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This invention describes a novel agent for the targeted control
of mammalian cell activity, in particular the agent is used to
control the interaction of particular cell types with their
external environwent. The agent . has applications as a
pharmaceutical for the treatment of a variety of disorders.

BACKGROUND

A fundamental property of living cells is their ability to
respond to their external environment. The interface between
a cell and its external environment is the plasma membrane. The
plasma membrane consists of a phospholipid bilayer in which many
kinds of protein molecules are embedded. These integral
membrane proteins (IMPs) are responsible for many of the
interactions of a cell with its external environment.

The interactions in which the IMPs are involved include: the
transport of materials, including nutrients, into and out of the
cell; the regulated permeabiiity of the plasma membrane to ions;
the recognition of, arnd response to, extracellular molecules;
and the adhesion of one cell to another cell. A specialised
function of the immune system, that is also mediated via IMPs,
is the display of particular foreign peptide sequences by one
group of immune cells to another group.

One of the ways in which a cell regulates its ability to respond
to, and interact with, the external environment is by changing
the quantity and types of IMPs present at the plasma membrane.
One mechanism by which this is achieved is the reversible
" internalisation of IMPs wvia an endocytotic pathway into
Recyclable Membrane Vesicles (RMVs). In these cases IMPs stored
in the RMVs represent an internal store or pool of IMPs
ava;ilable for rapid export to the cell surface via a process of
exocytotic fusion of the RMVs with the plasma wmembrane.
Modulation of the equilibrium of this exocytotic / endocytotic
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exocytotic / erdaqyd@ti¥ity, the uptake of glucose by insulin-responsive cells "
in skeletal muscle and adipose tissue is regulated. Insulin

increases the amount of a particular isoform of glucose °
transporter, GLUT4, which is found in the plasma membrane of
these cells. The higher concentration of GLUT4 molecules at the
surface of the cell results in increased uptake of glucose.
Therefore, by controlling the number of glucose .transporters
present in the plasma membrane the response to insulin can be
modulated. ' '

Another example of alterations in cell surface IMP expression
in response to external signals is that of the receptor for the
complement fragments C3b and C4b, the type 1 complement receptor
CR1. Upon activation of human neutrophils the plasma membrane
expression of CRl1 is transiently increased 6- to 10- fold.

Ih another example a number of inflammatory and immune cells
modify their expression of cell surface adhesion molecules upon
activation. Hence, activation of neutrophils or monocytes leads
to a modulation of the cell surface adhesion molecules Mac-1 and
plso,95. These adhesion molecules are important in the
targeting and movement of inflammatory cells to sites of
inflammation.

In yet another exan;ple, a variety of hormones {insulin, insulin-
like growth factor, interleukin 1 and platelet-derived growth
factor) cause a rapid increase in the cell surface expression
of the transferrin receptor in a variety of cell types. The
transferrin-receptor binds diferric transferrin £from the
external environment of the cell, and is thereby involved in the
uptake of iron by cells. This transferrin/ transferrin-receptor
system may also play a role in the transcellular movement of -
iron into the CNS across the blood brain barrier, a process
known as transcytosis. Transcyt:ési"s is also involved in the
trgnsfer of maternal immunity to the developing foetus.

In yet another example the diuretic hormone aldosterone is known
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In a further example of the modulation of cell membrane
expression of IMPs, it ié noted that.the function of the immune
system is based upon the recognition of foreign, or non-self,
antigens. Part of this recognition and immune response is
provided by cells of the immune system able to recognise and
respond to foreign peptide sequences. These peptide sequences
are presented to the immune cells by other cells of the immune
system known as antigen presenting cells. Antigen presenting
cells ingest foreign antigenic proteins, digest these to
peptides and display the foreign peptides in a cleft formed at
the cell membrane by IMPs of the major hlstocompatlbll:.ty
complex.

Thus IMPs are central to a c¢ell’s ability to interact with its

~ external environment and, given the diverse and varied nature
of these interactions, it is not surprising to discover that
there are a vast array of different IMPs. The pivotal role of
IMPs in a cell’s function means that they are often involved in
pathophysiologic states, and are the target for many therapeutic
interventions.

Prior art approaches to the control of IMP activity have mainly
focused on modulating the function of the IMP once expressed at
the cell surface. Thus prior art therapeutic interventions tend
to be specific for particular IMPs and for particular functions
of particular cell types. Inhibitors of specific transport IMPs
have been developed as therapeutic agents. For example,
inhibitors of the SHT'transport protein of neurones are used as
anti-depressants. Antagonists of particular receptor IMPs are
very commonly used pharmaceutical agents. Examples include
antihistamines, both those specific for the Hl and the H2
subtypes of histamine receptor, and antagonists of the B-
adrenoceptor. Inhibitors of IMP function are also widely used
as pharmaceutical agent:s.' Examples include inhibitors of
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development of selective antagonists.

Another approach being pursued is to selectively modify the
expression of particular IMPs at the genetic level by alteration
of the level of transcription.of the appropri&ca gene coding for
that IMP and hence modulation of specific IMP protein synthesis.

In summary, IMPs are known to play a critical role in the
responsé of a cell to’ its external environment. Previous
approaches to the control Sf IMPs have generally involved the
targeting of a specific IMP at the cell surface and modifying
ics functional capacity. The control of the density of IMPs
within the plasma membrane is anticipated to have broad
applications-in the treatment of a variety of disorders. 1In
view of the great diversity of IMPs and the particular nature
of current therapeutic interactions it is the surprising
discovery of the current invention that a single class of agents
can modify the expression of IMPs in a wide variety of cell
types. The same class of agent is also able to modify the
expression of transport IMPs, receptor IMPs, adhesion IMPs,
channel IMPs and antigen presenting IMPs. Previously, agents
affecting IMPs have been classified by function, for example Ca**
antagonists, the members of each group being chemically and
mechanistically very diverse. The class of agent referred to
in the current invention, by ‘contrast, is structurally
homogeneous, with rationally introduced substitutes of
particular domains having predictable effects on the function
of the agent. A further aspect of the invention is that the
agent can be selectively targeted ro particular types of cell
-to allow selective modulation of IMP expression only in that
cell type.

STATEMENT OF INVENTION
The current invention relates to an agent for controlling the
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the transport of Integral Membrane Protein {IMP) molecules from
the internal components of a cell to thg cell membrane, so as
to modify the cell’s interaction with its external environment.
More specifically the invention provides a novel agent which
modifies the structure of Recyclable Membrane Vesicles (RMVs)
such that their ability to transport IMPs to the surface of the
cell is inhibited.

Definitions
The following terws have the following meanings;

Integral Membrane Protein {IMP) means any protein
which is embedded in and spans across the 1lipid
bilayer of a biological membrane '

Recyclable Membrane Vesicle {RMV} means an
intracellular vesicle, present in the cytosol of a
cell, bounded by a lipid bilayer membrane . RMVs are
formed from the plasma membrane and move into the
cell interior by a process referred to as
endocytosis. RMVs undergo a cyclical process of
forming from and .fusing with the cell plasma
membrane. The process of moving to and fusing with
the plasma membrane is referred to as exocytosis.
‘The functzon of RMVs in the cell is in the
revers;ble transport of IMPs to and from the cell
surface; in this they are distinct from the
secretory vesicles of neurosecretory cells.

Endosome means those intracellular vesicles which
have formed from the plasma membrane by a process of
endocytosis.

Heavy chain means the larger of the two polypeptide
chains which form Clostridial neurotoxins; it has a
molecular mass o©f approximately 100 kDa and is
commonly referred to as HC. Light chain means the
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covalently coupled via at least one disulphide bond.

H, fragment means a fragment derived from the amino
terminal end of the Heavy chain of a élostridial
neurotoxin by proteolytic cleavage for example with
trypsin or papain.

HL means a fragment of a Clostridial neurotoxin
produced by proteolytic cleavage for example with
trypsin or papain in which the Light chain is still
coupled via disulphide bonds to the H, fragment.

In one aspect of the invention an agent is provided for the
control of the level of the IMP responsible for the transport
of a metabolite across the cell membrane, so controlling the
availability of that metabolite within the cell.

In another aspect of the invention an agent is provided for the
control of the level of the IMP responsible for the transport
of a metabolite across the cell membrane into the cell and out
of the cell, so controlling the transport of that metabolite
through the cell.

In yet another aspect of the invention an agent is provided for
the control of the level of the IMP responsible for the
selective permeability of the plasma membrane of the cell to an
ion, so modulating the concentration of that ion within the
cell.

In yet another aspect of the invention an agent is provided for
the control of the  level of the IMP responsible for the
recognition of a signalling molecule, so modulating the
respensiveness of the cell to that signalling molecule.

In yet another aspect of the invention an agent is provided for

1



have been devel oped as therapeutic agents. For exanple, inhibitors of the
5HT transport protein of neurones are used as anti-depressants. Antagonists
of ‘par t iJcMI24300r ecept or . |'ﬁ{@$héh€ﬂas\%¢ used phar macRER/GB4/0MEENT S.

Exanpl ¢s i ncl ude anti hi st ose speC|f|c for the HL and the H2
subt ypes of histanine rec
| rhibitors of | MP functio

“‘Q\ gom sts of the [err]- adrenoceptor.
so W dely used as pharnaceutical agents.

" Exanpl es i nclude inhibitors of 4 transnmenbrane i on novenents such as the
diuretics furosem de and anmiloride, the latter of which is an inhibitor of
‘the bl adder epithelial cell apical Na chanhel. |Inhibitors of potassi um

channel s are kpawedf.R8 uaﬁe&h@eré@aneak acaeanfﬂx@r LRULBALS L RgeHE &

adhesion I MPs are al so,curr %rgets th
transduction o szgn s across the cell membrane fOllOWlng

binding to the membrane of a signalling molecule, so modulating
the responsiveness of the cell to that signalling molecule.

In yet another aspect of the invention an agent is provided for
the control of the level of the IMP responsible for the display
on the cell surface of péptide fragments derived from ingested
antigens. The result of this in an organism is to affect the
immune response of that organism.

The invention also provides an agent which has target
specificity for target cell types so that the scope of the
effect of the agent is limited to said cell types.

As previously stated, prior art approaches to the control of IMP
activity have mainly focused on modulating the function of the
IMP once expresséd at the cell surface. In direct contrast the
present invention modulates the level of IMP which becomes
expressed at the cell surface.

DETAILED DESCRIPTION OF THE INVENTION

It can be seen that the object of this invention, to provide an
agent for controlling the level of IMPs at a cell surface, has
many potential applications for modulating the response of a
cell to its environment. This invention includes an agent which
functions so as to affect the mechanisms by which IMPs are
carried to the surface of a cell, as evidenced in the examples,
e.g. example 1 and 2. Such an agent must accomplish three
discrete functions, the first two of which are known in the art.
Firstly.it must bind to a cell surface structure (the Binding
Site). It must then enter into the cytosol of the cell. The
entry of molecules into the cell is known to occur by a process
of endocyt:ésis. However, as only certain cell surface Binding
Sites are known to be involved in endocytosis, only these
Bir}ding Sites are suitable as targets. Once taken into the cell
by endocytosis the agent must then leave the resulting endosome
across the endosomal membrane to enter the cytosol. The ability
to achieve specific cell binding and entry of agents into the
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Kelley, VE; Williams, DP; Kiyokawa, T; & Murphy, JR; 1991, Ann
NY Acad. Sci 636, 233 -250). The third function of the agent
is the surprising finding of this invention, namely the ability
to affect the RMV. The further surprising aspect of this agent
is that by so affecting the RMV it limits its ability to
transport the IMPs to the cell surface.

The agent of the invention therefore comprises the following
functional Domains;

Domain B, the Binding Domain, binds the agent to a
Binding Site on the target cell capable of
undergoing endocytosis to produce an endosome
containing the agent

Domain T, the Translocation Domain, translocates the
agent or part of the agent from within the endosome
across the endosomal membrane intoc the cytosol of
the cell '

Dowmain E, the Effector Domain, inhibits transport of
IMPs to the surface of the cell by RMVs.

Domain B can be made to have specificity for a target cell type.
The ability to target an agent to a particular cell type is well
known in the art. Thus, the functions of Domain B could be
achieved by the use of one of many cell-binding molecules known
in the art including, but not limited to, antibodies, monoclonal
antibodies, antibody fragments (Fab, F(ab)’,, Fv, single chain
antibodies, etc.), - hormones, c¢ytokines, growth factors and
lectins.

The functions of Pomain T could be achieved by molecules capable
of forming appropriate pores within the endosomal membrane. It
is well documented that c¢ertain parts of toxin meolecules are
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163 - 168.)} One such molecule is the Heavy
chain of <clostridial neurotoxins for example botulinum
neurotoxin type A. Preferably it has been found to use only
those portions of the toxin molecule capable of pore-forming
within the endosomal mewbrane.

The functions of Domain E, the inhibition of the ability to
transport the IMPs to the surface of the cell are not known to
the art. Surprisingly, it has been found that different
portions of certain toxin molecules - functionally distinct from
those capable of pore-formation, including fragments of
clostridial neurotoxins, such as either botulinum or tetanus
toxins, when introduced into the cytoplasm of target cells are
capable of inhibiting the transport of the IMPs in RMVs to the
surface of the cell, so reducing the concentration of those IMPs
at the cell surface. 'In particular it has been found that
fragments of tetanus toxin and botulinum types A,B,C,,D, E, F
and G are particularly suitable. An example of such a molecule
is that portion of a clostridial neurotoxin known as the H,L
fragment, in which the neuronal targeting activity of the
cafboxyterminal half of the heavy chain of the toxin has been
removed, leaving the amino terminal half disulphide - linked to
the light chain. Another example would be the Light chain of
a clostridial neurotoxin such ag the Light chain of the
botulinum neurotoxin type B, in particular those portions of
the molecule which have Zn** dependent metalloprotease activity.

The invention therefore includes an agent of the following
structuré; :

l. .
Domain B--Domain T--Domain E

The Domains are covalently linked by linkages which may include
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In one embodiment of the invention Domain B is a binding

molecule capable of binding to a Binding Site on the target cell

which undergoes endocytosis, Domain T is the Heavy chain of a

botulinum neurotoxin or fragments thereof and Domain E is the

Light chain of a botulinum neurotoxin or fragments thereof.

Domains T and E can be from the same or different serotypes of

C.botulinum.

In another embodiment of the invention Domain B is a binding
molecule capable of binding to a Binding Site on the target cell
which undergoes endocytosis, Domain T is the Heavy chain of a
tetanus neurotoxin or fragments thereof and Domain E is the
Light chain of a botulinum neurotoxin or fragments thereof.

In another embodiment of the invention Domain B is a binding
molecule capable of binding to a Binding Site on the target cell
which undergoes endocytosis, Domain T is the Heavy chain of a
botulinum neurotoxin or fragments thereof and Domain E is the
Light chain of a tetanus neurotoxin or fragments thereof.

In another embodiment of the invention Domain B is a binding
molecule capable of binding to a Binding Site on the target cell
which undergoes endocytosis, Domain T is the Heavy chain of a
tetanus neurotoxin or fragments thereof and Domain E is the
Light chain of a tetanus neurctoxin oxr fragments thereof.

It is to be understood that ‘this invention includes any
combination of toxin molecules or fragments of toxin molecules
from the same or different organisms which have the functions

described.

When the agent is administered to an organism the concentration
of IMPs at the surface of the target cé_ll is reduced. This can
lead to a number cof desired effects including reduced intake of
a métabolite or ion into or across the cell, reduction in
response of the target cell to a signalling molecule, or change

in the immune response of the organism.
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373-LI fibroblasts are trypsinized into suspension and are
electroporated at 300V/ cm, 960 mF with a time constant of 11
- 11.5 msecs, using a Bio-Rad Gene Pulser with capacitance
extender, in the presence or absence of 1mM botulinum
neurotoxin-B [(BoNT-B). Following electroporation the cells are
allowed to adhere and are maintained in monolayer culture at
37°C in 24-well plates for 72 h. The cells are then washed and
incubated for 5 min at 37°C in the presence or absence of SnM
insulin-like growth factor type 1 (IGF-1}, followed by standing
on ice for-5 min. The supernatant is aspirated from the cells
and replaced with ice-cold 1.5 nM 1257 _transferrin (sp. act. 47
Tbq / mmol}. Non-specific binding is estimated in parallel
incubations performed in the presence of a 100 fold molar excess
of non-radiocactive transferrin. After 2h the supernatant is
removed, and following 3 washes with ice-cold buffer the cell
layer is digested in 1N NaOH,, and the bound *¥*I-transferrin
measured using a LKB1275 miriigamma gamma counter. Up-regulation
of transferrin-binding is calculated as the specific ¥°I-
transferrin binding in the presence of IGF -1 expressed as a
percentage of the specific binding in the absence of IGF-1.

Table 1 shows that there is a reduced elevation of **°I-
transferrin binding in response to IGF-1 in BoNT-B treated cells
compared to control. This indicates that introduction of BoNT-B
into the cytosol of 3T3-LI fibroblasts inhibits the IGF-1
stimulated up-regulation of transferrin receptors in these
cells. '

- Triton-X-114-soluble proteins extracted from the 3T3-LI
fibroblasts digests are analysed by Western blotting using-a
polyclonal antibody raised against a peptide sequence SEQ.ID.1:
(QOTOAQVDEVVDIMRVNVDKVLERDQKLSELDDRADALQAGASQFETSAAKLKRKYWWK
NLK) identified in'a secretory vesicle protein of neurosecretory
cells. This anti-vesicle antibody shows reduced reactivity with
the relevant doublet band in samples from BoNT-B-treated
fibroblasts, which have no reported neurosecretory activity.
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occurring Heavy and Light chains coupled via at |east one

di sul phi de bond. H err] fragment neans a fragnent derived fromthe am no

termnal end of the Heavy chain of a dostridial
cl eavage for exanple with trypsin or papain.

Clostridi al

neur ot oxi n produced by protealytic cleavage for exanple W th

trypsin or papain in which the Light chain is still

Thus, BoNT-B is modifying vesicle (presumably RMV} structure in
3T3-LI fibroblasts concurrently w1t:h inhibiting up-regulation
of transferrin receptors.

EXAMPLE 2

3T3-LI fibroblasts are electroporated in the presence or absence
of 0.5 mM botulinum neurotoxin-A (BoNT-A) using conditions
identical to those given in example 1. IGF-1 stimulation of
**1-transferrin binding is assayed in treated and untreated
cells as described in example 1.

The results in table 2 show that BONT-A treatment of 3T3-LI
fibroblasts abolishes the up regulation of ?**I-transferrin
binding seen in response to IGF-1. This indicaces that
introduction of BoNT-A into the cytosol of 3T3-LI fibroblasts
inhibits the IGF-1 stimulated up-regulation of transferrin
receptors in these cells.

EXAMPLE 3

3T3-LI fibroblasts are electroporated in the presence or absence
of 0.5mM of the H,L-fragment of BoNT-A (H,L—A) using conditions
identical to those given in example 1. This fragment is
produced from the neurotoxin, serotype A, of C botulinum by
limited proteolysis using tosylphenylalaninechloromethane-
treated trypsin. The H)L complex is then purified by
chromatography on Sephadex G-200 (Shone, CC; Hambleton, P; &
Melling, J; 1985, Eur J Biochem 151, 17-82). Electroporation
is performed as described in example 1 as is the measurement
IGF-1 stimulation of ¥I-transferrin binding in treated and
untreated cells.

The results in table 3 show that H,L~A treatment of 3T3-LI
fibroblasts inhibits the ' up-regulation of ?***I-transferrin
binding seen in response to IGF-1. This indicates that
intrdduction of the H,L-A fragment of botulinum neurotoxin-A
into the cytosol of 3T3-LI fibroblast inhibits the IGF-1
stimulated up-regulation of transferrin receptors in these

neur ot oxi n by proteolytic
Rlerr]L nmeans a fragnent of a



coupl.ed via disul phide bonds to the Herr] fragnent. In one aspect of the
I nventd on an agent is provided for the control of the level of the I M

responed bie1sber the transport of This ket HisBepit Replacxioss t he PETIGRYMMBSSANe, SO
controlling the availability of t u mwithinthe cell. In another

I
aspect of the invention an agent WQEM” the control of the |evel

of the IMP responsible for the transport of a netabolite across the cel
menbrane into the cell and out of the cell, so controlling the transport of
that nmetabolite through the cell. In yet another aspect of the invention an
agent is provided for the control of the3¥vel of the I MP responsible for

t he selectiv§egggneability of the plasma nenbrane of the cell to an ion, so
. nodul ating tAe"Concentration of that ion within the cell. In yet another
“aspect of the invention an agent is pES¥BeH 4or the control of the leve

of the IMP responsible for the

3T3-LI adipocytes are differentiated from 3T3-LI fibroblasts by
treacment with dexamethasone, 3-isobutyl-i-methylxanthine and
insulin as described {(Frost, 8C & Lane MD, 1985, J Biol Chem '
. 260, 2646 -2652}). The 3T3-LI adipocytes 7 days after
differentiation are treated with Botulinum neurotoxin serotype
A diluted into Dulbecco’s modified Eagles medium containing
sexrum and filter sterilised {final concentration BoNT A:200nM) .
Toxin treated and control cells are incubated at 37°C for 4§
hours in 8% CO,. The cells are then washed twice and incubated
in 8% CO, for 2 hours in serum-free Dulbecco’s modified Eagle‘s
medium after which the cells are washed in Krebs Ringer
phosphate and incubated in either Krebs Ringer phosphate (basal
uptake) or Krebs Ringer phosphate containing 100nM insulin
{stimulated uptake} for 15 minutes at 37°C. Glucose uptake is
initiated by the addition of [*H] 2-deoxyglucose (14.2KBqg, 10uM
glucose). After 10 minutes at 37°C the reaction is stopped by
aspiration of the glucose solution and rapid washing with ice
cold phosphate buffered saline. Cells are lysed by the addition
of 0.2N NaOH and the solution n_eutralised by the addition of
0.2N HCl. Uptake of [*H] 2-deoxyglucose is measured by liquid
scintillation counting in optiphase scintillant using a Wallac
1410 liquid scintillation counter.

It is known that clostridial neurctoxins are able to enter
certain neurosecretory cells (for example PCl2 cells) via a low
affinity receptor if high concentrations of the neurotoxin are
incubated with the cells for prolonged periods. This process
appears to use a pathway via a receptor which is distinct from
the highly specific and high affinity receptor present at the
neuromuscular junction. Additionally it has been reported that
certain clostridial toxins have éffects on phagocytic cells,
such as macrophages, where entry into the cell is presumed to
be wvia the specific phagocytic activity of these cells.
Gene‘rally, it is recognised, howewver, that the neuronal
selectivity of clostridial neurotoxins is a result of a very
selective binding and cell entry mechanism. It is, therefore,



recognition of a signalling nolecule, so nodulating the responsiveness of

the ceio t signalling nole gaeeflﬁasg@hk ¢her aspec

i nventi onbgﬁbggent is provided fgm rol of theE’nglaeéﬂgopsﬁ%e | MP .
responsi bl e for the transduction i‘mﬂ ss the cell nenbrane
fol l ow ng binding to the nmenbrane |gna I ng nol ecul e, so nodul ati ng

t he responsi veness of the cell to that signalling nolecule. In yet another
aspect of the invention an agent- is provided for the control of the |evel

of the IMP responsible for the display onighe cell surface of peptide

fragnents derived fromingested antigens. The result of this in an
organi smis t dhaffurmrisiag fimding efpunse studimd, ahganirsimbakhieon bavEMd on

al so provi desrarn@gtyr i £éh tRel ihahdlurotoxin-a, as described, causes
a marked inhibition of insulin-stimulated up-regulation of [H]
2-deoxyglucose transport {(table 4). It is known that insulin-up
regulation of glucose transport in adipocytes is .a result of
movement of glucose transporter proteins from intracellular
pools (RMVs) to the cell surface. Thus, this result
demonstrates that botulinum neurotoxin-A inhibits the insulin-
stimulated movement of glucose transporters in RMVs to the cell
surface of adipocytes.

EXAMPLE 5

3T3-LI adipocytes are trypsinised and a suspension of the cells
is electroporated in the presence or absence of Botulinum B
{(0.32mM) . A 960 mF capacitor is used for e'lectroporation
producing a pulse strength of 300 V/cm; the time constant is 11-
12 ms. After electroporation the cells are washed and plated
out in a 6 well plate with media and serum. The cells are
incubated . at '3‘7'C in. a humidified atmosphere (air/cCo,;
92.5%/7.5%) for 72 h. At the end of this period, Ehe cells are
washed and extracted into 0.1N NaOH. Following neutralisation
of the extract with 0.1N HCl the wembrane proteins are
partitioned into Triton X-114 and sﬁbsequently analysed by
Western blotting using the anti-vesicle antibody described in
example 1. The surprising finding of this study is that
electroporation of botulinum neurotoxin into the cytosol of
adipocytes results in a modification of vesicle (presumably RMV)
structure as evidenced by reduced reactivity of the antibody
with the relevant doublet band on samples from botulinum
neurotoxin-B treated cells.

EXAMPLE 6

In this example, an agent is synthesized to regulate the cell
surface expression of the insulin-dependent glucose transport:er

of édlpocytes

The binding Domain (B} for the agent in this example is insulin-



specificity for target cell types so that the scope of the effect of the
agent i's limted to said cell types. As previously stated, prior art

appr vawioessyd190¢ he control of | MP1agkhed Hay BmRe lﬂad nly focchggu,gﬂgggll ating
the function of the | MP once expre surface. In direct
contrast the present invention rdeMﬂ eI of | MP whi ch becones
expressed at the cell surface. | ON OF THE | NVENTI ON |t can
be seen that the object of this invention, to provide an agent for
controlling the level of IMPs at a cell surface, has many potenti al
~applications for nodulating the responseisf a cell to its environnment. This

I nvention includes an agent which functions so as to affect the nechani sns
by which | MPdikeegtarth etpqton A, sblabelnfPuridder, faomevheleprrudi. tiiordie

exanpl es, e. gedexanpt QsRL-amdcglls&Efae&&raﬁgdlt(bféiﬁfueiﬂ'_@”ﬁ' | B6d4FS £&T;
discrete funghiQ08sod NG b Slod MOl o ( L 2balbpeich £BE Az FHiSthy it

must bind to ace s

The translocating Domain (T) is Prepared from the neurotoxin,
serotype A, of C. botulinum by limited proteolysis of the
neurotoxin with tesylphenylalaninechloromethane-treated trypsin.
The fraction containing Domain T dis then purified by
chromatography on Sephadex G-200 (Shome, CC; Hambleton, P; &
Melling, J; 1985, Eur. J. Biochem. 151, 75-82). This fraction
is then applied in phosphate/borate buffer, pH 8.4 onto a
quaternary aminoethyl-Sephadex column, and incubated on the
column at 4°C overnight with 2M urea and 0.1M dithiothreitol.
The column is then washed with buffer containing 2M urea andl10omM
dithiothreitol. Domain T is the'n eluted using phosphate/borate
buffer containing 2M urea and 10mM dithiothreitol and a stepwise
gradient of NaCl from 0.1 to 0.2 (Poulain, B; Wadsworth, JDF;
Maisey, EA; Shone, CC; Melling, J; Tauwc, L; & Dolly, JO, 1989,
Eur. J. Biochem. 185, 197-203). The clostridial neurotoxins
are disulphide-linked dichain proteins consisting of a heavy
chain and a light chain (Simpson, LL, 1986, Ann. Rev.
Pharmicol. Toxicol. 26, 427-453). It should be noted that the
Domain T, produced in the manner given, is equivalent to a
fraction of the heavy chain of the neurotoxin referred to as H,.

The effector Domain (E) is prepared from the neurotoxin of C.
tetani by isoelectric focusing in a sucrose gradient with
ampholyte under reducing conditions in 2M urea (Weller, U;
Dauzenroth, M-E:; Meyer zu Heringdorf, 'D & Habermann, E, 1989,
Eur. J. Biochem., 182, 649-656). It should be noted that the
Domain E produced in the manner given is equivalent to the light
chain of the neurotoxin, commonly referred to as LC.

Domains E and T are mixed together in equimolar proportions
under reducing conditions 'and covalently coupled by repeated
dial¥sis, at 4°C with agitation, into physiclogical salt
solution in the absence of reducing reagents. »Any remaining
free sulphydryls are derivatized by the addition of 150wmM
iodoacetamide for 30 min at 4°C in the dark. The conjugated E-T



Site). It must then enter into the cytosol of the cell. The entry of

nol ec Lhto the cell is kno . ' aced 0ocess of endocytosi s.
HOwevg*(S%E‘(?ﬂl y certain cell \Qﬁ? Snlfifld Booihe ites are krf&?ﬁﬁ(;?%"%“ .

i nvol ved in endocytosis, only the mllﬂlﬁ‘aul ﬁes are suitable as targets.
Once taken into the cell by endoc | nt nust then | eave the
resul ti ng endosone across the endosonal nenbrane to enter the cytosol. The
ability to achieve specific cell binding and entry of agents into the

cytosol is well known in the literature (for exanple: Pastan, I;
Wl lingham MC & Fitzgerald, DSP, 1986, Eel | 47, 641 - 648, dsnes, S;.

Sandvi g, K; SQBQ&&@@S PY¥i & aaByless eBe1d98%5 ch%ﬁ@bgrlﬁg%?;onlgepg% ex
295, Strom IB; _Anderson, PL:.. Rubin- Kell ey, _VE; Ilians,. ;. Kiyokawa, T,
& Mirphy, JR® 18815 AS PR R pgﬂspg%%‘? %§E-’:25%§.7'°Thglﬂﬁ%'f ATRIBN of
t he agent B is coupled to the E-T complex using N-succinimidyl 3-(2- )
pyridylothio) proprionate (SPDP}. The E-T complex (5 mg} is
dissolved in 1 ml of phosphate buffered saline (PBS), and to
this is added 200 mg of SPDP dissolved in 0.5 ml of absolute
ethanol. After reacting the mixture at room temperature for 30
mins, the 2—pyridyidisulphide—substituted peptide is separated
from excess SPDP by gel filtration through Sephadex G25. Domain
B is similarly treated, but using less SPDP (20 mg in 0.2 ml
ethanol). The substituted Domain B is again harvested from a
Sephadex G25 column, and is then reduced by the addition of
dithiothreitol to a final concentration of 0.05M. Excess
reducing agent is removed by gel filtration on Sephadex G25.
Equal portions {w/w) of the substituted E-T complex and the
substituted and reduced Domain B are then mixed together and
left at 4°C for 1sh. The agent'- is then purified by
chromatography on Sephadex G-150 using potassium phosphate
buffer, pH 7.0.

The agent, prepared as described, is then tested for its ability
to inhibit the insulin-stimulated increase in glucose
transporter expression in 373 -Ll"adipocytes. 3T3-L1 adipocytes
are differentiated from 3T3-Ll fibroblasts by treatment with
dexamethasone, 3-isobutyl-l-methylxanthine and insulin as
described (Frost, SC & Lane. MD, 1885, J Biol Chem 260, 2646-
2652), and are used between 8 and 12 days after initiation of
differentiation. Cells are incubated with or without the agent
for 90 min at 37°C. Cells are then incubated for 2 hours in
serum-~-free Dulbecco’s modified Eagle‘’s medium at the beginning
of each experiment. Imsulin-treated cells are then exposed for
10 minutes to 10-™M insulin which is added from a stock 1.6 x 10°
‘M solution. After treatment as described above the cells are
washed quickly with Krebs-Ringer phosphate at 37°C and the
uptake of [3H} 2-deoxyglucose {14.2 KBg;10 mM} in Krebs Ringer
phosphate at 37°C with or without 10"'M insulin over a 10 minute
peridd is then measured. The reaction is stopped by aspiration
of the glucose solution and rapid washing with ice cold
phosphate buffered saline. Cells are lysed by the addition of



is the surprising finding of this invention, nanely the ability to affect
the RW. The further surprising aspect of thIS a ent is that

aff ecRGWRREORW it linmits its TatBlSheet S ort t he F’Wém%;dmpﬁ cel |
surface. The agent of the |nvent| onprises the foll ow ng
functi onal Domai ns; Domain B, the n, binds the agent to a
Binding Site on the target cell capa e of under goi ng endocytosis to
produce an endosone containing the agent Domain T, the Transl ocation
Donei n, translocates the agent or part of _the agent fromwthin the
endosone across the endosormal nenbrane into the cytosol of the cell Domain

E the EffecroO&MD%amm hpalbkide tARNHMY lsAfciMBS ikOnbliersut e arpfede

cell b
.type y RWSs, dggtlon of ad‘l 2tg4e éjroc %lrc]:ar\i% 3 e%! f;')rgich.y égrsglﬁt?{gleattfoel |
counting in Optiphase scintillant using a Wallac 1410 ligquid

scintillation counter.
EXAMPLE 7

In another example of the invention Domains E and T are produced
from the same serotype of botulinum neurctoxin and are produced
already coupled together. The neurotoxin, serotype A, of C.
botulinum is subjected . to limited proteolysis using
tosylphenylalaninechloromethane-treated trypsin. The E-T
complex is then purified by chromatography on Sephadex G-200
{Shone, CC; Hambleton, P; & Melling, J 1985, Eur. J. Biochem.
151, 75-82). '

It should be noted that this fragment is equivalent to that
referred to as the H,L fragment. Any remaining free sulphydryls
are derivatized by the addition of 150mM iodoacetamide as
described in example 6. The binding Domain (B) is insulin-like
growth factor II prepared as described in Example 6, and coupled
to the E-T complex using SPDP as described. The activity of the
agent on the expression of insulin-dependent glucose transport
in adipocytes is tested as described in Example 6.

EXAMPLE 8

In another example of the invention, an agent for the regulation
of the cell surface expression of the CRI receptor for
complement fragment C3b in neutrophils (CD 35) is synthesized
in the following manner. The B Domain is prepared from the
SHCL3 monoclonal antibody to the leukocyte adhesion molecule
P150,85. The E and T Domains are prepared from botulinum
neurotoxin, serotype A, ready coupled, as described in Example
7, and are coupled to Domain B, as described in that example.

The ’preferred method for testing. the activity of the agent on
neutrophil cell surface expression of CR1 (CD35) is using the
whole blood lysing techmique. EDTA anticoagulated whole blood



The ability to target an agent to a particul ar cel | type is well known in

the ar.twoBhagseet he functions of Doghl $hedd HaOBHeAIR ﬁc@chl eved post/EBRidessy Of

one of many cell -bindi ng nol ecul es’ i ncl udi ng, but not -
limted to, antibodies, nonocl onal mnﬁ

|body fragnents (Fab,
F(ab) "[err], Fv, si ngI e chain anti hor nones, cyt oki nes,

gromh factors and |l ectins. The f'unctlons of Domain T coul d be achi eved by
mol ecul es capabl e of form ng appropriate pores within the endosonal
menbrane. It is well docunented that certaisn parts of toxin nolecules are
9 capable of form ng such pores includin anongst others, fragnments of
ant hrax t oxi nEXBBt BPFRaM €0ReTs IetErisecorifbh BPPHRFRRF a£9%Hx¢ MAHF and
Pseudonpnas eBHehox¢ bi e fobHz o Raimites at 37°C using 10°°M fMet-Leu-Phe

diluted in PBS from a stock of 10°M made up in DMSO. Control
cells are incubated with PBS. The blood is then incubated for
30 minutes at room temperature with 10ml of Phycoerythrin
conjugated monoclonal antibody antiCbD35 (Serotec:MCA S54PE) , red
blood cells are lysed using Becton Dickinson lysing fluid,
. leukocytes washed with PBS and resuspended in 2% formaldehyde
in PBS. Suface bound PE is analysed by flow cytometry using a
FACScan (Becton Dickinson) equipped with Lysys II software.

EXAMPLE 9

In another example of the invention, an agent for the regulation
of the cell surface expression of the leukocyte adhesion
molecule Mac-1 (CD IIb) is synthesized in the following manner.
The B Domain is prepared from the SHCL3 monoclonal antibody to
the 1leukocyte . adhesion molecule P150,95 by standard
methodologies using pepsin, and is purified by gel filtration
(Martin, FJ; Hubbell, WL; and Papahadjopoulos, D, 1981,
Biochemistry 20, 4229-4238). The E and T Domains ‘are prepared
from botulinum neurotoxin, serotype A, ready coupled, as
described in Example 7, and are coupled to Domain B as described
in that example. .

The preferred method for testing the activity of the agent on
neutrophil cell surface expression of Mac-1 (CD11b) is using the'
whole blood lysing technique. EDTA anticoagulated whole blood -
from normal donors is treated with the agent for 4 hours at 37°C
and then activated for 30 minutes at 37°C using 10"°M fMet-Leu-
Phe diluted in PBS- from a stock of 10°*M made up in DMSO. Control
cells are incubated with PBS. The bplood is then incubated for
30 minutes at room temperature with 10ml of fluoroscein’
isothiocyanate conjugated monoclonal antibody antiCD1lb
{Serotec:MCA 551F). The red blood cells are lysed using Becton
Dickinson lysing fluid, the leukocytes washed with PBS and
resuspended in 2% formaldehyde in PBS. Surface bound FITC is
analysed by flow cytometry using a FACScan (Becton Dickinson)
equipped with Lysys II software.
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such nol ecul e i s the Heavy chai n neur ot oxi ns for exanple

bot ul i num neurotoxin type A Pref
portions of the toxin nolecule ca

One

een found to use only those
e of pore formng within the endosonal

menbrane. The functions of Domain E the inhibition of the ability to
transport the IMPs to the surface of the II are not known to the art.
Surprisingly, it has been found that dif%erent portions of certain toxin

nol ecul es - functionally distinct frogxissgeeapable of pore-formation,
/including fragnents of clostridial neurotoxins, such as either bot ul i num or
tetanus toxins, when introduced into the cytoplasn1of target cells are

capabl e of
the cell,

membrane of bladder epithelium is'synthesized in the following
manner. - The B Domain is prepared from a high affinity
monoclonal antibody to a cell surface marker of bladder
epithelial cells by standard methodology using pepsin, and is
purified by gel filtration (Martin, FJ; Hubbell, WL; and
Papahadjopoulos, D, 1981, Biochemistry 20, 4229-4238). The E
and T Domains are prépared from botulinum neurotoxin, serotype
A, ready coupled, as described in Example 7, and are coupled to
Domain B as described in that example.

The effect of the agent on aldosterone-stimulated increases in
amiloride-sensitive Na’- channels is tested using urinary
epithelial cells. Bladder epithelial cells, prepared as primary
cultures from rat bladder (Johnson, MD; Bryan, GT; Reznikoff,
CA;1985, J Urol 133, 1076-1081),. are incubated with or without
the agent for 90 wmins at 37°'C. Aldosterone-treated cells are
then exposed for 1h to aldosterone. After treatment as
described, the cells are rapidly washed and the amiloride-
sensitive uptake of **Na* over a 5 min incubation at 37°C is
measured. )

EXAMPLE 11

In another example of the invention, an agent for regulating
antigen—presentiation by B-cells is synthesized in the following
manner. The B Domain is prepared from the pan B cell monoclonal
antibody LL2 using standard methodology using pepsin, and is
purified by gel filtration ({Martin, FJ; Hubbell, WL &
Papahadjopoulos, D, 1981, Biochemistry, 20, 4229-4238)}. The E
and T Domains are prepared from botulinum neurotoxin, serotype
A, ready coupled, as described in Example 3, and are coupled to
Doma‘in B also as described in that example.

The effect of the agent on antigen-presentation is tested using
the murine B lymphoma cell-line TA3. These cells are first

| i Bnother thanplenspdte bhveridnvPen iageMVEor ochhgegulatten of
SO Jreduied Ngel e se@Raelt (Bhitelr Obst MRse chMBhels in the apical



at the cell surface. |In particular it-has been found that fragrrents of

t et anuwotsgisggand bot ul i num types echﬁgﬁée Qe 14%ed F and Ci, ﬁsF@ul arly
‘ﬁv f-a cFos ..

suitable. An exanple of such a no ortion o i ak
neur ot oxi n known as the H2L fr.agne e neuronal targeting
activity of the carboxyterm nal hal chain of the toxin has
been renoved, |eaving the am no ternlnal half di sul phide - linked to the

| i ght chain. Another exanple would be the Light chain of a clostridial
neurotoxi n such as the Light chain of thggbotulinumneurotoxin type B, in
particul ar those portions of the nolecul e which have Zn[err] dependent

net al | opr ot eadecualbated twicliThbe ayent ifwr Shenthorer iaciajdandashegandn of gd he

foll owi ng st r;ﬁéé‘iﬁn Q‘Hﬁl)nl@ aw'éﬁd-rth d\.ﬁbaﬁ: 4 &@hﬂgdafor 2h at

_ covalently Ii yT cel re maﬁ/eri r}‘.cixed and washed before culture
with the I-A“- restricted HEL46-61 specific T-cell hybridoma 3Aa9
{Lorenz, RG & Allen, PM, 1989, Nature 337, 560} . The
supernatant from the 3A9 cells is tested for its ability to
support growth of the IL-2-dependent cell 1line, CTLL.
Proliferative responses are measured by the incorporation of 3H-
thymidine over a 3h period following 2 days of culture with the
supermnatant. '

The examples described above are purely illustrative of the
invention. It should be clear to those skilled in the art that
any combination of the three domains are within the scope of
this invention. In synthesising the agent the coupling of the
T-E component of the invention to the targeting component is
achieved via chemical coupling using reagents and techniques
known to those skilled in the art. Thus, although the examples
given use exclusively the SPDP coupling reagent any other
coupling reagent capable of covalently attaching the targeting
component of the reagent and known to those skilléd in the art
is covered in the scope of this application. Similarly it is
evident to those skilled in the art that either the DNA coding
for either the entire agent or fragments of the agent could be
readily constructed and, when expressed in an appropriate
organism, could be used to produce the agent or fragments of the
agent. Such genetic constructs of the agent -of the invention
obtained by techniques known to those skilled in the art are
also covered in the scope of this invention.

EXPLOITATION IN INDUSTRY

The agent described in this invention can be used in vivo either
directly or as a pharmaceutically acceptable salt or ester in
a method of treatment for a variety of pathophysiological
states.

.
For example, one form of the agent can be used in a method of
treatment for glucose metabolism disorders by limiting the



10 appropriate spacer regions between the Domains: |In one enbodi mrent of the

I nventi-on Donain B is a binding bi nding to a Binding
Site 'onWh&23Qet cell which ungg[_lrhs%meﬁ{ag oéh ke aclgéé Donai nPGTIGBIQeS5Bleavy
chain of a botulinum neurotoxin or ﬁmdm E!

eof and Domain E is the
Li ght chain of a botulinum neurotox S thereof. Domains T and E

can be fromthe sane or different serotypes of C botulinum In another
enmbodi ment of the -invention Donmain B i.s a bindi:-ng nol ecul e capabl e of
binding to a Binding Site on the target cell which undergoes endocytosis,
Domain T is.the Heavy chain of a tetanus nddr ot oxi n or fragments thereof

Tein Tis tl _ at ébr ot oxin o f reo
Thereof I angtiere SHoaureaar B FREotRErt T On Borey i Seavpra s chis

nol ecut e capab¥@tt b5 FHERPE §La2EIFR R e &GRS kR 7 Jiegdedcef Itreatment

for clinical wobesity by limiting the uptake of glucose by
adipose cells and hence reducing accumulation of lipid in these
cells.

In another example a form of the agent can be used in a method

- of treatment for hypertension by regulating the ion uptake by
kidney cells and hence controlling the output of f£luid from
these organs. '

In yet another example a form of the agent can be used in a
method of treatment for inflammation by controeolling the response
of target cells to external signals which trigger the
inflammatory response.

' Ih yet another example a form of the agent can be used in a
method of treatment for immune disorders by controlling the
presentation of peptide sequences by antigen presenting cells
to the effector cells of the immune system.



whi ch under goes endocytosis, Domain T is the Heavy chain of a botulinum
neurot%&,ﬂggragrrents thereof and Domain E is the Light ghaldke@fon 8

t et anus neuro?oxin or fragfents thereof. In another enbodi nent of the !
invention Domain B is a binding nolecule capable of binding to a Binding
Site on the target cell which undergoes endocytosis, Domain T is the Heavy
chain of a tetanus neurotoxin or fragnent's thereof and Donmain E is the

Li ght chain of a tetanus neurotoxin or fragnments thereof. It is to be
understood that this invention includes amwy conbination of toxin nolecul es
or fragments of toxin nolecules fromthe sane or different organi sms which
have the functions described. Wien the agent is adm nistered to an organi sm
t he concentradage @f | MPs at the surface of the target cell is reduced.

Thi I f, desired ts including.red i f
et abol | te or o | Moo Eir iRt Ple ool TERaadeeion ATt otk sRothE °
target cell tRibxodlgsssling nol ecule, or change ' _

Treatment IGF-1 ¥ basal binding + SD*
Control - 100 + 28 (n=3)

+ 258 + 46 (n=3)
BoNT-B - 100 + 8 {(n=3)

+ 149 + 27 {(n=3)

* Specific binding of *%I-transferrin to 3T3-LI fibroblasts
expressed as a percentage of the specific binding in the absence

of IGF-1.
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in the i mune response of the organi sm [err] fibroblasts are
trypsi mi zed into suspension and are el ectroporated at 300V/cm 960 nf with
a ti.me wonkagiooof 12 - [err] nsecs, using a Bi 0-Rad CGene PRCTéGBIAYUORSS
capaci tance extender, in the presence or absence of 1[err]M
botilinum neurotoxin-B (BoNT-B). Follow ng electroporation the cells are
all owed to adhere and are nmintained in nonolayer culture at 37[err]C in
24-wel |l plates for 72 h. The cells are then washed and incubated for 5 mn
at 37[err]C in the presence or absence of 5nMinsulin-like growh factor
‘type 1 (1GF-1), followed by standing on icé3for 5 min. The supernatant is
aspirated fromthe cells and réplaced with ice-cold 1.5 nM
[err]I-transfe???%E(%p act. 47 Tbq / nmmol). Non-specific binding is
estimted in paral] eh, 1 NCHDAL QRS JRei: P IEM d AL LG BEE&%H&eanz'Ps 400 fold

nol ar excess

fibroblasts
Treatment IGF-1 % basal binding + SD*
Control - 100 + 28 (n=3)
+ 258 + 46 (n=3)
BONT-A - 100 + 44 (n=3)
+ 149 + 10 {(n=3)
* Specific binding of '**I-transferrin to 3T3-LI

fibroblasts expressed as a percentage of the specific binding

in the absence of IGF-1.
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of non-radi oactive trasferrin. After 2h the supernatant is renoved, and
f ol | ow-(@ es with ice-cold buffer the cell layer is IN
Na©H, and %%e ound [err]l-transferrin neasured using a L%g%ggggﬂ?%ﬁganna .
gama counter. Up-regulation of transferrin-binding is calculated as the
specific [err]l- transferrin binding in the presence of ' IG- -1 expressed as
a percentage of the specific binding in the absence of IG-1. Table 1 shows
that there is a reduced elevation of [err]l- transferrin binding in
response to IGF-1 in BoNT-B treated cell s2gonpared to control. This

i ndi cates that introduction of BoNT-3 into the cytosol of 3T3-LI
fibroblasts TABLEi Bs the |G 1 stinulated up-regulation of transferrin
receptors in tgese Triton-X-114-solyble proteins extracted_ from the
3T3-LI fibrobf§8fd HPgEEFRIAT Al vsbd - IRP R PEPEEREngRud T AR R

pol ycl onal anti;podyisaksed against a peptide sequence SEQ ID. 1: .
( QQTQAQVDEVWDI MRVNVDKVL EDQKL SEL DDRADAL QAGASQFETSAAKLKRKYWAK NLK) i dent i fi ed
in a secretory vesicle protein of neurosecretory ;

Treatment IGF-1 % basal binding + SD*
Control : - 100 + 28 (n=3)
+ 258 + 46 (n=3)
H,L-A - 100 + 15 {(n=3)
+ 134 + 60 (n=3)
* Specific binding of ¥*I-transferrin to 3T3-LI

fibroblasts expressed as a percentage of the specific binding

in the absence of IGF-1.
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cells: This anti-vesicle antibody shows reduced reactivity with the

rel evant doubl et band in sanples from BoNT-B-treated _ 2 fibropl asts,
whi ch fgyesmaog eported neurosecretory activity. Thus, BoNTpgr,dgggjo{,%ghng
vesicle (presumably RW) structure in 3T3-LI fibroblasts concurrently with
i nhi biting up-regulation of transferrin receptors. EXAMPLE 2 3T3-LI
fibroblasts are electroporated in the presence or absence of 0.5 [err]M
bot ul i num neur ot oxi n-A (BoNT-A) using conditions jdentical to those given
in exanple 1. 1G=-1 stimulation of [err]l-transferrin binding is assayed
in treated and untreated cells as descriled in exanple 1. The results in
tabl e 2 show that BoNT-A treatnent of 3T3-LI

TABLE 4
. Uptake of [’H] -2-deoxyglucose by 3T3-LI adipocytes
Basal Insulin-stimulated
Control 1655 + 67 (n=3)| 14 328 + 264 {(n=3)
BONT-A treated 2306 + 49 (n=3)] 5587 + 322 (n=3)

The results are the means + SEM of triplicate determinations and
are given as the total dpm taken up by the cell monolayer during

a 10 min incubation.
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fi brobtasts abolishes the uff“ pean s rﬁf‘;ﬂ{ err]l- transferrin bindi ng

seen i‘RyHogePRse Lo 1 G--1. l tes that introd n of BONT-A
into the cytosol of 3T3-LI f|! |bits the 1G-1 3?%%%?%Y@%F8 A

up-regul ation of transferrin receptors in these cells. EXAMPLE 3 3T3- LI
fibroblasts are electroporated in tha.presence or absence of:0.5[err]M of
the Herr]L-fragnment of BONT- A (H[errfL-A) using conditions identical to
those given in exanple 1. This fragnent is produced fromthe neurotoxin,

serotype A, of C botulinumby limted proteolysis using

t osyl phenvl al ani nechl oronet hane- treated trypsin. The Herr]L conplex
‘is then purified by chromatograpBlREGHCSIEIRATNK G 200 ( Shone, CC

Hanbl eton, P; & Melling, J; 1985, Eur J Biochem 151, 17-82).

El ectropogat caNErLE BREfR@KFRA:as described in exanple 1 as is the .
measur enment oz)IGF &(;hlnulatlon of [err]l-transferrin binding in treated
ICANT:
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The results in table 3 show that Herr]L-A treatment of 3T3-LI fibroblasts

i nhi b|t %h/g u -regul ation of J[err]l-transferrin binding seen in
redponse ? i This indicates that introduction of pchragrds@bédsl- A

fragment of bot uI | num neurot oxin-A into the cytosol of 3T3-LI fibroblast
inhibits the IG~-1 13 cells. EXAMPLE 4 3T3-LI adi pocytes are
differentiated from3T3-LI fibroblast¥ by treatnent w th dexanet hasone,
3-isobutyl -1-net hyl xanthine and insulin as described (Frost, SC & Lane MD,
1985, -J Biol Chem 260, 2646 -2652). The 3T3-LI adi pocytes 7 days
after differentiation are treated wi th Botul i num neurotoxin serotype A

di | uted iad rixdrageEsN FoROHd FgdedEagl es nmedi um cont ai ni ng

(1) SEQUENCE CHARACTERISTICS:
(A) LENGCTH,; 62 aaminu acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Cla Gln The Gln Ala Gln Val aAsp Glu Vval &dl Asp Ile Mer Arg val
1 10 ' 13

.-Asn Val Asp Lys Val Leu Glu Arg Asp Gln Lys Leu Ser Glu Leu Asp
20 25 30

ASp Arz Ala Asp Ala Leu Gin Ala Cl) Ala Ser Gln Phe Glu Thr Ser

as 40 L5
Ala Ala Lys Leu Lys Arg Lys Iyt Trp Trp Lys Asn Leu Lys
50 33 60
— R
This Shee

i
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serumand filter steril
t reat eswaapdizomt r ol cel
CJerr]. The cells are
hours in serumfree Dul

i sed (final concentration BoNT A:200nM. Toxin

becco | e s nedium after which the

cells are washed in Krebs Ri nger phosphate and incubated in either Krebs

Ri nger phosphate (basal

upt ake) or Krebs Ri nger phosphate cont ai nin Oe%nM
insulin (stimulated uptake) for 15 minutes at 37[err]C.T
initiated by the addition of [[err]H 2-d&8xygl ucose (14

o] ucose) After 10 mnutes at 37[err]C the reaction is
aspiration of—ﬁ#@ﬂ%l ucose solution and rapid washing.wt h I ce coI d

phosphat e buffered sali

ne. Cells are lysed by the addition of 0.2N NaOH and

t he solution peut rali seg_nbggggn@ @&Qlédmoqfllg Z%giqncépg@glempfcf[ [aer re]llii]

2- deoxygl ucose is neasured

scintillant .using a Wl Vé&hlﬁfﬁ %"(’fﬁr&a CERVAFPRFERL  O¥ufeBtrott

ntlllatlon counting in OEtlp ase

that clostridial neurot 6xanspart afl eIntegwsler Membrane Proteins to the

membrane of the cell in Recyclable Membrane
Vesicles,

An agent according to Claim 1 for the control of the
level of the IMP responsible for the transport of a
metabdlite across the cell membrane, so cpntroliing
the availability of that metabolite within the cell.

An agent according to Claim 1 for the control of the
level of the IMP responsible for the transport of a
metabolite across the cell membrane into the cell
and out of the cell, so controlling the transport of
that metabolite through the cell.

An agent according to Claim 1 for the control of the
level of the IMP responsible for the selective
permeability of the plasma membrane of the cell to
an ion, so modulating the concentration of that ion

'within the cell.

An agent according to Claim 1 for the control of the
level of the IMP responsible for the recognition of
a signalling molecule, so modulating the
responsiveness of the cell to that signalling
molecule.

An-agent according to Claim 1 for the control of the
level of the IMP responsible for the transduction of
signals across the cell membrane following binding
to the membrane of a signalling molecule, so.
mbdulating the responsiveness of the cell to that
signalling molecule.

An agent according to Claim 1 for the control of the

| s are ‘err] C for 45pheiisd4iotssg %o
then § gmg HE‘! \ ncubated in 8% Cerr] fom 2 -
Le ay

PE ERGWn
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certain neurosecretory cells (for exanple PCl2 cells) via a low affinity
receptor if high concentrations of are I ncubated with the
cel'l's fWwO Ww21B@nged periods. This mﬂﬁmiﬁﬁﬂm‘ra to use a FEFHORRAI0055S a
receptor which is distinct fronlt wSpeci#1c and high affinity
receptor present at the neuronuscul ar junction. Addlthﬁﬁngw“mmbaﬁk
reported that certain clostridial toxins have effects on | s
such as macrophages, where.entry into the cell is presuneg !ﬂe
speci fic phagocytic activity of these cellg Generally, i d,
however, that the neuronal selectivity of ?ostridial neurotOX|ns |s a

result of a very selectiyg, gi 19,2080l SN TBEDALHS Bidih1 diP on the
t her ef ore, 14 selectlve entry mechani sm
t her ef or e : sur ace of peptlde fragments derlved from

lngrested antigens.

8. An agent accoxding to any preceding claim which has
target specificity for target cell types so that the
scope of the effect of the agent is limited to said
cell types.

9. An agent according to any preceeding claim which
comprises three Domains B,T and E linked together in
the following manner:

Domain B--Domain T--Domain E
Where
Domain B is the Binding Domain which binds the agent

. to a Binding Site on the cell which undergoes
endocytosis to produce an endosome
Domain T is the Translocation Domain which
translocates the agent {with or without the Binding
Site} from within the endosome across the endosomal
membrane into the cytosol of the cell
Domain E is the Effector Domain which inhibits the
ability of the RMVs to transport the IMPs to the
surface of the cell.

10. An agent according to Claim 9 which“comprises three
Domains B,T and E linked together in the following
manner ;

Domain B--X--Domain T--X--Domain E

Where X is either a spacer molecule or a covalent
linkage but at least one X is a spacer molecule.

11. An agent according to Claims 9 or 10 in which Domain
B, the Binding Domain, binds to a Binding Site which

is characteristic of a particular cell type.

12. The agent according to any preceding claim in which



the surprising finding of these studies, that-incubation of 3T3- LI

adi poCWyBSgp bot ul i num neur ot oxj gz ihed, caus gqed

i nhibition )g?jdiansul i n-stimul ated uH!lI u@ﬂ Eﬁw ﬂ[ err] H e"%‘?‘éﬁ%f Satose . .,
transport (table 4). It is known t - gul ati on of gl ucose
transpert in adipocytes is a result of novenent of glucose transporter

prot;e'gnst}{ 841 kideacel | ul ar pools (RWs) to the cell surface. Thus,

t hi strates that botulinum neurotoxin-A inhibits the insulin-
Sti t of glucose transporterg in RWs to the cell surface of
.adi pl E 5 3T3-LI adipocytes are trypsinised and a suspensi on of

Ehe CFI | s] :\/)S el ect r opor @boedihn 1 heo&peseagefaorm@ﬂ&@ﬂ@@apf BALHIAUIME 5

0.32[err : A 960 nt, cq itQr.ds us r electroporation_producing a
pul se strength of 300 V/sg%%?%e afq{tl ecnon§ arf?’ei sLTigeiz cr?gl.l Af?gf"gge o’
el ectroporation the cel MBAgFgoiRg HerAefitFqfigt 6@ BEPINAS 28 GRAPSPhate with

medi a and serum The. cBbhaiar® comprises a domain or domain fragment of a
toxin molecule which translocates the agent from the
resulting endosome into the cytosol of the cell
Domain E comprises a different domain or domain
fragment of a toxin molecule functionally distinct
from Domain T with 2n* dependent proteolytic
activity.

13. The agent according to any preceding claim in which

Domain B comprises a ligand to a c¢ell surface
receptor on the target cell capable of undergoing
endocytosis to produce an endosome

Domain T comprises a domain or domain fragment of a
toxin molecule which translocates the agent from the
resulting endosome into the cytosol of the cell
Domain E comprises a different domain or domain
fragment of a toxin molecule functionally distinct
from Domain T with 2Zn* dependent proteolytic
activity-

14. - An agent according to claim 13 which affects the rate
of glucose uptake by adipose cells in response to
insulin in which

Domain B is a ligand to the insulin-like growth
factor II receptor

Domain T is the domain or domain fragment of the
botulinum neurotoxin Heavy chain responsible for
translocation of the toxin across the cell membrane
Domain E is the domain or domain fragment of the
Light chain of botulinum neurotoxin having 2zn™
dependent metalloprotease actiwvity.

1s. An agent according to any of claims 9 to 14 in which
Domains T and E are obtained from Clostridial



i ncubated at 37[err]C in a humdified atrmsphere (air/CJerr];
92.5%47.5% for 72 h. At the end of this period, the cells are washed and

extractvad 94a13800. 1IN NaOH. Fol | o n of the exyr@edasonkigh 0. 1N
HO - the nenbrane proteins are pmmmﬂmmﬂmgim' ton X-114 and

subsequent |y anal ysed by Westeyn®l 6tttng*using the anti-vesicle antibody
described in exanple 1. The surprising finding of this study I s that

el ectroporation of botulinumneurotoxin into the cyt oso{.hlsosf ocyt es
results in a nodification of vesicle (presunmably RW) aced
evidenced by reduced reactivity of the anBibody with the bI et

" band on sanples from botulinum neurotoxin-B treated ce
this exanple, an agent P?ué";‘? PK&Br zed to regul ate the ceII surface
expressi on of the insulin-dependent glucose transporter of adi pocytes. The

l?i nding Domaifg.(B) for Ghgr888BL #dk WHeSmBXF R BideS JeNSH! ddent according

- to any preceding claim which comprises the covalent
attachment of three Domains B,T and E in the
following manner; '

Domain B--Domain T--~Domain E

Where

Domain B is the Binding Domain which binds the agent
to a. Binding Site on .the cell which undergoes
endocytosis to produce an endosome

Domain T is the Translocation Domain which
translocates the agent {with or without the Binding
Site) from within the endosome across the endosomal
membrane into the cytosol of the cell

Domain E is the Effector Domain which inhibits the
ability of the RMVs to transport the IMPs to the
surface ‘of the cell.

17. A process for the manufacture of an agent according
to Claim 16 which comprises the covalent attachment
of three Domains B,T and E in the following manner;

Domain B--X--Domain T--X--Domain E

Where X is either a spacer molecule or a covalent
linkage but at least one X is a spacer molecule.

18. A process according to Claims 16 or 17 in which
Domain B, the Binding Domain, binds to a Binding
Site which is characteristic of a particular cell

v : type.

18. . A method of making the agent according to axiy
preceding claim comprising constructing a genetic
construct which codes for the agent, incorporating
said construct into a host organism and expressing



15 1ike grom h factor I, which is purified fromthe conditioned nmedi um of

BRL- 3A descri bed (Marquette, H Todaro, ; Hender
Or oszl aﬁﬁ@@l, J Biol. Chem 25 m@“‘“‘m‘:ﬁ transl o g‘ﬁ;’ﬁgﬁfﬁ?ﬁif n=~ .
(T) is prepared fromthe neurotoxih m 2 C. botulinumby limted
proteolysis of the neurotoxin w tﬂh *0sy| phenyl al ani nechl or onet hane-t r eat ed
trypsin. The fraction containing Domain T is then purified by

chromat ogr aphy on Sephadex G 200 (Shone, CC;, Hanbleton, P, & Melling, J;

1985, Eur. J. Biochem 151, 75-82). This frgction is then applied in

phosphat e/ borate buffer, pH 8.4 onto a quaternary am noet hyl - Sephadex

‘colum, and incubated on tie @elstiacat té[ préduieced\diecNiaglhcwi t h 2M urea and

O 1M dithiothreitol. The col-umm is then washed with buffer containing 2M

urea and 10mM . : .
20, Use of the agent or a pharmaceutically acceptable

salt thereof according to any preceding claim for
the treatment of glucose metabolism disorders.

21. Use of the agent or a pharmaceutically acceptable
salt thereof according to any preceding claim for
the treatment of clinical obesity.

22. i Use of the agent or a pharmaceutically acceptable
salt thereof according to any preceding claim for
the treatment of hypertension.

23. Use of the agent or a pharmaceutically acceptable
salt thereof according to any preceding claim for
the treatment of inflammatory disorders.

24. Use of the agent or a pharmaceutically acceptable
salt thereof according to any preceding claim for
the treatment of immune system disorders.

| A

This Sheet Has Been Reﬂlaced



"',|’n|' ng 2M urda fand 10mM di t hi ot hreit gr adi ent of c
"¢l APR B98M ( Poul ai n, B; Wadsworth, @ ; é%g one
¢l king, J; L} & Dol | y, -JO 1989, 03?. The

s R CTETMELS ?‘Zéﬂ@é%t%? BRI R A g°g &

chain of the neurot oxin referred'to as Herr]. Thg Bmﬂmg(spop@ea (B,

pin T is then eluted usi ng phosphat e/ bor at ejplpy f’f%7

neur ot oxi-ns are disul phide-1Ii nked di chwl Sting
ard a |ight chain (Sifdpson, LL @1 SReds SG

-----

prepared fremmdennewrgiexi-n of C. tetani by i soelf edtAbsiratpcus '351% """
sucrose gradient Wi th anphol yte under reducing comnditions in uré'é' pag ----
(Weller, U Dauzenroth, ME, Meyer zu Heringdorf, AT BE = qlggpq
Eur. J. Bi @bhamnv&&;oﬁ&s@i&pesla eivedl dgde: okttt Rtotredtba iR s e e ee e

br oduced | Bel fgmiRINGE GHMPR IR, VEh PirciGub Be LRGN AIAS) ‘Qfsédh%o

to

neur ot oxi n n referre
to n@'”? t:¥1e Ea:.ntera.ctz.on of part:.cular cell types with their )

e:;ternal environment. The agent has applications as a
pharmaceutical for the treatment of a variety of disorders.

BACKGROUND

-

" A fundawental property of living cells is their. ability to
respond to their external environment. The interface between
a cell and its external environment is the plasma membrane. The
plagma wmembrarie consists of a phospholipid bilayei: in which many
kinds of protein molecules are embedded. These integral
wmenbrane vroteins (IMPs] are responsi:ble for wmany of the
interactions of a cell with its external environwment.

The interactions in which the IMPs are involved include: the
transport of materials, including nutrients, into and out of the
cell; the regulated permeability of the plasma membrane to ions;
the recognition of, arnd response to, extracellular molecules;
and the adhesion of one cell to another cell. A specialised
function of the immune system, that is also mediated via IMPs,
is the display of particular foreign pept:i:d:_e sequences by one
group of immune cells to another group.

One of the ways in which a cell regulates its ability to respond
to, and interact with, the external environment is by ché.nging
the quantity and types of IMPs present at the plasma membrane.
One wmechanism by which this is achieved is the reversible
internalisation of IMPs wvia an endocytotic pathway into
Recyclable Membrane Vesicles {RMVs)}. In these cases IMPs stored
in the RMVs represent an internal store or pool of ~IMPs
available for rapid export to the cell surface via a process of
exocytotic fusion of the RMVs with the plaswma wewbrane.
Modulation of the equilibrium of this exocytotic / endocytotic



Domains E and T are mi xed together in equinolar proportions under reducing
conditions and covalently coupled by repeated dialysis, at 4[err]C with
agitation, into physiological salt solution in the absence of reducing
reagents. Any renmining free sul phydryls are derivatized by the addition of
150nM i odoacetami de for 30 nin at 4[errdCin the dark. The conjugated E-T
16 product is UI’Ierd b%lcgl ze excl.usi on chrqmat ography on Sephadex G 150

usi ng pot S ABHEYsHEE atigniof thedansi{y 4% f4iBF Bresessuat ed to

the E-T corp erlasswgfadesuctn ons éxhmple DL pgxelpiydc:ﬁsm GEprpeot SN

(SPDP).  The Fakeee e&hea;ﬁgaké% f«&é&é@eﬂ ﬁshlf*ﬂn-qfes?m%& tgegy fer ed

sallne(PgrS%, aridttif |S|s€ﬁg2e%11 rr? di sso

absol ut e Ailletaks muscle, RESHi ktoFee a’tsr’é?ﬁ?f]t"é r at HReutin 30
increases the awmount of a particular lsoform of glucose
transporter, GLUT4, which is found in the plasma wmembrane of
these cells. The higher concentration of GLUT4 wmolecules at the
surface of the cell results in increased uptake of glucose.
Therefore, by controlling the number of glucose transporters
present in the plasma membrane the response to insulin can be
modulated.
Another example of alterations in cell surface IMP expression
in response to external signals is that of the receptor for the
complement fragments C3b and C4b, the type 1 complement receptor
CR1. Upon activation of human neutrophils the plasma wmembrane
expression of CR1 is transiently increased 6- to 10- fold.

In another example a number of inflammatory and immune cells
modify their expression of cell surface adhesion molecules upon
activation. Hence, activation of neutrophils or monocytes leads
to a modulation of the cell surface adhesion molecules Mac-1 and
plso, 95, These adhesion molecules are important in the
targeting and wovement of inflammatory cells to sites of
inflammation.

In yet another example, a variety of hormone's. (insulin, insulin-
like growth factor, interleukin 1 and pla:telet—derived growth
factor) causé a rapid increase in the cell surface expression
of the transferrin receptor in a variety of cell types. The
transferrin-receptor binds diferxic transferrin from the
external environment of the cell, and is thereby involved in the
uptake of iron by cells. This transferrin/transferrin-receptor
system may also play a role in the transcellular movement of
iron into the CNS across the blood brain barrier, a process
known as transcytosis. Transcytosis is also involved in the
trgnsfer of matermal immunity to the developing foetus.

In yet another example the diuretic hormone aldosterone is known
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m ns, the 2-pyridyl disul phide-substituted peptide is separated from excess
SPDP by gel filtration through Sephadex &5. Domain Bis simlarly
treated, but using less SPDP (20 ng in 0.2 nml ethanol). The substituted
Domain B is again harvested froma Sephadex &5 colum, and is then reduced
by the addition of dithiothreitol to a fihal concentration of 0.05M Excess

duci d b (. t] : 2. | ti
Coi v of e B e e o OE aptsdd RSB SRR ot lh o (e

B are then mMBIRY JieiAne ot | BFinagy bipdder cepitheligh, cell¥he Biyimt
is then punedhad sabys dhrarintesyiapal tone Captiaae an&-dadurtis, HgrPOtagSidm
phosphat e buffl Gondiitibnd oFNEoR9BBhLuRL ERNAIRY deseslbed. [ s then tested

for its ability to inhtbit the i1nsulin-stinulFate increase in glucose
transporter expression in 3T3-LlI adipocytes. 3T3-Ll adipocytes are
differenti atid &r ofnXHed | ekalpbé| ast sthy modalaehbnWidh @elaNaidiasofs

3- 1 sobut yl - I bdeanb R ifes 21E 1EMRMdd th3f the function of the immune
system is based upon the recognition of foreign, or non-self,
antigens. Part of this recognition and iwmmune resporise is
provided by cells of the immuné system able to recognise and
respond to foreign peptide sequences. These peptide sequences

‘~are presented to the immune cells by other cells of the immune
system known as antigen presenting cells.” Antigen presenting
cells ingest foreign antigenic proteins, digest these to
peptides and display the foreign peptides in a cleft formed at
the cell membrane by IMPs of the wmajor histo;:.:ompatibility
complex.

Thus IMPs are central to a cell‘s ability to interact with its
external environment and, given the diverse and varied nature
of these interactions, it is not surprising to discover that
there are a vast array of different IMPs. The pivotal role of
IMPs in a cell’s function means that they are often involved in
pathophysiologic states, and are the target for many therapeutic
interventions.

Prior art approaches to the control of IMP at;t:.,ivit:.y have mainly
focused on modulating the function of the IMP once expressed at
the cell surface. Thus prior art therapeutic interventions tend
to be specific for particular IMPs and for particular functions
of particular cell types. Inhibitors of specific transport IMPs
have been developed as therapeutic agents. For example,
inhibitors of the 5HT transport protein of neurones are used as
anti-depressants. Antagonists of particular receptor IMPs are
very commonly used pharmaceutical agents. Examples include
antihistamines, both those specific for the H1l and the H2
subt:'ypes of histamine receptor, and antagonists.of the -
adrenoceptor. Inhibitors of IMP function are alsc widely used
as pharmaceutical agents. Examples include inhibitors of
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deécribed

used between 8 and 12 days after initiation of diffefenti

i ncubat ed
i ncubat ed

(Frost, SC & Lane MD, 1985, J Biol Chem 26, *Butngy;

with or without the agent for 90 nin at 37 ¢ rég
for 2 hours in serumfree Dul becco's nodi ffi gﬁ@ﬁ

the beginning of each experinment. Insulin-treated cg “s-ar.e_t hen! expo
for 10 mnutes to 10[err]Minsulin which is added fkgm a stock™1.6 x 10

[err] M sol

ution. After treatnment as descri bed above thé-cells are was

hed

qui ckly wi thaﬂ{éxeéxaoﬁrfegermm&mmce sici3dkaiid @iapdcibe fiptaemiafe E3H
2- deoxyg| “&@f)f x'l? 2 #BA531Q TV o‘f” ifg@ﬂ?%ﬁarhg%. hq@g@g@.age e 3%&2?1%1%C Wi th

or wi thout

|nsuI|n ove en neasu

reaction |§PS‘E’6?9p’6411 b?lejéspﬁﬁ"a‘farloﬁ"%f cpﬁEng1uco§§héb?’ﬁ?1‘?§n°anﬂ°ﬁa§§d%sh| ng
wWith ice cohahpdDspivd exdhd et bsakidir desklopieat! ysednby athayeddisid on of

agents. Cell adhesion IMPs are also currently tdrgets for the
development of selective antagonists. )

Another approach being pursued is to selectively modify the
expression of particular IMPs at the genetic level by alteration

of the level-of transcription of the appropriate gene coding for

that IMP and hence modulation of specific IMP protein synthesis.

In summary, IMPs are known to play a critical role in the
response of a cell to its external environment. Previous
approaches to the control of IMPs have generally involved the
targeting of a specific IMP at the cell surface and modifying
its functional capacity. The control of the density of IMPs
within the plasma membrane is anticipated to have broad
applicat_:ions in the treatment of a variety of disorders. In
view of the great diversity of IMPs and the part:iculé.r nature

of current therapeutic interactions it is the Sﬁrprising

discovery of the current invention that a single class of agents
can modify the expression of IMPs in a wide variety of cell
types. The same class of agent is also able to modify the
expression of transport IMPs, receptor IMPs, adhesion IMPs,
channel IMPs and antigen presenting IMPs. Previously, agents
affecting IMPs have been classified by function, for example Ca*
antagonists, the members of each group being éhemically and
mechanistically very diverse. The class of agent referred to
in the current invention, by ‘contrast, is structurally
homogeneous, with rationally introduced substitutes of
particular domains having predictable effects on the function
of the agent. A further aspect of the invention is that the
agent can be selectively targeted to particular ctypes of cell

-to allow selective modulation of IMP expression only in that

cell type.

STATEMENT OF INVENTION
The current invention relatgs to an agent for controlling the
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17 0. 2M sodi um hydroxi de and the solution is neutjrglise ddi tion of

0. 2M hydrochol oric acid prior to scintillation ceuntigg %%p ase
scintillant using a Wallac 1410 liquid scintillafin cou XAI\/PLE?In
anot her exanpl e of the invention Domains E and Tfa d fr; om t he sane
serotype of botulinum neurotoxin and aresproduc al ready coupl éd 't oget her.
The neurotoxin, serotype A of C botulinum is subjecC ~—40... Lim ted

pr ot eol ysi Smtuﬁadﬂgléxosybpheayl akabdi nedlhhor aget harReekbhedt ednvi Fomed i .
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addi tion of t&%f.fqg@c@éﬁﬁ éj‘g.n%%raction with its external environment.
More specifically the invention provides a novel agent which
modifies the structure of Recyclable Membrane Vesicles {RMVs)
such that their ability to transport: IMPs to the surface of the
cell is inhibited.

Definitions
The following terms have the following meanings;

Integral Membrane Protein (IMP) means any protein
which is embedded in and spans across the lipid
bilayer of a biological membrane '

Recyclable Membrane Vesicle (RMV) means an
intracellular vesicle, present in the cytosol of a
cell, bounded by a lipid bilayer membrane . RMVs-are
formed from the plasma membrane and move into the
cell dinterior by a process referred to as
endocytosis. RMVs undergo a cyclical process of
forming from and fusing with the cell plasma
membrane. 'i‘he process of moving to and fusing with
the plasma membrane is referred to as exocytosis.
The function of RMVs in the cell is in the
reversible transport of IMPs to and from the cell
surface; in this they are distinct <from the
secrerory vesicles of neurosecretory cells.

Endosome means those intracellular vesicles which
have formed from the plaswma wembrane by a process of
endocytosis.

Heavy chain means the larger of the two polypeptide .
chains which form Clostridial neurotoxins; it has a
molecular mass of approximately 100 kba and is
commonly referred to as HC. Light chain means the



described in exanple 6. The binding Domain (B) is insulin-like growh
factor Il prepared as described in Exanple 6, and coupled to the E-T
P e SPDP as described. The activity of the agent on the
] 4 n- dependent gl ucose transport in adi pocytes.is tested
gnpl e 6. EXAMPLE 8 I n agot her exanple of the invention,
¢gul ation of the cell surface expression of the CRl
mentsdaldgrerdt (She i hwaepblopépt 5d€ CEhadbhsi shiyht haeﬁ:imzed

hnner Ar o éﬁ&h? o] na
body to the™l g ukocy?leo%ﬁgsl?ggﬁﬁfggﬂ {I%) ,ﬁ;dgég g]'%f u{?sg
are prepa onﬁbotLnﬁﬂﬂﬁﬂﬁﬁﬁﬁFﬁﬁﬁkFH,kE ﬁ%F&ﬁ@ Fowpan Hy; Qﬂ;as
described in Exanple 7, LGndNateradlpl ecctxribgntieavi, and mkghxlduainsﬁakhat
exanpl e. The preferred JRAQAY c&&?ié@grltahgtq(éés\ﬁ' BXecglé\E:%l‘\?\.ﬁf{%o&
0 CD35) ood .

neutrophil cell surface expression IS using t
| ysi ng techni que. EDTA anti coagul at ed mhole bl ood
H, fragment wmeans a fragwent derived from the amino

terminal end of the Heavy chain of a Clostridial
neurotoxin by proteolytic cleavage for example with
trypsin or papain.

H,L. means a fragment of a Clos'tridiai neurotoxin
produced by proteolytic cleavage for example with
trypsin or papain in which the Light chain is still
coupled via disulphide bonds to the H, fragment.

In one aspect of the invention an agent is .provided for the
control of the level of the IMP responsible for the transport
of a metabolite across the cell membrane, so controlling the
availability of that metabolite within the cell.

In another aspect of the invention an agent is provided for the
control of the level of the IMP responsible for the transport
of a metabolite across the cell membrane into the cell and out
of the cell, so controlling the transport of that metabolite
through the cell.

In yet another aspect of the invention an agent is provided for
the control of the level of the IMP responsible for the
selective permeability of the plasma membrane of the cell to an
ion, so modulating the concentration of that ion within the
cell,

In yet another aspect of the invention an agent is provided for
the control of the level of the IMP responsible for the
recognition of a signalling wmolecule, so wmodulating the
responsiveness of the cell to that signalling molecule.

In yet another aspect of the invention an agent is provided for



fromnormal donors is treated with the agent for 4 hours and then activated
for 30 minutes at 37[err]C using 10[err]M fMet-Leu-Phe diluted in PBS from
a stock of 10[err]M made up in DVSO. Control cells are incubated with PBS.
The bl ood is then incubated for 30 mnuteg at roomtenperature with 10m of
Phycoeryt hri n conjugat ednonocl onal anti bodyanti CD35 ( Serotec: MCA 554PE),

red bl ood celthe arentwsledofisittg: Beeteh Bifckttmsomubysie!@d‘ddﬂlﬂ;e | ?;HKO dé%

washed Wi th BB3.aRHd-£$SHSREN A L% n P Suf oun

I s anal ysed. b %/.%‘gow cytometr §+ ng a %‘%(%Han Bec%i Eé?(:l PRS ﬁ)&%@tﬁﬂ

with Lysys | PLEgipdate. g’Fi-'x‘}l Ea’gel andignal péegplepese mmiullaan,ngan

agent for theheegabpbnehvaiesmmf:eﬂﬂe swlfiace euat esHsal Ding htol &yt e

adhesi on nol ecule Mac-1 (CD I1b) is synthesized in the foll ow ng nanner.
In yet another aspect of the invention an agent :.s ~provided for
the control of the level of the IMP responsible £5T the dl.splay
on the cell surface of peptlde fragments derived from ingested
antigens. The result of this in an organism is to affect the
iwmmune response of that organiswm.

The invention also -provides an agent: wh:.ch has target
specificity for target cell types so that the scope of the
effect of the agent is limited to said cell types.

As previously stated, prior art approaches to the control of IMP
activity have mainly focused on modulating the function of the
IMP once expressed at the cell surface. In direct contrast the
present invention modulates the level of IMP which becoumes
expressed at the cell s_urface. .

DETATILED DESCRIPTION OF THE INVENTION

It can be seen that the object of this invention, to p:‘dvide an
agent for controlling the level of IMPs at a cell surface, has

wany potential applications for wodulating the response of a_
cell to its environment. This invention includes an agent which

functions so as to affect the wechanisms ‘by which IMPs are

carried to the suxrface of a cell, as evidenced in the examples,

e.g. example 1 and 2. Such an agent wust;;accomplish three

discrete functions, the fixrst two of which are known in the art.

Firstly it must bind to a cell surface structure (the Binding
Site). It must then enter into the cytosol of the cell. The
entry of wmolecules into the cell is known to occur by a process

of endocytosis. However, as only certain cell surface Binding
Sites are known to be involved in endocytosis, only these
Binding Sites are suitable as targets. Once taken into the cell

by endocytosis the agent must then leave the resulting endosome
across the endosomal membrane to enter the cytosol. The ability
to achieve spegific cell binding and entry of agents into the
REPLACEMENT SHEET
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The B Donain is prepared fromthe SHCL3 nmonocl onal anti body to the

| eukocyte adhesion nolecule P150,95 by standard nethodol ogi es using
pepsin, and is purified by gel filtration (Martin, FJ; Hubbell, W, and
Papahadj opoul os, D, 1981, Biochenistrgy 20, 4229- 4238) The Eand T

Domai ns are prepared from botulinum neurotoxin, serotype A ready coupled,
as descri sowaselEignpedl 7knava amet%dmt@era\.tgr@oMcn @cmpd@sc?ash&fm n t hat

exanpl e. Thewpteisghed, Wi thFieigéﬁﬂd ngsbhe g¥d | Y:leli 29, 8 age% {
ol e

neut r ophi ly¢ells sy f essio usmg t he :

bl ood |ysiT ng Ch:’lg ag&% aﬁfl cri’c?g 5%@§éd°\(gholj%b% 3P onPriord S donor s
is treat eéwlt-hgﬁgﬁnl—f o0f%Yy holﬁ% HLrow, eFB} @aﬁgrsmn Rict iRuttidad- for 30
m nutes atedilesr,r VE; usi i did e0H; Nk&%kahsu-'rthemdtbu ?dJRn f?ﬁv‘-‘l fr

st ock of rr1,M e I ll,s.are Jncu
The bl ood%‘lq'[s“itc 4 ggg!u%'argfad“??i %0 th%stgl? o8 BRIy %ﬁfﬁ@ \ﬁﬁ‘?ﬁ“'—lom of
f | uor osceil® Fh@t#ﬂmfé@ﬁ}aga%@hﬁﬁnmvmoranpmay tine 2G04y

to affect the RMV. The further surprising aspect of this agent

is that by so affecting the RMV it limits its ability to
transport the IMPs to the cell surface.

- The  agent of the invention therefore compra.ses the follow:.ng
functional Domains;

Domain B, the Binding Domain, binds the agent to a
Binding S8Site on the target cell capable of
undergoing endocytosis to produce an endosome
containing the agent

Dowmain T, the Translocatlon Domain, translocates the
agent or part of the agent from within the endosome
across the endosomal membrane into the cytosol of
the cell

Dowain E, the Effector Domain, inhibits transport of
IMPs to the surface of the cell by RMVs.

Domain B can be made to have specificity for a target cell type.
The ability to target an agent to a particular cell type is well
known in the art. Thus, the functions of Domain B could be
achieved by the use of one of many cell-binding molecules known
in the art including, but not limited to, antibodies, monoclonal
antibodies, antibody fragwents (Fab, F(ab)‘;, Fv, single chain
antibodies, etc.}, hormones, cytokines, growth factors and
lectins.

The functions of Dowmain T could be achieved by molecules capable
of forming appropriate pores within the endosomal wmembrane. It
is well documented that certain parts of toxin molecules are
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(Sérotec: MCA 551F). The red blood cells are liy ni{ Di cki nson

| ysing fluid, the | eukocytes washed with PBSiand resuspended{ih 2%

f or mal dehyde in PBS. Surface bound FITC is anallydt® mé)ﬂ?% byt ometry usi ng
a FACScan (Becton Dickinson) equipped with Lysys Il software 19 EXAMPLE
10 I'n another exanple of the invention, ag agent for the regul ption of the

cell surface content of Na[err] channel s in —~.enhrank of bl adder

epi t hel i um i sapabl e itz efoimindie stichl awrep rmnqlaudmg,‘l‘ hexSngstai dthérs,

prepared froppaghiall abt | BhtnrdRNeskonAl naRkl DAY &k Cotéc ML AES, FRI Ker

of -bl adder hellrl al_ cell.s %\é %and rd met hogqol %% uZhnghpeBm nk and i's

our i i ed by IS@ heia R B PROCEToRER RAd0 omero-
Mira, M; Ehrllch, BE; Finkelstein, A; Das Gupta, BR; & Simpson,
LL; 1985 PNAS 82 1692 - 1696, Olsnes, S; Stenmark, H; Moskaug,
JO; McGill, S; Madshus, IH; & Sandvig, K, 1990, Mici:'obial
Pathogenesis 8, 163 - 168.) One such molecule is the Heavy
chain of clostridial neurotoxins for example botulinum
neurotoxin type A. Preferably it has been found to use only
those pcrt:.ons of the toxin molecule capable of pore- forming

within the endosomal membrane.

-

The functions of Domain E, .the inhibition of the ability to
transport the IMPs to the surface of the cell are not known to
the art. Surprisingly., it has been found that different
portions of certain toxin molecules - functionally distinct from
those capable of pore-formation, including fragments of
clostridial neurotoxins, such as either botulinum or tetanus
toxins, when introduced into the cytoplasm of target cells are
capable of inhibiting the transport of the IMPs in RMVs to the
surface of the cell, so reducing the concentration of those IMPs
at the cell surface. In particular it has been found that
fragments of tetanus toxin and botulinum types A,B,C,,D, E, F
and G are particularly suitable. An example of such a molecule
is that portion of a clostridial neurcotoxin known as the H,L
fragment, in which the neuronal targeting activity of the
carboxyterminal half of the heavy chain of .the toxin has been .
removed, leaving the amino terminal half disulphide - linked to
the light chain. Another example would be the Light chain of
a clostridial neurotoxin such as the Light chain of the
botulinum neurotoxin type B, in particular those portions of
the molecule which have Zn** dependent metalloprotease activity.

The invention therefore includes an agent of the following

structure;

Domain B--Domain T--Dowmain E

The Domains are covalently linked by linkages which may include



‘Papahadj opoul os, D, 1981, Biochem stry 20, 4229-4238). The E and T Domai ns
are prepared from botul i num neurotoxin, serotype A ready coupled, as
described in Exanple 7, and are coupled to Donmain B as described in that
exanple. The effect of the agent on al dosterone-stimnulated increases in

ami | oride-sensitive Na[err]- channels is ¥®sted using urinary epithelial

cel |l s. Bl adder egithel lal cells, prepared as prjmary cultures fromrat

bl adder (JohABBROPRER S, SRICESEE P&Ff’?eEAF% omAiRgH) 133,

1076-1081), are incubated with or without the agent for 90 mns at 37 C

Al dost er one- hegdfdl efbdSimddt | 88N L8P OSBkdtdlon! IDdia Bl IASHEY ORen s n AL Ler

treatment as d;sc‘g#’bed, tb e cgl I.srg.re rapi %égmsrgdt and t?e ami [or de-

sensitive upPRKECHES £AREPIS 8F BindiRe, tP FBE A PReFRf TS g8 ted.

EXAVPLE 11 | whinbt hedergoss|epdsicytes lisny Bawadn, T aF dientiieory obguihabifng

anti gen- pr esggtal iRl el dit Ior $HAGhRALSCEhdFedM@lLIDRMINIE is the
Light chain of a botulinum neurotoxin or fragments thereof.
Domains T and E can be from the same or different serotypes of
C.botulinum.

In another embodiment of the -‘invention Domain B is a binding
molecule capable of binding to a Binding Site on the target cell
which undergoes endocytosis, Domain T is the Heavy chain of a
tetanus neurotoxin or fragments thereof and Domain E is the
Light chain of a botulinum neurotoxin or fragments thereof.

In.another embodiment of the invention Domain B is a binding
molecule capable of binding to a Binding Site on the target cell
which undergoes endocytosis, Domain T is the Heavy chain of a
botulinum neurotoxin or fragments thereof and Domain E is the
Light chain of a tetanus neurotoxin or fragmenté thereof.

In another embodiment of the invention Dowmain B is a binding
wolecule capable of binding to a Binding Site on the target cell
which undergoes endocytosis, Domain T is the Heavy chain of a
tetanus neurotoxin or fragments thereof and Domain E is the
Light chain of a tetanus neurotoxin or fragments thereof.

It is to be understood that this invention includes any
combination of toxin molecules or fragments of toxin molecules
from the same or different organisms which have the functions
described. '

When the agent is administered to an organism the conce:.jzt:rat:ion
of IMPs at the surface of the target cell is reduced. This can
lead to a number of desired effects including reduced intake of
a mbtabolite or jon into or across the cell, reduction in
response of the target cell to a signalling wmolecule, or change

in the jmmune respouse of the organism. | Rep| ACEMENT SHEET
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a

manner. The B Domain is prepared fromthe pan B cell nonoclonal antibody
LL2 using standard net hodol ogy using pepsin, and is purified by gel
filtration (Martin, FJ; Hubbell, W & Papahadjopoul os, D, 1981

Bi ochem stry, 20, 4229-4238). The Eand T Donaw“#FA~~»n~ from
bot ul i num neur ot oxin, serotype A, ready coupl ed,j &% desii anpl e 3,
and are coupled to Domain B al so as described in @ effect
of the agent on antigen-presentation is-tested Iynphona
cel |l -1inexdA3z- dJhese cells are first I ncubat or 90
nins at 37[err] G, and then hen egg |ysozyne (
i ncubation continued for 2h at 37[err]C. The TAB cells are then fi xed and
washed before culture with the I-Ak@fwt*~restr|cteo +-spech fic
T-cell hybridoma 3A9 (Lorenz, RG & Allen, PM 1989, hbture 337, 560).
The —

TTI. F T o = ~
Je°T—=- =-+JI0D:&SCs ars Irypsinized into suspension and ars
VI s ion an ra
Sl onmm e A me A o -
e.ecix cperacted at 3€0VS com, 960 wF with a time constanc of 1-
H bo £ 1z
- - - = mssac vt = == o~
-=.3 WESCS, using s BIlz-Rad Zene Pulser wi=h capacizance
v itancs
-~ - ~
_x -_-_v:nq:;v- -y - bo bl
gXTenger, L Lhe prssence or zbsence of iuM  botulinum
liny
nay Xin-3 Tl 3
- - -= : 3
2 bl (30ONT-B). Fellowing Silectroporation the cells are

. “~ s e
~nsu.ini-like growth facIor tvoe 1
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"
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[
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on Zce Zor 5 min, The supernatanc is a

and replaced with ice-ccldé 1.5 nM **I-gransfervin {sp. act. &7
Tbhe / wmcl). Non-specific binding is estimated in parallel
incubations performed iz the presence of a 100 fold molar excess
of non-radiocactive transferrin. Afrer 2h the u.nernatan: is

-

a
removed, and Zollowing

£
]
)]
.*J‘
®
n
£
| o
T
o g
tJ.

3 ce-cold buffer the cell
layer is digested in N NaOH, 2nd the bound ***I-transferr
measured using a LXB1275 minigamma gamma councer. Up-regulation
oI transferrin-binding is calculated as the specific **%I-
translerrin binding in the pressence of IGF -1 expressad as a

ic binding in the absence of IGF-1.

Tab.e 1 shows that zthere is a reduced elevaticn of 251.
transisrrin binding in response to IGF-1 in 30NT-B trezced cell

1lls
compared to control. This indicaces that incroducction of BONT-3
1nto the cytosol of 373

LI fol
- Toaeas ) - = :
--—mi-ated up-regulation of transferrin receptors in rhese

Tri:on-x—llé—solubl_e proteins extracted from the 3T3-LI
fibroklasts digests are ana y ed by Western blotting using a
peiyclonal antibody raised a gainst a peprtide segquence SEQ.ID.::
(QQTQAQVDE'VDIMRVNVDKVLERDQK SELDDRADALQAGASQFETSAAKLKRXYWWK
.NLK} identified in a secrectory vesicle protein of neurosecretory
Cells. This anti-vesiclie antibody shows reduced reactivity with
- the relevant doublet band in samples from BoNT-B-treated
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supernatant fromthe 3A9 cells is tested for ' v —te

of the IL-2-dependent cell line, CTLL. ProlifpridetMehHERS lare nmeasured
by the incorporation of [err]H thym dine over 3h period fol lfow ng 2 days
of culture with the supernatant. The exanpl es sgey hpﬁ gre purely
illustrative of the invention. It should be ¢ r to those shlkled in the
art that any conbination of the three domaing a thi-n—the<scope of this
i nvention. In synthesising the agent ;the coual ng of the T-E caonponent of
the invention to the targeting conponent'is achieved via chemfcal coupling
usi ng rezgents sand ,t ectix]es sk RO do Aes e stitlsked b Bri-hgcaf+i=Jhus,

al t hough-.t he gxgapkes. givan, MSE ‘?ég Usi V@:j,yasm sEDRFouRl.1lng Lgag_ent any
ot her couﬁp‘] i'ng reagent capable” covaT ently Fachl ng theé targejtl hg
corrponer?t ot~ heSFERg&FC Safa=RADHR-E oY t‘ﬁb'sfé -s"ré'f’i-”l'—éd“-lgn uph&sgrteT s %k over ed

i n the scbpezofstchizs -appidegativen. Simlarly it is evident to those skilled
in the art that either the DNA coding

stHgport growt h

(

a -~ =34 1= = - a4 ¥ =%
3T3-LI Zibrecblasts ara electroporated in the presence or absancs

BoNT~A) using conditions

identical to those given in example 1. IGF-1 stimuliztion of
‘ *¥Y-cransferrin binding is assayed in treztad and untreated

The rasults i tadble 2 show that BoNT-A treatment of 37T3-LI

fibroblasts azolishes the up regulacion of *I-transierrin

binding seen iIn respcnse to IGF-1. This indicates cthat
incroductior of BoNT-A into the cytosol of 3T3-LI fibrobliasts

inhibits the IGF-1 stimulated up-regulation oI transiexxzis
2

EXAMPLE 3

3T3-LI fibrcbhlasts ars electroporated in the presence or absence

0f.0.35uM oZ the E—:zL—fra_uent of BoNT-A (H,L-A) usimg conditions
idencical to those given in example i, This fracment is
pro juced from the neurotoxi n, serotype A, of C boruiinum by
limited oproteslysis using tosylphenylalaninechlorcmechane-
treated trypsin. The H,I. complex Iis then purified bdy
hromatograpny on Ssshadex G-200 (Shone, CC; Hamblezon, P; &
Melling, J; 1$85, EZur J Biochem 151, 17-82)}. E=lectrsporatlion

is perZormed as descridbed in example 1 as is the measurement of

The results in teble 3 show that H,L-A treatment cf 3T3-LI
fiproblasts inhikits cthe up-regulation of *%I-transferrin
binding seen in response to IGF-1. This indicates that
introduction ¢f the H,L-A fragment of botulinum neurotoxin-a
into the cytosol of 3T3-LI fibroblast inhibits the IGF-1
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for either the entire agent or fragments of the ag coul d be readily

constructed and, when expressed in an appropriate f Eﬁpu4_r.e used
to produce the agent or fragnents of the agent. Sufhg 1.C..cOhstructs of
the agent of the invention obtained by techni ques knpwn to those skilled in
the art are also covered in the scope of23his inventh 089 &RPLYPTATI ON | N

| NDUSTRY Th nt described in this invention can tﬂe__u_sg_d_ in vivo either
directly or as a pharnaceutically acceptable salt flor ester in a nethod of
treatment for a variety of pathophysiEXPMFLEa st ates. -For exanple, one form
of the agent can be used in a nethod of treatnent for glucose netabolism

di sorders b%TELE&té&@bé%es a%% differentiated from 3T3-LI fibroblasts by
treatment with dexamethasone, 3-isobutyl-i-methylxanthine and
insulin as described (Frost, SC & Lane MD, 1985,-3J Biol Chem
260, 2646 -2652}. The 3T3-LI adipocytes 7 days after
differentiation are treated with Botulinum neurotoxin serotype
A diluted into Dulbecco’s modified Eagles wedium containing
serum and filter sterilised (final concentration BoNT A: 200nM} .
Toxin treated and control cells are incubated at 37°C for 45

~hours in 8% CO,. The cells are then washed twice and incubated
in 8% CO, for 2 hours in serum-free Dulbecco’s modified Eagle‘’s
wedium after which the cells are washed in Krebs Ringer
phosphate and incubated in either Krebs Ringer phosphate (basal
uptake) or Krebs _Rinéer phosphate containing 100nM insulin
(stimulated uptake) for 15 minutes at 37°C. Glucose uptake is
initiated by the addition of ([’H] 2-deoxyglucose {14.2KBqg, 10uM
glucose). After 10 minutes at 37°C the reaction is stopped by
aspiration of the glucose solution and rapid washing with ice
cold phosphate buffered saline. Cells are lysed bj} the addition
of 0.2N NaOH and the solution neutralised by the addition of
0.2N HCl. Uptake of [’H]} 2-deoxyglucose is measured by liquid
scintillation counting in optiphase scintillant using a Wallac
1410 liquid scintillation counter.

It is known that clostridial neurotoxins -are able to enter
certain neurosecretory cells (for example PCl1l2 cells) via a low
affinity receptor if.high concentrations of the neurotoxin are
incubated with the cells for prolonged periods. This process
appears to use a pathway via a receptor which is distinct from
the highly specific and high affinity receptor present at the
neuromuscular junction. Additionally it has been reported that
- certain clostrid.ial' toxins have effects on phagocytic cells,
" such as macrophages, where entry into the cell is presumed to
be yia the . specific phagocytic activity of these cells.
Generally, it is recognised, however, that the neuronal
selectivity of clostridial neurotoxins is a result of a very
selective binding and cell entry mechanism. It is, therefore,



upt ake of glucose by certain cells. A spemh&mx :: fli-s woul d be the
use ‘'of a formof the agent in a nethod of trjeg t- 10 t | i gal obesity by
limting the uptake of glucose by adi pose cdllis and hence reducing

accunul ation of lipid in these cells. In andtHerBéxAPRI99R (f?ormof t he -
agent can be used in a nmethod of treatnment flod hypertension by regul ating

t he i on uptake by kidney cells and he co t ror TTmy~the output of fluid
fromthese organs. In yet another exan% or.m of the agent can be used
in a nmethod ché{vea r{gntnf ele_le‘rat on control ?x gonse of
target cel F§*¥9ext &'har i ghals V\/me‘élthr F e |n et ory - PESponse.
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2-deoxyglucose transport {table 4). It is known that insulin-up
regulation of glucose transport in adipocytes is a result of
movement ., of glucose transporter proteins £rom intracellular
pools (RMVs) to the cell surface. Thus, this result
demonstrates that botulinum neurotoxin-A inhibits the insulin-
stimulated movement of glucose transporters in RMVs to the cell
surface of adipocytes.

EXAMPLE 5

3T3-LI adipocytes are trypsinised and a suspension of the cells
is electroporated in the presence or absence of Botulinum B
{0.32uM) . A 960 mF capacitor is used for eiectroporation
producing a pulse strength of 300 V/cm; the time constant is 11-
12 ms. After electroporation the cells are was,ﬁed and plated
out in a 6 well plate with media and serum. The cells are
incubated at 37°C 4in a humidified atmosphere (aix/CO,;
92.5%/7.5%) for 72 h. At the end of this period, the cells are
washed and extracted into 0.1N NaOH. Following neutralisation
of the extract with 0.1N HCl the membrane proteins are
partitioned into Triton X-114 and subsequently analysed by
Western blotting using the anti-vesicle antibody described in
example 1. The surprising finding of this study is that
electroporation of botulinum neurotoxin into the cytosol of
adipocytes results in a modification of vesicle (presumably RMV)
structure as evidenced by reduced reactivity of the antibody
with the relevant doublet band on samples from botulinum
neurotoxin-B treated cells.

EXAMPLE &
In this example, an agent is synthesized to regulate the cell
surface expression of the insulin-dependent glucose transporter

oi adipocytes.

The binding Domain (B) for the agent in this example is insulin-



22 TABLE 1 IGF-1 U;S-Regul ation O [err]l-Transferrin-Binding In 3T3-LI

Fi br obl asts Treat nent | GF-1 % basal binding SD*
Cont r ol 100 + 28 (n=3) + 258 [err] 46
(n=3) BONT-B ’ 100 [err] 8 (n=3). + 149

[err] 27 (n=3) * Specific binding of [e¥¥]I-transferrin to 3T3-LI
fi brobl asts ,expressed as a percentage qQf the specific binding in the
absence of 1i&e. growth factor II, which is purified from the conditioned

medium of BRL-3A cells as described (Marquette, H; Todaroc, GJ;
Hendexrson, LE & Oroszlan, S, 1981, J Biol. Chem 256 2122-2125) .

The translocating Domain (T} is prepared from the neurotoxin,
serotype A, of C. botulinum by limited proteolysis of the
neurotoxin with tosylphenylalaninechloromethane-treated trypsin.
The fraction containing Domain T is then purified by
chromatography on Sephadex G-200 {(Shone, CC; Hambleton, P; &

Melling, J; 1985, Bur. J. Biochem. 151, 75-82). This fraction

is then applied in phosphate/borate buffer, pH 8.4 onto a

“quaternary aminoethyl-Sephadex column, and incubated on the

column at 4°C overnight with 2M urea and 0.1M dithiothreitol.
The column is then washed with buffer containing 2M urea and10mM
dithiothreitol. Domain T is then eluted using phosphate/borate
buffer containing 2M urea and 10mM dithiothreitol and a stepwise
gradient of NaCl from 0.1 to 0.2M (Poulain, B; Wadsworth, JDF;
Maisey, EA; Shone, CC; Melling, J; Tauc, L; & Dolly, JO, 1989,
Eur. J. Biochem. 185, 197-203}.  The clostridial neurotoxins
are disulphide-linked dichain proteins consisting of a heavy
chain and a 1light chain (Simpson, ILL, 1986, Ann. Rev.
Pharmicol. Toxicol. 26, 427-453). It should be noted that the
Domain T, produced in the manner given, is equivalent to =a
fraction of the heavy chain of the neurotoxin referred to as H,.
The effector Domain (E) is prepared from the neurotoxinm of C.
tetani by isoelectric focusing in a sucrose gradient with
ampholyte under reducing conditions in 2M urea (Weller, U;
Dauzenroth, M-E; Meyer zu Heringdorf, D & Habermann, E, 1989,
Eur. J. Biochem., 182, 649-656}. It should be noted that the
Domain E produced in the manner given is equivalent to the light
chain of the neurotoxin, commonly referred to as LC.

Domains E and T are mixed together in equimolar proportions
under reducing conditions and covalently coupled by repeated
dial¥sis, at 4°C with agitation, into physiclogical salt
solution in the absence of reducing reagents. BAny remaining
free sulphydryls are derivatized by the addition of 1So0wmM
iodoacetamide for 30 min at 4°C in the dark. .The-eonjugated E-T
REPLACEMENT S
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23 TABLE 2 IGF-1 Up-regul ation of [err]l-transferi

fi brobl asts Treat nent
Cont r ol

(n=3) BONT-A

[err] 10 (n=3) *

fi brobl asts expressed as a percentage fg t he speci

absence of |G- 1.

24

| G- 1 %

100 + 28 (n=3)

100 [err]

Speci fic binding of [er

iHEPLACFMEgIlﬁﬁgﬂ SLLI

basal binding [err] SD*
09 APR 1988 [efr] 46

4 (n=3) + i~ 149

]I-transtéerrinto 3T3-LI

fic. hinding in the

roduct is purified by size exclusion chromatography on Sephadex‘
3-150 using potassium phosphate buffer, pH 7.0. Finally, Domain

is coupled to the E-T complex using N-succinimidyl 3-{2-
yridylothio) proprionate (SPDP). The E-T complex (5 mg) is

"3

@

o gow

this is added 200 mg of SPDP dissolved in 0.5 ml of absolute .
ethanol. After reac:sing the mixture at room temperature for 30
mins, the 2-pyridyldisulpkbide-substituted peptide is separated
from excess SPDP by gel filtration through Sephadex G25. Domain
B is similarly treated, but using less SPDP (20 mg in 0.2 ml
ethanol). The substituted Domain B is again harvested from a
Sephadex G25 colum:, and is then reduced by the addition of
dithiothreitol to &a final concentration of 0.05M. Excess
reducing agent is removed by gel £iltration on Sephadex G25.
Equal portions (w/w) of the substituted E-T complex and the
substituted and reduced Domain B are then mixed together and
left at 4°C for 1ish. The agent 1is then .purified by
chromatography on Sephadex G-150 using potassium phosphate
buffer, pH 7.0. .

The agent, prepared as described, is then tested for its ability
to inhibit the insulin-stimulated increase in glucose
transporter expression in 3T3-Ll1 adipocytes. 3T3-L1 adipocytes
are differentiated Irom 3T3-L1 fibroblasts by treatment with
dexamethasone, 3-iscbutyl-l-methylxanthine and insulin as
described (Frost, SC & Lane MD, 1985, J Biol Chem 260, 2646~
2652), and are used between 8 and 12 days after initiation of
differentiation. Cells are incubated with or without the agent
for 90 min at 37°C. Cells are then incubated for 2 hours in
serum-free Dulbecco's modified Eagle's medium at the beginning
of each experiment. Insulin-treated cells are then exposed for
10 minutes to i0°'M insulin which is added from a stock 1.6 x 10°
‘M solution. 2fter treatment as described above the cells are
washed quickly with Xrebs-Ringer phosphate at 37°C and the
uptake of [3H] 2-deoxvglucose (14.2 KBq;10 mM} in Krebs Ringer
phosphate at 37°C with or without 10°’M insulin over a 10 minute
period is then measured. The reaction is stopped by aspiration
of the glucose solution and rapid washing with ice cold
phosphate buffered saline. Cells are lysed by the addition of

issolved in 1 ml of phosphate buffered saline (PBS), and to



TABLE 3 | GF-1 Up regul ati on of [err]l-transferrln b| nd| | ng in 3T3 LI

fibroblasts Treat ment G- 1 gy SD*

Cont r ol - 100 [err] ti ! 258 [err]
46 (n=3) Herr]L-A 100 [err] T5n43) +

134 [err] 60 (n=3) * SpeC|f|c bi ndi ng fof] [@&r APRtpessieririn to
3T3-LI fibroblasts expressed as a percentage off tihe specific blindl ng in the

absence of | GF-1. 25 TABLE 4 Upt ake of [[ernd] = 2= ygl-ucose by
3T3-LI adi pocgMesodium hydroxide and the solutid eutralised by the

addition of 0.2M hydrocholoric acid prior to scintillation
counting in Optiphase scintillant using a Wallac 1410 liquig
scintillation counter. -

€5

EXAMPLE 7

In another example of the invention Domains E and T are produced
from the same serotype of botulinum neurotoxin and are produced )
already coupled together. The neurotoxin, serotype A, ;::f o

" botulinum is subjected to limited proteolysis using -
tosylphenylalaninechloromethane-treated tr:ypsf_Ln. The E-T
complex is then purified by chromatography on Sephadex G-200
(Shone, CC; Hambleton, P; & Melling, J 1985 Eur. J. Biochem.
151, 75-82}.

It should be noted that this fragment is equivalent to that
referred to as the H,L. fragment. Any remaining free sulphydryls
are derivatized by the addition of 150mM iodoacetamide as
described in example 6. The binding Domain (B) is insulin-like
growth factor IX prepared as described in Example 6, and céupled
to the E-T complex using SPDP as described. The activity of the
agent on the expression of insulin-dependent glucose transport
in adipocytes is tested as described in Example 6. '

EXAMPLE 8

In another example of the invention, an agent for the regulation
of the cell surface expression of the CR1 receptor for
complement fragment C3b in neutrophils (CD 35) is synthesized
in the following wmanner. The B Domain is prepared from the
SHCL3 wmonoclonal antibody to the leukocyte adhesion molecule
P150, 95, The E and T Domains are prepared from ‘botulinum
neurotoxin, serotype A, ready coupled, as described in Example
7, and are coupled to Domain B, as described in that example.

The 'preferred method for testing the activity of the agent on
neutrophil cell surface expression of CR1 (CD35) is using the
vwhole blood lysing technique. EDTA anticoagulated whole blood



Basal | nsul i n-stinul ated Control 1655 [err] 67 (n=3) 14
328 [err] 264 (n=3) BoNT-A treated 2306 [err] 49 (n=3) 5587 + 322 (n=3)
The results are the nmeans SEM of triplicate determ nations and are given
as the total dpmtaken up by the cell nonolayer during a 10 m n i ncubati on.
26 SEQUENCE LI STING (1) GENERAL | NFORMATE®N: (i) APPLI CANT: (A) NAME: THE
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then activated for 30 minutes at 37°C using 10™°M fMet-Leu-Phe
diluted in PBS from a stock of 10°M made up in DMSO. Control
cells are incubated with PBS. The blood is then incubated for
30 minutes at room temperature with 10ml of Phycoerythrin
conjugated monoclonal antibody antiCb35 (Serotec:MCA SS4PE}, red
blood cells are lysed using Becton Dickinson lysing fluid,
leukocytes washed with PBS and resuspended in 2% formaldehyde
in PBS. suface bound PE is analysed by flow cytometry using a
- FACScan {Becton Dickinson) equipped with Lysys II software.

EXAMPLE 9 ~ )

In another example of the invention, an agent for the regulation
of the cell surface expression of the leukocyte adhesion
molecule Mac-1 (CD IIb) is synthesized in the following manner.
The B Dowmain is prepared from the SHCL3 wonoclonal antibody to
the leukocyte adhesion molecule P150,95 by standard
methodologies using pepsin, and is purified by gel filtration
(Martin, FJ; Hubbell, WL; and Papahadjopoulos, "D, 1981,
Biochemistry 20, 4229-4238). The E and T Domains are prepared
from botulinum neurotoxin, serotype A, ready coupled, as
described in Example 7, and are coupled to Dowmain B as described
in that example.

The preferred method for testing the activity of the agent on
neutrophil cell surface expression of Mac-1 _(é_Dl-lb) is using the
whole blood lysing technique. EDTA anticoagulated whole blood
from normal donors is treated with the agent for 4 hours at 37°C
and then activated for 30 minutes at 37°C using 10°°M fMet-Leu-
Phe diluted in PBS £rom a stock of 10°2M made up in DMSO. Control
cells are incubated with PBS. The blood is then incubated for
30 minutes at room temperature with 10ml of fluoroscein
isothiocyanate conjugated wmonoclonal antibody anticCbilb -
(Serotec:MCA SS51F). The red blood cells are lysed using Becton
Dickinson 1lysing fluid, the leukocytes washed with PBS and
resuépended in 2% formaldehyde in PBS. Surface bound FITC is
analysed by flow cytometry using a FACScan (Becton Dickinson)

equipped with Lysys II softvare. [ REplACTeRT SHERT
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In another example of the invention, an agent for the regulat::.on
of the cell surface content of Na® channels in the apical
membrane of bladder epithelium is synthesized in the following
manner. The B Dowmain is prepared from a high affinity
monoclonal antibody to a cell surface marker of bladder
epithelial cells by standard methodology using pepsin, and is
purified by gel filtration (Martin, FJ; Hubbell, WL; and
Papahadjopoulos, D, 1981, Biochemistry 20, 4229-4238). The E .
and T Domains are prepared from botulinum neurotoxin, serotype

..~A, ready coupled, as described in Example 7.‘ and are coupled to
Domain B as described in that example.

The effect of the agent on aldosterone~-stimulated increases in
amiloride-sensitive Na'- channels is tested wusing urinary
epithelial cells. Bladder epithelial cells, prepared as primary .
cultures from rat bladder (Johnson, MD; Bryan, GT; Reznikoff,
CA;1985, J Urol 133, 1076-1081),. are incubated with or without
the agent for 90 mins at 37°C. Aldost:erone-—treat:_ed'cells are
then exposed for 1h to aldosterone. After treatment as
described, the cells are rapidly washed and the amiloride-
sensitive uptake of ?*Na* over a 5 min incubation at 37°C is
measured.

EXAMPLE 11

In another example of the invention, an agent for regulating
antigen-presentiation' by B-cells is synthesized in the following
manner. The B Domain is prepared from the pan B cell monoclonal
antibody LL2 using standard methodology using pepsin, and is
purified by gel filtration {(Martin, FJ; Hubbell, WL &
Papahadjopoulos, D, 1981, Biochemistry, 20, 4229-4238). The E

- and T Domains are prepared from botulinum neurotoxin, serotype
A, ready coupled, as described in Exawple 3, and are coupled to
Doma._in B also as described in that example.

The effect of the agent on antigen-presentation is tested using
the murine B lywmphoma cell-line TA3. These cells are first



NAVE: CLI FFORD CHARLES SHONE (B) STREET: 44 OA
ALDERBURY (D) STATE: WLTSH RE (E) COUNTRY: U | P
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incubated with the agent for 90 mins at 37 °C, and then Ken egg
lysozyme (HEL) is added and the incubation continued for 2h at
37°C. The TA3 cells are then fixed and washed before culture
with the I-A%- restricted HEL46-61 spécific T-cell hybridoma 349
(Lorenz, RG & &allen, BM, 1589, Nature 337, '560) . The
supernatant from the 3A9 cells is tested for its ability to
support growth of the IL-z-dependent' cell 1line, CTLL.
Proliferative responses are measured by the incorporation of 3H-
thymidine over a 3h period following 2 days of culture with the

supernatant. . "
The examples described above are purely ii_.lusprative of the
invention. It should be clear to those skilled in the art that
any combination of the three domains are within the scope of
this invention. In synthesising the agent the coupling of the
T-E component of the invention to the targeting component: is
achieved via chemical coupling using reagents and techniques
known to those skilled in the art. Thus', although the examples
given use exclusively the SPDP coupling reagent any other
coupling reagent capable of covalently attaching the 't'arget:ing
component of the reagent and known to those skilled in the art
is covered in the scope of this application. Similarly it is
evident to those skilled in the art that either the DNA coding
for either the entire agent or fragments of the agent could be
readily constructed and, when expressed in an appropriate
organism, could be used to produce the agent or fragments of the
agent. Such genetic constructs of the agent-of the invention
obtained by techniques known to those skilled in the art are
also covered in the scope of this invention.

EXPLOITATION IN TNDUSTRY

The agent described in this invention can be used in vivo either
directly or as a pharmaceutically acceptable salt or ester in
a wmethod of treatment for a variety of pathophysiological
states.

.
For example, one form of the agent can be used in a method of
treatment for glucose mec'abol_ism disorders by limiting the



(A) MEDI UM TYPE: Fl oppy di sk (B) COVWPUTER: | BM PC conpatible (C) OPERATI NG
SYSTEM PC-DOS/ M5-DOS (D) SOFTWARE: Patentln Rel ease #1.0. Version #1.25
(EPO (VI) PRIOR APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER GB 9305735. (B)
FI LI NG DATE: 19- MAR- 1993 27 (2) INFORVATION FOR SEQ ID NO 1: (1)
SEQUENCE CHARACTERI STICS: (A) LENGTH: 62 am no acids (B) TYPE: ami no acid
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: g?ptide

uptake of glucose by certain cells. A specific example of thisg
would be the use of a form of the agent in a method of treatment
for clinical obesity by limiting the uptake of glucose by
adipose cells and hence reducing accumulation of llpld.ln these
cells.

In another example a form of the agent can be used in a method
of treatment for hypertension by regulating the ion uptake by
kidney cells and hence controlling the output of fluid from

.. these organs. '
In yet another example a form of the agenﬁ can be used in a
method of treatment for inflammation by controlling the response
of target cells to external signals which trigger the
inflammatory response.

In yet another example a form of the agent can be used in a
method of treatment for immune disorders by controlling the
presentation of peptide sequences by antigen presentlng cells
to the effector cells of the immune system.
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(xi) SEQUENCE DESCRIPTION. SEQ IDNO 1: Gn Gn The.@n Ala Gn Val -Asp

@ u Val vVal Asp Ile Met Arg Val 1 3 10

15 Asn Val Asp Lys Val Leu Qu Arg Asp G n Lys Leu Ser Qu Leu Asp 20

25 30 Asp Arg Ala Asp Ala Leu Gn Ala Cy Ala Ser Gn Phe
Clu Thr Ser 35 45 Ala Ala Lys Leu Lys
Arg Lys Tyr Trp Trp Lys Asn Leu Lys 50 5, 53

60 Clainms 1 An agent for controlling the interaction of a cell with

its external environnment by controlling the transport of Integral
Menbrane Prapergsi(! MPs) to the nenbrane of the cell in Recyclable Menbrane

Vesi cl es ri.ses three
(%ﬁll\mﬁp t-kzegul ation Of usI ~Transferrin Binding In 3T3- LI

Fibroblasts -
Treatment IGF-1 ¥ basal hinding + SD*

Control - 100 + 28 (n=3)

) + 258 + 46 {(n=3)

BONT-B . - 100 + 8 {(n=3).

+ 143 + 27 {n=3)

* Specific binding of **I-transferrin to 3T3-LI fibroblasts
expressed as a percentage of the specific binding in the absence

of IGF-1.




Domeins B, T and E |inked together in the follow ng nanner: Domain B - -
Bomain T - - Donmain E Where Donain B is a binding Domai n which binds the
agent to a Binding Site on the cell which undergoes endocytosis to be
incorporated into an endosone, wherein Domain B is not derived froma
clostridial neurotoxin; Domain T is a Transl ocation Donmai n which
transl ocates Domain E (wth or wthout the Binding Site) fromwthin the
endosonme across the endosomal nenbrane int@ the cytosol of the cell; and
Donmain E is the Effector Domain which inhibits the ability of the RWs to
transport theTABI 20 the surface of the cell and is a domain or donmain
fragnment of the Li g(g% chain of Cost{ridial neurotoxin having Zn[err] :
dependent net3FF vhri e latiey of. Sl-tragsiegain REBEABENENIITHBIM 1 in
whi ch Domai n giﬂéot%.é@?i n or domai n -fragnment of C ostridial neurotoxin

. n age

Heavy Chain. nt according to daiml or 2 in whieh Domain E is
Treatment IGF-1 ¥ basal binding + SD*
Control - 100 + 28 (n=3)
- + 258 + 46 {(n=3)
BONT-A - 100 + 44 (n=3)
+ 149 + 10 (n=3)
x Specific binding of 1257 _transferrin to 3T3-LI

fibroblasts expressed as a percentage of the specific binding

in the absence of IGF-1.

RE?LACEMEHT SHEET

09 APR 1999

e -




obtai ned from botilinum neurotoxin. 4. An agent according to any
preceding claimin which Domain E is obtained from botulinum neurotoxin
type A 5. An agent according to clains 1 to 3 in which Domain E is

obt ai ned from botul i num neurotoxin type B. 6. An agent according to any
preceding claimin which Domain T is the amno term nal portion of the
heavy chain of a 29 Clostridial neurotoxin. 7. An agent according to

any preceding claimin which Domain T is thg,am no term nal portion of the
heavy chain of a Clostridial neurotoxin obtalined by proteolytic cleavage
with trypsin. &aprgA3 agent according to any preceding Caimin which
Domai n .

IGF-1 Up regulation of **I-transferrin binding in 3T3-LIX

fibroblasts B
Treatment IGF-1 % basal -binding + SD*
Control - 100 + 28 (n=3)

+ 258 + 46 (n=3)
H,L-A - 100 + 15 (n=3)

+ 134 + 60 (n=3)
* Specific binding of **I-transferrin to 3T3-LI

fibroblasts expressed as a percentage of the specific binding

in the absence of IGF-1.
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T is obtained from botulinum neurotoxin. 9. An agent according to any
preceding claimin which Domain T is obtained from botul i num neurotoxin
type A. 10. An agent according to any of clainms 1-8 in which Domain T is
obt ai ned from botul i num neurotoxin type B. 11. An agent according to any
precedi ng C ai mwhich conprises three Domains B, T and E |linked together in
the foll owi ng manner; Domain- -X- - Domain T --X- -Donmain E where X is
either a covalently |linked spacer nolecuEg or a direct covalent |inkage but
at least one X is a spacer nolecule. 12.“7An agent according to any
precedi ng Caigpgd g, whi ch Domain B conprises a ligand to a cell surface
acceptor on the target cell capable of undergoi ng endocytosis to be

i ncor por at echptriee JE PHDSOFRIechdgllibsa] Bt 3REC0T Thdfpdoydy precedi ng

Claimin which Domain B conprises a ligand to a cell surface receptor on
‘the target

-
-

Basal Insulin-stimulated

Control 1655 + 67 (n=3)} 14 328 + 264 {(n=3)

BONT-A treated 2306 + 49 (n=3)| 5587 + 322 (n=3)

P

The results are the means + SEM of triplicate deteérminations and

are given as the total dpm taken up by the cell monolayer during

a 10 min incubation.
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cel I
a nonocl onal antibody or is derived froma nonocl onal
antigen on the target cell capable of undergoi ng endoqyti

I ncorporated into an 30 endosone. 156 An agent acdo dlng to any
preceding daimin which Domain B, the Binding Donainj Bi r3@ ARR 394 n
Site which is characteristic of a particular cell typ?.;16

An agent

ucose—tpt a

according to any preceding Caimwhich affects the rage

capabl e of undergofng endocytosis to be incorporated into an endosone.
14. An agent according to any preceding claimin mhlqh Donaln B conprlses

ace

by adi pose cells in response to insulig Qéﬁc\ghtgh@rrat nBis aligand t

bi nding site on
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adi pose cel | s capabl e of undergoing endocytosis to be.incorporated into_an
endesone. 17. An agent according to any of clainms 1-15 which affects the
responsi veness of neutrophils to conplenent fragnent C3b in which Donain B
is aligand to a binding site on neutrophils capable of undergoing
endocytosis to be incorporated into an,gndosone. 18. An agent according to
any of clains 1-15 which affects the expression by neutrophils of the
adhesi on nol ecule Mac-1 in which Domain Bis a ligand to a binding site on
neut rophi | s capabl e of undergoi ng endocytosis to be incorporated into an
endosone. 19. An a%ent according to any of clainms 1-15 which affects the
present at i 6 HTARNTERN B9} B8R iT§e¥@presenting cells in which domain Bis a
ligand to a bi gg ngeati egA%ﬁg%I@gpsenti ng cells capabl e of undergoi ng
endocytosi s to be icagOorgxatal ki adigndosone.

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: peptide

(x{) SEQUENCE DESCRIPTION: SEQ ID NC: 1:

Gla Gln The Gin gla Gln Val Asp Glu Val Val Asp Ile =t Arz Val
io 15

-

..Asn Val asp égb Val Leu Glu Arg Asp Glu Lys Leu Ser Glu Leu Asp
) 25 . 30

ASp Arg ééa Asp Ala Leu CGin Ala Cly Ala Ser Gln Phe Glu Thr Ser
L0 LS

Ala Ala Lys Leu Lys Arg Lys Tyr Trp Trp Lys Asn Leu Lys
50 53 60
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20.° An agent according to cI ai nrtﬂiﬁsueaHutBecmR i n B i's a 'I | gand to fh

I ngjtt TRact or rec agent according to claim 17
or Ea@mﬁ ig Bis a nono mﬂo “m

is derive roma
nonocl onal anti body tjo t he adhesi

LR o5, 22 2'%@@5@ SHEET

acdorldi 09 APRCHEP Mi19 in which Domain Bis a rmnocl onal antibody or is

derii clfonal antibody to %% a surface antigen on antigen
\pdbl e of under goi ng endocytosi.s.-to-be—i-reenporated into

i md\n fagent according to clai pyRIB SHEEHAS BBENdin B i s

insulin [1ke growth factor 1. 24. An agent{accorgippgCE® cl aifn 21 in which

Domain Bis, or is derived from, the nonocl baat ullLiquy SHCL 3.
3 An agent for controlling the interaction of a cell with

its externzl erxvironment by controlling the tramsport of
Integral Membrane Proteins (IMPs) to the membrane of the cell
in Recycladble Membrane Vesicles (RMVs) which comprises three
anéd = linked together in the following manner:

— o —

v

Domains B,

Domzin B - - Domain T - - Domain E

Where

Domain B is 2 binding Domain which binds the agent to a Binding
Site on the cell which undergoes endocytosis to be incorporated

into an endosome

Domain T is a Translocation Domain which translocates the agent
(with or without the Binding Site} from within the endosome

across the endosomal membrane into the cytosol of the cell

Domain E is the Effector Domain which inhibits the ability of
the RMVs to transport the IMPs to the surface of the cell and
is a domain or domain fragment of the Light chain of Clostridial

neurotoxin having Zn*' dependent metalloprotease activity.

2. An agent agcoxding to Claim 1 in which Domain T is a

domain or domain £ragment of Clostridizl neurotoxin Heavy Chain.

3. An agent according to Claim 1 or 2 in which Domain E is
obtained from bortulinum neurotoxin.

An agent according to any preceding claim in which Domain
E is obtained from botulinum neuvrotoxin type A.

5. An agent according to claims 1 to 3 in which Domain E is

obtained from botulinum meurotoxin type 3B,

6. An agent according to any preceding claim in which Domain
T is the amino terminal portion of the heavy cna:.n of a

LTI
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25. An agent according to claim22 in which: Donain Bis, of is deﬁ”ﬁed
from , monoclonal—ant+body LL2. 26. An agent accoket-ag-to i n which
Domain B s I | grom h factor 11, Domaini TR:_ LRCEMEQE_@QE%@e m nal
portlon mﬁm @g‘H in of botulinum neurot oxXi B "'_"“A'"obt ai ne@l by

pr ot eoI sl ng trypsin, and Domain E ifs trﬁé t'ge‘hai niof
botulinunlneurotOX|n type: A 27. An agept accordijng to“c '
Domein B is the nonoclonal anti body SHCL3, Donain |

proteol ytic cl eavage usi ng tryp5| n, and Domain E i ? ght caln of
botul i num neurotoxin type A 28. An agent according to qlaln]25 i n which
Domai n B is The ndnoryermlacaaridbedyce 22y DoARLRLNT islaimeianvhich Someaal

portion of the iheawye Caaﬁﬂoofreb&tyglnwe%otmlnnéy@@&yob:t:@_@edowbya

proteol ytic ol cavane using. Lovbetn, a0, Loy n £ 1o fis 11 gt chal ol
trypsin.

B. An agent accerding to any preceding Claim in which Domain

T is obtained from botulinum neurotoxin.

An agent accoxrding to any preceding claim in which Domain

w0

T is obtained from botulinum neurotoxin type A.

i0. An agent according to any of claims 1- 8 in which Domain T
is obtained from botulinum neurotoxin type B.

11. An agent according to any preceding Claim which comprises
three Domains B, T and E linked together in the Zcllowing

Domain B - - X - - Domain T - - X - - Domain E

where X is either a covalently linked spacer moleculeg or a
direct covalent linkage but at least one X is a spacer molecule.

12. An agent according to any preceding Claim in which Domain
B comprises. a ligand to a cell surface acceptor on the target
cell capable of undergoing endocytosis to be lncorpora;ed into

an endosome.

13. An agent according to any preceding Claim in which Domain
B comprises a ligand to a cell suriace receptor on the target
cell capable of undergoing endocytosis to be incorporaced into

n endosome.

fu

14. An agent according to any preceding claim in which Domain
B comprises a monoclonal antibody or is derived from a
" monoclonal antibody to a surface antigen on the target cell
capable of undergecing endocytosis to be incorporated into an
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29. ~ A method for—obtaining an agent accord| ng to any'_precedl ng e*alrmv\,hl ch
ptmmmesmal ent attachnent of three Domains B,-T-and E in the
_ , main B- - Domain T - - Domain E NH
a| ni n%gﬁ 19§9e t jaccording to any one of clains 1 am mmmmﬂm ses
t tdchment of three Domains B, T and E i e tol Fowl ng
1er in B- - X- - DomainT-.- X- - Domain E where X is
} her a covalently | i nked spacer nol ecul 8%r a direct coval ent |inkage but
t at_least—ope-—X-ts—a spacer nolecule. 31. A nethod of obtaining the agent

§ according to amdeenesf Clains 1 to 28 which conprises constructing a
genetic construct which codes for the agent, incorporating said construct

into a - . . . :
15. An agent according to any preceding Claim in which Domain

B, the Binding Domain, binds to a Binding Site which is

characteristic of a particular cell type.

16. An agent according to any preceding Claim which affects
the rate of glucose uptzke by adipose cells in response to
insulin in which Domain B is a ligand to a binding site on
adipose cells capable of undergoing endocytosis to be

incorporated into an endosome.

17. An agent according to any of claims 1-15 which affects the
responsiveness of neutrophils to complement fragment C3b in
which Domain B is a ligand to a binding site on neutrophils
capable of undergoing endocytosis to be incorporated into an

endosome.

18. An agent according to any of claims 1-15 which affects the
expression by neutrophils of the adhesion molecule Mac-1 in
which Domain B is a ligand to a binding site on neutrophils
capable of undergoing endocytosis to be incorporated into an

endosome.

19. An agent according to any of claims 1-15 which affects the
presentation of antigenm by antigen-presenting cells in which
domain B is a ligand to a binding site on antigen presenting
cells capable of undergoing endocytosis to be incorporated into

an endosome.

20. 2An agent according to claim 16 in which domain B is =2
ligand to the insulin like growth factor II receptor.
21. An agent according to claim 17 ox-18 in which Domain B is

a2 monoclonal antibody or is derived from a wmonoclional antibody

to the adhesion molecule pl50, SS. -

22. An agent according to claim 1% in which Domain B is 2
monoclonal antitody or is derived from a monoclonal antibody to



host ‘or'gani sm.and _expressing the construct .to p Oﬁiﬁp@ggma}‘a&iﬁﬂ

nmet hod of controlllng the interaction of a cell

¢ roc.c

w

2. A

t foSmm@t-erTal
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to 28. 33. A‘metholl ot controlling the level of tHe}{l MP responsiblelfor the

transport of a metabolite across the cell ;gqenbrand, so control i ng the

avai lability of that netabolite within thé cell oritihe~tsansport—of that
metabolite through 4he cglls whi cg.,ccggpr,bges S JH NGt t&@gsen&agébeglyoene
of Cainms 1 to 28734, A nethod of conirojlin the | ével of the,

responsi bl e f BREERECRE IR Feabi ‘P‘Ft’yn‘f):r’

to an ion and nodul ati ng the concentration of that

cel |

whi ch conpri ses, apBLylé&&hea%%—@f ANYc 0080 0bo Cidl N ikn! DtBind® 14
met hod of controljlng.‘ I'he IeveL Q_.f t he I,LVP responsi bl e
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24. An agent acccrdéing to c¢laim 21 in which Domain B is, or is

derived from , the monoclomal a=mtibody SHCL3.

25. An agent according to claim 22 in which Domain B is, or is

derived £from , monoclonal antibody LL2,.

256. .An agent according to claim 23 in which Domain B is
insulin like growth factor II, Domain T is the amino terminal
portion of the heavy chain of botulinum neurotoxin type A
obtained by proteolytic cleavage using trypsin, and Domain E is
the light chain of botulinum neurotoxin type A.

27. An agent according to claim 24 in which Domain B is the
monoclonal antibody SHCL3, Domain T is the amino terminal
portion of the heavy chain of botulinum neurctoxin type A
obtained by proteoclytic cleavage using trypsin, and Domain E is
the light chain of botulinum neurotoxin type A.

28. 2An agent according to claim 25 in which Domain B is the
monoclonal antibody LL2, Domain T is the amino-terminal portion
of the heavy chain of botulinum neurotoxin type A obtained by

proteolytic cleavage using trypsin, and Domain E is the light .

chain of botulinum neurotoxin type 2.
28. A method for obtaining an agsent according to any-nrecedinc

hich comprises the covalen: attachment of three Domain

Domzin B - - Domain T - - Domain E
30. A method for obtaining an agent according to any one ©OI
claims 1 to 28 which comprises the ccvalent attachment of three

Domains B, T and = in the following manner;

& 51 éﬁﬁon‘%ﬂb?’é%%s"éffe the

ion within the cell



for t he recogni ti en--of --a- 5| gnal i ng rml ecul e'a,npf m)dlj,l at| ng. th}a

responS| ~to that signallin ecul-e whi ch. cpnpri ses

appl yi n I%iw Bi“@ one of Clainms 1 to}2§. hod} of

controll the | MP responsi bl e if ugt iton -of

signal s across the cell nmenbrane follow ng biindy _ nane of a
signal l'ing nmol ecul e and nodul ating the r s ongi | to that
signal l'i ng nol ecul e whi ch conprises appl g the. any one of C ains

1 to 28. 33 37. :§ ~rethgd_of §ontrq%gmg_g~ the Leyel ofpddisd MP
|

responsi bl e for the spfay on the cell surface of peptide fragments
derived fromingested antigens which conprises applying the agent of any

one of Cfain&hé:éon&g either a covalently linked spacer molecule or a
rect covzlient linkage bur at least one X is a spacer molecule.

n:

31. A method of obtaining the agent according to any one of
Ciaims 1 to 28 which comprises constructing a genetic construct
which codes for the agent, incorporating said construct into a
host organism and expressing the comstruct to produce the

agent.

32. A method of controlling the interaction of a cell with its
external environment which comprises controlling the transport
of IMPs to the membrane of the cell in RMVs by applying the
agent of any one of Claims 1 to 28. o

33. A method of controlling the level of the IMP responsible

spor: of a metabolite across the cell membrane, so
controlling the availability of that metabolite within the cell
or the transport of that metabolite phrouéh the cell which

comprises applying the agent of any one of Claims 1 to 28.

34. A method of controlling the level of the IMP responsible
r the selective permeability of the plasma membrane of the

h
Q

cell to an ion z=d modulating the concentration of that ion

ithin the cell wtich comprises azpplying the agent of any one

| sl

35. 2 method of controlling the level oif the IMP responsible

Y

or the recogniticn of a signalling molecule and modulating the

th

responsiveness oI the cell to that signalling molecule which

comprises applying the agent of any one of Claims 1 to 28.

36. A method of controlling the level of the IMP responsible

for the transduction of signals across the cell membrane

'

following binding to the membrane of a signalling molecule and
moduldting the rssponsiveness of the cell to that signalling

' molecule which ccoprises applying the agent of any one of Claims
1 to 28.
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48 or-a’
ﬁ{ fAOr t he treatnent

Sé Use of the agent _ accqrdl ng to any one of CI ai s
phar maceut i cal-ly- accept abl e salt thereof. as a nedica

of gI ucose ne “\? orders 39. Use of the age t faccor di ng to any one
of C ai % rmaceutically acceptable sal{ tg@rgRR 98¢ a
medi came Lheﬁtr%at ment of clinical obesity. 403 jUse of the agen

accordi ng ’Eo any one of Clainms 1 to 28 or azpharnace ept abl
rtension. 41. Use of

salt thereof as a .nedicanment of the treatnment of hypegr
the agent according to any one of Clains 1 to 28 or a pharmaceutically

acceptabl e saII theietgéf%z %—"”%@L«EQQEE‘%%Q%& heJhegtme qg %Dlgg%mggry

di sorders. agent accordi _to any o clrarms 1t
phar maceut i caI For adeepisnlay §&I foe H’élléo*“’-é-sa%? REFPERAHIR FBFMenReS dedavaent

or immne systehodliingedess antdgendsenih tbepageas aATAeEtgNghd agany onanof
Clains 1 to 28 Jlél S heymmplf actgrgaof a nmedi canent for the treatnent of
condi tions

38. Use of the agent according to anv one of Claims 1 to 28 or
a pharmaceutically acceptable salt thereof as a medicament for
the treatment oI gluccse metabelism disorders.

39. Use of the agent according to any one of Claims 1 to 28 or
a pharmaceutically acceptable salt thereof as a medicament for

the treatment of clinical obesity.

40. ©Use of the agent according to any one of Claims 1 to 28 or
a pharmaceutically acceptable salt thereof as a medicament of

he treatment of hypertension.

rr

41. Use of the agent according to any one of Claims 1 to 28 or
a pharmaceutically acceptable salt thereof as a medicament for
the treatment of inflammatory disorders.

42, Use of the agent according to any of Claims 1 to 28 or a
pharmaceutically acceptable salt thereof as a medicament for the
treatment of immune system disorders. .

43. TUse of the agent according to any one of Claims 1 to 28 in
the manufacture of 2 medicament for the treatment of conditions
of abnormal transport of IMPs to the membrane cof the cell in

RMVs.

. Use of the agent according to arny one of Claims 1 to 28 in

i
W

the manufacture of a medicamesnt for the trsatment of glucose

mecabolism disorders.

45. Use of the agent according to any one of Claims 1 to 28 in
the' manufacture of a medicament for the treatment oI clinical

obesity.
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of ‘abnor nal—transport—of 1MPs to the menbriane of thepemINCEMBNRNVEET 4. Use

of the age ' any one of Clains 1 to 28 Ipp—tte—TTEAUT actufe of a
nedi camenniﬁmﬂ“wamnt of gl ucose metabol i smidiisqg gr%ﬁ 1@ Use of
t he agent @ te any one of Clainms 1 to 28 in tih u$a ur(i bf a
medi canent for the treatnment of clinical obesity. Mﬁ_.__.Usaae#——He agent °

according to any one of Clains 1 to 28 in the nmanufacture of a
medi canment for the treatnment of hypertension. 4Y——tse—of~THE agent
accordi ng to a#§. onBsefoltaknzgdnt @c2@rianfhec amanghactliC@aips 1 40 28 in
medi canent  f Ofne t hgand4RaIBNt o0f 21 NhbaPBLOY HSOr A9eS. treatment of

hypertension.

47. Use of the agent according to azy one of Claims 1 to 28 i
the manufacture of za medicament £for che treatmenr of

inflammatory disorders.

48. VUse of the agent according to any cne of Claims 1 to 28 in
the manufacture of a medicament for the treatment of immune

system disorders.

49. A method of treatment of glucose metabolism disorders
which comprises administering a= effective dose of the agent of

any one of Claims 1 to 28.

30. A method of treatment of clinical obesity which comprises
administering an effective doss of the agent of any one of

claims 1 to 28B.

-

51. A method of treatment of hypertension which comprises
administering an effective dose of the agent of any one of
Claims 1 to 28,

52. A method of treatment oI inflammatory disorders which
comprises administerinc an effective dose of the agent of any

one of Claims 1 to 28.

53. A method of treatment of immune system disorders which
comprises admiristering an effesctive dose of the agent of any
B.

N

one of Claims 1 to



48 Use of the agent according to any one of Clains 1 to 28 in the

manuf acture of a nedi canent for the treatnent of imune system di sorders.
49. A method of treatnment of glucose netabolismdisorders which conprises
adm nistering an effective dose of th gent of any one of Clains 1 to 28.
50. A method of treatnent of clinical™obesity which conprises

adm ni stering an effective dose of the agent of any one of clains 1 to 28.
51. A nmethod of treatnment of hypertension which conprises adm nistering an
effective dose of the agent of any one of Clains 1 to 28. 52. A nethod of

treatnent of inf| nHQVEDy AGENS FORs CONTERLLING CFL AGHINTHYering an

effective dose of the agent of any one of Cains 1 to 28. 53. A nethod of
treatment of imune system di sorderﬁsm&conpri ses adm ni stering an
effective dose of the agent of any

This invention describes a novel agent for the targeted control
of a mammalian cell activity, in particular the agent is used to
control the interaction of particular cell types with their
external environment. The agent has applications as a
pharmaceutical for the treatment of a variety of disorders. An
agent according to the invention comprises three Domains B, T and
E linked together in the following manner: Domain B-Domain T-
Domain E where Domain B is the Binding Domain which binds the
agent to a Binding Site on the cell which undergoes endocytosis
to produce an endosome, Domain T is the Translocation Domain
which translocates the agent (with or without the Binding Site)
from within the endosome across the endosomal membrane into the
cytosol of the cell, Domain E is the Effector Domain which
inhibits the ability of the Recyclable Membrane Vesicles to
transport the Integral Membrane Proteins to the surface of the
cell.
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Claims

i. 2n agent for controlling the interaction of z cell with
its external ezviromment by controlling the tramsport of
Integral Msmbrane oteins (IMPs) to the membrane of the cell
in Recyclzble Membrane Vesicles (RMVs) which comprises three

T ané E linked together in the following menner:

omain T -~ - Domain E

v}
g
11
Jus
4]
1)
t
[}
ol

Where

Domain B is a binding Domain which binds the agert to a Binding
Site on the cell which undergoes endocytosis to be incorporated

into an endosome, wherein Domain B is not derived from a
clostridial neurotoxin;

Domain T is a Translocation Domain which t*‘anslocatos Domain E

{(with or without the Binding Site) from within the endosome

cr

it
i across the endosomzl membrane into the cytosol of the cell; and

Domain E is the Effector Domain which inhibits the ability of
the IMPs to the surface of the cell and

the RMVs to transport
is a domain or domain fragment of the Light chain of Clostridial

neurotoxin having Zn*  dependent metalloprotease activity.

2. An agent according to Claim 1 in which Domain T is a
g

domain or domain fragment of Clostridizl neurotoxin Heavy Chain.

3. An acent according to Clzim 1 or 2 in which Domzin E is
G g

obtzined from borulinum neuroctoxin.

4, 2An agsnt accordinc to any p eding
E is obtained from botulinum nevrotoxin type A.
5. 2An agent according to claims 1 to 3 in which Domzin E is

obtained from botulinum neurotoxin typse

6. An agent according to any prececing claim in wnich Domain

T is the aminoc terminal portion of the heavy chain of 2

—_—

U 4
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