
Peptide Imaging Agents . Field of the Invention. The
present invention relates to labelled cMet binding
peptides suitable for optical imaging in vivo. The
peptides are labelled with an optical reporter group
suitable for imaging in the red to near-infrared
region. Also disclosed are in vivo imaging methods,
especially of use in the diagnosis of colorectal
cancer (CRC). Background to the Invention. WO
2005/030266 discloses that there is a medical need for
early diagnosis of colorectal cancer (CRC). WO
2005/030266 discloses optical imaging contrast agents
which have affinity for a biological target abnormally
expressed in CRC. The biological target is selected
from: COX-2, beta-catenin, E-cadherin, P-cadherin,
various kinases, Her-2, matrix metalloproteinases
(MMPs), cyclins, P53, thymidylate synthase, VEGF
receptors, EGF receptors, K-ras, adenomatous polyposis
coli protein, cathepsin B. uPAR, cMet, mucins and
gastrin receptors. Preferred such targets (p.7 lines
11-12) are said to be: cMet, MMP-14, COX-2,
beta-catenin and Cathepsin B. The vector of WO
2005/030266 can be: a peptide, peptoid moiety,
oligonucleotide, oligosaccharide, lipid-related
compound or traditional organic drug-like small
molecule. The reporter moiety is preferably a dye that
interacts with light in the wavelength region from the
ultraviolet to the infrared part of the
electromagnetic spectrum. Hepatocyte growth factor
(HGF), also known as scatter factor (SF), is a growth
factor which is involved in various physiological
processes, such as wound healing and angiogenesis. The
HGF interaction with its high affinity receptor (cMet)
is implicated in tumour growth, invasion and
metastasis. Knudsen et al have reviewed the role of
HGF and cMet in prostate cancer, with possible
implications for imaging and therapy [Adv.Cancer Res.,
91, 31-67 (2004)]. Labelled anti-met antibodies for
diagnosis and therapy are described in WO 03/057155.
WO 2004/078778 discloses polypeptides or multimeric
peptide constructs which bindcMet or a complex
comprising cMet and HGF. Approximately 10 different
structural classes of peptide are described. WO
2004/078778 discloses that the peptides can be
labelled with a detectable label for in vitro and in
vivo applications, or with a drug for therapeutic
applications. The detectable label can be: an enzyme,
fluorescent compound, an optical dye, a paramagnetic
metal ion, an ultrasound contrast agent or a
radionuclide. Preferred labels of WO 2004/078778 are
stated to be radioactive or paramagnetic, and most
preferably comprise a metal which is chelated by a
metal chelator. The Present Invention. The present
invention provides imaging agents suitable for in vivo
optical imaging, which comprise cMet binding cyclic
peptides, and an optical reporter imaging moiety
suitable for imaging the mammalian body in vivo using
light of green to near-infrared wavelength 500-1200
nm. The cMet binding cyclic peptides are related to
one of the structural classes of peptide of WO
2004/078778, and have optimal binding affinity for
cMet. These peptides were derived from phage display
and selected by their affinity for cMet and lack of
competition with HGF, as described in WO 2004/078778. 



The cMet binding peptides of the present invention
preferably have at least one of their termini
protected by metabolism inhibiting groups (MIG) . That
is an important consideration for in vivo
applications, where endogenous enzymes and peptidases
would otherwise rapidly metabolise the peptide, with
consequent loss of cMet binding affinity, and hence
loss of selective targeting in vivo. The present
invention teaches that the best way of using cMet
binding peptides in vivo involves the use of an
optical reporter, as opposed to other imaging
modalities (eg. nuclear, MRI or ultrasound), and also
provides preferred optical imaging reporters. The
green to near-infrared region (light of wavelength
500-1200 nm) is preferred, since that region has
minimal spectral overlap with endogenous tissues and
materials, such as haemoglobin, porphyrins, melanin,
and collagen [Licha, Topics Curr.Chem., 222, 1-29
(2002)]. Other important contributors to
autofluorescence are NADH, FAD and elastin.Detailed
Description of the Invention. In a first aspect, the
present invention provides an imaging agent which
comprises a conjugate of Formula I : (I) where: Z1 is
attached to the N-terminus of cMBP, and is H or MIG;
Z2 is attached to the C-terminus of cMBP and is OH,
OBC, or MIG, where Bc is a biocompatible cation; cMBP
is a cMet binding cyclic peptide of 17 to 30 amino
acids which comprises the amino acid sequence (SEQ-I):
Cysa-X1-Cysc-X2-Gly-Pro-Pro-X 3-Phe-Glu-Cysd-Tf
-Cysb-Tyr-X4-X5-X6; wherein X1 is Asn, His or Tyr; X2
is GIy, Ser, Thr or Asn; X3 is Thr or Arg; X4 is Ala,
Asp, GIu, GIy or Ser; X5 is Ser or Thr; X6 is Asp or
GIu; and Cys 3 are each cysteine residues such that
residues a and b as well as c and d are cyclised to
form two separate disulfide bonds; MIG is a metabolism
inhibiting group which is a biocompatible group which
inhibits or suppresses in vivo metabolism of the cMBP
peptide; L is a synthetic linker group of formula
-(A)m- wherein each A is independently -CRr , -CR=CR-
, -C C- , -CR2CO2- , -CO2CR2- , -NRCO- , -CONR- ,
-NR(C=O)NR-, -NR(C=S)NR-, -SO2NR- , -NRSO2- ,
-CR2OCR2- , -CR2SCR2- , -CR2NRCR2- , a C4-8
cycloheteroalkylene group, a C4-8 cycloalkylene group,
a C5-I2 arylene group, or a C3-I2 heteroarylene group,
an amino acid, a sugar or a monodisperse
polyethyleneglycol (PEG) building block;each R is
independently chosen from H, C1- alkyl, C2_4 alkenyl,
C2-4 alkynyl, Ci-4 alkoxyalkyl or C hydroxyalkyl; m is
an integer of value 1 to 20; n is an integer of value
0 or 1; IM is an optical reporter imaging moiety
suitable for imaging the mammalian 



body in vivo using light of green to near-infrared
wavelength 600-1200 nm. By the term "imaging agent" is
meant a compound suitable for imaging the mammalian
body in vivo. Preferably, the mammal is a human
subject. The imaging may be invasive (eg.
intra-operative or endoscopic) or non-invasive. The
preferred imaging method is endoscopy. Whilst the
conjugate of Formula I is suitable for in vivo
imaging, it may also have in vitro applications (eg.
assays quantifying cMet in biological samples or
visualisation of cMet in tissue samples). Preferably,
the imaging agent is used for in vivo imaging. The Z1
group substitutes the amine group of the last amino
acid residue. Thus, when Z1 is H, the amino terminus
of the cMBP terminates in a free NH2 group of the last
amino acid residue. The Z2 group substitutes the
carbonyl group of the last amino acid residue. Thus,
when Z2 is OH, the carboxy terminus of the cMBP
terminates in the free CO2H group of the last amino
acid residue, and when Z2 is OBCthat terminal carboxy
group is ionised as a CO2B0 group. By the term
"metabolism inhibiting group" (MIG) is meant a
biocompatible group which inhibits or suppresses in
vivo metabolism of the cMBP peptide at either the
amino terminus (Z1) or carboxy terminus (Z2) . Such
groups are well known to those skilled in the art and
are suitably chosen from, for the peptide amine
terminus: N-acylated groups -NH(C=O)R where the acyl
group -(C=O)R has RG chosen from: Ci-6 alkyl, C3-1O
aryl groups or comprises a polyethyleneglycol (PEG)
building block. Suitable PEG groups are described for
the linker group (L), below. Preferred such PEG groups
are the biomodifiers of Formula IA or IB. Preferred
such amino terminus MIG groups are acetyl,
benzyloxycarbonyl or trifluoroacetyl, most preferably
acetyl. Suitable metabolism inhibiting groups for the
peptide carboxyl terminus include:carboxamide,
tert-butyl ester, benzyl ester, cyclohexyl ester,
amino alcohol or a polyethyleneglycol (PEG) building
block. A suitable M group for the carboxy terminal
amino acid residue of the cMBP peptide is where the
terminal amine of the amino acid residue is
N-alkylated with a Ci-4 alkyl group, preferably a
methyl group. Preferred such MIG groups are
carboxamide or PEG, most preferred such groups are
carboxamide. Formula I denotes that the -(L) n[IM]
moiety can be attached at any suitable position of Z\
Z2 or cMBP. For Z 1 or Z2, the -(L) n[IM] moiety may
either be attached to the MIG group when either of zVz
2 is a MIG. When Z 1 is H or Z2 is OH, attachment of
the -(L) n[IM] moiety at the Z1 or Z2 position gives
compounds of formulae [EvI]-(L)n- [cMBP]-Z 2 or Z
1^cMBP]-(L) n-[IM] respectively. Inhibition of
metabolism of the cMBP at either peptide terminus may
also be achieved by attachment of the -(L) n[IM]
moiety in this way, but -(L) n[EVI] is outside the
definition of MIG of the present invention. The -(L)
n- moiety of Formula I may be attached at any suitable
position of the IM. The -(L) n- moiety either takes
the place of an existing substituent of the IM, or is
covalently attached to the existing substituent of the
IM. The -(L) n- moiety is preferably attached via a
carboxyalkyl substituent of the EVI. By the term "cMet
binding cyclic peptide" (cMBP) is meant a peptide
which binds to the hepatocyte growth factor (HGF) high
affinity receptor, also known as cMet (c-Met 



or hepatocyte growth factor receptor). Suitable cMBP
peptides of the present invention have an apparent K D
for cMet of cMet/HGF complex of less than about 20 nM.
The cMBP peptides comprise proline residues, and it is
known that such residues can exhibit cis/trans
isomerisation of the backbone amide bond. The cMBP
peptides of the present invention include any such
isomers. By the term "biocompatible cation" (Bc) is
meant a positively charged counterion which forms a
salt with an ionised, negatively charged group, where
said positively charged counterion is also non-toxic
and hence suitable for administration to the mammalian
body, especially the human body. Examples of suitable
biocompatible cations include: the alkali metals
sodium or potassium; the alkaline earth metalscalcium
and magnesium; and the ammonium ion. Preferred
biocompatible cations are sodium and potassium, most
preferably sodium. By the term "amino acid" is meant
an L- or D-amino acid, amino acid analogue (eg.
naphthylalanine) or amino acid mimetic which may be
naturally occurring or of purely synthetic origin, and
may be optically pure, i.e. a single enantiomer and
hence chiral, or a mixture of enantiomers.
Conventional 3-letter or single letter abbreviations
for amino acids are used herein. Preferably the amino
acids of the present invention are optically pure. By
the term "amino acid mimetic" is meant synthetic
analogues of naturally occurring amino acids which are
isosteres, i.e. have been designed to mimic the steric
and electronic structure of the natural compound. Such
isosteres are well known to those skilled in the art
and include but are not limited to depsipeptides,
retro-inverso peptides, thioamides, cycloalkanes or
1,5- disubstituted tetrazoles [see M. Goodman,
Biopolymers, 24, 137, (1985)]. By the term "peptide"
is meant a compound comprising two or more amino
acids, as defined above, linked by a peptide bond (ie.
an amide bond linking the amine of one amino acid to
the carboxyl of another). The term "peptide mimetic"
or "mimetic" refers to biologically active compounds
that mimic the biological activity of a peptide or a
protein but are no longer peptidic in chemical nature,
that is, they no longer contain any peptide bonds
(that is, amide bonds between amino acids). Here, the
term peptide mimetic is used in a broader sense to
include molecules that are no longer completely
peptidic in nature, such as pseudo-peptides,
semi-peptides and peptoids. By the term "optical
reporter imaging moiety" (IM) is meant a fluorescent
dye or chromophore which is capable of detection
either directly or indirectly in an optical imaging
procedure using light of green to near-infrared
wavelength (500-1200 nm, preferably 600-1000 nm).
Preferably, the EVI has fluorescent properties. It is
envisaged that one of the roles of the linker group
-(A) n,- of Formula I is to distance the IM from the
active site of the cMBP peptide. This is particularly
important when the imaging moiety is relatively bulky,
so that interaction with the enzyme is not impaired.
This can be achieved by a combination of flexibility
(eg. simple alkyl chains), so that the bulky group has
the freedom to position itself awayfrom the active
site and/or rigidity such as a cycloalkyl or aryl
spacer which orientate the IM away from the active
site. The nature of the linker group can also be used
to modify the biodistribution of the imaging agent.
Thus, eg. the introduction of ether groups in the
linker will help to minimise plasma protein binding.
When -(A)m- comprises a polyethyleneglycol (PEG)
building block or a peptide chain of 1 to 10 amino
acid residues, the linker group may function to modify
the pharmacokinetics 



and blood clearance rates of the imaging agent in
vivo. Such "biomodif er" linker groups may accelerate
the clearance of the imaging agent from background
tissue, such as muscle or liver, and/or from the
blood, thus giving a better diagnostic image due to
less background interference. A biomodif er linker
group may also be used to favour a particular route of
excretion, eg. via the kidneys as opposed to via the
liver. By the term "sugar" is meant a mono-, di- or
tri- saccharide. Suitable sugars include: glucose,
galactose, maltose, mannose, and lactose. Optionally,
the sugar may be functionalised to permit facile
coupling to amino acids. Thus, eg. a glucosamine
derivative of an amino acid can be conjugated to other
amino acids via peptide bonds. The glucosamine
derivative of asparagine (commercially available from
NovaBiochem) is one example of this: Preferred
features. The molecular weight of the imaging agent is
suitably up to 8000 Daltons. Preferably, the molecular
weight is in the range 2800 to 6000 Daltons, most
preferably 3000 to 4500 Daltons, with 3200 to 4000
Daltons being especially preferred. Preferred imaging
agents of the present invention have both peptide
termini protected by M1G groups, ie. preferably both
Z1 and Z2 are M1 , which will usually be different.As
noted above, either of Z1/Z2 may optionally equate to
-(L)n[IM]. Having both peptide termini protected in
this way is important for in vivo imaging
applications, since otherwise rapid metabolism would
be expected with consequent loss of selective binding
affinity for cMet. When both Z1 and Z2 are MIG,
preferably Z1 is acetyl and Z2 is a primary amide.
Most preferably, Z1 is acetyl and Z2 is a primary
amide and the -(L)n[IM] moiety is attached to the
epsilon amine side chain of a lysine residue of cMBP.
Preferred cMBP peptides of the present invention have
a K for binding of cMet to cMet/HGF complex of less
than about 10 nM (based on fluorescence polarisation
assay measurements), most preferably in the range 1 to
5 nM, with less than 3nM being the ideal. The peptide
sequence (SEQ-I) Cysa-X' -Cysc-X2-Gly-Pro-Pro-X
3-Phe-Glu-Cysd-Tf -Cysb-Tyr-X4-X5-X6 (SEQ-I) of the
cMBP of Formula I is a 17-mer peptide sequence, which
is primarily responsible for the selective binding to
cMet. When the cMBP peptide of the present invention
comprises more than 17 amino acid residues, the
remaining amino acids can be any amino acid apart from
cysteine. Additional, unprotected cysteine residues
could cause unwanted scrambling of the defined
Cysa-Cysb and Cysc-Cysd disulfide bridges. The
additional peptides preferably comprise at least one
amino acid residue with a side chain suitable for
facile conjugation of the -(L) n[IM] moiety. Suitable
such residues include Asp or GIu residues for
conjugation with amine-functionalised -(L)n[IM]
groups, or a Lys residue for conjugation with a
carboxy- or active esterfunctionalised -(L)n[EVI]
group. The amino acid residues for conjugation Of-(L)
n[IM] are suitably located away from the 17-mer
binding region of the cMBP peptide (SEQ- 1), and are
preferably located at the C- or N- terminus.
Preferably, the amino acid residue for conjugation is
a Lys residue. Substitution of the tryptophan residue
of SEQ-I was evaluated with the known amino 



acid substitutes phenylalanine and napthylalanine.
Loss of cMet affinity was, however, found suggesting
that the tryptophan residue is important for
activity.It is preferred that the cMBP peptide further
comprises a N-terminal serine residue, giving the
18-mer (SEQ-2):
Ser-Cysa-X'-Cysc-X2-Gly-Pro-Pro-X3-Phe-Glu-Cysd-Tf
-Cysb-Tyr-X4-X5-X6. (SEQ-2) In addition to SEQ-I, or
preferably SEQ-2, the cMBP most preferably further
comprises either: (i) an Asp or GIu residue within 4
amino acid residues of either the C- or Npeptide
terminus of the cMBP peptide, and -(L)nDVI is
functionalised with an amine group which is conjugated
to the carboxyl side chain of said Asp or GIu residue
to give an amide bond; (ii) a Lys residue within 4
amino acid residues of either the C- or N- peptide
terminus of the cMBP peptide, and -(L)nIM is
functionalised with a carboxyl group which is
conjugated to the epsilon amine side chain of said Lys
residue to give an amide bond. Preferred cMBP peptides
comprise the 22-mer amino acid sequence (SEQ-3):
Ala-Gly-Ser-Cys a-X1-Cys c-X2-Gly-Pro-Pro-X
3-Phe-Glu-Cys d-Tf -Cysb-Tyr- X4-X5-X6-Gly-Thr.
(SEQ-3) The cMBP peptides of the present invention
preferably have X3 equal to Arg. The cMBP peptide
preferably further comprises in addition to SEQ-I,
SEQ-2 or SEQ-3, at either the N- or C- terminus a
linker peptide which is chosen from: -Gly-Gly-Gly-Lys-
(SEQ-4), -Gly-Ser-Gly-Lys- (SEQ-5) or
-Gly-Ser-Gly-Ser-Lys- (SEQ-6). The Lys residue of the
linker peptide is a most preferred location for
conjugation of the -(L) n[IM] moiety. Especially
preferred cMBP peptides comprise SEQ-3 together with
the linker peptide of SEQ-4, having the 26-mer amino
acid sequence (SEQ-7): Ala-Gly-Ser-Cys a-Tyr-Cys
c-Ser-Gly-Pro-Pro-Arg-Phe-Glu-Cys d-Tf -Cysb-
Tyr-Glu-Thr-Glu-Gly-Thr-Gly-Gly-Gly-Lys. (SEQ-7) cMBP
peptides of SEQ-I, SEQ-2, SEQ-3 and SEQ-7 preferably
have Z1 = Z2 = MIG, and most preferably have Z1 =
acetyl and Z2 = primary amide. The -(L) n[IM] moiety
is suitably attached to either of the Z1 or Z2 groups
or an aminoacid residue of the cMBP peptide which is
different to the cMet binding sequence of SEQ-I.
Preferred amino acid residues and sites of conjugation
are as described above. When the -(L) n[IM] moiety is
attached to Z1 or Z2, it may take the place of Z1 or
Z2 by conjugation to the N- or C- terminus, and block
in vivo metabolism in that way. Preferred IM groups
have an extensive delocalized electron system, eg.
cyanines, merocyanines, indocyanines, phthalocyanines,
naphthalocyanines, triphenylmethines, porphyrins,
pyrilium dyes, thiapyrilium dyes, squarylium dyes,
croconium dyes, azulenium dyes, indoanilines,
benzophenoxazinium dyes, benzothiaphenothiazinium
dyes, anthraquinones, napthoquinones, indathrenes,
phthaloylacridones, raphenoquinones, azo dyes,
intramolecular and intermolecular charge-transfer dyes
and dye complexes, tropones, tetrazines,
fe(dithiolene) complexes, fos(benzenedithiolate)
complexes, iodoaniline dyes, 6/s(S,O-dithiolene)
complexes. Fluorescent proteins, such as green
fluorescent protein (GFP) and modifications of GFP
that have different absorption/emission properties are
also useful. Complexes of certain rare 



earth metals (e.g., europium, samarium, terbium or
dysprosium) are used in certain contexts, as are
fluorescent nanocrystals (quantum dots). Particular
examples of chromophores which may be used include
fluorescein, sulforhodamine 101 (Texas Red), rhodamine
B. rhodamine 6G, rhodamine 19, indocyanine green, Cy2,
Cy3B, Cy3.5, Cy5, Cy5.5, Cy7, Cy7.5, Marina Blue,
Pacific Blue, Oregon Green 488, Oregon Green 514,
tetramethylrhodamine, and Alexa Fluor 350, Alexa Fluor
430, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor
555, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor
633, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor
680, Alexa Fluor 700, and Alexa Fluor 750. The cyanine
dyes are particularly preferred. Licha et al have
reviewed dyes and dye conjugates for in vivo optical
imaging [Topics Curr.Chem., 222, 1-29 (2002); Adv.Drug
Deliv.Rev., 57, 1087-1 108 (2005)]. Preferred cyanine
dyes which are fluorophores are of Formula II:(H)
wherein: each X' is independently selected from:
-C(CHa)2, -S-, -O- or -C[(CH 2)aCH3][(CH2)bM]-,
wherein a is an integer of value 0 to 5, b is an
integer of value 1 to 5, and M is group G or is
selected from SO3M1 or H; each Y' independently
represents 1 to 4 groups selected from the group
consisting of: H, -CH2NH2, -SO3M1, -CH2COOM1, -NCS and
F, and wherein the Y' groups are placed in any of the
positions of the aromatic ring; Q' is independently
selected from the group consisting of: H, SO3M1, NH2,
COOM1, ammonium, ester groups, benzyl and a group G;
M1 is H or Bc; 1is an integer from 1 to 3; and m is an
integer from 1 to 5; wherein at least one of X', Y'
and Q' comprises a group G; G is a reactive or
functional group suitable for attaching to the cMBP
peptide. The G group reacts with a complementary group
of the cMBP peptide forming acovalent linkage between
the cyanine dye fluorophore and the cMBP peptide. G
may be a reactive group that may react with a
complementary functional group of the peptide, or
alternatively may include a functional group that may
react with a reactive group of the cMBP peptide.
Examples of reactive and functional groups include:
active esters; isothiocyanate; maleimide;
haloacetamide; acid halide; hydrazide; vinylsulphone;
dichlorotriazine; phosphoramidite; hydroxyl; amino;
sulphydryl; carbonyl; carboxylic acid and
thiophosphate. Preferably G is an active ester. By the
term "activated ester" or "active ester" is meant an
ester derivative of the associated carboxylic acid
which is designed to be a better leaving group, and
hence permit more facile reaction with nucleophile,
such as amines. Examples of suitable active esters
are: N-hydroxysuccinimide (NHS), sulpho-succinimidyl
ester, pentafluorophenol, pentafluorothiophenol,
r-nitrophenol, hydroxybenzotriazole and PyBOP (ie.
benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate). Preferred active esters are
N-hydroxysuccinimide or pentafluorophenol esters,
especially N-hydroxysuccinimide esters. In a preferred
embodiment of Formula II: each X' is selected from the
group of -C(CH3)2- and -C(CH3)[(CH2)4M]-, 



wherein M is a G group or -SO3M1; each Y' represents
SO3M1, H or 1 to 4 F atoms; each Q' is selected from a
G group and SO3M1; 1is preferably 2 and m is
preferably 3, 4 or 5; wherein when either X' or Q' is
a G group, it is most preferably a succinimidyl ester.
Particularly preferred cyanine dyes are of Formula
III:(III) where: R1 and R2 are independently H or
SO3M1, and at least one of R1 and R2 is SO3M1, where
M1 is H or Bc; R3 and R4 are independently Ci-4 alkyl
or Ci-6 carboxyalkyl; R5, R6, R7 and R8 are
independently Ra groups; wherein Ra is C alkyl, Ci-6
carboxyalkyl or -(CH 2)I SO3M1, where k is an integer
of value 3 or 4; with the proviso that the cyanine dye
has a total of 1 to 4 SO3M1 substituents in the R1, R2
and Ra groups. Preferred dyes of Formula III are
chosen such that at least one Ci-6 carboxyalkyl group
is present, in order to facilitate conjugation to the
cMBP. Preferred individual dyes of Formula III are
summarised in Table 1: Table 1: chemical structures of
individual cyanine dyes. where Rf = -(CH2)5COOH.
Especially preferred dyes of Formula II are Cy5** and
Alexa647, with Cy5** being the ideal.When a synthetic
linker group (L) is present, it preferably comprises
terminal functional groups which facilitate
conjugation to [IM] and Z'-[cMBP]-Z 2. When L
comprises a peptide chain of 1 to 10 amino acid
residues, the amino acid residues are preferably
chosen from glycine, lysine, arginine, aspartic acid,
glutamic acid or serine. When L comprises a PEG
moiety, it preferably comprises units derived from
oligomerisation of the monodisperse PEG-like
structures of Formulae IA or IB: (IA)
17-amino-5-oxo-6-aza-3, 9, 12,
15-tetraoxaheptadecanoic acid of Formula IA wherein p
is an integer from 1 to 10. Alternatively, a PEG-like
structure based on a propionic acid derivative of
Formula IB can be used: (IB) where p is as defined for
Formula IA and q is an integer from 3 to 15. In
Formula IB, p is preferably 1 or 2, and q is
preferably 5 to 12. When the linker group does not
comprise PEG or a peptide chain, preferred L groups
have a backbone chain of linked atoms which make up
the -(A)m- moiety of 2 to 10 atoms, most preferably 2
to 5 atoms, with 2 or 3 atoms being especially
preferred. A minimum linker group backbone chain of 2
atoms confers the advantage that the imaging moiety is
well-separated so that any undesirable interaction is
minimised.In Formula I, n is preferably 0 or 1, most
preferably 0, i.e. no linker group is present.
Preferred imaging agents of the present invention are
of Formula IV:
MIG-Ala-Gly-Ser-Cysa-Tyr-Cysc-Ser-Gly-Pro-Pro-Arg-Phe-
Glu-Cys d-Tf -
Cysb-Tyr-Glu-Thr-Glu-Gly-Thr-Gly-Gly-Gly-Lys-M IG
(L)n[M] 



(IV) wherein the (L)n[IM] group is attached to the
epsilon amino group of the Lys residue. Preferred
imaging agents of Formula IV have M (N-terminal Ala)
equal to acetyl and M1G (C-terminal Lys) equal to
primary amide. In Formula IV, n is preferably zero and
IM is preferably a cyanine dye, most preferably a
cyanine dye of Formula II. Especially preferred
imaging agents of Formula IV have EVI = Cy5** or
Alexa647, ideally Cy5**. Peptides of formula
Z'-fcMBPJ-Z 2 of the present invention may be obtained
by a method of preparation which comprises: (i) solid
phase peptide synthesis of a linear peptide which has
the same peptide sequence as the desired cMBP peptide
and in which the Cysa and Cysb are unprotected, and
the Cysc and Cysd residues have thiol-protecting
groups; (ii) treatment of the peptide from step (i)
with aqueous base in solution to give a monocyclic
peptide with a first disulphide bond linking Cysa and
Cysb; (iii) removal of the Cysc and Cysd
thiol-protecting groups and cyclisation to give a
second disulphide bond linking Cysc and Cysd, which is
the desired bicyclic peptide product Z'-[cMBP]-Z 2. By
the term "protecting group" is meant a group which
inhibits or suppresses undesirable chemical reactions,
but which is designed to be sufficiently reactive that
it may be cleaved from the functional group in
question under mild enough conditions that do not
modify the rest of the molecule. After deprotection
the desired product is obtained. Amine protecting
groups are well known to those skilled in the art and
are suitably chosen from: Boc (where Boc is
tert-butyloxycarbonyl), Fmoc (where Fmocis
fluorenylmethoxycarbonyl), trifluoroacetyl,
allyloxycarbonyl, Dde [i.e. l-(4,4-
dimethyl-2,6-dioxocyclohexylidene)ethyl] or Npys (i.e.
3-nitro-2-pyridine sulfenyl). Suitable thiol
protecting groups are Trt (Trityl), Acm
(acetamidomethyl), /-Bu (tertbutyl), tert-Butylthio,
methoxybenzyl, methylbenzyl or Npys
(3-nitro-2-pyridine sulfenyl). The use of further
protecting groups are described in 'Protective Groups
in Organic Synthesis', Theorodora W. Greene and Peter
G. M. Wuts, (John Wiley & Sons, 1991). Preferred amine
protecting groups are Boc and Fmoc, most preferably
Boc. Preferred amine protecting groups are Trt and
Acm. Examples 1 and 2 provide further specific
details. Further details of solid phase peptide
synthesis are described in P. Lloyd-Williams, F.
Albericio and E. Girald; Chemical Approaches to the
Synthesis of Peptides and Proteins, CRC Press, 1997.
The cMBP peptides are best stored under inert
atmosphere and kept in a freezer. When used in
solution, it is best to avoid pH above 7 since that
risks scrambling of the disulfide bridges. The imaging
agents can be prepared as described in the third
aspect (below). In a second aspect, the present
invention provides a pharmaceutical composition which
comprises the imaging agent of the first aspect
together with a biocompatible carrier, in a form
suitable for mammalian administration. The
"biocompatible carrier" is a fluid, especially a
liquid, in which the imaging agent can be suspended or
dissolved, such that the composition is
physiologically tolerable, ie. can be administered to
the mammalian body without toxicity or undue
discomfort. The biocompatible carrier is suitably an
injectable carrier liquid such as sterile, 



pyrogen-free water for injection; an aqueous solution
such as saline (which may advantageously be balanced
so that the final product for injection is' isotonic);
an aqueous solution of one or more tonicity-adjusting
substances (eg. salts of plasma cations with
biocompatible counterions), sugars (e.g. glucose or
sucrose), sugar alcohols (eg. sorbitol or mannitol),
glycols (eg. glycerol), or other non-ionic polyol
materials (eg. polyethyleneglycols, propylene glycols
and the like). Preferably the biocompatible carrier is
pyrogen-free water for injection or isotonic
saline.The imaging agents and biocompatible carrier
are each supplied in suitable vials or vessels which
comprise a sealed container which permits maintenance
of sterile integrity and/or radioactive safety, plus
optionally an inert headspace gas (eg. nitrogen or
argon), whilst permitting addition and withdrawal of
solutions by syringe or cannula. A preferred such
container is a septum-sealed vial, wherein the
gas-tight closure is crimped on with an overseal
(typically of aluminium). The closure is suitable for
single or multiple puncturing with a hypodermic needle
(e.g. a crimped-on septum seal closure) whilst
maintaining sterile integrity. Such containers have
the additional advantage that the closure can
withstand vacuum if desired (eg. to change the
headspace gas or degas solutions), and withstand
pressure changes such as reductions in pressure
without permitting ingress of external atmospheric
gases, such as oxygen or water vapour. Preferred
multiple dose containers comprise a single bulk vial
(e.g. of 10 to 30 cm3 volume) which contains multiple
patient doses, whereby single patient doses can thus
be withdrawn into clinical grade syringes at various
time intervals during the viable lifetime of the
preparation to suit the clinical situation. Pre-filled
syringes are designed to contain a single human dose,
or "unit dose" and are therefore preferably a
disposable or other syringe suitable for clinical use.
The pharmaceutical compositions of the present
invention preferably have a dosage suitable for a
single patient and are provided in a suitable syringe
or container, as described above. The pharmaceutical
composition may optionally contain additional
excipients such as an antimicrobial preservative,
pH-adjusting agent, filler, stabiliser or osmolality
adjusting agent. By the term "antimicrobial
preservative" is meant an agent which inhibits the
growth of potentially harmful micro-organisms such as
bacteria, yeasts or moulds. The antimicrobial
preservative may also exhibit some bactericidal
properties, depending on the dosage employed. The main
role of the antimicrobial preservative(s) of the
present invention is to inhibit the growth of any such
micro-organism in the pharmaceutical composition. The
antimicrobial preservative may, however, also
optionally be used to inhibit the growth of
potentially harmful micro-organisms in one or more
components of kits used to prepare said composition
prior to administration. Suitable antimicrobial
preservative(s) include: the parabens, ie. methyl,
ethyl, propylor butyl paraben or mixtures thereof;
benzyl alcohol; phenol; cresol; cetrimide and
thiomersal. Preferred antimicrobial preservative(s)
are the parabens. The term "pH-adjusting agent" means
a compound or mixture of compounds useful to ensure
that the pH of the composition is within acceptable
limits (approximately pH 4.0 to 10.5) for human or
mammalian administration. Suitable such pH-adjusting
agents include pharmaceutically acceptable buffers,
such as tricine, phosphate or TRIS [ie.
ra(hydroxymethyl)aminomethane], and pharmaceutically
acceptable bases such as sodium carbonate, sodium
bicarbonate or mixtures thereof. When the composition 



is employed in kit form, the pH adjusting agent may
optionally be provided in a separate vial or
container, so that the user of the kit can adjust the
pH as part of a multi-step procedure. By the term
"filler" is meant a pharmaceutically acceptable
bulking agent which may facilitate material handling
during production and lyophilisation. Suitable fillers
include inorganic salts such as sodium chloride, and
water soluble sugars or sugar alcohols such as
sucrose, maltose, mannitol or trehalose. The
pharmaceutical compositions of the second aspect may
be prepared under aseptic manufacture (ie. clean room)
conditions to give the desired sterile, non-pyrogenic
product. It is preferred that the key components,
especially the associated reagents plus those parts of
the apparatus which come into contact with the imaging
agent (eg. vials) are sterile. The components and
reagents can be sterilised by methods known in the
art, including: sterile filtration, terminal
sterilisation using e.g. gamma-irradiation,
autoclaving, dry heat or chemical treatment (e.g. with
ethylene oxide). It is preferred to sterilise some
components in advance, so that the minimum number of
manipulations needs to be carried out. As a
precaution, however, it is preferred to include at
least a sterile filtration step as the final step in
the preparation of the pharmaceutical composition. The
pharmaceutical composition of the second aspect may
optionally be prepared from a kit, as described for
the fourth aspect below.In a third aspect, the present
invention provides a method o f preparation o f the
imaging agent o f the first aspect, which comprises
one o f steps (i) to (iv): (i) reaction o f a cMBP
peptide of formula Z'-[cMBP]-Z 2 wherein Z 1 is H and
Z 2 is a M IG with a compound o f formula Y
(L)n-[EVI], to give the imaging agent o f Formula I
wherein [IM] is conjugated at the Z 1 position; (ii)
reaction o f a cMBP peptide o f formula Z'-[cMBP]-Z 2
wherein Z 1 = Z2 = M and cMBP comprises an Asp or GIu
residue within 4 amino acid residues o f either the C-
or N - cMBP peptide terminus, and all other Asp/Glu
residues o f the cMBP peptide are protected, with a
compound o f formula Y 2-(L) n-[IM], to give the
imaging agent of Formula I wherein [IM] is conjugated
at said Asp or GIu residue o f the cMBP peptide; (iii)
reaction o f a cMBP peptide o f formula Z 1^cMBP]-Z 3
wherein Z 1 is M IG and Z 3 is a Z 2 group or an
activated ester and all other Asp/Glu residues o f the
cMBP peptide are protected, with a compound o f
formula Y 2-(L) n-[IM], to give the imaging agent o f
Formula I wherein [EVI] is conjugated at the Z2
position; (iv) reaction o f a cMBP peptide o f formula
Z'-[cMBP]-Z 2 wherein Z 1 = Z 2 = M IG and cMBP
comprises a Lys within 4 amino acid residues o f
either the C - or N - cMBP peptide terminus, with a
compound o f formula Y'-(L) n-[EVI], to give the
imaging agent o f Formula I wherein [IM] is conjugated
at a Lys residue o f the cMBP peptide; wherein Z ,
cMBP, Z , M , L , n and EVI are a s defined in the
first aspect (above), and Z 3 is a Z 2 group or an
activated ester; Y 1 is a carboxylic acid, activated
ester, isothiocyanate or thiocyanate group; 



Y 2 is an amine group. The terms "activated ester"" or
"active ester'* and preferred embodiments thereof are
a s ddeessccriribbeedd aabboovvee.. Y2 iiss
pprreeffeerraabbly a primary or secondary amine group,
most preferably a primary amine group. The compound
Z'-[cMBP]-Z 2 preferably has both Z 1 and Z 2 equal to
M IG. Preferred cMBP peptides and Z'/Z 2 groups are a
s described in the first aspect. In particular, it
ispreferred that the cMBP peptide comprises an Asp,
GIu or Lys residue to facilitate conjugation as
described for the preferred cMBP peptides of the first
aspect. It is especially preferred that the cMBP
peptide comprises a Lys residue, as described in step
(iv). The preparation of the Z'-[cMBP]-Z 2 is
described in the first embodiment (above). The
Z'-[cMBP]-Z 3 peptide where Z3 is an active ester can
be prepared from Z'-[cMBP]-Z 2, where Z2 is OH or a
biocompatible cation (Bc), by conventional methods.
Optical reporter dyes (IM) functionalised suitable for
conjugation to peptides are commercially available
from GE Healthcare Limited, Atto-Tec, Dyomics,
Molecular Probes and others. Most such dyes are
available as NHS esters. Methods of conjugating
suitable optical reporters (IM), in particular dyes,
to amino acids and peptides are described by Licha
{vide supra), as well as Flanagan et al
[Bioconj.Chem., 8, 751-756 (1997)]; Lin et al, [ibid,
U , 605-610 (2002)] and Zaheer [Mol.Imaging, J_(4),
354-364 (2002)]. Methods of conjugating the linker
group (L) to the cMBP peptide use analogous chemistry
to that of the dyes alone (see above), and are known
in the art. In a fourth aspect, the present invention
provides a kit for the preparation of the
pharmaceutical composition of the second aspect, which
comprises the imaging agent of the first aspect in
sterile, solid form such that, upon reconstitution
with a sterile supply of the biocompatible carrier of
the second aspect, dissolution occurs to give the
desired pharmaceutical composition. In that instance,
'the imaging agent, plus other optional excipients as
described above, may be provided as a lyophilised
powder in a suitable vial or container. The agent is
then designed to be reconstituted with the desired
biocompatible carrier to the pharmaceutical
composition in a sterile, apyrogenic form which is
ready for mammalian administration.A preferred
sterile, solid form of the imaging agent is a
lyophilised solid. The sterile, solid form is
preferably supplied in a pharmaceutical grade
container, as described for the pharmaceutical
composition (above). When the kit is lyophilised, the
formulation may optionally comprise a cryoprotectant
chosen from a saccharide, preferably mannitol, maltose
or tricine. In a fifth aspect, the present invention
provides a method of in vivo optical imaging of the
mammalian body which comprises use of either the
imaging agent of the first aspect or the
pharmaceutical composition of the second aspect to
obtain images of sites of cMet over-expression or
localisation in vivo. By the term "optical imaging" is
meant any method that forms an image for detection,
staging or diagnosis of disease, follow up of disease
development or for follow up of disease treatment
based on interaction with light in the red to
near-infrared region (wavelength 600-1200 nm). Optical
imaging further includes all methods from direct 



visualization without use of any device and involving
use of devices such as various scopes, catheters and
optical imaging equipment, eg. computer-assisted
hardware for tomographic presentations. The modalities
and measurement techniques include, but are not
limited to: luminescence imaging; endoscopy;
fluorescence endoscopy; optical coherence tomography;
transmittance imaging; time resolved transmittance
imaging; confocal imaging; nonlinear microscopy;
photoacoustic imaging; acoustooptical imaging;
spectroscopy; reflectance spectroscopy;
interferometry; coherence interferometry; diffuse
optical tomography and fluorescence mediated diffuse
optical tomography (continuous wave, time domain and
frequency domain systems), and measurement of light
scattering, absorption, polarization, luminescence,
fluorescence lifetime, quantum yield, and quenching.
Further details of these techniques are provided by:
(Tuan Vo-Dinh (editor): "Biomedical Photonics
Handbook" (2003), CRC Press LCC; Mycek & Pogue
(editors): "Handbook of Biomedical Fluorescence"
(2003), Marcel Dekker, Inc.; Splinter & Hopper: "An
Introduction to Biomedical Optics" (2007), CRC Press
LCC. The green to near-infrared region light is
preferably of wavelength 600-1000 nm. The optical
imaging method is preferably fluorescence endoscopy.
The mammalian bodyof the fifth aspect is preferably
the human body. Preferred embodiments of the imaging
agent are as described for the first aspect (above).
In particular, it is preferred that a fluorescent dye
is employed. In the method of the fifth aspect, the
imaging agent or pharmaceutical composition has
preferably been previously administered to said
mammalian body. By "previously administered" is meant
that the step involving the clinician, wherein the
imaging agent is given to the patient eg. as an
intravenous injection, has already been carried out
prior to imaging. This embodiment includes the use of
the imaging agent of the first embodiment for the
manufacture of a diagnostic agent for the diagnostic
imaging in vivo of disease states of the mammalian
body where cMet is implicated. A preferred optical
imaging method of the fifth aspect is Fluorescence
Reflectance Imaging (FRI). In FRI, the imaging agent
of the present invention is administered to a subject
to be diagnosed, and subsequently a tissue surface of
the subject is illuminated with an excitation light -
usually continuous wave (CW) excitation. The light
excites the reporter molecule (IM). Fluorescence from
the imaging agent, which is generated by the
excitation light, is detected using a fluorescence
detector. The returning light is preferably filtered
to separate out the fluorescence component (solely or
partially). An image is formed from the fluorescent
light. Usually minimal processing is performed (no
processor to compute optical parameters such as
lifetime, quantum yield etc.) and the image maps the
fluorescence intensity. The imaging agent is designed
to concentrate in the disease area, producing higher
fluorescence intensity. Thus the disease area produces
positive contrast in a fluorescence intensity image.
The image is preferably obtained using a CCD camera or
chip, such that real-time imaging is possible. The
wavelength for excitation varies depending on the type
of dye used. The apparatus for generating the
excitation light may be a conventional excitation
light source such as: a laser (e.g., ion laser, dye
laser or semiconductor laser); halogen light source or
xenon light source. Various optical filters may
optionally be used to obtain 



the optimal excitation wavelength. A preferred FRI
method comprises the steps as follows:(i) a tissue
surface of interest within the mammalian body is
illuminated with an excitation light; (ii)
fluorescence from the imaging agent, which is
generated by excitation of the imaging moiety (IM), is
detected using a fluorescence detector; (iii) the
light detected by the fluorescence detector is
optionally filtered to separate out the fluorescence
component; (iv) an image of said tissue surface of
interest is formed from the fluorescent light of steps
(ii) or (iii). In step (i), the excitation light is
preferably continuous wave (CW) in nature. In step
(iii), the light detected is preferably filtered. An
especially preferred FRI method is fluorescence
endoscopy. An alternative imaging method of the fifth
aspect uses FDPM (frequency-domain photon migration).
This has advantages over continuous-wave (CW) methods
where greater depth of detection of the IM within
tissue is important [Sevick-Muraca et al,
Curr.Opin.Chem.Biol., 6, 642-650 (2002)]. For such
frequency/time domain imaging, it is advantageous if
the EvI has fluorescent properties which can be
modulated depending on the tissue depth of the lesion
to be imaged, and the type of instrumentation
employed. The FDPM method is as follows: (a) exposing
light-scattering biological tissue of said mammalian
body having a heterogeneous composition to light from
a light source with a pre determined time varying
intensity to excite the imaging agent, the tissue
multiply-scattering the excitation light; (b)
detecting a multiply-scattered light emission from the
tissue in response to said exposing; (c) quantifying a
fluorescence characteristic throughout the tissue from
the emission by establishing a number of values with a
processor, the values each corresponding to a level of
the fluorescence characteristic at a different
position within the tissue, the level of the
fluorescence characteristic varying with heterogeneous
composition of the tissue; and (d) generating an image
of the tissue by mapping the heterogeneous composition
of the tissue in accordance with the values of step
(c).The fluorescence characteristic of step (c)
preferably corresponds to uptake of the imaging agent
and preferably further comprises mapping a number of
quantities corresponding to adsorption and scattering
coefficients of the tissue before administration of
the imaging agent. The fluorescence characteristic of
step (c) preferably corresponds to at least one of
fluorescence lifetime, fluorescence quantum
efficiency, fluorescence yield and imaging agent
uptake. The fluorescence characteristic is preferably
independent of the intensity of the emission and
independent of imaging agent concentration. The
quantifying of step (c) preferably comprises: (i)
establishing an estimate of the values, (ii)
determining a calculated emission as a function of the
estimate, (iii) comparing the calculated emission to
the emission of said detecting to determine an error,
(iv) providing a modified estimate of the fluorescence
characteristic as a 



function of the error. The quantifying preferably
comprises determining the values from a mathematical
relationship modelling multiple light-scattering
behaviour of the tissue. The method of the first
option preferably further comprises monitoring a
metabolic property of the tissue in vivo by detecting
variation of said fluorescence characteristic. The
optical imaging of the fifth aspect is preferably used
to help facilitate the management of colorectal cancer
(CRC). By the term "management of CRC" is meant use in
the: detection, staging, diagnosis, monitoring of
disease progression or the monitoring of treatment.
Further details of suitable optical imaging methods
have been reviewed by Sevick-Muraca et al
[Curr.Opin.Chem.Biol., 6, 642-650 (2002)]. In a sixth
aspect, the present invention provides a method of
detection, staging, diagnosis, monitoring of disease
progression or in the monitoring of treatment of
colorectal cancer (CRC) of the mammalian body which
comprises the in vivo optical imaging method of the
fifth aspect. The invention is illustrated by the
non-limiting Examples detailed below. Example 1
provides the synthesis of a cMBP peptide of the
invention (Compound 1). Example 2provides the
synthesis of a related peptide as a negative control,
in which the peptide sequence of Compound 1 is
scrambled. Example 3 provides the synthesis of cyanine
dye Cy5**, a preferred dye of the invention. Example 4
provides the synthesis of an active ester of Cy5**.
Example 5 provides the conjugation of cyanine dyes of
the invention to peptides (cMBP peptide and control).
Compounds 3 to 7 were compared in this way. Example 6
provides a method of determination of the affinity of
the peptides to cMet in vitro. The results show that
the binding is selective, even when an optical
reporter imaging moiety (a cyanine dye) is attached.
Example 7 provides data on the in vivo testing of
Compounds 5 and 7 in an animal model of cancer.
Superior tumour : background ratios were seen with
Compound 5, whereas Compound 7 (negative control) did
not discriminate between tumour and background.
Abbreviations. Conventional single letter or 3-letter
amino acid abbreviations are used. Acm:
Acetamidomethyl ACN (or MeCN): Acetonitrile Boc: er
-Butyloxycarbonyl DCM: Dichloromethane DMF:
Dimethylformamide DMSO: Dimethylsulfoxide Fmoc:
9-Fluorenylmethoxycarbonyl HBTU: O-Benzotriazol-
1-yl-N,N,N',N'-tetramethyluronium hexafluorophosphate
HPLC: High performance liquid chromatography HSPyU
O-(N-succinimidyl)-N,N,N ',N '-tetramethyleneuronium
hexafluorophosphate NHS: -hydroxy-succinimide NMM:
-Methylmorpholine NMP: 1-Methyl-2-pyrrolidinone Pbf:
2,2,4,6,7-Pentamethyldihydrobenzofuran- 5-sulfonyl
PBS: Phosphate-buffered saline 



tBu: t-butyl TFA: Trifluoroacetic acid TIS:
Triisopropylsilane Trt: TritylCARBURETTORS The present
invention relates to carburettors for two-stroke and,
more particularly, four-stroke internal combustion
engines and is concerned with that type of carburettor
which includes a primary air passage, an adjustable
throttle valve situated within the primary air passage
and a fuel supply nozzle communicating with the
primary air passage and connected to a fuel metering
valve for varying the amount of fuel discharged
through the nozzle. Such carburettors are well known.
Different types of metering valve are known but the
most commonly used type of valve is a needle valve.
Such valves include an elongate valve needle
cooperating with an orifice which constitutes the fuel
supply nozzle. The valve needle of a needle valve is
inherently a relatively long, slender component, which
is supported only at one end and it is the other
unsupported end which cooperates with the orifice and
controls the flow rate of the fuel. It is a
requirement of carburettors that they provide a
reliable, accurate and repeatable control of the
fuel/air mixture at idle speed, full speed and
intermediate speed settings of the engine and it is
found that a needle valve is inherently incapable of
this because even very small lateral movements in the
unsupported end of the valve need can lead to quite
large variations in the pattern and volume of the fuel
flow, particularly at low engine speeds. This can
result in variations in the air/fuel ratio and thus in
an increase in fuel consumption and in pollutant
emissions and in instability of engine operation,
particularly when idling. It is also desirable in mass
produced carburettors that the performance and
characteristics of all of them is identical and it is
found that this is in practice not the case, largely
due to the difficulty in making the size and position
of the valve needles precisely identical. Furthermore,
in order to ensure that the supply of air and fuel
areappropriately matched in the known carburettors,
the throttle valve and needle valve are linked to move
together by a complex mechanical linkage. This linkage
is prone to variations in manufacturing tolerances and
requires complex and expensive machining and assembly.
It is therefore an object of the present invention to
provide a carburettor which enables the fuel supply to
be controlled in a more accurate, reliable,
reproducible and compact manner. It is a further
object of the invention to provide a carburettor which
will result in stable, economical and reproducible
operation, particularly at low and idling speeds of
the engine. It is a still further object of the
invention to provide a carburettor in which the fuel
supply is adjustable in a manner which is directly
related to the speed and/or load of the engine in a
manner which is robust, reliable and compact and in
which the adjustment mechanism is contained within the
body of the carburettor. It is a yet further object of
the invention to provide a linkage between the fuel
metering valve and the throttle valve which will
ensure that the supply of air and fuel is
appropriately matched but which is simple and reliable
and 



economical to manufacture. According to the present
invention a carburettor of the type referred to above
is characterised in that the fuel metering valve
comprises an elongate sleeve movably accommodating an
elongate valve member, that the sleeve and the valve
member define a fuel inlet space, that a fuel inlet
communicates with the fuel inlet space, that a fuel
outlet passes through the wall of the sleeve and
communicates with the fuel supply nozzle and that a
portion of the outer surface of the valve member is so
profiled that the valve member is movable relative to
the sleeve such that the area of communication between
the fuel inlet space and the outlet varies
progressively between a maximum and a minimum
value.Thus in the carburettor in accordance with the
present invention, the conventional fuel metering
valve of needle valve type is replaced by a slide
valve comprising an elongate valve member slidably
received within an elongate sleeve or tube. The sleeve
may be a separate component or it may be connected to
or form an integral part of a larger component and may
thus constitute a block or the like in which an
elongate hole or aperture is bored or otherwise
formed. The sleeve defines a fuel inlet space at one
end of the valve member which communicates with a fuel
inlet which may extend either through the end of the
sleeve or through a side wall. A fuel outlet extends
through the side wall of the sleeve. The valve member
is profiled or relieved on one of its side surfaces
opposed to the fuel outlet. In one embodiment, one of
the side surfaces of the valve member is relieved or
cut away from a point intermediate its ends and the
amount of material removed progressively increases
towards the end closest to the fuel inlet chamber.
This means that as the valve member moves linearly
within the sleeve, the area of communication between
the fuel inlet space and the outlet will vary
progressively, thereby varying the amount of fuel
discharged through the outlet. The valve member may be
relatively massive compared to a slender conventional
valve needle and this fact coupled with the fact that
the valve member will be supported over at least part
of its length by engagement with the interior of the
sleeve and/or with one or more sealing members
provided within the sleeve means that lateral movement
of the valve member relative to the sleeve is
effectively prevented and thus that the quantity of
fuel passing through the valve may be controlled very
much more accurately than through conventional needle
valves. Furthermore, the fact that the valve member is
a relatively massive member means that it may be
machined very accurately and repeatably, whereby the
characteristics of a large number of mass produced
carburettors may be substantially identical. The
detailed shape of the profiled portion of the
valvemember may be varied as desired to produce the
precise variation of fuel flow rate with the position
of the throttle valve that is required. The elongate
internal space within the sleeve and thus the external
shape of the valve member may have a variety of
different shapes and may thus be, for instance,
rectangular or elliptical. It is, however, preferred
that they are of circular cross-section. It is
preferred that the carburettor includes a non-return
valve situated between 



the fuel inlet and the fuel inlet space. This valve
will prevent any backflow of fuel and minimise the
effect of pressure transients on the rate of fuel flow
through the valve, thereby substantially alleviating
or eliminating one of the problems which is common
with carburettors of needle valve type. As mentioned
above, the valve member may be arranged to move
linearly within the sleeve. Alternatively or
additionally, it may be arranged to move in rotation
within the sleeve and this will of course necessitate
the profiling of the side surface of the valve member
being of very different form in order to produce the
desired variation in the fuel flow characteristics as
the valve member is progressively rotated. If, as is
preferred, the valve member is of circular
cross-section, whereby it will be accommodated within
a circular or at least part-circular section space
within the sleeve, there is at least theoretically the
risk that it could inadvertently be rotated within the
sleeve and if this were to happen the relieved portion
of the valve member would no longer be strictly in
alignment with the fuel outlet and the flow
characteristics of the valve would be materially
altered. It is therefore preferred that the valve
member carries locating means cooperating with
locating means carried by the sleeve arranged to
control the angular position ofthe valve member with
respect to the sleeve. It is preferred that the
locating means on the valve member constitutes a
groove extending along at least part of its length and
that the sleeve carries a projection extending into
this groove. The cooperating groove and projection may
be arranged to maintain the angular position of the
valve member within the sleeve constant or they may be
arranged to produce a predetermined relative
rotational movement which will occur as the
longitudinal movement occurs and in this event the
groove will be not linear but somewhat helical. It is
of course desirable that it is not possible for fuel
to leak from the fuel inlet space between the opposed
surfaces of the valve member and the sleeve or the
sealing member within the sleeve to a position beyond
the fuel outlet and such leakage may be prevented by
constructing the valve member such that it forms a
sliding seal with the internal surface of the sleeve
over a proportion of its length. Alternatively, the
internal surface of the sleeve may have a raised
portion extending around the fuel outlet. This will
tend to increase the contact pressure with which the
valve member engages the surface of the sleeve in the
vicinity of the fuel outlet and thus enhance the
integrity of the seal. In a further alternative, the
sleeve may contain a sealing member which defines a
recess in which the valve member is partially
accommodated and forms a seal with it and in which at
least part of the outlet is formed. In one embodiment,
the sealing member contains magnetised particles and
the valve member is of magnetic material, preferably
ferro-magnetic material, whereby the seal between the
valve member and the sealing member is enhanced by
magnetic attraction. Alternatively, the sealing member
may contain ferro-magnetic particles and the sleeve
may contain a magnet which attracts the sealing member
towards the valve member, thereby enhancing the seal
between them. In a further alternative, the valve
member is ferro-magneticand the sleeve contains one or
more magnets situated between the sealing 



member and the valve member, whereby the attractive
force between the magnet(s) and the valve member acts
on the sealing member to enhance the seal between it
and the valve member. Carburettors are usually used to
dispense conventional gasoline but other fuels are
used for internal combustion engines, such as
paraffin, which are combusted at a different fuel/air
ratio. A carburettor in accordance with the invention
could be converted to produce a different air/fuel
ratio by removing the valve member and replacing it
with a different valve member whose profiling is
different. However, it is also possible for the valve
member to have two or more differently profiled
regions on different areas of its side surface and all
that is then required to convert the carburettor to be
suitable for the different fuel is for the valve
member to be removed and rotated through e.g. 180 and
then replaced so that it is the other profiled region
which now cooperates with the fuel outlet. It may also
be desirable for a carburettor to be able to dispense
two or even more different liquids at the same time,
e.g. two different fuels or conventional gasoline and
lubricating oil for a two-stroke engine or the same
liquid at two different points. The carburettor in
accordance with the invention may be readily converted
to dispense two liquids simultaneously by providing
the wall of the sleeve with two or even more outlets
which cooperate with respective profiled regions of
the valve member and providing two or even more inlets
which communicate with respective inlet spaces which
communicate in turn with respective profiled regions
of the valve member. The profiling of the different
regions of the valve member will be different and thus
different amounts of the different liquids will be
dispensed simultaneously. The preciseamounts of the
two liquids will of course be determined by the detail
of the profiling of the valve member. In the preferred
embodiment of the invention, the carburettor includes
a further fuel metering valve, namely an idling fuel
metering valve, for metering the small amounts of fuel
needed for idling operation of an engine in parallel
with the fuel metering valve or in series with it.
This aspect of the present invention is based on the
recognition that many of the difficulties relating to
precise control of the metered fuel amount at idling
speed in known carburettors is due to the fact that it
is very difficult to achieve precise calibration of a
flow metering valve which is intended to control the
flow of a widely varying range of flow rates. Thus the
conventional needle valve in a carburettor will permit
a large flow rate of fuel when the engine is operating
at full load but only a very low flow rate when the
engine is idling and this large difference in the flow
rates makes it in practice very difficult to calibrate
the valve precisely when it is only open very
slightly, that is to say during idling operation of
the engine. This aspect of the present invention
therefore includes two fuel metering valves, one for
idling and very slow speed operation and the other for
higher speed/load operation. If the two fuel metering
valves are provided in parallel, it is preferred that
the main fuel metering valve is closed during idling
operation of the engine whereby all the necessary fuel
is supplied by the idling 



metering valve. In order to increase the engine load
and speed, fuel flow through the main fuel metering
valve is commenced and it is in practice immaterial if
the small flow rate through the idling metering valve
continues since this is in practice only a very small
fraction of the flow rate through the main metering
valve. If, however, the two fuel metering valves are
in series, it is of course necessary for the main
metering valve to remain at least slightly open at all
times, that is to say even during idling operation,
but it is preferred that the profiling of the valve
member of the main metering valve is such
thatsubstantially all the control of the fuel flow
rate is effected by the idling metering valve. In
either case, the range of fuel flow rates through the
idling metering valve is relatively small and it is
therefore a relatively simple matter to calibrate this
valve very precisely, whereby the problem referred to
above of varying fuel flow rates during idling may be
substantially eliminated. In the preferred embodiment,
the idling metering valve is incorporated in the main
fuel metering valve and in this event the fuel inlet
of the fuel metering valve may communicate with the
fuel inlet space via a valve seat and the valve member
of the fuel metering valve may carry a further valve
member which cooperates with the valve seat and
constitutes with it the further fuel metering valve.
This is a series arrangement of the main fuel metering
valve and the idling fuel metering valve and it will
therefore be necessary for the main fuel metering
valve to remain slightly open during idling operation
of the engine. In an alternative embodiment, the valve
member carries a further valve member which cooperates
with a valve seat within the valve member, the valve
seat communicating with the inlet space and with a
further space within the valve member, the further
space communicating with an idling outlet in the side
surface of the valve member, the idling outlet being
so positioned that it communicates with the outlet in
the sleeve when the carburettor is in idling
operation. This is a parallel arrangement of the two
fuel metering valves and the main fuel metering valve
is therefore likely to be fully closed during idling
operation of the engine. It is preferred that the
position of the further valve member is adjustable
with respect to the main valve member so as to permit
the fuel flow rate in idling operation to be precisely
adjusted. In an alternative embodiment, the
carburettor includes a further fuel metering valve in
series with the fuel metering valve which, in use, is
of value not only when the engine is idling but also
at other speeds. Thus this further fuelmetering valve,
which is preferably situated upstream of the fuel
metering space and is electrically operable, may be
used to adjust the air fuel ratio at any speed and may
be used to compensate, for instance, for changes in
the engine operation which occur over time or in the
exhaust gases having an oxygen content which indicates
that the mixture is in fact too lean. It is of course
necessary for the carburettor to include some
mechanism which will move the valve member of the fuel
metering valve in synchronism with the movement of the
throttling valve so that the rates of supply of fuel
and air are appropriately matched to one another. In
one embodiment, the carburettor includes a rotary
input shaft which is adapted to be connected to an
engine speed control member, typically the governor of
a stationary engine, and is 



connected to the throttle valve to move it between
open and closed positions and is connected also to a
carriage to move it, the carriage carrying at least
one elongate inclined ramp, which extends in the
direction of movement of the carriage and which is
engaged by a follower connected to the valve member,
whereby rotation of the input shaft results in
movement of the throttle valve and in movement of the
carriage and thus of the elongate ramp, whereby the
follower is moved transverse to the length of the ramp
and the valve member of the fuel metering valve is
thus moved also. It is believed that this aspect of
the present invention is novel in its own right and
will find application without the other features of
the invention referred to above. Thus in accordance
with a further aspect of the present invention, a
carburettor including a primary air passage, an
adjustable throttle valve situated within the primary
air passage, a fuel supply nozzle communicating with
the primary air passage and connected to a fuel
metering valve for varying the amount of fuel
discharged through the nozzle and a rotary input shaft
which is adapted to be connected to an engine speed
control member and is connected tothe throttle valve
to move it between open and closed positions is
characterised in that the rotary input shaft is also
connected to a carriage to move it, the carriage
carrying at least one elongate inclined ramp, which
extends in the direction of movement of the carriage
and which is engaged by a follower connected to the
valve member, whereby rotation of the input shaft
results in movement of the throttle valve and in
movement of the carriage and thus of the elongate
ramp, whereby the follower is moved transverse to the
length of the ramp and the fuel metering valve is thus
moved also. It is preferred that the carriage carries
one or more parallel tracks, the carriage being
connected to one or more support members which bear
against respective tracks, whereby the carriage is
guided to move linearly. It is therefore necessary
that the input shaft is connected to the carriage by a
linkage which will convert rotary motion of the shaft
into linear motion of the carriage and it is preferred
that this linkage is of lost motion type.
Conveniently, the shaft carries a lever bearing a
projection, which is received in an elongate slot in
the carriage. The input shaft must also be coupled to
the throttle valve to move it in synchronism with the
valve member of the fuel metering valve and it is
preferred that this connection is via the carriage and
that the throttle valve is connected to the carriage
by a further lost motion linkage, which converts the
linear motion of the carriage into rotational motion
of the throttling valve. In one embodiment, the
carriage includes one or more parallel inclined ramps
and a valve carrier which is connected to the valve
member and carries one or more rollers which are
supported on respective inclined ramps.In an
alternative embodiment, the carriage is connected to
the rotary input shaft to rotate with it and the
elongate ramp is of part-circular shape. This
embodiment has the advantage of simplicity in that the
lost motion linkages are no longer necessary. As the
carriage moves in rotation in synchronism with the
rotary input shaft, the part-circular ramp will move
also and the follower connected to the valve member
will be caused to move in the direction of the 



length of the valve member, thereby moving the valve
member axially. As described above, the invention
relates to many different types of carburettor
including those with only a single air passage. It is,
however, particularly applicable to carburettors of
the type including a secondary air passage with an
inlet and with an outlet to the primary air passage
between the throttling valve and its outlet, the
arrangement being such that, in use, the fuel mixes
with the air flowing through the secondary air passage
before mixing with the air flowing in the primary air
passage. In practice this means that the outlet from
the fuel metering valve is into the secondary air
passage. Carburettors of this type are disclosed in WO
97/48897. The fact that the fuel supply nozzle
communicates with the primary air passage downstream
of the throttle valve rather than upstream of it, as
is conventional, means that the fuel is forcibly
pulled out from the fuel nozzle by the strongly
sub-atmospheric pressure that prevails downstream of
the throttle valve, particularly at small throttle
openings, i.e. when the engine is running at low speed
or idling. This is in distinction to the pressure
which prevails upstream of the throttle valve, which
is very much closer to atmospheric. This substantial
pressure differential results in very much more
efficient vaporisation of the fuel, particularly at
low engine speed. This improved vaporisation is
further promoted by the flow of air through the
secondary air passage which mixes with the fuel before
it enters the primary air passage, thereby beginning
the vaporisation process earlier than normal. The
result of the more rapid and efficient vaporisation of
the fuel ismore efficient combustion and thus reduced
fuel consumption and also reduced emissions of
pollutants. In the preferred embodiment, the fuel
supply nozzle includes a fuel inlet passage
communicating with the outlet of the fuel metering
valve, a mixture outlet passage communicating with the
primary air passage and at least one air inlet passage
which communicates with the secondary air passage and
the mixture outlet passage. The fuel supply nozzle
preferably includes a bore of constant cross-sectional
area whose upstream end communicates with the
secondary air passage and whose downstream end
communicates with a divergent bore. The provision of
the bore of constant cross-sectional area means that
minor variations in the depth to which the divergent
bore is formed will have no effect on the
crosssectional area of the communication between the
secondary air passage and the primary air passage. In
an alternative embodiment, a nozzle unit defining a
jet or nozzle orifice is secured within the mixture
outlet passage. In practice, this will necessitate the
mixture outlet passage being larger than in the
previous embodiment and once this passage has been
formed a nozzle unit or block defining an orifice is
inserted into it and retained in position. This will
again result in the crosssectional area of the
communication between the secondary air passage and
the primary air passage being precisely predetermined
and thus not subject to tolerances or minor variations
in the manufacturing procedure. In order to prevent an
excessively low sub-atmospheric pressure being formed 



in the secondary air passage when the engine is
idling, it is preferred that the minimum
cross-sectional area of the secondary air passage over
its entirelength is greater than the cross-sectional
area of the bore of constant crosssectional area. This
will result in a substantial proportion of the
pressure gradient between the fuel outlet of the fuel
metering valve and the primary air passage occurring
between the secondary and primary air passages,
whereby excessive amounts of fuel are not drawn into
the secondary air passage from the fuel outlet when
the engine is idling. The benefits of the secondary
air passage are particularly pronounced at low and mid
speed of the engine because of the substantially
improved vaporisation of the fuel. However, at high
engine speeds, there is a substantial air flow through
the primary air passage and a not insignificant air
flow through the secondary air passage also. This may
result in the air/fuel ratio falling to an undesirably
low level under high engine loads. This potential
problem may be eliminated if the secondary air passage
includes a controllable valve, which may be operated
by a separate actuator. This will enable the flow of
air through the secondary air passage to be controlled
independently of the air flow through the primary air
passage. In one embodiment, the controllable valve is
connected to the throttle valve and arranged to close
progressively as the throttle valve opens. This means
that as the engine load increases the air flow rate
through the secondary air passage will not increase at
the same rate and may indeed even decrease or go to
zero when the throttle valve is fully open. This
feature is believed to be applicable to carburettors
which do not include a fuel metering valve of the
specific type referred to above and thus according to
a further aspect of the present invention, a
carburettor including a primary air passage, an
adjustable throttle valve situated within the primary
air passage, a secondary air passage with an inlet and
with an outlet to the primary air passage between the
throttle valve and its outlet, the arrangement being
such that, in use, the fuel mixes with the air flowing
through the secondary airpassage before mixing with
the air flowing in the primary air passage is
characterised in that the secondary air passage
includes a controllable valve. This valve may be
connected to the throttle valve and arranged to close
progressively as the throttle valve opens. In the
preferred embodiment, the throttle valve is mounted on
a rotary shaft through which a radial passage passes,
the radial passage constituting a contiguous part of
the secondary air passage, when the throttle valve is
substantially closed, whereby as the throttle valve is
opened the radial passage becomes progressively
misaligned with the adjacent portions of the secondary
air passage and thus progressively throttles the air
flow through the second air passage. This arrangement
is particularly simple and space-saving because it
uses the shaft of the throttle valve itself to act as
a throttle valve for the secondary air passage.
Further features and details of the invention will be
apparent from the following description of certain
specific embodiments, which is given by way of example
only with reference to the accompanying drawings, in
which: Figure 1 is a front perspective view of a
carburettor in accordance with the 



invention; Figure 2 is a rear perspective view of the
carburettor of Figure 1; Figure 3A is a scrap
diagrammatic cross-sectional view of the carburettor
of Figures 1 and 2; Figure 3B is a view similar to
Figure 3A showing an optional feature;Figures 4A and
4B are sectional views of the fuel metering valve in
the closed and partially open positions, respectively;
Figures 5A and 5B are longitudinal and transverse
sectional views respectively of a modified fuel
metering valve; Figure 5C is a view similar to Figure
5B of yet a further modified fuel metering valve;
Figures 6A, 6B and 6C are views of the top of the
carburettor of Figures 1 and 2 showing the positions
of the various components at high load, medium load
and when the engine is idling, respectively; Figures
7A, 7B and 7C are axial sectional views of yet a
further modified fuel metering valve; Figure 8 is a
vertical axial sectional view of the carburettor of
Figures 1 and 2; Figures 9A and 9B are axial sectional
views of a still further modified fuel metering valve;
Figure 10 is a perspective view of a further
embodiment of carburettor in accordance with the
invention with the upper cover removed; Figure 11 is
an axial sectional view of the carburettor of Figure
10; and Figure 12 is a perspective view of the rotary
carriage seen in Figure 10.Referring firstly to
Figures 1 to 3A, the carburettor 1 includes a body 2
defining a primary air passage 19 with an inlet 6 and
an outlet 11. The body 2 is adapted to be connected to
an air cleaner housing (not shown) via a flange 3 and
to an engine inlet manifold (again not shown) via a
flange 4. A throttle valve 8 of butterfly type is
arranged in the primary air passage 19. The body 2
also defines a secondary air passage 13, which
communicates with a secondary inlet 10 and whose
downstream end 24 communicates with a chamber 22. The
chamber 22 accommodates a fuel metering valve 23,
which will be described in detail below, and
communicates via two passages 25 with the inlet of a
fuel supply nozzle 28, the outlet of which is directed
into the primary air passage 19. As shown in Figures
4A and 4B, the fuel metering valve consists of an
outer sleeve or tube 32, longitudinally slidably
accommodated within which is a valve rod 33, which is
arranged to be moved in a vertical direction by a
plate 16, as will be described below. The sleeve 32
defines a fuel inlet space 35 at its lower end which
communicates with a fuel inlet 37 at its lower end via
a non-return valve 30. This valve will prevent any
backflow of fuel and will thus reduce the transient
pressure changes and backflow of fuel that can occur
and impairs the operation and efficiency of the
engine. Provided in the side wall of the sleeve 32 is
an outlet port 39. The valve rod 33 is of circular
cross-section over the upper portion of its length and
is in sliding and substantially sealed contact with
the internal surface of the sleeve. However, at the
lower end of the valve rod its surface directed
towards the outlet port 39 is relieved or cut 



away progressively in the downwardly direction.
Accordingly, when the valve rod is in the position
shown in Figures 4A, the outlet 39 is completely
obscured by the surface of the rod and there is no
communication between the fuel space and the outlet
port. No fuel may therefore flow through the valve.
However, as the valve rod is progressively raised, the
progressively decreasing crosssectional area of the
rod will mean that the fuel space will communicate
with the outlet port 39 via a space of progressively
increasing area and the rate of fuel flow through the
outlet 39 towards the fuel nozzle 28 will
progressively increase. The detailed shape of the
cut-away portion of the valve rod may be contoured to
achieve any desired relationship between the position
of the valve rod and the instantaneous fuel flow rate.
In the preferred embodiment, the valve member 33 moves
linearly within the sleeve 32, though it will be
appreciated that it could also move in rotation or
both linearly and in rotation. The valve member 33 is
also of circular section in this preferred embodiment
and this opens up the possibility, at least
theoretically, of the valve member rotating within the
sleeve and the cut-away portion becoming angularly
misaligned with the outlet 39. This risk is eliminated
in the modified embodiment shown in Figure 5A in which
the valve member is provided with an elongate groove
44 in its surface opposite to the outlet 39. A
projection 46 integral with a plug 48 passing through
the wall of the sleeve 32 extends into the groove 44
and engages its two side walls. Rotation of the valve
member relative to the sleeve is therefore prevented
by the guide 46, 48. In the embodiment of Figure 4,
the upper portion of the internal surface of the
sleeve 32 is in sliding sealed contact with the
opposed surface of the valve member around its entire
periphery so as to prevent leakage of fuel in the
upward direction. It is, however, not necessary that
the valve member be sealed around its entire periphery
but merely that it be sealed around the outlet 39. In
the modified embodiment of Figure 5B, the valve sleeve
32 accommodates a sealing member 50 affording the
outlet 39 and a semicylindrical recess in which the
valve member 33 is received. The valve member 33 again
has an elongate recess 44 formed in its side surface
remotefrom the outlet 39 and this recess receives a
projection 46 connected to a block 48. The projection
46 has a width equal to that of the recess 44 and is
made of resilient material and thus urges the valve
member to the right, as seen in Figure 5. The valve
member 33 is thus not only restrained from rotating
but is urged into sealing contact with the seal 50 by
the resilient projection 44. In the further modified
embodiment of Figure 5C, the valve member 33 is again
provided with a guide 48, 46 extending into a
longitudinal groove formed in it and is in sliding
engagement with a seal 50 in which the outlet 39 is
formed. The seal 50 is made of a hard polymeric
material such as that sold by Victrex under the trade
Mark PEEK. Situated behind the seal 50 is one or more
magnets 52 which are attracted to the ferromagnetic
valve member 33 and thus urge the seal 50 into contact
with the valve member 33, thereby enhancing the
integrity of the seal. Alternatively, the material of
the seal 50 may contain magnetised particles which
draw the seal into contact with the valve member. 



Figure 3A shows that the secondary air passage 13
includes a valve arranged to close progressively as
the throttle valve 8 opens. In this case, the throttle
valve includes a central rotary shaft 40, through
which an air passage 42 passes. When the valve 8 is
close to the closed position, the passage 42
constitutes part of the secondary air passage.
However, as the valve 8 opens, the passage 42 becomes
increasingly misaligned with the adjacent portions of
the passage 30 and thus progressively throttles the
flow of secondary air through the passage 13. When the
valve 8 is in or near to the fully open position, the
passage 13 will be closed and no secondary air will
flow through the passage 13 to the nozzle 28. This
will result in an increase in the richness of the
fuel/air mixture at high engine loads but will not
impair the efficiency of fuel injection and
vaporisation because at high load the air flow through
the main passage 11 issufficiently rapid to ensure
rapid entrainment and vaporisation of the fuel
discharged through the nozzle 28. However, it is
desirable for there to be a small flow of secondary
air even under high load conditions and this is
achieved in the construction of Figure 3A by the
provision of a further secondary air passage 13' in
parallel with the upstream portion of the secondary
passage 13 and bypassing the valve constituted by the
shaft 40 of the throttle valve 8. As referred to
above, the fuel flow rate may be varied between
desired maximum and minimum rates. The maximum rate
will correspond to maximum load of the engine. The
minimum rate may be a very low rate corresponding to
idling speed of the engine. However, it is as a
practical matter difficult to reliably and precisely
control a low rate of fuel flow through a valve which
is adapted also to permit flow rates suitable for high
speed engine operation. It is therefore preferred that
the carburettor includes a further fuel metering
valve, an idling metering valve, which also
communicates with the primary air passage and is
adapted to supply the small amount of fuel that is
required for idling operation. Such a construction is
shown in Figure 3B, from which the secondary air
passage has been omitted for the sake of clarity. As
may be seen, an idling air passage 13" communicates
with the air inlet 11 at a position which is
downstream of the adjacent edge of the throttle valve
8, when it is substantially closed but is upstream of
the throttle valve when it is open to an appreciable
extent. The idling air passage communicates with a
fuel supply orifice 41. The idling air passage 13" is
controllable by means of an adjustable needle valve
45. The main fuel metering valve is arranged to be
substantially closed when the engine is idling. At
this time the throttle valve 8 will be in the position
shown in solid lines in Figure 3B and the downstream
end of the idling air passage 13" will be subjected to
a substantial sub-atmospheric pressure. Airand fuel
are thus drawn into the air passage in an amount
sufficient for idling operation of the engine. The
precise amount of fuel that is admitted may be
controlled very precisely by adjusting the needle
valve 45, which is only required to permit a
relatively small range of flow rates. When the
throttle is opened, the main fuel metering valve will
again begin to permit the flow of fuel. As the
adjacent edge of the throttle 8 moves downstream of
the downstream end of the idling air passage 13", the
reduced pressure applied to 



the downstream end of the passage 13" decreases and
the flow of fuel and air through the passage 13" drops
to a very low value which is insignificant compared to
the flow through the nozzle 28. In the modified
embodiment shown in Figure 7, the idling metering
valve is incorporated in the valve member of the main
fuel metering valve. In this case, the valve member 33
is hollow and accommodates within it a valve needle
54, a portion of whose external surface carries a
screw thread in engagement with a corresponding screw
thread on the interior of the valve member so that the
relative axial positions of the valve member 33 and
valve needle 54 are readily adjustable. The inlet to
the fuel inlet space 35 constitutes a valve seat 56
with which the valve needle 54 cooperates. The valve
member 33 is again profiled on its external surface
directed towards the outlet 39 so as to produce the
desired varying fuel flow rate as the valve member 33
is moved axially within the sleeve 32 and it is again
restrained from rotation by engagement of a guide 48
in a longitudinal groove formed in the opposite
surface. When the engine is operating at full speed,
the valve member 33 will be in the position shown in
Figure 7C in which a significant volume of fuel is
permitted to flow through the outlet 39 and the valve
needle 54 is spaced well away from the valve seat 56.
When the engine is not operating, the valve member 33
will be in the position shown in Figure 7B in which
the outlet 39 is closed by the valve member 33, though
this is not necessarily so, and the valve seat 56
iscompletely blocked by the valve needle 54. However,
when the engine is idling, as shown in Figure 7A, the
flow rate of the fuel is controlled not by the valve
member 33 but by the valve needle 54. Thus the
profiled portion of the exterior of the valve member
33 is so shaped that as the valve member 33 moves
downwardly, the area of communication between the
space 35 and the outlet 39 progressively decreases and
whilst this occurs the valve needle 54 initially has
no influence on the fuel flow rate. However, as the
idling speed range is approached, the shape of the
relevant portion of the surface of the valve member is
such that the area of communication between the space
35 and the outlet 39 stays substantially constant and
does not decrease yet further. However, as this point
is reached, the valve needle 54 begins to influence
the flow rate through the valve seat 56. Further
movement in the downward direction of the valve member
33, and thus also the valve needle 54, will result in
a reduction in the fuel flow rate but this reduction
is all caused by the valve needle 54. The rate of fuel
flow whilst idling may be adjusted very precisely by
adjusting the position of the valve needle 54 within
the valve member 33. A further modified embodiment in
which the idling metering valve is incorporated in the
valve member of the main fuel metering valve is shown
in Figures 9A and 9B. The valve member 33 is again
hollow and again accommodates within it a valve member
or needle 54 and the position of this valve needle
within the valve member 33 is again adjustable by
means of cooperating screw threads. In this case,
however, the valve seat 56 with which the idling valve
member 54 cooperates is defined within the valve
member 33. Situated above the valve seat 56 within the
valve member 33 is a liquid space 



communicating with an outlet 66 in the side wall of
the valve member 33. In normal operation of the
engine, as shown in Figure 9A, the outlet 66 is closed
by the opposed internal side wall of the sleeve 32 and
no fuel can therefore flow through the valve
constituted by the seat 56 and valve member
54.However, when the valve member 33 moves downwardly
into the idling position, as shown in Figure 9B, the
outlet 66 comes into registry with the outlet 39 in
the sleeve. Fuel can then flow through the idling
metering valve 54, 56 and thence through the outlets
66 and 39. The two metering valves are effectively in
parallel in this embodiment and the main fuel metering
valve is therefore arranged to be fully closed during
idling operation which means that all the fuel
required for idling operation passes through the
idling fuel metering valve. Since both the valve
member 54 and the valve seat 56 move with the valve
member 33, movement of the valve member 33 does not
result in relative movement of the valve member 54 and
valve seat 56 and this means that the flow rate
through the idling metering valve is constant, though
it may of course be adjusted to a desired value by
adjusting the longitudinal position of the valve
member 54 within the valve member 33 by rotating it.
The mechanism by which the fuel metering valve is
actuated and controlled will now be described with
reference to Figures 1, 2, 6 and 8. The upper surface
of the carburettor carries two parallel elongate slide
rails 60, slidably supported on which is a slide
carriage 18. In use, the rails and carriage are within
a removable cover, but this has been omitted from the
drawings for the sake of clarity. Rotatably carried by
the cover is a mechanical input shaft 12. Rigidly
connected to the shaft 12 is a lever arm 61, depending
from the free end of which is a peg 62, which is
received in a slot 64 in the carriage 18. It will be
appreciated that the peg 62 and slot 64 act as a lost
motion linkage and that rotation of the shaft 12 will
result in linear sliding motion of the carriage 18
along the rails 60. The rotary shaft 40 of the
throttle valve 8 extends through the upper wall of the
carburettor and is non-rotatably connected to one end
of a lever 14. Formed in the upper surface of the
lever 14 is a longitudinal slot 66 in which an
elongate slider 68 is slidably received. The end of
the slider 68 remote from the throttle shaft 40 is
pivotally connected to the carriage18 by means of a
pivot pin 70. The slot 67 and slider 68 constitute a
further lost motion linkage such that linear movement
of the carriage 18 along the rails 60 will result in
rotation of the shaft 40 and thus in opening or
closing movement of the throttle valve 8. Upstanding
from the carriage 18 are two spaced parallel webs 72,
the upper surface 74 of one of which is profiled and
has a somewhat curved inclined ramp shape. Situated
above the profiled ramp 74 is an elongate valve holder
76, projecting from one side of which is a roller 78
resting on the profiled ramp 74. At the centre of the
valve holder 76 is a support plate 16, through which
the valve member 33 of the fuel metering valve
extends. The valve member 33 and support plate 16 are
connected together such that relative vertical
movement is prevented. The side of the valve holder 76
is a planar surface in sliding engagement with the
opposed parallel surface of the other web 72. This
flat engagement prevents tilting or skewing of the
valve holder as it moves 



along the webs. In use, the top of the carburettor is
covered by a cover or lid (not shown) and springs
(also not shown) are provided between the underside of
the cover and the valve holder 76 to urge the latter
downwardly such that the roller 78 is maintained in
contact with the ramp 74. The input shaft 12 is
connected to the engine speed control member,
typically the speed governor of a stationary engine or
the accelerator pedal of an automotive engine, such
that movement of the speed control member will result
in rotation of the shaft 12. When the engine is
operating at idling speed, the position of the
carriage 18 is as shown in Figures 2 and 6A. As will
be seen, the roller 78 is in contact with the lowest
portion of the ramp 74 and the valve member 35 is at
its lowest position, as shown in Figures 4A and 7A,
whereby the fuel metering valve is substantially
closed and fuel metering is performed by the idling
metering valve. In thiscondition, the throttle valve 8
is substantially closed. If the speed control member
is now moved to an intermediate position, the input
shaft 12 is rotated and this causes the carriage 18 to
move along the slide rails 60. This in turn causes the
throttle valve 8 to be rotated by the lost motion
linkage 67, 68 to the intermediate position shown in
Figure 6B. The roller 78 moves to an intermediate
position on the ramp 74 and the valve member 33 is
moved up to an intermediate position, thereby
permitting a larger amount of fuel to be admitted into
the primary air passage of the carburettor. If the
speed control member is now moved further to the full
load/speed position, the input member 12 is rotated
further and the carriage 18 is moved further to the
position shown in Figures 1 and 6C. This movement is
transmitted to the throttle valve 8, which is moved to
the full open position, as also seen in Figure 8. The
roller 78 moves to the top of the ramp 74 which
results in the valve member 35 being moved upwardly to
its highest position, as seen in Figures 4B and 7C.
The modified embodiment of carburettor shown in
Figures 10 to 1 is similar to the preceding
embodiments but differs from it in a number of
important respects. In the preceding embodiments, the
air fuel ratio at any particular position of the valve
rod 33 is fixed by the manufacturer by precisely
determining the profile of the valve rod. However, as
a result of manufacturing tolerances and progressive
wear of the carburettor and the associated engine it
may be desirable for the carburettor to have an
additional means of adjusting the air fuel ratio. This
embodiment includes a composite control valve 80
situated between the carburettor float chamber 82 and
the inlet to the fuel metering valve, which is both a
non-return valve and an electrically operated flow
control valve which, in use, is connected to a
controller. This controller may be connected to a
so-called l sensor, which measures the oxygen
concentrationin the exhaust gases. The controller may
be programmed to adjust the control valve 80 so that
the oxygen concentration in the exhaust gases is zero,
thereby indicating that the mixture is not too lean.
The controller may also be responsive to signals
indicative of the oil level in the engine sump, the
engine temperature, the exhaust gas temperature and
any other desired parameters. The control valve may be
of any of a number of known types, e.g. with a valve 



member of oscillating, pulsating or rotary type. The
control valve may also be used for the accurate
control of the fuel flow when the engine is idling.
The valve sleeve 32 in this case is accommodated
within a bore within the body 2. The outlet port 39 in
the sleeve 32 communicates with a bore 84 in the body
2, which in turn communicates with the nozzle 28. In
the embodiment of Figure 3, for example, the nozzle 28
is made by drilling from the primary air passage 19
into the secondary air passage 25. This means that the
area of communication between the two passages, i.e.
the size of the nozzle aperture, is crucially
dependent on the depth of the drilling and it is in
practice very difficult to predetermine this size.
This potential problem is overcome in this embodiment
by using two drillings, the first of which is
relatively small and of constant diameter, namely the
bore 84 which communicates with the outlet port 39,
and the second of which is relatively large and
communicates with the primary air passage 19 and with
the downstream end of the bore 84 and is of generally
conical shape. This means that the minimum area of the
communication between the primary and secondary
passages is precisely predetermined and is equal to
the area of the bore 84. When the engine is idling,
the throttle valve 8 is substantially closed. This
means that a very low sub-atmospheric pressure
prevails at the downstream end of the bore 84. The
resulting large pressure differential tends to draw
more fuel through the fuel metering valve than is
required for idling operation. In thepreceding
embodiments, this is dealt with by very precisely
machining the profile of the valve rod to ensure that
the available flow area, when the engine is idling,
permits precisely the required small volume of fuel to
be drawn through the valve. However, this potential
problem is mitigated in the present embodiment by
dimensioning the secondary air passage such that its
area is greater than the area of communication between
the primary and secondary air passages. This results
in the pressure in the secondary air passage not
falling to a particularly low level, which means that
the pressure drop between the fuel valve and the
primary air passage occurs to a large extent between
the primary and secondary air passage and not between
the fuel valve and the secondary air passage. This
enables the accuracy with which the profile of the
valve rod 33 must be machined to be relaxed somewhat.
It will be appreciated that the increased area of the
secondary air passage must be present over its entire
length because if there were a constriction anywhere
along its length, there would be a pressure drop at
that point and this would increase the pressure
differential between the fuel valve and the secondary
air passage. This increased area of the secondary air
passage may be provided by simply making the entire
passage larger or by providing two or even more
passages in parallel over at least a part of the
length of the secondary air passage. As may be seen in
Figure 11, the internal surface of the fuel valve
sleeve 32 is provided with a raised portion 86 which
extends around the outlet port and projects beyond the
surrounding portions of the internal surface by a
small distance, which may be only lmm or so. The valve
rod 33 is again provided with means which bias it
towards the outlet port 39. In this case, the biasing 



means comprises a plug 48, which is received in a bore
in the body 2 and defines a central bore 8 in which
the stem of a generally mushroom-shaped biasing member
is slidably received. Situated between the head of the
biasing member and the plug 48 is a compression spring
92 which urges the head of thebiasing against the
valve rod 33 and thus urges the valve rod 33 against
the raised portion 86. The valve rod 33 is also
slidably received in a bearing 96, below which is a
seal 98. At other points along its length the valve
rod 33 is spaced from the internal surface of the
sleeve 32. The combination of the raised portion 86
and the biasing device 48, 90, 92 means that the valve
rod 33 engages the internal surface of the sleeve 32
with an increased contact pressure and this improves
the integrity of the seal around the outlet port 39.
In the preceding embodiment, the rotary throttle input
connection is connected to a linearly slidable
carriage via which the rotary input motion is
converted into linear motion of the valve rod.
However, in this embodiment, the rotary input shaft 12
is connected to a rotary carriage 98 which thus
rotates with the shaft 12. As best seen in Figure 12,
the rotary carriage is of circular segmental shape
with a non-circular hole 100 adjacent its apex by
means of which it is rotationally keyed to the shaft
12. Adjacent its outer arcuate peripheral edge is an
elongate arcuate opening 102, through which the valve
rod 33 extends. Extending adjacent to and outside the
opening 102 is a part-circular wall 104 of
progressively increasing height, the upper surface 106
of which constitutes an arcuate ramp surface. This
ramp surface 106 is engaged by a roller 78, which is
rotatably connected to move vertically with the valve
rod 33. The upper end of the valve rod 33 is engaged
by the stem of an inner mushroom-shaped engagement
member 106, which is accommodated within an outer
mushroomshaped engagement member 108, which acts as a
stop in the downward direction. The stem of the outer
engagement member 108 is hollow and receives both the
lower end of the inner engagement member 106 and the
upper end of the valve rod 33, which are in contact
with one another. The external surface of the stem of
the outer engagement member 108 is threaded and the
thread is in engagement with a corresponding internal
thread on the body 2. The datum position of the valve
rod 33 may thus be altered by rotating theengagement
member 108 with respect to the body, thereby moving
the inner engagement member 106 and thus also the
valve rod 33 axially. The upper surface of the inner
engagement member 106 is engaged by one end of a
compression spring 110, the other end of which is
engaged by an outer cover 112. The two engagement
members are therefore biased into engagement with one
another, when the cover 112 is in position. There are
circumstances in which a carburettor can be required
to supply metered amounts of one of two different
fuels, such as gasoline and paraffin. This can readily
be catered for by providing the valve member with a
different profiled shape on two opposite sides, one of
which is appropriate for one of the fuels and the
other of which is appropriate for the other fuel. The
carburettor can then readily be converted from being
suitable for one fuel to being suitable for the other
fuel by removing the valve member from a position in
the sleeve in which one of the profiled shapes is
opposed to the outlet and replacing it in a 



position in which the other is opposed to the outlet.
It may also be desirable for the carburettor to be
able to supply precisely metered amounts of two
different liquids simultaneously, e.g. gasoline and
lubricating oil to a two-stroke engine. This may be
readily achieved by providing the sleeve with two
separate outlets, each of which cooperates with a
respective profiled portion of the valve member and by
dividing the fuel inlet space into two separate inlet
spaces, each of which communicates with a respective
inlet and with a respective profiled portion of the
valve member.CLAIMS 1. A carburettor including a
primary air passage, an adjustable throttle valve
situated within the primary air passage, a fuel supply
nozzle communicating with the primary air passage and
connected to a fuel metering valve for varying the
amount of fuel discharged through the nozzle,
characterised in that the fuel metering valve
comprises an elongate sleeve movably accommodating an
elongate valve member, that the sleeve and the valve
member define a fuel inlet space, that a fuel inlet
communicates with the fuel inlet space, that a fuel
outlet passes through the wall of the sleeve and
communicates with the fuel supply nozzle and that a
portion of the outer surface of the valve member is so
profiled that the valve member is movable relative to
the sleeve such that the area of communication between
the fuel inlet space and the outlet varies
progressively between a maximum and a minimum value.
2. A carburettor as claimed in Claim 1 in which the
elongate internal space within the sleeve is of
circular cross-section. 3. A carburettor as claimed in
Claim 1 or 2 including a non-return valve situated
between the fuel inlet and the fuel inlet space. 4. A
carburettor as claimed in any one of Claims 1 to 3 in
which the valve member is arranged to be moved
linearly within the sleeve. 5. A carburettor as
claimed in any one of Claims 1 to 4 in which the valve
member is arranged to move in rotation within the
sleeve.6. A carburettor as claimed in Claim 4 in which
the valve member carries locating means cooperating
with locating means carried by the sleeve arranged to
control the angular position of the valve member with
respect to the sleeve. 7. A carburettor as claimed in
any one of the preceding claims in which the valve
member forms a sliding seal with the internal surface
of the sleeve over a proportion of its length. 8. A
carburettor as claimed in any one of Claims 1 to 6 in
which the internal surface of the sleeve has a raised
portion extending around the fuel outlet. 9. A
carburettor as claimed in any one of Claims 1 to 6 in
which the sleeve contains a sealing member which
defines a recess in which the valve member is
partially accommodated and forms a seal with it and in
which at least part of the outlet is formed. 10. A
carburettor as claimed in Claim 9 in which the sealing
member contains magnetised particles and the valve
member is of magnetic 



material, whereby the seal between the valve member
and the sealing member is enhanced by magnetic
attraction. 11. A carburettor as claimed in Claim 9 in
which the sealing member contains ferro-magnetic
particles and the sleeve contains a magnet which
attracts the sealing member towards the valve member,
thereby enhancing the seal between them.12. A
carburettor as claimed in Claim 9 in which the valve
member is ferro magnetic and the sleeve contains one
or more magnets situated between the sealing member
and the valve member, whereby the attractive force
between the magnet(s) and the valve member acts on the
sealing member to enhance the seal between it and the
valve member. 13. A carburettor as claimed in any one
of the preceding claims in which the valve member has
two or more differently profiled regions on different
areas of its side surface. 14. A carburettor as
claimed in Claim 13 in which the wall of the sleeve
defines two outlets which cooperate with respective
profiled regions of the valve member and that two
inlets are provided which communicate with respective
inlet spaces which communicate with respective
profiled regions of the valve member. 15. A
carburettor as claimed in any one of the preceding
claims which includes a further fuel metering valve
for metering the small amounts of fuel needed for
idling operation of an engine in parallel with the
fuel metering valve. 16. A carburettor as claimed in
Claim 15 in which the valve member carries a further
valve member which cooperates with a valve seat within
the valve member, the valve seat communicating with
the inlet space and with a further space within the
valve member, the further space communicating with an
idling outlet in the side surface of the valve member,
the idling outlet being so positioned that it
communicates with the outlet in the sleeve when the
carburettor is in idling operation.17. A carburettor
as claimed in any one of Claims 1 to 14 which includes
a further fuel metering valve in series with the fuel
metering valve. 18. A carburettor as claimed in Claim
17 in which the fuel inlet communicates with the fuel
inlet space via a valve seat and the valve member of
the fuel metering valve carries a further valve member
which cooperates with the valve seat and constitutes
with it the further fuel metering valve. 19. A
carburettor as claimed in Claim 16 or 18 in which the
position of the further valve member is adjustable
with respect to the valve member. 20. A carburettor as
claimed in Claim 17 in which the further fuel metering
valve is situated upstream of the fuel metering space
and is electrically operable. 21. A carburettor as
claimed in any one of the preceding claims including a
rotary input shaft which is adapted to be connected to
an engine speed control member and is connected to the
throttle valve to move it between open and closed
positions and to a carriage to move it, the 



carriage carrying at least one elongate inclined ramp,
which extends in the direction of movement of the
carriage and which is engaged by a follower connected
to the valve member, whereby rotation of the input
shaft results in movement of the throttle valve and in
movement of the carriage and thus the elongate ramp,
whereby the follower is moved transverse to the length
of the ramp and the valve member of the fuel metering
valve is moved also.22. A carburettor as claimed in
Claim 2 1 which carries one or more parallel tracks,
the carriage being connected to one or more support
members which bear against respective tracks, whereby
the carriage is guided to move linearly. 23. A
carburettor as claimed in Claim 22 in which the input
shaft is connected to the carriage by a lost motion
linkage. 24. A carburettor as claimed in any one of
Claims 2 1 to 23 in which the throttle valve is
connected to the carriage by a lost motion linkage.
25. A carburettor as claimed in any one of Claims 2 1
to 24 including one or more parallel inclined ramps
and a valve carrier which is connected to the valve
member and carries one or more rollers which are
supported on respective inclined ramps. 26. A
carburettor as claimed in Claim 21 in which the
carriage is connected to the rotary input shaft to
rotate with it and the elongate ramp is of
partcircular shape. 27. A carburettor as claimed in
any one of the preceding claims including a secondary
air passage with an inlet and with an outlet to the
primary air passage between the throttle valve and its
outlet, the fuel outlet of the fuel metering valve
communicating with the secondary air passage, the fuel
supply nozzle communicating with the secondary and
primary air passages such that, in use, the fuel mixes
with the air flowing through the secondary air passage
before flowing through the nozzle and mixing with the
air flowing in the primary air passage.28. A
carburettor as claimed in Claim 27 in which the fuel
supply nozzle includes a fuel inlet passage
communicating with the outlet of the fuel metering
valve, a mixture outlet passage communicating with the
primary air passage and at least one air inlet passage
which communicates with the secondary air passage and
the mixture outlet passage. 29. A carburettor as
claimed in Claim 27 in which the fuel supply nozzle
includes a bore of constant cross-sectional area whose
upstream end communicates with the secondary air
passage and whose downstream end communicates with a
divergent bore. 30. A carburettor as claimed in Claim
29 in which the minimum crosssectional area of the
secondary air passage over its entire length is
greater than the cross-sectional area of the bore of
constant crosssectional area. 31. A carburettor as
claimed in any one of Claims 28 to 30 in which the
secondary air passage includes a controllable valve. 



32. A carburettor as claimed in Claim 3 1 in which the
controllable valve is connected to the throttling
valve and arranged to close progressively as the
throttle valve opens. 33. A carburettor as claimed in
Claim 32 in which the throttle valve is mounted on a
rotary shaft through which a radial passage passes,
the radial passage constituting a contiguous part of
the secondary air passage when the throttle valve is
substantially closed, whereby as the throttle valve is
opened the radial passage becomes
progressivelymisaligned with the adjacent portions of
the secondary air passage and thus progressively
throttles the air flow through the secondary air
passage. 34. A carburettor as claimed in Claim 33 in
which the secondary air passage comprises two
branches, a first branch which includes the radial
passage and a second branch which is connected to the
first branch downstream of the radial passage and thus
bypasses it. 


