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(57) ABSTRACT 

A single chain, polypeptide fusion protein, comprising: a 
non-cytotoxic protease, or a fragment thereof, which protease 
or protease fragment is capable of cleaving a protein of the 
exocytic fusion apparatus of a nociceptive sensory afferent; a 
dynorphin Targeting Moiety that is capable of binding to a 
Binding Site on the nociceptive sensory afferent, which Bind 
ing Site is capable of undergoing endocytosis to be incorpo 
rated into an endoSome within the nociceptive sensory affer 
ent; a protease cleavage site at which site the fusion protein is 
cleavable by a protease, wherein the protease cleavage site is 
located between the non-cytotoxic protease or fragment 
thereof and the dynorphin Targeting Moiety; and a transloca 
tion domain that is capable of translocating the protease or 
protease fragment from within an endoSome, across the endo 
Somal membrane and into the cytosol of the nociceptive sen 
sory afferent. Nucleic acid sequences encoding the polypep 
tide fusion proteins, methods of preparing same and uses 
thereofare also described. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 

Competition ASSay: Nociceptin-LHN/A Fusions 
vs 1nMH)-Nociceptin on eDRGs (4C) 
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Figure 6 
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Figure 7 
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Figure 8 

Competition Assay: CPN fusions vs 1nM3H) - Nociceptin 
on eDRGs for 1 hour at 4°C 

3OOO 

2500 * 
2OOO , 

's 
DPM 1500 ifs 

es. Y 
“s. N 

1OOO Y. 
(S 

500 
1e-1 1e-O 1e-1 1e-2 1e-3 1e-4 1e--5 

Molar EXCeSS 

rese TOCris 
& CPN-LHN/A 

x &r CPNV-LHN/A 
O COntrols 

  



Patent Application Publication Apr. 21, 2011 Sheet 9 of 34 US 2011/0091437 A1 

Figure 9 
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Figure 10 

CPN-A on eDRG for 1 Day 
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Figure 11 

Duration of action following eDRG exposure for 1 Day 

-&- BONT/A O.3 nM 
& BONT/A O.3 nM 

-o CPN-A 100 nM 

  



Patent Application Publication Apr. 21, 2011 Sheet 12 of 34 US 2011/0091437 A1 

Figure 12 
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Figure 13 

80 --8- 100 nM CPN-A 
--8 - 10 nM CPN-A 
--S- 10 nM CPNV-A 

60 RN --&- 1 nM CPNV-A 

Time (days) 

  



Patent Application Publication Apr. 21, 2011 Sheet 14 of 34 US 2011/0091437 A1 

Figure 14 
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Figure 15 
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Figure 16 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 20 
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Figure 21 
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Figure 22 
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Figure 23 
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Figure 24 
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Figure 25 
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Figure 26 
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Figure 27 
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Figure 28 
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Figure 29 
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Figure 30 
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Figure 31 
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Figure 32 
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Figure 34 
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FUSION PROTEINS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 12/303,078, filed Dec. 1, 2008, which is 
the National Stage of International Application No. PCT/GB/ 
2007/02049, filed Jun. 1, 2007, which claims priority from 
Great Britain Application No. 0610867.4, filed Jun. 1, 2006. 
Each application is expressly incorporated herein by refer 
enced in its entirety. 

STATEMENT REGARDING SEQUENCE 
LISTING 

0002 The sequence listing associated with this applica 
tion is provided in text format in lieu of a paper copy and is 
hereby incorporated by reference into the specification. The 
name of the text file containing the sequence listing is 35492 
SEQ FINAL..txt. The textfile is 372 KB; was created on Aug. 
23, 2010; and is being submitted via EFS-Web with the filing 
of the specification. 

FIELD OF THE INVENTION 

0003. This invention relates to non-cytotoxic fusion pro 
teins, and to the therapeutic application thereofas analgesic 
molecules. 

BACKGROUND OF THE INVENTION 

0004 Toxins may be generally divided into two groups 
according to the type of effect that they have on a target cell. 
In more detail, the first group of toxins kill their natural target 
cells, and are therefore known as cytotoxic toxin molecules. 
This group of toxins is exemplified interalia by plant toxins 
Such as ricin, and abrin, and by bacterial toxins such as diph 
theria toxin, and Pseudomonas exotoxin A. Cytotoxic toxins 
have attracted much interest in the design of “magic bullets” 
(e.g. immunoconjugates, which comprise a cytotoxic toxin 
component and an antibody that binds to a specific marker on 
a target cell) for the treatment of cellular disorders and con 
ditions such as cancer. Cytotoxic toxins typically kill their 
target cells by inhibiting the cellular process of protein Syn 
thesis. 
0005. The second group of toxins, which are known as 
non-cytotoxic toxins, do not (as their name confirms) kill 
their natural target cells. Non-cytotoxic toxins have attracted 
much less commercial interest than have their cytotoxic coun 
terparts, and exert their effects on a target cell by inhibiting 
cellular processes other than protein synthesis. Non-cyto 
toxic toxins are produced by a variety of plants, and by a 
variety of microorganisms such as Clostridium sp. and Neis 
seria sp. 
0006 Clostridial neurotoxins are proteins that typically 
have a molecular mass of the order of 150 kDa. They are 
produced by various species of bacteria, especially of the 
genus Clostridium, most importantly C. tetani and several 
strains of C. botulinum, C. butyricum and C. argentinense. 
There are at present eight different classes of the clostridial 
neurotoxin, namely: tetanus toxin, and botulinum neurotoxin 
in its serotypes A, B, C1, D, E, F and G, and they all share 
similar structures and modes of action. 
0007 Clostridial neurotoxins represent a major group of 
non-cytotoxic toxin molecules, and are synthesised by the 
host bacterium as single polypeptides that are modified post 
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translationally by a proteolytic cleavage event to form two 
polypeptide chains joined together by a disulphide bond. The 
two chains are termed the heavy chain (H-chain), which has a 
molecular mass of approximately 100 kDa, and the light 
chain (L-chain), which has a molecular mass of approxi 
mately 50 kDa. 
0008 L-chains possess a protease function (zinc-depen 
dent endopeptidase activity) and exhibit a high Substrate 
specificity for vesicle and/or plasma membrane associated 
proteins involved in the exocytic process. L-chains from dif 
ferent clostridial species or serotypes may hydrolyse different 
but specific peptide bonds in one of three substrate proteins, 
namely synaptobrevin, syntaxin or SNAP-25. These sub 
strates are important components of the neurosecretory 
machinery. Neisseria sp., most importantly from the species 
N. gomorrhoeae, produce functionally similar non-cytotoxic 
proteases. An example of such a protease is IgA protease (see 
WO99/58571). 
0009. It has been well documented in the art that toxin 
molecules may be re-targeted to a cell that is not the toxin's 
natural target cell. When so re-targeted, the modified toxin is 
capable of binding to a desired target cell and, following 
Subsequent translocation into the cytosol, is capable of exert 
ing its effect on the target cell. Said re-targeting is achieved by 
replacing the natural Targeting Moiety (TM) of the toxin with 
a differentTM. In this regard, the TM is selected so that it will 
bind to a desired target cell, and allow Subsequent passage of 
the modified toxin into an endosome within the target cell. 
The modified toxin also comprises a translocation domain to 
enable entry of the non-cytotoxic protease into the cell cyto 
Sol. The translocation domain can be the natural translocation 
domain of the toxin or it can be a different translocation 
domain obtained from a microbial protein with translocation 
activity. 
0010. The above-mentioned TM replacement may be 
effected by conventional chemical conjugation techniques, 
which are well known to a skilled person. In this regard, 
reference is made to Hermanson, G. T. (1996), Bioconjugate 
techniques, Academic Press, and to Wong, S. S. (1991), 
Chemistry of protein conjugation and cross-linking, CRC 
Press. 
0011 Chemical conjugation is, however, often imprecise. 
For example, following conjugation, a TM may become 
joined to the remainder of the conjugate at more than one 
attachment site. 
0012 Chemical conjugation is also difficult to control. For 
example, a TM may become joined to the remainder of the 
modified toxin at an attachment site on the protease compo 
nent and/or on the translocation component. This is problem 
atic when attachment to only one of said components (pref 
erably at a single site) is desired for therapeutic efficacy. 
0013 Thus, chemical conjugation results in a mixed popu 
lation of modified toxin molecules, which is undesirable. 
0014. As an alternative to chemical conjugation, TM 
replacement may be effected by recombinant preparation of a 
single polypeptide fusion protein (see WO98/07864). This 
technique is based on the in vivo bacterial mechanism by 
which native clostridial neurotoxin (i.e. holotoxin) is pre 
pared, and results in a fusion protein having the following 
structural arrangement: 

NH2-protease component-translocation compo 
nent-TM-COOH 

(0015. According to WO98/07864, the TM is placed 
towards the C-terminal end of the fusion protein. The fusion 
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protein is then activated by treatment with a protease, which 
cleaves at a site between the protease component and the 
translocation component. A di-chain protein is thus produced, 
comprising the protease component as a single polypeptide 
chain covalently attached (via a disulphide bridge) to another 
single polypeptide chain containing the translocation compo 
nent plus TM. Whilst the WO98/07864 methodology follows 
(in terms of structural arrangement of the fusion protein) the 
natural expression system of clostridial holotoxin, the present 
inventors have found that this system may result in the pro 
duction of certain fusion proteins that have a Substantially 
reduced binding ability for the intended target cell. 
0016. There is therefore a need for an alternative or 
improved system for constructing a non-cytotoxic fusion pro 
tein. 

SUMMARY OF THE INVENTION 

0017. The present invention addresses one or more of the 
above-mentioned problems by providing a single chain, 
polypeptide fusion protein, comprising: 

0018 a. a non-cytotoxic protease, or a fragment thereof, 
which protease or protease fragment is capable of cleav 
ing a protein of the exocytic fusion apparatus in a noci 
ceptive sensory afferent; 

0019 b. a Targeting Moiety that is capable of binding to 
a Binding Site on the nociceptive sensory afferent, 
which Binding Site is capable of undergoing endocyto 
sis to be incorporated into an endoSome within the noci 
ceptive sensory afferent; 

0020 c. a protease cleavage site at which site the fusion 
protein is cleavable by a protease, wherein the protease 
cleavage site is located between the non-cytotoxic pro 
tease or fragment thereof and the Targeting Moiety; and 

0021 d. a translocation domain that is capable of trans 
locating the protease or protease fragment from within 
an endoSome, across the endosomal membrane and into 
the cytosol of the nociceptive sensory afferent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 Purification of a LC/A-nociceptin-H/A 
fusion protein 
0023. Using the methodology outlined in Example 9, a 
LC/A-nociceptin-H/A fusion protein was purified from E. 
coli BL21 cells. Briefly, the soluble products obtained fol 
lowing cell disruption were applied to a nickel-charged affin 
ity capture column. Bound proteins were eluted with 100 mM 
imidazole, treated with Factor Xa to activate the fusion pro 
tein and remove the maltose-binding protein (MBP) tag, then 
re-applied to a second nickel-charged affinity capture col 
umn. Samples from the purification procedure were assessed 
by SDS-PAGE (Panel A) and Western blotting (Panel B). 
Anti-nociceptin antisera (obtained from Abcam) were used as 
the primary antibody for Western blotting. The final purified 
material in the absence and presence of reducing agent is 
identified in the lanes marked - and + respectively. 
0024 FIG. 2 Purification of a nociceptin-LC/A-H/A 
fusion protein 
0025. Using the methodology outlined in Example 9, a 
nociceptin-LC/A-H/A fusion protein was purified from E. 
coli BL21 cells. Briefly, the soluble products obtained fol 
lowing cell disruption were applied to a nickel-charged affin 
ity capture column. Bound proteins were eluted with 100 mM 
imidazole, treated with Factor Xa to activate the fusion pro 
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tein and remove the maltose-binding protein (MBP) tag, then 
re-applied to a second nickel-charged affinity capture col 
umn. Samples from the purification procedure were assessed 
by SDS-PAGE (Panel A) and Western blotting (Panel B). 
Anti-nociceptin antisera (obtained from Abcam) were used as 
the primary antibody for Western blotting. The final purified 
material in the absence and presence of reducing agent is 
identified in the lanes marked - and + respectively. 
(0026 FIG. 3 Purification of a LC/C-nociceptin-H/C 
fusion protein 
0027. Using the methodology outlined in Example 9, an 
LC/C-nociceptin-H/C fusion protein was purified from E. 
coli BL21 cells. Briefly, the soluble products obtained fol 
lowing cell disruption were applied to a nickel-charged affin 
ity capture column. Bound proteins were eluted with 100 mM 
imidazole, treated with Factor Xa to activate the fusion pro 
tein and remove the maltose-binding protein (MBP) tag, then 
re-applied to a second nickel-charged affinity capture col 
umn. Samples from the purification procedure were assessed 
by SDS-PAGE (Panel A) and Western blotting (Panel B). 
Anti-nociceptin antisera (obtained from Abcam) were used as 
the primary antibody for Western blotting. The final purified 
material in the absence and presence of reducing agent is 
identified in the lanes marked - and + respectively. 
0028 FIG. 4 Purification of a LC/A-met enkephalin 
HMA fusion protein 
0029. Using the methodology outlined in Example 9, an 
LC/A-met enkephalin-H/A fusion protein was purified from 
E. coli BL21 cells. Briefly, the soluble products obtained 
following cell disruption were applied to a nickel-charged 
affinity capture column. Bound proteins were eluted with 100 
mMimidazole, treated with Factor Xa to activate the fusion 
protein and remove the maltose-binding protein (MBP) tag, 
then re-applied to a second nickel-charged affinity capture 
column. Samples from the purification procedure were 
assessed by SDS-PAGE. The final purified material in the 
absence and presence of reducing agent is identified in the 
lanes marked - and + respectively. 
0030 FIG. 5 Comparison of binding efficacy of a LC/A- 
nociceptin-Hy/A fusion protein and a nociceptin-LC/A- 
H/A fusion protein 
0031. The ability of nociceptinfusions to bind to the ORL 
receptor was assessed using a simple competition-based 
assay. Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of test material in the pres 
ence of 1 nM3H-nociceptin. The reduction in specific bind 
ing of the radiolabelled ligand was assessed by Scintillation 
counting, and plotted in comparison to the efficacy of unla 
belled ligand (Tocris nociceptin). It is clear that the LC/A- 
nociceptin-Hy/A fusion is far Superior to the nociceptin-LC/ 
A-H/A fusion at interacting with the ORL receptor. 
0032 FIG. 6 In vitro catalytic activity of a LC/A-noci 
ceptin-H/A fusion protein 
0033. The in vitro endopeptidase activity of the purified 
LC/A-nociceptin-H/A fusion protein was determined essen 
tially as described in Chaddock et al 2002, Prot. Express 
Purif. 25, 219-228. Briefly, SNAP-25 peptide immobilised to 
an ELISA plate was exposed to varying concentrations of 
fusion protein for 1 hour at 37° C. Following a series of 
washes, the amount of cleaved SNAP-25 peptide was quan 
tified by reactivity with a specific antisera. 
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0034 FIG. 7 Purification of a LC/A-nociceptin variant 
HMA fusion protein 
0035. Using the methodology outlined in Example 9, an 
LC/A-nociceptin variant-H/A fusion protein was purified 
from E. coli BL21 cells. Briefly, the soluble products obtained 
following cell disruption were applied to a nickel-charged 
affinity capture column. Bound proteins were eluted with 100 
mMimidazole, treated with Factor Xa to activate the fusion 
protein and remove the maltose-binding protein (MBP) tag, 
then re-applied to a second nickel-charged affinity capture 
column. Samples from the purification procedure were 
assessed by SDS-PAGE. The final purified material in the 
absence and presence of reducing agent is identified in the 
lanes marked - and + respectively. 
0036 FIG.8 Comparison of binding efficacy of a LC/A- 
nociceptin-H/A fusion protein and a LC/A-nociceptin vari 
ant-H/A fusion protein 
0037. The ability of nociceptinfusions to bind to the ORL 
receptor was assessed using a simple competition-based 
assay. Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of test material in the pres 
ence of 1 nM3H-nociceptin. The reduction in specific bind 
ing of the radiolabelled ligand was assessed by Scintillation 
counting, and plotted in comparison to the efficacy of unla 
belled ligand (Tocris nociceptin). It is clear that the LC/A- 
nociceptin variant-H/A fusion (CPNv-LHA) is superior to 
the LC/A-nociceptin variant-H/A fusion (CPN-LHA) at 
interacting with the ORL receptor. 
0038 FIG. 9 Expressed/purified LC/A-nociceptin 
HMA fusion protein family with variable spacer length prod 
uct(s) 
0039. Using the methodology outlined in Example 9, vari 
ants of the LC/A-CPN-H/A fusion consisting of GS10. 
GS30 and HX27 are purified from E. coli cell paste. Samples 
from the purification of LC/A-CPN(GS10)-H/A, LC/A- 
CPN(GS15)-H/A, LC/A-CPN(GS25)-H/A, LC/A-CPN 
(GS30)-H/A and LC/A-CPN(HX27)-H/A were assessed 
by SDS-PAGE prior to staining with Coomassie Blue. The 
electrophoresis profile indicates purification of a disulphide 
bonded di-chain species of the expected molecular mass of 
CPBE-A. Top panel: M=benchmark molecular mass mark 
ers; S=total E. coli protein soluble fraction; FT-proteins that 
did not bind to the Ni"-charged Sepharose column; 
FUSION=fusion protein eluted by the addition of imidazole. 
Bottom panel: Lane 1=benchmark molecular mass markers; 
Lane 2=total E. coli protein soluble fraction; Lane 3-purified 
material following initial capture on Ni"-charged Sepharose; 
Lane 4-Factor Xa treated material prior to final capture on 
Ni"-charged Sepharose; Lane 5-purified final material post 
activation with Factor Xa (5ul); Lane 6-purified final mate 
rial post activation with Factor Xa (10 ul); Lane 7-purified 
final material post activation with Factor Xa (20 ul); Lane 
8-purified final material post activation with Factor Xa+DTT 
(5 ul); Lane 9-purified final material post activation with 
Factor Xa+DTT (10 ul); Lane 10 purified final material post 
activation with Factor Xa+DTT (20 ul). 
0040 FIG. 10 Inhibition of SP release and cleavage of 
SNAP-25 by CPN-A 
0041 Briefly, primary cultures of dorsal root ganglia 
(DRG) were exposed to varying concentrations of CPN-A for 
24 hours. Cellular proteins were separated by SDS-PAGE, 
Western blotted, and probed with anti-SNAP-25 to facilitate 
an assessment of SNAP-25 cleavage. The percentage of 
cleaved SNAP-25 was calculated by densitometric analysis 

Apr. 21, 2011 

and plotted against fusion concentration (dashed line). Mate 
rial was also recovered for an analysis of substance P content 
using a specific EIA kit. Inhibition of substance P release is 
illustrated by the solidline. The fusion concentration required 
to achieve 50% maximal SNAP-25 cleavage is estimated to be 
6.302.48 nM. 
0042 FIG. 11—Inhibition of SP release and cleavage of 
SNAP-25 over extended time periods after exposure of DRG 
to CPN-A 
0043 Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of CPN-A for 24 hours. 
Botulinum neurotoxin (BoNT/A) was used as a control. After 
this initial exposure, extracellular material was removed by 
washing, and the cells incubated at 37°C. for varying periods 
of time. At specific time points, cellular proteins were sepa 
rated by SDS-PAGE, Western blotted, and probed with anti 
SNAP-25 to facilitate an assessment of SNAP-25 cleavage. 
The percentage of cleaved SNAP-25 was calculated by den 
sitometric analysis and illustrated by the dotted lines. Mate 
rial was also recovered for an analysis of substance P content 
using a specific EIA kit. Inhibition of substance P release is 
illustrated by the solid lines. 
0044 FIG. 12 Cleavage of SNAP-25 by CPNv-A Pri 
mary cultures of dorsal root ganglia (DRG) were exposed to 
varying concentrations of CPNV-A for 24 hours. Cellular 
proteins were separated by SDS-PAGE, Western blotted, and 
probed with anti-SNAP-25 to facilitate an assessment of 
SNAP-25 cleavage. The percentage of cleaved SNAP-25 was 
calculated by densitometric analysis. The fusion concentra 
tion required to achieve 50% maximal SNAP-25 cleavage is 
estimated to be 1.38-0.36 nM. 
004.5 FIG. 13 Cleavage of SNAP-25 overextended time 
periods after exposure of DRG to CPNV-A. Primary cultures 
of dorsal root ganglia (DRG) were exposed to varying con 
centrations of CPNV-A for 24 hours. CPN-A was used as a 
control. After this initial exposure, extracellular material was 
removed by washing, and the cells incubated at 37° C. for 
varying periods of time. At specific time points, cellular pro 
teins were separated by SDS-PAGE, Western blotted, and 
probed with anti-SNAP-25 to facilitate an assessment of 
SNAP-25 cleavage. The percentage of cleaved SNAP-25 was 
calculated by densitometric analysis. 
0046 FIG. 14 CPNV-A fusion-mediated displacement 
of 3H-nociceptin binding 
0047. The ability of nociceptinfusions to bind to the ORL 
receptor was assessed using a simple competition-based 
assay. Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of test material in the pres 
ence of 1 nM3H-nociceptin. The reduction in specific bind 
ing of the radiolabelled ligand was assessed by Scintillation 
counting, and plotted in comparison to the efficacy of unla 
belled ligand (Tocris nociceptin). It is clear that the LC/A- 
nociceptin variant-H/A fusion (labelled as CPNV-LHnA) is 
superior to the LC/A-nociceptin-H/A fusion (labelled as 
CPN-LHnA) at interacting with the ORL receptor. 
0048 FIG. 15 Expressed/purified CPNv(Ek)-A product 
0049. Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPNV(Ek)-A. Lane 
1=benchmark molecular mass markers; Lane 2=total E. coli 
protein soluble fraction; Lane 3-purified material following 
initial capture on Ni"-charged Sepharose; Lane 4-purified 
final material post activation with enterokinase (5ul); Lane 
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5-purified final material post activation with enterokinase (10 
ul); Lane 6-purified final material post activation with enter 
okinase (20 ul); Lane 7-purified final material post activation 
with enterokinase--DTT (5ul); Lane 8-purified final material 
post activation with enterokinase--DTT (10 ul); Lane 9-puri 
fied final material post activation with enterokinase--DTT (20 
ul). 
0050 FIG. 16 Cleavage of SNAP-25 by CPNv(Ek)-A 
0051 Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of CPNV(Ek)-A for 24 
hours. Cellular proteins were separated by SDS-PAGE, West 
ern blotted, and probed with anti-SNAP-25 to facilitate an 
assessment of SNAP-25 cleavage. The percentage of cleaved 
SNAP-25 was calculated by densitometric analysis. CPNV-A 
as prepared in Example 9 was used for comparison purposes. 
The percentage cleavage of SNAP-25 by CPNV(Ek)-A (la 
belled as Enactivated) and CPNV-A (labelled as Xa activated) 
are illustrated. 
0052 FIG. 17 Expressed/purified CPNv-C product 
0053 Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPNV-C. Lane 1=bench 
mark molecular mass markers; Lane 2 total E. coli protein 
soluble fraction; Lane 3-purified material following initial 
capture on Ni"-charged Sepharose; Lane 4-Factor Xa 
treated material prior to final capture on Ni"-charged 
Sepharose; Lane 5-purified material following second cap 
ture on Ni"-charged Sepharose; Lane 6-final purified mate 
rial; Lane 7-final purified material+DTT, Lane8=benchmark 
molecular mass markers. 
0054 FIG. 18 Cleavage of syntaxin by CPNv-C 
0055 Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of CPNV-C for 24 hours. 
Cellular proteins were separated by SDS-PAGE, Western 
blotted, and probed with anti-Syntaxin to facilitate an assess 
ment of syntaxin cleavage. The percentage of cleaved syn 
taxin was calculated by densitometric analysis. The fusion 
concentration required to achieve 50% maximal syntaxin 
cleavage is estimated to be 3.13+1.96 nM. 
0056 FIG. 19 CPN-A efficacy in the Acute Capsaicin 
Induced Mechanical Allodynia model 
0057 The ability of an LC/A-nociceptin-H/A fusion 
(CPN/A) to inhibit capsaicin-induced mechanical allodynia 
was evaluated following Subcutaneous intraplantar injection 
in the rat hind paw. Test animals were evaluated for paw 
withdrawal frequency (PWF '%) in response to a 10 g. Von 
Frey filament stimulus series (10 stimulix3 trials) prior to 
recruitment into the study (Pre-Treat); after subcutaneous 
intraplantar treatment with CPN/A but before capsaicin (Pre 
CAP); and following capsaicin challenge post-injection of 
CPN/A (average of responses at 15' and 30; CAP). Capsaicin 
challenge was achieved by injection of 10 uI of a 0.3% 
solution. Sample dilutions were prepared in 0.5% BSA/sa 
line. 
0058 FIG. 20 CPN-A efficacy in the Streptozotocin 
(STZ)-Induced Peripheral Diabetic Neuropathy (Neuro 
pathic Pain) model Male Sprague-Dawley rats (250-300 g) 
are treated with 65 mg/kg, STZ in citrate buffer (I.V.) and 
blood glucose and lipid are measured weekly to define the 
readiness of the model. Paw Withdrawal Threshold (PWT) is 
measured in response to a Von Frey filament stimulus series 
over a period of time. Allodynia is said to be established when 
the PWT on two consecutive test dates (separated by 1 week) 
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measures below 6 g on the scale. At this point, rats are ran 
domized to either a saline group (negative efficacy control), 
gabapentin group (positive efficacy control) or a test group 
(CPN/A). Test materials (20-25 ul are injected subcutane 
ously as a single injection (exceptgabapentin) and the PWT is 
measured at 1 day post-treatment and periodically thereafter 
over a 2 week period. Gabapentin (30 mg/kg i.p. (a) 3 ml/kg 
injection volume) is injected daily, 2 hours prior to the start of 
PWT testing. 
0059 FIG. 21 CPNv-A efficacy in the Acute Capsaicin 
Induced Mechanical Allodynia model 
0060. The ability of an LC/A-nociceptin variant-H/A 
fusion (CPNV/A) to inhibit capsaicin-induced mechanical 
allodynia was evaluated following Subcutaneous intraplantar 
injection in the rathind paw. Test animals were evaluated for 
paw withdrawal frequency (PWF%) in response to a 10g Von 
Frey filament stimulus series (10 stimulix3 trials) prior to 
recruitment into the study (Pre-Treat), after subcutaneous 
intraplantar treatment with CPNV/A but before capsaicin 
(Pre-CAP), and following capsaicin challenge post-injection 
of CPNV/A (average of responses at 15' and 30'; CAP). Cap 
saicin challenge was achieved by injection of 10 uL of a 0.3% 
solution. Sample dilutions were prepared in 0.5% BSA/sa 
line. These data are expressed as a normalized paw with 
drawal frequency differential, in which the difference 
between the peak response (post-capsaicin) and the baseline 
response (pre-capsaicin) is expressed as a percentage. With 
this analysis, it can be seen that CPNV/A is more potent than 
CPN/A since a lower dose of CPNV/A is required to achieve 
similar analgesic effect to that seen with CPN/A. 
0061 FIG. 22 Expressed/purified LC/A-CPLE-H/A 
product 
0062 Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPLE-A. Lane 1=bench 
mark molecular mass markers; Lane 2 total E. coli protein 
soluble fraction; Lane 3-purified material following initial 
capture on Ni"-charged Sepharose; Lane 4-Factor Xa 
treated material prior to final capture on Ni"-charged 
Sepharose; Lane 5-purified material following second cap 
ture on Ni"-charged Sepharose; Lane 6-final purified mate 
rial; Lane 7-final purified material+DTT. 
0063 FIG. 23 Expressed/purified LC/A-CPBE-H/A 
product 
0064) Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPBE-A. Lane 1=total E. 
coli protein soluble fraction; Lane 2-purified material fol 
lowing initial capture on Ni"-charged Sepharose; Lane 
3-Factor Xa treated material prior to final capture on Ni"- 
charged Sepharose; Lane 4 purified final material post acti 
vation with Factor Xa (5 ul; Lane 5-purified final material 
post activation with Factor Xa (10 ul; Lane 6-purified final 
material post activation with Factor Xa (20 ul; Lane 7-puri 
fied final material post activation with Factor Xa--DTT (5ul; 
Lane 8-purified final material post activation with Factor 
Xa+DTT (10 ul; Lane 9-purified final material post activa 
tion with Factor Xa+DTT (20 ul; Lane 10-benchmark 
molecular mass markers. 
0065 FIG. 24 Expressed/Purified CPOP-A Product 
0066 Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
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indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPOP-A. Lane 1=bench 
mark molecular mass markers; Lane 2 purified material fol 
lowing initial capture on Ni"-charged Sepharose; Lane 
3-Factor Xa treated material prior to final capture on Ni"- 
charged Sepharose; Lane 4 purified material following sec 
ond capture on Ni"-charged Sepharose; Lane 5-purified 
final material post activation with Factor Xa (5 ul; Lane 
6-purified final material post activation with Factor Xa (10 
ul; Lane 7-purified final material post activation with Factor 
Xa (20 ul; Lane 8-purified final material post activation with 
Factor Xa+DTT (5 ul; Lane 9-purified final material post 
activation with Factor Xa+DTT (10 ul; Lane 10 purified final 
material post activation with Factor Xa+DTT (20 ul. 
0067 FIG.25 Expressed/purified CPOPv-A product 
0068. Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPOPV-A. Lane 1=bench 
mark molecular mass markers; Lane 2 total E. coli protein 
soluble fraction; Lane 3-purified material following initial 
capture on Ni"-charged Sepharose; Lane 4-Factor Xa 
treated material prior to final capture on Ni"-charged 
Sepharose; Lane 5-purified final material post activation with 
Factor Xa (5 ul); Lane 6-purified final material post activa 
tion with Factor Xa (10 ul); Lane 7-purified final material 
post activation with Factor Xa (20 ul); Lane 8-purified final 
material post activation with Factor Xa+DTT (5 ul; Lane 
9-purified final material post activation with Factor Xa+DTT 
(10 ul; Lane 10 purified final material post activation with 
Factor Xa+DTT (20 ul. 
0069 FIG. 26. In vitro SNAP-25 cleavage in a DRG cell 
model 
0070 Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of CPOPV-A for 24 hours. 
Cellular proteins were separated by SDS-PAGE, Western 
blotted, and probed with anti-SNAP-25 to facilitate anassess 
ment of SNAP-25 cleavage. The percentage of cleaved 
SNAP-25 was calculated by densitometric analysis. 
(0071 FIG. 27 Expressed/purified CPNv-A-FXa-HT 
(removable his-tag) 
0072 Proteins were subjected to SDS-PAGE prior to 
staining with Coomassie Blue. The electrophoresis profile 
indicates purification of a disulphide-bonded di-chain species 
of the expected molecular mass of CPNv-A-FXa-HT. Lane 
1=benchmark molecular mass markers; Lane 2=total E. coli 
protein soluble fraction; Lane 3-Factor Xa treated material 
prior to final capture on Ni"-charged Sepharose; Lane 
4-purified final material post activation with Factor Xa; Lane 
5-purified final material post activation with Factor Xa+DTT. 
0073 FIG. 28. In vitro efficacy of LC/A-nociceptin 
HMA fusion proteins with variable spacer length, as assessed 
by ligand competition assay 
0074 The ability of LC/A-nociceptin-H/A fusions of 
variable spacer length to bind to the ORL receptor was 
assessed using a simple competition-based assay. Primary 
cultures of dorsal root ganglia (DRG) were exposed to vary 
ing concentrations of test material in the presence of 1 nM 
3H-nociceptin. The reduction in specific binding of the 
radiolabelled ligand was assessed by Scintillation counting, 
and plotted in comparison to the efficacy of unlabelled ligand 
(Tocris nociceptin). The upper panel illustrates the displace 
ment characteristics of the GS0, GS20, GS30 and Hx27 spac 
ers, whilst the lower panel illustrates the displacement 
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achieved by the GS10, GS15 and GS25 spaced fusion pro 
teins. It is concluded that the GSO and GS30 spacers are 
ineffective, and the GS10 is poorly effective, at displacing 
nociceptin from the ORL1 receptor. 
(0075 FIG. 29. In vitro efficacy of LC/A-nociceptin 
HMA fusion proteins with variable spacer length, as assessed 
by in vitro SNAP-25 cleavage 
0076 Primary cultures of dorsal root ganglia (DRG) were 
exposed to varying concentrations of CPN-A (of variable 
spacer length) for 24 hours. Cellular proteins were separated 
by SDS-PAGE, Western blotted, and probed with anti-SNAP 
25 to facilitate an assessment of SNAP-25 cleavage. The 
percentage of cleaved SNAP-25 was calculated by densito 
metric analysis. The poorly effective binding characteristics 
of the GS10 spaced fusion protein (see FIG. 28) are reflected 
in the higher concentrations of fusion required to achieve 
cleavage of intracellular SNAP-25. GS0 and GS30 spaced 
fusion proteins were completely ineffective (date not shown). 
GS15, 20 and 25 spaced fusion proteins were similarly effec 
tive. 

(0077 FIG. 30 Cleavage of SNARE protein by dynor 
phin conjugates in embryonic spinal cord neurons (eSCNS) 
0078 Embryonic spinal cord neurons were exposed to 
varying concentrations of dynorphin conjugates of the 
present invention for 24 hours. Cellular proteins were sepa 
rated by SDS-PAGE, Western blotted, and probed with anti 
SNAP-25 to facilitate an assessment of SNAP-25 cleavage. 
The percentage of cleaved SNAP-25 was calculated by den 
sitometric analysis. It is clear that LC/A-dynorphin-H/A 
fusion is more potent than an unliganded LC/A-H/A control 
molecule. The concentration of LC/A-dynorphin-H/A 
fusion required to achieve 50% maximal SNAP-25 cleavage 
is estimated to be 35.3 nM and the concentration for the 
LC/A-H/A control required to achieve 50% maximal 
SNAP-25 cleavage could not be determined due to it’s low 
potency. 
(0079 FIG. 31–Cleavage of SNARE protein by dynor 
phin conjugates in Chinese hamster ovary cells (CHO-K1 
cells) transfected with OP2 receptor and SNAP-25 
0080 Chinese hamster ovary (CHO) cells were trans 
fected so that they express the OP2 receptor. Said cells were 
further transfected to express a SNARE protein (SNAP-25). 
The transfected cells were exposed to varying concentrations 
of different dynorphin conjugates for 24 hours. Cellular pro 
teins were separated by SDS-PAGE, Western blotted, and 
probed with anti-SNAP-25 to facilitate an assessment of 
SNAP-25 cleavage. The percentage of cleaved SNAP-25 was 
calculated by densitometric analysis. It is clear that LC/A- 
CPDY-H/A conjugates are more potent than the unliganded 
LC/A-H/A control molecule (labelled as LC/A-H/A). 
I0081 FIG. 32–Cleavage of SNARE protein by dynor 
phin conjugates in embryonic spinal cord neurons (eSCNS) 
I0082 Embryonic spinal cord neurons were exposed to 
varying concentrations of dynorphin conjugates of the 
present invention for 24 hours. Cellular proteins were sepa 
rated by SDS-PAGE, Western blotted, and probed with anti 
SNAP-25 to facilitate an assessment of SNAP-25 cleavage. 
The percentage of cleaved SNAP-25 was calculated by den 
sitometric analysis. It is clear that LC/A-CPDY-H/A conju 
gates are more potent than the unliganded LC/A-H/A con 
trol molecule (labelled as LC/A-H/A). 
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0083 FIG. 33—Kappa receptor activation studies with a 
range of dynorphin conjugates 
0084 Chinese hamster ovary (CHO) cells were trans 
fected so that they express the OP2 receptor and SNAP-25. 
Said cells were used to measure cAMP deletion that occurs 
when the receptor is activated with a dynorphin ligand, using 
a FRET-based cAMP kit (LANCE kit from Perkin Elmer). 
The transfected cells were exposed to varying concentrations 
of dynorphin conjugates of the present invention for 2 hours. 
cAMP levels were then detected by addition of a detection 
mix containing a fluorescently labelled cAMP tracer (Eu 
ropium-streptavadi/biotin-cAMP) and fluorescently (Alexa) 
labelled anti-cAMP antibody and incubating at room tem 
perature for 24 hours. Then samples are excited at 320 nMand 
emitted light measured at 665 nM to determine cAMP levels. 
It is clear that LC/A-CPDY-H/A conjugates are more potent 
than the unliganded LC/A-H/A control molecule (labelled 
as LC/A-H/A). 
0085 FIG. 34—Kappa receptor activation studies with a 
range of dynorphin conjugates 
I0086 Chinese hamster ovary (CHO) cells were trans 
fected so that they express the OP2 receptor (purchased from 
Perkin Elmer). Said cells were transfected so they express 
SNAP-25 and used to measure cAMP deletion that occurs 
when the receptor is activated with a dynorphin ligand, using 
a FRET-based cAMP kit (LANCE kit from Perkin Elmer). 
The transfected cells were exposed to varying concentrations 
of dynorphin conjugates of the present invention for 2 hours. 
cAMP levels were then detected by addition of a detection 
mix containing a fluorescently labelled cAMP tracer (Eu 
ropium-streptavadi/biotin-cAMP) and fluorescently (Alexa) 
labelled anti-cAMP antibody and incubating at room tem 
perature for 24 hours. Then samples are excited at 320 nMand 
emitted light measured at 665 nM to determine cAMP levels. 
It is clear from the figure by the reduction in maximum cAMP 
that the OP2 receptor is activated by LC/A-CPDY-H/A (la 
belled as CPDY/A), LC/B-CPDY-H/B (labelled as CPDY/ 
B), LC/C-CPDY-H/C (labelled as CPDY/C), and LC/D- 
CPDY-H/D (labelled as CPDY/D). The concentration 
required to achieve 50% reduction in cAMP with LC/A- 
CPDY-H/A, LC/B-CPDY-H/B, LC/C-CPDY-H/C (la 
belled as CPDY/, and LC/D-CPDY-H/D is 10.47 nM, 14.79 
nM. 14.79 nM and 23.99 nM, respectively. Dynorphin pep 
tide containing amino acids 1-17 of dynorphin A (labelled as 
dynorphin (1-17) was more potent than the fusions; 0.15 nm. 
concentration required to achieve 50% reduction of cAMP. 

DETAILED DESCRIPTION OF THE INVENTION 

I0087. The present inventors have found that the WO 
98/07864 fusion protein system is not optimal for TMs requir 
ing a N-terminal domain for interaction with a binding site on 
a nociceptive sensory afferent. This problem is particularly 
acute with TMs that require a specific N-terminus amino acid 
residue or a specific sequence of amino acid residues includ 
ing the N-terminus amino acid residue for interaction with a 
binding site on a nociceptive sensory afferent. 
I0088. In contrast to WO98/07864, the present invention 
provides a system for preparing non-cytotoxic conjugates, 
wherein the TM component of the fusion includes the relevant 
binding domain in an intra domain oranamino acid sequence 
located towards the middle (i.e. of the linear peptide 
sequence) of the TM, or preferably located towards the N-ter 
minus of the TM, or more preferably at or near to the N-ter 
minus. The N-terminal domain is capable of binding to a 
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Binding Site on a nociceptive sensory afferent, and the TM 
preferably has a requirement for a specific and defined 
sequence of amino acid residue(s) to be free at its N-terminus. 
I0089. The non-cytotoxic protease component of the 
present invention is a non-cytotoxic protease, or a fragment 
thereof, which protease or protease fragment is capable of 
cleaving different but specific peptide bonds in one of three 
substrate proteins, namely synaptobrevin, syntaxin or SNAP 
25, of the exocytic fusion apparatus in a nociceptive sensory 
afferent. These substrates are important components of the 
neurosecretory machinery. The non-cytotoxic protease com 
ponent of the present invention is preferably a neisserial IgA 
protease or a fragment thereof or a clostridial neurotoxin 
L-chain or a fragment thereof. A particularly preferred non 
cytotoxic protease component is a botulinum neurotoxin 
(BoNT) L-chain or a fragment thereof. 
0090 The translocation component of the present inven 
tion enables translocation of the non-cytotoxic protease (or 
fragment thereof) into the target cell such that functional 
expression of protease activity occurs within the cytosol of 
the target cell. The translocation component is preferably 
capable of forming ion-permeable pores in lipid membranes 
under conditions of low pH. Preferably it has been found to 
use only those portions of the protein molecule capable of 
pore-formation within the endosomal membrane. The trans 
location component may be obtained from a microbial pro 
tein source, in particular from a bacterial or viral protein 
Source. Hence, in one embodiment, the translocation compo 
nent is a translocating domain of an enzyme, such as a bac 
terial toxin or viral protein. The translocation component of 
the present invention is preferably a clostridial neurotoxin 
H-chain or a fragment thereof. Most preferably it is the Hy 
domain (or a functional component thereof), wherein Hy 
means a portion or fragment of the H-chain of a clostridial 
neurotoxin approximately equivalent to the amino-terminal 
half of the H-chain, or the domain corresponding to that 
fragment in the intact H-chain. 
0091. The TM component of the present invention is 
responsible for binding the fusion protein of the present 
invention to a Binding Site on a target cell. Thus, the TM 
component is simply a ligand through which a fusion protein 
of the present invention binds to a selected target cell. 
0092. In the context of the present invention, the target cell 

is a nociceptive sensory afferent, preferably a primary noci 
ceptive afferent (e.g. an A-fibre such as an Aö-fibre or a 
C-fibre). Thus, the fusion proteins of the present invention are 
capable of inhibiting neurotransmitter or neuromodulator 
e.g. glutamate, Substance P, calcitonin-gene related peptide 
(CGRP), and/or neuropeptide Y release from discrete popu 
lations of nociceptive sensory afferent neurons. In use, the 
fusion proteins reduce or prevent the transmission of sensory 
afferent signals (e.g. neurotransmitters or neuromodulators) 
from peripheral to central pain fibres, and therefore have 
application as therapeutic molecules for the treatment of pain, 
in particular chronic pain. 
0093. It is routine to confirm that a TM binds to a nocice 
ptive sensory afferent. For example, a simple radioactive 
displacement experiment may be employed in which tissue or 
cells representative of the nociceptive sensory afferent (for 
example DRGs) are exposed to labelled (e.g. tritiated) ligand 
in the presence of an excess of unlabelled ligand. In Such an 
experiment, the relative proportions of non-specific and spe 
cific binding may be assessed, thereby allowing confirmation 
that the ligand binds to the nociceptive sensory afferent target 
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cell. Optionally, the assay may include one or more binding 
antagonists, and the assay may further comprise observing a 
loss of ligand binding. Examples of this type of experiment 
can be found in Hulme, E. C. (1990), Receptor-binding stud 
ies, a brief outline, pp. 303-311. In Receptor biochemistry. A 
Practical Approach, Ed. E. C. Hulme, Oxford University 
Press. 

0094. The fusion proteins of the present invention gener 
ally demonstrate a reduced binding affinity (in the region of 
up to 100-fold) for nociceptive sensory afferent target cells 
when compared with the corresponding free TM. However, 
despite this observation, the fusion proteins of the present 
invention Surprisingly demonstrate good efficacy. This can be 
attributed to two principal features. First, the non-cytotoxic 
protease component is catalytic—thus, the therapeutic effect 
of a few such molecules is rapidly amplified. Secondly, the 
receptors present on the nociceptive sensory afferents need 
only act as a gateway for entry of the therapeutic, and need not 
necessarily be stimulated to a level required in order to 
achieve a ligand-receptor mediated pharmacological 
response. Accordingly, the fusion proteins of the present 
invention may be administered at a dosage that is much lower 
that would be employed for other types of analgesic mol 
ecules such as NSAIDS, morphine, and gabapentin. The latter 
molecules are typically administered at high microgram to 
milligram (even up to hundreds of milligram) quantities, 
whereas the fusion proteins of the present invention may be 
administered at much lower dosages, typically at least 10-fold 
lower, and more typically at 100-fold lower. 
0095. The TM preferably comprises a maximum of 50 
amino acid residues, more preferably a maximum of 40 
amino acid residues, particularly preferably a maximum of 30 
amino acid residues, and most preferably a maximum of 20 
amino acid residues. 

0096 Opioids represent a preferred group of TMs of the 
present invention. Within this family of peptides is included 
enkephalins (met and leu), endomorphins 1 and 2, 3-endor 
phin and dynorphin. Opioid peptides are frequently used in 
the clinic to modify the activity to nociceptors, and other cells 
involved in the pain response. As exemplified by the three 
step World Health Organisation Analgesic Ladder, opioids 
have entry points into the pharmacological treatment of 
chronic cancer and non-cancer pain at all three stages, under 
lining their importance to the treatment of pain. Reference to 
opioids embraces fragments, variants and derivatives thereof, 
which retain the ability to bind to nociceptive sensory affer 
entS. 

0097. The TM of the invention can also be a molecule that 
acts as an "agonist at one or more of the receptors present on 
a nociceptive sensory afferent, more particularly on a primary 
nociceptive afferent. Conventionally, an agonist has been 
considered any molecule that can either increase or decrease 
activities within a cell, namely any molecule that simply 
causes an alteration of cell activity. For example, the conven 
tional meaning of an agonist would include a chemical Sub 
stance capable of combining with a receptor on a cell and 
initiating a reaction or activity, or a drug that induces an active 
response by activating receptors, whether the response is an 
increase or decrease in cellular activity. 
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0098. However, for the purposes of this invention, an ago 
nist is more specifically defined as a molecule that is capable 
of stimulating the process of exocytic fusion in a target cell, 
which process is susceptible to inhibition by a protease (or 
fragment thereof) capable of cleaving a protein of the exo 
cytic fusion apparatus in said target cell. 
0099. Accordingly, the particular agonist definition of the 
present invention would exclude many molecules that would 
be conventionally considered as agonists. For example, nerve 
growth factor (NGF) is an agonist in respect of its ability to 
promote neuronal differentiation viabinding to a TrkA recep 
tor. However, NGF is not an agonist when assessed by the 
above criteria because it is not a principal inducer of exocytic 
fusion. In addition, the process that NGF stimulates (i.e. cell 
differentiation) is not susceptible to inhibition by the protease 
activity of a non-cytotoxic toxin molecule. 
0100. The agonist properties of a TM that binds to a recep 
tor on a nociceptive afferent can be confirmed using the 
methods described in Example 10. 
0101. In a preferred embodiment of the invention, the 
target for the TM is the ORL receptor. This receptor is a 
member of the G-protein-coupled class of receptors, and has 
a seven transmembrane domain structure. The properties of 
the ORL receptor are discussed in detail in Mogil & Paster 
nak (2001), Pharmacological Reviews, Vol. 53, No. 3, pages 
381-415. 

0102. In one embodiment, the TM is a molecule that binds 
(preferably that specifically binds) to the ORL receptor. 
More preferably, the TM is an “agonist of the ORL receptor. 
The term “agonist' in this context is defined as above. 
0103) The agonist properties of a TM that binds to an 
ORL receptor can be confirmed using the methods described 
in Example 10. These methods are based on previous experi 
ments see Inoue et al. 1998 Proc. Natl. Acad. Sci., 95, 
10949-10953), which confirm that the natural agonist of the 
ORL receptor, nociceptin, causes the induction of Substance 
P release from nociceptive primary afferent neurons. This is 
supported by the fact that: 

0.104 the nociceptin-induced responses are abolished 
by specific NK1 receptor (the substance P receptor) 
antagonists; and 

0105 pre-treatment of the cells with capsaicin (which 
depletes substance P from small diameter primary affer 
ent neurons) attenuates the nociceptin-induced 
responses. 

0106 Similarly, Inoue et al. confirm that an intraplantar 
injection of botulinum neurotoxin type A abolishes the noci 
ceptin-induced responses. Since it is known that BoNT inhib 
its the release of substance P from primary afferent neurons 
(Welch et al., 2000, Toxicon, 38, 245-258), this confirms the 
link between nociceptin-ORL interaction and Subsequent 
release of substance P. 

0107 Thus, a TM can be said to have agonist activity at the 
ORL receptor if the TM causes an induction in the release of 
Substance P from a nociceptive sensory afferent neuron (see 
Example 10). 
0108. In a particularly preferred embodiment of the inven 
tion, the TM is nociceptin the natural ligand for the ORL 
receptor. Nociceptin targets the ORL receptor with high 
affinity. Examples of other preferred TMs include: 
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Code Sequence Ref SEQ ID No. 

Nociceptin 1-17 FGGFTGARKSARKLANQ 1. 37, 38 

Nocicept in 1-11 FGGFTGARKSA 1. 39, 4 O 

Nocicept in Y1O1-11 FGGFTGARKYA 1. 41, 42 

Nocicept in Y111-11 FGGFTGARKSY 1. 43, 44 

Nociceptin Y141-17 FGGFTGARKSARKYANO 1. 45, 46 

Nocicept in 1-13 FGGFTGARKSARK 2 47, 48 

Nociceptin R14K15 1- FGGFTGARKSARKRKNO 3, 4 49, 50 
17 (also known in this 
specification as 
variant" nociceptin) 

Peptide agonist Peptide agonists from 5 
combinatorial library 
approach 

1 Mogil & Pasternak, 2001, Pharmacol. Rev. , 53, 381 – 415 
2 Maille et al., 2003, Neuroscil. Lett. , 350, 190-192 
3 Rizzi et al., 2002, J. Pharmacol. Exp. Therap. , 300, 57- 63 
4) Okada et al., 2000, Biochem. Biophy S. Res. Commun., 278, 493 – 498 
5 Dooley et al., 1997, J Pharmacol Exp Ther. 283 (2), 735 – 41. 

0109. The above-identified “variant TM demonstrates 
particularly goodbinding affinity (when compared with natu 
ral nociceptin) for nociceptive sensory afferents. This is sur 
prising as the amino acid modifications occur at a position 
away from the N-terminus of the TM. Moreover, the modifi 
cations are almost at the C-terminus of the TM, which in turn 
is attached to a large polypeptide sequence (i.e. the translo 
cation domain). Generally speaking, a TM-containing fusion 
protein will demonstrate an approximate 100-fold reduction 
in binding ability vis-a-vis the TM per se. The above-men 
tioned “variant'TM perse demonstrates an approximate 3- to 
10-fold increase in binding ability for a nociceptive sensory 
afferent (e.g. via the ORL1 receptor) vis-a-vis natural noci 
ceptin. Thus, a “variant TM-containing fusion might be 
expected to demonstrate an approximate 10-fold reduction in 
binding ability for a nociceptive sensory afferent (e.g. via the 
ORL1 receptor) vis-a-vis free nociceptin. However, the 
present inventors have demonstrated that such “variant'TM 
containing fusion proteins demonstrate a binding ability that 
(most Surprisingly) closely mirrors that of free nociceptin 
See FIG. 14. 

0110. In the context of the present invention, the term 
opioid oran agonist of the ORL receptor (such as nociceptin, 
or any one of the peptides listed in the table above) embraces 
molecules having at least 70%, preferably at least 80%, more 
preferably at least 90%, and most preferably at least 95% 
homology with said opioid or agonist. The agonist homo 
logues retain the agonist properties of nociceptin at the ORL 
receptor, which may be tested using the methods provided in 
Example 10. Similarly, an opioid homologue substantially 
retains the binding function of the opioid with which it shows 
high homology. 
0111. The invention also encompasses fragments, vari 
ants, and derivatives of any one of the TMs described above. 
These fragments, variants, and derivatives Substantially retain 
the properties that are ascribed to said TMs. 
0112. In addition to the above-mentioned opioid and non 
opioid classes of TMs, a variety of other polypeptides are 
Suitable for targeting the fusion proteins of the present inven 

tion to nociceptive sensory afferents (e.g. to nociceptors). In 
this regard, particular reference is made to galanin and deriva 
tives of galanin. Galanin receptors are found pre- and post 
synaptically in DRGs (Liu & Hokfelt, (2002), Trends Pharm. 
Sci., 23(10), 468-74), and are enhanced in expression during 
neuropathic pain states. Proteinase-activated receptors 
(PARs) are also a preferred group of TMs of the present 
invention, most particularly PAR-2. It is known that agonists 
of PAR-2 induce/elicit acute inflammation, in part via a neu 
rogenic mechanism. PAR2 is expressed by primary spinal 
afferent neurons, and PAR2 agonists stimulate release of sub 
stance P(SP) and calcitonin gene-related peptide (CGRP) in 
peripheral tissues 
0113 A particularly preferred set of TMs of the present 
invention includes: 

Ligand Reference 

Nociceptin Guerrini, et al., (1997) J.Med. Chem. 
40, pp. 1789-1793 

B-endorphin Blanc, et al., (1983) J. Biol. Chem. 
258(13), pp. 8277-8284 
Zadina, et al., (1997). Nature, 386, pp. 
499-SO2 
Fields & Basbaum (2002) Chapter 11, 
in The Textbook of Pain, Wall & Melzack 
eds. 
Fields & Basbaum (2002) Chapter 11, 
in The Textbook of Pain, Wall & Melzack 
eds. 
Fields & Basbaum (2002) Chapter 11, 
in The Textbook of Pain, Wall & Melzack 
eds. 
Xu et al., (2000) Neuropeptides, 34 
(3&4), 137-147 
Vergnole et al., (2001) Nat. Med., 7(7), 
821-826 

Endomorphin-1; 
Endomorphin-2 
Dynorphin 

Met-enkephalin 

Leu-enkephalin 

Galanin 

PAR-2 peptide 

0114. The protease cleavage site of the present invention 
allows cleavage (preferably controlled cleavage) of the fusion 
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protein at a position between the non-cytotoxic protease com 
ponent and the TM component. It is this cleavage reaction that 
converts the fusion protein from a single chain polypeptide 
into a disulphide-linked, di-chain polypeptide. 
0115 According to a preferred embodiment of the present 
invention, the TM binds via a domain oramino acid sequence 
that is located away from the C-terminus of the TM. For 
example, the relevant binding domain may include an intra 
domain oranamino acid sequence located towards the middle 
(i.e. of the linear peptide sequence) of the TM. Preferably, the 
relevant binding domain is located towards the N-terminus of 
the TM, more preferably at or near to the N-terminus. 
0116. In one embodiment, the single chain polypeptide 
fusion may include more than one proteolytic cleavage site. 
However, where two or more such sites exist, they are differ 
ent, thereby Substantially preventing the occurrence of mul 
tiple cleavage events in the presence of a single protease. In 
another embodiment, it is preferred that the single chain 
polypeptide fusion has a single protease cleavage site. 
0117 The protease cleavage sequence(s) may be intro 
duced (and/or any inherent cleavage sequence removed) at 
the DNA level by conventional means, such as by site-di 
rected mutagenesis. Screening to confirm the presence of 
cleavage sequences may be performed manually or with the 
assistance of computer Software (e.g. the MapDraw program 
by DNASTAR, Inc.). 
0118 Whilst any protease cleavage site may be employed, 
the following are preferred: 

Enterokinase (DDDDK) 
Factor Xa. (IEGR/IDGR) 
TEV(Tobacco Etch virus) (ENLYFQG) 
Thrombin (LVPRGS) 
PreScission (LEVLFQGP). 

0119) Also embraced by the term protease cleavage site is 
an intein, which is a self-cleaving sequence. The self-splicing 
reaction is controllable, for example by varying the concen 
tration of reducing agent present. 
0120 In use, the protease cleavage site is cleaved and the 
N-terminal region (preferably the N-terminus) of the TM 
becomes exposed. The resulting polypeptide has a TM with 
an N-terminal domain oran intra domain that is Substantially 
free from the remainder of the fusion protein. This arrange 
ment ensures that the N-terminal component (or intra 
domain) of the TM may interact directly with a Binding Site 
on a target cell. 
0121. In a preferred embodiment, the TM and the protease 
cleavage site are distanced apart in the fusion protein by at 
most 10 amino acid residues, more preferably by at most 5 
amino acid residues, and most preferably by Zero amino acid 
residues. Thus, following cleavage of the protease cleavage 
site, a fusion is provided with a TM that has an N-terminal 
domain that is substantially free from the remainder of the 
fusion. This arrangement ensures that the N-terminal compo 
nent of the Targeting Moiety may interact directly with a 
Binding Site on a target cell. 
0122 One advantage associated with the above-men 
tioned activation step is that the TM only becomes susceptible 
to N-terminal degradation once proteolytic cleavage of the 
fusion protein has occurred. In addition, the selection of a 
specific protease cleavage site permits selective activation of 
the polypeptide fusion into a di-chain conformation. 
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I0123 Construction of the single-chain polypeptide fusion 
of the present invention places the protease cleavage site 
between the TM and the non-cytotoxic protease component. 
0.124. It is preferred that, in the single-chain fusion, the 
TM is located between the protease cleavage site and the 
translocation component. This ensures that the TM is 
attached to the translocation domain (i.e. as occurs with 
native clostridial holotoxin), though in the case of the present 
invention the order of the two components is reversed vis-a- 
Vis native holotoxin. A further advantage with this arrange 
ment is that the TM is located in an exposed loop region of the 
fusion protein, which has minimal structural effects on the 
conformation of the fusion protein. In this regard, said loop is 
variously referred to as the linker, the activation loop, the 
inter-domain linker, or just the Surface exposed loop (Schiavo 
etal 2000, Phys. Rev., 80,717-766: Turtonet al., 2002, Trends 
Biochem. Sci., 27, 552-558). 
0.125. In one embodiment, in the single chain polypeptide, 
the non-cytotoxic protease component and the translocation 
component are linked together by a disulphide bond. Thus, 
following cleavage of the protease cleavage site, the polypep 
tide assumes a di-chain conformation, wherein the protease 
and translocation components remain linked together by the 
disulphide bond. To this end, it is preferred that the protease 
and translocation components are distanced apart from one 
another in the single chain fusion protein by a maximum of 
100 amino acid residues, more preferably a maximum of 80 
amino acid residues, particularly preferably by a maximum of 
60 amino acid residues, and most preferably by a maximum 
of 50 amino acid residues. 
I0126. In one embodiment, the non-cytotoxic protease 
component forms a disulphide bond with the translocation 
component of the fusion protein. For example, the amino acid 
residue of the protease component that forms the disulphide 
bond is located within the last 20, preferably within the last 10 
C-terminal amino acid residues of the protease component. 
Similarly, the amino acid residue within the translocation 
component that forms the second part of the disulphide bond 
may be located within the first 20, preferably within the first 
10 N-terminal amino acid residues of the translocation com 
ponent. 
I0127. Alternatively, in the single chain polypeptide, the 
non-cytotoxic protease component and the TM may be linked 
together by a disulphide bond. In this regard, the amino acid 
residue of the TM that forms the disulphide bond is preferably 
located away from the N-terminus of the TM, more preferably 
towards to C-terminus of the TM. 
I0128. In one embodiment, the non-cytotoxic protease 
component forms a disulphide bond with the TM component 
of the fusion protein. In this regard, the amino acid residue of 
the protease component that forms the disulphide bond is 
preferably located within the last 20, more preferably within 
the last 10 C-terminal amino acid residues of the protease 
component. Similarly, the amino acid residue within the TM 
component that forms the second part of the disulphide bond 
is preferably located within the last 20, more preferably 
within the last 10 C-terminal amino acid residues of the TM. 
I0129. The above disulphide bond arrangements have the 
advantage that the protease and translocation components are 
arranged in a manner similar to that for native clostridial 
neurotoxin. By way of comparison, referring to the primary 
amino acid sequence for native clostridial neurotoxin, the 
respective cysteine amino acid residues are distanced apart by 
between 8 and 27 amino acid residues—taken from Popoff, 
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MR & Marvaud, J-C, 1999, Structural & genomic features of 
clostridial neurotoxins, Chapter 9, in The Comprehensive 
Sourcebook of Bacterial Protein Toxins. Ed. Alouf & Freer: 

Native 
length 
between 

Serotype' Sequence C- C 

BoNT/A1 CWRGIITSKTKS - - - -LDKGYNKALNDLC 23 

BoNT/A2 CWRGIIPFKTKS - - - -LDEGYNKALNDLC 23 

BoNT/B CKSWKAPG- - - - - - - - - - - - - - - - - - - IC 8 

BoNT/C CHKAIDGRS- - - - - - - - - - LYNKTLDC 15 

BoNT/D CLRLTK- - - - - - - - - - - - - - - NSRDDSTC 12 

BoNT/E CKN-IWSWK- - - - - - - - - - GIRK- - - SIC 13 

BoNT/F CKS-WIPRK- - - - - - - - - - GTKAPP-RLC 15 

BoNT/G CKPWMYKNT- - - - - - - - - - GKSE- - - - QC 13 

TeNT CKKIIPPTNIRENLYNRTASLTDLGGELC 27 

'Information from proteolytic strains only 

0130. The fusion protein may comprise one or more puri 
fication tags, which are located N-terminal to the protease 
component and/or C-terminal to the translocation compo 
hent. 
0131 Whilst any purification tag may be employed, the 
following are preferred: 
His-tag (e.g. 6x histidine), preferably as a C-terminal and/or 
N-terminal tag 
MBP-tag (maltose binding protein), preferably as an N-ter 
minal tag 
GST-tag (glutathione-S-transferase), preferably as an N-ter 
minal tag 
His-MBP-tag, preferably as an N-terminal tag 
GST-MBP-tag, preferably as an N-terminal tag 
Thioredoxin-tag, preferably as an N-terminal tag 
CBD-tag (Chitin Binding Domain), preferably as an N-ter 
minal tag. 
0.132. According to a further embodiment of the present 
invention, one or more peptide spacer molecules may be 
included in the fusion protein. For example, a peptide spacer 
may be employed between a purification tag and the rest of 
the fusion protein molecule (e.g. between an N-terminal puri 
fication tag and a protease component of the present inven 
tion; and/or between a C-terminal purification tag and a trans 
location component of the present invention). A peptide 
spacer may be also employed between the TM and transloca 
tion components of the present invention. 
0133) A variety of different spacer molecules may be 
employed in any of the fusion proteins of the present inven 
tion. Examples of Such spacer molecules include those illus 
trated in FIGS. 28 and 29. Particular mention here is made to 
GS15, GS20, GS25, and Hx27 see FIGS. 28 and 29. 
0134. The present inventors have unexpectedly found that 
the fusion proteins (e.g. CPNV/A) of the present invention 
may demonstrate an improved binding activity for nocicep 
tive sensory afferents when the size of the spacer is selected so 
that (in use) the C-terminus of the TM and the N-terminus of 
the translocation component are separated from one another 
by 40-105 angstroms, preferably by 50-100 angstroms, and 
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more preferably by 50-90 angstroms. In another embodiment, 
the preferred spacers have an amino acid sequence of 11-29 
amino acid residues, preferably 15-27 amino acid residues, 
and more preferably 20-27 amino acid residues. Suitable 
spacers may be routinely identified and obtained according to 
Crasto, C.J. and Feng, J.A. (2000) May, 13(5), pp.309-312– 
see also http://www.fccc./edu/research/labs/feng/linker.html. 
I0135) In accordance with a second aspect of the present 
invention, there is provided a DNA sequence that encodes the 
above-mentioned single chain polypeptide. In a preferred 
aspect of the present invention, the DNA sequence is prepared 
as part of a DNA vector, wherein the vector comprises a 
promoter and terminator. 
0.136. In a preferred embodiment, the vector has a pro 
moter selected from: 

Promoter Induction Agent Typical Induction Condition 

Tac (hybrid) IPTG 0.2 mM (0.05-2.0 mM) 
AraBAD L-arabinose 0.2% (0.002-0.4%) 
T7-lac operator IPTG 0.2 mM (0.05-2.0 mM) 

0.137 The DNA construct of the present invention is pref 
erably designed in silico, and then synthesised by conven 
tional DNA synthesis techniques. 
0.138. The above-mentioned DNA sequence information 

is optionally modified for codon-biasing according to the 
ultimate host cell (e.g. E. coli) expression system that is to be 
employed. 
(0.139. The DNA backbone is preferably screened for any 
inherent nucleic acid sequence, which when transcribed and 
translated would produce an amino acid sequence corre 
sponding to the protease cleave site encoded by the second 
peptide-coding sequence. This screening may be performed 
manually or with the assistance of computer Software (e.g. the 
MapIDraw program by DNASTAR, Inc.). 
0140. According to a further embodiment of the present 
invention, there is provided a method of preparing a non 
cytotoxic agent, comprising: 

0141 a. contacting a single-chain polypeptide fusion 
protein of the invention with a protease capable of cleav 
ing the protease cleavage site; 

0.142 b. cleaving the protease cleavage site, and thereby 
forming a di-chain fusion protein. 

0143. This aspect provides a di-chain polypeptide, which 
generally mimics the structure of clostridial holotoxin. In 
more detail, the resulting di-chain polypeptide typically has a 
structure wherein: 

0144 a. the first chain comprises the non-cytotoxic pro 
tease, or a fragment thereof, which protease or protease 
fragment is capable of cleaving a protein of the exocytic 
fusion apparatus of a nociceptive sensory afferent; 

0145 b, the second chain comprises the TM and the 
translocation domain that is capable of translocating the 
protease or protease fragment from within an endoSome, 
across the endosomal membrane and into the cytosol of 
the nociceptive sensory afferent; and 

0146 the first and second chains are disulphide linked 
together. 

0.147. In use, the single chain or di-chain polypeptide of 
the invention treat, prevent or ameliorate pain. 
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0148. In use, atherapeutically effective amount of a single 
chain or di-chain polypeptide of the invention is administered 
to a patient. 
0149 According to a further aspect of the present inven 

tion, there is provided use of a single chain or di-chain 
polypeptide of the invention, for the manufacture of a medi 
cament for treating, preventing or ameliorating pain. 
0150. According to a related aspect, there is provided a 
method of treating, preventing or ameliorating pain in a Sub 
ject, comprising administering to said patient a therapeuti 
cally effective amount of a single chain or di-chain polypep 
tide of the invention. 
0151. The compounds described here may be used to treat 
a patient Suffering from one or more types of chronic pain 
including neuropathic pain, inflammatory pain, headache 
pain, Somatic pain, visceral pain, and referred pain. 
0152 To “treat,” as used here, means to deal with medi 
cally. It includes, for example, administering a compound of 
the invention to prevent pain or to lessen its severity. 
0153. The term “pain.” as used here, means any unpleasant 
sensory experience, usually associated with a physical disor 
der. The physical disorder may or may not be apparent to a 
clinician. Pain is of two types: chronic and acute. An “acute 
pain' is a pain of short duration having a Sudden onset. One 
type of acute pain, for example, is cutaneous pain felt on 
injury to the skin or other Superficial tissues, such as caused 
by a cutor a burn. Cutaneous nociceptors terminate just below 
the skin, and due to the high concentration of nerve endings, 
produce a well-defined, localized pain of short duration. 
"Chronic pain' is a pain other than an acute pain. Chronic 
pain includes neuropathic pain, inflammatory pain, headache 
pain, Somatic pain visceral pain and referred pain. 

I. Neuropathic Pain 
0154 The compounds of the invention may be used to 

treat pain caused by or otherwise associated with any of the 
following neuropathic pain conditions. “Neuropathic pain' 
means abnormal sensory input, resulting in discomfort, from 
the peripheral nervous system, central nervous systems, or 
both. 

A. Symptoms of Neuropathic Pain 
0155 Symptoms of neuropathic pain can involve persis 

tent, spontaneous pain, as well as allodynia (a painful 
response to a stimulus that normally is not painful), hyperal 
gesia (an accentuated response to a painful stimulus that 
usually causes only a mild discomfort, such as a pin prick), or 
hyperpathia (where a short discomfort becomes a prolonged 
severe pain). 

B. Causes of Neuropathic Pain 
0156 
lowing. 
1. A traumatic insult, Such as, for example, a nerve compres 
sion injury (e.g., a nerve crush, a nerve stretch, a nerve entrap 
ment or an incomplete nerve transsection); a spinal cord 
injury (e.g., a hemisection of the spinal cord); a limb ampu 
tation; a contusion; an inflammation (e.g., an inflammation of 
the spinal cord); or a Surgical procedure. 
2. An ischemic event, including, for example, a stroke and 
heart attack. 
3. An infectious agent 
4. Exposure to a toxic agent, including, for example, a drug, 
an alcohol, a heavy metal (e.g., lead, arsenic, mercury), an 
industrial agent (e.g., a solvent, fumes from a glue) or nitrous 
oxide. 

Neuropathic pain may be caused by any of the fol 
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5. A disease, including, for example, an inflammatory disor 
der, a neoplastic tumor, an acquired immune deficiency syn 
drome (AIDS), Lyme’s disease, a leprosy, a metabolic dis 
ease, a peripheral nerve disorder, like neuroma, a 
mononeuropathy or a polyneuropathy. 

C. Types of Neuropathic Pain 
1. Neuralgia. 

0157 Aneuralgia is a pain that radiates along the course of 
one or more specific nerves usually without any demonstrable 
pathological change in the nerve structure. The causes of 
neuralgia are varied. Chemical irritation, inflammation, 
trauma (including Surgery), compression by nearby struc 
tures (for instance, tumors), and infections may all lead to 
neuralgia. In many cases, however, the cause is unknown or 
unidentifiable. Neuralgia is most common in elderly persons, 
but it may occur at any age. A neuralgia, includes, without 
limitation, a trigeminal neuralgia, a post-herpetic neuralgia, a 
postherpetic neuralgia, a glossopharyngeal neuralgia, a sci 
atica and an atypical facial pain. 
0158 Neuralgia is pain in the distribution of a nerve or 
nerves. Examples are trigeminal neuralgia, atypical facial 
pain, and postherpetic neuralgia (caused by shingles or her 
pes). The affected nerves are responsible for sensing touch, 
temperature and pressure in the facial area from the jaw to the 
forehead. The disorder generally causes short episodes of 
excruciating pain, usually for less than two minutes and on 
only one side of the face. The pain can be described in a 
variety of ways such as “stabbing,” “sharp,” “like lightning.” 
“burning, and even “itchy'. In the atypical form of TN, the 
pain can also present as severe or merely aching and last for 
extended periods. The pain associated with TN is recognized 
as one the most excruciating pains that can be experienced. 
0159. Simple stimuli such as eating, talking, washing the 
face, or any light touch or sensation can triggeran attack (even 
the sensation of a gentle breeze). The attacks can occur in 
clusters or as an isolated attack. 
0160 Symptoms include sharp, stabbing pain or constant, 
burning pain located anywhere, usually on or near the Surface 
of the body, in the same location for each episode; pain along 
the path of a specific nerve; impaired function of affected 
body part due to pain, or muscle weakness due to concomitant 
motor nerve damage; increased sensitivity of the skin or 
numbness of the affected skin area (feeling similar to a local 
anesthetic Such as a Novacaine shot); and any touch or pres 
Sure is interpreted as pain. Movement may also be painful. 
0.161 Trigeminal neuralgia is the most common form of 
neuralgia. It affects the main sensory nerve of the face, the 
trigeminal nerve ("trigeminal literally means “three ori 
gins', referring to the division of the nerve into 3 branches). 
This condition involves sudden and short attacks of severe 
pain on the side of the face, along the area Supplied by the 
trigeminal nerve on that side. The pain attacks may be severe 
enough to cause a facial grimace, which is classically referred 
to as a painful tic (tic douloureux). Sometimes, the cause of 
trigeminal neuralgia is a blood vessel or Small tumor pressing 
on the nerve. Disorders such as multiple Sclerosis (an inflam 
matory disease affecting the brain and spinal cord), certain 
forms of arthritis, and diabetes (high blood Sugar) may also 
cause trigeminal neuralgia, but a cause is not always identi 
fied. In this condition, certain movements such as chewing, 
talking, Swallowing, or touching an area of the face may 
trigger a spasm of excruciating pain. 
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0162. A related but rather uncommon neuralgia affects the 
glosso-pharyngeal nerve, which provides sensation to the 
throat. Symptoms of this neuralgia are short, shock-like epi 
sodes of pain located in the throat. 
0163 Neuralgia may occur after infections such as 
shingles, which is caused by the varicella-Zoster virus, a type 
of herpesvirus. This neuralgia produces a constant burning 
pain after the shingles rash has healed. The pain is worsened 
by movement of or contact with the affected area. Not all of 
those diagnosed with shingles go on to experience posther 
petic neuralgia, which can be more painful than shingles. The 
pain and sensitivity can last for months or even years. The 
pain is usually in the form of an intolerable sensitivity to any 
touch but especially light touch. Postherpetic neuralgia is not 
restricted to the face; it can occur anywhere on the body but 
usually occurs at the location of the shingles rash. Depression 
is not uncommon due to the pain and Social isolation during 
the illness. 
0164 Postherpetic neuralgia may be debilitating long 
after signs of the original herpes infection have disappeared. 
Other infectious diseases that may cause neuralgia are syphi 
lis and Lyme disease. 
0.165 Diabetes is another common cause of neuralgia. 
This very common medical problem affects almost 1 out of 
every 20 Americans during adulthood. Diabetes damages the 
tiny arteries that Supply circulation to the nerves, resulting in 
nerve fiber malfunction and sometimes nerve loss. Diabetes 
can produce almost any neuralgia, including trigeminal neu 
ralgia, carpal tunnel syndrome (pain and numbness of the 
hand and wrist), and meralgia paresthetica (numbness and 
pain in the thigh due to damage to the lateral femoral cutane 
ous nerve). Strict control of blood sugar may prevent diabetic 
nerve damage and may accelerate recovery in patients who do 
develop neuralgia. 
0166 Other medical conditions that may be associated 
with neuralgias are chronic renal insufficiency and porphy 
ria—a hereditary disease in which the body cannot rid itself of 
certain substances produced after the normal breakdown of 
blood in the body. Certain drugs may also cause this problem. 
2. Deafferentation. 

0167 Deafferentation indicates a loss of the sensory input 
from a portion of the body, and can be caused by interruption 
of either peripheral sensory fibres or nerves from the central 
nervous system. A deafferentation pain syndrome, includes, 
without limitation, an injury to the brain or spinal cord, a 
post-stroke pain, a phantom pain, a paraplegia, a brachial 
plexus avulsion injuries, lumbar radiculopathies. 
3. Complex Regional Pain Syndromes (CRPSs) 
0168 CRPS is a chronic pain syndrome resulting from 
sympathetically-maintained pain, and presents in two forms. 
CRPS 1 currently replaces the term “reflex sympathetic dys 
trophy syndrome'. It is a chronic nerve disorder that occurs 
most often in the arms or legs after a minor or major injury. 
CRPS 1 is associated with severe pain; changes in the nails, 
bone, and skin; and an increased sensitivity to touch in the 
affected limb. CRPS2 replaces the term causalgia, and results 
from an identified injury to the nerve. A CRPS, includes, 
without limitation, a CRPS Type I (reflex sympathetic dys 
trophy) and a CRPS Type II (causalgia). 
4. Neuropathy. 
0169. A neuropathy is a functional or pathological change 
in a nerve and is characterized clinically by sensory or motor 
neuron abnormalities. 
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0170 Central neuropathy is a functional or pathological 
change in the central nervous system. 
0171 Peripheral neuropathy is a functional or pathologi 
cal change in one or more peripheral nerves. The peripheral 
nerves relay information from your central nervous system 
(brain and spinal cord) to muscles and other organs and from 
your skin, joints, and other organs back to your brain. Periph 
eral neuropathy occurs when these nerves fail to carry infor 
mation to and from the brain and spinal cord, resulting in pain, 
loss of sensation, or inability to control muscles. In some 
cases, the failure of nerves that control blood vessels, intes 
tines, and other organs results in abnormal blood pressure, 
digestion problems, and loss of other basic body processes. 
Risk factors for neuropathy include diabetes, heavy alcohol 
use, and exposure to certain chemicals and drugs. Some 
people have a hereditary predisposition for neuropathy. Pro 
longed pressure on a nerve is another risk for developing a 
nerve injury. Pressure injury may be caused by prolonged 
immobility (such as a long Surgical procedure or lengthy 
illness) or compression of a nerve by casts, splints, braces, 
crutches, or other devices. Polyneuropathy implies a wide 
spread process that usually affects both sides of the body 
equally. The symptoms depend on which type of nerve is 
affected. The three main types of nerves are sensory, motor, 
and autonomic. Neuropathy can affect any one or a combina 
tion of all three types of nerves. Symptoms also depend on 
whether the condition affects the whole body or just one nerve 
(as from an injury). The cause of chronic inflammatory poly 
neuropathy is an abnormal immune response. The specific 
antigens, immune processes, and triggering factors are vari 
able and in many cases are unknown. It may occur in asso 
ciation with other conditions such as HIV, inflammatory 
bowel disease, lupus erythematosis, chronic active hepatitis, 
and blood cell abnormalities. 
0172 Peripheral neuropathy may involve a function or 
pathological change to a single nerve or nerve group (mon 
neuropathy) or a function or pathological change affecting 
multiple nerves (polyneuropathy). 

Peripheral Neuropathies 
Hereditary Disorders 

0173 
0174 

Charcot-Marie-Tooth disease 
Friedreich's ataxia 

Systemic or Metabolic Disorders 
(0175 Diabetes (diabetic neuropathy) 
0176) Dietary deficiencies (especially vitamin B-12) 
0.177 Excessive alcohol use (alcoholic neuropathy) 
(0178. Uremia (from kidney failure) 
0179 Cancer 

Infectious or Inflammatory Conditions 
0180 AIDS 
0181. Hepatitis 
0182 Colorado tick fever 
0183 diphtheria 
0.184 Guillain-Barre syndrome 
0185. HIV infection without development of AIDS 
0186 leprosy 
0187 Lyme 
0188 polyarteritis nodosa 
(0189 rheumatoid arthritis 
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0.190 sarcoidosis 
0191 Sjogren syndrome 
(0192 syphilis 
0193 systemic lupus erythematosus 
(0194 amyloid 

Exposure to Toxic Compounds 
0.195 Sniffing glue or other toxic compounds 
0196) nitrous oxide 
0.197 industrial agents—especially solvents 
0198 heavy metals (lead, arsenic, mercury, etc.) 
0199 Neuropathy secondary to drugs like analgesic 
nephropathy 

Miscellaneous Causes 

(0200 
flow) 

0201 

ischemia (decreased oxygen/decreased blood 

prolonged exposure to cold temperature 
0202 a. Polyneuropathy 
0203 Polyneuropathy is a peripheral neuropathy involv 
ing the loss of movement or sensation to an area caused by 
damage or destruction to multiple peripheral nerves. Poly 
neuropathic pain, includes, without limitation, post-polio 
syndrome, postmastectomy syndrome, diabetic neuropathy, 
alcohol neuropathy, amyloid, toxins, AIDS, hypothyroidism, 
uremia, Vitamin deficiencies, chemotherapy-induced pain, 
2',3'-didexoycytidine (ddC) treatment, Guillain-Barré syn 
drome or Fabry's disease. 
0204 b. Mononeuropathy 
0205 Mononeuropathy is a peripheral neuropathy involv 
ing loss of movement or sensation to an area caused by 
damage or destruction to a single peripheral nerve or nerve 
group. Mononeuropathy is most often caused by damage to a 
local area resulting from injury or trauma, although occasion 
ally systemic disorders may cause isolated nerve damage (as 
with mononeuritis multiplex). The usual causes are direct 
trauma, prolonged pressure on the nerve, and compression of 
the nerve by swelling or injury to nearby body structures. The 
damage includes destruction of the myelin sheath (covering) 
of the nerve or of part of the nerve cell (the axon). This 
damage slows or prevents conduction of impulses through the 
nerve. Mononeuropathy may involve any part of the body. 
Mononeuropathic pain, includes, without limitation, a sciatic 
nerve dysfunction, a common peroneal nerve dysfunction. a 
radial nerve dysfunction, an ulnar nerve dysfunction, a cranial 
mononeuropathy VI, a cranial mononeuropathy VII, a cranial 
mononeuropathy III (compression type), a cranial mononeur 
opathy III (diabetic type), an axillary nerve dysfunction, a 
carpal tunnel syndrome, a femoral nerve dysfunction, a tibial 
nerve dysfunction, a Bell's palsy, a thoracic outlet syndrome, 
a carpal tunnel syndrome and a sixth (abducent) nerve palsy 
0206 c. Generalized Peripheral Neuropathies 
0207 Generalized peripheral neuropathis are symmetri 
cal, and usually due to various systematic illnesses and dis 
ease processes that affect the peripheral nervous system in its 
entirety. They are further subdivided into several categories: 
0208 i. Distal axonopathies are the result of some meta 
bolic or toxic derangement of neurons. They may be caused 
by metabolic diseases such as diabetes, renal failure, defi 
ciency syndromes Such as malnutrition and alcoholism, or the 
effects of toxins or drugs. Distal axonopathy (aka dying back 
neuropathy) is a type of peripheral neuropathy that results 
from Some metabolic or toxic derangement of peripheral 
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nervous system (PNS) neurons. It is the most common 
response of nerves to metabolic or toxic disturbances, and as 
Such may be caused by metabolic diseases such as diabetes, 
renal failure, deficiency syndromes Such as malnutrition and 
alcoholism, or the effects of toxins or drugs. The most com 
mon cause of distal axonopathy is diabetes, and the most 
common distal axonopathy is diabetic neuropathy. 
0209 ii. Myelinopathies are due to a primary attack on 
myelin causing an acute failure of impulse conduction. The 
most common cause is acute inflammatory demyelinating 
polyneuropathy (AIDP; aka Guillain-Barré syndrome), 
though other causes include chronic inflammatory demyeli 
nating syndrome (CIDP), genetic metabolic disorders (e.g., 
leukodystrophy), or toxins. Myelinopathy is due to primary 
destruction of myelin or the myelinating Schwann cells, 
which leaves the axon intact, but causes an acute failure of 
impulse conduction. This demyelination slows down or com 
pletely blocks the conduction of electrical impulses through 
the nerve. The most common cause is acute inflammatory 
demyelinating polyneuropathy (AIDP better known as Guil 
lain-Barré syndrome), though other causes include chronic 
inflammatory demyelinating polyneuropathy (CIDP), 
genetic metabolic disorders (e.g., leukodystrophy or Charcot 
Marie-Tooth disease), or toxins. 
0210 iii. Neuronopathies are the result of destruction of 
peripheral nervous system (PNS) neurons. They may be 
caused by motor neurone diseases, sensory neuronopathies 
(e.g., Herpes Zoster), toxins or autonomic dysfunction. Neu 
rotoxins may cause neuronopathies, Such as the chemo 
therapy agent Vincristine. Neuronopathy is dysfunction due to 
damage to neurons of the peripheral nervous system (PNS), 
resulting in a peripheral neuropathy. It may be caused by 
motor neurone diseases, sensory neuronopathies (e.g., Her 
pes Zoster), toxic Substances or autonomic dysfunction. A 
person with neuronopathy may present in different ways, 
depending on the cause, the way it affects the nerve cells, and 
the type of nerve cell that is most affected. 
0211 iv. Focal entrapment neuropathies (e.g., carpal tun 
nel syndrome). 

II. Inflammatory Pain 

0212. The compounds of the invention may be used to 
treat pain caused by or otherwise associated with any of the 
following inflammatory conditions 

A. Arthritic Disorder 

0213 Arthritic disorders include, for example, a rheuma 
toid arthritis; a juvenile rheumatoid arthritis; a systemic lupus 
erythematosus (SLE); a gouty arthritis; a Scleroderma; an 
osteoarthritis; a psoriatic arthritis; an ankylosing spondylitis; 
a Reiter's syndrome (reactive arthritis); an adult Still's dis 
ease; an arthritis from a viral infection; an arthritis from a 
bacterial infection, such as, e.g., a gonococcal arthritis and a 
non-gonococcal bacterial arthritis (septic arthritis); a Tertiary 
Lyme disease; a tuberculous arthritis; and an arthritis from a 
fungal infection, such as, e.g. a blastomycosis 

B. Autoimmune Diseases 

0214) Autoimmune diseases include, for example, a Guil 
lain-Barré syndrome, a Hashimoto's thyroiditis, a pernicious 
anemia, an Addison's disease, a type I diabetes, a systemic 
lupus erythematosus, a dermatomyositis, a Sjogren's Syn 
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drome, a lupus erythematosus, a multiple Sclerosis, a myas 
thenia gravis, a Reiter's syndrome and a Grave's disease. 

C. Connective Tissue Disorder 

0215 Connective tissue disorders include, for example, a 
spondyloarthritis a dermatomyositis, and a fibromyalgia. 

D. Injury 
0216) Inflammation caused by injury, including, for 
example, a crush, puncture, stretch of a tissue or joint, may 
cause chronic inflammatory pain. 

E. Infection 

0217. Inflammation caused by infection, including, for 
example, a tuberculosis or an interstitial keratitis may cause 
chronic inflammatory pain. 

F. Neuritis 

0218. Neuritis is an inflammatory process affecting a 
nerve or group of nerves. Symptoms depend on the nerves 
involved, but may include pain, paresthesias, paresis, or 
hypesthesia (numbness). 
0219. Examples include: 
0220 a. Brachial neuritis 

0221) b. Retrobulbar neuropathy, an inflammatory process 
affecting the part of the optic nerve lying immediately behind 
the eyeball. 
0222 c. Optic neuropathy, an inflammatory process 
affecting the optic nerve causing Sudden, reduced vision in 
the affected eye. The cause of optic neuritis is unknown. The 
Sudden inflammation of the optic nerve (the nerve connecting 
the eye and the brain) leads to swelling and destruction of the 
myelin sheath. The inflammation may occasionally be the 
result of a viral infection, or it may be caused by autoimmune 
diseases such as multiple Sclerosis. Risk factors are related to 
the possible causes. 
0223 d. Vestibular neuritis, a viral infection causing an 
inflammatory process affecting the vestibular nerve. 

G. Joint Inflammation 

0224) Inflammation of the joint, such as that caused by 
bursitis or tendonitis, for example, may cause chronic inflam 
matory pain. 

III. Headache Pain 

0225. The compounds of the invention may be used to 
treat pain caused by or otherwise associated with any of the 
following headache conditions. A headache (medically 
known as cephalgia) is a condition of mild to severe pain in 
the head; sometimes neck or upper back pain may also be 
interpreted as a headache. It may indicate an underlying local 
or systemic disease or be a disorder in itself. 

A. Muscular/Myogenic Headache 
0226 Muscular/myogenic headaches appear to involve 
the tightening or tensing of facial and neck muscles; they may 
radiate to the forehead. Tension headache is the most common 
form of myogenic headache. 
0227. A tension headache is a condition involving pain or 
discomfort in the head, Scalp, or neck, usually associated with 
muscle tightness in these areas. Tension headaches result 
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from the contraction of neck and Scalp muscles. One cause of 
this muscle contraction is a response to stress, depression or 
anxiety. Any activity that causes the head to be held in one 
position for a long time without moving can cause a head 
ache. Such activities include typing or use of computers, fine 
work with the hands, and use of a microscope. Sleeping in a 
cold room or sleeping with the neck in an abnormal position 
may also trigger this type of headache. A tension-type head 
ache, includes, without limitation, an episodic tension head 
ache and a chronic tension headache. 

B. Vascular Headache 

0228. The most common type of vascular headache is 
migraine. Other kinds of vascular headaches include cluster 
headaches, which cause repeated episodes of intense pain, 
and headaches resulting from high blood pressure 
0229. 1. Migraine 
0230. A migraine is a heterogeneous disorder that gener 
ally involves recurring headaches. Migraines are different 
from other headaches because they occur with other symp 
toms, such as, e.g., nausea, vomiting, or sensitivity to light. In 
most people, a throbbing pain is felt only on one side of the 
head. Clinical features such as type of aura symptoms, pres 
ence of prodromes, or associated symptoms Such as vertigo, 
may be seen in Subgroups of patients with different underly 
ing pathophysiological and genetic mechanisms. A migraine 
headache, includes, without limitation, a migraine without 
aura (common migraine), a migraine with aura (classic 
migraine), a menstrual migraine, a migraine equivalent 
(acephalic headache), a complicated migraine, an abdominal 
migraine and a mixed tension migraine. 
0231 2. Cluster Headache 
0232 Cluster headaches affect one side of the head (uni 
lateral) and may be associated with tearing of the eyes and 
nasal congestion. They occurs in clusters, happening repeat 
edly every day at the same time for several weeks and then 
remitting. 

D. High Blood Pressure Headache 
E. Traction and Inflammatory Headache 

0233 Traction and inflammatory headaches are usually 
symptoms of other disorders, ranging from stroke to sinus 
infection. 

F. Hormone Headache 

G. Rebound Headache 

0234 Rebound headaches, also known as medication 
overuse headaches, occur when medication is taken too fre 
quently to relieve headache. Rebound headaches frequently 
occur daily and can be very painful. 

H. Chronic Sinusitis Headache 

0235 Sinusitis is inflammation, either bacterial, fungal, 
viral, allergic or autoimmune, of the paranasal sinuses. 
Chronic sinusitis is one of the most common complications of 
the common cold. Symptoms include: Nasal congestion; 
facial pain; headache; fever, general malaise; thick green or 
yellow discharge; feeling of facial fullness’ worsening on 
bending over. In a small number of cases, chronic maxillary 
sinusitis can also be brought on by the spreading of bacteria 
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from a dental infection. Chronic hyperplastic eosinophilic 
sinusitis is a noninfective form of chronic sinusitis. 

I. An Organic Headache 
J. Ictal Headaches 

0236 Ital headaches are headaches associated with sei 
Zure activity. 

IV. Somatic Pain 

0237. The compounds of the invention may be used to 
treat pain caused by or otherwise associated with any of the 
following Somatic pain conditions. Somatic pain originates 
from ligaments, tendons, bones, blood vessels, and even 
nerves themselves. It is detected with Somatic nociceptors. 
The scarcity of pain receptors in these areas produces a dull, 
poorly-localized pain of longer duration than cutaneous pain; 
examples include sprains and broken bones. Additional 
examples include the following. 

A. Excessive Muscle Tension 

0238 Excessive muscle tension can be caused, for 
example, by a sprain or a strain. 

B. Repetitive Motion Disorders 
0239 Repetitive motion disorders can result from overuse 
of the hands, wrists, elbows, shoulders, neck, back, hips, 
knees, feet, legs, or ankles. 

C. Muscle Disorders 

0240 Muscle disorders causing somatic pain include, for 
example, a polymyositis, a dermatomyositis, a lupus, a fibro 
myalgia, a polymyalgia rheumatica, and a rhabdomyolysis. 

D. Myalgia 
0241 Myalgia is muscle pain and is a symptom of many 
diseases and disorders. The most common cause for myalgia 
is either overuse or over-stretching of a muscle or group of 
muscles. Myalgia without a traumatic history is often due to 
viral infections. Longer-term myalgias may be indicative of a 
metabolic myopathy, some nutritional deficiencies or chronic 
fatigue syndrome. 

E. Infection 

0242 Infection can cause Somatic pain. Examples of such 
infection include, for example, an abscess in the muscle, a 
trichinosis, an influenza, a Lyme disease, a malaria, a Rocky 
Mountain spotted fever, Avian influenza, the common cold, 
community-acquired pneumonia, meningitis, monkeypox, 
Severe Acute Respiratory Syndrome, toxic shock syndrome, 
trichinosis, typhoid fever, and upper respiratory tract infec 
tion. 

F. Drugs 
0243 Drugs can cause Somatic pain. Such drugs include, 
for example, cocaine, a statin for lowering cholesterol (Such 
as atorvastatin, simvastatin, and lovastatin), and an ACE 
inhibitor for lowering blood pressure (such as enalapril and 
captopril) 

V. Visceral Pain 

0244. The compounds of the invention may be used to 
treat pain caused by or otherwise associated with any of the 
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following visceral pain conditions. Visceral pain originates 
from body's viscera, or organs. Visceral nociceptors are 
located within body organs and internal cavities. The even 
greater scarcity of nociceptors in these areas produces pain 
that is usually more aching and of a longer duration than 
Somatic pain. Visceral pain is extremely difficult to localise, 
and several injuries to visceral tissue exhibit “referred pain, 
where the sensation is localised to an area completely unre 
lated to the site of injury. Examples of visceral pain include 
the following. 

A. Functional Visceral Pain 

0245) Functional visceral pain includes, for example, an 
irritable bowel syndrome and a chronic functional abdominal 
pain (CFAP), a functional constipation and a functional dys 
pepsia, a non-cardiac chest pain (NCCP) and a chronic 
abdominal pain. 

B. Chronic Gastrointestinal Inflammation 

0246 Chronic gastrointestinal inflammation includes, for 
example, a gastritis, an inflammatory bowel disease, like, e.g., 
a Crohn's disease, an ulcerative colitis, a microscopic colitis, 
a diverticulitis and a gastroenteritis; an interstitial cystitis; an 
intestinalischemia; a cholecystitis; an appendicitis; a gastroe 
sophageal reflux: an ulcer, a nephrolithiasis, an urinary tract 
infection, a pancreatitis and a hernia. 

C. Autoimmune Pain 

0247 Autoimmune pain includes, for example, a sarcoi 
dosis and a vasculitis. 

D. Organic Visceral Pain 
0248 Organic visceral pain includes, for example, pain 
resulting from a traumatic, inflammatory or degenerative 
lesion of the gut or produced by a tumor impinging on sensory 
innervation. 

E. Treatment-Induced Visceral Pain 

0249 Treatment-induced visceral pain includes, for 
example, a pain attendant to chemotherapy therapy or a pain 
attendant to radiation therapy. 

VI. Referred Pain 

0250. The compounds of the invention may be used to 
treat pain caused by or otherwise associated with any of the 
following referred pain conditions. 
0251 Referred pain arises from pain localized to an area 
separate from the site of pain stimulation. Often, referred pain 
arises when a nerve is compressed or damaged at or near its 
origin. In this circumstance, the sensation of pain will gener 
ally be felt in the territory that the nerve serves, even though 
the damage originates elsewhere. A common example occurs 
in intervertebral discherniation, in which a nerve root arising 
from the spinal cord is compressed by adjacent disc material. 
Although pain may arise from the damaged disc itself, pain 
will also be felt in the region served by the compressed nerve 
(for example, the thigh, knee, or foot). Relieving the pressure 
on the nerve root may ameliorate the referred pain, provided 
that permanent nerve damage has not occurred. Myocardial 
ischaemia (the loss of blood flow to a part of the heart muscle 
tissue) is possibly the best known example of referred pain; 
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the sensation can occur in the upper chest as a restricted 
feeling, or as an ache in the left shoulder, arm or even hand. 
0252. The present invention addresses a wide range of 
pain conditions, in particular chronic pain conditions. Pre 
ferred conditions include cancerous and non-cancerous pain, 
inflammatory pain and neuropathic pain. The opioid-fusions 
of the present application are particularly Suited to addressing 
inflammatory pain, though may be less Suited to addressing 
neuropathic pain. The galanin-fusions are more Suited to 
addressing neuropathic pain. 
0253) In use, the polypeptides of the present invention are 
typically employed in the form of a pharmaceutical compo 
sition in association with a pharmaceutical carrier, diluent 
and/or excipient, although the exact form of the composition 
may be tailored to the mode of administration. Administration 
is preferably to a mammal, more preferably to a human. 
0254 The polypeptides may, for example, be employed in 
the form of a sterile solution for intra-articular administration 
or intra-cranial administration. Spinal injection (e.g. epidural 
or intrathecal) is preferred. 
0255. The dosage ranges for administration of the 
polypeptides of the present invention are those to produce the 
desired therapeutic effect. It will be appreciated that the dos 
age range required depends on the precise nature of the com 
ponents, the route of administration, the nature of the formu 
lation, the age of the patient, the nature, extent or severity of 
the patient's condition, contraindications, if any, and the 
judgement of the attending physician. 
0256 Suitable daily dosages are in the range 0.0001-1 
mg/kg, preferably 0.0001-0.5 mg/kg, more preferably 0.002 
0.5 mg/kg, and particularly preferably 0.004-0.5 mg/kg. The 
unit dosage can vary from less that 1 microgram to 30 mg, but 
typically will be in the region of 0.01 to 1 mg per dose, which 
may be administered daily or preferably less frequently, Such 
as weekly or six monthly. 
0257. A particularly preferred dosing regimen is based on 
2.5 ng of fusion protein (e.g. CPNV/A) as the 1x dose. In this 
regard, preferred dosages are in the range 1x-100x (i.e. 2.5- 
250 ng). This dosage range is significantly lower (i.e. at least 
10-fold, typically 100-fold lower) than would be employed 
with other types of analgesic molecules such as NSAIDS, 
morphine, and gabapentin. Moreover, the above-mentioned 
difference is considerably magnified when the same compari 
son is made on a molar basis—this is because the fusion 
proteins of the present invention have a considerably greater 
Mw than do conventional small molecule therapeutics. 
0258 Wide variations in the required dosage, however, are 
to be expected depending on the precise nature of the com 
ponents, and the differing efficiencies of various routes of 
administration. 
0259 Variations in these dosage levels can be adjusted 
using standard empirical routines for optimisation, as is well 
understood in the art. 
0260 Compositions suitable for injection may be in the 
form of solutions, Suspensions or emulsions, or dry powders 
which are dissolved or suspended in a suitable vehicle prior to 
SC. 

0261 Fluid unit dosage forms are typically prepared util 
ising a pyrogen-free sterile vehicle. The active ingredients, 
depending on the vehicle and concentration used, can be 
either dissolved or suspended in the vehicle. 
0262. In preparing administrable solutions, the polypep 
tides can be dissolved in a vehicle, the solution being made 
isotonic if necessary by addition of sodium chloride and 
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sterilised by filtration through a sterile filter using aseptic 
techniques before filling into suitable sterile vials or 
ampoules and sealing. Alternatively, if solution stability is 
adequate, the Solution in its sealed containers may be steri 
lised by autoclaving. 
0263 Advantageously additives such as buffering, solu 
bilising, stabilising, preservative or bactericidal, Suspending 
or emulsifying agents may be dissolved in the vehicle. 
0264. Dry powders which are dissolved or suspended in a 
suitable vehicle prior to use may be prepared by filling pre 
sterilised drug Substance and other ingredients into a sterile 
container using aseptic technique in a sterile area. 
0265 Alternatively the polypeptides and other ingredients 
may be dissolved in an aqueous vehicle, the Solution is ster 
ilized by filtration and distributed into suitable containers 
using aseptic technique in a sterile area. The product is then 
freeze dried and the containers are sealed aseptically. 
0266 Parenteral suspensions, suitable for intramuscular, 
Subcutaneous or intradermal injection, are prepared in Sub 
stantially the same manner, except that the sterile components 
are suspended in the sterile vehicle, instead of being dissolved 
and sterilisation cannot be accomplished by filtration. The 
components may be isolated in a sterile state or alternatively 
it may be sterilised after isolation, e.g. by gamma irradiation. 
0267 Advantageously, a suspending agent for example 
polyvinylpyrrolidone is included in the composition/s to 
facilitate uniform distribution of the components. 

Definitions Section 

0268 Targeting Moiety (TM) means any chemical struc 
ture associated with an agent that functionally interacts with 
a Binding Site to cause a physical association between the 
agent and the Surface of a target cell. In the context of the 
present invention, the target cell is a nociceptive sensory 
afferent. The term TMembraces any molecule (i.e. a naturally 
occurring molecule, or a chemically/physically modified 
variant thereof) that is capable of binding to a Binding Site on 
the target cell, which Binding Site is capable of internalisa 
tion (e.g. endosome formation)—also referred to as receptor 
mediated endocytosis. The TM may possess an endosomal 
membrane translocation function, in which case separate TM 
and Translocation Domain components need not be present in 
an agent of the present invention. 
0269. The TM of the present invention binds (preferably 
specifically binds) to a nociceptive sensory afferent (e.g. a 
primary nociceptive afferent). In this regard, specifically 
binds means that the TM binds to a nociceptive sensory affer 
ent (e.g. a primary nociceptive afferent) with a greater affinity 
than it binds to other neurons such as non-nociceptive affer 
ents, and/or to motor neurons (i.e. the natural target for 
clostridial neurotoxin holotoxin). The term “specifically 
binding can also mean that a given TM binds to a given 
receptor, for example the ORL receptor, with a binding affin 
ity (Ka) of 10 M' or greater, preferably 107M or greater, 
more preferably 10 M' or greater, and most preferably, 10 
M' or greater. 
0270. For the purposes of this invention, an agonist is 
defined as a molecule that is capable of Stimulating the pro 
cess of exocytic fusion in a target cell, which process is 
susceptible to inhibition by a protease (or fragment thereof) 
capable of cleaving a protein of the exocytic fusion apparatus 
in said target cell. 
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0271 Accordingly, the particular agonist definition of the 
present invention would exclude many molecules that would 
be conventionally considered as agonists. 
0272 For example, nerve growth factor (NGF) is an ago 
nist in respect of its ability to promote neuronal differentia 
tion via binding to a TrkA receptor. However, NGF is not an 
agonist when assessed by the above criteria because it is not 
a principal inducer of exocytic fusion. In addition, the process 
that NGF stimulates (i.e. cell differentiation) is not suscep 
tible to inhibition by the protease activity of a non-cytotoxic 
toxin molecule. 

0273. The term “fragment’, when used in relation to a 
protein, means a peptide having at least thirty-five, preferably 
at least twenty-five, more preferably at least twenty, and most 
preferably at least ten amino acid residues of the protein in 
question. 
0274 The term “variant', when used in relation to a pro 

tein, means a peptide or peptide fragment of the protein that 
contains one or more analogues of an amino acid (e.g. an 
unnatural amino acid), or a Substituted linkage. 
0275. The term “derivative', when used in relation to a 
protein, means a protein that comprises the protein in ques 
tion, and a further peptide sequence. The further peptide 
sequence should preferably not interfere with the basic fold 
ing and thus conformational structure of the original protein. 
Two or more peptides (or fragments, or variants) may be 
joined together to form a derivative. Alternatively, a peptide 
(or fragment, or variant) may be joined to an unrelated mol 
ecule (e.g. a second, unrelated peptide). Derivatives may be 
chemically synthesized, but will be typically prepared by 
recombinant nucleic acid methods. Additional components 
Such as lipid, and/or polysaccharide, and/or polyketide com 
ponents may be included. 
0276 Throughout this specification, reference to the 
“ORL receptor'embraces all members of the ORL receptor 
family. Members of the ORL receptor family typically have 
a seven transmembrane domain structure and are coupled to 
G-proteins of the G, and Go families. A method for determin 
ing the G-protein-stimulating activity of ligands of the ORL 
receptor is given in Example 12. A method for measuring 
reduction in cellular cAMP levels following ORL activation 
is given in Example 11. A further characteristic of members of 
the ORL receptor family is that they are typically able to bind 
nociceptin (the natural ligand of ORL). As an example, all 
alternative splice variants of the ORL receptor, are members 
of the ORL receptor family. 
0277. The term non-cytotoxic means that the protease 
molecule in question does not kill the target cell to which it 
has been re-targeted. 
0278. The protease of the present invention embraces all 
naturally-occurring non-cytotoxic proteases that are capable 
of cleaving one or more proteins of the exocytic fusion appa 
ratus in eukaryotic cells. 
0279. The protease of the present invention is preferably a 
bacterial protease (or fragment thereof). More preferably the 
bacterial protease is selected from the genera Clostridium or 
Neisseria (e.g. a clostridial L-chain, or a neisserial IgA pro 
tease preferably from N. gonorrhoeae). 
0280. The present invention also embraces modified non 
cytotoxic proteases, which includeamino acid sequences that 
do not occur in nature and/or synthetic amino acid residues, 
So long as the modified proteases still demonstrate the above 
mentioned protease activity. 
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0281. The protease of the present invention preferably 
demonstrates a serine or metalloprotease activity (e.g. 
endopeptidase activity). The protease is preferably specific 
for a SNARE protein (e.g. SNAP-25, synaptobrevin/VAMP. 
or syntaxin). 
0282 Particular mention is made to the protease domains 
of neurotoxins, for example the protease domains of bacterial 
neurotoxins. Thus, the present invention embraces the use of 
neurotoxin domains, which occur in nature, as well as recom 
binantly prepared versions of said naturally-occurring neuro 
toxins. 
0283 Exemplary neurotoxins are produced by clostridia, 
and the term clostridial neurotoxin embraces neurotoxins 
produced by C. tetani (TeNT), and by C. botulinum (BoNT) 
serotypes A-G, as well as the closely related BoNT-like neu 
rotoxins produced by C. baratii and C. butyricum. The above 
mentioned abbreviations are used throughout the present 
specification. For example, the nomenclature BoNT/A 
denotes the source of neurotoxin as BoNT (serotype A). Cor 
responding nomenclature applies to other BoNT serotypes. 
0284. The term L-chain fragment means a component of 
the L-chain of a neurotoxin, which fragment demonstrates a 
metalloprotease activity and is capable of proteolytically 
cleaving a vesicle and/or plasma membrane associated pro 
tein involved in cellular exocytosis. 
0285) A Translocation Domain is a molecule that enables 
translocation of a protease (or fragment thereof) into a target 
cell Such that a functional expression of protease activity 
occurs within the cytosol of the target cell. Whether any 
molecule (e.g. a protein or peptide) possesses the requisite 
translocation function of the present invention may be con 
firmed by any one of a number of conventional assays. 
0286 For example, Shone C. (1987) describes an in vitro 
assay employing liposomes, which are challenged with a test 
molecule. Presence of the requisite translocation function is 
confirmed by release from the liposomes of K' and/or 
labelled NAD, which may be readily monitored see Shone C. 
(1987) Eur. J. Biochem; vol. 167(1): pp. 175-180). 
0287. A further example is provided by Blaustein R. 
(1987), which describes a simple in vitro assay employing 
planar phospholipid bilayer membranes. The membranes are 
challenged with a test molecule and the requisite transloca 
tion function is confirmed by an increase in conductance 
across said membranes see Blaustein (1987) FEBS Letts; 
vol. 226, no. 1: pp. 115-120. 
0288 Additional methodology to enable assessment of 
membrane fusion and thus identification of Translocation 
Domains suitable for use in the present invention are provided 
by Methods in Enzymology Vol 220 and 221, Membrane 
Fusion Techniques, Parts A and B, Academic Press 1993. 
0289. The Translocation Domain is preferably capable of 
formation of ion-permeable pores in lipid membranes under 
conditions of low pH. Preferably it has been found to use only 
those portions of the protein molecule capable of pore-for 
mation within the endosomal membrane. 

0290 The Translocation Domain may be obtained from a 
microbial protein source, in particular from a bacterial or viral 
protein source. Hence, in one embodiment, the Translocation 
Domain is a translocating domain of an enzyme, such as a 
bacterial toxin or viral protein. 
0291. It is well documented that certain domains of bac 
terial toxin molecules are capable of forming such pores. It is 
also known that certain translocation domains of virally 
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expressed membrane fusion proteins are capable of forming 
Such pores. Such domains may be employed in the present 
invention. 
0292. The Translocation Domain may be of a clostridial 
origin, namely the H domain (or a functional component 
thereof). H means a portion or fragment of the H-chain of a 
clostridial neurotoxin approximately equivalent to the amino 
terminal half of the H-chain, or the domain corresponding to 
that fragment in the intact H-chain. It is preferred that the 
H-chain substantially lacks the natural binding function of the 
He component of the H-chain. In this regard, the H function 
may be removed by deletion of the H, amino acid sequence 
(either at the DNA synthesis level, or at the post-synthesis 
level by nuclease or protease treatment). Alternatively, the H, 
function may be inactivated by chemical or biological treat 
ment. Thus, the H-chain is preferably incapable of binding to 
the Binding Site on a target cell to which native clostridial 
neurotoxin (i.e. holotoxin) binds. 
0293. In one embodiment, the translocation domain is a 
H domain (or a fragment thereof) of a clostridial neurotoxin. 
Examples of suitable clostridial Translocation 
0294 Domains include: 

0295) Botulinum type A neurotoxin -amino acid resi 
dues (449-871) 

0296 Botulinum type B neurotoxin -amino acid resi 
dues (441-858) 

0297. Botulinum type C neurotoxin -amino acid resi 
dues (442-866) 

0298 Botulinum type D neurotoxin -amino acid resi 
dues (446-862) 

0299. Botulinum type E neurotoxin -amino acid resi 
dues (423-845) 

0300 Botulinum type F neurotoxin -amino acid resi 
dues (440-864) 

0301 Botulinum type G neurotoxin -amino acid resi 
dues (442-863) 

0302) Tetanus neurotoxin -amino acid residues (458 
879) 

0303 For further details on the genetic basis of toxin pro 
duction in Clostridium botulinum and C. tetani, we refer to 
Henderson et al (1997) in The Clostridia. Molecular Biology 
and Pathogenesis, Academic press. 
0304) The term H embraces naturally-occurring neuro 
toxin Hyportions, and modified Hy portions having amino 
acid sequences that do not occur in nature and/or synthetic 
amino acid residues, so long as the modified Hyportions still 
demonstrate the above-mentioned translocation function. 

Translocation 
domain source 

Diphtheria 
toxin 

Domain II of 
pseudomonas 
exotoxin 

Influenza virus 
haemagglutinin 
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0305 Alternatively, the Translocation Domain may be of a 
non-cloStridial origin (see Table 4). Examples of non 
clostridial Translocation Domain origins include, but not be 
restricted to, the translocation domain of diphtheria toxin 
O=Keefeet al., Proc. Natl. Acad. Sci. USA (1992) 89, 6202 
6206: Silverman et al., J. Biol. Chem. (1993) 269, 22524 
22532; and London, E. (1992) Biochem. Biophys. Acta., 
1112, pp. 25-51, the translocation domain of Pseudomonas 
exotoxin type A Prior et al. Biochemistry (1992) 31, 3555 
3559, the translocation domains of anthrax toxin Blanke et 
al. Proc. Natl. Acad. Sci. USA (1996) 93, 8437-8442), a 
variety of fusogenic or hydrophobic peptides of translocating 
function Plank et al. J. Biol. Chem. (1994) 269, 12918 
12924; and Wagner et al (1992) PNAS, 89, pp. 7934-7938), 
and amphiphilic peptides Murata et al (1992) Biochem., 31, 
pp. 1986-1992. The Translocation Domain may mirror the 
Translocation Domain present in a naturally-occurring pro 
tein, or may include amino acid variations so long as the 
variations do not destroy the translocating ability of the 
Translocation Domain. 
0306 Particular examples of viral Translocation Domains 
Suitable for use in the present invention include certain trans 
locating domains of virally expressed membrane fusion pro 
teins. For example, Wagner et al. (1992) and Murata et al. 
(1992) describe the translocation (i.e. membrane fusion and 
vesiculation) function of a number of fusogenic and 
amphiphilic peptides derived from the N-terminal region of 
influenza virus haemagglutinin. Other virally expressed 
membrane fusion proteins known to have the desired trans 
locating activity are a translocating domain of a fusogenic 
peptide of Semliki Forest Virus (SFV), a translocating 
domain of vesicular stomatitis virus (VSV) glycoprotein G, a 
translocating domain of SER virus F protein and a translo 
cating domain of Foamy virus envelope glycoprotein. Virally 
encoded Aspike proteins have particular application in the 
context of the present invention, for example, the E1 protein 
of SFV and the G protein of the G protein of VSV. 
0307 Use of the Translocation Domains listed in Table 
(below) includes use of sequence variants thereof. A variant 
may comprise one or more conservative nucleic acid Substi 
tutions and/or nucleic acid deletions or insertions, with the 
proviso that the variant possesses the requisite translocating 
function. A variant may also comprise one or more amino acid 
Substitutions and/or amino acid deletions or insertions, so 
long as the variant possesses the requisite translocating func 
tion. 

Amino acid 
residues References 

194-38O Silverman et al., 1994, J. Biol. 
Chem. 269, 22524-22532 
London E., 1992, Biochem. 
Biophys. Acta., 1113, 25-51 

40S-613 Prior et al., 1992, Biochemistry 
31,3555-3559 
Kihara & Pastan, 1994, Bioconj 
Chem.5, 532–538 

GLFGAIAGFIENGWE Plank et al., 1994, J. Biol. Chem. 
GMIDGWYG, and 
Variants thereof 

269, 12918-12924 
Wagner et al., 1992, PNAS, 89, 
7934-7938 
Murata et al., 1992, Biochemistry 
31, 1986-1992 
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-continued 

Amino acid 
residues 

Translocation 
domain source References 

Semliki Forest Translocation 
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Kielian et al., 1996, J Cell Biol. 
virus fusogenic domain 134(4), 863–872 
protein 
Vesicular 118-139 Yao et al., 2003, Virology 310(2), 
Stomatitis virus 319-332 
glycoprotein G 
SER wirus F Translocation Seth et al., 2003, J Virol 77(11) 
protein domain 6520-6527 
Foamy virus Translocation Picard-Maureau et al., 2003, J 
envelope domain Virol. 77(8),4722-4730 
glycoprotein 

SEQID NOs 
0308 Where an initial Metamino acid residue or a corre 
sponding initial codon is indicated in any of the following 
SEQID NOS, said residue/codon is optional. 
SEQ ID1 DNA sequence of the LC/A 
SEQID2 DNA sequence of the H/A 
SEQ ID3 DNA sequence of the LC/B 
SEQID4 DNA sequence of the H/B 
SEQID5 DNA sequence of the LC/C 
SEQID6 DNA sequence of the H/C 
SEQID7 DNA sequence of the CPN-A linker 
SEQID8 DNA sequence of the A linker 
SEQID9 DNA sequence of the N-terminal presentation noci 
ceptin insert 
SEQID10 DNA sequence of the CPN-C linker 
SEQ ID1 1 DNA sequence of the CPBE-A linker 
SEQID12 DNA sequence of the CPNvar-A linker 
SEQID13 DNA sequence of the LC/A-CPN-H/A fusion 
SEQID14 Protein sequence of the LC/A-CPN-H/A fusion 
SEQID15 DNA sequence of the N-LC/A-H/A fusion 
SEQID16 Protein sequence of the N-LC/A-H/A fusion 
SEQID17 DNA sequence of the LC/C-CPN-H/C fusion 
SEQID18 Protein sequence of the LC/C-CPN-H/C fusion 
SEQID19 DNA sequence of the LC/C-CPN-H/C (A-linker) 
fusion 
SEQ ID20 Protein sequence of the LC/C-CPN-H/C 
(A-linker) fusion 
SEQID21 DNA sequence of the LC/A-CPME-H/A fusion 
SEQ ID22 Protein sequence of the LC/A-CPME-H/A 
fusion 
SEQID23 DNA sequence of the LC/A-CPBE-H/A fusion 
SEQID24 Protein sequence of the LC/A-CPBE-H/A fusion 
SEQID25 DNA sequence of the LC/A-CPNv-H/A fusion 
SEQID26 Protein sequence of the LC/A-CPNv-H/A fusion 
SEQ ID27 DNA sequence of the LC/A-CPN(1-11-HN/A 
fusion 
SEQ ID28 Protein sequence of the LC/A-CPN(1-11-HN/A 
fusion 
SEQ ID29 DNA sequence of the LC/A-CPNY101-11 
HN/A fusion 
SEQ ID30 Protein sequence of the LC/A-CPNY101-11 
HN/A fusion 
SEQ ID31 DNA sequence of the LC/A-CPNY111-11 
HN/A fusion 
SEQ ID32 Protein sequence of the LC/A-CPNY111-11 
HN/A fusion 

SEQ ID33 DNA sequence of the LC/A-CPNY141-17 
HN/A fusion 
SEQ ID34 Protein sequence of the LC/A-CPNY141-17 
HN/A fusion 
SEQ ID35 DNA sequence of the LC/A-CPN(1-13-HN/A 
fusion 
SEQ ID36 Protein sequence of the LC/A-CPN(1-13-HN/A 
fusion 
SEQ ID37 DNA sequence of CPN(1-17 

SEQ ID38 Protein Sequence of CPN(1-17 
0309 SEQID39 DNA sequence of CPN(1-11 
SEQID40 Protein sequence of CPN(1-11 
SEQID41 DNA sequence of CPNY101-11 
SEQID42 Protein sequence of CPNY 101-11 
SEQID43 DNA sequence of CPNY111-11 
SEQID44 Protein sequence of CPNY 111-11 
SEQID45 DNA sequence of CPNY141-17 
SEQID46 Protein sequence of CPNY141-17 
SEQID47 DNA sequence of CPN(1-13 
SEQID48 Protein sequence of CPN(1-13 
SEQ ID49 DNA sequence of CPNv (also known as 
NIIR 14K151-17) 
SEQ ID50 Protein sequence of CPNv (also known as 
NIIR 14K151-17) 
SEQ ID51 DNA sequence of the nociceptin-spacer-LC/A- 
H/A fusion 
SEQID52 Protein sequence of the nociceptin-spacer-LC/A- 
H/A fusion 
SEQID53 DNA sequence of the CPN-AGS10 linker 
SEQID54 DNA sequence of the CPN-AGS15 linker 
SEQID55 DNA sequence of the CPN-AGS25 linker 
SEQID56 DNA sequence of the CPN-AGS30 linker 
SEQID57 DNA sequence of the CPN-A HX27 linker 
SEQ ID58 DNA sequence of the LC/A-CPN(GS15)-H/A 
fusion 
SEQID59 Protein sequence of the LC/A-CPN(GS15)-H/A 
fusion 
SEQ ID60 DNA sequence of the LC/A-CPN(GS25)-H/A 
fusion 
SEQID61 Protein sequence of the LC/A-CPN(GS25)-H/A 
fusion 
SEQ ID62 DNA sequence of the CPNvar-A Enterokinase 
activatable linker 
SEQ ID63 DNA sequence of the LC/A-CPNv(Ek)-H/A 
fusion 
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SEQ ID64 Protein sequence of the LC/A-CPNv(Ek)-H/A 
fusion 
SEQID65 DNA sequence of the CPNvar-A linker 
SEQID66 DNA sequence of the LC/C-CPNv-H/C fusion 
(act. A) 
SEQID67 Protein sequence of the LC/C-CPNv-H/C fusion 
(act. A) 
SEQID68 DNA sequence of the LC/A-CPLE-H/A fusion 
SEQID69 Protein sequence of the LC/A-CPLE-H/A fusion 
SEQID70 DNA sequence of the LC/A-CPOP-H/A fusion 
SEQID71 Protein sequence of the LC/A-CPOP-H/A fusion 
SEQID72 DNA sequence of the LC/A-CPOPv-H/A fusion 
SEQ ID73 Protein sequence of the LC/A-CPOPv-H/A 
fusion 
SEQID74 DNA sequence of the IgA protease 
SEQID75 DNA sequence of the IgA-CPNv-H/A fusion 
SEQID76 Protein sequence of the IgA-CPNv-H/A fusion 
SEQID77 DNA sequence of the FXa-HT 
SEQID78 DNA sequence of the CPNv-A-FXa-HT 
SEQID79 Protein sequence of the CPNv-A-FXa-HT fusion 
SEQID80 DNA sequence of the DT translocation domain 
SEQID81 DNA sequence of the CPLE-DTA 
SEQID82 Protein sequence of the CPLE-DT-A fusion 
SEQID83 DNA sequence of the TeNT LC 
SEQID84 DNA sequence of the CPNv-TENT LC 
SEQID85 Protein sequence of the CPNV-TeNTLC fusion 
SEQID86 DNA sequence of the CPNvar-C linker 
SEQ ID87 DNA sequence of the LC/C-CPNv-H/C fusion 
(act. C) 
SEQID88 Protein sequence of the LC/C-CPNv-H/C fusion 
(act. C) 
SEQID89 Protein sequence of dynorphin 
SEQID90 DNA sequence of LC/A-CPDY-HN/A fusion 
SEQID91 Protein sequence of LC/A-CPDY-HN/A fusion 
SEQ ID92 Protein sequence of LC/A-CPDY(GS10)-H/A 
fusion 
SEQ ID93 Protein sequence of LC/A-CPDY(GS15)-H/A 
fusion 
SEQ ID94 Protein sequence of LC/A-CPDY(GS25)-H/A 
fusion 
SEQID95 Protein sequence of LC/C-CPDY-HN/C fusion 
SEQID96 Protein sequence of IgA-CPDY-HN/A fusion 
SEQID97 Protein sequence of CPDY-TeNTLC fusion 

EXAMPLES 

Example 1 

Preparation of a LC/A and H/A Backbone Clones 
0310. The following procedure creates the LC and Hy 
fragments for use as the component backbone for multido 
mainfusion expression. This example is based on preparation 
of a serotype A based clone (SEQID1 and SEQID2), though 
the procedures and methods are equally applicable to the 
other serotypes illustrated by the sequence listing for sero 
type B (SEQID3 and SEQID4) and serotype C (SEQID5 and 
SEQID6). 

Preparation of Cloning and Expression Vectors 
0311 pCR 4 (Invitrogen) is the chosen standard cloning 
vector, selected due to the lack of restriction sequences within 
the vector and adjacent sequencing primer sites for easy con 
struct confirmation. The expression vector is based on the 
pMAL (NEB) expression vector, which has the desired 
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restriction sequences within the multiple cloning site in the 
correctorientation for construct insertion (BamHI-SalI-PstI 
HindIII). A fragment of the expression vector has been 
removed to create a non-mobilisable plasmid and a variety of 
different fusion tags have been inserted to increase purifica 
tion options. 
Preparation of Protease (e.g. LC/A) Insert 
0312. The LC/A (SEQID1) is created by one of two ways: 
0313 The DNA sequence is designed by back translation 
of the LC/Aamino acid sequence obtained from freely avail 
able database sources such as GenBank (accession number 
P10845) or Swissprot (accession locus BXA1 CLOBO) 
using one of a variety of reverse translation Software tools (for 
example EditSeq best E. coli reverse translation (DNASTAR 
Inc.), or Backtranslation tool v2.0 (Entelechon). BamHI/Sall 
recognition sequences are incorporated at the 5' and 3' ends 
respectively of the sequence, maintaining the correct reading 
frame. The DNA sequence is screened (using software Such 
as MapIDraw, DNASTAR Inc.) for restriction enzyme cleav 
age sequences incorporated during the back translation. Any 
cleavage sequences that are found to be common to those 
required by the cloning system are removed manually from 
the proposed coding sequence ensuring common E. coli 
codon usage is maintained. E. coli codon usage is assessed by 
reference to Software programs such as Graphical Codon 
Usage Analyser (Geneart), and the '% GC content and codon 
usage ratio assessed by reference to published codon usage 
tables (for example GenBank Release 143, 13 Sep. 2004). 
This optimised DNA sequence containing the LC/A open 
reading frame (ORF) is then commercially synthesized (for 
example by Entelechon, Geneart or Sigma-Genosys) and is 
provided in the pCR 4 vector. 
0314. The alternative method is to use PCR amplification 
from an existing DNA sequence with BamHI and SalI restric 
tion enzyme sequences incorporated into the 5' and 3' PCR 
primers respectively. Complementary oligonucleotide prim 
ers are chemically synthesised by a Supplier (for example 
MWG or Sigma-Genosys), so that each pair has the ability to 
hybridize to the opposite strands (3' ends pointing “towards' 
each other) flanking the stretch of Clostridium target DNA, 
one oligonucleotide for each of the two DNA strands. To 
generate a PCR product the pair of short oligonucleotide 
primers specific for the Clostridium DNA sequence are mixed 
with the Clostridium DNA template and other reaction com 
ponents and placed in a machine (the PCR machine) that can 
change the incubation temperature of the reaction tube auto 
matically, cycling between approximately 94° C. (for dena 
turation), 55° C. (for oligonucleotide annealing), and 72°C. 
(for synthesis). Other reagents required for amplification of a 
PCR product include a DNA polymerase (such as Taq or Pfu 
polymerase), each of the four nucleotide dNTP building 
blocks of DNA in equimolar amounts (50-200 uM) and a 
buffer appropriate for the enzyme optimised for Mg" con 
centration (0.5-5 mM). 
0315. The amplification product is cloned into pCR 4 
using either, TOPOTA cloning for Taq PCR products or Zero 
Blunt TOPO cloning for Pfu PCR products (both kits com 
mercially available from Invitrogen). The resultant clone is 
checked by sequencing. Any additional restriction sequences 
which are not compatible with the cloning system are then 
removed using site directed mutagenesis for example, using 
Quickchange (Stratagene Inc.). 
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Preparation of Translocation (e.g. H) Insert 
0316. The H/A (SEQID2) is created by one of two ways: 
0317. The DNA sequence is designed by back translation 
of the H/A amino acid sequence obtained from freely avail 
able database sources such as GenBank (accession number 
P10845) or Swissprot (accession locus BXA1 CLOBO) 
using one of a variety of reverse translation Software tools for 
example EditSeq best E. coli reverse translation (DNASTAR 
Inc.), or Backtranslation tool v2.0 (Entelechon). A PstI 
restriction sequence added to the N-terminus and Xbal-stop 
codon-HindIII to the C-terminus ensuring the correct reading 
frame is maintained. The DNA sequence is screened (using 
software such as MapIDraw, DNASTAR Inc.) for restriction 
enzyme cleavage sequences incorporated during the back 
translation. Any sequences that are found to be common to 
those required by the cloning system are removed manually 
from the proposed coding sequence ensuring common E. coli 
codon usage is maintained. E. coli codon usage is assessed by 
reference to Software programs such as Graphical Codon 
Usage Analyser (Geneart), and the '% GC content and codon 
usage ratio assessed by reference to published codon usage 
tables (for example GenBank Release 143, 13 Sep. 2004). 
This optimised DNA sequence is then commercially synthe 
sized (for example by Entelechon, Geneart or Sigma-Geno 
sys) and is provided in the pCR 4 vector. 
0318. The alternative method is to use PCR amplification 
from an existing DNA sequence with Pst and Xbal-stop 
codon-HindIII restriction enzyme sequences incorporated 
into the 5' and 3' PCR primers respectively. The PCR ampli 
fication is performed as described above. The PCR product is 
inserted into pCR 4 vector and checked by sequencing. Any 
additional restriction sequences which are not compatible 
with the cloning system are then removed using site directed 
mutagenesis for example using Quickchange (Stratagene 
Inc.). 

Example 2 
Preparation of a LC/A-nociceptin-H/A Fusion Pro 
tein (Nociceptin is N-Terminal of the H-Chain) 

Preparation of Linker-nociceptin-Spacer Insert 

0319. The LC-H linker can be designed from first prin 
ciple, using the existing sequence information for the linker 
as the template. For example, the serotype A linker (in this 
case defined as the inter-domain polypeptide region that 
exists between the cysteines of the disulphide bridge between 
LC and Hy) is 23 amino acids long and has the sequence 
VRGIITSKTKSLDKGYNKALNDL. Within this sequence, 
it is understood that proteolytic activation in nature leads to an 
H domain that has an N-terminus of the sequence ALNDL. 
This sequence information is freely available from available 
database sources Such as GenBank (accession number 
P10845) or Swissprot (accession locus BXA1 CLOBO). 
Into this linker a Factor Xa site, nociceptin and spacer are 
incorporated; and using one of a variety of reverse translation 
software tools for exampleEditSeq best E. coli reverse trans 
lation (DNASTAR Inc.), or Backtranslation tool v2.0 (En 
telechon), the DNA sequence encoding the linker-ligand 
spacer region is determined. Restriction sites are then 
incorporated into the DNA sequence and can be arranged as 
BamHI-Sali-linker-protease site-nociceptin-NheI-spacer 
Spel-PstI-Xbal-stop codon-HindIII (SEQID7). It is impor 
tant to ensure the correct reading frame is maintained for the 
spacer, nociceptin and restriction sequences and that the Xbal 
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sequence is not preceded by the bases, TC, which would 
result on DAM methylation. The DNA sequence is screened 
for restriction sequence incorporation, and any additional 
sequences are removed manually from the remaining 
sequence ensuring common E. coli codon usage is main 
tained. E. coli codon usage is assessed by reference to soft 
ware programs such as Graphical Codon Usage Analyser 
(Geneart), and the '% GC content and codon usage ratio 
assessed by reference to published codon usage tables (for 
example, GenBank Release 143, 13 Sep. 2004). This opti 
mised DNA sequence is then commercially synthesized (for 
example by Entelechon, Geneart or Sigma-Genosys) and is 
provided in the pCR 4 vector. 

Preparation of the LC/A-nociceptin-H/A Fusion 
0320 In order to create the LC-linker-nociceptin-spacer 
H construct (SEQ ID13), the pCR 4 vector encoding the 
linker (SEQ ID7) is cleaved with BamHI+SalI restriction 
enzymes. This cleaved vector then serves as the recipient 
vector for insertion and ligation of the LC/ADNA (SEQID1) 
cleaved with BamHI+SalI. The resulting plasmid DNA is 
then cleaved with PstI+Xbal restriction enzymes and serves 
as the recipient vector for the insertion and ligation of the 
H/A DNA (SEQ ID2) cleaved with PstI+Xbal. The final 
construct contains the LC-linker-nociceptin-spacer-HORF 
(SEQ ID13) for transfer into expression vectors for expres 
sion to result in a fusion protein of the sequence illustrated in 
SEQID14. 

Example 3 
Preparation of a Nociceptin-LC/A-H/A Fusion Pro 

tein (Nociceptin is N-Terminal of the LC-Chain) 
0321. The LC/A-H/A backbone is constructed as 
described in Example 2 using the synthesised A serotype 
linker with the addition of a Factor Xa site for activation, 
arranged as BamHI-SalI-linker-protease site-linker-PstI 
Xbal-stop codon-HindIII (SEQID8). The LC/A-H/A back 
bone and the synthesised N-terminal presentation nociceptin 
insert (SEQID9) are cleaved with BamHI+HindIII restriction 
enzymes, gel purified and ligated together to create a nocice 
ptin-spacer-LC-linker-H. The ORF (SEQID15) is then cut 
out using restriction enzymes Aval-Xbal for transfer into 
expression vectors for expression to result in a fusion protein 
of the sequence illustrated in SEQID16. 

Example 4 
Preparation of a LC/C-nociceptin-H/C Fusion Pro 

tein 

0322 Following the methods used in Examples 1 and 2. 
the LC/C (SEQ ID5) and H/C (SEQ ID6) are created and 
inserted into the C serotype linker arranged as BamHI-SalI 
linker-protease site-nociceptin-Nhel-spacer-Spel-PstI-Xbal 
stop codon-HindIII (SEQID10). The final construct contains 
the LC-linker-nociceptin-spacer-H ORF (SEQ ID17) for 
expression as a protein of the sequence illustrated in SEQ 
ID18. 

Example 5 
Preparation of a LC/C-nociceptin-H/C Fusion Pro 

tein with a Serotype A Activation Sequence 
0323 Following the methods used in Examples 1 and 2. 
the LC/C (SEQ ID5) and H/C (SEQ ID6) are created and 
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inserted into the A serotype linker arranged as BamHI-SalI 
linker-protease site-nociceptin-Nhel-spacer-Spel-PstI-Xbal 
stop codon-HindIII (SEQID7). The final construct contains 
the LC-linker-nociceptin-spacer-H, ORF (SEQ ID19) for 
expression as a protein of the sequence illustrated in SEQ 
ID2O. 

Example 6 
Preparation of a LC/A-met Enkephalin-H/A Fusion 

Protein 

0324. Due to the small, five-amino acid, size of the met 
enkephalin ligand the LC/A-met enkephalin-H/A fusion is 
created by site directed mutagenesis for example using 
Quickchange (Stratagene Inc.) using the LC/A-nociceptin 
H/A fusion (SEQID13) as a template. Oligonucleotides are 
designed encoding the YGGFM met-enkephalin peptide, 
ensuring standard E. coli codon usage is maintained and no 
additional restriction sites are incorporated, flanked by 
sequences complimentary to the linker region of the LC/A- 
nociceptin-H/A fusion (SEQID13) either side on the noci 
ceptin section. The SDM product is checked by sequencing 
and the final construct containing the LC-linker-met enkepha 
lin-spacer-HORF (SEQID21) for expression as a protein of 
the sequence illustrated in SEQID22. 

Example 7 
Preparation of a LC/A-f Endorphin-H/A Fusion 

Protein 

0325 Following the methods used in Examples 1 and 2. 
the LC/A (SEQ ID1) and H/A (SEQ ID2) are created and 
inserted into the A serotype 3 endorphin linker arranged as 
BamHI-Sali-linker-protease site-f endorphin-NheI-spacer 
Spel-PstI-Xbal-stop codon-HindIII (SEQ ID1 1). The final 
construct contains the LC-linker-B endorphin-spacer-Hy 
ORF (SEQID23) for expression as a protein of the sequence 
illustrated in SEQID24. 

Example 8 
Preparation of a LC/A-nociceptin Variant-H/A 

Fusion Protein 

0326 Following the methods used in Examples 1 and 2. 
the LC/A (SEQID1) and H/A (SEQ ID2) are created and 
inserted into the Aserotype nociceptin variant linker arranged 
as BamHI-SalI-linker-protease site-nociceptin variant-Nhel 
spacer-Spel-PstI-Xbal-stop codon-HindIII (SEQID12). The 
final construct contains the LC-linker-nociceptin variant 
spacer-HORF (SEQID25) for expression as a protein of the 
sequence illustrated in SEQID26. 

Example 9 
Purification Method for LC/A-nociceptin-H/A 

Fusion Protein 

0327 Defrost falcon tube containing 25 ml 50 mM 
HEPES pH 7.2, 200 mM NaCl and approximately 10g of E. 
coli BL21 cell paste. Make the thawed cell paste up to 80 ml 
with 50 mM HEPES pH 7.2, 200 mM NaCl and sonicate on 
ice 30 seconds on, 30 seconds off for 10 cycles at a power of 
22 microns ensuring the sample remains cool. Spin the lysed 
cells at 18000 rpm, 4°C. for 30 minutes. Load the supernatant 
onto a 0.1 M NiSO charged Chelating column (20-30 ml 
column is sufficient) equilibrated with 50 mM HEPES pH 
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7.2, 200 mM NaCl. Using a step gradient of 10 and 40 mM 
imidazol, wash away the non-specific bound protein and elute 
the fusion protein with 100 mM imidazol. Dialyse the eluted 
fusion protein against 5 L of 50 mM HEPES pH 7.2,200 mM 
NaCl at 4°C. overnight and measure the OD of the dialysed 
fusion protein. Add 1 unit of factor Xa per 100 ug fusion 
protein and Incubate at 25°C. static overnight. Load onto a 
0.1 MNiSO charged Chelating column (20-30 ml column is 
sufficient) equilibrated with 50 mM HEPES pH 7.2, 200 mM 
NaCl. Wash column to baseline with 50 mM HEPES pH 7.2, 
200 mM NaCl. Using a step gradient of 10 and 40 mM 
imidazol, wash away the non-specific bound protein and elute 
the fusion protein with 100 mM imidazol. Dialyse the eluted 
fusion protein against 5 L of 50 mM HEPES pH 7.2,200 mM 
NaCl at 4°C. overnight and concentrate the fusion to about 2 
mg/ml, aliquot sample and freeze at -20° C. Test purified 
protein using OD, BCA, purity analysis and SNAP-25 assess 
mentS. 

Example 10 
Confirmation of TM Agonist Activity by Measuring 
Release of Substance P from Neuronal Cell Cultures 

Materials 

0328. Substance P EIA is obtained from R&D Systems, 
UK. 

Methods 

0329 Primary neuronal cultures of eDRG are established 
as described previously (Duggan et al., 2002). Substance P 
release from the cultures is assessed by EIA, essentially as 
described previously (Duggan et al., 2002). The TM of inter 
est is added to the neuronal cultures (established for at least 2 
weeks prior to treatment); control cultures are performed in 
parallel by addition of vehicle in place of TM. Stimulated 
(100 mM KCl) and basal release, together with total cell 
lysate content, of substance P are obtained for both control 
and TM treated cultures. Substance P immunoreactivity is 
measured using Substance P Enzyme Immunoassay Kits 
(Cayman Chemical Company, USA or R&D Systems, UK) 
according to manufacturers instructions. 
0330. The amount of Substance P released by the neuronal 
cells in the presence of the TM of interest is compared to the 
release obtained in the presence and absence of 100 mMKC1. 
Stimulation of Substance P release by the TM of interest 
above the basal release, establishes that the TM of interest is 
an "agonist ligand as defined in this specification. If desired 
the stimulation of Substance P release by the TM of interest 
can be compared to a standard Substance P release-curve 
produced using the natural ORL-1 receptor ligand, nociceptin 
(Tocris). 

Example 11 
Confirmation of ORL Receptor Activation by Mea 

suring Forskolin-Stimulated cAMP Production 
0331 Confirmation that a given TM is acting via the ORL 
receptor is provided by the following test, in which the TMs 
ability to inhibit forskolin-stimulated cAMP production is 
assessed. 

Materials 

0332 Hadenine and ''ClcAMP are obtained from GE 
Healthcare 

Methods 

0333. The test is conducted essentially as described pre 
viously by Meunier et al. Isolation and structure of the 
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endogenous agonist of opioid receptor-like ORL receptor. 
Nature 377: 532–535, 1995 in intact transfected-CHO cells 
plated on 24-well plastic plates. 
0334) To the cells is added 3Hadenine (1.0 ICi) in 0.4 ml 
of culture medium. The cells remain at 37°C. for 2 h to allow 
the adenine to incorporate into the intracellular ATP pool. 
After 2 h, the cells are washed once with incubation buffer 
containing: 130 mM. NaCl, 4.8 mM KC1, 1.2 mM. KHPO, 
1.3 mM CaCl, 1.2 mM MgSO 10 mM glucose, 1 mg/ml 
bovine serum albumin and 25 mM HEPES pH 7.4, and 
replaced with buffer containing forskolin (10 uM) and isobu 
tylmethylxanthine (50 uM) with or without the TM of inter 
est. After 10 min, the medium is aspirated and replaced with 
0.5 ml, 0.2 MHC1. Approximately 1000 cpm of ''ClcAMP 
is added to each well and used as an internal standard. The 
contents of the wells are then transferred to columns of 0.65 
g dry alumina powder. The columns are eluted with 4 ml of 5 
mM HCl, 0.5 ml of 0.1 M ammonium acetate, then two 
additional millilitres of ammonium acetate. The final eluate is 
collected into scintillation vials and counted for C and 
tritium. Amounts collected are corrected for recovery of ''C 
cAMP. TMs that are agonists at the ORL receptor cause a 
reduction in the level of cAMP produced in response to for 
Skolin. 

Example 12 
Confirmation of ORL Receptor Activation Using a 

GTPYS Binding Functional Assay 
0335 Confirmation that a given TM is acting via the ORL 
receptor is also provided by the following test, a GTPYS 
binding functional assay. 
Materials 

0336 SIGTPYS is obtained from GE Healthcare 
Wheatgermagglutinin-coated (SPA) beads are obtained from 
GE Healthcare 

Methods 

0337 This assay is carried out essentially as described by 
Traynor and Nahorski Modulation by u-opioid agonists of 
guanosine-5-O-(3-Slthio)triphosphate binding to mem 
branes from human neuroblastoma SH-SY5Y cells. Mol. 
Pharmacol. 47: 848-854, 1995. 
0338 Cells are scraped from tissue culture dishes into 20 
mM HEPES, 1 mM ethylenediaminetetraacetic acid, then 
centrifuged at 500xg for 10 min. Cells are resuspended in this 
buffer and homogenized with a Polytron Homogenizer. 
0339. The homogenate is centrifuged at 27,000xg for 15 
min, and the pellet resuspended in buffer A, containing: 20 
mM HEPES, 10 mM MgCl, 100 mM NaCl, pH 7.4. The 
Suspension is recentrifuged at 20,000xg and Suspended once 
more in buffer A. For the binding assay, membranes (8-15 lug 
protein) are incubated with SIGTP S (50 uM), GDP (10 
uM), with and without the TM of interest, in a total volume of 
1.0 ml, for 60 min at 25° C. Samples are filtered over glass 
fibre filters and counted as described for the binding assays. 

Example 13 
Preparation of a LC/A-nociceptin-H/A Fusion Pro 
tein (Nociceptin is N-Terminal of the H-Chain) 

0340. The linker-nociceptin-spacer insert is prepared as 
described in Example 2. 
Preparation of the LC/A-nociceptin-H/A Fusion 
0341. In order to create the LC-linker-nociceptin-spacer 
H construct (SEQ ID13), the pCR 4 vector encoding the 
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linker (SEQ ID7) is cleaved with BamHI+SalI restriction 
enzymes. This cleaved vector then serves as the recipient for 
insertion and ligation of the LC/A DNA (SEQ ID1) also 
cleaved with BamHI+SalI. The resulting plasmid DNA is 
then cleaved with BamHI+HindIII restriction enzymes and 
the LC/A-linker fragment inserted into a similarly cleaved 
vector containing a unique multiple cloning site for BamHI, 
Sal I, PstI, and HindIII such as the pMAL vector (NEB). The 
H/A DNA (SEQ ID2) is then cleaved with PstI+HindIII 
restriction enzymes and inserted into the similarly cleaved 
pMAL-LC/A-linker construct. The final construct contains 
the LC-linker-nociceptin-spacer-H ORF (SEQ ID13) for 
expression as a protein of the sequence illustrated in SEQ 
ID14. 

Example 14 

Preparation of a Nociceptin-LC/A-H/A Fusion Pro 
tein (Nociceptin is N-Terminal of the LC-Chain) 

0342. In order to create the nociceptin-spacer-LC/A-H/A 
construct, an Aserotype linker with the addition of a Factor 
Xa site for activation, arranged as BamHI-SalI-linker-pro 
tease site-linker-PstI-Xbal-stop codon-HindIII (SEQID8) is 
synthesised as described in Example 13. The pCR 4 vector 
encoding the linker is cleaved with BamHI+SalI restriction 
enzymes. This cleaved vector then serves as the recipient for 
insertion and ligation of the LC/A DNA (SEQ ID1) also 
cleaved with BamHI+SalI. The resulting plasmid DNA is 
then cleaved with BamHI+HindIII restriction enzymes and 
the LC/A-linker fragment inserted into a similarly cleaved 
vector containing the synthesised N-terminal presentation 
nociceptin insert (SEQID9). This construct is then cleaved 
with Aval+HindIII and inserted into an expression vector 
such as the pMAL plasmid (NEB). The H/A DNA (SEQ 
ID2) is then cleaved with PstI+HindIII restriction enzymes 
and inserted into the similarly cleaved pMAL-nociceptin-LC/ 
A-linker construct. The final construct contains the nocicep 
tin-spacer-LC/A-H/AORF (SEQID51) for expression as a 
protein of the sequence illustrated in SEQID52. 

Example 15 

Preparation and Purification of an LC/A-nociceptin 
H/A Fusion Protein Family with Variable Spacer 

Length 

0343 Using the same strategy as employed in Example 2. 
a range of DNA linkers were prepared that encoded nocice 
ptin and variable spacer content. Using one of a variety of 
reverse translation software tools for example EditSeq best 
E. coli reverse translation (DNASTAR Inc.), or Backtransla 
tion tool v2.0 (Entelechon), the DNA sequence encoding the 
linker-ligand-spacer region is determined. Restriction sites 
are then incorporated into the DNA sequence and can be 
arranged as BamHI-Sal-linker-protease site-nociceptin 
Nhel-spacer-Spel-PstI-Xbal-stop codon-HindIII (SEQID53 
to SEQID57). It is important to ensure the correct reading 
frame is maintained for the spacer, nociceptin and restriction 
sequences and that the Xbal sequence is not preceded by the 
bases, TC which would result on DAM methylation. The 
DNA sequence is screened for restriction sequence incorpo 
ration and any additional sequences are removed manually 
from the remaining sequence ensuring common E. coli codon 
usage is maintained. E. coli codon usage is assessed by ref 
erence to Software programs such as Graphical Codon Usage 
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Analyser (Geneart), and the '% GC content and codon usage 
ratio assessed by reference to published codon usage tables 
(for example GenBank Release 143, 13 Sep. 2004). This 
optimised DNA sequence is then commercially synthesized 
(for example by Entelechon, Geneart or Sigma-Genosys) and 
is provided in the pCR 4 vector. 
0344) The spacers that were created included: 

TABLE 1. 

SEO ID 
of the 

Code Protein sequence of the linker linker DNA 

GS10 ALAGGGGSALVLQ 53 

GS15 ALAGGGGSGGGGSALVLQ 54 

GS25 ALAGGGGSGGGGSGGGGSGGGGSALVLQ 55 

GS3 O ALAGGGGSGGGGSGGGGSGGGGSGGGGSALVLQ 56 

HX27 ALAAEAAAKEAAAKEAAAKAGGGGSALVLQ st 

0345. By way of example, in order to create the LC/A- 
CPN(GS15)-H/A fusion construct (SEQID58), the pCR 4 
vector encoding the linker (SEQ ID54) is cleaved with 
BamHI+SalI restriction enzymes. This cleaved vector then 
serves as the recipient vector for insertion and ligation of the 
LC/A DNA (SEQID1) also cleaved with BamHI+SalI. The 
resulting plasmid DNA is then cleaved with BamHI+HindIII 
restriction enzymes and the LC/A-linker fragment inserted 
into a similarly cleaved vector containing a unique multiple 
cloning site for BamHI, SalI, PstI, and HindIII such as the 
pMAL vector (NEB). The H/A DNA (SEQ ID2) is then 
cleaved with PstI+HindIII restriction enzymes and inserted 
into the similarly cleaved pMAL-LC/A-linker construct. The 
final construct contains the LC/A-CPN(GS15)-H/A ORF 
(SEQID58) for expression as a protein of the sequence illus 
trated in SEQID59. 
(0346. As a further example, to create the LC/A-CPN 
(GS25)-H/A fusion construct (SEQID60), the pCR4 vector 
encoding the linker (SEQID55) is cleaved with BamHI+SalI 
restriction enzymes. This cleaved vector then serves as the 
recipient vector for insertion and ligation of the LC/A DNA 
(SEQID1) cleaved with BamHI+SalI. The resulting plasmid 
DNA is then cleaved with BamPHI+HindIII restriction 
enzymes and the LC/A-linker fragment inserted into a simi 
larly cleaved vector containing a unique multiple cloning site 
for BamHI, SalI, PstI, and HindIII such as the pMAL vector 
(NEB). The H/A DNA (SEQ ID2) is then cleaved with 
PstI+HindIII restriction enzymes and inserted into the simi 
larly cleaved pMAL-LC/A-linker construct. The final con 
struct contains the LC/A-CPN(GS25)-H/A ORF (SEQ 
ID60) for expression as a protein of the sequence illustrated in 
SEQID61. 
0347 Variants of the LC/A-CPN-H/A fusion consisting 
of GS10, GS30 and HX27 are similarly created. Using the 
purification methodology described in Example 9, fusion 
protein is purified from E. coli cell paste. FIG. 9 illustrates the 
purified product obtained in the case of LC/A-CPN(GS10)- 
H/A, LC/A-CPN(GS15)-H/A, LC/A-CPN(GS25)-H/A, 
LC/A-CPN(GS30)-H/A and LC/A-CPN(HX27)-H/A. 

Example 16 
Assessment of in Vitro Efficacy of an LC/A-nocicep 

tin-H/A Fusion 
0348 Fusion protein prepared according to Examples 2 
and 9 was assessed in the eDRG neuronal cell model. 
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0349 Assays for the inhibition of substance P release and 
cleavage of SNAP-25 have been previously reported (Duggan 
et al., 2002, J. Biol. Chem., 277, 34846-34852). Briefly, dor 
sal root ganglia neurons are harvested from 15-day-old fetal 
Sprague-Dawley rats and dissociated cells plated onto 
24-well plates coated with Matrigel at a density of 1x10' 
cells/well. One day post-plating the cells are treated with 10 
uM cytosine B-D-arabinofuranoside for 48 h. Cells are main 
tained in Dulbecco's minimal essential medium Supple 
mented with 5% heat-inactivated fetal bovine serum, 5 mM 
L-glutamine, 0.6% D-glucose, 2% B27 supplement, and 100 
ng/ml 2.5 S mouse nerve growth factor. Cultures are main 
tained for 2 weeks at 37° C. in 95% air/5% CO, before 
addition of test materials. 
0350 Release of substance P from elDRG is assessed by 
enzyme-linked immunosorbent assay. Briefly, eDRG cells 
are washed twice with low potassium-balanced salt Solution 
(BSS: 5 mM KC1, 137 mM NaCl, 1.2 mM MgCl, 5 mM 
glucose, 0.44 mM. KHPO 20 mM HEPES, pH 7.4, 2 mM 
CaCl2). Basal samples are obtained by incubating each well 
for 5 min. with 1 ml of low potassium BSS. After removal of 
this buffer, the cells are stimulated to release by incubation 
with 1 ml of high potassium buffer (BSS as above with modi 
fication to include 100 mM KCl isotonically balanced with 
NaCl) for 5 min. All samples are removed to tubes on ice prior 
to assay of substance P. Total cell lysates are prepared by 
addition of 250 ul of 2 Macetic acid/0.1% trifluoroacetic acid 
to lyse the cells, centrifugal evaporation, and resuspension in 
500 ul of assay buffer. Diluted samples are assessed for sub 
stance P content. Substance P immunoreactivity is measured 
using Substance P Enzyme Immunoassay Kits (Cayman 
Chemical Company or R&D Systems) according to manu 
facturers instructions. Substance P is expressed in pg/ml 
relative to a standard substance P curve run in parallel. 
0351 SDS-PAGE and Western blot analysis were per 
formed using standard protocols (Novex). SNAP-25 proteins 
were resolved on a 12% Tris/glycine polyacrylamide gel 
(Novex) and subsequently transferred to nitrocellulose mem 
brane. The membranes were probed with a monoclonal anti 
body (SMI-81) that recognises cleaved and intact SNAP-25. 
Specific binding was visualised using peroxidase-conjugated 
secondary antibodies and a chemiluminescent detection sys 
tem. Cleavage of SNAP-25 was quantified by scanning den 
sitometry (Molecular Dynamics Personal SI, ImageOuant 
data analysis software). Percent SNAP-25 cleavage was cal 
culated according to the formula: (Cleaved SNAP-25/ 
(Cleaved--Intact SNAP-25))x100. 
0352 Following exposure of eDRG neurons to an LC/A- 
nociceptin-H/A fusion (termed CPN-A), both inhibition of 
substance P release and cleavage of SNAP-25 are observed 
(FIG.10). After 24h exposure to the fusion, 50% of maximal 
SNAP-25 cleavage is achieved by a fusion concentration of 
6.32.5 nM. 
0353. The effect of the fusion is also assessed at defined 
time points following a 16 h exposure of eDRG to CPN-A. 
FIG. 11 illustrates the prolonged duration of action of the 
CPN-A fusion protein, with measurable activity still being 
observed at 28 days post exposure. 

Example 17 
Assessment of in Vitro Efficacy of an LC/A-nocicep 

tin Variant-H/A Fusion 
0354 Fusion protein prepared according to Examples 8 
and 9 was assessed in the eRG neuronal cell mode using the 
method described in Example 16. 



US 2011/009 1437 A1 

0355 Following exposure of eDRG neurons to an LC/A- 
nociceptin variant-H/A fusion (termed CPNV-A), both inhi 
bition of substance P release and cleavage of SNAP-25 are 
observed. After 24h exposure to the fusion, 50% of maximal 
SNAP-25 cleavage is achieved by a fusion concentration of 
1.4+0.4 nM (FIG. 12). 
0356. The effect of the fusion is also assessed at defined 
time points following a 16 h exposure of eDRG to CPN-A. 
FIG. 13 illustrates the prolonged duration of action of the 
CPN-A fusion protein, with measurable activity still being 
observed at 24 days post exposure. 
0357 The binding capability of the CPNv-A fusion pro 
tein is also assessed in comparison to the CPN-A fusion. FIG. 
14 illustrates the results of a competition experiment to deter 
mine binding efficacy at the ORL-1 receptor. CPNV-A is 
demonstrated to displace 3H-nociceptin, thereby confirm 
ing that access to the receptor is possible with the ligand in the 
central presentation format. 

Example 18 
Preparation of an LC/A-nociceptin Variant-H/A 
Fusion Protein that is Activated by Treatment with 

Enterokinase 

0358. Following the methods used in Examples 1 and 2. 
the LC/A (SEQID1) and H/A (SEQ ID2) are created and 
inserted into the Aserotype nociceptin variant linker arranged 
as BamHI-Sal-linker-enterokinase protease site-nociceptin 
variant-Nhel-spacer-Spel-PstI-Xbal-stop codon-HindIII 
(SEQ ID62). The final construct contains the LC-linker-no 
ciceptin variant-spacer-H ORF sequences (SEQ ID63) for 
expression as a protein of the sequence illustrated in SEQ 
ID64. The fusion protein is termed CPNv(Ek)-A. FIG. 15 
illustrates the purification of CPNV(Ek)-A from E. coli fol 
lowing the methods used in Example 9 but using Enteroki 
nase for activation at 0.00064 ug per 100 ug of fusion protein. 

Example 19 

Assessment of in Vitro Efficacy of a LC/A-nocicep 
tin Variant-H/A Fusion that has been Activated by 

Treatment with Enterokinase 

0359. The CPNv(Ek)-A prepared in Example 18 is 
obtained in a purified form and applied to the eDRG cell 
model to assess cleavage of SNAP-25 (using methodology 
from Example 16). FIG. 16 illustrates the cleavage of SNAP 
25 following 24 h exposure of eDRG to CPNv(Ek)-A. The 
efficiency of cleavage is observed to be similar to that 
achieved with the Factor Xa-cleaved material, as recorded in 
Example 17. 

Example 20 
Preparation of an LC/C-nociceptin Variant-H/C 
Fusion Protein with a Factor Xa Activation Linker 

Derived from Serotype A 
0360. Following the methods used in Example 4, the LC/C 
(SEQID5) and H/C (SEQID6) are created and inserted into 
the A serotype nociceptin variant linker arranged as BamHI 
Sall-linker-nociceptin variant-Nhel-spacer-Spel-PstI-Xbal 
stop codon-HindIII (SEQID65). The final construct contains 
the LC-linker-nociceptin variant-spacer-Hy ORF sequences 
(SEQID66) for expression as a protein of the sequence illus 
trated in SEQ ID67. The fusion protein is termed CPNv-C 
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(act. A). FIG. 17 illustrates the purification of CPNV-C (act. 
A) from E. coli following the methods used in Example 9. 

Example 21 

Assessment of in Vitro Efficacy of an LC/C-nocicep 
tin Variant-H/C Fusion Protein 

0361 Following the methods used in Example 9, the 
CPNV-C (act. A) prepared in Example 20 is obtained in a 
purified form and applied to the eRG cell model to assess 
cleavage of SNAP-25 (using methodology from Example 
16). After 24 h exposure to the fusion, 50% of maximal 
Syntaxin cleavage is achieved by a fusion concentration of 
3.1+2.0 nM. FIG. 18 illustrates the cleavage of syntaxin fol 
lowing 24h exposure of eDRG to CPNV-C (act. A). 

Example 22 

Assessment of in Vivo Efficacy of an LC/A-nocicep 
tin-HN/A Fusion 

0362. The ability of an LC/A-nociceptin-H/A fusion 
(CPN/A) to inhibit acute capsaicin-induced mechanical allo 
dynia is evaluated following Subcutaneous intraplantar injec 
tion in the rat hind paw. Test animals are evaluated for paw 
withdrawal frequency (PWF '%) in response to a 10 g. Von 
Frey filament stimulus series (10 stimulix3 trials) prior to 
recruitment into the study, after subcutaneous treatment with 
CPN/A but before capsaicin, and following capsaicin chal 
lenge post-injection of CPN/A (average of responses at 15 
and 30"). Capsaicin challenge is achieved by injection of 10 
uL of a 0.3% solution. Sample dilutions are prepared in 0.5% 
BSA saline. FIG. 19 illustrates the reversal of mechanical 
allodynia that is achieved by pre-treatment of the animals 
with a range of concentrations of LC/A-nociceptin-HN/A 
fusion. 
0363. The ability of an LC/A-nociceptin-HN/A fusion 
(CPN/A) to inhibit streptozotocin (STZ)-induced mechanical 
(tactile) allodynia in rats is evaluated. STZ-induced mechani 
cal allodynia in rats is achieved by injection of streptozotocin 
(i.p. or i.v.) which yields destruction of pancreatic B-cells 
leading to loss of insulin production, with concomitant meta 
bolic stress (hyperglycemia and hyperlipidemia). As such, 
STZ induces Type I diabetes. In addition, STZ treatment leads 
to progressive development of neuropathy, which serves as a 
model of chronic pain with hyperalgesia and allodynia that 
may reflect signs observed in diabetic humans (peripheral 
diabetic neuropathy). 
0364 Male Sprague-Dawley rats (250-300 g) are treated 
with 65 mg/kg. STZ in citrate buffer (I.V.) and blood glucose 
and lipid are measured weekly to define the readiness of the 
model. Paw Withdrawal Threshold (PWT) is measured in 
response to a Von Frey filament stimulus series over a period 
of time. Allodynia is said to be established when the PWT on 
two consecutive test dates (separated by 1 week) measures 
below 6 g on the scale. At this point, rats are randomized to 
either a saline group (negative efficacy control), gabapentin 
group (positive efficacy control) or a test group (CPN/A). Test 
materials (20-25 ul are injected Subcutaneously as a single 
injection (except gabapentin) and the PWT is measured at 1 
day post-treatment and periodically thereafter over a 2-week 
period. Gabapentin (30 mg/kg i.p. (a) 3 ml/kg injection Vol 
ume) is injected daily, 2 hours prior to the start of PWT 
testing. FIG. 20 illustrates the reversal of allodynia achieved 



US 2011/009 1437 A1 

by pre-treatment of the animals with 750 ng of CPN/A. Data 
were obtained over a 2-week period after a single injection of 
CPN/A 

Example 23 

Assessment of in Vivo Efficacy of an LC/A-nocicep 
tin Variant-H/A Fusion 

0365. The ability of an LC/A-nociceptin variant-H/A 
fusion (CPNV/A) to inhibit capsaicin-induced mechanical 
allodynia is evaluated following Subcutaneous intraplantar 
injection in the rat hind paw. Test animals are evaluated for 
paw withdrawal frequency (PWF%) in response to a 10g Von 
Frey filament stimulus series (10 stimulix3 trials) prior to 
recruitment into the study (Pre-Treat); after subcutaneous 
intraplantar treatment with CPNV/A but before capsaicin 
(Pre-CAP); and following capsaicin challenge post-injection 
of CPNV/A (average of responses at 15' and 30'; CAP). Cap 
saicin challenge is achieved by injection of 10 uL of a 0.3% 
solution. Sample dilutions are prepared in 0.5% BSA/saline. 
0366 FIG. 21 illustrates the reversal of allodynia that is 
achieved by pre-treatment of the animals with a range of 
concentrations of LC/A-nociceptin variant-H/A fusion in 
comparison to the reversal achieved with the addition of 
LC/A-nociceptin-H/A fusion. These data are expressed as a 
normalized paw withdrawal frequency differential, in which 
the difference between the peak response (post-capsaicin) 
and the baseline response (pre-capsaicin) is expressed as a 
percentage. With this analysis, it can be seen that CPNV/A is 
more potent than CPN/A since a lower dose of CPNV/A is 
required to achieve similar analgesic effect to that seen with 
CPNA.A. 

Example 24 

Preparation of an LC/A-leu Enkephalin-H/A Fusion 
Protein 

0367. Due to the small, five-amino acid, size of the leu 
enkephalin ligand the LC/A-leu enkephalin-H/A fusion is 
created by site directed mutagenesis for example using 
Quickchange (Stratagene Inc.) using the LC/A-nociceptin 
H/A fusion (SEQID13) as a template. Oligonucleotides are 
designed encoding the YGGFL leu-enkephalin peptide, 
ensuring standard E. coli codon usage is maintained and no 
additional restriction sites are incorporated, flanked by 
sequences complimentary to the linker region of the LC/A- 
nociceptin-H/A fusion (SEQID13) either side on the noci 
ceptin section. The SDM product is checked by sequencing 
and the final construct containing the LC-linker-leu enkepha 
lin-spacer-HORF (SEQID68) for expression as a protein of 
the sequence illustrated in SEQID69. The fusion protein is 
termed CPLE-A. FIG. 22 illustrates the purification of 
CPLE-A from E. coli following the methods used in Example 
9. 

Example 25 

Expression and Purification of an LC/A-beta-endor 
phin-H/A Fusion Protein 

0368 Following the methods used in Example 9, and with 
the LC/A-beta-endorphin-H/A fusion protein (termed 

26 
Apr. 21, 2011 

CPBE-A) created in Example 7, the CPBE-A is purified from 
E. coli. FIG. 23 illustrates the purified protein as analysed by 
SDS-PAGE. 

Example 26 

Preparation of an LC/A-nociceptin Mutant-H/A 
Fusion Protein 

0369 Due to the singleamino acid modification necessary 
to mutate the nociceptin sequence at position 1 from a Phe to 
a Tyr, the LC/A-nociceptin mutant-Hy/A fusion is created by 
site directed mutagenesis for example using Quickchange 
(Stratagene Inc.) using the LC/A-nociceptin-H/A fusion 
(SEQ ID13) as a template. Oligonucleotides are designed 
encoding tyrosine at position 1 of the nociceptin sequence, 
ensuring standard E. coli codon usage is maintained and no 
additional restriction sites are incorporated, flanked by 
sequences complimentary to the linker region of the LC/A- 
nociceptin-H/A fusion (SEQID13) either side on the noci 
ceptin section. The SDM product is checked by sequencing 
and the final construct containing the LC/A-nociceptin 
mutant-spacer-H/A fusion ORF (SEQID70) for expression 
as a protein of the sequence illustrated in SEQ ID71. The 
fusion protein is termed CPOP-A. FIG. 24 illustrates the 
purification of CPOP-A from E. coli following the methods 
used in Example 9. 

Example 27 

Preparation and Assessment of an LC/A-nociceptin 
Variant Mutant-H/A Fusion Protein 

0370. Due to the singleamino acid modification necessary 
to mutate the nociceptin sequence at position 1 from a Phe to 
a Tyr, the LC/A-nociceptin variant mutant-H/A fusion is 
created by site directed mutagenesis for example using 
Quickchange (Stratagene Inc.) using the LC/A-nociceptin 
variant-H/A fusion (SEQID25) as a template. Oligonucle 
otides are designed encoding tyrosine at position 1 of the 
nociceptin sequence, ensuring standard E. coli codon usage is 
maintained and no additional restriction sites are incorpo 
rated, flanked by sequences complimentary to the linker 
region of the LC/A-nociceptin variant-H/A fusion (SEQ 
ID25) either side on the nociceptin section. The SDM product 
is checked by sequencing and the final construct containing 
the LC/A-nociceptin mutant-spacer-H/A fusion ORF (SEQ 
ID72) for expression as a protein of the sequence illustrated in 
SEQID73. The fusion protein is termed CPOPv-A. FIG. 25 
illustrates the purification of CPOPV-A from E. coli following 
the methods used in Example 9. 
0371 Using methodology described in Example 16, 
CPOPv-A is assessed for its ability to cleave SNAP-25 in the 
eDRG cell model. FIG. 26 illustrates that CPOPV-A is able to 
cleave SNAP-25 in the eIDRG model, achieving cleavage of 
50% of the maximal SNAP-25 after exposure of the cells to 
approximately 5.9 nM fusion for 24 h. 

Example 28 
Preparation of an IgA Protease-nociceptin Variant 

H/A Fusion Protein 
0372. The IgA protease amino acid sequence was obtained 
from freely available database sources such as GenBank (ac 
cession number P09790). Information regarding the structure 
of the N. Gonorrhoeae IgA protease gene is available in the 
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literature (Pohlner et al., Gene structure and extracellular 
secretion of Neisseria gonorrhoeae IgA protease, Nature, 
1987, 325(6103), 458-62). Using Backtranslation tool v2.0 
(Entelechon), the DNA sequence encoding the IgA protease 
modified for E. coli expression was determined. A BamHI 
recognition sequence was incorporated at the 5' end and a 
codon encoding a cysteine amino acid and Sal recognition 
sequence were incorporated at the 3' end of the IgA DNA. The 
DNA sequence was screened using MapIDraw, (DNASTAR 
Inc.) for restriction enzyme cleavage sequences incorporated 
during the back translation. Any cleavage sequences that are 
found to be common to those required for cloning were 
removed manually from the proposed coding sequence ensur 
ing common E. coli codon usage is maintained. E. coli codon 
usage was assessed Graphical Codon Usage Analyser (Gene 
art), and the '% GC content and codon usage ratio assessed by 
reference to published codon usage tables. This optimised 
DNA sequence (SEQID74) containing the IgA open reading 
frame (ORF) is then commercially synthesized. 
0373 The IgA (SEQID74) is inserted into the LC-linker 
nociceptin variant-spacer-HORF (SEQID25) using BamHI 
and SalI restriction enzymes to replace the LC with the IgA 
protease DNA. The final construct contains the IgA-linker 
nociceptin variant-spacer-H ORF (SEQ ID75) for expres 
sion as a protein of the sequence illustrated in SEQID76. 

Example 29 

Preparation and Assessment of a Nociceptin Targeted 
Endopeptidase Fusion Protein with a Removable 

Histidine Purification Tag 

0374 DNA was prepared that encoded a Factor Xa remov 
able his-tag (his6), although it is clear that alternative pro 
teases site Such as Enterokinase and alternative purification 
tags Such as longer histidine tags are also possible. Using one 
of a variety of reverse translation software tools for example 
EditSeq best E. coli reverse translation (DNASTAR Inc.), or 
Backtranslation tool v2.0 (Entelechon), the DNA sequence 
encoding the Factor Xa removable his-tag region is deter 
mined. Restriction sites are then incorporated into the DNA 
sequence and can be arranged as Nhe-linker-Spel-PstI-H/ 
A-Xbal-LEIEGRSGHHHHHHStop codon-HindIII (SEQ 
ID77). The DNA sequence is screened for restriction 
sequence incorporated and any additional sequences are 
removed manually from the remaining sequence ensuring 
common E. coli codon usage is maintained. E. coli codon 
usage is assessed by reference to Software programs such as 
Graphical Codon Usage Analyser (Geneart), and the '% GC 
content and codon usage ratio assessed by reference to pub 
lished codon usage tables (for example GenBank Release 
143, 13 Sep. 2004). This optimised DNA sequence is then 
commercially synthesized (for example by Entelechon, 
Geneart or Sigma-Genosys) and is provided in the pCR 4 
vector. In order to create CPNv-A-FXa-HT (SEQ ID78, 
removable his-tag construct) the pCR 4 vector encoding the 
removable his-tag is cleaved with NheI and HindIII. The 
Nhe-HindIII fragment is then inserted into the LC/A-CPNV 
H/A vector (SEQID25) that has also been cleaved by Nhel 
and HindIII. The final construct contains the LC/A-linker 
nociceptin variant-spacer-H-FXa-Histag-HindIII ORF 
sequences (SEQ ID78) for expression as a protein of the 
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sequence illustrated in SEQ ID79. FIG. 27 illustrates the 
purification of CPNv-A-FXa-HT from E. coli following the 
methods used in Example 9. 

Example 30 
Preparation of a Leu-Enkephalin Targeted Endopep 
tidase Fusion Protein Containing a Translocation 

Domain Derived from Diphtheria Toxin 
0375. The DNA sequence is designed by back translation 
of the amino acid sequence of the translocation domain of the 
diphtheria toxin (obtained from freely available database 
Sources such as GenBank (accession number 1xDTT) using 
one of a variety of reverse translation software tools for 
example EditSeq best E. coli reverse translation (DNASTAR 
Inc.), or Backtranslation tool v2.0 (Entelechon). Restriction 
sites are then incorporated into the DNA sequence and can be 
arranged as Nhel-Linker-Spel-PstI-diphtheria translocation 
domain-Xbal-stop codon-HindIII (SEQ ID80). PstI/Xbal 
recognition sequences are incorporated at the 5' and 3' ends of 
the translocation domain respectively of the sequence main 
taining the correct reading frame. The DNA sequence is 
screened (using software such as MapCraw, DNASTAR Inc.) 
for restriction enzyme cleavage sequences incorporated dur 
ing the back translation. Any cleavage sequences that are 
found to be common to those required by the cloning system 
are removed manually from the proposed coding sequence 
ensuring common E. coli codon usage is maintained. E. coli 
codon usage is assessed by reference to software programs 
Such as Graphical Codon Usage Analyser (Geneart), and the 
% GC content and codon usage ratio assessed by reference to 
published codon usage tables (for example GenBank Release 
143, 13 Sep. 2004). This optimised DNA sequence contain 
ing the diphtheria translocation domain is then commercially 
synthesized as Nhel-Linker-Spel-PstI-diphtheria transloca 
tion domain-Xbal-stop codon-HindIII (for example by 
Entelechon, Geneart or Sigma-Genosys) and is provided in 
the pCR4 vector (Invitrogen). The pCR4 vector encoding the 
diphtheria translocation domain is cleaved with Nhe and 
Xbal. The NheI-Xbal fragment is then inserted into the 
LC/A-CPLE-H/A vector (SEQ ID68) that has also been 
cleaved by Nhe and Xbal. The final construct contains the 
LC/A-leu-enkephalin-spacer-diphtheria translocation 
domain ORF sequences (SEQID81) for expression as a pro 
tein of the sequence illustrated in SEQID82. 

Example 31 

Preparation of a Nociceptin Variant Targeted 
Endopeptidase Fusion Protein Containing a LC 

Domain Derived from Tetanus Toxin 

0376. The DNA sequence is designed by back translation 
of the tetanus toxin LC amino acid sequence (obtained from 
freely available database sources such as GenBank (accession 
number X04436) using one of a variety of reverse translation 
software tools for exampleEditSeq best E. coli reverse trans 
lation (DNASTAR Inc.), or Backtranslation tool v2.0 (En 
telechon). BamHI/SalI recognition sequences are incorpo 
rated at the 5' and 3' ends respectively of the sequence 
maintaining the correct reading frame (SEQID83). The DNA 
sequence is screened (using software such as MapIDraw, 
DNASTAR Inc.) for restriction enzyme cleavage sequences 
incorporated during the back translation. Any cleavage 
sequences that are found to be common to those required by 
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the cloning system are removed manually from the proposed 
coding sequence ensuring common E. coli codon usage is 
maintained. E. coli codon usage is assessed by reference to 
Software programs such as Graphical Codon Usage Analyser 
(Geneart), and the '% GC content and codon usage ratio 
assessed by reference to published codon usage tables (for 
example GenBank Release 143, 13 Sep. 2004). This opti 
mised DNA sequence containing the tetanus toxin LC open 
reading frame (ORF) is then commercially synthesized (for 
example by Entelechon, Geneart or Sigma-Genosys) and is 
provided in the pCR 4 vector (invitrogen). The pCR 4 vector 
encoding the TeNTLC is cleaved with BamHI and SalI. The 
BamHI-SalI fragment is then inserted into the LC/A-CPNV 
H/A vector (SEQ ID25) that has also been cleaved by 
BamHI and Sal. The final construct contains the TeNT LC 
linker-nociceptin variant-spacer-H ORF sequences (SEQ 
ID84) for expression as a protein of the sequence illustrated in 
SEQID85. 

Example 32 

Preparation of an LC/C-nociceptin Variant-H/C 
Fusion Protein with a Native Serotype C Linker that 

is Susceptible to Factor Xa Cleavage 

0377 Following the methods used in Example 4, the LC/C 
(SEQID5) and H/C (SEQID6) are created and inserted into 
the C serotype nociceptin variant linker arranged as BamHI 
Sall-linker-nociceptin variant-Nhel-spacer-Spel-PstI-Xbal 
stop codon-HindIII (SEQID86). The final construct contains 
the LC-linker-nociceptin variant-spacer-Hy ORF sequences 
(SEQID87) for expression as a protein of the sequence illus 
trated in SEQ ID88. The fusion protein is termed CPNv-C 
(act. C). 

Example 33 

Construction of CHO-K1 OP2 Receptor Activation 
Assay and SNAP-25 Cleavage Assay 

Cell-Line Creation 

0378 CHO OP2 cell line was purchased from Perkin 
Elmer (ES-541-C, lot 451-719-A). Cells were transfected 
with SNAP-25 DNA using LipofectamineTM 2000 and incu 
bated for 4 hours before media replacement. After 24 hours, 
cells were transferred to a T1 75 flask. 100 ug/ml Zeocin was 
added after a further 24 hours to begin selection of SNAP-25 
expressing cells, and 5 ug/ml Blasticidin added to maintain 
selective pressure for the receptor. Cells were maintained in 
media containing selection agents for two weeks, passaging 
cells every two to three days to maintain 30-70% confluence. 
Cells were then diluted in selective media to achieve 0.5 cell 
per well in a 96 well microplate. After a few days, the plates 
were examined under a microscope, and those containing 
single colonies were marked. Media in these wells was 
changed weekly. As cells became confluent in the wells, they 
were transferred to T25 flasks. When they had expanded 
sufficiently each clone was seeded to 24 wells of a 96 well 
plate, plus a frozen stock vial created. LC/A-CPDY-HA 
fusion and LC/A-HA were applied to the cells for 24 hours, 
and then western blots performed to detect SNAP-25 cleav 
age. Clones from which SNAP-25 bands were strong and 
cleavage levels were high with fusion were maintained for 
further investigation. Full dose curves were run on these, and 
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the clone (D30) with the highest differential between LC/A- 
CPDY-HA fusion and LC/A-HA cleavage levels was 
selected. 

OP2 Receptor Activation Assay 
0379 The OP2 receptor activation measures the potency 
and intrinsic efficacy of ligands at OP2 receptor in transfected 
CHO-K1 cells by quantifying the reduction of forskolin 
stimulated intracellular cAMP using a FRET-based cAMP 
(Perkin Elmer LANCE cAMP kit). After stimulation, a fluo 
rescently labelled cAMP tracer (Europium-streptavadin/bi 
otin-cAMP) and fluorescently (Alexa) labelled anti-cAMP 
antibody are added to the cells in a lysis buffer. cAMP from 
the cells competes with the cAMP tracer for antibody binding 
sites. When read, a light pulse at 320 nm excites the fluores 
cent portion (Europium) of the cAMP tracer. The energy 
emitted from the europium is transferred to the Alexafluor 
labelled antibodies bound to the tracer, generating a TR 
FRET signal at 665 nm (Time-resolved fluorescence reso 
nance energy transfer is based on the proximity of the donor 
label, europium, and the acceptor label, Alexafluor, which 
have been brought together by a specific binding reaction). 
Residual energy from the europium produces light at 615 nm. 
In agonist treated cells there will be less cAMP to compete 
with the tracer So a dose dependant increase in signal at 665 
nm will be observed compared with samples treated with 
forskolin alone. The signal at 665 nm signal is converted to 
cAMP concentration by interpolation to a cAMP standard 
curve which is included in each experiment. 

Culture of Cells for Receptor Activation Assay: 
0380 Cells were seeded and cultured in T1 75 flasks con 
taining Ham F12 with Glutamax, 10% Foetal bovine serum, 5 
ug ml–1 Blasticidin and 100 ug ml-1 Zeocin. The flasks were 
incubated at 37°C. in a humidified environment containing 
5% CO, until 60-80% confluent. On the day of harvest the 
media was removed and the cells washed twice with 25 ml 
PBS. The cells were removed from the flask by addition of 10 
ml of Tryple Express, and incubation at 37° C. for 10 min 
followed by gentle tapping of the flask. The dislodged cells 
were transferred to a 50 ml centrifuge tube and the flask 
washed twice with 10 ml media which was added to the cell 
suspension. The tube was centrifuged at 1300xg for 3 min and 
the Supernatant removed. Cells were gently re-suspended in 
10 ml media (if freezing cells) or assay buffer (if using fresh 
cells in assay), and a sample was removed for counting using 
a nucleocounter (ChemoMetec). Cells for use fresh in an 
assay were diluted further in assay buffer to the appropriate 
concentration. Cells harvested for freezing were re-centri 
fuged (1300xg: 3 min), the supernatant removed and cells 
re-suspended in Synth-a-freeze at 4°C. to 3x10° cells/ml. 
Cryovials containing 1 ml suspension each were placed in a 
chilled Nalgene Mr Frosty freezing container (-1° C./minute 
cooling rate), and left overnight in a -80° C. freezer. The 
following day vials were transferred to the vapour phase of a 
liquid nitrogen storage tank. 

Dilution of Test Materials and Cell Assay 
0381. Using Gilson pipettes and Sigmacoted or lo-bind 

tips, test materials and standards were diluted to the appro 
priate concentrations in the wells of the first two columns of 
an eppendorf 500 ul deep-well lo-bind plate, in assay buffer 
containing 10 uM forskolin. The chosen concentrations in 
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columns one and two were half a log unit apart. From these, 
serial 1:10 dilutions were made across the plate (using an 
electronic eight channel pipette with sigmacote or lo-bind 
tips) until eleven concentrations at half log intervals had been 
created. In the twelfth column, assay buffer only was added as 
a basal. Using a 12 channel digital pipette, 10uM of sample 
from the lo-bind plate was transferred to the optiplate 96 well 
microplate. 
0382 To wells containing the standard curve, 10 ul of 
assay buffer was added using a multichannel digital pipette. 
To wells containing the test materials, 10 ul of cells in assay 
buffer at the appropriate concentration were added. Plates 
were sealed and incubated for 120 min at room temperature, 
for the first hour on an IKA MTS 2/4 orbital shaker set to 
maximum speed. 

Detection 

0383 LANCE Eu-W8044 labelled streptavidin (Eu-SA) 
and Biotin-cAMP (b-cAMP) were diluted in cAMP Detec 
tion Buffer (both from Perkin Elmer LANCE cAMP kit) to 
create sub-stocks, at dilution ratios of 1:17 and 1:5, respec 
tively. The final detection mix was prepared by diluting from 
the two sub stocks into detection bufferata ratio of 1:125. The 
mixture was incubated for 15-30 min at room temperature 
before addition of 1:200 Alexa Fluor R 647-anti cAMP Anti 
body (Alexa-Fluor Ab). After briefly vortex mixing, 2011 was 
immediately added to each well using a digital multichannel 
pipette. Microplate sealers were applied and plates incubated 
for 24 h at room temperature (for the first hour on an IKA 
MTS 2/4 orbital shaker set to maximum speed). Plate sealers 
were removed prior to reading on the Envision. 
0384 FIGS. 33 and 34 show that dynorphin conjugates 
with LC/A-H/A, LC/B-H/B, LC/C-H/C and LC/D-H/D 
backbones active the OP2 receptor. 

CHO-K1 OP2 SNAP-25 Cleavage Assay 
0385 Cultures of cells were exposed to varying concen 
trations of fusion protein for 24 hours. Cellular proteins were 
separated by SDS-PAGE and western blotted with anti 
SNAP-25 antibody to facilitate assessment of SNAP-25 
cleavage. SNAP-25 cleavage calculated by densitometric 
analysis (Syngene). 

Plating Cells 
0386 Prepare cells at 2x10es cells/ml and seed 125ul per 
well of 96 well plate. Use the following media: 500 ml Gibco 
Ham F12 with Glutamax (product code 31765068), 50 ml 
FBS, 5ug/ml Blasticidin (250 ul aliquot from box in freezer, 
G13) (Calbiochem #203351, 10 ml at 10 mg/ml), 100 ug/ml 
Zeocin (500 ul from box in freezer, G35). (Invitrogen from 
Fisher, 1 g in 8x1.25 ml tubes at 100 mg/ml product code 
VXR25001). Allow cells to grow for 24 hrs (37° C., 5 CO, 
humidified atmosphere). 

Cell Treatment 

0387 Prepare dilutions of test protein for a dose range of 
each test proteins (make up double (2x) the desired final 
concentrations because 125 ul will be applied directly onto 
125ul of media already in each well). Filter sterilize CHO 
KOR D30 feeding medium (20 ml syringe, 0.2 um syringe 
filter) to make the dilutions. Add the filtered medium into 5 
labelled bijoux's (7 ml tubes), 0.9 ml each using a Gilson 
pipette or multi-stepper. Dilute the stock test protein to 2000 
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nM (working stock solution 1) and 600 nM (working stock 
solution 2). Using a Gilson pipette prepare 10-fold serial 
dilutions of each working stock, by adding 100 ul to the next 
concentration in the series. Pipette up and down to mix thor 
oughly. Repeat to obtain 4 Serial dilutions for Solution 1, and 
3 serial dilutions for solution 2. A 0 nM control (filtered 
feeding medium only) should also be prepared as a negative 
control for each plate. Repeat the above for each test protein. 
In each experiment a standard batch of material must be 
included as control/reference material, this is unliganded 
LC/A-H/A. 

Apply Diluted Sample to CHO KORD30 Plates 
0388 Apply 125ul of test sample (double concentration) 
per well. Each test sample should be applied to triplicate wells 
and each dose range should include a 0 nM control. Incubate 
for 24 hrs (37°C., 5% CO., humidified atmosphere). 

Cell Lysis 
(0389. Prepare fresh lysis buffer (20 mls per plate) with 
25% (4x) NuPAGE LDS sample buffer, 65% dHO and 10% 
1 MDTT. Remove medium from the CHOKORD30 plate by 
inverting over a waste receptacle. Drain the remaining media 
from each well using a fine-tipped pipette. Lyse the cells by 
adding 125 ul of lysis buffer per well using a multi-stepper 
pipette. After a minimum of 20 mins, remove the buffer from 
each well to a 1.5 ml microcentrifuge tube. Tubes must be 
numbered to allowing tracking of the CHO KOR treatments 
throughout the blotting procedure. A 1-A3 down to H1-H3 
numbered 1-24, A4-A6 down to H4-H6 numbered 25-48, 
A7-A9 down to H7-H93 numbered 49-72, A10-A12 down to 
H10-H12 numbered 73-96. Vortex each sample and heat at 
90°C. for 5-10 mins in a prewarmed heat block. Store at -20° 
C. or use on the same day on an SDS gel. 

Gel Electrophoresis 
0390 If the sample has been stored ofn or longer, put in a 
heat block prewarmed to 90° C. for 5-10 mins. Set up SDS 
page gels, use 1 gel per 12 samples, prepare running buffer 
(1x, Invitrogen NuPAGE MOPS SDS Running Buffer (20x) 
(NP0001))-800 ml/gel tank. Add 500 ul of NuPAGE antioxi 
dant to the upper buffer chamber. Load 15ul samples onto gel 
lanes from left to right as and load 2.5ul of Invitrogen Magic 
Marker XP and 5 ul Invitrogen See Blue Plus 2 pre-stained 
standard and 15 ul of non-treated control. It is important to 
maximize the resolution of separation during SDS PAGE. 
This can beachieved by running 12% bis-tris gels at 200 V for 
1 hour and 25 minutes (until the pink (17 kDa) marker reaches 
the bottom of the tank). 

Western Blotting 
0391 Complete a Semi-dry transfer: using an Invitrogen 
iBlot (use iBlot Programme 3 for 6 minutes). Put the nitro 
cellulose membranes in individual small trays. Incubate the 
membranes with blocking buffer solution (5 g Marvel milk 
powder per 100 ml 0.1% PBS/Tween) at room temperature, 
on a rocker, for 1 hour. Apply primary antibody (Anti-SNAP 
25 1:1000 dilution) and incubate the membranes with pri 
mary antibody (diluted in blocking buffer) for 1 hour on a 
rocker at room temperature. Wash the membranes by rinsing 
3 times with PBS/Tween (0.1%). Then apply the secondary 
(Anti-Rabbit-HRP conjugate diluted 1:1000) and incubate 
the membranes with secondary antibody (diluted in blocking 
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buffer) at room temperature, on a rocker, for 1 hour. Wash the 
membranes by rinsing 3 times with PBS/Tween (0.1%), leave 
membranea minimum of 20 mins for the last wash. Detect the 
bound antibody using Syngene: Drain blots of PBS/Tween, 
mix WestDura reagents 1:1 and add to blots for 5 minutes. 
Ensure enough solution is added to the membranes to com 
pletely cover them. Place membrane in Syngenetray, set up 
Syngene Software for 5 min expose time. 
0392 FIG.31 clearly shows that LC/A-CPDY-H/A con 
jugates effectively cleave SNAP-25. 

Example 34 

Construction and Activation of Dynorphin Conju 
gates 

Preparation of a LC/A and H/A Backbone Clones 
0393. The following procedure creates the LC and Hy 
fragments for use as the component backbone for multido 
mainfusion expression. This example is based on preparation 
of a serotype A based clone (SEQID1 and SEQID2), though 
the procedures and methods are equally applicable to the 
other serotypes illustrated by the sequence listing for sero 
type B (SEQID3 and SEQID4) and serotype C (SEQID5 and 
SEQID6). 

Preparation of Cloning and Expression Vectors 
0394 pCR 4 (Invitrogen) is the chosen standard cloning 
vector, selected due to the lack of restriction sequences within 
the vector and adjacent sequencing primer sites for easy con 
struct confirmation. The expression vector is based on the 
pMAL (NEB) expression vector, which has the desired 
restriction sequences within the multiple cloning site in the 
correctorientation for construct insertion (BamHI-SalI-PstI 
HindIII). A fragment of the expression vector has been 
removed to create a non-mobilisable plasmid and a variety of 
different fusion tags have been inserted to increase purifica 
tion options. 
Preparation of Protease (e.g. LC/A) Insert 
0395. The LC/A (SEQID1) is created by one of two ways: 
0396 The DNA sequence is designed by back translation 
of the LC/A amino acid sequence obtained from freely avail 
able database sources such as GenBank (accession number 
P10845) or Swissprot (accession locus BXA1 CLOBO) 
using one of a variety of reverse translation Software tools (for 
example EditSeq best E. coli reverse translation (DNASTAR 
Inc.), or Backtranslation tool v2.0 (Entelechon). BamHI/Sall 
recognition sequences are incorporated at the 5' and 3' ends 
respectively of the sequence, maintaining the correct reading 
frame. The DNA sequence is screened (using software Such 
as MapIDraw, DNASTAR Inc.) for restriction enzyme cleav 
age sequences incorporated during the back translation. Any 
cleavage sequences that are found to be common to those 
required by the cloning system are removed manually from 
the proposed coding sequence ensuring common E. coli 
codon usage is maintained. E. coli codon usage is assessed by 
reference to Software programs such as Graphical Codon 
Usage Analyser (Geneart), and the '% GC content and codon 
usage ratio assessed by reference to published codon usage 
tables (for example GenBank Release 143, 13 Sep. 2004). 
This optimised DNA sequence containing the LC/A open 
reading frame (ORF) is then commercially synthesized (for 
example by Entelechon, Geneart or Sigma-Genosys) and is 
provided in the pCR 4 vector. 
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0397) The alternative method is to use PCR amplification 
from an existing DNA sequence with BamHI and SalI restric 
tion enzyme sequences incorporated into the 5' and 3' PCR 
primers respectively. Complementary oligonucleotide prim 
ers are chemically synthesised by a Supplier (for example 
MWG or Sigma-Genosys), so that each pair has the ability to 
hybridize to the opposite strands (3' ends pointing “towards' 
each other) flanking the stretch of Clostridium target DNA, 
one oligonucleotide for each of the two DNA strands. To 
generate a PCR product the pair of short oligonucleotide 
primers specific for the Clostridium DNA sequence are mixed 
with the Clostridium DNA template and other reaction com 
ponents and placed in a machine (the PCR machine) that can 
change the incubation temperature of the reaction tube auto 
matically, cycling between approximately 94° C. (for dena 
turation), 55° C. (for oligonucleotide annealing), and 72°C. 
(for synthesis). Other reagents required for amplification of a 
PCR product include a DNA polymerase (such as Taq or Pfu 
polymerase), each of the four nucleotide dNTP building 
blocks of DNA in equimolar amounts (50-200 uM) and a 
buffer appropriate for the enzyme optimised for Mg" con 
centration (0.5-5 mM). 
0398. The amplification product is cloned into pCR 4 
using either, TOPOTA cloning for Taq PCR products or Zero 
Blunt TOPO cloning for Pfu PCR products (both kits com 
mercially available from Invitrogen). The resultant clone is 
checked by sequencing. Any additional restriction sequences 
which are not compatible with the cloning system are then 
removed using site directed mutagenesis for example, using 
Quickchange (Stratagene Inc.). 
Preparation of Translocation (e.g. H) Insert 
0399. The H/A (SEQID2) is created by one of two ways: 
0400. The DNA sequence is designed by back translation 
of the H/A amino acid sequence obtained from freely avail 
able database sources such as GenBank (accession number 
P10845) or Swissprot (accession locus BXA1 CLOBO) 
using one of a variety of reverse translation Software tools for 
example EditSeq best E. coli reverse translation (DNASTAR 
Inc.), or Backtranslation tool v2.0 (Entelechon). A PstI 
restriction sequence added to the N-terminus and Xbal-stop 
codon-HindIII to the C-terminus ensuring the correct reading 
frame is maintained. The DNA sequence is screened (using 
software such as MapIDraw, DNASTAR Inc.) for restriction 
enzyme cleavage sequences incorporated during the back 
translation. Any sequences that are found to be common to 
those required by the cloning system are removed manually 
from the proposed coding sequence ensuring common E. coli 
codon usage is maintained. E. coli codon usage is assessed by 
reference to Software programs such as Graphical Codon 
Usage Analyser (Geneart), and the '% GC content and codon 
usage ratio assessed by reference to published codon usage 
tables (for example GenBank Release 143, 13 Sep. 2004). 
This optimised DNA sequence is then commercially synthe 
sized (for example by Entelechon, Geneart or Sigma-Geno 
sys) and is provided in the pCR 4 vector. 
04.01 The alternative method is to use PCR amplification 
from an existing DNA sequence with Pst and Xbal-stop 
codon-HindIII restriction enzyme sequences incorporated 
into the 5' and 3' PCR primers respectively. The PCR ampli 
fication is performed as described above. The PCR product is 
inserted into pCR 4 vector and checked by sequencing. Any 
additional restriction sequences which are not compatible 
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with the cloning system are then removed using site directed 
mutagenesis for example using Quickchange (Stratagene 
Inc.). 

Preparation of Linker-Dynorphin-Spacer Insert 

0402. The LC-H linker can be designed from first prin 
ciple, using the existing sequence information for the linker 
as the template. For example, the serotype A linker (in this 
case defined as the inter-domain polypeptide region that 
exists between the cysteines of the disulphide bridge between 
LC and Hy) is 23 amino acids long and has the sequence 
VRGIITSKTKSLDKGYNKALNDL. Within this sequence, 
it is understood that proteolytic activation in nature leads to an 
H domain that has an N-terminus of the sequence ALNDL. 
This sequence information is freely available from available 
database sources Such as GenBank (accession number 
P10845) or Swissprot (accession locus BXA1 CLOBO). 
Into this linker an enterokinase site, dynorphin and spacer are 
incorporated; and using one of a variety of reverse translation 
software tools for exampleEditSeq best E. coli reverse trans 
lation (DNASTAR Inc.), or Backtranslation tool v2.0 (En 
telechon), the DNA sequence encoding the linker-ligand 
spacer region is determined. Restriction sites are then 
incorporated into the DNA sequence and can be arranged as 
BamH I-SalI-linker-protease site-dynorphin-NheI-spacer 
Spel-PstI-Xbal-stop codon-HindIII. It is important to ensure 
the correct reading frame is maintained for the spacer, dynor 
phin and restriction sequences and that the Xbal sequence is 
not preceded by the bases, TC, which would result on DAM 
methylation. The DNA sequence is screened for restriction 
sequence incorporation, and any additional sequences are 
removed manually from the remaining sequence ensuring 
common E. coli codon usage is maintained. E. coli codon 
usage is assessed by reference to Software programs such as 
Graphical Codon Usage Analyser (Geneart), and the '% GC 
content and codon usage ratio assessed by reference to pub 
lished codon usage tables (for example, GenBank Release 
143, 13 Sep. 2004). This optimised DNA sequence is then 
commercially synthesized (for example by Entelechon, 
Geneart or Sigma-Genosys) and is provided in the pCR 4 
Vector. 

Preparation of the LC/A-dynorphin-H/A Fusion 
0403. In order to create the LC-linker-dynorphin-spacer 
H construct (SEQ ID90), the pCR 4 vector encoding the 
linker is cleaved with BamHI+SalI restriction enzymes. This 
cleaved vector then serves as the recipient vector for insertion 
and ligation of the LC/A DNA (SEQ ID1) cleaved with 
BamHI+SalI. The resulting plasmid DNA is then cleaved 
with PstI+Xbal restriction enzymes and serves as the recipi 
ent vector for the insertion and ligation of the H/A DNA 
(SEQID2) cleaved with PstI+Xbal. The final construct con 
tains the LC-linker-dynorphin-spacer-HORF (SEQ ID90) 
for transfer into expression vectors for expression to result in 
a fusion protein of the sequence illustrated in SEQID91. 

Examples 35 

Preparation and Purification of an LC/A-dynorphin 
H/A Fusion Protein Family with Variable Spacer 

Length 

0404 Using the same strategy as employed in Example 
34, a range of DNA linkers were prepared that encoded 
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dynorphin and variable spacer content. Using one of a variety 
of reverse translation software tools for example EditSeq 
best E. coli reverse translation (DNASTAR Inc.), or Back 
translation tool v2.0 (Entelechon), the DNA sequence 
encoding the linker-ligand-spacer region is determined. 
Restriction sites are then incorporated into the DNA sequence 
and can be arranged as BamHI-Sal-linker-protease site 
dynorphin-NheI-spacer-SpeI-PstI-Xbal-stop codon-HindIII. 
It is important to ensure the correct reading frame is main 
tained for the spacer, dynorphin and restriction sequences and 
that the Xbal sequence is not preceded by the bases, TC which 
would result on DAM methylation. The DNA sequence is 
screened for restriction sequence incorporation and any addi 
tional sequences are removed manually from the remaining 
sequence ensuring common E. coli codon usage is main 
tained. E. coli codon usage is assessed by reference to soft 
ware programs such as Graphical Codon Usage Analyser 
(Geneart), and the '% GC content and codon usage ratio 
assessed by reference to published codon usage tables (for 
example GenBank Release 143, 13 Sep. 2004). This opti 
mised DNA sequence is then commercially synthesized (for 
example by Entelechon, Geneart or Sigma-Genosys) and is 
provided in the pCR 4 vector. 
04.05 The spacers that were created included: 

SEO ID of the 
Code Protein sequence of the linker linker DNA 

GS10 ALAGGGGSALVLQ 92 

GS15 ALAGGGGSGGGGSALVLQ 93 

GS25 ALAGGGGSGGGGSGGGGSGGGGSALVLQ 94 

0406 By way of example, in order to create the LC/A- 
CPDY(GS25)-H/A fusion construct (SEQID94), the pCR4 
vector encoding the linker is cleaved with BamHI+SalI 
restriction enzymes. This cleaved vector then serves as the 
recipient vector for insertion and ligation of the LC/A DNA 
(SEQ ID1) also cleaved with BamHI+SalI. The resulting 
plasmid DNA is then cleaved with BamHI+HindIII restric 
tion enzymes and the LC/A-linker fragment inserted into a 
similarly cleaved vector containing a unique multiple cloning 
site for BamHI, SalI, PstI, and HindIII such as the pMAL 
vector (NEB). The H/A DNA (SEQ ID2) is then cleaved 
with PstI+HindIII restriction enzymes and inserted into the 
similarly cleaved pMAL-LC/A-linker construct. The final 
construct contains the LC/A-CPDY(GS25)-H/A ORF for 
expression as a protein of the sequence illustrated in SEQ 
ID94. 

Example 36 
Purification Method for LC/A-Dynorphin-H/A 

Fusion Protein 

(0407. Defrost falcon tube containing 25 ml 50 mM 
HEPES pH 7.2, 200 mM NaCl and approximately 10g of E. 
coli BL21 cell paste. Make the thawed cell paste up to 80 ml 
with 50 mM HEPES pH 7.2, 200 mM NaCl and sonicate on 
ice 30 seconds on, 30 seconds off for 10 cycles at a power of 
22 microns ensuring the sample remains cool. Spin the lysed 
cells at 18 000 rpm, 4°C. for 30 minutes. Load the supernatant 
onto a 0.1 M NiSO charged Chelating column (20-30 ml 
column is sufficient) equilibrated with 50 mM HEPES pH 



US 2011/009 1437 A1 

7.2, 200 mM NaCl. Using a step gradient of 10 and 40 mM 
imidazol, wash away the non-specific bound protein and elute 
the fusion protein with 100 mM imidazol. Dialyse the eluted 
fusion protein against 5 L of 50 mM HEPES pH 7.2, 200 mM 
NaCl at 4°C. overnight and measure the OD of the dialysed 
fusion protein. Add 3.2 ul of enterokinase (2 ug/ml) per 1 mg 
fusion protein and Incubate at 25° C. static overnight. Load 
onto a 0.1 M NiSO charged Chelating column (20-30 ml 
column is sufficient) equilibrated with 50 mM HEPES pH 
7.2, 200 mM. NaCl. Wash column to baseline with 50 mM 
HEPES pH 7.2, 200 mM. NaCl. Using a step gradient of 10 
and 40 mM imidazol, wash away the non-specific bound 
protein and elute the fusion protein with 100 mM imidazol. 
Dialyse the eluted fusion protein against 5 L of 50 mM 
HEPES pH 7.2, 200 mM. NaCl at 4° C. overnight and con 
centrate the fusion to about 2 mg/ml, aliquot sample and 
freeze at -20°C. Test purified protein using OD, BCA, purity 
analysis and SNAP-25 assessments. 

Example 37 

Preparation of a LC/C-dynorphin-H/C Fusion Pro 
tein with a Serotype A Activation Sequence 

0408. Following the methods used in Examples 1 and 2. 
the LC/C (SEQ ID5) and H/C (SEQID6) are created and 
inserted into the A serotype linker arranged as BamHI-SalI 
linker-protease site-dynorphin-Nhel-spacer-Spel-PstI-Xbal 
stop codon-HindIII. The final construct contains the 
LC-linker-dynorphin-spacer-HORF for expression as a pro 
tein of the sequence illustrated in SEQID95. 

Example 38 

Preparation of an IgA Protease-Dynorphin Variant 
H/A Fusion Protein 

04.09. The IgA protease amino acid sequence was obtained 
from freely available database sources such as GenBank (ac 
cession number P09790). Information regarding the structure 
of the N. Gonorrhoeae IgA protease gene is available in the 
literature (Pohlner et al., Gene structure and extracellular 
secretion of Neisseria gonorrhoeae IgA protease, Nature, 
1987, 325(6103), 458-62). Using Backtranslation tool v2.0 
(Entelechon), the DNA sequence encoding the IgA protease 
modified for E. coli expression was determined. A BamHI 
recognition sequence was incorporated at the 5' end and a 
codon encoding a cysteine amino acid and Sal recognition 
sequence were incorporated at the 3' end of the IgA DNA. The 
DNA sequence was screened using MapIDraw, (DNASTAR 
Inc.) for restriction enzyme cleavage sequences incorporated 
during the back translation. Any cleavage sequences that are 
found to be common to those required for cloning were 
removed manually from the proposed coding sequence ensur 
ing common E. coli codon usage is maintained. E. coli codon 
usage was assessed Graphical Codon Usage Analyser (Gene 
art), and the '% GC content and codon usage ratio assessed by 
reference to published codon usage tables. This optimised 
DNA sequence (SEQID74) containing the IgA open reading 
frame (ORF) is then commercially synthesized. 
0410. The IgA (SEQID74) is inserted into the LC-linker 
dynorphin-spacer-H ORF (SEQ ID90) using BamHI and 
SalI restriction enzymes to replace the LC with the IgA pro 
tease DNA. The final construct contains the IgA-linker 
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dynorphin-spacer-HORF for expression as a protein of the 
sequence illustrated in SEQID96. 

Example 39 

Preparation of a Dynorphin Targeted Endopeptidase 
Fusion Protein Containing a LC Domain Derived 

from Tetanus Toxin 

0411. The DNA sequence is designed by back translation 
of the tetanus toxin LC amino acid sequence (obtained from 
freely available database sources such as GenBank (accession 
number X04436) using one of a variety of reverse translation 
software tools for exampleEditSeq best E. coli reverse trans 
lation (DNASTAR Inc.), or Backtranslation tool v2.0 (En 
telechon). BamHI/SalI recognition sequences are incorpo 
rated at the 5' and 3' ends respectively of the sequence 
maintaining the correct reading frame (SEQID83). The DNA 
sequence is screened (using software such as MapIDraw, 
DNASTAR Inc.) for restriction enzyme cleavage sequences 
incorporated during the back translation. Any cleavage 
sequences that are found to be common to those required by 
the cloning system are removed manually from the proposed 
coding sequence ensuring common E. coli codon usage is 
maintained. E. coli codon usage is assessed by reference to 
Software programs such as Graphical Codon Usage Analyser 
(Geneart), and the '% GC content and codon usage ratio 
assessed by reference to published codon usage tables (for 
example GenBank Release 143, 13 Sep. 2004). This opti 
mised DNA sequence containing the tetanus toxin LC open 
reading frame (ORF) is then commercially synthesized (for 
example by Entelechon, Geneart or Sigma-Genosys) and is 
provided in the pCR 4 vector (invitrogen). The pCR 4 vector 
encoding the TeNTLC is cleaved with BamHI and SalI. The 
BamHI-SalI fragment is then inserted into the LC/A-dynor 
phin-H/A vector (SEQID90) that has also been cleaved by 
BamHI and Sal. The final construct contains the TeNT LC 
linker-dynorphin-spacer-H ORF sequences for expression 
as a protein of the sequence illustrated in SEQID97. 

Example 40 

0412. A method of treating, preventing or ameliorating 
pain in a Subject, comprising administration to said patient a 
therapeutic effective amount of fusion protein, wherein said 
pain is selected from the group consisting of chronic pain 
arising from malignant disease, chronic pain not caused by 
malignant disease (peripheral neuropathies). 

Patient A 

0413. A 73 year old woman suffering from severe pain 
caused by posthepatic neuralgia is treated by a peripheral 
injection with fusion protein to reduce neurotransmitter 
release at the synapse of nerve terminals to reduce the pain. 
The patient experiences good analgesic effect within 2 hours 
of said injection. 

Patient B 

0414. A 32 year old male suffering from phantom limb 
pain after having his left arm amputated following a car 
accident is treated by peripheral injection with fusion protein 
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to reduce the pain. The patient experiences good analgesic 
effect within 1 hour of said injection. 
Patient C 

0415. A 55 year male suffering from diabetic neuropathy 
is treated by a peripheral injection with fusion protein to 
reduce neurotransmitter release at the synapse of nerve ter 
minals to reduce the pain. The patient experiences good anal 
gesic effect within 4 hours of said injection. 
Patient D 

0416 A 63 year old woman suffering from cancer pain is 
treated by a peripheral injection with fusion protein to reduce 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 97 

<21 Os SEQ ID NO 1 
&211s LENGTH: 13 O2 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs SEQUENCE: 1 
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neurotransmitter release at the synapse of nerve terminals to 
reduce the pain. The patient experiences good analgesic effect 
within 4 hours of said injection. 
0417 All documents, books, manuals, papers, patents, 
published patent applications, guides, abstracts and other ref 
erence materials cited herein are incorporated by reference in 
their entirety. While the foregoing specification teaches the 
principles of the present invention, with examples provided 
for the purpose of illustration, it will be appreciated by one 
skilled in the art from reading this disclosure that various 
changes in form and detail can be made without departing 
from the true scope of the invention. 

ggat.c catgg agttctgttaa caaac agttcaactataaag acccagttaa cqgtgttgac 60 

attgcttaca toaaaatcc c galacgctggc cagatgcagc cqgtaaaggc attcaaaatc 12O 

cacaacaaaa totgggittat cocggaacgt gatacct tta ct aacccgga agaaggtgac 18O 

ctgaaccc.gc caccggaagc galaac aggtg ccggitat citt actatgactic caccitacctg 24 O 

totaccgata acgaaaagga caactacctgaaaggtgtta ctaaactgtt cagcg tatt 3 OO 

tactic caccg acctgggc.cg tatgctgctg act agdatcg titcgcggitat cocgttctgg 360 

gg.cggttcta ccatcgatac cqaactgaaa gtaatcgaca citaactgcat caacgittatt 42O 

cagc.cggacg gttcct atcg titccgaagaa citgaacctgg tat catcgg ccc.gtctgct 48O 

gatat catcc agttctgagtg talaga.gctitt gg.tcacgaag ttctgaacct caccc.gtaac 54 O 

ggctacggitt coacticagta catcc.gtttic to tccgg act tcacct tcgg ttittgaagaa 6 OO 

to cctggaag tagacacgaa cc cactgctg gg.cgctggta aatticgcaac tdatcc ticg 660 

gttaccctgg ct cacgaact gatt catgca ggccaccgcc td tacggitat cqc.cat caat 72O 

ccgaaccgt.g. tcttcaaagt talacaccaac gogt attacg agatgtc.cgg totggaagtt 78O 

agctt cqaag aactg.cgitac ttittgg.cggit cacgacgcta aatt catcga ct citctgcaa 84 O 

gaaaacgagt to cqtctgta ctactataac aagttcaaag at at cqcatc. caccctgaac 9 OO 

aaag.cgaaat coat cqtggg taccactgct tct citccagt acatgaagaa cotttittaaa 96.O 

gaaaaat acc togcticagoga agacacctic c ggcaaattct citgtag acaa gttgaaattic 102O 

gataaactitt acaaaatgct gactgaaatt tacacccaag acaactitcgt taagttctitt 108O 

aaagttctga accqcaaaac ct atctgaac titcgacaagg cagtatt caa aatcaa.catc 114 O 

gtgc.cgaaag ttaactacac tat citacgat ggitttcaacc togcgta acac caacct ggct 12 OO 

gctaattitta acggc.ca.gaa cacggaaatc aacaacatga actt cacaaa actgaaaaac 1260 

tt cactggit C titt.cgagtt ttacaagctg. Ctgtgcgt.cg ac 13 O2 
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- Continued 

tgggatgaag titt acaaata t atctgacc aactggctgg Ctalaggttaa tacticagat C 228O 

gacct catcc gcaaaaaaat gaaagaagca Ctggaaaacc aggcggaagc taccalaggca 234 O 

at cattaact accagtacaa ccagtacacic gaggaagaaa aaaacaa.cat caactitcaac 24 OO 

atcgacgatc tdtcct citaa actgaacgaa to catcaa.ca aagctatgat caa.catcaac 246 O 

aagttcctga accagtgctic totaagctat citgatgaact c catgat coc gtacggtgtt 252O 

aaacgtctgg aggactitcga tigcgt.ctctgaaagacgc.cc tictaaata catttacgac 2580 

alaccgtggca citctgatcgg tdaggttgat cqtctgaagg acaaagtgaa caatacctta 264 O 

tcqaccgaca toccttitt ca gct cagtaaa tatgtcgata accaacgcct tttgtccact 27 OO 

Ctagacitag 2709 

<210s, SEQ ID NO 14 
&211s LENGTH: 902 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 14 

Gly Ser Met Glu Phe Val Asn Lys Glin Phe Asn Tyr Lys Asp Pro Val 
1. 5 1O 15 

ASn Gly Val Asp Ile Ala Tyr Ile Lys Ile Pro Asn Ala Gly Glin Met 
2O 25 3O 

Gln Pro Val Lys Ala Phe Lys Ile His Asn Lys Ile Trp Val Ile Pro 
35 4 O 45 

Glu Arg Asp Thr Phe Thr Asn Pro Glu Glu Gly Asp Lieu. Asn Pro Pro 
SO 55 6 O 

Pro Glu Ala Lys Glin Val Pro Val Ser Tyr Tyr Asp Ser Thr Tyr Lieu. 
65 70 7s 8O 

Ser Thr Asp Asn. Glu Lys Asp Asn Tyr Lieu Lys Gly Val Thir Lys Lieu. 
85 90 95 

Phe Glu Arg Ile Tyr Ser Thr Asp Leu Gly Arg Met Leu Lieu. Thir Ser 
1OO 105 11 O 

Ile Val Arg Gly Ile Pro Phe Trp Gly Gly Ser Thr Ile Asp Thr Glu 
115 12 O 125 

Lieu Lys Val Ile Asp Thr Asn. Cys Ile Asin Val Ile Glin Pro Asp Gly 
13 O 135 14 O 

Ser Tyr Arg Ser Glu Glu Lieu. Asn Lieu Val Ile Ile Gly Pro Ser Ala 
145 150 155 160 

Asp Ile Ile Glin Phe Glu. Cys Llys Ser Phe Gly His Glu Val Lieu. Asn 
1.65 17O 17s 

Lieu. Thir Arg Asn Gly Tyr Gly Ser Thr Glin Tyr Ile Arg Phe Ser Pro 
18O 185 19 O 

Asp Phe Thr Phe Gly Phe Glu Glu Ser Lieu. Glu Val Asp Thr Asn Pro 
195 2OO 2O5 

Lieu. Lieu. Gly Ala Gly Llys Phe Ala Thr Asp Pro Ala Val Thir Lieu Ala 
21 O 215 22O 

His Glu Lieu. Ile His Ala Gly His Arg Lieu. Tyr Gly Ile Ala Ile Asn 
225 23 O 235 24 O 

Pro Asn Arg Val Phe Llys Val Asn Thr Asn Ala Tyr Tyr Glu Met Ser 
245 250 255 
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Gly Lieu. Glu Val Ser Phe Glu Glu Lieu. Arg Thr Phe Gly Gly His Asp 
26 O 265 27 O 

Ala Lys Phe Ile Asp Ser Lieu. Glin Glu Asn. Glu Phe Arg Lieu. Tyr Tyr 
27s 28O 285 

Tyr Asn Llys Phe Lys Asp Ile Ala Ser Thr Lieu. Asn Lys Ala Lys Ser 
29 O 295 3 OO 

Ile Val Gly Thr Thr Ala Ser Leu Glin Tyr Met Lys Asn Val Phe Lys 
3. OS 310 315 32O 

Glu Lys Tyr Lieu Lleu Ser Glu Asp Thir Ser Gly Llys Phe Ser Val Asp 
3.25 330 335 

Llys Lieu Lys Phe Asp Llys Lieu. Tyr Lys Met Lieu. Thr Glu Ile Tyr Thr 
34 O 345 35. O 

Glu Asp Asn. Phe Val Llys Phe Phe Llys Val Lieu. Asn Arg Llys Thr Tyr 
355 360 365 

Lieu. Asn. Phe Asp Lys Ala Val Phe Lys Ile Asn. Ile Val Pro Llys Val 
37 O 375 38O 

Asn Tyr Thir Ile Tyr Asp Gly Phe Asn Lieu. Arg Asn. Thir Asn Lieu Ala 
385 390 395 4 OO 

Ala Asn Phe Asin Gly Glin Asn Thr Glu Ile Asn Asn Met Asin Phe Thr 
4 OS 41O 415 

Llys Lieu Lys Asn. Phe Thr Gly Lieu. Phe Glu Phe Tyr Llys Lieu. Lieu. Cys 
42O 425 43 O 

Val Asp Gly Ile Ile Thir Ser Lys Thir Lys Ser Lieu. Ile Glu Gly Arg 
435 44 O 445 

Phe Gly Gly Phe Thr Gly Ala Arg Llys Ser Ala Arg Llys Lieu Ala Asn 
450 45.5 460 

Glin Ala Lieu Ala Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly 
465 470 47s 48O 

Gly Gly Ser Ala Lieu Val Lieu. Glin Cys Ile Llys Val Asn. Asn Trp Asp 
485 490 495 

Lieu. Phe Phe Ser Pro Ser Glu Asp Asn. Phe Thr Asn Asp Lieu. Asn Lys 
SOO 505 51O 

Gly Glu Glu Ile Thir Ser Asp Thr Asn. Ile Glu Ala Ala Glu Glu Asn 
515 52O 525 

Ile Ser Lieu. Asp Lieu. Ile Glin Glin Tyr Tyr Lieu. Thr Phe Asin Phe Asp 
53 O 535 54 O 

Asn Glu Pro Glu Asn. Ile Ser Ile Glu Asn Lieu. Ser Ser Asp Ile Ile 
5.45 550 555 560 

Gly Glin Lieu. Glu Lieu Met Pro Asn. Ile Glu Arg Phe Pro Asn Gly Lys 
565 st O sts 

Llys Tyr Glu Lieu. Asp Llys Tyr Thr Met Phe His Tyr Lieu. Arg Ala Glin 
58O 585 59 O 

Glu Phe Glu. His Gly Llys Ser Arg Ile Ala Lieu. Thir Asn. Ser Val Asn 
595 6OO 605 

Glu Ala Leu Lieu. Asn Pro Ser Arg Val Tyr Thr Phe Phe Ser Ser Asp 
610 615 62O 

Tyr Val Llys Llys Val Asn Lys Ala Thr Glu Ala Ala Met Phe Lieu. Gly 
625 630 635 64 O 

Trp Val Glu Gln Leu Val Tyr Asp Phe Thr Asp Glu Thir Ser Glu Val 
645 650 655 
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Ser Thir Thr Asp Lys Ile Ala Asp Ile Thr Ile Ile Ile Pro Tyr Ile 
660 665 67 O 

Gly Pro Ala Lieu. Asn. Ile Gly Asn Met Lieu. Tyr Lys Asp Asp Phe Val 
675 68O 685 

Gly Ala Lieu. Ile Phe Ser Gly Ala Val Ile Lieu. Lieu. Glu Phe Ile Pro 
69 O. 695 7 OO 

Glu Ile Ala Ile Pro Val Lieu. Gly Thr Phe Ala Leu Val Ser Tyr Ile 
7 Os 71O 71s 72O 

Ala Asn Llys Val Lieu. Thr Val Glin Thir Ile Asp Asn Ala Lieu. Ser Lys 
72 73 O 73 

Arg Asn. Glu Lys Trp Asp Glu Val Tyr Lys Tyr Ile Val Thr Asn Trp 
740 74. 7 O 

Lieu Ala Lys Val Asn Thr Glin Ile Asp Lieu. Ile Arg Llys Llys Met Lys 
7ss 760 765 

Glu Ala Lieu. Glu Asn Glin Ala Glu Ala Thir Lys Ala Ile Ile Asn Tyr 
770 775 78O 

Glin Tyr Asn Glin Tyr Thr Glu Glu Glu Lys Asn. Asn. Ile Asin Phe Asn 
78s 79 O 79. 8OO 

Ile Asp Asp Lieu. Ser Ser Llys Lieu. Asn. Glu Ser Ile Asn Lys Ala Met 
805 810 815 

Ile Asn. Ile Asn Llys Phe Lieu. Asn. Glin Cys Ser Val Ser Tyr Lieu Met 
82O 825 83 O 

Asn Ser Met Ile Pro Tyr Gly Val Lys Arg Lieu. Glu Asp Phe Asp Ala 
835 84 O 845 

Ser Lieu Lys Asp Ala Lieu Lleu Lys Tyr Ile Tyr Asp Asn Arg Gly Thr 
850 855 860 

Lieu. Ile Gly Glin Val Asp Arg Lieu Lys Asp Llys Val Asn. Asn. Thir Lieu. 
865 87O 87s 88O 

Ser Thr Asp Ile Pro Phe Glin Lieu. Ser Lys Tyr Val Asp Asin Glin Arg 
885 890 895 

Lieu. Lieu. Ser Thir Lieu. Asp 
9 OO 

<210s, SEQ ID NO 15 
&211s LENGTH: 2736 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 15 

Ctcgggattg agggtcgttt toggtttic acgggcgcac gcaaatcagc gcgtaaatta 6 O 

gctalaccaga Ctagtggcgg tagggg tagt gcggtggcg gttcggg.cgg giggtgggagc 12 O 

Cctaggggat C catggagtt C9ttaacaaa cagttcaact ataaaga ccc agittaacggit 18O 

gttgacattg Cttacatcaa aatc.ccgaac gctggccaga tigcagc.cggit aaaggcatt C 24 O 

aaaatccaca acaaaatctg ggittatc.ccg gaacgtgata cctitt actaa cccggaagaa 3OO 

ggtgacct ga accc.gc.cacc ggaag.cgalaa Caggtgc.cgg tat ct tact a tigact coacc 360 

tacctgtcta ccgataacga aaaggacaac tacctgaaag gtgttactaa actgttcgag 42O 

cg tatt tact C Caccgacct gggc.cgitatgctgctgacta gcatcgttcg cggitatic cc.g 48O 

ttctgggg.cg gttctaccat cqataccgaa citgaaagtaa togacactaa citgcatcaac 54 O 
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&211s LENGTH: 911 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 16 

Lieu. Gly Ile Glu Gly Arg Phe Gly Gly Phe Thr Gly Ala Arg Llys Ser 
1. 5 1O 15 

Ala Arg Llys Lieu Ala Asn Glin Thir Ser Gly Gly Gly Gly Ser Gly Gly 
2O 25 3O 

Gly Gly Ser Gly Gly Gly Gly Ser Pro Arg Gly Ser Met Glu Phe Val 
35 4 O 45 

Asn Lys Glin Phe ASn Tyr Lys Asp Pro Val Asn Gly Val Asp Ile Ala 
SO 55 6 O 

Tyr Ile Lys Ile Pro Asn Ala Gly Gln Met Gln Pro Val Lys Ala Phe 
65 70 7s 8O 

Lys Ile His Asn Lys Ile Trp Val Ile Pro Glu Arg Asp Thr Phe Thr 
85 90 95 

Asn Pro Glu Glu Gly Asp Lieu. Asn Pro Pro Pro Glu Ala Lys Glin Val 
1OO 105 11 O 

Pro Val Ser Tyr Tyr Asp Ser Thr Tyr Lieu Ser Thr Asp Asin Glu Lys 
115 12 O 125 

Asp ASn Tyr Lieu Lys Gly Val Thr Lys Lieu. Phe Glu Arg Ile Tyr Ser 
13 O 135 14 O 

Thir Asp Lieu. Gly Arg Met Lieu. Lieu. Thir Ser Ile Val Arg Gly Ile Pro 
145 150 155 160 

Phe Trp Gly Gly Ser Thr Ile Asp Thr Glu Lieu Lys Val Ile Asp Thr 
1.65 17O 17s 

Asn. Cys Ile Asin Val Ile Glin Pro Asp Gly Ser Tyr Arg Ser Glu Glu 
18O 185 19 O 

Lieu. Asn Lieu Val Ile Ile Gly Pro Ser Ala Asp Ile Ile Glin Phe Glu 
195 2OO 2O5 

Cys Llys Ser Phe Gly His Glu Val Lieu. Asn Lieu. Thir Arg Asin Gly Tyr 
21 O 215 22O 

Gly Ser Thr Glin Tyr Ile Arg Phe Ser Pro Asp Phe Thr Phe Gly Phe 
225 23 O 235 24 O 

Glu Glu Ser Lieu. Glu Val Asp Thr Asn Pro Lieu. Lieu. Gly Ala Gly Lys 
245 250 255 

Phe Ala Thr Asp Pro Ala Val Thir Lieu Ala His Glu Lieu. Ile His Ala 
26 O 265 27 O 

Gly His Arg Lieu. Tyr Gly Ile Ala Ile Asin Pro Asn Arg Val Phe Lys 
27s 28O 285 

Val Asn Thr Asn Ala Tyr Tyr Glu Met Ser Gly Lieu. Glu Val Ser Phe 
29 O 295 3 OO 

Glu Glu Lieu. Arg Thr Phe Gly Gly His Asp Ala Lys Phe Ile Asp Ser 
3. OS 310 315 32O 

Lieu. Glin Glu Asn. Glu Phe Arg Lieu. Tyr Tyr Tyr Asn Llys Phe Lys Asp 
3.25 330 335 

Ile Ala Ser Thr Lieu. Asn Lys Ala Lys Ser Ile Val Gly. Thir Thr Ala 
34 O 345 35. O 

Ser Lieu. Glin Tyr Met Lys Asn Val Phe Lys Glu Lys Tyr Lieu. Lieu. Ser 
355 360 365 
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Glu Asp Thir Ser Gly Llys Phe Ser Val Asp Llys Lieu Lys Phe Asp Llys 
37 O 375 38O 

Lieu. Tyr Lys Met Lieu. Thr Glu Ile Tyr Thr Glu Asp Asn Phe Val Lys 
385 390 395 4 OO 

Phe Phe Llys Val Lieu. Asn Arg Llys Thr Tyr Lieu. Asn. Phe Asp Lys Ala 
4 OS 41O 415 

Val Phe Lys Ile Asn Ile Val Pro Llys Val Asn Tyr Thr Ile Tyr Asp 
42O 425 43 O 

Gly Phe Asn Lieu. Arg Asn. Thir Asn Lieu Ala Ala Asn. Phe Asin Gly Glin 
435 44 O 445 

Asn Thr Glu Ile Asn Asn Met Asin Phe Thr Lys Lieu Lys Asn Phe Thr 
450 45.5 460 

Gly Lieu. Phe Glu Phe Tyr Llys Lieu. Lieu. Cys Val Asp Gly Ile Ile Thr 
465 470 47s 48O 

Ser Lys Thir Lys Ser Lieu. Ile Glu Gly Arg Asn Lys Ala Lieu. Asn Asp 
485 490 495 

Lieu. Cys Ile Llys Val Asn. Asn Trp Asp Lieu. Phe Phe Ser Pro Ser Glu 
SOO 505 51O 

Asp Asn. Phe Thr Asn Asp Lieu. Asn Lys Gly Glu Glu Ile Thir Ser Asp 
515 52O 525 

Thir Asn. Ile Glu Ala Ala Glu Glu Asn. Ile Ser Lieu. Asp Lieu. Ile Glin 
53 O 535 54 O 

Gln Tyr Tyr Lieu. Thr Phe Asn Phe Asp Asn Glu Pro Glu Asn Ile Ser 
5.45 550 555 560 

Ile Glu Asn Lieu. Ser Ser Asp Ile Ile Gly Glin Lieu. Glu Lieu Met Pro 
565 st O sts 

Asn. Ile Glu Arg Phe Pro Asn Gly Lys Llys Tyr Glu Lieu. Asp Llys Tyr 
58O 585 59 O 

Thr Met Phe His Tyr Lieu. Arg Ala Glin Glu Phe Glu. His Gly Lys Ser 
595 6OO 605 

Arg Ile Ala Lieu. Thir Asn. Ser Val Asn. Glu Ala Lieu. Lieu. Asn Pro Ser 
610 615 62O 

Arg Val Tyr Thr Phe Phe Ser Ser Asp Tyr Val Lys Llys Val Asn Lys 
625 630 635 64 O 

Ala Thr Glu Ala Ala Met Phe Leu Gly Trp Val Glu Gln Leu Val Tyr 
645 650 655 

Asp Phe Thr Asp Glu Thir Ser Glu Val Ser Thr Thr Asp Llys Ile Ala 
660 665 67 O 

Asp Ile Thir Ile Ile Ile Pro Tyr Ile Gly Pro Ala Lieu. Asn Ile Gly 
675 68O 685 

Asn Met Lieu. Tyr Lys Asp Asp Phe Val Gly Ala Lieu. Ile Phe Ser Gly 
69 O. 695 7 OO 

Ala Wall Ile Lieu. Lieu. Glu Phe Ile Pro Glu Ile Ala Ile Pro Wall Lieu. 
7 Os 71O 71s 72O 

Gly Thr Phe Ala Leu Val Ser Tyr Ile Ala Asn Llys Val Lieu. Thr Val 
72 73 O 73 

Glin Thir Ile Asp Asn Ala Lieu. Ser Lys Arg Asn. Glu Lys Trp Asp Glu 
740 74. 7 O 

Val Tyr Lys Tyr Ile Val Thr Asn Trp Leu Ala Lys Val Asn Thr Glin 
7ss 760 765 
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Lieu. Ser Thr Asp Ser Asp Lys Asp Thr Phe Lieu Lys Glu Ile Ile Llys 
85 90 95 

Lieu. Phe Lys Arg Ile Asn. Ser Arg Glu Ile Gly Glu Glu Lieu. Ile Tyr 
1OO 105 11 O 

Arg Lieu. Ser Thr Asp Ile Pro Phe Pro Gly Asn Asn Asn Thr Pro Ile 
115 12 O 125 

Asn. Thir Phe Asp Phe Asp Val Asp Phe Asin Ser Val Asp Wall Lys Thr 
13 O 135 14 O 

Arg Glin Gly Asn. Asn Trp Val Lys Thr Gly Ser Ile Asn. Pro Ser Val 
145 150 155 160 

Ile Ile Thr Gly Pro Arg Glu Asn Ile Ile Asp Pro Glu Thir Ser Thr 
1.65 17O 17s 

Phe Llys Lieu. Thir Asn. Asn. Thir Phe Ala Ala Glin Glu Gly Phe Gly Ala 
18O 185 19 O 

Lieu. Ser Ile Ile Ser Ile Ser Pro Arg Phe Met Lieu. Thr Tyr Ser Asn 
195 2OO 2O5 

Ala Thr Asn Asp Val Gly Glu Gly Arg Phe Ser Llys Ser Glu Phe Cys 
21 O 215 22O 

Met Asp Pro Ile Lieu. Ile Lieu Met His Glu Lieu. Asn His Ala Met His 
225 23 O 235 24 O 

ASn Lieu. Tyr Gly Ile Ala Ile Pro ASn Asp Gln Thr Ile Ser Ser Val 
245 250 255 

Thir Ser Asn Ile Phe Tyr Ser Glin Tyr Asn Val Lys Lieu. Glu Tyr Ala 
26 O 265 27 O 

Glu Ile Tyr Ala Phe Gly Gly Pro Thr Ile Asp Lieu. Ile Pro Llys Ser 
27s 28O 285 

Ala Arg Llys Tyr Phe Glu Glu Lys Ala Lieu. Asp Tyr Tyr Arg Ser Ile 
29 O 295 3 OO 

Ala Lys Arg Lieu. Asn. Ser Ile Thir Thr Ala Asn Pro Ser Ser Phe Asn 
3. OS 310 315 32O 

Llys Tyr Ile Gly Glu Tyr Lys Glin Llys Lieu. Ile Arg Llys Tyr Arg Phe 
3.25 330 335 

Val Val Glu Ser Ser Gly Glu Val Thr Val Asn Arg Asn Llys Phe Val 
34 O 345 35. O 

Glu Lieu. Tyr Asn Glu Lieu. Thr Glin Ile Phe Thr Glu Phe Asn Tyr Ala 
355 360 365 

Lys Ile Tyr Asn Val Glin Asn Arg Lys Ile Tyr Lieu. Ser Asn Val Tyr 
37 O 375 38O 

Thr Pro Val Thir Ala Asn. Ile Lieu. Asp Asp Asn Val Tyr Asp Ile Glin 
385 390 395 4 OO 

Asn Gly Phe Asn. Ile Pro Llys Ser Asn Lieu. Asn Val Lieu. Phe Met Gly 
4 OS 41O 415 

Glin Asn Lieu. Ser Arg Asn Pro Ala Lieu. Arg Llys Val Asn Pro Glu Asn 
42O 425 43 O 

Met Lieu. Tyr Lieu. Phe Thr Llys Phe Cys Val Asp Ala Ile Asp Gly Arg 
435 44 O 445 

Phe Gly Gly Phe Thr Gly Ala Arg Llys Ser Ala Arg Llys Lieu Ala Asn 
450 45.5 460 

Glin Ala Lieu Ala Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly 
465 470 47s 48O 
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Gly Gly Ser Ala Lieu Val Lieu. Glin Cys Arg Glu Lieu. Lieu Val Lys Asn 
485 490 495 

Thir Asp Lieu Pro Phe Ile Gly Asp Ile Ser Asp Val Llys Thir Asp Ile 
SOO 505 51O 

Phe Leu Arg Lys Asp Ile Asn Glu Glu Thr Glu Val Ile Tyr Tyr Pro 
515 52O 525 

Asp Asn Val Ser Val Asp Glin Val Ile Lieu. Ser Lys Asn. Thir Ser Glu 
53 O 535 54 O 

His Gly Glin Lieu. Asp Lieu. Lieu. Tyr Pro Ser Ile Asp Ser Glu Ser Glu 
5.45 550 555 560 

Ile Lieu Pro Gly Glu Asn Glin Val Phe Tyr Asp Asn Arg Thr Glin Asn 
565 st O sts 

Val Asp Tyr Lieu. Asn. Ser Tyr Tyr Tyr Lieu. Glu Ser Glin Llys Lieu. Ser 
58O 585 59 O 

Asp Asn Val Glu Asp Phe Thr Phe Thr Arg Ser Ile Glu Glu Ala Lieu 
595 6OO 605 

Asp Asn. Ser Ala Lys Val Tyr Thr Tyr Phe Pro Thr Lieu Ala Asn Lys 
610 615 62O 

Val Asn Ala Gly Val Glin Gly Gly Lieu. Phe Lieu Met Trp Ala Asn Asp 
625 630 635 64 O 

Val Val Glu Asp Phe Thir Thr Asn. Ile Lieu. Arg Lys Asp Thir Lieu. Asp 
645 650 655 

Lys Ile Ser Asp Val Ser Ala Ile Ile Pro Tyr Ile Gly Pro Ala Lieu. 
660 665 67 O 

Asn. Ile Ser Asn. Ser Val Arg Arg Gly Asn. Phe Thr Glu Ala Phe Ala 
675 68O 685 

Val Thr Gly Val Thr Ile Leu Lieu. Glu Ala Phe Pro Glu Phe Thr Ile 
69 O. 695 7 OO 

Pro Ala Lieu. Gly Ala Phe Val Ile Tyr Ser Llys Val Glin Glu Arg Asn 
7 Os 71O 71s 72O 

Glu Ile Ile Llys Thir Ile Asp Asn. Cys Lieu. Glu Glin Arg Ile Lys Arg 
72 73 O 73 

Trp Lys Asp Ser Tyr Glu Trp Met Met Gly. Thir Trp Leu Ser Arg Ile 
740 74. 7 O 

Ile Thr Glin Phe Asn Asn Ile Ser Tyr Gln Met Tyr Asp Ser Lieu. Asn 
7ss 760 765 

Tyr Glin Ala Gly Ala Ile Lys Ala Lys Ile Asp Lieu. Glu Tyr Lys Llys 
770 775 78O 

Tyr Ser Gly Ser Asp Llys Glu Asn. Ile Llys Ser Glin Val Glu Asn Lieu. 
78s 79 O 79. 8OO 

Lys Asn. Ser Lieu. Asp Wall Lys Ile Ser Glu Ala Met Asn. Asn. Ile Asn 
805 810 815 

Llys Phe Ile Arg Glu. Cys Ser Val Thr Tyr Lieu Phe Lys Asn Met Leu 
82O 825 83 O 

Pro Llys Val Ile Asp Glu Lieu. Asn. Glu Phe Asp Arg Asn. Thir Lys Ala 
835 84 O 845 

Llys Lieu. Ile Asn Lieu. Ile Asp Ser His Asn. Ile Ile Lieu Val Gly Glu 
850 855 860 

Val Asp Llys Lieu Lys Ala Lys Val Asn. Asn. Ser Phe Glin Asn. Thir Ile 
865 87O 87s 88O 
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agcgataacg tdgaagattt tacct ttacc cqcagcattg aagaa.gc.gct ggata acagc 1860 

gcgaaagttt acacct attt toccaccctg gcgaacaaag ttaatgcggg togttcagggc 1920 

ggtctgtttic tatgtgggc gaacgatgtg gtggaagatt to accaccala catcCtgcgt 198O 

aaagat accc tigataaaat cagcgatgtt agcgcgatta titc.cgtatat tdgtc.cggcg 2O4. O 

Ctgaac atta gcaatagcgt gcgt.cgtggc aattitt accg aag.cgtttgc ggttaccggit 21OO 

gtgacCattic tictggaagc gtttc.cggala tttaccatt C C9gcgctggg togtttgttg 216 O 

atctatagca aagtgcagga acgcaacgaa atcatcaaaa ccatcgataa citgcc tiggaa 222 O 

Cagcgt atta aacgctggaa agatagot at gaatggatga tigggc acct g gctgagc.cgt. 228O 

attat caccc agttcaacaa catcagotac cagatgitacg atagoctogaa citat cagg.cg 234 O 

ggtgcgatta aag.cgaaaat Catctggala tacaaaaaat acagcggcag catalaagaa 24 OO 

alacatcaaaa gcc aggttga aaacctgaaa alacagcctgg atgtgaaaat tagcgaagcg 246 O 

atgaataa.ca toaacaaatt catcc.gcgaa tdcagogtga cctacctgtt caaaaacatg 252O 

Ctgc.cgaaag tatcgatga actgaacgaa tittgatcgca acaccaaagc gaalactgat C 2580 

alacctgat cq atagocacaa Cattattotg gtgggcgaag tigataaact gaaag.cgaaa 264 O 

gttaacaa.ca gct tccagaa cac catc.ccg tittaa.catct t cagotatac caacaacagc 27 OO 

ctgctgaaag at atcatcaa cqaatactitc aatctag act ag 2742 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 913 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 2O 

Gly Ser Glu Phe Met Pro Ile Thr Ile Asn Asn Phe Asn Tyr Ser Asp 
1. 5 1O 15 

Pro Val Asp Asn Lys Asn. Ile Lieu. Tyr Lieu. Asp Thr His Lieu. Asn Thr 
2O 25 3O 

Lieu Ala Asn. Glu Pro Glu Lys Ala Phe Arg Ile Thr Gly Asn. Ile Trp 
35 4 O 45 

Val Ile Pro Asp Arg Phe Ser Arg Asn. Ser Asn Pro Asn Lieu. Asn Lys 
SO 55 6 O 

Pro Pro Arg Val Thr Ser Pro Llys Ser Gly Tyr Tyr Asp Pro Asn Tyr 
65 70 7s 8O 

Lieu. Ser Thr Asp Ser Asp Lys Asp Thr Phe Lieu Lys Glu Ile Ile Llys 
85 90 95 

Lieu. Phe Lys Arg Ile Asn. Ser Arg Glu Ile Gly Glu Glu Lieu. Ile Tyr 
1OO 105 11 O 

Arg Lieu. Ser Thr Asp Ile Pro Phe Pro Gly Asn Asn Asn Thr Pro Ile 
115 12 O 125 

Asn. Thir Phe Asp Phe Asp Val Asp Phe Asin Ser Val Asp Wall Lys Thr 
13 O 135 14 O 

Arg Glin Gly Asn. Asn Trp Val Lys Thr Gly Ser Ile Asn. Pro Ser Val 
145 150 155 160 

Ile Ile Thr Gly Pro Arg Glu Asn Ile Ile Asp Pro Glu Thir Ser Thr 
1.65 17O 17s 

Phe Llys Lieu. Thir Asn. Asn. Thir Phe Ala Ala Glin Glu Gly Phe Gly Ala 
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18O 185 19 O 

Lieu. Ser Ile Ile Ser Ile Ser Pro Arg Phe Met Lieu. Thr Tyr Ser Asn 
195 2OO 2O5 

Ala Thr Asn Asp Val Gly Glu Gly Arg Phe Ser Llys Ser Glu Phe Cys 
21 O 215 22O 

Met Asp Pro Ile Lieu. Ile Lieu Met His Glu Lieu. Asn His Ala Met His 
225 23 O 235 24 O 

Asn Lieu. Tyr Gly Ile Ala Ile Pro Asn Asp Gln Thr Ile Ser Ser Val 
245 250 255 

Thir Ser Asn Ile Phe Tyr Ser Glin Tyr Asn Val Lys Lieu. Glu Tyr Ala 
26 O 265 27 O 

Glu Ile Tyr Ala Phe Gly Gly Pro Thr Ile Asp Lieu. Ile Pro Llys Ser 
27s 28O 285 

Ala Arg Llys Tyr Phe Glu Glu Lys Ala Lieu. Asp Tyr Tyr Arg Ser Ile 
29 O 295 3 OO 

Ala Lys Arg Lieu. Asn. Ser Ile Thir Thr Ala Asn Pro Ser Ser Phe Asn 
3. OS 310 315 32O 

Llys Tyr Ile Gly Glu Tyr Lys Glin Llys Lieu. Ile Arg Llys Tyr Arg Phe 
3.25 330 335 

Val Val Glu Ser Ser Gly Glu Val Thr Val Asn Arg Asn Llys Phe Val 
34 O 345 35. O 

Glu Lieu. Tyr Asn Glu Lieu. Thr Glin Ile Phe Thr Glu Phe Asn Tyr Ala 
355 360 365 

Lys Ile Tyr Asn Val Glin Asn Arg Lys Ile Tyr Lieu. Ser Asn Val Tyr 
37 O 375 38O 

Thr Pro Val Thir Ala Asn. Ile Lieu. Asp Asp Asn Val Tyr Asp Ile Glin 
385 390 395 4 OO 

Asn Gly Phe Asn. Ile Pro Llys Ser Asn Lieu. Asn Val Lieu. Phe Met Gly 
4 OS 41O 415 

Glin Asn Lieu. Ser Arg Asn Pro Ala Lieu. Arg Llys Val Asn Pro Glu Asn 
42O 425 43 O 

Met Leu Tyr Lieu Phe Thr Lys Phe Cys Val Asp Gly Ile Ile Thr Ser 
435 44 O 445 

Lys Thr Lys Ser Lieu. Ile Glu Gly Arg Phe Gly Gly Phe Thr Gly Ala 
450 45.5 460 

Arg Llys Ser Ala Arg Llys Lieu Ala Asn Glin Ala Lieu Ala Gly Gly Gly 
465 470 47s 48O 

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ala Lieu Val Lieu. 
485 490 495 

Glin Cys Arg Glu Lieu. Lieu Val Lys Asn. Thir Asp Lieu Pro Phe Ile Gly 
SOO 505 51O 

Asp Ile Ser Asp Wall Lys Thr Asp Ile Phe Lieu. Arg Lys Asp Ile Asn 
515 52O 525 

Glu Glu Thr Glu Val Ile Tyr Tyr Pro Asp Asn Val Ser Val Asp Glin 
53 O 535 54 O 

Val Ile Lieu. Ser Lys Asn. Thir Ser Glu. His Gly Glin Lieu. Asp Lieu. Lieu 
5.45 550 555 560 

Tyr Pro Ser Ile Asp Ser Glu Ser Glu Ile Leu Pro Gly Glu Asn Glin 
565 st O sts 

Val Phe Tyr Asp Asn Arg Thr Glin Asn Val Asp Tyr Lieu. Asn. Ser Tyr 
58O 585 59 O 
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Tyr Tyr Lieu. Glu Ser Glin Llys Lieu. Ser Asp Asn Val Glu Asp Phe Thr 
595 6OO 605 

Phe Thr Arg Ser Ile Glu Glu Ala Lieu. Asp Asn. Ser Ala Lys Val Tyr 
610 615 62O 

Thr Tyr Phe Pro Thr Lieu Ala Asn Llys Val Asn Ala Gly Val Glin Gly 
625 630 635 64 O 

Gly Leu Phe Leu Met Trp Ala Asn Asp Val Val Glu Asp Phe Thr Thr 
645 650 655 

Asn. Ile Lieu. Arg Lys Asp Thir Lieu. Asp Llys Ile Ser Asp Val Ser Ala 
660 665 67 O 

Ile Ile Pro Tyr Ile Gly Pro Ala Lieu. Asn. Ile Ser Asn. Ser Val Arg 
675 68O 685 

Arg Gly Asn Phe Thr Glu Ala Phe Ala Val Thr Gly Val Thir Ile Leu 
69 O. 695 7 OO 

Lieu. Glu Ala Phe Pro Glu Phe Thr Ile Pro Ala Lieu. Gly Ala Phe Val 
7 Os 71O 71s 72O 

Ile Tyr Ser Llys Val Glin Glu Arg Asn. Glu Ile Ile Llys Thir Ile Asp 
72 73 O 73 

Asn. Cys Lieu. Glu Glin Arg Ile Lys Arg Trip Lys Asp Ser Tyr Glu Trip 
740 74. 7 O 

Met Met Gly. Thir Trp Leu Ser Arg Ile Ile Thr Glin Phe Asn Asn Ile 
7ss 760 765 

Ser Tyr Gln Met Tyr Asp Ser Lieu. Asn Tyr Glin Ala Gly Ala Ile Llys 
770 775 78O 

Ala Lys Ile Asp Lieu. Glu Tyr Lys Llys Tyr Ser Gly Ser Asp Llys Glu 
78s 79 O 79. 8OO 

Asn. Ile Llys Ser Glin Val Glu Asn Lieu Lys Asn. Ser Lieu. Asp Wall Lys 
805 810 815 

Ile Ser Glu Ala Met Asn. Asn. Ile Asn Llys Phe Ile Arg Glu. Cys Ser 
82O 825 83 O 

Val Thr Tyr Lieu. Phe Lys Asn Met Lieu Pro Llys Val Ile Asp Glu Lieu 
835 84 O 845 

Asn Glu Phe Asp Arg Asn. Thir Lys Ala Lys Lieu. Ile Asn Lieu. Ile Asp 
850 855 860 

Ser His Asn. Ile Ile Lieu Val Gly Glu Val Asp Llys Lieu Lys Ala Lys 
865 87O 87s 88O 

Val Asn Asn Ser Phe Glin Asn. Thir Ile Pro Phe Asn Ile Phe Ser Tyr 
885 890 895 

Thir Asn. Asn. Ser Lieu Lleu Lys Asp Ile Ile Asn. Glu Tyr Phe Asn Lieu. 
9 OO 905 91 O 

Asp 

<210s, SEQ ID NO 21 
&211s LENGTH: 2673 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 21 

ggat.ccatgg agttcgittaa caaac agttcaactataaag acccagttala C9gtgttgac 6 O 

attgcttaca toaaaatc.cc gaacgctggc cagatgcago cqgtaaaggc attcaaaatc 12 O 
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aacaaagcta tdatcaa.cat caacaagttc ctdaaccagt gctctgtaag citatctgatg 246 O 

aact coatga t c ccgtacgg tittaaacgt. Ctggaggact tcgatgcgtc. tctgaaagac 252O 

gccCtgctga aatacattta caca accgt ggcactctga t cq9tcaggt tdatcgtctg 2580 

aaggacaaag togaacaatac ctitat cqacc gacatcc citt ttcagct cag taaatatgtc 264 O 

gataac caac gocttttgtc. cactic tagac tag 2673 

<210s, SEQ ID NO 22 
&211s LENGTH: 890 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 22 

Gly Ser Met Glu Phe Val Asn Lys Glin Phe Asn Tyr Lys Asp Pro Val 
1. 5 1O 15 

Asn Gly Val Asp Ile Ala Tyr Ile Lys Ile Pro Asn Ala Gly Glin Met 
2O 25 3O 

Gln Pro Val Lys Ala Phe Lys Ile His Asn Lys Ile Trp Val Ile Pro 
35 4 O 45 

Glu Arg Asp Thr Phe Thr Asn Pro Glu Glu Gly Asp Lieu. Asn Pro Pro 
SO 55 6 O 

Pro Glu Ala Lys Glin Val Pro Val Ser Tyr Tyr Asp Ser Thr Tyr Lieu. 
65 70 7s 8O 

Ser Thr Asp Asn. Glu Lys Asp Asn Tyr Lieu Lys Gly Val Thir Lys Lieu. 
85 90 95 

Phe Glu Arg Ile Tyr Ser Thr Asp Leu Gly Arg Met Leu Lieu. Thir Ser 
1OO 105 11 O 

Ile Val Arg Gly Ile Pro Phe Trp Gly Gly Ser Thr Ile Asp Thr Glu 
115 12 O 125 

Lieu Lys Val Ile Asp Thr Asn. Cys Ile Asin Val Ile Glin Pro Asp Gly 
13 O 135 14 O 

Ser Tyr Arg Ser Glu Glu Lieu. Asn Lieu Val Ile Ile Gly Pro Ser Ala 
145 150 155 160 

Asp Ile Ile Glin Phe Glu. Cys Llys Ser Phe Gly His Glu Val Lieu. Asn 
1.65 17O 17s 

Lieu. Thir Arg Asn Gly Tyr Gly Ser Thr Glin Tyr Ile Arg Phe Ser Pro 
18O 185 19 O 

Asp Phe Thr Phe Gly Phe Glu Glu Ser Lieu. Glu Val Asp Thr Asn Pro 
195 2OO 2O5 

Lieu. Lieu. Gly Ala Gly Llys Phe Ala Thr Asp Pro Ala Val Thir Lieu Ala 
21 O 215 22O 

His Glu Lieu. Ile His Ala Gly His Arg Lieu. Tyr Gly Ile Ala Ile Asn 
225 23 O 235 24 O 

Pro Asn Arg Val Phe Llys Val Asn Thr Asn Ala Tyr Tyr Glu Met Ser 
245 250 255 

Gly Lieu. Glu Val Ser Phe Glu Glu Lieu. Arg Thr Phe Gly Gly His Asp 
26 O 265 27 O 

Ala Lys Phe Ile Asp Ser Lieu. Glin Glu Asn. Glu Phe Arg Lieu. Tyr Tyr 
27s 28O 285 

Tyr Asn Llys Phe Lys Asp Ile Ala Ser Thr Lieu. Asn Lys Ala Lys Ser 
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29 O 295 3 OO 

Ile Val Gly Thr Thr Ala Ser Leu Glin Tyr Met Lys Asn Val Phe Lys 
3. OS 310 315 32O 

Glu Lys Tyr Lieu Lleu Ser Glu Asp Thir Ser Gly Llys Phe Ser Val Asp 
3.25 330 335 

Llys Lieu Lys Phe Asp Llys Lieu. Tyr Lys Met Lieu. Thr Glu Ile Tyr Thr 
34 O 345 35. O 

Glu Asp Asn. Phe Val Llys Phe Phe Llys Val Lieu. Asn Arg Llys Thr Tyr 
355 360 365 

Lieu. Asn. Phe Asp Lys Ala Val Phe Lys Ile Asn. Ile Val Pro Llys Val 
37 O 375 38O 

Asn Tyr Thir Ile Tyr Asp Gly Phe Asn Lieu. Arg Asn. Thir Asn Lieu Ala 
385 390 395 4 OO 

Ala Asn Phe Asin Gly Glin Asn Thr Glu Ile Asn Asn Met Asin Phe Thr 
4 OS 41O 415 

Llys Lieu Lys Asn. Phe Thr Gly Lieu. Phe Glu Phe Tyr Llys Lieu. Lieu. Cys 
42O 425 43 O 

Val Asp Gly Ile Ile Thir Ser Lys Thir Lys Ser Lieu. Ile Glu Gly Arg 
435 44 O 445 

Tyr Gly Gly Phe Met Ala Lieu Ala Gly Gly Gly Gly Ser Gly Gly Gly 
450 45.5 460 

Gly Ser Gly Gly Gly Gly Ser Ala Lieu Val Lieu Gln Cys Ile Llys Val 
465 470 47s 48O 

Asn Asn Trp Asp Leu Phe Phe Ser Pro Ser Glu Asp Asn Phe Thr Asn 
485 490 495 

Asp Lieu. Asn Lys Gly Glu Glu Ile Thir Ser Asp Thr Asn. Ile Glu Ala 
SOO 505 51O 

Ala Glu Glu Asn. Ile Ser Lieu. Asp Lieu. Ile Glin Glin Tyr Tyr Lieu. Thr 
515 52O 525 

Phe Asin Phe Asp Asn. Glu Pro Glu Asn. Ile Ser Ile Glu Asn Lieu. Ser 
53 O 535 54 O 

Ser Asp Ile Ile Gly Glin Lieu. Glu Lieu Met Pro Asn. Ile Glu Arg Phe 
5.45 550 555 560 

Pro Asn Gly Lys Lys Tyr Glu Lieu. Asp Llys Tyr Thr Met Phe His Tyr 
565 st O sts 

Lieu. Arg Ala Glin Glu Phe Glu. His Gly Lys Ser Arg Ile Ala Lieu. Thir 
58O 585 59 O 

Asn Ser Val Asn. Glu Ala Lieu. Lieu. Asn Pro Ser Arg Val Tyr Thr Phe 
595 6OO 605 

Phe Ser Ser Asp Tyr Val Llys Llys Val Asn Lys Ala Thr Glu Ala Ala 
610 615 62O 

Met Phe Leu Gly Trp Val Glu Gln Leu Val Tyr Asp Phe Thr Asp Glu 
625 630 635 64 O 

Thir Ser Glu Val Ser Thr Thr Asp Llys Ile Ala Asp Ile Thr Ile Ile 
645 650 655 

Ile Pro Tyr Ile Gly Pro Ala Lieu. Asn Ile Gly Asn Met Leu Tyr Lys 
660 665 67 O 

Asp Asp Phe Val Gly Ala Lieu. Ile Phe Ser Gly Ala Val Ile Lieu. Lieu 
675 68O 685 

Glu Phe Ile Pro Glu Ile Ala Ile Pro Val Lieu. Gly Thr Phe Ala Leu 
69 O. 695 7 OO 
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Asn Gly Val Asp Ile Ala Tyr Ile Lys Ile Pro Asn Ala Gly Glin Met 
2O 25 3O 

Gln Pro Val Lys Ala Phe Lys Ile His Asn Lys Ile Trp Val Ile Pro 
35 4 O 45 

Glu Arg Asp Thr Phe Thr Asn Pro Glu Glu Gly Asp Lieu. Asn Pro Pro 
SO 55 6 O 

Pro Glu Ala Lys Glin Val Pro Val Ser Tyr Tyr Asp Ser Thr Tyr Lieu. 
65 70 7s 8O 

Ser Thr Asp Asn. Glu Lys Asp Asn Tyr Lieu Lys Gly Val Thir Lys Lieu. 
85 90 95 

Phe Glu Arg Ile Tyr Ser Thr Asp Leu Gly Arg Met Leu Lieu. Thir Ser 
1OO 105 11 O 

Ile Val Arg Gly Ile Pro Phe Trp Gly Gly Ser Thr Ile Asp Thr Glu 
115 12 O 125 

Lieu Lys Val Ile Asp Thr Asn. Cys Ile Asin Val Ile Glin Pro Asp Gly 
13 O 135 14 O 

Ser Tyr Arg Ser Glu Glu Lieu. Asn Lieu Val Ile Ile Gly Pro Ser Ala 
145 150 155 160 

Asp Ile Ile Glin Phe Glu. Cys Llys Ser Phe Gly His Glu Val Lieu. Asn 
1.65 17O 17s 

Lieu. Thir Arg Asn Gly Tyr Gly Ser Thr Glin Tyr Ile Arg Phe Ser Pro 
18O 185 19 O 

Asp Phe Thr Phe Gly Phe Glu Glu Ser Lieu. Glu Val Asp Thr Asn Pro 
195 2OO 2O5 

Lieu. Lieu. Gly Ala Gly Llys Phe Ala Thr Asp Pro Ala Val Thir Lieu Ala 
21 O 215 22O 

His Glu Lieu. Ile His Ala Gly His Arg Lieu. Tyr Gly Ile Ala Ile Asn 
225 23 O 235 24 O 

Pro Asn Arg Val Phe Llys Val Asn Thr Asn Ala Tyr Tyr Glu Met Ser 
245 250 255 

Gly Lieu. Glu Val Ser Phe Glu Glu Lieu. Arg Thr Phe Gly Gly His Asp 
26 O 265 27 O 

Ala Lys Phe Ile Asp Ser Lieu. Glin Glu Asn. Glu Phe Arg Lieu. Tyr Tyr 
27s 28O 285 

Tyr Asn Llys Phe Lys Asp Ile Ala Ser Thr Lieu. Asn Lys Ala Lys Ser 
29 O 295 3 OO 

Ile Val Gly Thr Thr Ala Ser Leu Glin Tyr Met Lys Asn Val Phe Lys 
3. OS 310 315 32O 

Glu Lys Tyr Lieu Lleu Ser Glu Asp Thir Ser Gly Llys Phe Ser Val Asp 
3.25 330 335 

Llys Lieu Lys Phe Asp Llys Lieu. Tyr Lys Met Lieu. Thr Glu Ile Tyr Thr 
34 O 345 35. O 

Glu Asp Asn. Phe Val Llys Phe Phe Llys Val Lieu. Asn Arg Llys Thr Tyr 
355 360 365 

Lieu. Asn. Phe Asp Lys Ala Val Phe Lys Ile Asn. Ile Val Pro Llys Val 
37 O 375 38O 

Asn Tyr Thir Ile Tyr Asp Gly Phe Asn Lieu. Arg Asn. Thir Asn Lieu Ala 
385 390 395 4 OO 

Ala Asn Phe Asin Gly Glin Asn Thr Glu Ile Asn Asn Met Asin Phe Thr 
4 OS 41O 415 

Llys Lieu Lys Asn. Phe Thr Gly Lieu. Phe Glu Phe Tyr Llys Lieu. Lieu. Cys 
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42O 425 43 O 

Val Asp Gly Ile Ile Thir Ser Lys Thir Lys Ser Lieu. Ile Glu Gly Arg 
435 44 O 445 

Tyr Gly Gly Phe Met Thir Ser Glu Lys Ser Glin Thr Pro Leu Val Thr 
450 45.5 460 

Lieu. Phe Lys Asn Ala Ile Ile Lys Asn Ala Tyr Llys Lys Gly Glu Ala 
465 470 47s 48O 

Lieu Ala Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly 
485 490 495 

Ser Ala Lieu Val Lieu. Glin Cys Ile Llys Val Asn. Asn Trp Asp Lieu. Phe 
SOO 505 51O 

Phe Ser Pro Ser Glu Asp Asn. Phe Thr Asn Asp Lieu. Asn Lys Gly Glu 
515 52O 525 

Glu Ile Thir Ser Asp Thr Asn. Ile Glu Ala Ala Glu Glu Asn. Ile Ser 
53 O 535 54 O 

Lieu. Asp Lieu. Ile Glin Glin Tyr Tyr Lieu. Thir Phe Asn. Phe Asp Asn. Glu 
5.45 550 555 560 

Pro Glu Asn. Ile Ser Ile Glu Asn Lieu. Ser Ser Asp Ile Ile Gly Glin 
565 st O sts 

Lieu. Glu Lieu Met Pro Asn. Ile Glu Arg Phe Pro Asn Gly Lys Llys Tyr 
58O 585 59 O 

Glu Lieu. Asp Llys Tyr Thr Met Phe His Tyr Lieu. Arg Ala Glin Glu Phe 
595 6OO 605 

Glu. His Gly Lys Ser Arg Ile Ala Lieu. Thir Asn. Ser Val Asn. Glu Ala 
610 615 62O 

Lieu. Lieu. Asn Pro Ser Arg Val Tyr Thr Phe Phe Ser Ser Asp Tyr Val 
625 630 635 64 O 

Llys Llys Val Asn Lys Ala Thr Glu Ala Ala Met Phe Lieu. Gly Trp Val 
645 650 655 

Glu Glin Leu Val Tyr Asp Phe Thr Asp Glu Thir Ser Glu Val Ser Thr 
660 665 67 O 

Thr Asp Lys Ile Ala Asp Ile Thr Ile Ile Ile Pro Tyr Ile Gly Pro 
675 68O 685 

Ala Lieu. Asn. Ile Gly Asn Met Lieu. Tyr Lys Asp Asp Phe Val Gly Ala 
69 O. 695 7 OO 

Lieu. Ile Phe Ser Gly Ala Val Ile Leu Lieu. Glu Phe Ile Pro Glu Ile 
7 Os 71O 71s 72O 

Ala Ile Pro Val Lieu. Gly Thr Phe Ala Lieu Val Ser Tyr Ile Ala Asn 
72 73 O 73 

Llys Val Lieu. Thr Val Glin Thir Ile Asp Asn Ala Lieu. Ser Lys Arg Asn 
740 74. 7 O 

Glu Lys Trp Asp Glu Val Tyr Lys Tyr Ile Val Thr Asn Trp Lieu Ala 
7ss 760 765 

Llys Val Asn Thr Glin Ile Asp Lieu. Ile Arg Llys Llys Met Lys Glu Ala 
770 775 78O 

Lieu. Glu Asn Glin Ala Glu Ala Thir Lys Ala Ile Ile Asn Tyr Glin Tyr 
78s 79 O 79. 8OO 

Asn Glin Tyr Thr Glu Glu Glu Lys Asn. Asn. Ile Asn. Phe Asn. Ile Asp 
805 810 815 

Asp Lieu. Ser Ser Llys Lieu. Asn. Glu Ser Ile Asn Lys Ala Met Ile Asn 
82O 825 83 O 
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Ile Val Arg Gly Ile Pro Phe Trp Gly Gly Ser Thr Ile Asp Thr Glu 
115 12 O 125 

Lieu Lys Val Ile Asp Thr Asn. Cys Ile Asin Val Ile Glin Pro Asp Gly 
13 O 135 14 O 

Ser Tyr Arg Ser Glu Glu Lieu. Asn Lieu Val Ile Ile Gly Pro Ser Ala 
145 150 155 160 

Asp Ile Ile Glin Phe Glu. Cys Llys Ser Phe Gly His Glu Val Lieu. Asn 
1.65 17O 17s 

Lieu. Thir Arg Asn Gly Tyr Gly Ser Thr Glin Tyr Ile Arg Phe Ser Pro 
18O 185 19 O 

Asp Phe Thr Phe Gly Phe Glu Glu Ser Lieu. Glu Val Asp Thr Asn Pro 
195 2OO 2O5 

Lieu. Lieu. Gly Ala Gly Llys Phe Ala Thr Asp Pro Ala Val Thir Lieu Ala 
21 O 215 22O 

His Glu Lieu. Ile His Ala Gly His Arg Lieu. Tyr Gly Ile Ala Ile Asn 
225 23 O 235 24 O 

Pro Asn Arg Val Phe Llys Val Asn Thr Asn Ala Tyr Tyr Glu Met Ser 
245 250 255 

Gly Lieu. Glu Val Ser Phe Glu Glu Lieu. Arg Thr Phe Gly Gly His Asp 
26 O 265 27 O 

Ala Lys Phe Ile Asp Ser Lieu. Glin Glu Asn. Glu Phe Arg Lieu. Tyr Tyr 
27s 28O 285 

Tyr Asn Llys Phe Lys Asp Ile Ala Ser Thr Lieu. Asn Lys Ala Lys Ser 
29 O 295 3 OO 

Ile Val Gly Thr Thr Ala Ser Leu Glin Tyr Met Lys Asn Val Phe Lys 
3. OS 310 315 32O 

Glu Lys Tyr Lieu Lleu Ser Glu Asp Thir Ser Gly Llys Phe Ser Val Asp 
3.25 330 335 

Llys Lieu Lys Phe Asp Llys Lieu. Tyr Lys Met Lieu. Thr Glu Ile Tyr Thr 
34 O 345 35. O 

Glu Asp Asn. Phe Val Llys Phe Phe Llys Val Lieu. Asn Arg Llys Thr Tyr 
355 360 365 

Lieu. Asn. Phe Asp Lys Ala Val Phe Lys Ile Asn. Ile Val Pro Llys Val 
37 O 375 38O 

Asn Tyr Thir Ile Tyr Asp Gly Phe Asn Lieu. Arg Asn. Thir Asn Lieu Ala 
385 390 395 4 OO 

Ala Asn Phe Asin Gly Glin Asn Thr Glu Ile Asn Asn Met Asin Phe Thr 
4 OS 41O 415 

Llys Lieu Lys Asn. Phe Thr Gly Lieu. Phe Glu Phe Tyr Llys Lieu. Lieu. Cys 
42O 425 43 O 

Val Asp Gly Ile Ile Thir Ser Lys Thir Lys Ser Lieu. Ile Glu Gly Arg 
435 44 O 445 

Phe Gly Gly Phe Thr Gly Ala Arg Llys Ser Ala Arg Lys Arg Lys Asn 
450 45.5 460 

Glin Ala Lieu Ala Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly 
465 470 47s 48O 

Gly Gly Ser Ala Lieu Val Lieu. Glin Cys Ile Llys Val Asn. Asn Trp Asp 
485 490 495 

Lieu. Phe Phe Ser Pro Ser Glu Asp Asn. Phe Thr Asn Asp Lieu. Asn Lys 
SOO 505 51O 

Gly Glu Glu Ile Thir Ser Asp Thr Asn. Ile Glu Ala Ala Glu Glu Asn 
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Ile 

Asn 
5.45 

Gly 

Glu 

Glu 

Tyr 
625 

Trp 

Ser 

Gly 

Gly 

Glu 
7 Os 

Ala 

Arg 

Lell 

Glu 

Glin 

Ile 

Ile 

Asn 

Ser 

Lell 
865 

Ser 

Lell 

Ser 
53 O 

Glu 

Glin 

Phe 

Ala 
610 

Wall 

Wall 

Thir 

Pro 

Ala 
69 O. 

Ile 

Asn 

Asn 

Ala 

Ala 
770 

Asp 

Asn 

Ser 

Luell 
850 

Ile 

Thir 

Luell 

515 

Luell 

Pro 

Luell 

Glu 

Glu 
595 

Luell 

Glu 

Thir 

Ala 
675 

Luell 

Ala 

Glu 

Lys 

Luell 

Asn 

Asp 

Ile 

Met 
835 

Gly 

Asp 

Ser 

Asp 

Glu 

Glu 

Luell 

His 

Luell 

Glin 

Asp 
660 

Luell 

Ile 

Ile 

Wall 

Lys 
740 

Wall 

Glu 

Glin 

Luell 

Asn 

Ile 

Asp 

Glin 

Ile 

Thir 
9 OO 

<210s, SEQ ID NO 

Lell 

Asn 

Lell 
565 

Asp 

Gly 

Asn 

Wall 

Lell 
645 

Lys 

Asn 

Phe 

Pro 

Lell 
72 

Trp 

Asn 

Asn 

Tyr 

Ser 
805 

Lys 

Pro 

Ala 

Wall 

Pro 
885 

Lell 

27 

Ile 

Ile 
550 

Met 

Pro 

Asn 
630 

Wall 

Ile 

Ile 

Ser 

Wall 

Thir 

Asp 

Thir 

Glin 

Thir 
79 O 

Ser 

Phe 

Lell 

Asp 
87O 

Phe 

Asp 

Glin 
535 

Ser 

Pro 

Ser 

Ser 
615 

Ala 

Gly 

Gly 
695 

Lell 

Wall 

Glu 

Glin 

Ala 
775 

Glu 

Lell 

Gly 

Lell 
855 

Arg 

Glin 

Glin 

Ile 

Asn 

Thir 

Arg 

Arg 

Ala 

Asp 

Asp 

Asn 

Ala 

Gly 

Glin 

Wall 

Ile 
760 

Glu 

Glu 

Luell 

Asn 

Wall 
84 O 

Luell 

Luell 

Glu 

Ile 

Met 
585 

Ile 

Wall 

Thir 

Phe 

Ile 
665 

Met 

Wall 

Thir 

Thir 

Tyr 
74. 

Asp 

Ala 

Glu 

Asn 

Glin 
825 

Ser 

Tyr 

Asn 

Glu 
st O 

Phe 

Ala 

Glu 

Thir 
650 

Thir 

Luell 

Ile 

Phe 

Ile 
73 O 

Luell 

Thir 

Glu 
810 

Arg 

Ile 

Asp 

Lys 
890 

Luell 

Luell 
555 

Arg 

His 

Luell 

Thir 

Ala 
635 

Asp 

Ile 

Luell 

Ala 
71s 

Asp 

Ile 

ASn 
79. 

Ser 

Ser 

Luell 

Lys 
87s 

64 

- Continued 

Thir 
54 O 

Ser 

Phe 

Thir 

Phe 

Ala 

Glu 

Ile 

Lell 
7 OO 

Lell 

Asn 

Ile 

Arg 

Ala 

Asn 

Ile 

Wall 

Glu 

Asp 
860 

Wall 

Wall 

525 

Phe 

Ser 

Pro 

Lell 

Asn 
605 

Phe 

Met 

Thir 

Ile 

Asp 
685 

Glu 

Wall 

Ala 

Wall 

Lys 
765 

Ile 

Ile 

Asn 

Ser 

Asp 
845 

Asn 

Asn 

Asp 

Asn 

Asp 

Asn 

Arg 
59 O 

Ser 

Ser 

Phe 

Ser 

Pro 
67 O 

Asp 

Phe 

Ser 

Luell 

Thir 
7 O 

Ile 

Asn 

Tyr 
83 O 

Phe 

Arg 

Asn 

Asn 

Phe 

Ile 

Gly 
sts 

Ala 

Wall 

Ser 

Luell 

Glu 
655 

Phe 

Ile 

Ser 
73 

Asn 

Met 

Asn 

Phe 

Ala 
815 

Luell 

Asp 

Gly 

Thir 

Glin 
895 

Asp 

Ile 
560 

Glin 

Asn 

Asp 

Gly 
64 O 

Wall 

Ile 

Wall 

Pro 

Ile 
72O 

Asn 

Met 

Met 

Ala 

Thir 

Luell 

Arg 
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