
pH. Any modification of cysteine residues must not affect 
the ability of the peptide to form the necessary disulphide 
bonds. It is also possible to replace the Sulphydryl groups of 
cysteine with Selenium equivalents Such that the peptide 
forms a diselenium bond in place of one or more of the 
disulphide bonds. 
0113 Tryptophan residues may be modified by, for 
example, oxidation with N-bromoSuccinimide or alkylation 
of the indole ring with 2-hydroxy-5-nitrobenzyl bromide or 
Sulphenyl halides. Tyrosine residues on the other hand, may 
be altered by nitration with tetranitromethane to form a 
3-nitrotyrosine derivative. 
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0114 Modification of the imidazole ring of a histidine 
residue may be accomplished by alkylation with iodoacetic 
acid derivatives or N-carbethoxylation with diethylpyrocar 
bonate. 

0115 Proline residues may be modified by, for example, 
hydroxylation in the 4-position. 

0116. Other modifications include succinimide deriva 
tives of aspartic acid. 

0117. A list of some amino acids having modified side 
chains and other unnatural amino acids is shown in Table 3. 

TABLE 3 

Non-conventional 
amino acid Code 

C-aminobutyric acid Abu 
C-amino-O-methylbutyrate Mgabu 
aminocyclopropane- Cpro 
carboxylate 
aminoisobutyric acid Aib 
aminonorbornyl- Norb 
carboxylate 
C.-aspartic acid Aaa 
f-aspartic acid Baa 
cyclohexylalanine Chexa 
cyclopentylalanine Cpen 
D-alanine Dal 
D-arginine Darg 
D-aspartic acid Dasp 
D-cysteine Dcys 
D-glutamine Dgln 
D-glutamic acid Dglu 
D-histidine Dhis 
D-isoleucine Dile 
D-leucine Dleu 
D-lysine Dlys 
D-methionine Dmet 
D-ornithine Dorn 
D-phenylalanine Dphe 
D-proline Dpro 
D-serine Dser 
D-threonine Dthr 
D-tryptophan Dtrip 
D-tyrosine Dtyr 
D-valine Dval 
D-O-methylalanine Dmala 
D-O-methylarginine Dmarg 
D-O-methylasparagine Dimasin 
D-O-methylaspartate Dmasp 
D-O-methylcysteine Dmcys 
D-O-methylglutamine Dmgln 
D-O-methylhistidine Dmhis 
D-O-methylisoleucine Dmile 
D-O-methyleucine Dmleu 
D-O-methyllysine Dmlys 
D-O-methylmethionine Dmmet 
D-O-methylornithine Dmorn 
D-O-methylphenylalanine Dmphe 
D-O-methylproline Dmpro 
D-O-methylserine Dmser 
D-O-methylthreonine Dmthr 
D-O-methyltryptophan Dmitrip 
D-O-methyltyrosine Dmity 
D-O-methylvaline Dmval 
D-N-methylalanine Dnimala 
D-N-methylarginine Dnmarg 
D-N-methylasparagine Dnimasin 
D-N-methylaspartate Dnmasp 
D-N-methylcysteine Dnmcys 
D-N-methylglutamine Dnmgln 
D-N-methylglutamate Dnmglu 
D-N-methylhistidine Dnmhis 
D-N-methylisoleucine Dnmile 
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TABLE 3-continued 

Non-conventional 
amino acid 

D-N-methyleucine 
D-N-methyllysine 
N-methylcyclohexylalanine 
D-N-methylornithine 
N-methylglycine 
N-methylaminoisobutyrate 
N-(1-methylpropyl)glycine 
N-(2-methylpropyl)glycine 
D-N-methyltryptophan 
D-N-methyltyrosine 
D-N-methylvaline 
Y-aminobutyric acid 
L-t-butylglycine 
L-ethylglycine 
L-homophenylalanine 
L-C-methylarginine 
L-C-methylaspartate 
L-C-methylcysteine 
L-C-methylglutamine 
L-C-methylhistidine 
L-C-methylisoleucine 
L-C-methyleucine 
L-C-methylmethionine 
L-C-methylnorvaline 
L-C-methylphenylalanine 
L-C-methylserine 
L-C-methyltryptophan 
L-C-methylvaline 
N-(N-(2,2-diphenylethyl) 
carbamylmethyl)glycine 
1-carboxy-1-(2,2-diphenyl 
ethylamino)cyclopropane 
L-N-methylalanine 
L-N-methylarginine 
L-N-methylasparagine 
L-N-methylaspartic acid 
L-N-methylcysteine 
L-N-methylglutamine 
L-N-methylglutamic acid 
L-Nmethylhistidine 
L-N-methylisoleucine 
L-N-methyleucine 
L-N-methyllysine 
L-N-methylmethionine 
L-N-methylmorleucine 
L-N-methylnorvaline 
L-N-methylornithine 
L-N-methylphenylalanine 
L-N-methylproline 
L-N-methylserine 
L-N-methylthreonine 
L-N-methyltryptophan 
L-N-methyltyrosine 
L-N-methylvaline 
L-N-methylethylglycine 
L-N-methyl-t-butylglycine 
L-norleucine 
L-norvaline 
C-methyl-aminoisobutyrate 
C-methyl-y-aminobutyrate 
C-methylcyclohexylalanine 
C-methylcylcopentylalanine 
C-methyl-C-napthylalanine 
C-methylpenicillamine 
N-(4-aminobutyl)glycine 
N-(2-aminoethyl)glycine 
N-(3-aminopropyl)glycine 
N-amino-O-methylbutyrate 
C-napthylalanine 
N-benzylglycine 
N-(2-carbamylethyl)glycine 
N-(carbamylmethyl)glycine 
N-(2-carboxyethyl)glycine 

Code 

Dnmleu 
Dnmlys 
Nmchexa 
Dnimorn 
Nala 
Nmaib 
Nile 
Neu 
Dnmtrp 
Dnimtyr 
Dnmval 
Gabu 
Tbug 
Etg 
Hphe 
Marg 
Masp 
Mcys 
Mglin 
Mhis 
Mile 
Meu 
Mmet 
Mnva 
Mphe 
Miser 
Mtrp 
Mval 
Nnbhim 

Nimbc 

Nimala 
Nmarg 
Nmasin 
Nmasp 
Nmcys 
Nmgln 
Nmglu 
Nmhis 
Nmile 
Nimleu 
Nmlys 
Nmmet 
Nmnle 
Nminva 
Nimorn 
Nmphe 
Nmpro 
Nmser 
Nimthr 
Nimtrp 
Nimtyr 
Nmval 
Nmetg 
Nmtbug 
Nile 
Nwa 
Maib 
Mgabu 
Mchexa 
Mcpen 
Manap 
Mpen 
Nglu 
Naeg 
Norn 
Nmaabu 
Anap 
Nphe 
Ngln 
Nasin 
Nglu 
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TABLE 3-continued 

Non-conventional 
amino acid Code 

N-(carboxymethyl)glycine Nasp 
N-cyclobutylglycine Ncbut 
N-cycloheptylglycine Nchep 
N-cyclohexylglycine Nchex 
N-cyclodecylglycine Ncdec 
N-cylcododecylglycine Ncdod 
N-cyclooctylglycine Nicoct 
N-cyclopropylglycine Ncpro 
N-cycloundecylglycine Ncund 
N-(2,2-diphenylethyl)glycine Nbhim 
N-(3,3-diphenylpropyl)glycine Nbhe 
N-(3-guanidinopropyl)glycine Narg 
N-(1-hydroxyethyl)glycine Nthr 
N-(hydroxyethyl)glycine Nser 
N-(imidazolylethyl)glycine Nhis 
N-(3-indolylyethyl)glycine Nhtrp 
N-methyl-y-aminobutyrate Nmgabu 
D-N-methylmethionine Dnimimet 
N-methylcyclopentylalanine Nmcpen 
D-N-methylphenylalanine Dnmphe 
D-N-methylproline Dnimpro 
D-N-methylserine Dnimser 
D-N-methylthreonine Dnmthr 
N-(1-methylethyl)glycine Nval 
N-methyla-napthylalanine Nmanap 
N-methylpenicillamine Nmpen 
N-(p-hydroxyphenyl)glycine Nhtyr 
N-(thiomethyl)glycine Ncys 
penicillamine Pen 
L-C-methylalanine Mala 
L-C-methylasparagine Masin 
L-C-methyl-t-butylglycine Mtbug 
L-methylethylglycine Metg 
L-C-methylglutamate Mglu 
L-C-methylhomophenylalanine Mhphe 
N-(2-methylthioethyl)glycine Nmet 
L-C-methyllysine Mlys 
L-C-methylnorleucine Minle 
L-C-methylornithine Morn 
L-C-methylproline Mpro 
L-C-methylthreonine Mthr 
L-C-methyltyrosine Mtyr 
L-N-methylhomophenylalanine Nmhphe 
N-(N-(3,3-diphenylpropyl) Nnbhe 
carbamylmethyl)glycine 

0118. These types of modifications may be important to 
further stabilise the molecular framework especially if 
administered to a Subject or used as a diagnostic reagent or 
in agricultural applications (e.g. topical sprays). 
0119) Other derivatives contemplated by the present 
invention include a range of glycosylation variants from a 
completely unglycosylated molecule to a modified glycosy 
lated molecule. Altered glycosylation patterns may result 
from expression of recombinant molecules in different host 
cells. 

0120) The present invention further contemplates linear 
molecules of from about 20 amino acids to about 100 amino 
acids and more preferably from about 25 amino acids to 
about 50 amino acids Such as about 30 amino acids which 
are used as Substrates for cyclization reactions. The resulting 
cyclized molecules having the same or functionally similar 
Structure as the cyclic framework as herein described. 
0121 AS stated above, the present invention extends to a 
range of derivatives, homologues and analogues of the 
molecular framework. A derivative includes parts, frag 
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ments, portions and linear forms. One particularly useful 
linear form is preferred to herein as “uncycles” which are 
acyclic permutations of the cyclic molecular framework. 
Circular permutation involves the Synthesis or expression of 
proteins having amino and carboxy termini permuted from 
their native locality. In relation to the naturally occurring 
cyclic molecular frameworks of the present invention, Such 
molecules do not have native amino and carboxy termini. 
However, cyclic permutation permits a range of different 
linear molecules to be prepared with different amino and 
carboxy termini. An uncycle may have increased activity 
relative to its cyclic form or no activity or may exhibit 
antagonist activity. An uncycle exhibiting no activity may 
nevertheless be useful, for example, in the generation of 
antibodies. 

0122). By way of example only, particularly preferred 
CCK molecules comprise Six cysteine residues and, hence, 
have six loops in the backbone which can be opened to form 
Six possible topologically distinct acyclic permutants. Simi 
larly, each of the 6 linear topologies may also be cyclized. 
This aspect of the present invention provides, therefore, to 
the cyclization of any linear topology into a CCK frame 
work. 

0123 The uncycles of the present invention may be 
useful as antagonists of the cyclic molecular framework or 
may themselves exhibit useful activity. 
0.124. Still another aspect of the present invention is 
directed to antibodies to the molecular framework of the 
present invention. Such antibodies may be monoclonal or 
polyclonal. Polyclonal antibodies are particularly preferred. 
Antibodies may be made using Standard techniques. 
0.125 The preparation of hybridoma cell lines for mono 
clonal antibody production derived by fusing an immortal 
cell line and lymphocytes Sensitized against an immuno 
genic preparation comprising a molecular framework can be 
done by techniques which are well known to those who are 
skilled in the art. (See, for example, Douillard and Hoffman, 
1981; Kohler and Milstein, 1975 and 1976.) 
0.126 The antibodies of the present invention are particu 
larly useful as therapeutic or diagnostic agents or as a means 
for purifying a molecular framework from a biological 
Sample. 

0127. In this regard, specific antibodies can be used to 
Screen for the molecular framework according to the present 
invention. Techniques for Such assays are well known in the 
art and include, for example, Sandwich assays and ELISA. 
Knowledge of molecular framework levels may be impor 
tant for monitoring certain therapeutic protocols. 

0128. Another aspect of the present invention contem 
plates a method for detecting a molecular framework as 
described herein in a Sample, Said method comprising con 
tacting Said Sample with an antibody or other immunoint 
eractive molecule Specific for said molecular framework or 
its derivatives or homologues for a time and under condi 
tions Sufficient for an antibody-molecular framework com 
plex to form, and then detecting Said complex. 

0129. The presence of a molecular framework may be 
accomplished in a number of ways such as by Western 
blotting and ELISA procedures. A wide range of immunoas 
Say techniques are available as can be seen by reference to 
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U.S. Pat. Nos. 4,016,043, 4,424,279 and 4,018,653. These, 
of course, includes both Single-site and two-site or “sand 
wich' assays of the non-competitive types, as well as in the 
traditional competitive binding assays. These assays also 
include direct binding of a labelled antibody to a target. 
0.130 Sandwich assays are among the most useful and 
commonly used assays and are favoured for use in the 
present invention. A number of variations of the Sandwich 
assay technique exist, and all are intended to be encom 
passed by the present invention. Briefly, in a typical forward 
assay, an unlabelled antibody is immobilized on a Solid 
Substrate and the Sample to be tested brought into contact 
with the bound molecule. After a suitable period of incuba 
tion, for a period of time sufficient to allow formation of an 
antibody-antigen complex, a Second antibody Specific to the 
antigen, labelled with a reporter molecule capable of pro 
ducing a detectable Signal is then added and incubated, 
allowing time Sufficient for the formation of another com 
plex of antibody-antigen-labelled antibody. Any unreacted 
material is washed away, and the presence of the antigen is 
determined by observation of a signal produced by the 
reporter molecule. The results may either be qualitative, by 
Simple observation of the visible signal, or may be quanti 
tated by comparing with a control Sample containing known 
amounts of antigen. Variations on the forward assay include 
a simultaneous assay, in which both Sample and labelled 
antibody are added simultaneously to the bound antibody. 
These techniques are well known to those skilled in the art, 
including any minor variations as will be readily apparent. 
In accordance with the present invention, the sample is one 
which might contain a molecular framework including cell 
extract, tissue biopsy or possibly Serum, Saliva, mucosal 
Secretions, lymph, tissue fluid and respiratory fluid. The 
Sample is, therefore, generally a biological Sample compris 
ing biological fluid but also extends to fermentation fluid, 
Supernatant fluid Such as from a cell culture as well as a 
Sample arising from a chemical Synthesis. 

0131. In a typical forward sandwich assay, a first anti 
body having specificity for the molecular framework or 
antigenic parts thereof, is either covalently or passively 
bound to a Solid Surface. The Solid Surface is typically glass 
or a polymer, the most commonly used polymers being 
cellulose, polyacrylamide, nylon, polystyrene, polyvinyl 
chloride or polypropylene. The Solid Supports may be in the 
form of tubes, beads, discs of microplates, or any other 
Surface Suitable for conducting an immunoassay. The bind 
ing processes are well-known in the art and generally consist 
of croSS-linking covalently binding or physically adsorbing, 
the polymer-antibody complex is washed in preparation for 
the test Sample. An aliquot of the Sample to be tested is then 
added to the Solid phase complex and incubated for a period 
of time Sufficient (e.g. 2-40 minutes or overnight if more 
convenient) and under Suitable conditions (e.g. from room 
temperature to about 37° C. including 25 C.) to allow 
binding of the antibody. Following the incubation period, the 
Solid phase is washed and dried and incubated with a Second 
antibody Specific for a portion of the antigen. The Second 
antibody is linked to a reporter molecule which is used to 
indicate the binding of the Second antibody to the hapten. 
0132) An alternative method involves immobilizing the 
target molecules in the Sample and then exposing the immo 
bilized target to Specific antibody which may or may not be 
labelled with a reporter molecule. Depending on the amount 
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of target and the Strength of the reporter molecule Signal, a 
bound target may be detectable by direct labelling with the 
antibody. 
0.133 Alternatively, a second labelled antibody, specific 
to the first antibody is exposed to the target-first antibody 
complex to form a target-first antibody-Second antibody 
tertiary complex. The complex is detected by the Signal 
emitted by the reporter molecule. 
0134. By “reporter molecule”, as used in the present 
Specification, is meant a molecule which, by its chemical 
nature, provides an analytically identifiable Signal which 
allows the detection of antigen-bound antibody. Detection 
may be either qualitative or quantitative. The most com 
monly used reporter molecules in this type of assay are 
either enzymes, fluorophores or radionuclide containing 
molecules (i.e. radioisotopes) and chemiluminescent mol 
ecules. 

0135) In the case of an enzyme immunoassay, an enzyme 
is conjugated to the Second antibody, generally by means of 
glutaraldehyde or periodate. AS will be readily recognized, 
however, a wide variety of different conjugation techniques 
exist, which are readily available to the Skilled artisan. 
Commonly used enzymes include horseradish peroxidase, 
glucose oxidase, B-galactosidase and alkaline phosphatase, 
amongst others. The Substrates to be used with the Specific 
enzymes are generally chosen for the production, upon 
hydrolysis by the corresponding enzyme, of a detectable 
color change. Examples of Suitable enzymes include alka 
line phosphatase and peroxidase. It is also possible to 
employ fluorogenic Substrates, which yield a fluorescent 
product rather than the chromogenic Substrates noted above. 
In all cases, the enzyme-labelled antibody is added to the 
first antibody hapten complex, allowed to bind, and then the 
exceSS reagent is washed away. A Solution containing the 
appropriate Substrate is then added to the complex of anti 
body-antigen-antibody. The substrate will react with the 
enzyme linked to the Second antibody, giving a qualitative 
Visual Signal, which may be further quantitated, usually 
Spectrophotometrically, to give an indication of the amount 
of hapten which was present in the Sample. “reporter mol 
ecule” also extends to use of cell agglutination or inhibition 
of agglutination Such as red blood cells on lateX beads, and 
the like. 

0.136 Alternately, fluorescent compounds, such as fluo 
recein and rhodamine, may be chemically coupled to anti 
bodies without altering their binding capacity. When acti 
Vated by illumination with light of a particular wavelength, 
the fluorochrome-labelled antibody adsorbs the light energy, 
inducing a State to excitability in the molecule, followed by 
emission of the light at a characteristic color visually detect 
able with a light microscope. AS in the EIA, the fluorescent 
labelled antibody is allowed to bind to the first antibody 
hapten complex. After washing off the unbound reagent, the 
remaining tertiary complex is then exposed to the light of the 
appropriate wavelength, the fluorescence observed indicates 
the presence of the hapten of interest. Immunofluorescene 
and EIA techniques are both very well established in the art 
and are particularly preferred for the present method. How 
ever, other reporter molecules, Such as radioisotope, chemi 
luminescent or bioluminescent molecules, may also be 
employed. 
0.137 Reference herein to an “antibody” includes parts 
and fragments thereof and Synthetic forms thereof and 
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extend to any immunointeractive molecule. A molecular 
framework is encompassed by the term “antigen' which 
includes antigenic portions of the molecular framework. The 
antigen used in according with this aspect of the present 
invention may be in cyclic form or it may be a linear form 
or precursor form thereof. 
0.138. The cyclic molecular frameworks according to the 
present invention are useful as therapeutic agents in animals 
and as anti-pathogenic agents in plants. 
0.139. Accordingly, the present invention provides a 
method for the treatment or prophylaxis of conditions or 
diseases in mammals, preferably humans, including the Step 
of administering a molecular framework as hereinbefore 
described either without modification or having heterolo 
gous amino acids grafted thereon. 
0140. In particular, molecular frameworks may be 
Selected or engineered for use in the treatment of neurologi 
cal disorderS Such as acute and chronic pain, Stroke, trau 
matic brain injury, migraine, epilepsy, Parkinson's disease, 
Alzheimer's disease, multiple Sclerosis, Schizophrenia and 
depression as well as cystic fibrosis and/or other respiratory 
diseases. The molecular framework may also be Selected to 
treat plants against pathogen infestation and mammals 
including humans from Viral or microbial infection. 
0.141. The present invention also provides a composition 
comprising cyclic molecular framework molecules as here 
inbefore described and a pharmaceutically acceptable carrier 
and/or diluent. 

0.142 Preferably the composition is in the form of a 
pharmaceutical composition. 

0143. There is also provided the use of a cyclic molecular 
framework in the manufacture of a medicament for the 
treatment or a prophylaxis of diseases or other conditions in 
mammals, preferably in humans. 
0144. As will be readily appreciated by those skilled in 
the art, the route of administration and the nature of the 
pharmaceutically acceptable carrier will depend on the 
nature of the condition and the mammal to be treated. It is 
believed that the choice of a particular carrier or delivery 
System, and route of administration could be readily deter 
mined by a perSon Skilled in the art. In the preparation of any 
formulation containing the peptide actives care should be 
taken to ensure that the activity of the framework is not 
destroyed in the proceSS and that the framework is able to 
reach its site of action without being destroyed. In Some 
circumstances it may be necessary to protect the framework 
by means known in the art, Such as, for example, micro 
encapsulation. Similarly the route of administration chosen 
should be Such that the peptide reaches its site of action. In 
view of the improved stability and/or bioavailability of the 
cyclic frameworks relative to their "linear counterparts a 
wider range of formulation types and routes of administra 
tion is available. 

0145 The pharmaceutical forms suitable for injectable 
use include Sterile injectable Solutions or dispersions, and 
Sterile powders for the extemporaneous preparation of Sterile 
injectable solutions. They should be stable under the con 
ditions of manufacture and Storage and may be preserved 
against the contaminating action of microorganisms. Such as 
bacteria or fungi. The Solvent or dispersion medium for the 
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injectable Solution or dispersion may contain any of the 
conventional Solvent or carrier Systems for peptide actives, 
and may contain, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol and liquid polyethylene 
glycol, and the like), Suitable mixtures thereof, and veg 
etable oils. The proper fluidity can be maintained, for 
example, by the use of a coating Such as lecithin, by the 
maintenance of the required particle size in the case of 
dispersion and by the use of Surfactants. The prevention of 
the action of microorganisms can be brought about where 
necessary by the inclusion of various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, Sorbic acid, thimerosal and the like. In many cases, 
it will be preferable to include agents to adjust osmolality, 
for example, SugarS or Sodium chloride. Preferably, the 
formulation for injection will be isotonic with blood. Pro 
longed absorption of the injectable compositions can be 
brought about by the use in the compositions of agents 
delaying absorption, for example, aluminum monoStearate 
and gelatin. Pharmaceutical forms Suitable for injectable use 
may be delivered by any appropriate route including intra 
venous, intramuscular, intracerebral, intrathecal injection or 
infusion. 

0146 Sterile injectable solutions are prepared by incor 
porating the active compounds in the required amount in the 
appropriate Solvent with various of the other ingredients 
enumerated above, as required, followed by filtered Steril 
ization. Generally, dispersions are prepared by incorporating 
the various Sterilized active ingredients into a Sterile vehicle 
which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of Sterile powders for the preparation of Sterile 
injectable Solutions, the preferred methods of preparation 
are vacuum drying and the freeze-drying technique which 
yield a powder of the active ingredient plus any additional 
desired ingredient from previously Sterile-filtered Solution 
thereof. 

0147 When the active ingredient is suitably protected, it 
may be orally administered, for example, with an inert 
diluent or with an assimilable edible carrier, or it may be 
enclosed in hard or Soft shell gelatin capsule, or it may be 
compressed into tablets, or it may be incorporated directly 
with the food of the diet. For oral therapeutic administration, 
the active compound may be incorporated with excipients 
and used in the form of ingestible tablets, buccal tablets, 
troches, capsules, elixirs, Suspensions, Syrups, wafers, and 
the like. Such compositions and preparations preferably 
contain at least 1% by weight of active compound. The 
percentage of the compositions and preparations may, of 
course, be varied and may conveniently be between about 5 
to about 80% of the weight of the unit. The amount of active 
compound in Such therapeutically useful compositions is 
Such that a Suitable dosage will be obtained. 
0.148. The tablets, troches, pills, capsules and the like 
may also contain the components as listed hereafter. A 
binder Such as gum, acacia, corn Starch or gelatin; excipients 
Such as dicalcium phosphate, a disintegrating agent Such as 
corn Starch, potato Starch, alginic acid and the like; a 
lubricant Such as magnesium Stearate; and a Sweetening 
agent Such a Sucrose, lactose or Saccharin may be added or 
a flavouring agent Such as peppermint, oil of Wintergreen, or 
cherry flavouring. When the dosage unit form is a capsule, 
it may contain, in addition to materials of the above type, a 
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liquid carrier. Various other materials may be present as 
coatings or to otherwise modify the physical form of the 
dosage unit. For instance, tablets, pills, or capsules may be 
coated with Shellac, Sugar or both A Syrup or elixir may 
contain the active compound, Sucrose as a Sweetening agent, 
methyl and propylparabens as preservatives, a dye and 
flavouring Such as cherry or orange flavour. Of course, any 
material used in preparing any dosage unit form should be 
pharmaceutically pure and Substantially non-toxic in the 
amounts employed. In addition, the active compound(s) may 
be incorporated into Sustained-release preparations and for 
mulations. 

014.9 The present invention also extends to any other 
forms Suitable for administration, for example, topical appli 
cation Such as creams, lotions and gels, or compositions 
Suitable for inhalation or intranasal delivery, for example 
Solutions or dry powders. 
0150 Parenteral dosage forms are preferred, including 
those Suitable for intravenous, intrathecal, or intracerebral 
delivery. 

0151 Pharmaceutically acceptable carriers and/or dilu 
ents include any and all Solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption 
delaying agents and the like. The use of Such media and 
agents for pharmaceutical active Substances is well known in 
the art. Except insofar as any conventional media or agent is 
incompatible with the active ingredient, use thereof in the 
therapeutic compositions is contemplated. Supplementary 
active ingredients can also be incorporated into the compo 
Sitions. 

0152. It is especially advantageous to formulate 
parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units Suited as 
unitary dosages for the mammalian Subjects to be treated; 
each unit containing a predetermined quantity of active 
material calculated to produce the desired therapeutic effect 
in association with the required pharmaceutical carrier. The 
Specification for the novel dosage unit forms of the invention 
are dictated by and directly dependent on (a) the unique 
characteristics of the active material and the particular 
therapeutic effect to be achieved, and (b) the limitations 
inherent in the art of compounding Such an active material 
for the treatment of disease in living Subjects having a 
diseased condition in which bodily health is impaired as 
herein disclosed in detail. 

0153. The principal active ingredient is compounded for 
convenient and effective administration in effective amounts 
with a Suitable pharmaceutically acceptable carrier in dosage 
unit form. A unit dosage form can, for example, contain the 
principal active compound in amounts ranging from 0.25 ug 
to about 2000 mg. Expressed in proportions, the active 
compound is generally present in from about 0.25 ug to 
about 2000 mg/ml of carrier. In the case of compositions 
containing Supplementary active ingredients, the dosages are 
determined by reference to the usual dose and manner of 
administration of the Said ingredients. 
0154) The cyclic molecular frameworks of the present 
invention may also have useful application as anti-pathogen 
agents in plants. Examples of pathogens include insects, 
Spiders, Viruses, fungi and other microorganisms causing 
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deleterious effects. In particular, molecular frameworks may 
be engineered for use in conferring protection from patho 
gen (including insect) infestation of plants; for example, 
protection from insect attack in cotton. Such an activity may 
be engineered by the introduction of appropriate amino acid 
residues into the molecular framework, as described above, 
and their use in topical applications Such as, e.g. in SprayS. 
O155 Accordingly, the present invention provides a 
method for conferring pathogen protection to a plant, includ 
ing the Step of administering an engineered framework as 
hereinbefore described. Reference to administering includes 
reference to the topical application in liquid, aeroSol, drop 
let, powdered or particulate form. 
0156 The present invention is exemplified herein in 
relation to the isolation of cycloviolacin 01 from Viola 
Odorata. The preparation of uncycles is exemplified using 
kalata B1 (Daly et al., 1999b). This is done, however, with 
the understanding that the present invention extends to all 
novel members of the CCK family. 
O157 The present invention is further described by the 
following non-limiting Examples. 

EXAMPLE 1. 

NMR Spectroscopy 

0158. The key structural features of CCK molecules are 
illustrated by reference to the structure determination of 
cycloviolacin 01 using NMR spectroscopy and simulated 
annealing calculations. Samples for "H NMR measurement 
contained ~1.5 mM peptide in 90% w/v HO/10% w/v. DO 
at pH 3.6 Spectra were recorded at 290,298 and 305 Keither 
on a Bruker ARX-500 spectrometer equipped with a 
shielded gradient unit or on a Bruker DRX-750 spectrom 
eter. The following homonuclear 2 D NMR spectra were 
recorded in 10 phase-Sensitive mode using time-propor 
tional phase incrementation for quadrature detection in 
t:TOCSY using a MLEV-17 spin lock sequence with an 
isotropic mixing period of 80 ms; NOESY with mixing 
times of 200, 250 and 300 ms; double quantum filtered 
DOF-COSY and E-COSY. For DOF-COSY and E-COSY 
Spectra Solvent Suppression was achieved using Selective 
low-power irradiation of the water resonance during a 
relaxation delay of 1.8 s. Water suppression for NOESY and 
TOCSY experiments was achieved using a modified 
WATERGATE sequence. Spectra were acquired over 6024 
Hz with 4096 complex data points in F2 and 512 increments 
in the F1 dimension, with 16 to 64 Scans per increment. 
Spectra were processed on a Silicon Graphics Indigo work 
station using UXNMR (Bruker) software. The t dimension 
was zero-filled to 2048 real data points and 90° C. phase 
shifted sine bell window functions were applied prior to 
Fourier transformation. Chemical shifts were referenced to 
DSS at 0.00 ppm. Slow exchanging amide protons were 
detected after the Sample was lyophilized and reconstituted 
in 99.99% H.O.JH. He coupling constants were measured 
from an E-COSY spectrum and JN-1 coupling constants 
were measured from a DQF-COSY spectrum. 
0159) Distance restraints were derived from the 200 ms 
NOESY spectrum. Inter-proton distance restraints were 
assigned upper-distance bounds of 2.70 A, 3.50 A or 5.00 A 
corresponding to Strong, medium or weak cross-peak Vol 
umes, respectively. Pseudoatom corrections were applied 
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where necessary to methylene and methyl protons. Back 
bone dihedral angle restraints were measured from either ID 
NMR spectra or the anti-phase cross-peak Splitting in a high 
digital resolution 2D DQF-COSY spectrum, with (p 
restrained to -65+15° for JN=3.0-5.8 Hz (Cys20), 
-120+30 for JN-8.0-9.5 Hz (Ser4, Val12, Leu16, 
Ser21, ASn27, Ile29) and -120+15° for JN->9.5 
Hz(CyS5, Val124, Tyr26). Stereospecific assignment of meth 
ylene protons and X dihedral angle restraints were derived 
for seven residues (Val6, Cys10, Val112, Thr13, ASn22, 
Va124 and ASn27) using Ji-H2 and Jups coupling 
constants measured from an E-COSY spectrum in combi 
nation with HN-H2, HN-Hs, H-H and H...-H. NOE 
intensities. The two sets of Y-methyl protons of Val16, Val112 
and Val124 were Stereospecifically assigned based on their 
HN-H, NOE intensities and Ha-Hp values measured from a 
DQF-COSY spectrum. The presence of CH-6H NOEs and 
the absence of CH-OH, NOEs for both proline residues, 
Pro9 and Pro30, confirmed that their amide bonds were in 
the trans conformation. 

0160 Three-dimensional structures of cycloviolacin O1 
were calculated using a dynamic Simulated annealing pro 
tocol in the program X-PLOR version 3.1 using NMR 
derived restraints as previously described (Daly et al., 
1999b). Geometrical and energetic statistics for the struc 
tures are given in Table 4. 

TABLE 4 

Energetic statistics for the family of 20 cycloviolacin O1 structures' 

Mean pairwise r. m.s. deviations (A) 
Backbone 0.58 - 0.19 
Heavy atom 1.17 O.26 
Mean r.m.S.d. from experimental restraints 

NOE (A) O.O2 O.OO2 
Dihedral angles () 0.35 + 0.06 
Mean r.m.S.d. from idealized covalent geometry 

Bonds (A) O.O09 OOOO4 
Angles () 2.27 OO6 
Impropers () O.21 O.O2 
Mean energies (K/mol) 

ENOE4 7.34 - 1.40 
Edih O.17 O.05 
EL-J -117.2 4.9 
bond 5.08 - 0.48 
improper 0.83 - 0.15 
angle 54.82 + 2.96 
total -42.1 + 0.40 

"The values in the Table are given as meant standard deviation. 
°r.m. s. deviation measured for the whole molecule. 
Idealized geometry as defined by CHARMm force field and as imple 
mented within X-PLOR. 
Force constants for the calculation of square-well potentials for the NOE 
and dihedral angle restraints were 50 kcal moll' A' and 200 kcal mol" 
rad', respectively. 
The Lennard-Jones van der Waals energy was calculated with CHARMm 
empirical energy function. 

EXAMPLE 2 

Identification and Characterization of Cycloviolacin 
O1 

0.161 Based on the investigation of the prototypic mac 
rocyclic peptide kalata B1 (Saether et al., 1995) the inventors 
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looked for macrocyclic peptides in Viola Odorata by Screen 
ing chromatographic fractions using mass Spectometry. 
Fresh plant material was ground and extracted with 1:1 
methanol/dichloromethane. The HPLC profile of Viola Odo 
rata extracts prepared in this way showed a large number of 
peaks (FIG. 1) but the inventors focussed particularly on 
those with long retention times (>20 minutes). Mass spectra 
of these peaks were recorded and those with apparent 
molecular weights in the range 2500-3500 were further 
examined. For example, the mass Spectrum of the last 
eluting peak in FIG. 1 Suggested a molecular mass of 3116. 
On reduction of the isolated fraction corresponding to this 
peak, Six mass units were gained, Suggesting the possibility 
of six cysteine residues being present. Amino acid Sequence 
of this fraction yielded the sequence shown in FIG. 1, which 
is consistent with the molecular weight derived from mass 
Spectometry. All of these available evidence Suggest that the 
naturally occurring peptide is the head-to-tail cyclic deriva 
tive of this Sequence, which the inventors refer to as “cyclo 
Violacin 01”, reflecting its origin as the first macrocyclic 
peptide characterised from V. Odorata. A range of macro 
cyclic peptides of Similar mass have been found in V. 
hederaceae, V betonicifolia and O. afinis. A selection of the 
derived sequences is shown in Table 5 and it is clear that the 
family of cyclic peptides is very widespread in plants. To 
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facilitate the Study of Such peptides and their comparisons 
with other molecules the inventors refer to this generic 
family of macrocyclic peptides as the plant “cyclotides', 
defined here to include peptides of ~30 amino acids with a 
cyclized backbone and Six cysteine residues involved in 
three disulfide bonds. Another useful Source of cyclic pep 
tides is from cucurbitaceae plants (e.g. Momordica 
cochinchinensis) Hernandez et al., 2000). A representation 
of the amino acid Sequences of two cyclic peptides from M. 
cochinchinensis is shown in FIG. 7. 

0162 Methods 
0163 Cycloviolacin 01 was isolated from aerial parts of 
Viola Odorata, harvested in Brisbane, Australia by extraction 
with dichloromethane/methanol (50:50 v/v) and purified 
using reverse phase HPLC (Vydac C18 column) on a Waters 
HPLC System. Gradients of CHCN in HO (0.1% trifluo 
roacetic acid, V/v) were employed in the purification. Cyclo 
violacin 01 (molecular weight 3116) was reduced with an 
excess of TCEP and alkylated with maleimide. The reduced 
and alkylated peptide was cleaved with Endo-Glu C in 
NHAc buffer at pH 8 for 1-2 hours and then purified by 
reverse phase HPLC. The cleaved peptide was N-terminally 
Sequenced using Edman degradation on an Applied BioSys 
tems 477A Protein Sequencer. 

TABLE 5 

Sequence alignment of cyclic cystine knot peptides from Rubiaceae and Violaceae species 

I II 
cycloviolacin O1 
cycloviolacin O2 <400>2 
cycloviolacin O3 <400>3 
cycloviolacin O4 
cycloviolacin O5 <400>5 
cycloviolacin O6 <400>6) 
cycloviolacin O7 <400>7 
cycloviolacin O8 <400>8 
cycloviolacin O9 <400>9 
cycloviolacin O10 <400>10 
cycloviolacin O11 <400>11 
cycloviolacin H1 <400>12 
kalata B5 (C400>13 
circulin AC400>14 
circulin B (400>15 
cyclopsychotride A 

violapeptide 1 <400>17 
kalata B1 <400>18 
kalata B2 <400>19 
kalata B3 <400>20 
kalata B4 <400>21 
varv peptide A K400>22 
varv peptide B C400>23 
varv peptide C<400>24 
varv peptide DC400>25 
varv peptide E -<400>26 
varv peptide FK400>27 
varv peptide GC400>28 
varv peptide HK400>29 

III 
. CAE SCWY IPCTWTALL GC 
.CGESCVWPCI SSA. I. GC 
.CGESCVWPCLTS. A. GC 
.CGESCVWPCI SSA. I. GC 
.CGESCVWPCI SS. AVGC 
.CGESCVWPCI. SAAVGC 
.CGESCVWPCTI TALAGIC 
.C. ESCVWPCI SS. VVGC 
.CGESCVWPCLTSAV. GC 
.CGE SCWY IPCLTSAV. GC 
.CGESCVWPCI. SAVVGC 
.CGE SCWY IPCLTSA. I. GC 
.CGE SCWY IPCIS GVI. 
.CGESCVWPCI. SAAL GIC 
.CGE SCWF IPC ST. L.L. GC 

<400>16 CG E SCIVF IPC. VTALL GIC 

IV V VI 
C.S. NRVCY. NG IP this work 
C. KSKVCYRNG. IP this work 
C. KSKVCYRNG. IP this work 
CKNKVCYRNG. IP this work 
CKNKVCYKNGT. P this work 
C. KSKVCYKNGTLP this work 
C. KSKVCY. NS. IP this work 
C. KSKVCYKNGTLP this work 
C. KSKVCYRNG. IP this work 
C. KSKVCYRNG. IP this work 
C. KSKVCYKNGTLP this work 
C. KSKVCYRNG. IP this work 

GCSC. TDKVCYLNGT. P this work 
C. KNKVCY RNG. I. P Gustafson et al., 1994 
C. KNKVCY RNGVI P Gustafson et al., 1994 
C. KS KVCY KNS. I P Witherup et al., 1994 

C. CTXNG. LP Schöpke et al., 1993 X=R? 
C. CTRNG. LP Saether et al., 1995 
C. CITRD G. LP this work 
C CITRD G. LP this work 
C. CITRD G LP this work 
C. CTRNG. LP Claeson et al., 1998 

Göransson et al., 1999 
Göransson et al., 1999 
Göransson et al., 1999 
Göransson et al., 1999 
Göransson et al., 1999 
Göransson et al., 1999 
Göransson et al., 1999 
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EXAMPLE 3 

Three-Dimensional Structure of Cycloviolacin O1 
0164) 750 MHZ NMR spectra of cycloviolacin 01 were 
recorded, assigned and used to determine the three-dimen 
Sional Structure of this peptide. The cyclic nature of cyclo 
Violacin 01 was unequivocally confirmed by a continuous 
closed Series of Sequential NOE connectivities, including 
doN, dNN or doö in the case of Pro. The three-dimensional 
structure is shown in FIG. 2 and illustrates the compact fold 
of the molecule which contains a number of B-turns, three 
B-Strands arranged in a triple-Stranded B-sheet, a short 
helical Segment, and a network of disulfide bonds which 
form a cystine knot (McDonald et al., 1993; Isaacs, 1995; 
Pallaghy et al., 1994; Norton and Pallaghy, 1988). The 
cystine knot consists of an embedded ring in the Structure, 
formed by two disulfide bonds and their connecting peptide 
backbones, which is penetrated by the third disulfide bond. 
In the case of cycloviolacin 01 the embedded ring is an 
octapeptide, made up of disulfide-linked tri- and penta 
peptide backbone Segments. The cystine knot motif is seen 
in other larger proteins (Murray-Rust, 1993) although the 
Size of the embedded ring is larger than in the case of the 
cyclotides and So the impression of a knot is not So apparent. 
Consideration of Van der Waals radii Suggests that an 
octapeptide ring is the Smallest hole through which a dis 
ulfide bond could penetrate. 

EXAMPLE 4 

The Cyclic Cystine Knot is a Conserved Structural 
Framework Amongst the Cyclotide Family of 

Peptides 

0.165 From the conserved spacing of cysteine residues 
acroSS the family of cyclotides, the inventors considered that 
the other members of the family would adopt similar three 
dimensional Structures, and to confirm this, the inventors 
compared cycloviolacin 01 to kalata B1 (Saether et al., 1995) 
and circulin A (Daly et al., 1999b), the only other macrocy 
clic peptides for which structures have been determined. The 
global folds of cycloviolacin 01, kalata B1 and circulin A 
were shown to be similar, with the RMS fit over backbone 
atoms of the loops with conserved spacing being <1.3 A for 
all three molecules. 

0166 The fit is particularly close over the cystine knot 
core of the molecules, as shown in FIG. 2b. It is clear that 
these molecules form a consensus Structure, which the 
inventors refer to as the cyclic cystine knot (CCK). The main 
elements of this new protein motif are shown in FIG. 2c. 
Two of the B-strands form a hairpin which is essentially at 
the core of the knot, containing three of the Six CyS residues. 
The two strands of the hairpin are linked with several 
hydrogen bonds. The third strand is distorted from ideal B 
geometry, and contains a 3-bulge in the segment between 
Cys and Cys". 
0167 The determination of the sequences of an extensive 
Series of macrocyclic peptides, together with three-dimen 
sional structures of three members of the family, allows 
Some general conclusions to be drawn regarding the role of 
particular amino acids in defining the knotted topology. 
Table 5 includes the Sequences of the new cyclotide peptides 
identified by the inventors in the course of developing the 

Aug. 21, 2003 

instant invention together with various peptides reported 
previously from the Violaceae and Rubiaceae plant families. 
The alignments are based on the Six highly conserved CyS 
residues whose disulfide connectivity is indicated Schemati 
cally at the bottom of the Table. This representation shows 
the embedded ring formed by two intracysteine backbone 
segments and their connecting disulfide bonds, Cys-Cys'Y 
and Cys"-Cys', and highlights the penetration of this ring 
by the third disulfide bond (Cys"-Cys'). Because of the 
cyclic nature of the amide backbone, there are nominally six 
loops (i.e., Six separate backbone segments) between Suc 
cessive CyS residues, and these are numbered loop 1 to loop 
6 at the bottom of the Table. Their topological placement is 
illustrated in FIG.2c. Examination of the sequences shows 
that there is remarkable conservation amongst many of the 
loops, but for those loops where there are variations, the 
peptides fall into two subfamilies: 

0168 Loops 1 and 4 correspond to the backbone 
Segments of the embedded ring of the cystine knot 
and are the most conserved part of the Sequence. 
Loop 1 comprises residues GET/S (the third residue 
is S in subfamily 1 and Tin sub-family 2), while loop 
4 contains just a Single residue, most often S. 

0169 Loop 2 contains exactly four residues, but has 
different compositions in the two sub-families. In 
sub-family 1, the first three residues are hydrophobic 
and the fourth residue is always P. In Sub-family 2, 
the two central residues are GG, the first residue is 
hydrophobic and the final residue is T, with one 
exception. 

0170 In loops 3 and 5 there is more variability in the 
number and type of residues present. For Sub-family 
1, loop 3 includes up to Seven residues, largely 
hydrophobic apart from a conserved G, while in 
sub-family 2, there are only four residues (NTP, plus 
the conserved G). Loop 5 contains four or five 
residues, with a conserved V at the C-terminal posi 
tion. Sub-family 1 contains two positively charged 
residues, whereas Sub-family 2 contains predomi 
nantly a SWP sequence before the conserved V. 

0171 Finally, loop 6 has a C-terminal proline pre 
ceded by the sequence NGI/L, all of these residues 
being highly conserved. In Sub-family 1, the proline 
is immediately adjacent to the Cys', whereas in 
Sub-family 2 there is an intervening hydrophobic 
residue. 

0172 FIG. 2d Summarizes the conserved and variable 
residues of the CCK motif of the cyclotide family and shows 
their positioning with respect to the core cystine knot. The 
highly conserved nature of the amino acids within the 
embedded ring of the cystine knot (loops 1 and 4) Suggests 
that it is not just the number of amino acids in this motif, but 
their nature which stabilizes the knot. By contrast, most 
variability occurs in loops 2,3 and 5. The variable residues 
in loops 2 and 5 are clustered together in two B-turns 
immediately adjacent to each other. This means that the 
variable residues point out into the Solvent, Suggesting the 
possibility that this region may be important in binding 
interactions and biological function of the cyclotides. Loop 
3 varies most in size of any of the loops and this results in 
the only significant difference in three-dimensional Struc 
tures of the different cyclotides. In sub-family 2, exemplified 
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by kalata B1 this four residue loop forms a relatively 
disorded extended strand, but in Sub-family 1, it is suffi 
ciently long to form two turns of 3-helix. This small helical 
segment is apparent in FIG. 2 in cycloviolacin 01. In this 
case, the Structure has a remarkable resemblance to plant 
defensin structures (Broekaert et al., 1993), which consist of 
a triple Stranded 3-sheet and a single helix, Suggesting a 
possible defence role for the cyclotides. This is further 
Supported by the finding that cycloviolacin 01 and other 
CCK peptides are haemolytic agents, and cause 50% lysis of 
erythrocytes at a concentration of ~20 uM. 

EXAMPLE 5 

Topological Implications of the CCK Motif in 
Protein Structures 

0173 Many small cystine-rich proteins, including pro 
teinase inhibitors from plants (Saveletal, 1998), toxins from 
cone snail (Nielsen et al., 1996) and spider (Narasinhan etal, 
1994) venoms, and a virulence gene products such as AVR9 
(Vervoort et al., 1997) from fungi adopt a cystine knot 
Structure. This motif is thus represented in diverse Species 
from animals, plants and fungi. The order of connectivity of 
disulfide bonds is similar in all of these molecules, i.e. 
Cys-Cys'Y, Cys"-Cys Y and Cys"-Cys'Y', as illustrated in 
FIG. 3a. However, the spacing of amino acids between 
cysteine residues is generally Such that the apparent knot in 
the Structures is much looser than in the cyclotides. In 
addition, there is a fundamental topological difference 
between the cyclic and acyclic cystine knot proteins. 
Although commonly referred to as knots, the latter are in 
fact not knotted in a mathematical Sense, are topologically 
Simple, and may be drawn in two dimensions on a non 
crossing diagram, Such as is shown in FIG. 3b. By contrast, 
the cyclotides are topologically complex, cannot be repre 
Sented without crossing in a planar diagram (FIG. 3c), and 
may thus be regarded as true knots. It is interesting to note 
that backbone cyclization is a necessary, but not Sufficient, 
condition for knotting as described here, because it is 
possible to envisage cyclic disulfide-rich proteins Such as 
that represented in FIG. 3d, which are not knotted. 
0.174. The issue of whether there are knots in proteins is 
complicated by different usage of the term. “knot'. For 
example, a typical representation of the fold of many “cyS 
tine knot” proteins is shown in FIG. 3e. On the basis of 
common usage it is intuitively reasonable to refer to Such 
Structures as knotted, however, they may clearly be untied 
by a non-bond-breaking geometrical transformation, as 
illustrated in the series FIGS. 3e-h, with structure 3h exem 
plifying the topologically simple nature of these molecules, 
equivalent to 3b. In this example, the untying involves 
pushing the C-terminus and its associated peptide chain 
through the embedded ring in the middle of the knot as 
shown. Although Such an unthreading mechanism at first 
Seems unlikely, it has been Suggested that this may indeed be 
responsible for a very slow unfolding of human nerve 
growth factor (De Young et al., 1996). 
0175 Such unthreading, or the reverse process of thread 
ing to form the cystine knot, is clearly not possible in CCK 
proteins Such as the cyclotides, because they do not have an 
N- or C-terminus. Formation of the knot must arise from 
Successive formation of individual disulfide bonds, with the 
central penetrating bond presumably not formed last as this 
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would seem Sterically unfavourable. Cyclization presum 
ably occurs enzymatically. It is of interest to note that 
closing the ends of an untied knot via cyclization can, in 
principle, be done in one of Several topologically distinct 
ways, leading to topological chirality. For example, joining 
of the N- and C-termini of FIG. 3h could occur either over, 
or under the intervening backbone, leading to topological 
isomers. In the cyclotides for which the inventors have 
determined Structures, only one of the possible topological 
isomers occurring naturally is observed. 

EXAMPLE 6 

The Cyclic Cystine Knot as a Molecular 
Engineering Framework 

0176) The cyclotides have exceptional stability as dem 
onstrated, for example, by the fact that in one medical 
application African Women boil the plant containing kalata 
B1 and drink it, implying a high degree of chemical and 
enzymatic stability, as well as oral bioavailability. The 
inventors have tested a wide range of proteases for activity 
against cyclotides and find that the oxidized CCK frame 
work is completely impervious to enzymatic cleavage. This 
may be consistent with the compact three-dimensional Struc 
tures shown in FIG. 2. Protease digestion is only possible 
after reduction of the disulfide bonds to remove the cystine 
knot. The stability of this framework indicates that it is 
useful as an engineering Scaffold onto which different amino 
acid Sequences can be grafted to achieve different functional 
ends. Applications include pharmaceuticals or agrochemi 
cals. 

EXAMPLE 7 

Synthesis of Kalata B1 with Loops 2 and 4 of 
MVIIA Grafted onto the Framework 

0177 MVIIA is a non-cyclic disulfide rich peptide which 
has potential therapeutic applications for the treatment of 
pain. The loops of MVIIA (Olivera et al., 1987) thought to be 
essential for activity (loops 2 and 4) have been grafted onto 
the CCK framework of kalata B1. The inventors have 
achieved this by replacing two of the B-turns of kalata B1 
with the relevant sequences from MVIIA. The consensus 
structure of the CCK framework shows that these turns are 
not part of the knotted core or the triple Stranded B-sheet 
which is the major structural element of this class of peptide. 
The Sequence of the Synthetic peptide is shown below:- 

Loop 4 Loop 2 

CTCRSGKCTRNGLPVCGETCSRLMYDCNTPG|<400>38 

— 

0.178 Oxidation of the reduced cyclic material is 
achieved by placing peptide (approx. 0.5 mg/ml) in a buffer 
such as 0.1 M ammonium carbonate pH 7.8, in the presence 
of guanadinium chloride and reduced glutathione (1 mM). 
The reaction is allowed to proceed at room temperature for 
approximately 24 hours. The disulfide isomers are purified 
by reverse phase HPLC. 
0179 The residues in bold represent loops 2 and 4 of 
MVIIA which were inserted into the cyclic sequence of 
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kalata B1. The Sequence was Synthesized as shown above 
with an N-terminal cysteine and a C-terminal glycine resi 
due. Cyclization was achieved via a C-terminal thioester 
reacting with the N-terminal cysteine residue. There are five 
other potential Sites for cyclization via the remaining cyS 
teine residues, however, this site was chosen because the 
proceeding residue is a glycine, in contrast to the other sites, 
and thus Steric problems during cyclization would be mini 
mized. The synthesis was performed on a Boc-Gly 
SCH-CHCO Gly PAM resin. The linker was attached to the 
Gly-PAM resin by treating the resin with bromopropanoic 
acid for 30 minutes, washing with DMF and then treating the 
resin with 10% w/v thioacetic acid, 10% w/v DIEA in DMF 
for 2x20 minutes. The resin was again washed with DMF 
and treated with 10% V/v B-mercaptoethanol, 10% V/v DIEA 
in DMF for 2x20 minutes. After a final wash with DMF, 
Boc-glycine was coupled to the resin using HBTU and 
DIEA. The peptide was assembled by manual synthesis 
using BBTU with in situ neutralization. 
0180. The disulfide bonds are formed by disolving the 
peptide in 0.1 M ammonium bicarbonate (pH 7.8), 50% V/v 
isopropanol and 1 mM reduce glutathione. The reaction was 
left at room temperature for 3 days and the peptide Subse 
quently purified with reverse phase HPLC on a semi 
preparative C18 column. 

EXAMPLE 8 

Generation of Acyclic Permutants of Kalata B1 

0181 Permutants of kalata B1 were assembled using 
manual Solid phase peptide Synthesis with Boc chemistry on 
a 0.5 mmole scale. MBHA or PAM resin was used (Applied 
Biosystems, Foster City, Calif.) and amino acids added to 
the resin using HBTU with in situ neutralization (Schnolzer 
et al., 1992). N-terminal acetylation was performed on resin 
for one of the permutants with a vast excess of acetic 
anhydride and DIEA in DMF. Cleavage of the peptide from 
the resin was achieved using hydrogen fluoride (HF) with 
cresol and thiocreSol as Scavengers (HF:cresol:thiocresol; 
9:1:1 v/v). The reaction was allowed to proceed at -5°C. for 
1 hour. Following cleavage, the peptides were dissolved in 
50% v/v acetonitrile, 0.1% w/v TFA and lyophilized. The 
crude, reduced peptides were purified using preparative 
reverse-phase HPLC (RP-HPLC) on a Vydac C18 column. 
Gradients of 0.1% v/v aqueous TFA and 90% v/v acetontrile/ 
0/09% v/v TFA were employed with a flow rate of 8 mL/min 
and the eluant monitored at 230 nm. These conditions were 
used in the Subsequent purification Steps. Mass analysis was 
performed on a Sciex (Thornhill, Ontario) triple quadrupole 
mass Spectrometer using electrospray Sample ionization. 
0182. Oxidation reactions were performed using the con 
ditions established for the cyclic peptide (Daly et al., 1999a). 
The purified reduced peptides were dissolved in 50% V/v 
isopropanol, 1-10 mM reduced glutathione in 0.1 M ammo 
nium bicarbonate (pH 8.5). The reactions were left a room 
temperature for 24 hours. The pH was lowered with TFA 
prior to purification with RP-HPLC. 

0183 There are six cysteine residues in the CCK mol 
ecules and hence Six loops in the backbone which can be 
opened to form six possible topologically distinct acyclic 
permutants. The inventors Synthesized a Series of truncated 
acyclic permutants of kalata B1 in which each of the Six 
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loops was opened to examine the effects these changes had 
on folding, Structure and activity. A Schematic representation 
of the acyclic permutants is given in FIG. 4. In general, the 
permutants were designed to include one residue either Side 
of the cysteines and the intervening residues deleted. How 
ever, in Some cases a Single residue was deleted or the 
permutants contain the entire amino acid Sequence but are 
acylic. The Sequences and nomenclature of the Seven per 
muants Synthesized are given in Table 6 and the numbering 
system used is based on that in Daly et al (1999b). 
0.184 All permutants, with the exception of kalata B1, 
were synthesized on MBHA resin to produce a C-terminal 
amide upon cleavage with HF. The N-termini of the permu 
tants are positively charged. However, des(12-13)-kalata B1 
was also synthesized with an acetylated N-terminus to 
examine the effect the positive charge on the N-terminus has 
in the activity studied. Kalata B1 was synthesized with a free 
C-terminus to allow cyclization. 

0185. The permutants of kalata B1 were assembled using 
manual Solid phase peptide Synthesis and Subsequently 
purified using RP-HPLC prior to oxidation. The oxidation 
conditions were chosen based on the previous Studies on the 
synthesis of kalata B1 which revealed that cyclic, reduced 
kalata B1 folds very efficiently in 0.1 M ammonium bicar 
bonate (pH 8), 1 mM reduced glutathione in 50% V/v 
isopropanol at room temperature. Applying these oxidation 
conditions to the folding of the kalata B1 permutants 
enabled a comparison of the efficiency of folding and 
allowed the effect of opening the loops of the molecule to be 
assessed. 

0186 To further examine the conformation present in the 
late eluting peaks they were purified by RP-HPLC and 
studied with H NMR spectroscopy. TOCSY and NOESY 
Spectra were recorded and resonance assignments were 
obtained using established techniques (Wuthrich, 1986). 
Chemical shifts are extremely Sensitive to Structural changes 
and thus an analysis of the chemical shifts was used to 
compare the Structures of the permutants. The CH chemical 
shifts of the permutants were compared to that of the native 
peptide (FIG. 5). When loops 1 and 4 are perturbed, the 
peptide does not fold into the native structure. However, it 
is apparent from FIG. 5, that the permutants shown in this 
diagram have similar shifts to the native peptide indicating 
the overall three-dimensional Structure is retained. In gen 
eral, the major differences are near the termini, however, 
other differences also exist. The most significant differences 
observed are in kalata B1 where loop 6 is opened and no 
longer appears to be restrained as judged by chemical Shifts 
which are much closer to random coil than the native 
peptide. 

0187. An analysis of CH chemical shifts are routinely 
used for comparing Structures, however, an analysis of BH 
chemical shifts can also be informative for comparing Side 
chain conformations. The chemical shift difference between 
B-protons of the AMX spin systems have been measured for 
the permutants and compared to the values observed for the 
native peptide. Des-(12-13)-kalata B1, kalata B1-(8-7) and 
des-(19-20)-kalata B1 have very similar trends to the native 
peptide for residues 11-26. However, there are more signifi 
cant differences in cysteine residues 1, 5 and 10. Kalata 
B1-(24-23) and des-(24-28)-kalata B1 also display differ 
ences for residues 1, 5 and 10. 
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TABLE 6 

Acyclic permutants of kalata B 
1. 5 1O 15 2O 25 

coetovorontocroswevctrinolev a400-30 
-CGTCVGGTCNTPGCTCSWPVCTRNGLPV- <400>31 
-CGETCVGGTCNTPGCTCSWPVCTRNGLPV- (<400>32 
-CGETCVGGTCN GCTCSWPVCTRNGLPV- (<400>33 
-CGETCVGGTCNTPGC CSWPVCTRNGLPV-Z400>34 
-CGETCVGGTCNTPGCTCS VCTRNGLPV- (<400>35 
-CGETCVGGTCNTPGCTCSWPVCT V- (<400>36 
-CGETCVGGTCNTPGCTCSWPVCTRNGLPV- <400>37 GETVGGI) SWPYCTRNGLP) 

loop1 loop2 loop3 loop4 loop5 loop6 

The native sequence is backbone cyclized. The N- and C 
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Native kalata B1 

Des-(3)-kalata B1 
Kalata B1-(8-7) 
Des(12-13)-kalata b1 
Des(16)-kalata B1 
Des(19-20)-kalata B1 (5) 
Des(24-28)-kalata B1 (6a) 
Kalata B1-(24–23) 
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(1 
(2 
(3) 
(4) 

ermini of the acyclic permu 
tants are highlighted in bold. The nomenclature chosen describes the residues deleted or in the 
case of the full length, non-cyclic permutants the residue numbers of the N- and C-termini 
are in parentheses. The numbers in parentheses following the name of the permutant refers to 
the loop which is perturbed with des(23–28)-kalata B1 and kalata B1 (24–23)designated 6a 
and 6b, respectively. 

EXAMPLE 9 

Binding of New Grafted Analog to N-type Calcium 
Channels 

0188 Antagonists specific to N-type voltage-sensitive 
calcium channels are being used as leads in drug develop 
ment. Examples of these are co-conotoxins GVIA and 
MVIIA. An assay has been previously established to deter 
mine the ability of a compound to displace 125I-GVIA from 
receptors in rat membrane. Rat membrane was prepared 
according to the procedure of Wagner et al., 1988. Rats were 
Sacrificed by cervical dislocation and their brains removed 
and immediately frozen in liquid nitrogen. Frozen brains 
were stored at -78° C. until required. Three brains (wet 
weight, 6.25 g) were thawed (50 mM HEPES, pH 7.4) and 
homogenized with ultraturrex (IKA, 170 Watt) in 125 ml 50 
mM HEPES pH 7.4. Homogenized brain was centrifuged at 
16000 rpm (35000 g) for 20 min at 4 C. and the Supernatant 
discarded. The pellet was resuspended by further homog 
enization in 50 mM HEPES, pH 7.4, 10 mM EDTA and 
incubated at 4 C. for 30 min. Centrifugation was repeated 
as above and the Supernatant discarded. The pellet was 
resuspended in 125 mls 50 mM HEPES, pH 7.4 (1:20 
dilution) and stored at -78° C. 
0189 125I-Tyr22GVIA was prepared according to the 
procedure of Cruz and Olivera (1986) and isolated by 
reverse-phase BPLC on an analytical Vydac C18 column. 
The column was equilibrated in buffer A (HO, 0.1% V/v 
TFA) followed by a linear gradient to 67% buffer B (90% w/v 
acetonitrile, 10% w/v HO and 0.09% v/v TFA) in 100 min. 
Peaks were detected at 214 nm and the flow rate was 1 
ml/min. The radiolabeled peaks were counted using a 
gamma counter and stored at 4 C. 
0.190 Assays were performed in 12x75 mm borasilicate 
culture tubes at room temperature and incubated for 1 hr. 
Each tube contained 100 ml each of test compound, iodi 
nated ligand (7 fmol) and rat membrane (16 mg) added in 
this order. The assay buffer contained 20 mM HEPES pH 
7.2, 75 mM NaCl, 0.1 mM EDTA, 0.1 mM EGTA, 0.1% w/v 
BSA and protease inhibitors, 2 mM leupeptin and 0.5U 

aprotinin. The non-specific binding was determined in the 
presence of either 17 nM GVIA or 100 nM MVIIC. Assays 
were terminated by vacuum filtration on a Millipore mani 
fold filtration system using glass fibre filters (Whatman 
GFB) presoaked in 0.6% w/v polyethylenimine. Each tube 
was washed 3 times with 3 ml ice-cold wash buffer (20 mM 
HEPES pH 7.2, 125 mM NaCl and 0.1% w/v. BSA). Filters 
were counted on a gamma counter. Graphpad Prism was 
used to generate binding curves and calculate EC50 values. 
The EC50 values are a measure of the ability of a compound 
to displace 125I-GVIA; the EC50 for MVIIA is 4.4x10-11 
M. The EC50 is determined for the new grafted analog using 
the assay as described above. 

EXAMPLE 10 

Grafting Platelet Inhibition Activity onto the CCK 
Framework 

0191 Kalata B1 has been used as an example of the CCK 
framework and the biologically active Sequence, RGD, has 
been grafted onto this framework. The Sequence of the 
grafted peptide is shown below:- 

CTCRGDVCTRNGLPVCGETCVGGTCNTPG|<400>39 
— 

0.192 The synthesis was achieved using solid phase pep 
tide Synthesis methods, using a thio-ester linker to facilitate 
cyclization. The linear peptide was purified using RP-HPLC 
and Subsequently cyclized in ammonium bicarbonate 0.1 M 
pH 8 with an excess of TCEP for 2 hours at room tempera 
ture. The cyclic reduced peptide was oxidized in 50% V/v 
isopropanol, 0.1 M ammonium bicarbonate pH 8 in the 
presence of 1 mM reduced glutathione. The reaction was left 
overnight at room temperature and the major product puri 
fied by RP-HPLC. 
0193 Two-dimensional NMR spectra were recorded on 
the purified product and the individual amino acid assign 
ments were determined using established techniques. An 
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analysis of the chemical shifts reveals that the overall fold of 
the grafted peptide is very similar to that of the native 
peptide, indicating that despite the changes to the native 
Sequence the inventors were able to produce a fully folded 
grafted peptide. The chemical shift analysis is shown in 
FIG. 6. Residues which are not close to the grafted sequence 
are not perturbed, indicating that the three-dimensional fold 
of the framework is not perturbed when a new Sequence is 
grafted into it. Biological activity of the grafted analog is 
determined using a platelet aggregation assay well known in 
the art. 

EXAMPLE 11 

Platelet Aggregation ASSay 
0194 The activity of grafted peptides designed with 
RGD sequences is analyzed using a platelet aggregation 
assay. Human blood is obtained from healthy donors who 
have not taken any medications within the previous 10 dayS. 
Blood is drawn into tubes containing Sodium citrate, cen 
trifuged and the platelet rich plasma transferred. Platelet 
aggregation is conducted at 37 C. in an aggregometer. The 
extent of platelet aggregation is determined by the addition 
of platelet aggregatorS Such as ADP and collagen. To analyze 
the effect of the peptides on platelet aggregation, a Solution 
of peptide is incubated with the platelet rich plasma prior to 
addition of the platelet aggregators. The extent of inhibition 
is determined by comparison with the maximal aggregation 
achieved with the control substances (ADP or collagen). 

EXAMPLE 12 

Grafting Protease Inhibitory Activity onto the CCK 
Framework 

0.195 The loop which confers protease inhibitory activity 
to the Squash family of protease inhibitorS is grafted into the 
Sequence of kalata B1 as shown below:- 

— 

0196. The synthesis and purification is using the methods 
as described in Example 7. NMR spectroscopy, as described 
in other Examples in this specification, is used for Structural 
analysis and comparison with the native Structure. 
0.197 Chromogenic Substrates are used to determine the 
protease inhibitory activity. The peptide is preincubated with 
trypsin for 15 min at 25 C. prior to addition of the 
appropriate chromogenic Substrate for trypsin (e.g. S2302 
(250 uM; DiaPharma)). Absorbance changes at 405 nm are 
monitored over five minutes. A comparison with and without 
the peptide allows a determination of the extent of trypsin 
inhibitory activity. 

EXAMPLE 13 

Grafting New Serine Protease Activities onto 
McOTI-II 

0198 Dengue viruses cause severe epidemics of diseases 
Such as dengue fever and dengue hemorrhagic fever. Dengue 
virus type 2 (Den2) is the most prevalent of the four known 
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Serotypes. The viral genome is a Single positive Strand RNA 
that encodes a Single protein precursor. The Viral viability is 
underscored by the activity of the dengue virus NS3 serine 
protease (Krishna Murthy et al., 1999) that helps liberate the 
individual viral proteins from the precursor. Specific inhi 
bition of this enzyme may provide a method of therapy for 
diseases caused by Dengue viruses. The Sequence contain 
ing an in Vivo cleavage Site for a Substrate of the Den2 
protease (Krishna Murthy et al., 1999) is grafted into the 
sequence of McOTI-II (Hernandez et al., 2000), changing its 
activity from a trypsin inhibitor to an inhibitor of the Den2 
protease as shown below, with the putative cleavage Site 
underlined:- 

CICRGNGYCGSGSDGGVCKKRSWPCRRDSDCPGA <400>41 
— 

0199 The synthesis and purification is achieved as 
described in Example 7 (see also FIG. 7). NMR spectros 
copy is used for Structural analysis and comparison with the 
native structure. Methods for testing the activity of NS3 
proteases are well known in the art. Details of an exemplary 
procedure for measuring NS3 inhibitory activity by mea 
Surement of enzyme-induced hydrolysis of peptide-based 
fluoregenic Substances is given in International Patent Pub 
lication No. WOOO/20400. 

EXAMPLE 1.4 

Grafting of G Protein-Coupled Receptor 
Modulatory Activity onto the CCK Framework 

0200. The melanocortin receptor family which consists 
of 5 members (MC1-R-MC5-R) represent a subgroup of the 
G protein-coupled receptorS. Compounds that modulate the 
activity of melanocortin receptors may be useful in neuro 
logical disorders, pigmentation disorders, behavioral disor 
ders, cardiovascular disorders, metabolic disorders, Sexual 
dysfunction and in the amelioration of inflammatory events 
(Oosterom et al., 1999; Adan et al., 1999). 

0201 (i) The four residue sequence, His-DPhe-Arg 
Trp, is likely to form a B-turn and forms part of the 
active pharmacophore of a Series of peptides which 
modulate the activity of melanocortin receptors 
(Adan et al., 1999). Kalata B1 has been used as a 
framework and this four residue Sequence is grafted 
onto the kalata framework. The Sequence of the 
grafted peptide is shown below:- 

CTCH-FRWCTRNGLPVCGETCVGGTCNTPG |<400>42 

0202) (ii) The five residue sequence, His-DPhe-Arg 
Trp-ASn, incorporates the B-turn described above 
plus an extra residue found in the melanocortin 
Superagonist MT-II (Adan et al., 1999). Kalata B1 has 
been used as a framework and this five residue 
Sequence is grafted onto the kalata framework. The 
Sequence of the grafted peptide is:- 
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CTCH-FRWNCTRNGLPVCGETCVGGTCNTPG 
— 

0203 The synthesis and purification is achieved as 
described in Example 7. NMR spectroscopy will be used for 
Structural analysis and comparison with the native Structure. 
The peptide agonist/antagonist activity is determined using 
HEK 293 cells transfected with MC1-R-MC5-R receptors as 
described in Adan et al., (1999) or Chen (1995). 

EXAMPLE 1.5 

Grafting of C5a-Modulatory Activity onto the CCK 
Framework 

0204. The C5a-receptor belongs to the family of G pro 
tein-coupled receptors. Over expression or underregulation 
of the C5a-receptor is implicated in a number of inflamma 
tory conditions including rheumatoid arthritis, with potential 
therapies for these conditions found in the use of antagonists 
or agonists to the C5a-receptor (Fairlie et al. (1999) and 
references therein). 

0205 (i) The sequence of one C5a-receptor inhibitor 
(Fairlie et al., 1999) is grafted onto loop 5 of Kalata 
B1 as shown below: 

CTCAcFIOP-ChexaWRCTRNGLPVCGETCVGGTCNTPG|<400>44) 

0206 Where AcF represents N-methyl phenyla 
lanine, CheXa represents cyclohexylalanine and O 
represents ornithine. 

0207 (ii) The same sequence is grafted onto loop 3 
of circulin A as shown below:- 

CSCKNKVCYRNGIPCGESCVWIPCAcFIOP-ChexaWR <400>45 

0208. The synthesis and purification of both peptides is 
achieved as described in Example 7. NMR spectroscopy is 
used for Structural analysis and comparison with the native 
Structure. Activity is determined using methods described in 
Fairlie et al., (1999). 
0209 Those skilled in the art will appreciate that the 
invention described herein is Susceptible to variations and 
modifications other than those Specifically described. It is to 
be understood that the invention includes all Such variations 
and modifications. The invention also includes all of the 
Steps, features, compositions and compounds referred to or 
indicated in this Specification, individually or collectively, 
and any and all combinations of any two or more of Said 
Steps or features. 
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0242 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 47 

<210> SEQ ID NO 1 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 

<223> OTHER INFORMATION: cycloviolacin O1 

<400 SEQUENCE: 1 

Cys Ala Glu Ser Cys Val Tyr Ile Pro Cys Thr Val Thr Ala Leu Leu 
1 5 10 15 

Gly Cys Ser Cys Ser Asn Arg Val Cys Tyr Asn Gly Ile Pro 
2O 25 30 

<210> SEQ ID NO 2 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolavin O2 

<400 SEQUENCE: 2 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ser Ala Ile Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Arg Asn Gly Ile Pro 
2O 25 30 

<210> SEQ ID NO 3 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin O3 

<400 SEQUENCE: 3 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Leu Thir Ser Ala Ile Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Arg Asn Gly Ile Pro 
2O 25 30 

<210> SEQ ID NO 4 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin O4 

<400 SEQUENCE: 4 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ser Ala Ile Gly 
1 5 10 15 

Cys Ser Cys Lys Asn Lys Val Cys Tyr Arg Asn Gly Ile Pro 
2O 25 30 

<210 SEQ ID NO 5 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
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<223> OTHER INFORMATION: cycloviolacin O5 

<400 SEQUENCE: 5 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ser Ala Val Gly 
1 5 10 15 

Cys Ser Cys Lys Asn Lys Val Cys Tyr Lys Asn Gly Thr Pro 
2O 25 30 

<210> SEQ ID NO 6 
&2 11s LENGTH: 31 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin O6 

<400 SEQUENCE: 6 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ala Ala Val Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Lys Asn Gly Thr Lieu Pro 
2O 25 30 

<210 SEQ ID NO 7 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin O7 

<400s. SEQUENCE: 7 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Thr Ile Thr Ala Leu Ala 
1 5 10 15 

Gly Cys Lys Cys Lys Ser Lys Val Cys Tyr Asn. Ser Ile Pro 
2O 25 30 

<210 SEQ ID NO 8 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin 08 

<400 SEQUENCE: 8 

Cys Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ser Val Val Gly Cys 
1 5 10 15 

Ser Cys Lys Ser Lys Val Cys Tyr Lys Asn Gly Thr Lieu Pro 
2O 25 30 

<210 SEQ ID NO 9 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin 09 

<400 SEQUENCE: 9 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Leu Thir Ser Ala Val Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Arg Asn Gly Ile Pro 
2O 25 30 

<210> SEQ ID NO 10 
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&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 

<223> OTHER INFORMATION: cycloviolacin 10 

<400 SEQUENCE: 10 

Cys Gly Glu Ser Cys Val Tyr Ile Pro Cys Leu Thir Ser Ala Val Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Arg Asn Gly Ile Pro 
2O 25 30 

<210> SEQ ID NO 11 
&2 11s LENGTH: 31 
&212> TYPE PRT 
<213> ORGANISM: Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin 11 

<400 SEQUENCE: 11 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ala Val Val Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Lys Asn Gly Thr Lieu Pro 
2O 25 30 

<210> SEQ ID NO 12 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM Viola odorata 
&220s FEATURE 
<223> OTHER INFORMATION: cycloviolacin H1 

<400 SEQUENCE: 12 

Cys Gly Glu Ser Cys Val Tyr Ile Pro Cys Leu Thir Ser Ala Ile Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Arg Asn Gly Ile Pro 
2O 25 30 

<210> SEQ ID NO 13 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Oldenlandia affinis 
&220s FEATURE 
&223> OTHER INFORMATION: kalabata B5 

<400 SEQUENCE: 13 

Cys Gly Glu Ser Cys Val Tyr Ile Pro Cys Ile Ser Gly Val Ile Gly 
1 5 10 15 

Cys Ser Cys Thr Asp Llys Val Cys Tyr Lieu. Asn Gly Thr Pro 
2O 25 30 

<210> SEQ ID NO 14 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Chassalia parvifolia 
&220s FEATURE 
<223> OTHER INFORMATION: circulin. A 

<400 SEQUENCE: 14 

Cys Gly Glu Ser Cys Val Trp Ile Pro Cys Ile Ser Ala Ala Leu Gly 
1 5 10 15 

Cys Ser Cys Lys Asn Lys Val Cys Tyr Arg Asn Gly Ile Pro 
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2O 25 30 

<210 SEQ ID NO 15 
&2 11s LENGTH: 31 
&212> TYPE PRT 
<213> ORGANISM: Chassalia parvifolia 
&220s FEATURE 
<223> OTHER INFORMATION: circulin B 

<400 SEQUENCE: 15 

Cys Gly Glu Ser Cys Val Phe Ile Pro Cys Ile Ser Thr Leu Leu Gly 
1 5 10 15 

Cys Ser Cys Lys Asn Lys Val Cys Tyr Arg Asn Gly Val Ile Pro 
2O 25 30 

<210> SEQ ID NO 16 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Psychotria longpipes 
&220s FEATURE 
<223> OTHER INFORMATION: cyclopsychotride A 

<400 SEQUENCE: 16 

Cys Gly Glu Ser Cys Val Phe Ile Pro Cys Val Thr Ala Leu Leu Gly 
1 5 10 15 

Cys Ser Cys Lys Ser Lys Val Cys Tyr Lys Asn. Ser Ile Pro 
2O 25 30 

<210 SEQ ID NO 17 
&2 11s LENGTH 29 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: violapeptide 1 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 25 

<223> OTHER INFORMATION: Any amino acid 

<400 SEQUENCE: 17 

Val Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Ser Arg Pro Val Cys Thr Xaa Asn Gly Leu Pro 
2O 25 

<210> SEQ ID NO 18 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Oldenlandia affinis 
&220s FEATURE 
&223> OTHER INFORMATION: kalabata B1 

<400 SEQUENCE: 18 

Val Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Thr Cys Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro 
2O 25 

<210 SEQ ID NO 19 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Oldenlandia affinis 
&220s FEATURE 
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&223> OTHER INFORMATION: kalabata B2 

<400 SEQUENCE: 19 

Val Cys Gly Glu Thr Cys Phe Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Thr Trp Pro Ile Cys Thr Arg Asp Gly Leu Pro 
2O 25 

<210> SEQ ID NO 20 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Oldenlandia affinis 
&220s FEATURE 
&223> OTHER INFORMATION: kalabata B3 

<400 SEQUENCE: 20 

Thr Cys Gly Glu Thr Cys Phe Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Thr Cys Asp Pro Trp Pro Ile Cys Thr Arg Asp Gly Lieu Pro 
2O 25 30 

<210> SEQ ID NO 21 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Oldenlandia affinis 
&220s FEATURE 
&223> OTHER INFORMATION: kalabata B4 

<400s. SEQUENCE: 21 

Val Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Thr Cys Ser Trp Pro Val Cys Thr Arg Asp Gly Leu Pro 
2O 25 

<210> SEQ ID NO 22 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide A 

<400 SEQUENCE: 22 

Val Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Ser Trp Pro Val Cys Thr Arg Asin Gly Leu Pro 
2O 25 

<210> SEQ ID NO 23 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide B 

<400 SEQUENCE: 23 

Val Cys Gly Glu Thr Cys Phe Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Asp Pro Trp Pro Met Cys Ser Arg Asn Gly Lieu Pro 
2O 25 30 

<210> SEQ ID NO 24 
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&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide C 

<400 SEQUENCE: 24 

Ile Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Ser Trp Pro Val Cys Thr Arg Asin Gly Val Pro 
2O 25 

<210> SEQ ID NO 25 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide D 

<400 SEQUENCE: 25 

Ile Cys Gly Glu Thr Cys Val Gly Gly Ser Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Ser Trp Pro Val Cys Thr Arg Asin Gly Leu Pro 
2O 25 

<210> SEQ ID NO 26 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide E 

<400 SEQUENCE: 26 

Ile Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Ser Trp Pro Val Cys Thr Arg Asin Gly Leu Pro 
2O 25 

<210 SEQ ID NO 27 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide F 

<400 SEQUENCE: 27 

Ile Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Ser Trp Pro Val Cys Thr Arg Asin Gly Leu Pro 
2O 25 

<210> SEQ ID NO 28 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide G 

<400 SEQUENCE: 28 

Val Cys Gly Glu Thr Cys Phe Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Asp Pro Trp Pro Val Cys Ser Arg Asn Gly Val Pro 

Aug. 21, 2003 



US 2003/0158096 A1 
27 

-continued 

2O 25 30 

<210 SEQ ID NO 29 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Viola arvensis 
&220s FEATURE 

<223> OTHER INFORMATION: varv peptide H 

<400 SEQUENCE: 29 

Val Cys Gly Glu Thr Cys Phe Gly Gly Thr Cys Asn Thr Pro Gly Cys 
1 5 10 15 

Ser Cys Glu Thir Trp Pro Val Cys Ser Arg Asn Gly Leu Pro 
2O 25 30 

<210 SEQ ID NO 30 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Oldenlandia affinis 
&220s FEATURE 
<223> OTHER INFORMATION: native kalata B1 

<400 SEQUENCE: 30 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Thr 
1 5 10 15 

Cys Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210> SEQ ID NO 31 
&2 11s LENGTH 2.8 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: des- (3)-kalata B1 

<400 SEQUENCE: 31 

Cys Gly. Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Thr Cys 
1 5 10 15 

Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210> SEQ ID NO 32 
&2 11s LENGTH 29 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: kalata B1 - (8-7) 

<400 SEQUENCE: 32 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Thr 
1 5 10 15 

Cys Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210 SEQ ID NO 33 
&2 11s LENGTH 27 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: des (12-13)-kalata B1 

<400 SEQUENCE: 33 
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Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Gly Cys Thr Cys Ser 
1 5 10 15 

Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210> SEQ ID NO 34 
&2 11s LENGTH 2.8 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: des (16) -kalata B1 

<400 SEQUENCE: 34 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Cys 
1 5 10 15 

Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210 SEQ ID NO 35 
&2 11s LENGTH 27 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: des (19-20)-kalata B1 

<400 SEQUENCE: 35 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Thr 
1 5 10 15 

Cys Ser Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210 SEQ ID NO 36 
<211& LENGTH 24 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: des (24-28)-kalata B1 

<400 SEQUENCE: 36 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Thr 
1 5 10 15 

Cys Ser Trp Pro Val Cys Thr Val 
2O 

<210 SEQ ID NO 37 
&2 11s LENGTH 29 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: kalata B1 - (24-23) 

<400 SEQUENCE: 37 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly Cys Thr 
1 5 10 15 

Cys Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val 
2O 25 

<210 SEQ ID NO 38 
&2 11s LENGTH: 31 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
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<223> OTHER INFORMATION: Synthetic peptide 

<400 SEQUENCE: 38 

Cys Thr Cys Arg Ser Gly Lys Cys Thr Arg Asn Gly Lieu Pro Val Cys 
1 5 10 15 

Gly Glu Thr Cys Ser Arg Leu Met Tyr Asp Cys Asn Thr Pro Gly 
2O 25 30 

<210 SEQ ID NO 39 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 

<400 SEQUENCE: 39 

Cys Thr Cys Arg Gly Asp Val Cys Thr Arg Asn Gly Lieu Pro Val Cys 
1 5 10 15 

Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly 
2O 25 

<210> SEQ ID NO 40 
&2 11s LENGTH 32 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 

<400s. SEQUENCE: 40 

Cys Thr Cys Ser Trp Pro Val Cys Thr Arg Asn Gly Leu Pro Val Cys 
1 5 10 15 

Pro Lys Ile Leu Lys Lys Cys Val Gly Gly Thr Cys Asn Thr Pro Gly 
2O 25 30 

<210> SEQ ID NO 41 
<211& LENGTH: 34 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 

<400 SEQUENCE: 41 

Cys Ile Cys Arg Gly Asn Gly Tyr Cys Gly Ser Gly Ser Asp Gly Gly 
1 5 10 15 

Val Cys Lys Lys Arg Ser Trp Pro Cys Arg Arg Asp Ser Asp Cys Pro 
2O 25 30 

Gly Ala 

<210> SEQ ID NO 42 
&2 11s LENGTH 29 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 

<400 SEQUENCE: 42 

Cys Thr Cys His Phe Arg Trp Cys Thr Arg Asn Gly Leu Pro Val Cys 

1 5 10 15 
Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly 

20 25 
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<210> SEQ ID NO 43 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 

<400 SEQUENCE: 43 

Cys Thr Cys His Phe Arg Trp Asn Cys Thr Arg Asn Gly Leu Pro Val 
1 5 10 15 

Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly 
2O 25 30 

<210> SEQ ID NO 44 
&2 11s LENGTH: 31 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 4 
<223> OTHER INFORMATION: N-methyl phenylalanine 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 5 
<223> OTHER INFORMATION: Ornithine 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 7 
<223> OTHER INFORMATION: Cyclohexyalanine 

<400 SEQUENCE: 44 

Cys Thr Cys Xaa Xaa Pro Xaa Trp Arg Cys Thr Arg Asn Gly Leu Pro 
1 5 10 15 

Val Cys Gly Glu Thr Cys Val Gly Gly Thr Cys Asn Thr Pro Gly 
2O 25 30 

<210> SEQ ID NO 45 
&2 11s LENGTH 30 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic peptide 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 25 
<223> OTHER INFORMATION: N-methyl phenyalanine 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 26 
<223> OTHER INFORMATION: Ornithine 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: 28 
<223> OTHER INFORMATION: Cyclohexyalanine 

<400 SEQUENCE: 45 

Cys Ser Cys Lys Asn Lys Val Cys Tyr Arg Asn Gly Ile Pro Cys Gly 
1 5 10 15 

Glu Ser Cys Val Trp Ile Pro Cys Xaa Xaa Pro Xaa Trp Arg 
2O 25 30 

<210> SEQ ID NO 46 
<211& LENGTH: 34 
&212> TYPE PRT 
<213> ORGANISM: Momordica cochinchinensis 
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&220s FEATURE 
&223> OTHER INFORMATION: Mico TI-I 

<400 SEQUENCE: 46 

Val Cys Pro Lys Ile Leu Glin Arg Cys Arg Arg Asp Ser Asp Cys Pro 
1 5 10 15 

Gly Ala Cys Ile Cys Arg Gly Asn Gly Tyr Cys Gly Ser Gly Ser Asp 
2O 25 

Gly Gly 

<210> SEQ ID NO 47 
<211& LENGTH: 34 
&212> TYPE PRT 
<213> ORGANISM: Momordica cochinchinensis 
&220s FEATURE 
&223> OTHER INFORMATION: Mico TI-II 

<400 SEQUENCE: 47 

Val Cys Pro Lys Ile Lieu Lys Lys Cys Arg Arg Asp Ser Asp Cys Pro 
1 5 10 15 

Gly Ala Cys Ile Cys Arg Gly Asn Gly Tyr Cys Gly Ser Gly Ser Asp 
2O 25 

Gly Gly 

1. An isolated molecule which acts as a molecular frame 
work for exogenous amino acids or amino acid sequences, 
Said molecule comprising a Sequence of amino acids or 
analogues thereof forming a cyclic backbone wherein the 
cyclic backbone comprises Sufficient disulfide bonds or 
chemical equivalents thereof to confer knotted topology on 
the three-dimensional Structure and having the following 
Structure:- 

CIX...XCX. XCX...XCXIII. XIICDXV.XVICIXY...XY) 

wherein 

C is cysteine; 

each of X ... X, X'... X'), X". . . . X'), X" 
... X"), XY ... XY and XY ... XY) represents 
one or more amino acid residues wherein each one or 
more amino acid residues within or between the 
Sequence residues may be the same or different; and 

wherein a, b, c, d, e and frepresent the number of amino 
acid residues in each respective Sequence and each of 
a to f may be the same or different and range from 1 to 
about 20, 

or an analogue of Said Sequence. 
2. An isolated molecule according to claim 1 wherein the 

each of a to f ranges from about 1 to about 10. 
3. An isolated molecule according to claim 1 or 2 wherein 

a, b, c, d, e and frepresent the number of amino acid residues 
in each respective Sequence and wherein a is from about 3 
to about 6, b is from about 3 to about 5, c is from about 2 

to about 7, d is about 1 to about 3, e is about 3 to about 6 
and f is from about 4 to about 9. 

4. An isolated molecule according to claim 1 or 2 wherein 
a, b, c, d, e and frepresent the number of amino acid residues 
in each respective Sequence and wherein a is about 3, b is 
about 4, c is from about 4 to about 7, d is about 1, e is about 
4 or 5 and f is from about 4 to about 7. 

5. An isolated molecule according to claim 1 or 2 wherein 
a, b, c, d, e and frepresent the number of amino acid residues 
in each respective Sequence and wherein a is about 6, b is 
about 5, c is about 3, d is about 1, e is about 5 and f is about 
8. 

6. An isolated molecule according to claim 1 wherein the 
cyclic backbone comprises at least two disulfide bonds. 

7. An isolated molecule according to claim 6 wherein the 
cyclic backbone comprises a cystine knot. 

8. An isolated molecule according to claim 7 wherein the 
cystine knot comprises at least three disulfide bonds. 

9. An isolated molecule according to claim 7 wherein the 
cystine knot comprises more than three disulfide bonds. 

10. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>1. 

11. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>2. 

12. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>3. 
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13. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>4. 

14. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>5. 

15. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>6. 

16. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>7. 

17. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>8. 

18. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>9. 

19. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>10. 

20. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>11. 

21. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>12. 

22. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>13. 

23. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>19. 

24. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>20. 

25. An isolated molecule according to claim 1 comprising 
the sequence set forth in <400>21. 

26. An isolated molecule which acts as a molecular 
framework for exogenous amino acids or amino acid 
Sequences, said molecule comprising a Sequence of amino 
acids or analogues thereof forming a cyclic backbone and 
wherein Said cyclic backbone comprises Sufficient disulfide 
bonds or chemical equivalents thereof, to confer a knotted 
topology on the three-dimensional Structure of Said cyclic 
backbone and wherein at least one exposed amino acid 
residue on a beta turn and/or other part of the backbone is 
inserted or substituted or otherwise grafted relative to the 
naturally occurring amino acid Sequence. 

27. An isolated molecule according to claim 26 wherein 
the other part of the backbone is one or more loops. 

28. An isolated molecule according to claim 26 or 27 
wherein two or more amino acid Sequences are inserted, 
substituted or otherwise grafted onto the backbone. 

29. An isolated molecule according to claim 26 wherein 
the cyclic bone comprises at least two disulfide bonds. 

30. An isolated molecule according to claim 29 wherein 
the cyclic backbone comprises a cystine knot or its chemical 
or Structural equivalent. 

31. An isolated molecule according to claim 30 wherein 
the cystine knot comprises at least three disulfide bonds. 

32. An isolated molecule according to claim 30 wherein 
the cystine knot comprises more than three disulfide bonds. 

33. An isolated molecule according to any one of claims 
26 to 32 wherein the inserted or Substituted or otherwise 
grafted amino acid residues are a Single residue or a linear 
Sequence of from about 2 residues to about 60 residues. 

34. An isolated molecule according to claim 33 wherein 
the inserted or Substituted or otherwise grafted amino acid 
residues are a single residue or a linear Sequence of from 
about 2 residues to about 30 residues. 

35. An isolated molecule according to any one of claims 
26 to 34 wherein the inserted or Substituted or otherwise 
grafted amino acid residues are a Single residue or a linear 
Sequence of from about 2 residues to about 10 residues. 
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36. An isolated molecule according to claim 35 compris 
ing the amino acid sequence set forth in <400>38. 

37. An isolated molecule according to claim 35 compris 
ing the amino acid sequence set forth in <400>39. 

38. An isolated molecule according to claim 35 compris 
ing the amino acid Sequence Set forth in <400>40. 

39. An isolated molecule according to claim 35 compris 
ing the amino acid Sequence Set forth in <400>41. 

40. An isolated molecule according to claim 35 compris 
ing the amino acid Sequence Set forth in <400>42. 

41. An isolated molecule according to claim 35 compris 
ing the amino acid Sequence Set forth in <400>43. 

42. An isolated molecule according to claim 35 compris 
ing the amino acid Sequence Set forth in <400>44. 

43. An isolated molecule according to claim 35 compris 
ing the amino acid Sequence Set forth in <400>45. 

44. An isolated molecule according to any one of claims 
26 to 35 wherein the molecular framework is a modulator of 
calcium channel-binding ability, C5a binding activity, pro 
teinase inhibitor activity in plants or animals, antibiotic 
activity, HIV, plant pathogen activity, microbial activity, 
fungal activity, Viral activity, cytokine binding ability and 
blood clot inhibiting ability. 

45. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>1. 

46. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>2. 

47. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>3. 

48. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>4. 

49. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>5. 

50. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>6. 

51. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>7. 

52. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>8. 

53. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>9. 

54. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>10. 

55. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>11. 

56. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>12. 

57. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>13. 
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58. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
400-19. 

59. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
400-2O. 

60. An isolated molecule according to claim 26 wherein 
the cyclic backbone comprises the Sequence Set forth in 
<400>21. 

61. A precursor of a molecule defined in claim 1 or 26 
wherein Said precursor is in linear form. 

62. A derivative of a molecule according to claim 1 or 20. 
63. A derivative according to claim 62 wherein the 

derivative is a uncycle. 
64. A derivative according to claim 62 or 63 wherein the 

derivative is a chemical analogue of the molecule. 
65. An antibody to a molecule defined in claim 1 or 26. 
66. An antibody according to claim 65 wherein the 

antibody is a monoclonal antibody. 
67. Use of an isolated molecule according to claim 1 or 26 

and the manufacture of a medicament for the treatment or a 
prophylaxis of diseases in a mammal. 

68. Use according to claim 67 wherein the mammal is a 
human. 

69. A method for the treatment or prophylaxis of a 
condition in a mammal, Said method comprising adminis 
tering a molecule according to claim 1 or 26 and optionally 
having grafted thereon heterologous amino acids which 
confer an activity which prevent or treat Said condition. 

70. A method according to claim 69 wherein the activity 
of the heterologous amino acids modulates calcium channel 
binding ability of C5a binding activity, proteinase inhibitor 
activity in plants or animals, antibiotic activity, HIV activity, 
plant pathogen activity, microbial activity, fungal activity, 
anti-viral activity, cytokine binding ability and/or blood clot 
inhibiting activity. 

71. A method according to claim 69 wherein the activity 
of the heterologous amino acids exhibits therapeutic prop 
erties against cystic fibrosis. 

72. A topical composition useful in the prophylaxis or 
treatment of a disease or condition in a plant by a plant 
pathogen, Said composition comprising a molecular frame 
work according to claim 1 or 26 and optionally having 
grafted thereto heterologous amino acids which confer anti 
plant pathogen activity. 

73. A composition according to claim 71 wherien the 
heterologous amino acids confer proteinase inhibitor activ 
ity. 

74. A composition according to claim 71 wherein the 
composition inhibits an insect, Spider, micro-organism, virus 
or fungus. 

75. A method of generating a molecule exhibiting a 
biological property or activity not normally associated with 
the naturally occurring molecule, Said method comprising 
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grafting onto Said molecule one or more exogenous amino 
acid residues wherein Said molecule comprises a Sequence 
of amino acids or analogues thereof forming a cyclic back 
bone wherein the cyclic backbone comprises Sufficient dis 
ulfide bonds or chemical equivalents thereof to confer 
knotted topology on the three-dimensional Structure and 
having the following Structure:- 

CIX...XCIX'...XCIX'...XCIX"...XCIXV...XVICIXY...XY) 
— 

wherein 

C is cysteine; 

each of X ... X, X'... X'), X'... X'), X" 
... X'), XY ... XY and XY ... XY) represents 
one or more amino acid residues wherein each one or 
more amino acid residues within or between the 
Sequence residues may be the same or different; and 

wherein a, b, c, d, e and frepresent the number of amino 
acid residues in each respective Sequence and each of 
a to f may be the same or different and range from 1 to 
about 20, 

or an analogue of Said Sequence. 
76. A method according to claim 75 wherein the each of 

a to franges from about 1 to about 10. 
77. A method according to claim 75 or 76 whereina, b, c, 

d, e and f represent the number of amino acid residues in 
each respective Sequence and wherein a is from about 3 to 
about 6, b is from about 3 to about 5, c is from about 2 to 
about 7, d is about 1 to about 3, e is about 3 to about 6 and 
f is from about 4 to about 9. 

78. A method according to claim 75 or 76 wherein a, b, c, 
d, e and f represent the number of amino acid residues in 
each respective Sequence and whereina is about 3, b is about 
4, c is from about 4 to about 7, d is about 1, e is about 4 or 
5 and f is from about 4 to about 7. 

79. A method according to claim 75 or 76 wherein a, b, c, 
d, e and f represent the number of amino acid residues in 
each respective Sequence and whereina is about 6, b is about 
5, c is about 3, d is about 1, e is about 5 and f is about 8. 

80. A method according to claim 75 wherein the cyclic 
backbone comprises at least two disulfide bonds. 

81. A method according to claim 80 wherein the cyclic 
backbone comprises a cystine knot. 

82. A method according to claim 81 wherein the cystine 
knot comprises at least three disulfide bonds. 

83. A method according to claim 82 wherein the cystine 
knot comprises more than three disulfide bonds. 

84. A method according to claim 75 wherein the molecule 
comprises a Sequence Set forth in <400>1. 

85. A method according to claim 75 wherein the molecule 
comprises the Sequence Set forth in <400>2. 

86. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>3. 

87. A method according to claim 75 wherein the molecule 
comprises the Sequence Set forth in <400>4. 

88. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>5. 

89. A method according to claim 75 wherein the molecule 
comprises the Sequence Set forth in <400>6. 
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90. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>7. 

91. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>8. 

92. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>9. 

93. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>10. 

94. A method according to claim 75 wherein the molecule 
comprises the Sequence Set forth in <400>11. 
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95. A method according to claim 75 wherein the molecule 
comprises the Sequence Set forth in <400>12. 

96. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>13. 

97. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>19. 

98. A method according to claim 75 wherein the molecule 
comprises the sequence set forth in <400>20. 

99. A method according to claim 75 wherein the molecule 
comprises the Sequence Set forth in <400>21. 
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