
CRYSTAL FORMS OF AN IMIDAZOLE DERIVATIVE The present
invention relates to novel crystal forms of
L/-[({2-[4-(2-ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide (alternatively named
2-Ethyl-4,6-dimethyl-1-(4-{2-
[({[(4-methylphenyl)sulfonyl]amino}carbonyl)amino]ethy
l}phenyl)-1 H-imidazo[4,5- c]pyridine). More
particularly, the invention relates to the polymorph
forms known as A and B, and to processes for the
preparation of, compositions containing and to uses
of, such polymorphs.
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide is disclosed in WOA- 02/32900 as an EP4 receptor
antagonist, which is useful in the treatment or
alleviation of pain and inflammation and other
inflammation-associated disorders, such as arthritis,
in particular osteoarthritis. The use of
/V-[({2-[4-(2-Ethyl-4,6-dimethyl-1H-imidazo[4,5-c]pyri
din-1-
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide in the treatment of rheumatoid arthritis is also
disclosed in WO-A-02/32422. Furthermore, the use of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide in the treatment of IL-6 involved diseases, such
as alcoholic cirrhosis, amyloidosis, atherosclerosis,
cardiac disease, sclerosis and organ transplantation
reactions, is disclosed in WO-A-03/086371 .The
previously known methods of preparing
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide, described in WO-A-02/32900,
have produced an unstable solvate, which may be an
isomorphic form of crystal form C. It is an object of
this invention to provide a pharmaceutically suitable,
essentially pure, crystalline, crystal form of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 H-imidazo[4,5-
c]pyridin-1
-yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfon
amide that can be easily, economically and
reproducibly prepared for use in a pharmaceutical
formulation having consistent performance
characteristics such as relating to stability and
bioavailability. It has now been surprisingly found
that this object has been achieved by the present
invention, which provides essentially pure,
crystalline polymorphic forms of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide known as Polymorph Form A and Polymorph Form B,
and an inventive process for the preparation of each
thereof. Polymorph Form A was found to be the most
stable of the forms identified. It is anhydrous,
crystalline, non-hygroscopic, high-melting and has
acceptable solid-state properties for solid dosage
form development. Polymorph Form B was also found to
be stable and suitable for use in a pharmaceutical
formulation. Accordingly, the present invention
provides essentially pure, crystalline, L/-[({2-[4-
(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]- 4-methylbenzenesulfonamide Polymorph Form A,
which is characterised by a powder X-ray diffraction
pattern (PXRD) obtained by irradiation with Cu Ka
radiation which includes main peaks at 2-Theta  9.8,
13.2, 13.4, 13.7, 14.1 , 17.5, 19.0, 2 1.6, 24.0 and
25.7 +/- 0.2. L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A is further characterised by
differential scanning calorimetry (DSC) in which it
exhibits an endothermic thermal event at about 16O
C./V-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A is yet further characterised by
an infrared (IR) spectrum (KBr) which shows absorption
bands at 2985, 2920, 2871 , 1706, 1641 , 1596, 1515,
1456, 1369, 1340, 1294, 1249, 1224, 1164, 1124, 1091 ,
10 16 , 902, 8 15, 659, 574 and 549 cm 1. The present
invention further provides essentially pure,
crystalline, L/-[({2-[4-(2- Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide Polymorph Form B,
which is characterised by a powder X-ray diffraction
pattern obtained by irradiation with Cu Ka radiation
which includes main peaks at 2-Theta  6.3, 11.3, 12.8,
13.0, 13.5, 14.5, 15.6, 20.5, 23.0, and 25.8 +/- 0.2.
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form B is further characterised by
differential scanning calorimetry (DSC) in which it
exhibits an endothermic event at about 178C.
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form B is yet further characterised by
an infrared (IR) spectrum (KBr) which shows unique
absorption bands at 3443, 3296 and 1704 cm 1 . 



Further described are the essentially pure,
crystalline, L/-[({2-[4-(2-Ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide Crystal Forms C, D,
and G. It will be appreciated that these Crystal Forms
are not to be regarded only as synthetic intermediates
that can be further processed to
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 H-imidazo[4,5-
cJpyridin-i-yOphenyllethylJaminoJcarbonylH-methylbenze
nesulfonamide Polymorph Forms A and B, but they also
have the same therapeutic properties. However
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Crystal Forms C, Dand G are not as suitable as
Polymorph Forms A and B for use in preparing
pharmaceutical formulations, principally because the
former Crystal Forms are less stable.
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Crystal Forms C, D and G are characterised by
PXRD and differential scanning calorimetry (DSC), as
detailed in Table 1: Table 1The expression
'essentially pure' when used herein means at least 95%
by weight purity. More preferably, 'essentially pure'
means at least 98% by weight purity and most
preferably means at least 99% by weight purity. As a
further aspect of the invention, there is provided
L/-[({2-[4-(2-Ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide Polymorph Form A or B
for use as a medicament. As a yet further aspect of
the invention, there is provided the use of
L/-[({2-[4-(2- Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1
-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Form A or B in the
manufacture of a medicament for the treatment of any
disease for which an EP4 receptor antagonist is
indicated, particularly for the curative, prophylactic
or palliative treatment of pain, inflammation,
osteoarthritis or rheumatoid arthritis. As an
alternative aspect, there is provided a method for the
treatment of any disease for which an EP4 receptor
antagonist is indicated, particularly for the
curative, prophylactic or palliative treatment of
pain, inflammation, osteoarthritis or rheumatoid
arthritis, including administration of a
therapeutically effective amount of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A or B to a mammal, including a
human, in need of such treatment. The
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yI)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Forms A and B of the present invention
are useful for the general treatment of pain.
Physiological pain is an important protective
mechanism designed to warn of danger from potentially
injurious stimuli from the external environment. The
system operates through a specific set of primary
sensory neurones and is activated by noxious stimuli
via peripheral transducing mechanisms (see Millan,
1999, Prog. Neurobiol., 57, 1-1 64 for a review).
These sensory fibres are knownas nociceptors and are
characteristically small diameter axons with slow
conduction velocities. Nociceptors encode the
intensity, duration and quality of noxious stimulus
and by virtue of their topographically organised
projection to the spinal cord, the location of the
stimulus. The nociceptors are found on nociceptive
nerve fibres of which there are two main types,
A-delta fibres (myelinated) and C fibres
(non-myelinated). The activity generated by nociceptor
input is transferred, after complex processing in the
dorsal horn, either directly, or via brain stem relay
nuclei, to the ventrobasal thalamus and then on to the
cortex, where the sensation of pain is generated. Pain
may generally be classified as acute or chronic. Acute
pain begins suddenly and is short-lived (usually
twelve weeks or less). It is usually associated with a
specific cause such as a specific injury and is often
sharp and severe. It is the kind of pain that can
occur after specific injuries resulting from surgery,
dental work, a strain or a sprain. Acute pain does not
generally result in any persistent psychological
response. In contrast, chronic pain is long-term pain,
typically persisting for more than three months and
leading to significant psychological and emotional
problems. Common examples of chronic pain are
neuropathic pain (e.g. painful diabetic neuropathy,
postherpetic neuralgia), carpal tunnel syndrome, back
pain, headache, cancer pain, arthritic pain and
chronic post-surgical pain. When a substantial injury
occurs to body tissue, via disease or trauma, the
characteristics of nociceptor activation are altered
and there is sensitisation in the periphery, locally
around the injury and centrally where the nociceptors
terminate. These effects lead to a hightened sensation
of pain. In acute pain these mechanisms can be useful,
in promoting protective behaviours which may better
enable repair processes to take place. The normal
expectation would be that sensitivity returns to
normal once the injury has healed. However, in many
chronic pain states, the hypersensitivity far outlasts
the healing process and is often due to nervous system
injury. This injury often leads to abnormalities in
sensory nerve fibres associated with maladaptation and
aberrant activity (Woolf & 



Salter, 2000, Science, 288, 1765-1768).Clinical pain
is present when discomfort and abnormal sensitivity
feature among the patient's symptoms. Patients tend to
be quite heterogeneous and may present with various
pain symptoms. Such symptoms include: 1) spontaneous
pain which may be dull, burning, or stabbing; 2)
exaggerated pain responses to noxious stimuli
(hyperalgesia); and 3) pain produced by normally
innocuous stimuli (allodynia - Meyer et al., 1994,
Textbook of Pain, 13-44). Although patients suffering
from various forms of acute and chronic pain may have
similar symptoms, the underlying mechanisms may be
different and may, therefore, require different
treatment strategies. Pain can also therefore be
divided into a number of different subtypes according
to differing pathophysiology, including nociceptive,
inflammatory and neuropathic pain. Nociceptive pain is
induced by tissue injury or by intense stimuli with
the potential to cause injury. Pain afferents are
activated by transduction of stimuli by nociceptors at
the site of injury and activate neurons in the spinal
cord at the level of their termination. This is then
relayed up the spinal tracts to the brain where pain
is perceived (Meyer et al., 1994, Textbook of Pain,
13-44). The activation of nociceptors activates two
types of afferent nerve fibres. Myelinated A-delta
fibres transmit rapidly and are responsible for sharp
and stabbing pain sensations, whilst unmyelinated C
fibres transmit at a slower rate and convey a dull or
aching pain. Moderate to severe acute nociceptive pain
is a prominent feature of pain from central nervous
system trauma, strains/sprains, burns, myocardial
infarction and acute pancreatitis, post-operative pain
(pain following any type of surgical procedure),
posttraumatic pain, renal colic, cancer pain and back
pain. Cancer pain may be chronic pain such as tumour
related pain (e.g. bone pain, headache, facial pain or
visceral pain) or pain associated with cancer therapy
(e.g. postchemotherapy syndrome, chronic postsurgical
pain syndrome or post radiation syndrome). Cancer pain
may also occur in response to chemotherapy,
immunotherapy, hormonal therapy or radiotherapy. Back
pain may be due to herniated or ruptured
intervertebral discs or abnormalities of the lumber
facet joints, sacroiliac joints, paraspinal muscles or
the posterior longitudinal ligament. Back pain may
resolve naturally but in some patients, where it lasts
over 12 weeks, it becomes a chronic condition which
can be particularly debilitating.Neuropathic pain is
currently defined as pain initiated or caused by a
primary lesion or dysfunction in the nervous system.
Nerve damage can be caused by trauma and disease and
thus the term 'neuropathic pain' encompasses many
disorders with diverse aetiologies. These include, but
are not limited to, peripheral neuropathy, diabetic
neuropathy, post herpetic neuralgia, trigeminal
neuralgia, back pain, cancer neuropathy, HIV
neuropathy, phantom limb pain, carpal tunnel syndrome,
central post-stroke pain and pain associated with
chronic alcoholism, hypothyroidism, uremia, multiple
sclerosis, spinal cord injury, Parkinson's disease,
epilepsy and vitamin deficiency. Neuropathic pain is
pathological as it has no protective role. It is often
present well after the original cause has dissipated,
commonly lasting for years, significantly decreasing a
patient's quality of life (Woolf and Mannion, 1999,
Lancet, 353, 1959-1 964). The symptoms of neuropathic
pain are difficult to treat, as they are often
heterogeneous even between patients with the same
disease (Woolf & Decosterd, 1999, Pain Supp., 6,
S141-S147; Woolf and Mannion, 1999, Lancet, 353,
1959-1964). They include spontaneous pain, which can
be continuous, and paroxysmal or abnormal evoked pain,
such as hyperalgesia (increased sensitivity to a
noxious stimulus) and allodynia (sensitivity to a
normally innocuous stimulus). The inflammatory process
is a complex series of biochemical and cellular
events, activated in response to tissue injury or the
presence of foreign substances, which results in
swelling and pain (Levine and Taiwo, 1994, Textbook of
Pain, 45- 56). Arthritic pain is the most common
inflammatory pain. Rheumatoid disease is one of the
commonest chronic inflammatory conditions in developed
countries and rheumatoid arthritis is a common cause
of disability. The exact aetiology of rheumatoid
arthritis is unknown, but current hypotheses suggest
that both genetic and microbiological factors may be
important (Grennan & Jayson, 1994, Textbook of Pain,
397-407). It has been estimated that almost 16 million
Americans have symptomatic osteoarthritis (OA) or
degenerative joint disease, most of whom are over 60
years of age, and this is expected to increase to 40
million as the age of the population increases, making
this a public health problem of enormous magnitude
(Houge & Mersfelder, 2002, Ann Pharmacother., 36,
679-686; McCarthy et al., 1994, Textbook of Pain,
387-395). Most patients with osteoarthritis seek
medical attention because of the associated pain.
Arthritishas a significant impact on psychosocial and
physical function and is known to be the leading cause
of disability in later life. Ankylosing spondylitis is
also a rheumatic disease that causes arthritis of the
spine and sacroiliac joints. It varies from
intermittent episodes of back pain that occur
throughout life to a severe chronic disease that
attacks the spine, peripheral joints and other body
organs. Another type of inflammatory pain is visceral
pain which includes pain associated with inflammatory
bowel disease (IBD). Visceral pain is pain associated
with the 



viscera, which encompass the organs of the abdominal
cavity. These organs include the sex organs, spleen
and part of the digestive system. Pain associated with
the viscera can be divided into digestive visceral
pain and non-digestive visceral pain. Commonly
encountered gastrointestinal (Gl) disorders that cause
pain include functional bowel disorder (FBD) and
inflammatory bowel disease (IBD). These Gl disorders
include a wide range of disease states that are
currently only moderately controlled, including, in
respect of FBD, gastroesophageal reflux, dyspepsia,
irritable bowel syndrome (IBS) and functional
abdominal pain syndrome (FAPS), and, in respect of
IBD, Crohn's disease, ileitis and ulcerative colitis,
all of which regularly produce visceral pain. Other
types of visceral pain include the pain associated
with dysmenorrhea, cystitis and pancreatitis and
pelvic pain. It should be noted that some types of
pain have multiple aetiologies and thus can be
classified in more than one area, e.g. back pain and
cancer pain have both nociceptive and neuropathic
components. Other types of pain include:  pain
resulting from musculoskeletal disorders, including
myalgia, fibromyalgia, spondylitis, sero-negative
(non-rheumatoid) arthropathies, non-articular
rheumatism, dystrophinopathy, glycogenosis,
polymyositis and pyomyositis;  heart and vascular
pain, including pain caused by angina, myocardical
infarction, mitral stenosis, pericarditis, Raynaud's
phenomenon, scleredoma and skeletal muscle ischemia;
head pain, such as migraine (including migraine with
aura and migraine without aura), cluster headache,
tension-type headache mixed headache and headache
associated with vascular disorders; and  orofacial
pain, including dental pain, otic pain, burning mouth
syndrome and temporomandibular myofascial pain. The
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Forms of the present invention may also
be useful for the treatment of a disorder or condition
selected from the group consisting of pain, fever or
inflammation associated with rheumatic fever,
influenza or other viral infections, common cold, low
back and neck pain, skeletal pain, post-partum pain,
dysmenorrhea, headache, migraine, toothache, sprains
and strains, myositis, neuralgia, fibromyalgia,
synovitis, arthritis, including rheumatoid arthritis,
degenerative joint diseases (osteoarthritis), gout and
ankylosing spondylitis, bursitits, burns including
radiation and corrosive chemical injuries, sunburns,
pain following surgical and dental procedures or bone
fracture, immune and autoimmune diseases such as
systemic lupus erythematosus; AIDS(acquired immuno
deficiency syndrome), gastrointestinal cancers such as
colon cancer ; cellular neoplastic transformations or
mefastic tumor growth; diabetic retinopathy, tumor
angiogenesis; prostanoid-induced smooth muscle
contraction associated with dysmenorrhea, premature
labor, allergic rhinitis, atopic dermatitis, asthma or
eosinophil related disorders,
hyperimmunoglobulinaemia, Castleman's disease,
myeloma; Alzheimer's disease, sleep disorders,
endocrine disturbance; glaucoma; bone loss;
osteoporosis; promotion of bone formation; Paget's
disease: cytoprotection in peptic ulcers, gastritis,
regional enteritis, ulcerative colitis, diverticulitis
or other gastrointestinal lesions; Gl bleeding and
patients undergoing chemotherapy; coagulation
disorders selected from hypoprothrombinemia,
haemophilia and other bleeding problems; kidney
disease; thrombosis; occlusive vascular disease;
presurgery; and anti-coagulation. The
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Forms of the present invention are also
useful in the treatment of IL-6 involved
diseasesselected from the group consisting of
alcoholic cirrhosis, amyloidosis, atherosclerosis,
cardiac disease such as angina pectoris, myocardial
infarction, myocardiopathy and myocarditis, sclerosis
such as multiple sclerosis, and organ transplantation
reactions. Synthetic routes for the preparation of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide are described in
WO-A-02/32900 and in the Example Section below.
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A may be prepared by
crystallisation from a solution of
L/-[({2-[4-(2-Ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide in ethyl acetate.
Alternatively, L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A may be prepared by
crystallisation from a solution of
L/-[({2-[4-(2-Ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide in acetone. 



Alternatively, L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A may be prepared by
crystallisation from a solution of Polymorph Form B in
a mixture of acetonitrile and ethyl acetate.
Alternatively, L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A may be prepared by
crystallisation from a solution of Polymorph Form B in
a mixture of dichloromethane and acetone by using a
seeding crystal of Polymorph Form A.Alternatively,
/V-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A may be prepared by
crystallisation from a solution of Polymorph Form B in
ethanol. L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form B may be prepared by
crystallisation from a solution of
L/-[({2-[4-(2-Ethyl-4,6- dimethyl-I H-imidazo^.
d-clpyridin-i-yOpheny ethylJaminoJcarbonyl]^-
methylbenzenesulfonamide in dichloromethane and
acetone. Alternatively,
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form B may be prepared by
crystallisation from a solution of
/V-[({2-[4-(2-Ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide in dichloromethane by
partial displacement of the dichloromethane with
acetone. The L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Forms of the present invention can be
administered alone or in combination with one or more
other drugs (or as any combination thereof).
Generally, they will be administered as a formulation
in association with one or more pharmaceutically
acceptable excipients. The term 'excipient' is used
herein to describe any ingredient other than the
compound(s) of the invention. The choice of excipient
will to a large extent depend on factors such as the
particular mode of administration, the effect of the
excipient on solubility and stability, and the nature
of the dosage form. Thus, as a further aspect of the
present invention, there is provided a pharmaceutical
composition including
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Form A or B and one
or more suitableexcipients. The composition is
suitable for the treatment of pain, inflammation,
osteoarthritis or rheumatoid arthritis. For the
avoidance of doubt, references herein to "treatment"
include references to curative, palliative and
prophylactic treatment. For non-human animal
administration, the term 'pharmaceutical' as used
herein may be replaced by 'veterinary.' Pharmaceutical
compositions suitable for the delivery of the
Polymorph Forms of the invention and methods for their
preparation will be readily apparent to those skilled
in the art. Such compositions and methods for their
preparation may be found, for example, in Remington's
Pharmaceutical Sciences , 19th Edition (Mack
Publishing Company, 1995). ORAL ADMINISTRATION The
Polymorph Forms of the invention may be administered
orally. Oral administration may involve swallowing, so
that the compound enters the gastrointestinal tract,
and/or buccal, lingual, or sublingual administration
by which the compound enters the blood stream directly
from the mouth. Formulations suitable for oral
administration include solid, semi-solid and liquid
systems such as tablets; soft or hard capsules
containing multi- or nanoparticulates, liquids, or
powders; lozenges (including liquid-filled); chews;
gels; fast dispersing dosage forms; films; ovules;
sprays; and buccal/mucoadhesive patches. Liquid
formulations include suspensions, solutions, syrups
and elixirs. Such formulations may be employed as
fillers in soft or hard capsules (made, for example,
from gelatin or hydroxypropylmethylcellulose) and
typically comprise a carrier, for example, water,
ethanol, polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more
emulsifying agents and/orsuspending agents. Liquid
formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.
The Polymorph Forms of the invention may also be used
in fast-dissolving, fastdisintegrating dosage forms
such as those described in Expert Opinion in
Therapeutic Patents, H (6), 981 -986, by Liang and
Chen (2001 ) . For tablet dosage forms, depending on
dose, the drug may make up from 1 weight % to 80
weight % of the dosage form, more typically from 5
weight % to 60 weight % of the dosage form. In
addition to the drug, tablets generally contain a
disintegrant. Examples of disintegrants include sodium
starch glycolate, sodium 



carboxymethyl cellulose, calcium carboxymethyl
cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinised starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 weight % to 25 weight %, preferably
from 5 weight % to 20 weight % of the dosage form.
Binders are generally used to impart cohesive
qualities to a tablet formulation. Suitable binders
include microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums,
polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyl
methylcellulose. Tablets may also contain diluents,
such as lactose (monohydrate, spray-dried monohydrate,
anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch
and dibasic calcium phosphate dihydrate. Tablets may
also optionally comprise surface active agents, such
as sodium lauryl sulfate and polysorbate 80, and
glidants such as silicon dioxide and talc. When
present, surface active agents may comprise from 0.2
weight % to 5 weight % of the tablet, and glidants may
comprise from 0.2 weight % to 1 weight % of the
tablet. Tablets also generally contain lubricants such
as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of
magnesiumstearate with sodium lauryl sulphate.
Lubricants generally comprise from 0.25 weight % to 10
weight %, preferably from 0.5 weight % to 3 weight %
of the tablet. Other possible ingredients include
anti-oxidants, colourants, flavouring agents,
preservatives and taste-masking agents. Exemplary
tablets contain up to about 80% drug, from about 10
weight % to about 90 weight % binder, from about 0
weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from
about 0.25 weight % to about 10 weight % lubricant.
Tablet blends may be compressed directly or by roller
to form tablets. Tablet blends or portions of blends
may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The
final formulation may comprise one or more layers and
may be coated or uncoated; it may even be
encapsulated. The formulation of tablets is discussed
in Pharmaceutical Dosage Forms: Tablets , Vol. 1, by
H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980). Consumable oral films for human or veterinary
use are typically pliable watersoluble or
water-swellable thin film dosage forms which may be
rapidly dissolving or mucoadhesive and typically
comprise a Polymorph Form in accordance with the
invention, a film-forming polymer, a binder, a
solvent, a humectant, a plasticiser, a stabiliser or
emulsifier, a viscosity-modifying agent and a solvent.
Some components of the formulation may perform more
than one function. The Polymorph Forms of the
invention may be water-soluble or insoluble. A
water-soluble compound typically comprises from 1
weight % to 80 weight %, more typically from 20 weight
% to 50 weight %, of the solutes. Less soluble
compounds may comprise a greater proportion of the
composition, typically up to 88 weight % of the
solutes. Alternatively, the Polymorph Forms of the
invention may be in the form of multiparticulate
beads.The film-forming polymer may be selected from
natural polysaccharides, proteins, or synthetic
hydrocolloids and is typically present in the range
0.01 to 99 weight %, more typically in the range 30 to
80 weight %. Other possible ingredients include
anti-oxidants, colorants, flavourings and flavour
enhancers, preservatives, salivary stimulating agents,
cooling agents, cosolvents (including oils),
emollients, bulking agents, anti-foaming agents,
surfactants and taste-masking agents. Films in
accordance with the invention are typically prepared
by evaporative drying of thin aqueous films coated
onto a peelable backing support or paper. This may be
done in a drying oven or tunnel, typically a combined
coater dryer, or by freeze-drying or vacuuming. Solid
formulations for oral administration may be formulated
to be immediate and/or modified release. Modified
release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release.
Suitable modified release formulations for the
purposes of the invention are described in US Patent
No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles are to be found in
Pharmaceutical Technology On-line , 25(2), 1-14, by
Verma et a/ (2001). The use of chewing gum to achieve
controlled release is described in WO 00/35298.
PARENTERAL ADMINISTRATION The Polymorph Forms of the
invention may also be administered directly into the
blood stream, into muscle, or into an internal organ.
Suitable means for parenteral administration include
intravenous, intraarterial, intraperitoneal,
intrathecal, intraventricular, intraurethral,
intrastemal, intracranial, intramuscular,
intrasynovial and subcutaneous. Suitable devices for
parenteral administration 



include needle (including microneedle) injectors,
needle-free injectors and infusion
techniques.Parenteral formulations are typically
aqueous solutions which may contain excipients such as
salts, carbohydrates and buffering agents (preferably
to a pH of from 3 to 9), but, for some applications,
they may be more suitably formulated as a sterile
non-aqueous solution or as a dried form to be used in
conjunction with a suitable vehicle such as sterile,
pyrogen-free water. The preparation of parenteral
formulations under sterile conditions, for example, by
lyophilisation, may readily be accomplished using
standard pharmaceutical techniques well known to those
skilled in the art. Formulations for parenteral
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release. Thus the Polymorph
Forms of the invention may be formulated as a
suspension or as a solid, semi-solid, or thixotropic
liquid for administration as an implanted depot
providing modified release of the active compound.
Examples of such formulations include drug-coated
stents and semi-solids and suspensions comprising
drug-loaded poly(d/-lactic-coglycolic)acid (PGLA)
microspheres. TOPICAL ADMINISTRATION The Polymorph
Forms of the invention may also be administered
topically, (intra)dermally, or transdermal^ to the
skin or mucosa. Typical formulations for this purpose
include gels, hydrogels, lotions, solutions, creams,
ointments, dusting powders, dressings, foams, films,
skin patches, wafers, implants, sponges, fibres,
bandages and microemulsions. Liposomes may also be
used. Typical carriers include alcohol, water, mineral
oil, liquid petrolatum, white petrolatum, glycerin,
polyethylene glycol and propylene glycol. Penetration
enhancers may be incorporated - see, for example, J
Pharm Sci, 88 (10), 955- 958, by Finnin and Morgan
(October 1999). Other means of topical administration
include delivery by electroporation, iontophoresis,
phonophoresis, sonophoresis and microneedle or
needle-free {e.g.Powderject(tm), Bioject(tm), etc.)
injection. Topical administration may also be achieved
using a patch, such as a transdemal iontophoretic
patch. Formulations for topical administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. The Polymorph Forms of the
invention can also be administered intranasally or by
inhalation, typically in the form of a dry powder
(either alone, as a mixture, for example, in a dry
blend with lactose, or as a mixed component particle,
for example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler, as an
aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using
electrohydrodynamics to produce a fine mist), or
nebuliser, with or without the use of a suitable
propellant, such as 1, 1 ,1 ,2-tetrafluoroethane or 1,
1 ,1 ,2,3,3,3-heptafluoropropane, or as nasal drops.
For intranasal use, the powder may comprise a
bioadhesive agent, for example, chitosan or
cyclodextrin. The pressurised container, pump, spray,
atomizer, or nebuliser contains a solution or
suspension of a Polymorph Form in accordance with the
invention comprising, for example, ethanol, aqueous
ethanol, or a suitable alternative agent for
dispersing, solubilising, or extending release of the
active, a propellant(s) as solvent and an optional
surfactant, such as sorbitan trioleate, oleic acid, or
an oligolactic acid. Prior to use in a dry powder or
suspension formulation, the drug product is micronised
to a size suitable for delivery by inhalation
(typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral
jet milling, fluid bed jet milling, supercritical
fluid processing to form nanoparticles, high pressure
homogenisation, or spray drying. Capsules (made, for
example, from gelatin or
hydroxypropylmethylcellulose), blisters and cartridges
for use in an inhaler or insufflator may be formulated
to contain a powder mix of the compound of the
invention, a suitable powder basesuch as lactose or
starch and a performance modifier such as /-leucine,
mannitol, or magnesium stearate. The lactose may be
anhydrous or in the form of the monohydrate,
preferably the latter. Other suitable excipients
include dextran, glucose, maltose, sorbitol, xylitol,
fructose, sucrose and trehalose. A suitable solution
formulation for use in an atomiser using
electrohydrodynamics to produce a fine mist may
contain from 1mg to 20mg of the compound of the
invention per actuation and the actuation volume may
vary from 1ml to 10Oml. A typical formulation may
comprise a Polymorph Form in accordance with the
invention, propylene glycol, sterile water, ethanol
and sodium chloride. Alternative solvents which may be
used instead of propylene glycol include glycerol and
polyethylene glycol. Suitable flavours, such as
menthol and levomenthol, or sweeteners, such as
saccharin or saccharin sodium, may be added to those
formulations of the invention intended for
inhaled/intranasal administration. 



Formulations for inhaled/intranasal administration may
be formulated to be immediate and/or modified release
using, for example, PGLA. Modified release
formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. In the
case of dry powder inhalers and aerosols, the dosage
unit is determined by means of a valve which delivers
a metered amount. Units in accordance with the
invention are typically arranged to administer a
metered dose or "puff" containing from 1 mg to 20 mg
of the compound of formula I . The overall daily dose
will typically be in the range 1 mg to 100 mg which
may be administered in a single dose or, more usually,
as divided doses throughout the day. RECTAL/INTRAVAG
INAL ADMINISTRATION The Polymorph Forms of the
invention may be administered rectally or vaginally,
for example, in the form of a suppository, pessary, or
enema. Cocoa butter is a traditional suppository base,
but various alternatives may be used as
appropriate.Formulations for rectal/vaginal
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release. OCULAR/AURAL
ADMINISTRATION The Polymorph Forms of the invention
may also be administered directly to the eye or ear,
typically in the form of drops of a micronised
suspension or solution in isotonic, pH-adjusted,
sterile saline. Other formulations suitable for ocular
and aural administration include ointments, gels,
biodegradable (e.g. absorbable gel sponges, collagen)
and non-biodegradable (e.g. silicone) implants,
wafers, lenses and particulate or vesicular systems,
such as niosomes or liposomes. A polymer such as
crossed-linked polyacrylic acid, polyvinylalcohol,
hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose,
or methyl cellulose, or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated
together with a preservative, such as benzalkonium
chloride. Such formulations may also be delivered by
iontophoresis. Formulations for ocular/aural
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted, or programmed release. OTHER TECHNOLOGIES
The Polymorph Forms of the invention may be combined
with soluble macromolecular entities, such as
cyclodextrin and suitable derivatives thereof or
polyethylene glycol-containing polymers, in order to
improve their solubility, dissolution rate,
taste-masking, bioavailability and/or stability for
use in any of the aforementioned modes of
administration. Drug-cyclodextrin complexes, for
example, are found to be generally useful for most
dosage forms and administration routes. Both inclusion
and non-inclusion complexes may be used. As an
alternative to direct complexation with the drug,the
cyclodextrin may be used as an auxiliary additive,
i.e. as a carrier, diluent, or solubiliser. Most
commonly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in
International Patent Applications Nos. WO 91/1 1172,
WO 94/02518 and WO 98/55148. KIT-OF-PARTS Inasmuch as
it may desirable to administer a combination of active
compounds, for example, for the purpose of treating a
particular disease or condition, it is within the
scope of the present invention that two or more
pharmaceutical compositions, at least one of which
contains a Polymorph Form in accordance with the
invention, may conveniently be combined in the form of
a kit suitable for coadministration of the
compositions. Thus the kit of the invention comprises
two or more separate pharmaceutical compositions, at
least one of which contains a Polymorph Form in
accordance with the invention, and means for
separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An
example of such a kit is the familiar blister pack
used for the packaging of tablets, capsules and the
like. The kit of the invention is particularly
suitable for administering different dosage forms, for
example, oral and parenteral, for administering the
separate compositions at different dosage intervals,
or for titrating the separate compositions against one
another. To assist compliance, the kit typically
comprises directions for administration and may be
provided with a so-called memory aid. DOSAGE For
administration to human patients, the total daily dose
of the the Polymorph Forms of the invention is
typically in the range 0.1 mg to 3000 mg depending, of
course, on the mode of administration. For example,
oral administration may require a total daily dose of
from 1 mg to 3000 mg, while an intravenous dose may
only require from 0.1 mg to 300 mg. The total daily
dose may beadministered in single or divided doses and
may, at the physician's discretion, fall outside of
the typical range given herein. Preferably the total
daily dose is in the range 0.1 mg to 500 mg. These
dosages are based on an average human subject having a
weight of about 



60kg to 70kg. The physician will readily be able to
determine doses for subjects whose weight falls
outside this range, such as infants and the elderly.
For the avoidance of doubt, references herein to
"treatment" include references to curative, palliative
and prophylactic treatment. The Polymorph Forms of the
present invention may also optionally be combined with
another pharmacologically active compound, or with two
or more other pharmacologically active compounds,
particularly for the treatment of pain. For example,
the Polymorph Forms of the present invention, as
defined above, may be administered simultaneously,
sequentially or separately in combination with one or
more agents selected from:  an opioid analgesic, e.g.
morphine, heroin, hydromorphone, oxymorphone,
levorphanol, levallorphan, methadone, meperidine,
fentanyl, cocaine, codeine, dihydrocodeine, oxycodone,
hydrocodone, propoxyphene, nalmefene, nalorphine,
naloxone, naltrexone, buprenorphine, butorphanol,
nalbuphine or pentazocine;  a nonsteroidal
antiinflammatory drug (NSAID), e.g. aspirin,
diclofenac, diflusinal, etodolac, fenbufen,
fenoprofen, flufenisal, flurbiprofen, ibuprofen,
indomethacin, ketoprofen, ketorolac, meclofenamic
acid, mefenamic acid, meloxicam, nabumetone, naproxen,
nimesulide, nitroflurbiprofen, olsalazine, oxaprozin,
phenylbutazone, piroxicam, sulfasalazine, sulindac,
tolmetin or zomepirac;  a barbiturate sedative, e.g.
amobarbital, aprobarbital, butabarbital, butabital,
mephobarbital, metharbital, methohexital,
pentobarbital, phenobartital, secobarbital, talbutal,
theamylal or thiopental; a benzodiazepine having a
sedative action, e.g. chlordiazepoxide, clorazepate,
diazepam, flurazepam, lorazepam, oxazepam, temazepam
or triazolam;  an H1 antagonist having a sedative
action, e.g. diphenhydramine, pyrilamine,
promethazine, chlorpheniramine or chlorcyclizine;  a
sedative such as glutethimide, meprobamate,
methaqualone or dichloralphenazone;  a skeletal muscle
relaxant, e.g. baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, methocarbamol or orphrenadine;  an
NMDA receptor antagonist, e.g. dextromethorphan
((+)-3-hydroxy-Nmethylmorphinan) or its metabolite
dextrorphan ((+)-3-hydroxy-Nmethylmorphinan),
ketamine, memantine, pyrroloquinoline quinine, cis-4-
(phosphonomethyl)-2-piperidinecarboxylic acid,
budipine, EN-3231 (MorphiDex(r), a combination
formulation of morphine and dextromethorphan),
topiramate, neramexane or perzinfotel including an
NR2B antagonist, e.g. ifenprodil, traxoprodil or
(-)-(R)-6-{2-[4-(3- fluorophenyl)-4-hydroxy-1
-piperidinyl]-1 -hydroxyethyl-3,4-dihydro-2(1 H)-
quinolinone;  an alpha-adrenergic, e.g. doxazosin,
tamsulosin, clonidine, guanfacine, dexmetatomidine,
modafinil, or
4-amino-6,7-dimethoxy-2-(5-methanesulfonamido- 1
,2,3,4-tetrahydroisoquinol-2-yl)-5-(2-pyridyl)
quinazoline;  a tricyclic antidepressant, e.g.
desipramine, imipramine, amitriptyline or
nortriptyline;  an anticonvulsant, e.g. carbamazepine,
lamotrigine, topiratmate or valproate;  a tachykinin
(NK) antagonist, particularly an NK-3, NK-2 or NK-1
antagonist, e.g.
(aR,9R)-7-[3,5-bis(trifluoromethyl)benzyl]-8,9,10,1 1-
tetrahydro-9-methyl-5-(4-methylphenyl)-7H-[1
,4]diazocino[2, 1-g][1 ,7]- naphthyridine-6-13-dione
(TAK-637), 5-[[(2R,3S)-2-[(1 R)-1 -[3,5-
bis(trifluoromethyl)phenyl]ethoxy-3-(4-fluorophenyl)-4
-morpholinyl]-methyl]- 1,2-dihydro-3H-1
,2,4-triazol-3-one (MK-869), aprepitant, lanepitant,
dapitant or
3-[[2-methoxy-5-(trifluoromethoxy)phenyl]-methylamino]
-2- phenylpiperidine (2S,3S); a muscarinic antagonist,
e.g oxybutynin, tolterodine, propiverine, tropsium
chloride, darifenacin, solifenacin, temiverine and
ipratropium;  a COX-2 selective inhibitor, e.g.
celecoxib, rofecoxib, parecoxib, valdecoxib,
deracoxib, etoricoxib, or lumiracoxib;  a coal-tar
analgesic, in particular paracetamol;  a neuroleptic
such as droperidol, chlorpromazine, haloperidol,
perphenazine, thioridazine, mesoridazine,
trifluoperazine, fluphenazine, clozapine, olanzapine,
risperidone, ziprasidone, quetiapine, sertindole,
aripiprazole, sonepiprazole, blonanserin, iloperidone,
perospirone, raclopride, zotepine, bifeprunox,
asenapine, lurasidone, amisulpride, balaperidone,
palindore, eplivanserin, osanetant, rimonabant,
meclinertant, Miraxion(r) or sarizotan;  a vanilloid
receptor agonist (e.g. resinferatoxin) or antagonist
(e.g. capsazepine);  a beta-adrenergic such as
propranolol; 



a local anaesthetic such as mexiletine;  a
corticosteroid such as dexamethasone;  a 5-HT receptor
agonist or antagonist, particularly a 5-HT I B/I
Dagonist such as eletriptan, sumatriptan, naratriptan,
zolmitriptan or rizatriptan;  a 5-HT2A receptor
antagonist such as
R(+)-alpha-(2,3-dimethoxy-phenyl)-1-
[2-(4-fluorophenylethyl)]-4-piperidinemethanol (MDL-1
00907);  a cholinergic (nicotinic) analgesic, such as
ispronicline (TC-1734), (E)-Nmethyl-
4-(3-pyridinyl)-3-buten-1 -amine (RJR-2403), (R)-5-(2-
azetidinylmethoxy)-2-chloropyridine (ABT-594) or
nicotine;  Tramadol(r);  a PDEV inhibitor, such as
5-[2-ethoxy-5-(4-methyl-1-piperazinylsulphonyl)
phenyl]-1-methyl-3-n-propyl-1
,6-dihydro-7H-pyrazolo[4,3- d]pyrimidin-7-one
(sildenafil), (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-
methyl-6-(3,4-methylenedioxyphenyl)-pyrazino[2',1
':6,1]-pyrido[3,4- b]indole-1 ,4-dione (IC-351 or
tadalafil), 2-[2-ethoxy-5-(4-ethyl-piperazin-1-
yl-1-sulphonyl)-phenyl]-5-methyl-7-propyl-3H-imidazo[5
,1 -f][1 ,2,4]triazin-4- one (vardenafil),
5-(5-acetyl-2-butoxy-3-pyridinyl)-3-ethyl-2-(1
-ethyl-3-
azetidinyl)-2,6-dihydro-7H-pyrazolo[4,3-c/|pyrimidin-7
-one,
5-(5-acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-isopro
pyl-3-azetidinyl)-2,6-dihydro-7Hpyrazolo[ 4,3- f
yrimidin-7-one, 5-[2-ethoxy-5-(4-ethylpiperazin-1-
ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2-methoxyethyl]-2
,6-dihydro-7Hpyrazolo[ 4,3-d]pyrimidin-7-one,
4-[(3-chloro-4-methoxybenzyl)amino]-2-
[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]-N-(pyrimidin-2
-ylmethyl)pyrimidine- 5-carboxamide, 3-(1
-methyl-7-oxo-3-propyl-6,7-dihydro-1 H-pyrazolo[4,3-
d]pyrimidin-5-yl)-N-[2-(1-methylpyrroIidin-2-yl)ethyl]
-4- propoxybenzenesulfonamide;  an alpha-2-delta
ligand such as gabapentin, pregabalin, 3-
methylgabapentin, (
1a,3a,5a)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid, (3S,5R)-3-aminomethyl-5-methyl-heptanoic
acid, (3S,5R)- 3-amino-5-methyl-heptanoic acid,
(3S,5R)-3-amino-5-methyl-octanoic acid,
(2S,4S)-4-(3-chlorophenoxy)proline,
(2S,4S)-4-(3-fluorobenzyl)-proline, [(1
R,5R,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic
acid, 3-(1- aminomethyl-cyclohexylmethyl)-4H-[1
,2,4]oxadiazol-5-one, C-[1 -(1 Htetrazol-
5-ylmethyl)-cycloheptyl]-methylamine, (3S,4S)-(1
-aminomethyl- 3,4-dimethyl-cyclopentyl)-acetic acid,
(3S,5R)-3-aminomethyl-5-methyloctanoic acid,
(3S,5R)-3-amino-5-methyl-nonanoic acid,
(3S,5R)-3-amino- 5-methyl-octanoic acid,
(3R,4R,5R)-3-amino-4,5-dimethyl-heptanoic acid and
(3R,4R,5R)-3-amino-4,5-dimethyl-octanoic acid;  a
cannabinoid;  metabotropic glutamate subtype 1
receptor (mGluRI) antagonist;  a serotonin reuptake
inhibitor such as sertraline, sertraline metabolite
demethylsertraline, fluoxetine, norfluoxetine
(fluoxetine desmethyl metabolite), fluvoxamine,
paroxetine, citalopram, citalopram metabolite
desmethylcitalopram, escitalopram, d,l-fenfluramine,
femoxetine, ifoxetine, cyanodothiepin, litoxetine,
dapoxetine, nefazodone, cericlamine and trazodone;  a
noradrenaline (norepinephrine) reuptake inhibitor,
such as maprotiline, lofepramine, mirtazepine,
oxaprotiline, fezolamine, tomoxetine, mianserin,
buproprion, buproprion metabolite hydroxybuproprion,
nomifensine and viloxazine (Vivalan(r)), especially a
selective noradrenaline reuptake inhibitor such as
reboxetine, in particular (S.S)-reboxetine; a dual
serotonin-noradrenaline reuptake inhibitor, such as
venlafaxine, venlafaxine metabolite
O-desmethylvenlafaxine, clomipramine, clomipramine
metabolite desmethylclomipramine, duloxetine,
milnacipran and imipramine;  an inducible nitric oxide
synthase (iNOS) inhibitor such as S-[2-[(1-
iminoethyl)amino]ethyl]-L-homocysteine, S-[2-[(1
-iminoethyl)-amino]ethyl]- 4,4-dioxo-L-cysteine,
S-[2-[(1-iminoethyl)amino]ethyl]-2-methyl-L-cysteine,
(2S,5Z)-2-amino-2-methyl-7-[(1
-iminoethyl)amino]-5-heptenoic acid, 2- [[(1
R,3S)-3-amino-4- hydroxy-1
-(5-thiazolyl)-butyl]thio]-5-chloro-3-
pyridinecarbonitrile; 2-[[(1
R,3S)-3-amino-4-hydroxy-1-(5-
thiazolyl)butyl]thio]-4-chlorobenzonitrile,
(2S,4R)-2-amino-4-[[2-chloro-5-
(trifluoromethyl)phenyl]thio]-5-thiazolebutanol,
2-[[(1 R,3S)-3-amino-4-hydroxy-1 -(5-thiazolyl)
butyl]thio]-6-(trifluoromethyl)- 3
pyridinecarbonitrile, 2-[[(1 R,3S)-3- amino-4-hydroxy-
1 -(5- thiazolyl)butyl]thio]-5-chlorobenzonitrile,
N-[4-[2-(3-
chlorobenzylamino)ethyl]phenyl]thiophene-2-carboxamidi
ne, or guanidinoethyldisulfide;  an
acetylcholinesterase inhibitor such as donepezil;  a
leukotriene B4 antagonist; such as
1-(3-biphenyl-4-yImethyl-4-hydroxychroman-
7-yl)-cyclopentanecarboxylic acid (CP-1 05696),
5-[2-(2- Carboxyethyl)-3-[6-(4-methoxyphenyl)-5E-
hexenyl]oxyphenoxy]-valeric 



acid (ONO-4057) or DPC-1 1870,  a 5-lipoxygenase
inhibitor, such as zileuton,
6-[(3-fIuoro-5-[4-methoxy-
3,4,5,6-tetrahydro-2H-pyran-4-yl])phenoxy-methyl]-1-me
thyl-2-quinolone (ZD-2138), or
2,3,5-trimethyl-6-(3-pyridylmethyl),1 ,4-benzoquinone
(CV- 6504);  a sodium channel blocker, such as
lidocaine;  a 5-HT3 antagonist, such as ondansetron;
and the pharmaceutically acceptable salts and solvates
thereof. The present invention extends to a
combination comprising L/-[({2-[4-(2-Ethyl-4,6-
dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide Polymorph Form A or B
and one or more therapeuticagents, such as those
listed above, for simultaneous, separate or sequential
use in the curative, prophylactic or palliative
treatment of pain, inflammation, osteoarthritis or
rheumatoid arthritis. Thus, the invention provides: I.
Essentially pure, crystalline,
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Forms A and B; II.
Processes for the preparation of essentially pure,
crystalline, /V-[({2-[4-(2- Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Forms A and B; III. A pharmaceutical
composition including essentially pure, crystalline,
/V- [({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Forms A or B and one or more
pharmaceutically acceptable excipients; IV.
Essentially pure, crystalline,
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Forms A and B for
use as a medicament; V. The use of essentially pure,
crystalline, L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Forms A or B in the
manufacture of a medicament for the treatment of pain,
inflammation, osteoarthritis or rheumatoid arthritis;
Vl. A method of treating pain, inflammation,
osteoarthritis or rheumatoid arthritis which includes
administering an effective amount of essentially pure,
crystalline, L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-
1-yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfo
namide Polymorph Forms A or B, or a pharmaceutically
acceptable composition thereof, to an animal,
including an human, in need of such treatment.
EXAMPLESThe following example is for reference only.
EXAMPLE 1 2-ETHYL-5,7-DIMETHYL-3-(4-(2-r((f(4-
METHYLPHENYUSULFONYUAMINO)CARBONYUAMINOIETHYUPHENYU-
3H-lMIDAZOr4,5-fo1PYRIDINE STEP 1.
4,6-Dimethyl-3-nitro-2(1 H)-pyridinone A mixture of
ethyl nitroacetate (80.0 g, 601 mmol) in ammonium
hydroxide (25% NH3 in water, 400 mL) was stirred at
room temperature for 3 days, and then the solution was
concentrated by air-drying. The residue was dissolved
in water (450 mL). To the solution was added
2,4-pentanedione (73.1 g, 730 mmol), pyridine (16.2
mL, 200 mmol) and acetic acid ( 1 1.4 mL, 200 mmol),
and the mixture was stirred for an additional 7 days.
The resulting precipitates were collected by
filtration and dried under reduced pressure to give
35.0 g (35%) of the title compound as yellow solids:
1H-NMR (DMSO-d 6) d 12.44 ( 1H, br.s), 6.06 ( 1H, s),
2.19 (3H, s), 2.13 (3H, s). STEP 2.
2-Chloro-4,6-dimethyl-3-nitropyridine A mixture of
4,6-dimethyl-3-nitro-2(1 H)-pyridinone (step 1, 10.0
g, 29.7 mmol) in phosphorus oxychloride (35 mL, 187.3
mmol) was stirred at 95 C for 3 h, then cooled to 45
C. The excess amount of phosphorus oxychloride was
removed by distillation under reduced pressure at 45
C. The residue was cooled to room temperature, and
diluted with dichloromethane (75 mL). The resulting
solution was cooled to 0C, and 2N hydrochloric acid
(50 mL) was added dropwise into the solution. The
organic layer was separated, and washed with 2N
hydrochloric acid (4 x 25 mL), 2N aqueous NaOH (2 x 50
mL) and brine (50 mL). The organic phase was dried
(MgSO4) and concentrated under reduced pressure to
give 10.0 g (90%) of the title compound as white
solids: 1H-NMR (CDCI3) d 7.07 ( 1H, s), 2.56 (3H1 s),
2.35 (3H, s). STEP 3.
2-l4-r(4,6-Dimethyl-3-nitro-2-Pyridinvhamino1phenyl)et
hanol A mixture of
2-chloro-4,6-dimethyl-3-nitropyridine (step 2, 1.3 g,
7.0 mmol) and 4- aminophenylethyl alcohol ( 1 .4 g,
10.2 mmol) was placed in a sealed tube and 



heated at 150 C for 3 h. The reaction mixture was
cooled and purified by flash column chromatography on
silica gel eluting with hexane/ethyl acetate (2:1)
toafford 1.6 g (80%) of the title compound as orange
solids: H-NMR (CDCI3) d 9.55 ( 1H1 br.s), 7.57 (2H, d,
J=8.4 Hz), 7.20 (2H, d, J=8.4 Hz), 6.52 ( 1H, s), 3.84
(2H, t , J=6.4 Hz), 2.85 (2H11, J=6.4 Hz), 2.54 (3H,
s), 2.42 (3H, s). STEP 4.
2-(4-r(3-Amino-4,6-dimethyl-2-pyridinv
aminolphenvUethanol To a stirred solution of
2-{4-[(4,6-dimethyl-3-nitro-2-
pyridinyl)amino]phenyl}ethanol (step 3, 1.6 g, 5.6
mmol) in ethyl acetate (15 ml_) was added 10% Pd-C (
160 mg). The mixture was stirred at room temperature
for 6 h under hydrogen atmosphere. The palladium
catalyst was removed by filtration and washed with
ethanol ( 100 ml_). The filtrate was concentrated
under reduced pressure to afford 1.3 g (92%) of the
title compound as pale yellow solids: 1H-NMR (CDCI3) d
7.10 (4H1 s), 6.61 ( 1H1 s), 3.81 (2H, t , J=6.4 Hz),
2.80 (2H, t , J=6.4 Hz), 2.36 (3H, s), 2.19 (3H, s).
STEP 5.
2-[4-(2-Ethyl-5.7-dimethyl-3H-imidazor4,5-fc>ipyridin-
3-vnphenyllethyl propionate To a stirred suspension of
2-{4-[(3-amino-4,6-dimethyl-2-
pyridinyl)amino]phenyl}ethanol (step 4, 1.3 g, 5.1
mmol) in toluene (30 ml_) was added dropwise propionyl
chloride (990 mg, 10.7 mmol) at 0 C, and the reaction
mixture was heated at reflux temperature for 2 h.
After cooling, the mixture was poured into water (50
ml_) and extracted with ethyl acetate (100 ml_). The
organic layer was washed with 2N aqueous NaOH (50 ml_)
and brine (50 mL), then dried (MgSO4) . Removal of
solvent gave 1.8 g (quant.) of the title compound as
brown solids: 1H-NMR (CDCI3) d 7.41 (2H, d, J=8.4 Hz),
7.33 (2H, d, J=8.4 Hz), 6.90 ( 1H, s), 4.37 (2H, t ,
J=6.9 Hz), 3.04 (2H, t , J=6.9 Hz) 12.82 (2H, q, J=7.6
Hz), 2.65 (3H, s), 2.52 (3H, s), 2.35 (2H, q, J=7.6
Hz), 1.27 (3H, t , J=7.6 Hz), 1.14 (3H, t , J=7.6 Hz).
STEP 6.
2-r4-(2-Ethyl-5,7-dimethyl-3H-imidazor4,5-iblpyridin-3
-vnphenyllethanol To a solution of
2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-/b]pyridin-3
- yl)phenyl]ethyl propionate (step 5, 1.75 g, 5.1
mmol) in methanol/THF (v/v, 1: 1 , 28 mL) was added 4N
aqueous LiOH (4.6 mL, 18.4 mmol) and the resulting
mixture was stirred at room temperature. After 3 h,
the mixture was concentrated.The residue was dissolved
in water (30 ml_) and extracted with ethyl acetate
(100 ml_). The organic layer was washed with brine (50
ml_), dried (MgSO4) , and concentrated. Purification
by flash column chromatography on silica gel eluting
with hexane/ethyl acetate (gradient elution from 2:1
to 0:1) to afford 1.3 g (86%) of the title compound as
pale brown solids: H-NMR (CDCI3) d 7.40 (2H, d, J=8.4
Hz), 7.31 (2H1d, J=8.4 Hz), 6.91 ( 1H, s), 3.81-3.75
(2H, m), 3.47 ( 1H. br.s), 2.92 (2H, t , J=6.9 Hz),
2.81 (2H 1q, J=7.6 Hz), 2.66 (3H, s), 2.51 (3H, s),
1.27 (3H, t , J=7.6 Hz). STEP 7.
3-r4-(2-Chloroethvnphenyll-2-ethyl-5.7-dimethyl-3H-imi
dazor4.5- frlpyridine To a solution of
2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-
b]pyridin-3- yl)phenyl]ethanol (step 6, 2.2 g, 7.4
mmol) in toluene (40 ml_) was added thionyl chloride
(2.0 ml_, 23.6 mmol), and the resulting mixture was
stirred at 80 C for 3 h. The volatile components were
removed under reduced pressure, and the residue was
purified by flash column chromatography on silica gel
eluting with hexane/ethyl acetate (gradient elution
from 2:1 to 1:1) to afford 2.1 g (90%) of the title
compound as white solids: 1H-NMR (CDCI3) d 7.41 (2H,
d, J=8.4 Hz), 7.35 (2H, d, J=8.4 Hz), 6.90 (1H, s),
3.78 (2H, t , J=7.4 Hz), 3.15 (2H, t , J=7.4 Hz), 2.83
(2H, q, J=7.6 Hz), 2.71 (3H, s), 2.54 (3H, s), 1.28
(3H, t , J=7.6 Hz). STEP 8.
2-r4-(2-Ethyl-5J-dimethyl-3H-imidazor4,5-iblpyridin-3-
vnphenyllethyl azide To a stirred solution of
3-[4-(2-chloroethyl)phenyl]-2-ethyl-5,7-dimethyl-3Himi
dazo[ 4,5-b]pyridine (step 7, 2.8 g, 9.0 mmol) and Kl
( 1 .5 g, 9.0 mmol) in DMF (50 mL) was added sodium
azide ( 1 .2 g, 18.0 mmol), and then the resulting
mixture was stirred overnight at 100 C. The reaction
mixture was poured into water (100 mL), and extracted
with ethyl acetate (100 mL). The organic layer was
washed with water (50 mL) and brine (50 mL), then
dried (Na2SO4) . After removal of solvent, the crude
product was purified by flash column chromatography on
silica gel eluting with hexane/ethyl acetate ( 1 :1)
to afford 2.35 g (85%) of the title compound as white
solids: 1H-NMR (CDCI3) d 7.41 (2H, d, J=8.4 Hz), 7.35
(2H, d, J=8.4 Hz), 6.90 ( 1H, s), 3.59 (2H, t , J=7.1
Hz), 2.99 (2H, t ,J=7.1 Hz), 2.83 (2H1 q, J=7.6 Hz),
2.65 (3H, s), 2.52 (3H1 s), 1.27 (3H, t , J=7.6 Hz).
STEP 9.
2-r4-(2-Ethyl-5,7-dimethyl-3H-imidazor4,5-ib1pyriclin-
3- vOphenyliethylamine To a solution of
2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyl]ethyl azide (step 8, 2.35 g, 7.3 mmol) in
methanol (50 ml_) was added 10% Pd-C (200 mg). The
resulting mixture was stirred for 4 h under hydrogen
atmosphere. The mixture was filtered through a pad of
Celite and the filtrate was concentrated. The residue
was purified by flash column chromatography on silica
gel eluting with
dichloromethane/methanol/triethylamine (100:5:1) to
afford 2.01 g 



(94%) of the title compound as white solids: 1H-NMR
(CDCI3) d 7.39 (2H1 d, J=8.4 Hz), 7.32 (2H, d, J=8.4
Hz), 6.90 ( 1H1 s), 3.05 (2H, t , J=7.3 Hz), 2.88-2.78
(4H1 m), 2.65 (3H, s), 2.51 (3H, s), 1.28 (3H, t ,
J=7.6 Hz). STEP 10. 2-Ethyl-5,7-dimethyl-3-(4-(2-r
ar(4-
methylphenyl)sulfonvnamino)carbonyl)aminolethyl)phenyl
V3H-imidazor4,5- lpyridine To a solution of
2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-ib]pyridin-3
- yl)phenyl]ethylamine (step 9, 1.2 g, 4.0 mmol) in
dichloromethane (15 ml_) was added p-toluenesulfonyl
isocyanate (805 mg, 4.0 mmol). The resulting mixture
was stirred at room temperature for 3 h. After removal
of solvent, the residue was purified by flash column
chromatography on silica gel eluting with
dichloromethane/methanol (20:1) to afford 1.10 g (56%)
of the title compound as white solids: 1H-NMR (CDCI3)
d 7.85 (2H, d, J=8.2 Hz), 7.32 (2H, d, J=8.2 Hz), 7.23
(2H, d, J=8.4 Hz), 7.16 (2H, d, J=8.4 Hz), 6.91 ( 1H,
s), 6.12 ( 1H, br.s), 3.55-3.46 (2H, m), 2.85 (2H, t ,
J=6.3 Hz), 2.74-2.64 (5H1 m), 2.42 (3H, s), 2.41 (3H1
s), 1.21 (3H, t , J=7.6 Hz). The following Example
illustrates the previously known method of preparing
N- [({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide, as described in WO-A-02/32900. EXAMPLE 2
2-ETHYL-4.6-DIMETHYL-1-(4-(2-[((r(4-
METHYLPHENYUSULFONYLIAMINO)CARBONYUAMINOIETHYUPHENYU-
1H-IMIDAZOr4,5-clPYRIDINE STEP 1.
2-(4-r(2,6-Dimethyl-3-nitro-4-pyridinyl)aminoiphenyl)e
thanol The title compound was prepared according to
the procedure described in step 3 of Example 1 from
4-chloro-2,6-dimethyl-3-nitropyridine (Tanaka, A.; et
al. J.Med.Chem., 1999, 41, 4408.) and
4-aminophenylethyl alcohol. 1H-NMR (CDCI3) d 8.74 (
1H, br.s), 7.31 (2H, d, J=8.2 Hz), 7.18 (2H, d, J=8.2
Hz), 6.68 ( 1H, s), 3.95-3.89 (2H, m), 2.91 (2H, t ,
J=6.6 Hz), 2.72 (3H, s), 2.36 (3H, s). STEP 2.
2-(4-[(3-Amino-2.6-dimethyl-4-pyridinyl)aminolphenyl)e
thanol The title compound was prepared according to
the procedure described in step 4 of Example 1 from
2-{4-[(2,6-dimethyl-3-nitro-4-pyridinyl)amino]phenyl}e
thanol (stepi). 1H-NMR (CDCI3) d 7.19 (2H, d, J=8.4
Hz), 7.01 (2H, d, J=8.6 Hz), 6.76 ( 1H, s), 5.82 ( 1H1
br.s), 3.87 (2H, t , J=6.4 Hz), 3.18 (2H, br.s), 2.85
(2H, t , J=6.4 Hz), 2.44 (3H, s), 2.35 (3H1 s). STEP
3. 2-r4-(2-Ethyl-4,6-dimethyl-1
H-imidazor4.5-clpyridin-1-yl)phenyllethyl propionate A
mixture of
2-{4-[(3-amino-2,6-dimethyl-4-pyridinyl)amino]phenyl}e
thanol (step 2, 2.4 g, 9.3 mmol), propionic anhydride
(13 mL, 10 1 mmol) and propionic acid (13 mL, 174
mmol) was stirred at 120 C for 16h. After cooling, the
mixture was diluted with 2N aqueous NaOH (150 mL) and
extracted with dichloromethane (3 x 150 mL). The
combined organic extracts were washed with brine (50
mL), dried(MgSO ) , and concentrated. Purification by
flash column chromatography on silica gel eluting with
dichloromethane/methanol (gradient elution from 20:1
to 10:1) afforded 2.3 g (69 %) of the title compound
as a brown oil: 1H-NMR (CDCI3) d 7.44 (2H, d, J=8.1
Hz), 7.27(2H, d, J=8.2 Hz), 6.72 ( 1H, s), 4.38 (2H, t
, J=6.9 Hz), 3.07 (2H, t , J=7.1 Hz), 2.88 (3H, s),
2.82 (2H, q, J=7.6 Hz), 2.56 (3H, s), 2.36 (2H, q,
J=7.6 Hz), 1.29 (3H, t , J=7.6 Hz), 1.15 (3H, t ,
J=7.7 Hz). STEP 4. 2-r4-(2-Ethyl-4.6-dimethyl-1
H-imidazor4.5-clpyridin-1-yl)phenv)lethanol The title
compound was prepared according to the procedure
described in step 6 of Example 1 from
2-[4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1- yl)phenyl]ethyl propionate
(step 3). 1H-NMR (CDCI3) d 7.46 (2H, d, J=8.1 Hz),
7.26 (2H, d, J=8.1 Hz), 6.73 ( 1H, s), 4.00 (2H, t ,
J=6.6 Hz), 3.01 (2H, t , J=6.4 Hz), 2.88 (3H 1 s),
2.81 (2H, q, J=7.5 Hz), 2.54 (3H, s), 1.29 (3H, t ,
J=7.5 Hz). STEP 5.
1-r4-(2-Chloroethyl)phenyll-2-ethyl-4,6-dimethyl-1
H-imidazo[4,5- clpyridine The title compound was
prepared according to the procedure described in step
7 of Example 1 from 2-[4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1- yl)phenyl]ethanol (step 4).
TLC Rf = 0.1 (ethyl acetate). STEP 6.
1-r4-(2-Azidoethyl)phenyll-2-ethyl-4,6-dimethyl-1
H-imidazor4,5- clpyridine The title compound was
prepared according to the procedure described in step
8 of Example 1 from
1-[4-(2-chloroethyl)phenyl]-2-ethyl-4,6-dimethyl-1
Himidazo[ 4,5- f yridine (step 5). 1H-NMR (CDCI3) d
7.46 (2H, d, J=8.0 Hz), 7.29 (2H, d , J=7.7 Hz), 6.72
( 1H, s), 3.62 (2H11, J=6.9 Hz), 3.02 (2H, t , J=6.9
Hz), 2.88 (3H, s), 2.81 (2H, q, J=7.4 Hz), 2.56 (3H,
s), 1.29 (3H, t , J=7.6 Hz). STEP 7.
2-[4-(2-Ethyl-4,6-dimethyl-1 H-imidazor4,5-c1pyridin-1
- 



vDphenvllethvlamineThe title compound was prepared
according to the procedure described in step 9 of
Example 1 from
1-[4-(2-azidoethyl)phenyl]-2-ethyl-4,6-dimethyl-1 -
imidazo[4,5-c]pyridine (step 6). 1H-NMR (CDCI3) d 7.42
(2H, d, J=8.2 Hz), 7.26 (2H1d, J=8.4 Hz), 6.73 (
1H1s), 3.08 (2H, t , J=6.9 Hz), 2.90-2.78 (4H, m),
2.88 (3H, s), 2.56 (3H, s), 1.30 (3H, t , J=7.3 Hz).
STEP 8. 2-Ethyl-4,6-dimethyl-1-(4-(2-r((r(4-
methylphenv psulfonyllamino)carbonv
paminolethyliphenylV1 /-/-imidazor4.5- clpyridine The
title compound was prepared according to the procedure
described in step 10 of Example 1 from
2-[4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1- yi)phenyl]ethylamine (step
7). mp 143 0C; MS (ESI) m/z 492.12 (M + H)+; 1H-NMR
(CDCI3) d 7.77 (2H, d, J=8.3 Hz), 7.38 (2H, d, J=8.4
Hz), 7.25 (2H1d, J=8.4 Hz), 7.20 (2H, d, J=8.4 Hz),
6.77 ( 1H, s), 3.58-3.51 (2H, m), 2.92 (2H, t , J=7.0
Hz), 2.89 (3H, s), 2.79 (2H, q, J=7.5 Hz), 2.53 (3H,
s), 2.38 (3H, s), 1.28 (3H, t , J=7.5 Hz). EXAMPLE 3
N-r({2-r4-(2-Ethyl-4.6-dimethyl-1
H-imidazor4,5-c1pyridin-1 -
yl)phenvnethyl)amino)carbonyll-4-methylbenzenesulfonam
ide Polymorph Form A (alternatively
named_2-Ethyl-4,6-dimethyl-1 -(4-{2-[({[(4-
methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}pheny
l)-1 H-imidazo[4,5- c]pyridine) Stepi : Crude
amorphous product In a 20 L, 4-necked round bottom
flask equipped with a mechanical stirrer, thermometer,
and two 300 ml_ dropping funnels was immersed in a
water bath (water bath temperature; 18 0C). In the
flask, to a solution of 508 g of 2-[4-(2-
ethyl-4,6-dimethyl-1 H-imidazo[4,5- f yridin-1
-yl)phenyl]ethanamine and 480 ml_ of triethylamine in
3.5 L of CH2CI2 was added 270.4 ml_ of p-tosyl
isocyanate dropwise slowly from one of the dropping
funnel during the period of 1.0 h maintaining the
internal temperature below 28 0C. The resulting
solution was stirred at room temperature for 1 h, then
6.0 L of 1.0 M aqueous citric acid solution was added
dropwise during the period of 30 min maintaining
theinternal temperature below 22 C. The resulting
mixture was stirred vigorously at room temperature for
30 min, then 1.70 L of 2.0 N aqueous NaOH solution was
added dropwise. After the completion of the addition,
pH value of the solution was confirmed to be 5 - 5.5.
The layers were then separated, and the aqueous layer
was re-extracted with 1.0 L of CH2CI2 and the organic
layer was combined. The organic layer was washed with
the mixture of 3.0 L of 0.3 M aqueous solution of
citric acid and 1.2 L of 2.0 N aqueous NaOH solution.
After layers were separated, the aqueous layer was
re-extracted with 1.0 L of CH2CI2 and the organic
layer was combined. The resulting organic layer was
added 300 g of Na2SO and 15.0 g of charcoal, and the
mixture was stirred gently at room temperature for 12
h. After the mixture was filtered through celite pad (
1 kg), the filtrate was combined with the filtrate of
the 70 g scale pilot reaction performed prior to this
experiment. The combined filtrate was concentrated to
give 1.03 kg of the crude product of a pale yellow
amorphous solid. Step2: Conversion to, and
purification of, Polymorph Form A In a 10 L round
bottom, 4-necked flask equipped with a mechanical
stirrer, thermometer and reflux condenser was immersed
in a water bath. In the flask, 5.15 L of hot (40 0C)
acetone was added to the crude
L/-[({2-[4-(2-ethyl-4,6- dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide (Step 1, 1.03 kg). The
mixture was stirred at 50 0C for 7 h under nitrogen
atmosphere, then cooled slowly to room temperature
during the period of 16 h. 515 ml_ of acetone was
added and the mixture was stirred at room temperature
under nitrogen atmosphere for 7 h. The crystals were
filtered through paper filter, washed with 515 ml_ of
acetone and dried by flowing nitrogen gas for 15 h to
give crystals of the title compound (859 g, 1.75 mol),
which were further purified by the following
procedure. In a 10 L stainless 3-necked reactor
equipped with a mechanical stirrer, thermometer and
reflux condenser was immersed in a water bath. In the
flask, a mixture (suspension) of 859 g of the above
compound in 1.72 L of acetone was stirred at 50 C for
8 h, then cooled to room temperature during the period
of 14 h. The reaction mixture was stirred at 50 C for
8 h, then cooled to room temperature during the period
of 14 h. Aliquot was taken out and crystals were
collected by suction to prepare a sample for the HPLC
analysis to determine thepurity of the crystal. The
mixture was stirred at room temperature under nitrogen
atmosphere for 8 h. The crystals were filtered off
using a paper filter, washed with 172 ml_ of acetone,
dried by flowing nitrogen gas for 15 h and dried under
reduced pressure at 40 C for 20 h (837 g, 1.70 mol).
The product was further purified by the following
procedure. In a 12 L round bottom, 4-necked flask
equipped with a mechanical stirrer, thermometer and
reflux condenser was immersed in a water bath. In the
flask, 



3.34 L of acetone was added to the aforementioned
crystals (836 g). The mixture was stirred at 50 C for
4 h under nitrogen atmosphere, then, cooled slowly to
room temperature during the period of 15 h. Aliquot
was taken out and crystals were collected by suction
to prepare a sample for the HPLC analysis to determine
the purity of the crystal. The reaction mixture was
stirred at 50 C for 9 h, then, cooled to room
temperature during the period of 15 h. Aliquot was
taken out and crystals were collected by suction
prepare a sample for the HPLC analysis to determine
the purity of the crystal. The reaction mixture was
stirred at 50 C for 8 h, and then cooled to room
temperature during the period of 64 h. Aliquot was
taken out and crystals were collected by suction to
prepare a sample for the HPLC analysis to determine
the purity of the crystal. The reaction mixture was
stirred at 50 C for 9 h, and then cooled to room
temperature during the period of 14 h. Aliquot was
taken out and crystals were collected by suction to
prepare a sample for the HPLC analysis to determine
the purity of the crystal. The mixture was stirred at
room temperature under nitrogen atmosphere for 6 h.
The crystals were filtered through paper filter,
washed with 1.67 L of acetone, dried by flowing
nitrogen gas for 22 h, and dried under reduced
pressure at 40 0C for 17 h to give the title compound,
Polymorph Form A (771 g, 1.57 mol). Alternatively,
Polymorph Form A may be prepared according to the
following procedure: EXAMPLE 4 N-r
2-r4-(2-Ethyl-4,6-dimethyl-1 H-imidazor4,5-clpyridin-1
-
yl)phenyllethyl)amino)carbonyll-4-methylbenzenesulfona
mide Polymorph Form A (alternatively named
2-Ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}pheny
l)-1 H-imidazo[4,5- f yridine)To a clean and dry 12 L
3-neck round-bottom flask were charged 2-[4-(2-ethyl-
4,6-dimethyl-1 H-imidazo[4,5- f
yridin-1-yl)phenyl]ethanamine (422 g, 1.43 moles) and
CH2CI2 (3.37 L). Tosyl isocyanate (217 ml_, 1.43
moles) dissolved in CH2CI2 (851 mL) was added to the
reaction keeping the temperature below 2 1C and was
stirred for at least 90 minutes. The reaction was
deemed complete by HPLC and activated charcoal (DARCO
KB-B, 4.2 g) was added. The resulting slurry was
filtered through a 0.5-micron filter into a speck free
5 L 3-neck roundbottom flask and the filter washed
with CH2CI2 (421 mL). The reaction was atmospherically
concentrated to a minimum stirable volume and
displacement continued with speck freed acetone until
an internal temperature of 58C to 62C was achieved and
final volume was ~ 1.3 L. The reaction was cooled to
at least 30C and seed of
N-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A was added. The reaction was
allowed to granulate between 20C and 25C for at least
10 hours. After cooling reaction to 00C to 5C and
granulating for at least 2 hours, the reaction was
filtered on a speck free filter. The solids were
washed two times with speck free acetone ( 1 .68 L)
cooled to 0C to 5C. The wet-cake was returned to a
speck free 12 L 3-neck round-bottom flask and speck
free ethyl acetate (4.4 L) was added. The slurry was
heated to at least 75C and held for at least 2 hours.
The reaction was cooled to at least 30C and the solids
were filtered on a speck free filter. The solids were
washed with speck free ethyl acetate ( 1 .6 L). The
wet-cake was returned to the same speck free 12 L
3-neck round-bottom flask and speck free ethyl acetate
(4.4 L) was added. The slurry was heated to at least
75C and held for at least 2 hours. The reaction was
cooled to at least 30C and the solids were filtered on
a speck free filter. The solids were washed with speck
free ethyl acetate ( 1 .6 L). The product was dried at
45C to 50C for at least 24 hours to yield 289 g the
title product, Polymorph Form A (41 .4% yield, 98.68%
purity by HPLC). The particle size generated by the
above methodology generates a particle size that does
not require milling. A simple hand-sieving process
removed any lumps. The product (289 g) was hand sieved
through a speck free #25 hand sieve with 0 .0278-inch
openings. 277 g of material were
obtained.Alternatively, Polymorph Form A may be
prepared by conversion of Polymorph Form B according
to the following procedures: EXAMPLE 5
N-r((2-r4-(2-Ethyl-4,6-dimethyl-1
H-imidazor4,5-c1pyridin-1 -
vDphenyllethvUaminotoarbonylH-methylbenzenesulfonamide
Polymorph Form A Acetonitrile (79.50 L, 62.01 kg, 1510
moles) was added to L/-[({2-[4-(2-ethyl-4,6-
dimethyl-1
/-/-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carb
onyl]-4- methylbenzenesulfonamide Polymorph Form B
(5.300 kg, 10.78 moles) while keeping the temperature
at 20 to 30 C. The mixture was heated to a temperature
of 75 to 85C, giving a clear solution, then cooled
from 8O C to a temperature of 35 to 45 C over a period
of 10 to 50 minutes. The material was concentrated
until the lowest stirrable volume was reached. Ethyl
acetate (79.50 L, 70.75kg, 803.1 moles) was added
while keeping the temperature at 20 to 3O C, then the
material was concentrated and the condensate collected
(about 79.50 L). Ethyl 



acetate (79.50 L, 70.75kg, 803.1 ) was added while
keeping the temperature at 20 to 3O C, then the
material was concentrate and the condensate collected
(about 79.50 L). The material was cooled from 80C to a
temperature of 15 to 35C, filtered, rinsed with ethyl
acetate and dried. /V-[({2-[4-(2-ethyl-4,6-dimethyl-1
Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Form A was isolated
and dried at 35 to 45 C for 12 to 132 hr to give 4.929
kg (93.00%). EXAMPLE 6
N-r((2-r4-(2-Ethyl-4.6-dimethyl-1 H-imidazoK
-cbyridin-i -
vDphenvpethyl)amino)carbonyl1-4-methylbenzenesulfonami
de Polymorph Form A Approximately 30 volumes of
ethanol was added to one gram of L/-[({2-[4-(2-
ethyl-4,6-dimethyl-1
/-/-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carb
onyl]-4- methylbenzenesulfonamide Polymorph Form B.
The material dissolved to form a solution at ambient
temperature. Approximately half of the solvent was
distilled by rotary evaporation to the point at which
oil began to form on the sides of the flask. The
solution was seeded with Polymorph Form A crystals and
stirred at ambient temperature overnight. The next
day, the solution was cooled in an ice water bath and
vacuum filtered. The yield was approximately
63%.EXAMPLE 7 N-r"2-r4-(2-Ethyl-4.6-dimethyl-1
H-imidazoK -dpyridin-i -
yl)phenvnethyl)amino)carbonyll-4-methylbenzenesulfonam
ide Polymorph Form B An inertized glass lined 100L
reactor was charged with 2-[4-(2-ethyl-4,6-dimethyl-
1H-imidazo[4,5- f yridin-1 -yl)phenyl]ethylamine (4.24
kg) followed by CH2CI2 (34 L) to give a slightly
turbid solution. To remove traces of the corresponding
hydrochloride salt, the solution was filtered through
an in-line filter and the reactor/filter was rinsed
with CH2CI2 (4 L). Toluenesulfonylisocyanate (2.78 kg)
was transferred into a dropping funnel and the lines
were rinsed with CH2CI2 (2 L). The isocyanate solution
was added over 30 min to the solution of the starting
material, keeping the temperature between 17-22C.
After half of the solution was added, a thick
suspension was formed. At the end of the dosage a
clear, yellow solution was obtained again. The
dropping funnel was rinsed with CH2CI2 ( 1 L). An
aliquot was drawn and showed 97.41% a/a (HPLC) of
product besides 0.44% a/a (HPLC) of starting material.
The product solution was transferred into a barrel and
the reactor was cleaned with inline-filtered solvents.
A particle determination showed the reactor to be
particle free. The product solution was
inline-filtered and transferred into the reactor.
CH2CI2 was distilled off at 55C jacket temperature and
450-400 mbar while inline-filtered acetone (46 L) was
added. After distillation of 59 L of solvents the
second portion of acetone (47 L) was slowly added.
After the distillation of 94 L at IT=25C, the product
started to precipitate. After a total of 121 L of
solvents were distilled off, the vacuum was broken
with N2 and an aliquot was drawn. NMR showed about
0.24 mol% residual CH2CI relative to acetone. The
suspension was stirred at 20C for 13 h, then it was
cooled to OC and stirred for 2 h at this temperature.
The mixture was filtered and the filter-cake was
washed twice with ice-cold acetone (2 x 10.5 L). The
product was dried at 70C bath temperature and 11 mbar
for about 100 h. Alternatively, Polymorph Forms B and
A may be prepared according to the following
procedures: EXAMPLE
8/V-r((2-r4-(2-Ethyl-4,6-dimethyl-1H-imidazor4.5-clPyr
idin-1 -
yl)phenvnethyl)amino)carbonvn-4-methylbenzenesulfonami
de Polymorph Form B and conversion to Polymorph Form A
Step 1: Benzyl
4-(2,6-dimethyl-3-nitropyridin-4-ylamino)phenethylcarb
amate hydrochloride To a clean and dry,
nitrogen-purged 1 L round-bottom were charged
tetra-Nbutylammonium bromide ( 1 .24 g, 3.85 mmoles)
and 2-methyltetrahydrofuran (350 ml_).
4-(2-Aminoethyl)benzenamine (35.0 g, 257 mmoles) was
then added as a melt. This was followed by addition of
a solution of sodium hydroxide (51 .4 g, 1280 mmoles)
dissolved in water (350 ml_) keeping the temperature
below 30C. The reaction was then cooled to between -5C
and 5C. After holding for at least 30 minutes between
- 50C and 5C, benzyl chloroformate (43.8 g, 257
mmoles) was added keeping the temperature between -5C
and 50C. The reaction was heated to between 00C and
100C and held for at least 30 minutes until deemed
complete by HPLC. After warming the reaction to
between 20C and 300C, the reaction was allowed to
settle for at least 60 minutes and then the phases
were split. Citric acid (54.0 g, 257 mmoles) dissolved
in water (350 ml_) was added to the organic layer.
After stirring for at least 60 minutes between 200C
and 30C the phases were allowed to settle for at least
2 hours. The phases were split and the organic
solution of benzyl 4-aminophenethylcarbamate was set
aside. 4- Chloro-2,6-dimethyl-3-nitropyridine (40.0 g,
214 mmoles) was added to the now empty flask followed
by the addition of the organic layer containing the
benzyl 4- aminophenethylcarbamate and 2-propanol (350
ml_). The reaction was heated to between 700C and 800C
for at least 2 hours until the reaction was deemed 



complete by HPLC. The 2-propanol was displaced
atmospherically with 2- methyltetrahydrofuran to a
final volume of approximately 350 mL. The reaction was
then cooled to between 150C and 25C and a sample was
pulled for KF and GC Headspace. The reaction was held
between 15C and 25C for at least 6 hours and the
reaction was filtered and washed with
2-methyltetrahydrofuran (105 mL). After blowing the
cake with nitrogen for at least 2 hours and drying
under vacuum with nitrogen bleed at 400C to 500C for
at least 24 hours, 76.7 g(168 mmoles) of benzyl
4-(2,6-dimethyl-3-nitropyridin-4-
ylamino)phenethylcarbamate hydrochloride was isolated
in 78.4% yield. Step 2: Benzyl
4-(3-amino-2,6-dimethylpyridin-4-ylamino)phenethylcarb
amate hydrochloride To a clean, nitrogen-purged 1 L
hydrogenation reactor were charged 5% Pt/C (625 mg),
benzyl
4-(2,6-dimethyl-3-nitropyridin-4-ylamino)phenethylcarb
amate hydrochloride (25.0 g, 54.7 mmoles) and methanol
(550 ml_). The reaction was stirred for at least 15
minutes and then purged sequentially with nitrogen and
hydrogen. The reaction was then pressurized with
hydrogen to between 18 and 25 psi at between 22C and
280C until HPLC showed no starting material remained.
The reaction was purged with nitrogen and the catalyst
was filtered on a water-wet celite-coated filter and
the cake was washed with methanol (125 ml_). The
resulting solution of benzyl
4-(3-amino-2,6-dimethylpyridin-4-
ylamino)phenethylcarbamate hydrochloride was
transferred to a clean and dry nitrogen-purged 1 L
round-bottom flask. Methanol was displaced
atmospherically with 2-propanol to a final volume of
approximately 125 mL The reaction was then cooled to
between 15C and 25C over at least 60 minutes and
sampled for KF. The reaction was then filtered and
washed with 2-propanol (75 mL). After blowing the cake
with nitrogen for at least 15 minutes and drying under
vacuum at 40C to 50C with nitrogen bleed for at least
12 hours, 2 1.0 g (49.2 mmoles) of benzyl
4-(3-amino-2,6-dimethylpyridin-4-ylamino)phenethylcarb
amate hydrochloride was isolated in 89.9% yield. Step
3: 2-(4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 - yl)phenyl)ethanamine
hydrochloride To a clean and dry, nitrogen-purged 1 L
round-bottom flask were charged benzyl
4-(3-amino-2,6-dimethylpyridin-4-ylamino)phenethylcarb
amate hydrochloride (30.0 g, 70.3 mmoles),
2-methyltetrahydrofuran (150 mL), triethylamine (14.9
g, 148 mmoles) and propionic anhydride ( 1 1.9 g, 9
1.3 mmoles) all at 2O0C to 25C. The reaction was then
heated to between 700C and 80C for at least 6 hours.
After cooling to between 2O0C and 25C the reaction was
sampled and deemed complete by HPLC. The reaction was
then quenched with sodium hydroxide (8.4g, 2 11
mmoles) dissolved in water (150 ml_) keeping the
temperature below 30C. After holding the reaction
between 20C and 25C for at least 30 minutes the
reaction was allowed to settle for at least 60
minutes. The phases were separated and
2-methyltetrahydrofuran was used to atmospherically
remove trace triethylamine until a final volume of
approximately 180 ml_ was achieved. The resulting
solution of benzyl 2-(4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5- c]pyridin-1-yl)phenyl)ethylcarbamate
was transferred to a clean, nitrogen-purged 1 L
hydrogenation reactor containing 10% Pd/C ( 1 .5 g),
and methanol (120 ml_). The reaction was stirred for
at least 15 minutes and then purged sequentially with
nitrogen and hydrogen. The reaction was heated to
between 45C and 55C and then pressurized with hydrogen
to between 45 and 55 psi. After stirring at
temperature and pressure for 18 hours the reaction was
cooled and sampled for reaction completion. The
reaction was deemed complete by HPLC and was filtered
through a water-wet celite-coated filter. The filter
was then washed with methanol (195 ml_) and the
resulting solution of 2-(4-(2-ethyl-4,6-dimethyl-1
Himidazo[ 4,5-c]pyridin-1 -yl)phenyl)ethanamine was
transferred to a clean and dry nitrogen-purged 1 L
round-bottom flask then concentrated hydrochloric acid
(6.3 ml_, 73.8 mmoles) was added. Methanol was then
removed atmospherically with 2-methylterahydrofuran
until low water levels were achieved. The solvent
levels were then adjusted to achieve the desired 4:1
ratio of 2- methyltetrahydrofuran:methanol (10 volumes
total). The reaction was then heated to between 60C
and 70C for at least 2 hours. After cooling to between
15C and 250C over at least 60 minutes the reaction was
held between 15C and 25C for at least 60 minutes. The
reaction was then filtered and the cake washed with
2-methyltetrahydrofuran (90 mL). After blowing the
cake with nitrogen for at least 2 hours the solids
were returned to the same reactor and 2-
methyltetrahydrofuran (240 mL) and methanol (60 mL)
were added. The reaction was heated to between 600C
and 700C and held at temperature for at least 2 hours.
After cooling to between 15C and 25C over a minimum of
60 minutes the reaction was held at temperature for at
least 60 minutes. The reaction was then filtered and
the cake washed with 2-methyltetrahydrofuran (90 mL).
After drying under vacuum between 400C and 500C for a
minimum of 12 hours with a slight nitrogen bleed 2 1.0
g (63.5 mmoles) of 2-(4-(2-ethyl-4,6-dimethyl-1
Himidazo[4,5-c]pyridin-1-yl)phenyl)ethanamine
hydrochloride was isolated in 90.3% yield. 



Step 4: L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form B To a clean and dry
nitrogen-purged 500 ml_ round-bottom flask were
charged 2- (4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl)ethanamine
hydrochloride (40.0 g, 121 mmoles), dichloromethane
(400 ml_) and sodium hydroxide (9.7 g, 242 mmoles)
diluted with water (400 ml_) such that the temperature
remains below 30C. The reaction was held at this
temperature for a minimum of 30 minutes and then
allowed to settle for at least 60 minutes. The phases
were separated and the aqueous layer stirred with
dichloromethane (400 ml_) for at least 30 minutes
below 300C and then allowed to settle for at least 60
minutes. The phases were separated and dichloromethane
was used to atmospherically remove excess water from
the combined organic layers to a final volume of
approximately 800 ml_. The reaction was filtered and
transferred to a 2 L round-bottom flask.
Toluenesulfonylisocyanate (23.8 g, 121 mmoles) was
added to the filtrate over a minimum of 30 minutes
keeping the temperature between 10C and 25C. After
holding the reaction between 100C and 25C for a
minimum of 30 minutes, the reaction was deemed
complete by HPLC. Acetone was used to atmospherically
displace the dichloromethane to low levels and final
reaction volume was approximately 240 ml_. The
reaction was cooled to between 200C and 300C over a
minimum of 2 hours and the reaction was sampled. The
sample showed polymorph B was present and the reaction
was then cooled to between -5C and -25C for a minimum
of 2 hours. The reaction was filtered and washed with
acetone (80 ml_, 2 times) cooled to between -5C and
-25C. The cake was held under a stream of nitrogen on
the filter for at least 12 hours. After this time the
cake was deemed dry and 49.6 g ( 10 1 mmoles) of
L/-[({2-[4-(2- ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbon
yl]-4- methylbenzenesulfonamide Polymorph Form B were
collected for at 83.4% yield. Step 5 :
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form ATo a clean and dry,
nitrogen-purged, 1 L round-bottom flask were charged
/V-[({2- [4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1 -
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form B (30.0 g, 6 1.0 mmoles) and
acetonitrile (600 ml_). The reaction was then heated
to gentle column reflux to achieve homogeneity. After
holding the reaction at reflux for at least 60
minutes, the reaction was concentrated to
approximately 450 mL The reaction was then cooled to
between 20C and 30C in less than 90 minutes. The
reaction was held at 30C overnight and sampled showing
conversion to Form A. Acetonitrile was displaced with
ethyl acetate under vacuum until a final volume of
approximately 300 mL remains. The reaction was heated
to gentle column reflux and the solids allowed to
granulate at temperature for at least 6 hours. The
reaction was cooled to between 18C and 22C and allowed
to stir at temperature for at least 2 hours. The
reaction was filtered and washed with ethyl acetate
(90 mL). After drying under vacuum between 40C and 50C
for a minimum of 12 hours with a slight nitrogen
bleed, 27.0 g (54.9 mmoles) of
/V-[({2-[4-(2-ethyl-4,6-dimethyl-1H-imidazo[4,5-c]pyri
din-1-
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A were collected for a 90.0%
yield. EXAMPLE 9 Direct isolation of
/V-K(2-r4-(2-ethyl-4,6-dimethyl-1
H-imidazor4,5-clpyridin-1-
yl)phenvnethyl|amino)carbonvn-4-methylbenzenesulfonami
de Polymorph Form A To a clean and dry,
nitrogen-purged 250 mL round-bottom flask were charged
2-
(4-(2-ethyl-4,6-dimethyl-1H-imidazo[4,5-c]pyridin-1-yl
)phenyl)ethanamine ( 11.0 g, 37.2 mmoles) and
dichloromethane ( 1 10 mL). Toluenesulfonylisocyanate
(7.3 g, 37.2 mmoles) was added over a minimum of 30
minutes keeping the temperature between 100C and 250C.
After holding the reaction between 10C and 25C for a
minimum of 30 minutes, the reaction was deemed
complete by HPLC. Activated charcoal (DARCO, 110 mg)
was added and stirred for at least 15 minutes. The
reaction was filtered and transferred to a 150 mL
round-bottom flask. Acetone was used to
atmospherically displace the dichloromethane to low
levels and final reaction volume was approximately 30
mL. The reaction was cooled to between20C and 30C and
seeded with L/-[({2-[4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-
c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-methylbe
nzenesulfonamide Polymorph Form A (219 mg). The
reaction was allowed to granulate for at least 12
hours between 20C and 30C. The reaction was then
cooled to between - 50C and 50C for a minimum of 2
hours. The reaction was filtered and washed with
acetone (40 ml_) cooled to between - 50C and 5C. The
cake was held under a stream of nitrogen on the filter
for at least 12 hours. After this time 1.8 g (3.66
mmole) of L/-[({2-[4-(2-ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A were collected for a 9.8% yield.
EXAMPLE 10 N-[((2-r4-(2-Ethyl-4,6-dimethyl-1
H-imidazoK d-clpyridin-i - 



yl)phenyllethyljamino)carbonyll-4-methylbenzenesulfona
mide Crystal Form C Crystal Form C was obtained by
crystallisation from a solution of N-[({2-[4-(2-
Ethyl~4,6-dimethyl-1 H-imidazo[4,5-c]pyridin-1
-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide in a mixture of chloroform
and ethyl acetate. EXAMPLE 11
N-r((2-[4-(2-Ethyl-4,6-dimethyl-1 H-imidazoK
-clpyridin-i -
vDphenvHethyl)amino)carbonvn-4-methylbenzenesulfonamid
e Crystal Form D Crystal Form D was obtained by
crystallisation from a water slurry of N-[({2-[4-(2-
EthyM.e-dimethyl-I H-imidazo^.
d-clpyridin-i-yOphenylJethylJaminoJcarbonyl]^-
methylbenzehesulfonamide. EXAMPLE 12
N-r((2-r4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-clpyridin-1 -
vpphenyllethyl)amino)carbonyll-4-methylbenzenesulfonam
ide Crystal Form G Crystal Form G was observed at
elevated temperatures while analyzing Crystal Form D
by VT-XPRD. Crystal Form G was not observed at ambient
temperature. ANALYTICAL DATAX-Ray Powder Diffraction
The comparative PXRD analyses of Polymorph Forms A and
B and the reference sample from WO 02/32900, Example
42, Step 8 (see present Example 2 and Figure 6) were
performed using a Rigaku RINT-TTR X-ray powder
diffractometer using Cu-Ka radiation. The instrument
is equipped with a fine focus X-ray tube. The tube
voltage and amperage were set to 50 kV and 300 mA
respectively. The divergence and scattering slits were
set at 0.25 and the receiving slit was set at 0.15 mm.
Diffracted radiation was detected by a NaI
scintillation detector. A theta-two theta continuous
scan at 47min (0,3 sec/0.02  step) from 3 to 302q was
used. A silicon standard was analyzed to check the
machine alignment. Data were collected and analyzed
using-Rigaku X-ray system. Samples were prepared for
analysis by placing them in an aluminium sample holder
that is horizontally rotated at 60 rpm during data
acquisition. The PXRD analyses of Polymorph Forms A
and B and Crystal Forms C, D and G, shown in Figures 1
to 5, were performed according to the following
method: Powder X-ray Diffraction analysis The powder
patterns were collected using a Bruker D5000
diffractometer equipped with copper radiation, fixed
slits ( 1 .0, 1.0, 0.6mm), and a Kevex or SoIX solid
state detector. Data was collected from 3.0 to 40.0
degrees in two theta using a step size of 0.04 degree
and a step time of 1.0 second. Single crystal X-ray
analysis Data was collected at room temperature using
Bruker X-ray diffractometers equipped with copper
radiation and graphite monochromators. Structures were
solved using direct methods. The SHELXTL* computer
library provided by Bruker AXS, lnc facilitated all
necessary crystallographic computations and molecular
displays. Calculation of PXRD pattern from single
crystal data To compare the results between a single
crystal and a powder sample, a calculated powder
pattern can be obtained from single crystal results.
The XFOGand XPOW computer programs provided as part of
the SHELXTL* computer library can perform this
calculation. Comparing the calculated powder pattern
with the experimental powder pattern will confirm
whether a powder sample corresponds to an assigned
single crystal structure. This procedure has been
performed on N-[({2-[4-(2-Ethyl-4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-1-
yl)phenyl]ethyl}amino)carbonyl]-4-methylbenzenesulfona
mide Polymorph Form A, and Crystal Form D. A match
between the two patterns indicated the agreement
between powder sample and the corresponding single
crystal structure. * The SHELXTL computer library has
been developed and upgraded over a long period of
time. The most recent version of this work in progress
is as follows: SHELXTL(tm) Reference Manual, Version
5.1 , Bruker AXS, Madison, Wisconsin, USA (1997).
Figure 1a shows the PXRD pattern of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1 -yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Form A. Figure 1b
shows the calculated PXRD pattern of
/V-[({2-[4-(2-Ethyl-4,6-dimethyl-
1H-imidazo[4,5-c]pyridin-1
-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Form A. Figure 2
shows the PXRD pattern of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Polymorph Form B. Figure 3
shows the PXRD pattern of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Crystal Form C. Figure 4a
shows the PXRD pattern of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide Crystal Form D. 



Figure 4b shows the calculated PXRD pattern of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-
1H-imidazo[4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbo
nyl]-4- methylbenzenesulfonamide Crystal Form D.Figure
5 shows the PXRD pattern of
L/-[({2-[4-(2-Ethyl-4,6-dimethyl-1 Himidazo[
4,5-c]pyridin-1-yl)phenyl]ethyl}amino)carbonyl]-4~
methylbenzenesulfonamide Crystal Form G. Figure 6
shows a comparison of the PXRD patterns of Polymorph
Forms A and B and a reference product obtained from
the method of preparing L/-[({2-[4-(2-Ethyl-
4,6-dimethyl-i H-imidazo[4,5-c]pyridin-1
-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide described in WO 02/32900,
Example 42, Step 8 (see present Example 2). This
comparative chart shows that Polymorph Forms A and B
do not correspond to the reference product described
in WO 02/32900 and are therefore distinct novel
polymorphic forms. The peak listings for the above
figures are given in table 2 . Peak intensity is
dependent on the morphology and particle size of a
sample and may vary, with low intensity peaks
(intensity less than 10%) being absent in some
cases.Table 2CONJUGATION OF STREPTOCOCCAL CAPSULAR
SACCHARIDES All documents cited herein are
incorporated by reference in their entirety. TECHNICAL
FIELD This invention is in the field of conjugating
bacterial capsular saccharides to carriers in order to
form glycoconjugates. The glycoconjugates are useful
for immunisation. BACKGROUND ART The capsular
saccharides of bacteria have been used for many years
in vaccines against capsulated bacteria. As
saccharides are T-independent antigens, however, they
are poorly immunogenic. Conjugation to a carrier can
convert T-independent antigens into T-dependent
antigens, thereby enhancing memory responses and
allowing protective immunity to develop. The most
effective saccharide vaccines are therefore based on
glycoconjugates, and the prototype conjugate vaccine
was against Haemophilus influenzae type b ('Hib')
[e.g. see chapter 14 of ref. 78]. Another bacterium
for which conjugate vaccines have been described is
Streptococcus agalactiae, also known as 'group B
streptococcus', or simply as 'GBS'. Much of this work
has been performed by Dennis Kasper and colleagues,
and is described in documents such as references 1 to
9. The Kasper process for GBS saccharide conjugation
typically involves reductive amination of a purified
saccharide to a carrier protein such as tetanus toxoid
(TT) or CRM197 [2]. The reductive amination involves
an amine group on the side chain of an amino acid in
the carrier and an aldehyde group in the saccharide.
As GBS capsular saccharides do not include an aldehyde
group in their natural form then this is generated
before conjugation by periodate oxidation of a portion
of the saccharide's sialic acid residues, as shown in
Figure 1 [2,10]. Although conjugate vaccines prepared
in this manner for each of GBS serotypes Ia, Ib, II,
III, and V have been shown to be safe and immunogenic
in humans [1 1], there remains a need for further and
better ways of preparing conjugates of GBS capsular
saccharides. DISCLOSURE OF THE INVENTION The invention
is based on three conjugation methods that can be used
in place of the direct reductive amination disclosed
in the prior art, all of which aim (a) to retain
sialic acid residues in a form that is closer than the
prior art to the form see in the native
polysaccharide, and (b) to allow the use of a linker
in the conjugation reaction, in order to improve
coupling to carriers:  In the first method, reductive
amination of oxidised sialic acid residue side chains
is used, but the aldehyde groups are first animated,
and then the amine is coupled to a carrier via a
linker. This method is illustrated in 'route A' of
Figure 2.  In the second method, sialic acid residues
and/or N-acetyl-glucosamine residues are
de-N-acetylated to give amine groups, and the amine
groups are coupled to a carrier protein via a linker.
This method is illustrated in 'route B' of Figure 2."
In the third method, linkage is via galactose residues
in the capsular saccharide rather than sialic acid
residues. This method avoids disrupting key epitopes
formed by sialic acid residues. In a first aspect,
therefore, the invention provides a process for
preparing a conjugate of a S.agalactiae capsular
saccharide and a carrier molecule, comprising the
steps of: (a) oxidising a S.agalactiae capsular
saccharide in order to introduce an aldehyde group
into at least one terminal sialic acid residue in the
saccharide; (b) subjecting the aldehyde group to
reductive amination with ammonia or a primary amine,
to give a -CH2-linked amine; (c) reacting the
-CH2-linked amine with a bifunctional linker, to give
an activated saccharide; and (d) reacting the
activated saccharide with a carrier molecule, thereby
giving the conjugate. The invention also provides a
conjugate, wherein the conjugate comprises a
S.agalactiae capsular saccharide moiety joined to a
carrier via a linker moiety, and wherein the linker
moiety is attached to a sialic acid residue in the
capsular saccharide moiety. In a second aspect, the
invention provides a process for preparing a conjugate
of a S.agalactiae capsular saccharide and a carrier
molecule, comprising the steps of: (a)
de-N-acetylating the capsular saccharide, to give a
de-N-acetylated saccharide; (b) reacting the
de-N-acetylated saccharide with a bifunctional linker,
to give an activated saccharide; and (c) reacting the
activated saccharide with a carrier molecule, thereby
giving the conjugate. Between steps (a) and (b), the
process may involve a step of partial re-N-acetylation
of the saccharide. In a third aspect, the invention
provides a process for preparing a conjugate of a
capsular saccharide and a carrier molecule, comprising
the steps of: (a) oxidising a capsular saccharide in
order to introduce an aldehyde group into at least one
galactose residue in the saccharide, to give a
modified galactose residue; and (b) coupling the
modified galactose residue to a carrier molecule. The
coupling in step (b) may be direct, or may be via a
linker molecule. The invention also provides a 



conjugate, wherein the conjugate comprises a capsular
saccharide moiety joined to a carrier via a linker
moiety, and wherein the linker moiety is attached to a
galactose residue in the capsular saccharide moiety.
Oxidation of galactose residues is particularly useful
for conjugation of S.agalactiae capsular saccharides,
but is also suitable for use with other bacteria that
have galactosecontaining capsular saccharides e.g. in
Neisseria meningitidis (serogroup Wl 35), Vibrio
cholerae (including 0139), Klebsiella pneumoniae
(including K21), Escherichia coli (including K52),
Streptococcus pneumoniae (including type 18C), etc.
This process can also be used with galactosecontaining
lipopolysaccharides and lipooligosaccharides. It is
particularly useful where the galactose is a terminal
residue of the saccharide. The capsular saccharide The
invention is based on the capsular saccharide of
Streptococcus agalactiae. The capsular polysaccharide
is covalently linked to the peptidoglycan backbone of
GBS, and is distinct from the group B antigen, which
is another saccharide that is attached to the
peptidoglycan backbone.The GBS capsular
polysaccharides are chemically related, but are
antigenically very different. All GBS capsular
polysaccharides share the following trisaccharide
core: b-D-GlcpNAc(l 3)b-D-Galp(l 4)b-D-Glcp The
various GBS serotypes differ by the way in which this
core is modified. The difference between serotypes Ia
and III, for instance, arises from the use of either
the GIcNAc (Ia) or the Gal (III) in this core for
linking consecutive trisaccharide cores (Figure 4).
Serotypes Ia and Ib both have a [a-D-Neu/>NAc(2
3)b-D-Gal/>(l ] disaccharide linked to the GIcNAc in
the core, but the linkage is either 1 4 (Ia) or 1 3
(Ib). GBS-related disease arises primarily from
serotypes Ia, Ib, II, III, IV, V, VI, VII, and VIII,
with over 90% being caused by five serotypes: Ia, Ib,
II, III & V. The invention preferably uses a
saccharide from one of these five serotypes. As shown
in Figure 3, the capsular saccharides of each of these
five serotypes include: (a) a terminal
N-acetyl-neuraminic acid (NeuNAc) residue (commonly
referred to as sialic acid), which in all cases is
linked 2-"3 to a galactose residue; and (b) a
N-acetylglucosamine residue (GlcNAc) within the
trisaccharide core. All five saccharides include
galactose residues within the trisaccharide core, but
serotypes Ia, Ib, II & III also contain additional
galactose residues in each repeating unit, with the
serotype II saccharide containing three galactose
residues per repeating unit. In the third aspect of
the invention, the galactose residues involved in the
conjugation reactions may be a residue in the
trisaccharide core or a residue outside the
trisaccharide core. Where a single saccharide molecule
is linked to multiple carrier molecules, it is
preferred that the linkages involve the
same-positioned galactose in the various linked
repeating units, but it is also possible to link to
differently-positioned galactose residues in different
repeating units. Saccharides used according to the
invention may be in their native form, or may have
been modified. For example, the saccharide may be
shorter than the native capsular saccharide, or may be
chemically modified. Thus the saccharide used
according to the invention may be a substantially
full-length capsular polysaccharide, as found in
nature, or it may be shorter than the natural length.
Full-length polysaccharides may be depolymerised to
give shorter fragments for use with the invention e.g.
by hydrolysis in mild acid, by heating, by sizing
chromatography, etc. Chain length has been reported to
affect immunogenicity of GBS saccharides in rabbits
[4] Depolymerisation of the serotype III capsular
saccharide by endo-b-galactosidase has been reported
[refs. 1 & 4-6], including using the depolymerised
material to form conjugates with a tetanus toxoid
carrier. Ozonolysis of capsular polysaccharides from
GBS serotypes II, III and VIII has also been used for
depolymerisation [12]. It is preferred to use
saccharides with MW>30kDa, and substantially
full-length capsular polysaccharides can be used. For
serotype Ia, it is preferred to use polysaccharides
with a MW up to ~145kDa. For serotype Ib, it is
preferred to use polysaccharideswith a MW up to
~50kDa. For serotype III, it is preferred to use
polysaccharides with a MW up to ~50kDa. These
molecular masses can be measured by gel filtration
relative to dextran standards, such as those available
from Polymer Standard Service [13]. The saccharide may
be chemically modified relative to the capsular
saccharide as found in nature. For example, the
saccharide may be de-O-acetylated (partially or
fully), de-N-acetylated (partially or fully),
N-propionated (partially or fully), etc.
De-acetylation may occur before, during or after
conjugation, but preferably occurs before conjugation.
Depending on the particular saccharide, de-acetylation
may or may not affect immunogenicity e.g. the
NeisVac-C(tm) vaccine uses a de-O-acetylated
saccharide, whereas Menjugate(tm) is acetylated, but
both vaccines are effective. The relevance of
O-acetylation on GBS saccharides in various serotypes
is discussed in reference 14, and it is preferred to
retain O-acetylation of sialic acid residues at
positions 7, 8 and/or 9 before during and after
conjugation e.g. by protection/de-protection, by
re-acetylation, etc. The effect of de-acetylation etc.
can be assessed by routine assays. Capsular
saccharides can be purified by known techniques, as
described in the references herein. A typical process
involves base extraction, centrifugation, filtration,
RNase/DNase treatment, protease treatment,
concentration, size exclusion chromatography,
ultrafiltration, anion exchange chromatography, and
further ultrafiltration. Treatment of GBS cells with
the enzyme mutanolysin, which cleaves the bacterial
cell wall to free the cell wall components, is also
useful. As an alternative, the purification process
described in reference 15 can be used. This involves
base extraction, ethanol/CaCl2 treatment, CTAB
precipitation, and re-solubilisation. The invention is
not limited to saccharides purified from natural
sources, however, and the saccharides may be obtained
by other methods, such as total or partial synthesis.
The carrier 



The invention involves the use of carrier molecules,
which are typically proteins. In general, covalent
conjugation of saccharides to carriers enhances the
immunogenicity of saccharides as it converts them from
T-independent antigens to T-dependent antigens, thus
allowing priming for immunological memory. Conjugation
is particularly useful for paediatric vaccines [e.g.
ref. 16] and is a well known technique {e.g. reviewed
in refs. 17 to 25]. Preferred carrier proteins are
bacterial toxins or toxoids, such as diphtheria toxoid
or tetanus toxoid. The CRMl 97 mutant of diphtheria
toxin [26-28] is a particularly preferred carrier for,
as is a diphtheria toxoid. Other suitable carrier
proteins include the N.meningitidis outer membrane
protein [29], synthetic peptides [30,31], heat shock
proteins [32,33], pertussis proteins [34,35],
cytokines [36], lymphokines [36], hormones [36],
growth factors [36], human serum albumin (preferably
recombinant), artificial proteins comprising multiple
human CD4+ T cell epitopes from various
pathogen-derived antigens [37] such as N19 [38],
protein D from H.influenzae [39,40],pneumococcal
surface protein PspA [41], pneumolysin [42],
iron-uptake proteins [43], toxin A or B from
C.difficile [44], a GBS protein (see below;
particularly GBS67) [195], etc. Attachment to the
carrier is preferably via a -NH2 group e.g. in the
side chain of a lysine residue in a carrier protein,
or of an arginine residue. Where a saccharide has a
free aldehyde group then this can react with an amine
in the carrier to form a conjugate by reductive
animation. The third aspect of the invention may be
based on reductive amination involving an oxidised
galactose in the saccharide (from which an aldehyde is
formed) and an amine in the carrier or in the linker.
Attachment may also be via a -SH group e.g. in the
side chain of a cysteine residue. It is possible to
use more than one carrier protein e.g. to reduce the
risk of carrier suppression. Thus different carrier
proteins can be used for different GBS serotypes e.g.
serotype Ia saccharides might be conjugated to CRMl 97
while serotype Ib saccharides might be conjugated to
tetanus toxoid. It is also possible to use more than
one carrier protein for a particular saccharide
antigen e.g. serotype III saccharides might be in two
groups, with some conjugated to CRMl 97 and others
conjugated to tetanus toxoid. In general, however, it
is preferred to use the same carrier protein for all
saccharides. A single carrier protein might carry more
than one saccharide antigen [45,46]. For example, a
single carrier protein might have conjugated to it
saccharides from serotypes Ia and Ib. To achieve this
goal, different saccharides can be mixed prior to the
conjugation reaction. In general, however, it is
preferred to have separate conjugates for each
serogroup, with the different saccharides being mixed
after conjugation. The separate conjugates may be
based on the same carrier. Conjugates with a
saccharide:protein ratio (w/w) of between 1:5 (i.e.
excess protein) and 5:1 (i.e. excess saccharide) are
preferred. Ratios between 1:2 and 5:1 are preferred,
as are ratios between 1:1.25 and 1:2.5. Ratios between
1:1 and 4:1 are also preferred. With longer saccharide
chains, a weight excess of saccharide is typical. As
shown in the examples, a weight ratio between 1:1 and
4:1, and particularly 1:1 and 3:1, can readily be
achieved. In general, the invention provides a
conjugate, wherein the conjugate comprises a
S.agalactiae capsular saccharide moiety joined to a
carrier, wherein the weight ratio of
saccharide:carrier is at least 2:1. Compositions may
include a small amount of free carrier [47]. When a
given carrier protein is present in both free and
conjugated form in a composition of the invention, the
unconjugated form is preferably no more than 5% of the
total amount of the carrier protein in the composition
as a whole, and more preferably present at less than
2% by weight. After conjugation, free and conjugated
saccharides can be separated. There are many suitable
methods, including hydrophobic chromatography,
tangential ultrafiltration, diafiltration etc. [see
also refs. 48 & 49, etc.].Where the composition of the
invention includes a depolymerised oligosaccharide, it
is preferred that depolymerisation precedes
conjugation. Introduction of aldehyde groups The first
aspect of the invention involves oxidation of sialic
acid to form an aldehyde, and the third aspect
involves oxidation of galactose to form an aldehyde.
The aldehyde can then be used for reactions such as
reductive amination. Oxidation of hydroxyls to give
aldehydes can be achieved chemically or enzymatically.
These reactions will typically take place in aqueous
conditions. Methods for oxidation of sialic acids in
GBS saccharides in order to introduce aldehyde groups
for reductive amination are known in the art [e.g.
ref. 50]. Typical reactions to produce aldehydes in
siajic acids include the use of periodate salts, and
particularly meta-periodates {e.g. sodium or potassium
meta-periodate e.g. NaIO4), to oxidise vicinal
hydroxides [10]. Periodate oxidation has been reported
for at least serogroups II [3,50], III [2] and V [50].
Other oxidation conditions can be used e.g. use of
osmium tetroxide, etc. In the third aspect of the
invention, the -OH that is oxidised is preferably the
primary -OH {i.e. not the secondary or anomeric -OH
groups), which is attached to C-6. Thus it is
preferred to convert galactose into
galactohexodialose. This can conveniently be achieved
using a galactose oxidase enzyme, from any suitable
source {e.g. from Fusarium fungi, or Dactylium
dendroides). The enzyme can be used in recombinant
form, or purified from its native source. The
galactose oxidase enzyme has EC number 1.1.3.9, and is
also known as D-Galactose:oxygen 6-oxidoreductase. The
enzyme uses a copper ion cofactor and can be inhibited
by cyanide, diethyldithiocarbamate, azide and
hydroxylamine, so use of these reagents prior to
oxidation is preferably avoided. The pH optimum for
the D.dendroides is around neutral, which is thus the
preferred pH for oxidation. A product of the enzymatic
reaction is H2O2 (reduced oxygen), and the
concentration of this product can be controlled e.g.
if its presence is damaging to the saccharide. For
both sialic acid and galactose, therefore, the
preferred oxidation reactions involve the terminal
carbon atoms in the monosaccharides i.e. the
highest-numbered carbons by standard nomenclature. 



The proportion of monosaccharide subunits in a
saccharide chain that are converted to include an
aldehyde group can be controlled by varying reaction
conditions. For example, reference 50 reports that
controlled periodate oxidation of serotype II GBS
polysaccharide resulted in the modification of 7% of
sialic acid residues as determined by gas
chromatography-mass spectrometry analysis, with a
higher percentage being seen for serotype V GBS
polysaccharide. Reference 2 reports 25% conversion for
serotype III. Preliminary studies of reaction
conditions {e.g. time, temperature, concentrations,
etc.)can be performed to find optimum conditions for
any desired end result.In general, it is typical to
introduce aldehyde groups into between 5% and 50%
(e.g. 10-40%, preferably between 15%-30%; or between
5% and 20%) of the total sialic acid or galactose
monosaccharide units within a saccharide. Higher
percentages lead to saccharides that are more
difficult to handle, without any corresponding
increase in immunogenicity, Reductive amination In the
first aspect of the invention, reductive amination of
the new aldehyde group is used to give a group for
attachment of the linker. Reductive amination can also
be used in the third aspect of the invention after the
aldehyde group has been produced, either to attach a
linker or for direct linkage to a carrier. Reductive
amination is a standard technique in organic
chemistry, and has been used extensively in the
production of conjugates of capsular saccharides for
vaccine use. In the first aspect, the reductive
amination involves either ammonia or a primary amine
(NH R). This can conveniently be achieved by using an
ammonium salt (e.g. ammonium chloride) in combination
with an appropriate reducing agent (e.g.
cyanoborohydrides, such as sodium cyanoborohydride
NaBH CN; borane-pyridine; sodium
triacetoxyborohydride; borohydride exchange resin;
etc.). The result of reductive amination is that C-8
in the sialic acid carries -NHR rather than =0. This
group can then be used for attachment of a
bifunctional linker for conjugation. In the third
aspect, the oxidised galactose has an aldehyde group
on C-6. This group can be coupled to a bifunctional
linker by reductive amination in the same way as
described above i.e. involving ammonia or a primary
amine. As an alternative, reductive amination can be
used to link the aldehyde to a carrier directly,
without use of a linker, by utilising an amine group
on the carrier. Reductive amination will generally be
carried out in a polar protic solvent, such as water
or alcohol. Bifunctional linker The first and second
aspects of the invention (and, optionally, the third
aspect) involve the use of a bifunctional linker. A
bifunctional linker is used to provide a first group
for coupling to an amine group in the modified
capsular saccharide and a second group for coupling to
the carrier (typically for coupling to an amine in the
carrier). The first group in the bifunctional linker
is thus able to react with the amine group (-NHR) on
the modified sialic acid (or galactose) residue. This
reaction will typically involve an electrophilic
substitution of the amine's hydrogen. The second group
in the bifunctional linker is able to react with the
amine group on the carrier. This reaction will again
typically involve an electrophilic substitution of the
amine. The invention can use both heterobifunctional
linkers and homobifunctional linkers. Where the
reactions with both the saccharide and the carrier
involve amines then it is preferred to use a
bifunctional linker of the formula X-L-X, where: the
two X groups are the same as each other and can react
with the amines; and where L is a linking moiety in
the linker. A preferred X group is N-oxysuccinimide. L
preferably has formula -L'-L2-L'-, where L' is
carbonyl. Preferred L2 groups arestraight chain alkyls
with 1 to 10 carbon atoms (e.g. Ci, C2, C3, C4, C5,
C6, C7, C8, C9, C)0) e.g. -(CH2)4-. A preferred linker
is thus adipic acid N-hydroxysuccinimide diester
(SIDEA): Other X groups are those which form esters
when combined with HO-L-OH, such as norborane,
p-nitrobenzoic acid, and sulfo-N-hydroxysuccinimide.
Further bifunctional linkers reactive with amines for
use with the invention include acryloyl halides (e.g.
chloride) [54], haloacylhalides [55], disuccinimidyl
glutarate, disuccinimidyl suberate, ethylene glycol
bis[succinimidylsuccinate], etc. The linker will
generally be added in molar excess to modified
saccharide. The linker/saccharide reaction will
generally take place in an aprotic solvent (e.g. DMSO,
ethanol acetate, etc.), as the linkers are typically
insoluble in water. Where water-soluble linkers are
used, however, then a wider range of solvents is
available, including protic solvents such as water.
Suitable linkers include sulphonated forms, such as
sulphonated SIDEA: De-N-acetylation and
re-N-acetylation The sialic acid residues in GBS
capsular saccharides are N-acetylated, as are the
glucosamine residues within the trisaccharide core.
Whereas the first aspect of the invention introduces
amine groups in at C-8 of the sialic acid via an
aldehyde intermediate, the second aspect of the
invention uses amine groups produced by
de-N-acetylation of the sialic acid and/or
N-acetyl-glucosamine residues. The reaction schemes
for amines produced in this way are generally the same
as described for the first aspect of the invention.
De-N-acetylation of GBS saccharides can conveniently
be achieved by treating the saccharide with a base. As
GBS saccharides can be purified by a process involving
base extraction [51] then de-N-acetylation may be a
side-reaction during purification.Because N-acetyl
groups may be part of important epitopes in GBS
saccharides, complete de-N-acetylation may not be
desirable, but this process is difficult to control.
If the extent of de-N-acetylation is greater than
desired, therefore, the invention may involve a step
of controlled re-N-acetylation. Re-N-acetylation can
conveniently be performed using a reagent such as
acetic anhydride (CH3CO)2O e.g. in 5% ammonium
bicarbonate [52]. Rather than use re-N-acetylation,
however, the inventors have found that base extraction
of the saccharide from bacteria can, if performed
quickly enough without prolonged storage of the
saccharide, give a saccharide with less than 25%
de-N-acetylation. The result of de-N-acetylation and
optional re-N-acetylation is a saccharide in which at
least 1 sialic 



acid residue or glucosamine is de-N-acetylated.
Typically, at least 60% of the sialic acid residues
and glucosamine residues in the GBS saccharide are
N-acetylated e.g. >70%, >75%, >80%, >85%, >90%, etc.
The remaining de-N-acetylated groups (i.e. -NH 2
groups) can be used for conjugation in the same way as
described for the first aspect of the invention,
except that the -NH- in the final conjugate will be
derived from the original saccharide rather than being
added during the conjugation reaction. These de- and
re-acetylation reactions can be performed in aqueous
conditions. In embodiments of the first and third
aspects of the invention where the aldehyde is
reductively aminated, it is preferred that the
saccharide is substantially totally re-N-acetylated
prior to the reductive amination (preferably prior to
oxidation of galactose in the third aspect), in order
to avoid the presence of free amine groups on sialic
acids that would otherwise offer alternative linking
groups to the aminated aldehyde. The conjugate
Conjugates of the invention are formed by mixing the
modified GBS saccharide with the carrier under
suitable reaction conditions. In general, two types of
conjugate can be made, as shown in Figure 5: (a) a
conjugate where an individual saccharide is attached
to a single carrier e.g. through its reducing
terminus; and (b) a conjugate where an individual
saccharide is attached to multiple carriers e.g.
because several monosaccharide subunits are reactive.
In both situations a single carrier protein can link
to multiple saccharide molecules because it can have
multiple exposed lysine side chains. Conjugates of
type (b) are more typical in the present invention,
because the modified sialic acid or galactose residues
of the invention occur at multiple sites along a
single saccharide [50]. In preferred conjugates of the
invention, therefore, a single saccharide molecule is
coupled on average to more than one carrier molecule.
In the first and third methods of the invention, where
oxidised saccharides are used for conjugation, the
number of carrier molecules attached to a saccharide
will depend on the number of free aldehyde groups that
are present. As mentioned above, it is preferred that
5-50% of sialic acid (first method) or galactose
(third method) residues in the saccharide are
oxidised.In the first and second aspects of the
invention (and optionally in the third) the conjugates
will include a linker moiety. This linker moiety
originates neither in the saccharide nor the carrier,
but is a third molecule used during conjugate
preparation, and can readily be distinguished from
both the saccharide and carrier protein in a final
conjugate product. The linker moiety may include atoms
such as carbon, hydrogen, oxygen and/or nitrogen.
Linkers that comprise carbon and hydrogen are
preferred, and linkers that further comprise oxygen
and/or nitrogen are also preferred. Linkers that
include nitrogen atoms may include a carbon atom
bonded to a nitrogen atom, which in turn is bonded to
a second carbon atom (-C-N-C-). Linkers that include
an oxygen atom preferably include it as part of a
carbonyl group. Linker moieties with a molecular
weight of between 30-500 Da are preferred. Linkers
containing two carbonyl groups are preferred. A
particularly preferred linker moiety is -NH-C(O)-(CH
2)n-C(O)-, wherein n is 1, 2, 3, 4, 5, 6, 7, 8, 9 or
10. The value of n is preferably 4. The terminal -NH-
in this linker is preferably attached to a carbon atom
from the saccharide moiety. The terminal -C(O)- is
preferably attached to a nitrogen atom in an amino
acid side chain in the carrier. The preferred linker
moiety can conveniently be introduced by a process
involving: reductive amination of an aldehyde in an
oxidised sialic acid; reaction of the resulting -NH 2
group with a bifunctional linker that is a diester
(e.g. a disuccinimidyl ester) of a dioic acid (e.g. of
adipic acid, HOOC-(CH2)4-COOH); and reductive
amination of the product (see Figure 6 [53]). Other
chemistries that can be used to attach a linker to a
terminal -NH 2 in a saccharide, which may have been
introduced (as in the first aspect of the invention)
or may be part of a de-N-acetylated monosaccharide
residue (as in the second aspect of the invention),
include: - acryloylation (e.g. by reaction with
acryloyl chloride), followed by Michael-type addition
to either the e-NH2 of an amino acid side chain or to
a -SH of a cysteine side chain [54]. The resulting
linker is -NH-C(O)-(CH 2)2- (propionamido), as shown
in Figure 8, or -C(O)-(CH 2)2- if an existing -NH 2
takes part in the reaction. - reaction with a
haloacylhalide, followed by reaction with the e-NH2 of
an amino acid side chain or to a -SH of a cysteine
side chain [55]. The linker is -NH-C(O)-CH 2- (as
shown in Figure 9) or -C(O)-CH 2- , depending on
whether an existing or added -NH 2 takes part in the
reaction. Another preferred linker moiety is -C(O)-(CH
2)n-C(O)-, wherein n is 1, 2, 3, 4, 5, 6, 7, 8, 9 or
10. The value of n is preferably 4. One terminal
-C(O)- in this linker is preferably attached to a
nitrogen carbon atom from the saccharide moiety, and
the other terminal -C(O)- is preferably attached to a
nitrogen atom in an amino acid side chain in the
carrier. The preferred linker moiety can conveniently
be introduced by a process involving: reaction of a
-NH 2 group in a de-N-acetylated monosaccharide unit
with a bifunctional linker that is a diester (e.g. a
disuccinimidyl ester) of a dioic acid (e.g. of adipic
acid, HOOC-(CH )4-COOH); and reductive amination of
the product (Figure 7).Other options include
conjugating via hydroxyl groups in the saccharide.
Hydroxyls can be activated (e.g. by CNBr or CDAP) and
then subjected to conjugation. Combinations of
conjugates and other antigens As well as providing
individual conjugates as described above, the
invention provides a composition comprising a
conjugate of the invention and one or more further
antigens. The further antigen(s) may comprise further
conjugates of the invention, and so the invention
provides a composition comprising more than one
conjugate of the invention. The further antigen(s) may
be GBS saccharide conjugates prepared by methods other
than those of the invention, and so the invention
provides a composition comprising a first GBS
saccharide conjugate and a second GBS saccharide
conjugate, wherein the first conjugate is a conjugate
of the invention and the second 



conjugate is not a conjugate of the invention. The
different GBS conjugates may include different types
of conjugate from the same GBS serotype and/or
conjugates from different GBS serotypes. For example,
the invention provides a composition comprising
conjugates from two or three of serotypes Ia, Ib and
III. The composition will be produced by preparing
separate conjugates (e.g. a different conjugate for
each serotype) and then combining the conjugates. The
further antigen(s) may comprise GBS amino acid
sequences, as set out below. The further antigen(s)
may comprise antigens from non-GBS pathogens. Thus the
compositions of the invention may further comprise one
or more non-GBS antigens, including additional
bacterial, viral or parasitic antigens. These may be
selected from the following: - a protein antigen from
N.meningitidis serogroup B, such as those in refs. 56
to 62, with protein '287' (see below) and derivatives
(e.g. 'DG287') being particularly preferred. - an
outer-membrane vesicle (OMV) preparation from
N.meningitidis serogroup B, such as those disclosed in
refs. 63, 64, 65, 66 etc. - a saccharide antigen from
N.meningitidis serogroup A, C, W135 and/or Y, such as
the oligosaccharide disclosed in ref. 67 from
serogroup C or the oligosaccharides of ref. 68. - a
saccharide antigen from Streptococcus pneumoniae [e.g.
refs. 69-71; chapters 22 & 23 of ref. 78]. - an
antigen from hepatitis A virus, such as inactivated
virus [e.g. 72, 73; chapter 15 of ref. 78]. - an
antigen from hepatitis B virus, such as the surface
and/or core antigens [e.g. 13,1A; chpater 16 of ref.
78]. - an antigen from hepatitis C virus [e.g. 75]. -
an antigen from Bordetella pertussis, such as
pertussis holotoxin (PT) and filamentous
haemagglutinin (FHA) from B.pertussis, optionally also
in combination with pertactin and/or agglutinogens 2
and 3 [e.g. refs. 76 & 77; chapter 2 1 of ref. 78]. -
a diphtheria antigen, such as a diphtheria toxoid
[e.g. chapter 13 of ref. 78].- a tetanus antigen, such
as a tetanus toxoid [e.g. chapter 27 of ref. 78]. - a
saccharide antigen from Haemophilus influenzae B [e.g.
chapter 14 of ref. 78] - an antigen from N.gonorrhoeae
[e.g. 56, 57, 58]. - an antigen from Chlamydia
pneumoniae [e.g. 79, 80, 81, 82, 83, 84, 85]. - an
antigen from Chlamydia frachomatis [e.g. 86]. - an
antigen from Porphyromonas gingivalis [e.g. 87]. -
polio antigen(s) [e.g. 88, 89; chapter 24 of ref. 78]
such as IPV. - rabies antigen(s) [e.g. 90] such as
lyophilised inactivated virus [e.g.9l, RabAvert(tm)].
- measles, mumps and/or rubella antigens [e.g.
chapters 19, 20 and 26 of ref. 78]. - influenza
antigen(s) [e.g. chapters 17 & 18 of ref. 78], such as
the haemagglutinin and/or neuraminidase surface
proteins. - an antigen from Moraxella catarrhalis
[e.g. 92]. - an antigen from Streptococcus pyogenes
(group A streptococcus) [e.g. 93, 94, 95]. - an
antigen from Staphylococcus aureus [e.g. 96]. Where a
saccharide or carbohydrate antigen is used, it is
preferably conjugated to a carrier in order to enhance
immunogenicity. Conjugation of H.influenzae B,
meningococcal and pneumococcal saccharide antigens is
well known. Toxic protein antigens may be detoxified
where necessary {e.g. detoxification of pertussis
toxin by chemical and/or genetic means [77]). Where a
diphtheria antigen is included in the composition it
is preferred also to include tetanus antigen and
pertussis antigens. Similarly, where a tetanus antigen
is included it is preferred also to include diphtheria
and pertussis antigens. Similarly, where a pertussis
antigen is included it is preferred also to include
diphtheria and tetanus antigens. Antigens may be
adsorbed to an aluminium salt. One type of preferred
composition includes further antigens from
sexually-transmitted pathogens, such as: herpesvirus;
N.gonorrhoeae; papillomavirus; C.trachomatis; etc.
Another type of preferred composition includes further
antigens that affect the elderly and/or the
immunocompromised, and so the GBS antigens of the
invention can be combined with one or more antigens
from the following non-GBS pathogens: influenza virus,
Enterococcus faecalis, Staphylococcus aureus,
Staphylococcus epidermis, Pseudomonas aeruginosa,
Legionella pneumophila, Listeria monocytogenes,
Neisseria meningitidis, and parainfluenza virus.
Antigens in the composition will typically be present
at a concentration of at least l mg/ml each. In
general, the concentration of any given antigen will
be sufficient to elicit an immune response against
that antigen.As an alternative to using proteins
antigens in the composition of the invention, nucleic
acid encoding the antigen may be used [e.g. refs. 97
to 105]. Protein components of the compositions of the
invention may thus be replaced by nucleic acid
(preferably DNA e.g. in the form of a plasmid) that
encodes the protein. In practical terms, there may be
an upper limit to the number of antigens included in
compositions of the invention. The number of antigens
(including GBS antigens) in a composition of the
invention may be less than 20, less than 19, less than
18, less than 17, less than 16, less than 15, less
than 14, less than 13, less than 12, less than 11,
less than 10, less than 9, less than 8, less than 7,
less than 6, less than 5, less than 4, or less than 3.
The number of GBS antigens in a composition of the
invention may be less than 6, less than 5, or less
than 4. Pharmaceutical compositions and methods The
invention provides a pharmaceutical composition
comprising (a) a conjugate of the invention 



and (b) a pharmaceutically acceptable carrier. Typical
'pharmaceutically acceptable carriers' include any
carrier that does not itself induce the production of
antibodies harmful to the individual receiving the
composition. Suitable carriers are typically large,
slowly metabolised macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, sucrose
[106], trehalose [107], lactose, and lipid aggregates
(such as oil droplets or liposomes). Such carriers are
well known to those of ordinary skill in the art. The
vaccines may also contain diluents, such as water,
saline, glycerol, etc. Additionally, auxiliary
substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, may be present.
Sterile pyrogen-free, phosphate-buffered physiologic
saline is a typical carrier. A thorough discussion of
pharmaceutically acceptable excipients is available in
reference 108. Compositions of the invention may be in
aqueous form (i.e. solutions or suspensions) or in a
dried form (e.g. lyophilised). If a dried vaccine is
used then it will be reconstituted into a liquid
medium prior to injection. Lyophilisation of conjugate
vaccines is known in the art e.g. the Menjugate(tm)
product is presented in lyophilised form, whereas
NeisVac-C(tm) and Meningitec(tm) are presetned in
aqueous form. To stabilise conjugates during
lyophilisation, it may be preferred to include a sugar
alcohol (e.g. mannitol) or a disaccharide (e.g.
sucrose or trehalose) e.g. at between lmg/ml and
30mg/ml (e.g. about 25 mg/ml) in the composition.
Compositions may be presented in vials, or they may be
presented in ready-filled syringes. The syringes may
be supplied with or without needles. A syringe will
include a single dose of the composition, whereas a
vial may include a single dose or multiple doses.
Aqueous compositions of the invention are also
suitable for reconstituting other vaccines from a
lyophilised form. Where a composition of the invention
is to be used for such extemporaneous reconstitution,
the invention provides a kit, which may comprise two
vials, or may comprise oneready-filled syringe and one
vial, with the contents of the syringe being used to
reactivate the contents of the vial prior to
injection. Compositions of the invention may be
packaged in unit dose form or in multiple dose form.
For multiple dose forms, vials are preferred to
pre-filled syringes. Effective dosage volumes can be
routinely established, but a typical human dose of the
composition has a volume of 0.5ml e.g. for for
intramuscular injection. The pH of the composition is
preferably between 6 and 8, preferably about 7. Stable
pH may be maintained by the use of a buffer. If a
composition comprises an aluminium hydroxide salt, it
is preferred to use a histidine buffer [109]. The
composition may be sterile and/or pyrogen-free.
Compositions of the invention may be isotonic with
respect to humans. Compositions of the invention are
immunogenic, and are more preferably vaccine
compositions. Vaccines according to the invention may
either be prophylactic (i.e. to prevent infection) or
therapeutic (i.e. to treat infection), but will
typically be prophylactic. Immunogenic compositions
used as vaccines comprise an immunologically effective
amount of antigen(s), as well as any other components,
as needed. By 'immunologically effective amount', it
is meant that the administration of that amount to an
individual, either in a single dose or as part of a
series, is effective for treatment or prevention. This
amount varies depending upon the health and physical
condition of the individual to be treated, age, the
taxonomic group of individual to be treated (e.g.
non-human primate, primate, etc.), the capacity of the
individual's immune system to synthesise antibodies,
the degree of protection desired, the formulation of
the vaccine, the treating doctor's assessment of the
medical situation, and other relevant factors. It is
expected that the amount will fall in a relatively
broad range that can be determined through routine
trials. Within each dose, the quantity of an
individual saccharide antigen will generally be
between 1-50 mg (measured as mass of saccharide) e.g.
about l mg, about 2.5mg, about 4mg, about 5mg, or
about l Omg. GBS affects various areas of the body and
so the compositions of the invention may be prepared
in various forms. For example, the compositions may be
prepared as injectables, either as liquid solutions or
suspensions. The composition may be prepared for
pulmonary administration e.g. as an inhaler, using a
fine powder or a spray. The composition may be
prepared as a suppository or pessary. The composition
may be prepared for nasal, aural or ocular
administration e.g. as spray, drops, gel or powder
[e.g. refs 110 & 111]. Success with nasal
administration of pneumococcal saccharides [112,1
13],Hib saccharides [ 1 14], MenC saccharides [ 115],
and mixtures of Hib and MenC saccharide conjugates [ 1
16] has been reported. Compositions of the invention
may include an antimicrobial, particularly when
packaged in multiple dose format. Compositions of the
invention may comprise detergent e.g. a Tween
(polysorbate), such as Tween 80. Detergents are
generally present at low levels e.g.
<0.01%.Compositions of the invention may include
sodium salts (e.g. sodium chloride) to give tonicity.
A concentration of 10+2mg/ml NaCl is typical.
Compositions of the invention will generally include a
buffer. A phosphate buffer is typical. Compositions of
the invention will generally be administered in
conjunction with other immunoregulatory agents. In
particular, compositions will usually include one or
more adjuvants. Such adjuvants include, but are not
limited to: A. Mineral-containing compositions Mineral
containing compositions suitable for use as adjuvants
in the invention include mineral salts, such as
aluminium salts and calcium salts. The invention
includes mineral salts such as hydroxides (e.g.
oxyhydroxides), phosphates (e.g. hydroxyphosphates,
orthophosphates), sulphates, etc. [e.g. see chapters 8
& 9 of ref. 117], or mixtures of different mineral
compounds (e.g. a mixture of a phosphate and a
hydroxide adjuvant, optionally with an excess of the
phosphate), with the compounds taking any suitable
form (e.g. gel, crystalline, amorphous, etc.), and
with adsorption to 



the salt(s) being preferred. The mineral containing
compositions may also be formulated as a particle of
metal salt [118]. Aluminum salts may be included in
vaccines of the invention such that the dose of Al3+
is between 0.2 and 1.0 mgper dose. A typical aluminium
phosphate adjuvant is amorphous aluminium
hydroxyphosphate with PO4/AI molar ratio between 0.84
and 0.92, included at 0.6mg Al34VmI. Adsorption with a
low dose of aluminium phosphate may be used e.g.
between 50 and lOOmg Al3+ per conjugate per dose.
Where an aluminium phosphate it used and it is desired
not to adsorb an antigen to the adjuvant, this is
favoured by including free phosphate ions in solution
(e.g. by the use of a phosphate buffer). B. Oil
Emulsions Oil emulsion compositions suitable for use
as adjuvants in the invention include squalene-water
emulsions, such as MF59 (5% Squalene, 0.5% Tween 80,
and 0.5% Span 85, formulated into submicron particles
using a microfluidizer) [Chapter 10 of ref. 117; see
also refs. 119-121]. MF59 is used as the adjuvant in
the FLUAD(tm) influenza virus trivalent subunit
vaccine. Particularly preferred adjuvants for use in
the compositions are submicron oil-in-water emulsions.
Preferred submicron oil-in-water emulsions for use
herein are squalene/water emulsions optionally
containing varying amounts of MTP-PE, such as a
submicron oil-in-water emulsion containing 4-5% w/v
squalene, 0.25-1.0% w/v Tween 80
(polyoxyelthylenesorbitan monooleate), and/or
0.25-1.0% Span 85 (sorbitan trioleate), and,
optionally,
N-acetylmuramyl-L-alanyl-D-isogluatminyl-L-alanine-
2-(r-2'-dipalmitoyl-sn-glycero-3-hydroxyphosphophorylo
xy)-ethylamine (MTP-PE). Submicron oil-in-water
emulsions, methods of making the same and
immunostimulating agents, such as muramyl peptides,
for use in the compositions, are described in detail
in references 119 & 122-123.Complete Freund's adjuvant
(CFA) and incomplete Freund's adjuvant (IFA) may also
be used as adjuvants in the invention. C. Saponin
formulations [chapter 22 of re/. 1171 Saponin
formulations may also be used as adjuvants in the
invention. Saponins are a heterologous group of sterol
glycosides and triterpenoid glycosides that are found
in the bark, leaves, stems, roots and even flowers of
a wide range of plant species. Saponins isolated from
the bark of the Quillaia saponaria Molina tree have
been widely studied as adjuvants. Saponin can also be
commercially obtained from Smilax ornata
(sarsaprilla), Gypsophilla paniculata (brides veil),
and Saponaria officianalis (soap root). Saponin
adjuvant formulations include purified formulations,
such as QS21, as well as lipid formulations, such as
ISCOMs. Saponin compositions have been purified using
HPLC and RP-HPLC. Specific purified fractions using
these techniques have been identified, including QS7,
QS17, QS18, QS21, QH-A, QH-B and QH-C. Preferably, the
saponin is QS21. A method of production of QS21 is
disclosed in ref. 124. Saponin formulations may also
comprise a sterol, such as cholesterol [125].
Combinations of saponins and cholesterols can be used
to form unique particles called immunostimulating
complexs (ISCOMs) [chapter 23 of ref. 117]. ISCOMs
typically also include a phospholipid such as
phosphatidylethanolamine or phosphatidylcholine. Any
known saponin can be used in ISCOMs. Preferably, the
ISCOM includes one or more of QuilA, QHA and QHC.
ISCOMs are further described in refs. 125-127.
Optionally, the ISCOMS may be devoid of additional
detergent(s) [128]. A review of the development of
saponin based adjuvants can be found in refs. 129 &
130. D. Virosomes and virus-like particles Virosomes
and virus-like particles (VLPs) can also be used as
adjuvants in the invention. These structures generally
contain one or more proteins from a virus optionally
combined or formulated with a phospholipid. They are
generally non-pathogenic, non-replicating and
generally do not contain any of the native viral
genome. The viral proteins may be recombinantly
produced or isolated from whole viruses. These viral
proteins suitable for use in virosomes or VLPs include
proteins derived from influenza virus (such as HA or
NA), Hepatitis B virus (such as core or capsid
proteins), Hepatitis E virus, measles virus, Sindbis
virus, Rotavirus, Foot-and-Mouth Disease virus,
Retrovirus, Norwalk virus, human Papilloma virus, HIV,
RNA-phages, Qb-phage (such as coat proteins), GAphage,
fr-phage, AP205 phage, and Ty (such as retrotransposon
Ty protein pi). VLPs are discussed further in refs.
131-136. Virosomes are discussed further in, for
example, ref. 137 E. Bacterial or microbial
derivatives Adjuvants suitable for use in the
invention include bacterial or microbial derivatives
such as non-toxic derivatives of enterobacterial
lipopolysaccharide (LPS), Lipid A derivatives,
immunostimulatory oligonucleotides and
ADP-ribosylating toxins and detoxified derivatives
thereof.Non-toxic derivatives of LPS include
monophosphoryl lipid A (MPL) and 3-0-deacylated MPL
(3dMPL). 3dMPL is a mixture of 3 de-O-acylated
monophosphoryl lipid A with 4, 5 or 6 acylated chains.
A preferred "small particle" form of 3 De-O-acylated
monophosphoryl lipid A is disclosed in ref. 138. Such
"small particles" of 3dMPL are small enough to be
sterile filtered through a 0.22mm membrane [138].
Other non-toxic LPS derivatives include monophosphoryl
lipid A mimics, such as aminoalkyl glucosaminide
phosphate derivatives e.g. RC-529 [139,140]. Lipid A
derivatives include derivatives of lipid A from
Escherichia coli such as OM-174. OM-174 is described
for example in refs. 141 & 142. Immunostimulatory
oligonucleotides suitable for use as adjuvants in the
invention include nucleotide sequences containing a
CpG motif (a dinucleotide sequence containing an
unmethylated cytosine linked by a phosphate bond to a
guanosine). Double-stranded RNAs and oligonucleotides
containing palindromic or poly(dG) sequences have also
been shown to be immunostimulatory. The CpG' s can
include nucleotide modifications/analogs such as
phosphorothioate modifications and can be
double-stranded or single-stranded. References 143,
144 and 145 disclose possible analog 



substitutions e.g. replacement of guanosine with
2'-deoxy-7-deazaguanosine. The adjuvant effect of CpG
oligonucleotides is further discussed in refs.
146-151. The CpG sequence may be directed to TLR9,
such as the motif GTCGTT or TTCGTT [152]. The CpG
sequence may be specific for inducing a ThI immune
response, such as a CpG-A ODN, or it may be more
specific for inducing a B cell response, such a CpG-B
ODN. CpG-A and CpG-B ODNs are discussed in refs.
153-155. Preferably, the CpG is a CpG-A ODN.
Preferably, the CpG oligonucleotide is constructed so
that the 5' end is accessible for receptor
recognition. Optionally, two CpG oligonucleotide
sequences may be attached at their 3' ends to form
"immunomers". See, for example, refs. 152 & 156-158.
Bacterial ADP-ribosylating toxins and detoxified
derivatives thereof may be used as adjuvants in the
invention. Preferably, the protein is derived from
E.coli {E.coli heat labile enterotoxin "LT"), cholera
("CT"), or pertussis ("PT"). The use of detoxified
ADP-ribosylating toxins as mucosal adjuvants is
described in ref. 159 and as parenteral adjuvants in
ref. 160. The toxin or toxoid is preferably in the
form of a holotoxin, comprising both A and B subunits.
Preferably, the A subunit contains a detoxifying
mutation; preferably the B subunit is not mutated.
Preferably, the adjuvant is a detoxified LT mutant
such as LT-K63, LT-R72, and LT-G192. The use of
ADP-ribosylating toxins and detoxified derivaties
thereof, particularly LT-K63 and LT-R72, as adjuvants
can be found in refs. 161-168. Numerical reference for
amino acid substitutions is preferably based on the
alignments of the A and B subunits of ADP-ribosylating
toxins set forth in ref. 169, specifically
incorporated herein by reference in its entirety.F.
Human immunomodulators Human immunomodulators suitable
for use as adjuvants in the invention include
cytokines, such as interleukins {e.g. IL-I, IL-2,
IL-4, IL-5, IL-6, IL-7, IL-12 [170], etc.) [171],
interferons (e.g. interferon-g), macrophage colony
stimulating factor, and tumor necrosis factor. G.
Bioadhesives and Mucoadhesives Bioadhesives and
mucoadhesives may also be used as adjuvants in the
invention. Suitable bioadhesives include esterified
hyaluronic acid microspheres [172] or mucoadhesives
such as cross-linked derivatives of poly(acrylic
acid), polyvinyl alcohol, polyvinyl pyrollidone,
polysaccharides and carboxymethylcellulose. Chitosan
and derivatives thereof may also be used as adjuvants
in the invention [173]. H. Microparticles
Microparticles may also be used as adjuvants in the
invention. Microparticles (i.e. a particle of ~100nm
to ~150mm in diameter, more preferably ~200nm to ~30mm
in diameter, and most preferably ~500nm to ~10mm in
diameter) formed from materials that are biodegradable
and non-toxic (e.g. a poly(a-hydroxy acid), a
polyhydroxybutyric acid, a polyorthoester, a
polyanhydride, a polycaprolactone, etc.), with
poly(lactide-co-glycolide) are preferred, optionally
treated to have a negatively-charged surface (e.g.
with SDS) or a positively-charged surface (e.g. with a
cationic detergent, such as CTAB). / . Liposomes
(Chapters 13 & 14 ofref. 117) Examples of liposome
formulations suitable for use as adjuvants are
described in refs. 174-176. J. Polyoxyethylene ether
and polyoxyethylene esterformulations Adjuvants
suitable for use in the invention include
polyoxyethylene ethers and polyoxyethylene esters
[177]. Such formulations further include
polyoxyethylene sorbitan ester surfactants in
combination with an octoxynol [178] as well as
polyoxyethylene alkyl ethers or ester surfactants in
combination with at least one additional non-ionic
surfactant such as an octoxynol [179]. Preferred
polyoxyethylene ethers are selected from the following
group: polyoxyethylene-9-lauryl ether (laureth 9),
polyoxyethylene-9-steoryl ether,
polyoxytheylene-8-steoryl ether, polyoxyethylene-4-
lauryl ether, polyoxyethylene-35-lauryl ether, and
polyoxyethylene-23-lauryl ether. K. Polvphosphazene
(PCPP) PCPP formulations are described, for example,
in refs. 180 and 181. L. Muramyl peptides Examples of
muramyl peptides suitable for use as adjuvants in the
invention include N-acetylmuramyl-
L-threonyl-D-isoglutamine (thr-MDP),
N-acetyl-nopnuramyl-L-alanyl-D-isoglutamine (nor-
MDP), and
N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(
r-2'-dipalmitoyl-5/z-glycero-3-
hydiOxyphosphoryloxy)-ethylamine MTP-PE).M.
Imidazoquinolom Compounds. Examples of
imidazoquinolone compounds suitable for use adjuvants
in the invention include Imiquamod and its homologues
(e,g. "Resiquimod 3M"), described further in refs. 182
and 183. N. Thiosemicarbazone Compounds. Examples of
thiosemicarbazone compounds, as well as methods of
formulating, manufacturing, and screening for
compounds all suitable for use as adjuvants in the
invention include those described in ref. 184. The
thiosemicarbazones are particularly effective in the
stimulation of human peripheral blood mononuclear
cells for the production of cytokines, such as TNF-a.
O. Tryptanthrin Compounds. Examples of tryptanthrin
compounds, as well as methods of formulating,
manufacturing, and screening for compounds all
suitable for use as adjuvants in the invention include
those described in ref. 185. The tryptanthrin
compounds are particularly effective in the
stimulation of human peripheral blood mononuclear
cells for the production of cytokines, such as TNF-a.
The invention may also comprise combinations of
aspects of one or more of the adjuvants identified
above. For example, the following combinations may be
used as adjuvant compositions in the invention: (1) a
saponin and an oil-in-water emulsion [186]; (2) a
saponin {e.g. QS21) + a non-toxic LPS derivative (e.g.
3dMPL) [187]; (3) a saponin (e.g. QS21) + a non-toxic
LPS derivative (e.g. 



3dMPL) + a cholesterol; (4) a saponin (e.g. QS21) +
3dMPL + IL-12 (optionally + a sterol) [188]; (5)
combinations of 3dMPL with, for example, QS21 and/or
oil-in-water emulsions [189]; (6) SAF, containing 10%
squalane, 0.4% Tween 80(tm), 5% pluronic-block polymer
L121, and thr-MDP, either microfluidized into a
submicron emulsion or vortexed to generate a larger
particle size emulsion. (7) Ribi(tm) adjuvant system
(RAS), (Ribi Immunochem) containing 2% squalene, 0.2%
Tween 80, and one or more bacterial cell wall
components from the group consisting of
monophosphorylipid A (MPL), trehalose dimycolate
(TDM), and cell wall skeleton (CWS), preferably MPL +
CWS (Detox(tm)); and (8) one or more mineral salts
(such as an aluminum salt) + a non-toxic derivative of
LPS (such as 3dMPL). Other substances that act as
immunostimulating agents are disclosed in chapter 7 of
ref. 117. The use of aluminium salt adjuvants is
particularly preferred, and antigens are generally
adsorbed to such salts. The Menjugate(tm) and
NeisVac(tm) conjugates use a hydroxide adjuvant,
whereas Meningitec(tm) uses a phosphate adjuvant. It
is possible in compositions of the invention to adsorb
some antigens to an aluminium hydroxide but to have
other antigens in association with an aluminium
phosphate. In general, however, it is preferred to use
only a single salt e.g. a hydroxide or a phosphate,
but not both. Not all conjugates need to be adsorbed
i.e. some or all can be free in solution.Methods of
treatment The invention also provides a method for
raising an immune response in a mammal, comprising
administering a pharmaceutical composition of the
invention to the mammal. The immune response is
preferably protective and preferably involves
antibodies. The method may raise a booster response.
The mammal is preferably a human. Where the vaccine is
for prophylactic use, the human is preferably a child
(e.g. a toddler or infant) or a teenager; where the
vaccine is for therapeutic use, the human is
preferably an adult. A vaccine intended for children
may also be administered to adults e.g. to assess
safety, dosage, immunogenicity, etc. A preferred class
of humans for treatment are females of child-bearing
age (e.g. teenagers and above). Another preferred
class is pregnant females. The invention also provides
a composition of the invention for use as a
medicament. The medicament is preferably able to raise
an immune response in a mammal (i.e. it is an
immunogenic composition) and is more preferably a
vaccine. The invention also provides the use of a
conjugate of the invention in the manufacture of a
medicament for raising an immune response in a mammal.
These uses and methods are preferably for the
prevention and/or treatment of a disease caused by
S.agalactiae e.g. neonatal sepsis or bacteremia,
neonatal pneumonia, neonatal meningitis, endometritis,
osteomyelitis, septic arthritis, etc. The subject in
which disease is prevented may not be the same as the
subject that receives the conjugate of the invention.
For instance, a conjugate may be administered to a
female (before or during pregnancy) in order to
protect offspring (so-called 'maternal immunisation'
[190-192]). One way of checking efficacy of
therapeutic treatment involves monitoring GBS
infection after administration of the composition of
the invention. One way of checking efficacy of
prophylactic treatment involves monitoring immune
responses against the GBS antigens after
administration of the composition. Preferred
compositions of the invention can confer an antibody
titre in a patient that is superior to the criterion
for seroprotection for each antigenic component for an
acceptable percentage of human subjects. Antigens with
an associated antibody titre above which a host is
considered to be seroconverted against the antigen are
well known, and such titres are published by
organisations such as WHO. Preferably more than 80% of
a statistically significant sample of subjects is
seroconverted, more preferably more than 90%, still
more preferably more than 93% and most preferably 96-1
00%. Compositions of the invention will generally be
administered directly to a patient. Direct delivery
may be accomplished by parenteral injection (e.g.
subcutaneously, intraperitoneal Iy, intravenously,
intramuscularly, or to the interstitial space of a
tissue), or by rectal, oral, vaginal, topical,
transdermal, intranasal, ocular, aural, pulmonary or
other mucosal administration. Intramuscular
administration to the thigh or the upper arm is
preferred. Injection may be via a needle (e.g.
ahypodermic needle), but needle-free injection may
alternatively be used. A typical intramuscular dose is
0.5 ml. The invention may be used to elicit systemic
and/or mucosal immunity. Dosage treatment can be a
single dose schedule or a multiple dose schedule.
Multiple doses may be used in a primary immunisation
schedule and/or in a booster immunisation schedule. A
primary dose schedule may be followed by a booster
dose schedule. Suitable timing between priming doses
(e.g. between 4-16 weeks), and between priming and
boosting, can be routinely determined. GBSprotein
antigens As mentioned above, GBS proteins can be
included in compositions of the invention. These may
be used as carrier proteins for conjugates of the
invention, carrier proteins for other conjugates, or
as unconjugated protein antigens. GBS protein antigens
for use with the invention include those disclosed in
references 93 and 193- 195. Five preferred GBS protein
antigens for use with the invention are known as:
GBS67; GBS80; GBS104; GBS276; and GBS322 [see ref.
93]. Further details of these five antigens are given
below. The full-length sequences for these five GBS
proteins are SEQ ID NOs 1 to 5 herein. Compositions of
the invention may thus include (a) a polypeptide
comprising an amino acid sequence selected from SEQ ID
NOs 1 to 5, and/or (b) a polypeptide comprising (i) an
amino acid sequence that has sequence identity to one
or more of SEQ ID NOs 1 to 5 and/or (ii) a fragment of
SEQ ID NOs 1 to 5. Depending on the particular SEQ ID
NO, the degree of sequence identity in (i) is
preferably greater than 50% (e.g. 60%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% 



or more). These polypeptides include homologs,
orthologs, allelic variants and functional mutants.
Typically, 50% identity or more between two
polypeptide sequences is considered to be an
indication of functional equivalence. Identity between
polypeptides is preferably determined by the
Smith-Waterman homology search algorithm as
implemented in the MPSRCH program (Oxford Molecular),
using an affine gap search with parameters gap open
penalty=12 and gap extension penalty=l. Depending on
the particular SEQ ID NO, the fragments of (ii) should
comprise at least n consecutive amino acids from the
sequences and, depending on the particular sequence, n
is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 or
more). The fragment may comprise at least one T-cell
or, preferably, a B-cell epitope of the sequence. T-
and B-cell epitopes can be identified empirically
(e.g. using PEPSCAN [196,197] or similar methods), or
they can be predicted (e.g. using the Jameson-Wolf
antigenic index [198], matrix-based approaches [199],
TEPITOPE [200], neural networks [201], OptiMer &
EpiMer [202, 203], ADEPT [204], Tsites [205],
hydrophilicity [206], antigenic index [207] or the
methods disclosed in reference 208 etc.). Other
preferred fragments are SEQ ID NOs 1 to 5 without
their N-terminal amino acid residue or without their
N-terminal signal peptide. Removal of one or more
domains, such as a leader or signalsequence region, a
transmembrane region, a cytoplasmic region or a cell
wall anchoring motif can be used. Preferred fragments
are given below (SEQ ID NOs 6 to 19). These
polypeptide may, compared to SEQ ID NOs 1 to 5,
include one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, etc.) conservative amino acid replacements i.e.
replacements of one amino acid with another which has
a related side chain. Genetically-encoded amino acids
are generally divided into four families: (1) acidic
i.e. aspartate, glutamate; (2) basic i.e. lysine,
arginine, histidine; (3) non-polar i.e. alanine,
valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan; and (4) uncharged polar i.e.
glycine, asparagine, glutamine, cystine, serine,
threonine, tyrosine. Phenylalanine, tryptophan, and
tyrosine are sometimes classified jointly as aromatic
amino acids. In general, substitution of single amino
acids within these families does not have a major
effect on the biological activity. The polypeptides
may also include one or more (e.g. 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, etc.) single amino acid deletions
relative to SEQ ID NOs 1 to 5. The polypeptides may
also include one or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, etc.) insertions (e.g. each of 1, 2, 3, 4 or 5
amino acids) relative to the SEQ ID NOs 1 to 5.
Polypeptides of the invention can be prepared in many
ways e.g. by chemical synthesis (in whole or in part),
by digesting longer polypeptides using proteases, by
translation from RNA, by purification from cell
culture (e.g. from recombinant expression), from the
organism itself (e.g. after bacterial culture, or
direct from patients), etc. A preferred method for
production of peptides <40 amino acids long involves
in vitro chemical synthesis [209,210]. Solid-phase
peptide synthesis is particularly preferred, such as
methods based on tBoc or Fmoc [21 1] chemistry.
Enzymatic synthesis [212] may also be used in part or
in full. As an alternative to chemical synthesis,
biological synthesis may be used e.g. the polypeptides
may be produced by translation. This may be carried
out in vitro or in vivo. Biological methods are in
general restricted to the production of polypeptides
based on L-amino acids, but manipulation of
translation machinery (e.g. of aminoacyl tRNA
molecules) can be used to allow the introduction of
D-amino acids (or of other non natural amino acids,
such as iodotyrosine or methylphenylalanine,
azidohomoalanine, etc.) [213]. Where D-amino acids are
included, however, it is preferred to use chemical
synthesis. Polypeptides of the invention may have
covalent modifications at the C-terminus and/or
N-terminus. If these GBS proteins are included in
compositions of the invention then they can take
various forms (e.g. native, fusions, glycosylated,
non-glycosylated, lipidated, non-lipidated,
phosphorylated, non-phosphorylated, myristoylated,
non-myristoylated, monomeric, multimeric, particulate,
denatured, etc.). They are preferably used in purified
or substantially purified form i.e. substantially free
from other polypeptides (e.g. free from
naturally-occurring polypeptides), particularly from
other GBS or host cell polypeptides). GBS67 Nucleotide
and amino acid sequence of GBS67 sequenced from
serotype V strain 2603 V/R are set forth in ref. 93 as
SEQ ID NOs 3745 & 3746. The amino acid sequence is SEQ
ID NO:1
herein:MRKYQKFSKILTLSLFCLSQIPLNTNVLGESTVPENGAKGKLWKKTD
DQNKPLSKATFVLKTTAHPESKIEKVT AELT
GEATFDNLIPGDYTLSEETAPEGYKKTNQTWQVKVESNGKTTIQNSGDKNSTIG
QNQEELDKQYPPTGIYEDTKESYKL
EHVKGSVPNGKSEAKAWPYSSEGEHIREIPEGTLSKRISEVGDLAHNKYKIELT
VSGKTIVKPVDKQKPLDVVFVLDN SNSMNNDGPNFQRHNKAKK
AEALGTAVKDILGANSDNRVALVTYGSDIFDGRSVDVVKGFKEDDKYYGLQTKF
TIQTE
NYSHKQLTNNAEEIIKRIPTEAPKAKWGSTTNGLTPEQQKEYYLSKVGETFTMK
AFMEADDILSQVNRNSQKI IVHVTD
GVPTRSYAINNFKLGASYESQFEQMKKNGYLNKSNFLLTDKPEDIKGNGESYFL
FPLDSYQTQIISGNLQKLHYLDLNL
NYPKGTIYRNGPVKEHGTPTKLYINSLKQKNYDIFNFGIDISGFRQVYNEEYKK
NQDGTFQKL KEEAFKLSDGEITELM
RSFSSKPEYYTPIVTSADTSNNEILSKIQQQFETILTKENSIVNGTIEDPMGDK
INLQLGNGQTLQPSDYTLQGNDGSV
MKDGIATGGPNNDGGILKGVKLEYIGNKLYVRGLNLGEGQKVTLTYDVKLDDSF
ISNKFYDTNGRTTLNPKSEDPNTLR
DFPIPKIRDVREYPTITIKNEKKLGEIEFIKVDKDNNKLLLKGATFELQEFNED
YKLYLPIKNNNSKWTGENGKISYK
DLKDGKYQLiEAvsPEDYQKiTNKPiLTFEVvKGSiKNiiAVNKQisEYHEEGD
KHLiTNTHiPPKGi i PL GGKGILS FILIGGAMMSIAGGIYI WKRYKKS
S DMS I KKD GBS67 contains a C-terminus transmembrane
region which is indicated by the underlined region
closest to the C-terminus of SEQ ID NO: 1 above. One
or more amino acids from the transmembrane region may
be removed, or the amino acid may be truncated before
the transmembrane region. A n example of such a GBS67
fragment is set forth below as SEQ ID NO: 18 .
MRKYQKFSKILTLSLFCLSQIPLNTNVLGESTVPENGAKGKLWKKTDDQNKPLS
KATFVLKTTAHPESKIEKVTAELT
GEATFDNLIPGDYTLSEETAPEGYKKTNQTWQVKVESNGKTTIQNSGDKNSTIG
QNQEELDKQYPPTGIYEDTKESYKL
EHVKGSVPNGKSEAKAVNPYSSEGEHIREIPEGTLSKRISEVGDL
HNKYKIELTVSGKTIVKPVDKQKPLDWFVLDN 



SNSMNNDGPNFQRHNKAKKAAEALGTAVKDILGANSDNRVAL
VTYGSDIFDGRSVDVVKGFKEDDKYYGLQTKFTIQTE
NYSHKQLTNNAEEIIKRIPTEAPKAKWGSTTNGLTPEQQKEYYLSKVGETFTMK
AFMEADDILSQVNRNSQKIIVHVTD
GVPTRSYAINNFKLGASYESQFEQMKKNGYLNKSNFLLTDKPEDIKGNGESYFL
FPLDSYQTQIISGNLQKLHYLDLNL
NYPKGTIYRNGPVKEHGTPTKLYINSLKQKNYDIFNFGIDISGFRQVYNEEYKK
NQDGTFQKL KEEAFKLSDGEITELM
RSFSSKPEYYTPIVTSADTSNNEILSKIQQQFETILTKENSIVNGTIEDPMGDK
INLQLGNGQTLQPSDYTLQGNDGSV
MKDGIATGGPNNDGGILKGVKLEYIGNKLYVRGLNLGEGQKVTLTYDVKLDDSF
ISNKFYDTNGRTTLNPKSEDPNTLR
DFPIPKIRDVREYPTITIKNEKKLGEIEFIKVDKDNNKLLLKGATFELQEFNED
YKLYLPIKNNNSKVVTGENGKISYK
DLKDGKYQLIEAVSPEDYQKITNKPILTFEWKGSIKNIIAVNKQISEYHEEGDK
HLITNTHIPPKGIIPMTGGKGILS GBS67 contains an amino acid
motif indicative of a cell wall anchor, shown in
italics in SEQ ID NO: 1 above. In some recombinant
host cell systems, it may be preferable to remove this
motif to facilitate secretion of a recombinant GBS67
protein from the host cell. Accordingly, in one
preferred fragment of GBS67 for use in the invention,
the transmembrane and the cell wall anchor motif are
removed from GBS67. An example of such a GBS67
fragment is set forth below as SEQ ID NO: 19.
MRKYQKFSKILTLSLFCLSQIPLNTNVLGESTVPENGAKGKLWKKTDDQNKPLS
KATFVLKTTAHPESKIEKVTAELT
GEATFDNLIPGDYTLSEETAPEGYKKTNQTWQVKVESNGKTTIQNSGDKNSTIG
QNQEELDKQYPPTGIYEDTKESYKL
EHVKGSVPNGKSEAKAVNPYSSEGEHIREIPEGTLSKRISEVGDLAHNKYKIEL
TVSGKTIVKPVDKQKPLDWFVLDN SNSMNNDGPNFQRHNKAKKAAEALGTA
VKDILGANSDNRVAL VTYGSDIFDGRSVDVVKGFKEDDKYYGLQTKFTIQTE
NYSHKQLTNNAEEIIKRIPTEAPKAKWGSTTNGLTPEQQKEYYLSKVGETFTMK
AFMEADDILSQVNRNSQKI IVHVTD
GVPTRSYAINNFKLGASYESQFEQMKKNGYLNKSNFLLTDKPEDIKGNGESYFL
FPLDSYQTQIISGNLQKLHYLDLNL
NYPKGTIYRNGPVKEHGTPTKLYINSLKQKNYDIFNFGIDISGFRQVYNEEYKK
NQDGTFQKL KEEAFKLSDGEITELM
RSFSSKPEYYTPIVTSADTSNNEILSKIQQQFETILTKENSIVNGTIEDPMGDK
INLQLGNGQTLQPSDYTLQGNDGSV
MKDGIATGGPNNDGGILKGVKLEYIGNKLYVRGLNLGEGQKVTLTYDVKLDDSF
ISNKFYDTNGRTTLNPKSEDPNTLR
DFPIPKIRDVREYPTITIKNEKKLGEIEFIKVDKDNNKLLLKGATFELQEFNED
YKLYLPIKNNNSKWTGENGKISYK
DLKDGKYQLIEAVSPEDYQKITNKPILTFEWKGSIKNIIAVNKQISEYHEEGDK
HLITNTHIPPKGI GBS80 GBS80 refers to a putative cell
wall surface anchor family protein. Nucleotide and
amino acid sequence of GBS80 sequenced from serotype V
isolated strain 2603 V/R are set forth in ref. 93 as
SEQ ID NOs 8779 & 8780. The amino acid sequence is set
forth below as SEQ ID NO: 2 :
MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVRA
AEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVIS
NYAKLGDNVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSL
PQKTNAQGLVVDALDSKSNVRYLYV
EDLKNSPSNITKAYAVPFVLELPVANSTGTGFLSEINIYPKNWTDEPKTDKDVK
KLGQDDAGYTIGEEFKWFLKSTIP
ANLGDYEKFEITDKFADGLTYKSVGKIKIGSKTLNRDEHYTIDEPTVDNQNTLK
ITFKPEKFKEIAELLKGMTLVKNQD
ALDKATANTDDAAFLEIPVASTINEKAVLGKAIENTFELQYDHTPDKADNPKPS
NPPRKPEVHTGGKRFVKKDSTETQT LGGAEFDLLASDGTA
VKWTDALIKANTNKNYIAGEA
VTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTA
VTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKR
PSIPAJ GGIGTAIFVAIGAAVM FA VKGMKRRTKD N GBS80 contains
a N-terminal leader or signal sequence region which is
indicated by the underlined sequence above. One or
more amino acids from the leader or signal sequence
region of GBS80 can be removed. An example of such a
GBS80 fragment is set forth below as SEQ ID NO: 6:
AEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGDNVKGL
QGVQFKRYKVKTDISVDELKKLTTV
EAADAKVGTILEEGVSLPQKTNAQGLVVDALDSKSNVRYLYVEDLKNSPSNITK
AYAVPFVLELPVANSTGTGFLSEIN
IYPKNVVTDEPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLGDYEKFEIT
DKFADGLTYKSVGKI KIGSKTLNRD
EHYTIDEPTVDNQNTLKITFKPEKFKEIAELLKGMTLVKNQDALDKATANTDDA
AFLEIPVASTINEKAVLGKAIENTF
ELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLASD
GTA VKWTDALIKANTNKNYIAGE V
TGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVTYKLKETKAPEGYVIPDKEIE
FTVSQTSYNTKPTDITVDSADATPD TIKNNKRPSIPNTGGIGTAIFVAIG
AVMAFAVKGMKRRTKDN GBS80 contains a C-terminal
transmembrane region which is indicated by the
underlined sequence near the end of SEQ ID NO: 2
above. One or more amino acids from the transmembrane
region and/or a cytoplasmic region may be removed. A n
example of such a fragment is set forth below as SEQ
ID NO:7:
MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVRAAEVSQERPAKTTVNIYK
LQADSYKSEITSNGGIENKDGEVIS
NYAKLGDNVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSL
PQKTNAQGLWDALDSKSNVRYLYV EDLKNSPSNITKAY
VPFVLELPVANSTGTGFLSEINIYPKNWTDEPKTDKDVKKLGQDDAGYTIGEEF
KWFLKSTIP
ANLGDYEKFEITDKFADGLTYKSVGKIKIGSKTLNRDEHYTIDEPTVDNQNTLK
ITFKPEKFKEIAELLKGMTLVKNQD
ALDKATANTDDAAFLEIPVASTINEKAVLGKAIENTFELQYDHTPDKADNPKPS
NPPRKPEVHTGGKRFVKKDSTETQT
LGGAEFDLLASDGTAVKWTDALIKANTNKNYIAGEA
VTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVTYKLKETKA PEGYVI
PDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPSIPNTG GBS80
contains an amino acid motif indicative of a cell wall
anchor, shown in italics in SEQ ID NO: 2 above. In
some recombinant host cell systems, it may be
preferable to remove this motif to facilitate
secretion of a recombinant GBS80 protein from the host
cell. Thus the transmembrane and/or cytoplasmic
regions and the cell wall anchor motif may be removed
from GBS80. A n example of such a fragment is set
forth below as SEQ ID NO: 8 .
MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVRAAEVSQERPAKTTVNIYK
LQADSYKSEITSNGGIENKDGEVIS
NYAKLGDNVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSL
PQKTNAQGLWDALDSKSNVRYLYV
EDLKNSPSNITKAYAVPFVLELPVANSTGTGFLSEINIYPKNWTDEPKTDKDVK
KLGQDDAGYTIGEEFKWFLKSTIP
ANLGDYEKFEITDKFADGLTYKSVGKIKIGSKTLNRDEHYTIDEPTVDNQNTLK
ITFKPEKFKEIAELLKGMTLVKNQD
ALDKATANTDDAAFLEIPVASTINEKAVLGKAIENTFELQYDHTPDKADNPKPS
NPPRKPEVHTGGKRFVKKDSTETQT
LGGAEFDLLASDGTAVKWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDGTFEI
KGLAYAVDANAEGTAVTYKLKETKA
PEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPS
Alternatively, in some recombinant host cell systems,
it may be preferable to use the cell wall anchor motif
to anchor the recombinantly expressed protein to the
cell wall. The extracellular domain of the expressed
protein may be cleaved during purification or the
recombinant protein may be left attached to 



either inactivated host cells or cell membranes in the
final composition. In one embodiment, the leader or
signal sequence region, the transmembrane and
cytoplasmic regions and the cell wall anchor motif are
removed from the GBS80 sequence. An example of such a
GBS80 fragment is set forth below as SEQ ID NO: 9:
AEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGDNVKGL
QGVQFKRYKVKTDISVDELKKLTTV
EAADAKVGTILEEGVSLPQKTNAQGLWDALDSKSNVRYL
YVEDLKNSPSNITKAYAVP FVLELPVANSTGTGFLSEIN
IYPKNVVTDEPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLGDYEKFEIT
DKFADGLTYKSVGKI KIGSKTLNRD
EHYTIDEPTVDNQNTLKITFKPEKFKEIAELLKGMTLVKNQDALDKATANTDDA
AFLEIPVASTINEKAVLGKAIENTF
ELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLAS
DGTAVKWTDALIKANTNKNYIAGEAV
TGQPIKLKSHTDGTFEIKGLAYAVDANAEGTA
VTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPD
TIKNNKRPSA particularly immunogenic fragment of GBS80
is located towards the N-terminus of the protein, and
is given herein as SEQ ID NO: 10: AEVSQERP
AKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGDNVKGLQGVQFKRY
KVKTDISVDELKKLTTV
EAADAKVGTILEEGVSLPQKTNAQGLVVDALDSKSNVRYLYVEDLKNSPSNITK
AYAVPFVLELPVANSTGTGFLSEIN
IYPKNVVTDEPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLGDYEKFEIT
DKFADGLTYKSVGKIKIGSKTLNRD
EHYTIDEPTVDNQNTLKITFKPEKFKEIAELLKG GBS 104 GBS 104
refers to a putative cell wall surface anchor family
protein. It has been referred to as emaA. Nucleotide
and amino acid sequences of GBS 104 sequenced from
serotype V isolated strain 2603 V/R are set forth in
Ref. 93 as SEQ ID 8777 and SEQ ID 8778. The amino acid
sequence is SEQ DD NO: 3 herein:
MKKRQKIWRGLSVTLLILSQIPFGILVQ
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGE
ATFENIKPGDYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKE
VLNAQYPKSAIYEDTKENYPLVNVE
GSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTT
VETKELNQPLDVVVLLDNSNSMNNE
RANNSQRALKAGEAVEKLIDKITSNKDNRVALVTY
STIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNY
SYLNLTNDANEVNILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQ
SSNARKKLIFHVTDGVPTMSYAINF
NPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDRK
VPVTGGTTQAAYRVPQNQLSVMSNE
GYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPTTLYFNGNIRPKG
YDIFTVGIGVNGDPGATPLEAEKFM
QSISSKTENYTNVDDTNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQL
KNGQSFTHDDYVL VGNDGSQLKNGV
ALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKWLTYDVRLKDNYISNK
FYNTNNRTTLSPKSEKEPNTIRDF
PIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLQIEKDFSG
YKQFVPEGSDVTTKNDGKIYFKALQ
DGNYKLYEISSPDGYIEVKTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNG
KHLITNT PKRPPGVFPKTGGIGTIV YILVGSTFMILTICSFRRKQL GBS
104 contains an N-terminal leader or signal sequence
region which is indicated by the underlined sequence
at the beginning of SEQ ID NO: 3 above. One or more
amino acids from the leader or signal sequence region
of GBS 104 may be removed. A n example of such a GBS
104 fragment is set forth below as SEQ ID N O 11.
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATF
ENIKPGDYTLREETAPIGYKKTDKT WKVKVADNGATI
IEGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVEGSKVGEQYKALNPIN
GKDGRREIAEGWL
SKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVVVLLDNSNSMNNERAN
NSQRALKAGEAVEKLIDKITSNKDN
RVALVTYASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYL
NLTNDANEVNILKSRIPKEAEHING
DRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYAINFNPY
ISTSYQNQFNSFLNKIPDRSGILQE
DFIINGDDYQIVKGDGESFKLFSDRKVPVTGGTTQ
YRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKK
VSATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSI
SSKTENYTNVDDTNKIYDELNKYFK
TivEEKHSivDGNVTDPMGEMiEFQLKNGQSFTHDDYVL VGNDGSQLKNGV
LGGPNSDGGILKDVTVTYDKTSQTIKI NHLNLGSGQKVVLTYDVRLKDNYI
SNKFYNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTI
SNQKKMGEVEFI
KVNKDKHSESLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGN
YKLYEISSPDGYIEVKTKPVVTFTI
QNGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGVFPKTGGIGTIVYIL
VGSTFMILTICSFRRKQL GBS 104 contains a C-terminal
transmembrane and/or cytoplasmic region which is
indicated by the underlined region near the end of SEQ
ID NO:3 above. One or more amino acids from the
transmembrane or cytoplasmic regions may be removed. A
n example of such a GBS 104 fragment is set forth
below as SEQ DD N O 12:
MKKRQKIWRGLSVTLLILSQIPFGILVQGETQDTNQALGKVIVKKTGDNATPLG
KATFVLKNDNDKSETSHETVEGSGE
ATFENIKPGDYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKE
VLNAQYPKSAIYEDTKENYPLVNVE
GSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTT
VETKELNQPLDVVVLLDNSNSMNNE
RANNSQRALKAGEAVEKLIDKITSNKDNRVALVTYASTIFDGTEATVSKGVADQ
NGKALNDSVSWDYHKTTFTATTHNY
SYLNLTNDANEVNILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQ
SSNARKKLIFHVT DGVPTMSYAINF
NPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDRK
VPVTGGTTQAAYRVPQNQLSVMSNE
GYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPTTLYFNGNIRPKG
YDIFTVGIGVNGDPGATPLEAEKFM Q S
ISSKTENYTNVDDTNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKN
GQSFTHDDYVL VGNDGSQLKNGV
ALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNYISN
KFYNTNNRTTLSPKSEKEPNTIRDF
PIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLQIEKDFSG
YKQFVPEGSDVTTKNDGKIYFK L Q
DGNYKLYEISSPDGYIEVKTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNG
KHLITNTOne or more amino acids from the leader or
signal sequence region and one or more amino acids
from the transmembrane or cytoplasmic regions may be
removed. A n example of such a GBS 104 fragment is set
forth below as SEQ ID N O 13:
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATF
ENIKPGDYTLREETAPIGYKKTDKT
WKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVEGSK
VGEQYKALNPINGKDGRREIAEGWL
SKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVWLLDNSNSMNNERANN
SQR LKAGEAVEKLIDKITSNKDN RVAL
VTYASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYLNLTN
DANEVNILKSRIPKE AEHING
DRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYAINFNPY
ISTSYQNQFNSFLNKIPDRSGILQE
DFIINGDDYQIVKGDGESFKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSNEGYA
INSGYIYLYWRDYNWVYPFDPKTKK 



VSATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSI
SSKTENYTNVDDTNKIYDELNKYFK
TIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQLKNGV
LGGPNSDGGILKDVTVTYDKTSQTIKI
NHLNLGSGQKVVLTYDVRLKDNYISNKFYNTNNRTTLSPKSEKEPNTIRDFPIP
KIRDVREFPVLTISNQKKMGEVEFI
KVNKDKHSESLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGN
YKL YEISSPDGYIEVKTKPWTFTI
QNGEVTNLKADPNANKNQIGYLEGNGKHLITNT Further fragments of
GBS104 include an 830 amino acid fragment of GBS104 of
amino acids 28-858 (numbered by SEQ ID NO: 3), a 359
amino acid fragment of GBS104 of amino acids 28-387, a
581 amino acid fragment of GBS104 of amino acids
28-609, or a 740 amino acid fragment of GBS104 of
amino acids 28-768. GBS276 GBS276 refers to a C5a
peptidase. Further description of GBS276 can be found
in references 214-217. Nucleotide and amino acid
sequences of GBS276 sequenced from serotype V isolated
strain 2603 V/R are set forth in Ref. 93 as SEQ ID NOs
8941 & 8942. The amino acid sequence is SEQ ID NO: 4
herein: MRKKQKLPFDKLAIALISTSILLNA
QSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADD
ANDLAPQAPAKTADTPATSKATIRDLNDPSHVKTLQEKAGKGAGTWAVIDAGFD
KNHEAWRLTDKTKARYQSKENLEK
AKKEHGITYGEWVNDKVAYYHDYSKDGKNAVDQEHGTHVSGILSGNAPSEMKEP
YRLEGAMPEAQLLLMRVEIVNGLAD
YARNYAQAIRDAVNLGAKVINMSFGNAALAYANLPDETKK
FDYAKSKGVSIVTSAGNDSSFGGKPRLPLADHPDYGW
GTPAAADSTLTVASYSPDKQLTETATVKTDDHQDKEMPVI
STNRFEPNKAYDYAYANRGTKEDDFKDVEGKIALIERGD
IDFKDKIANAKKAGAVGVLIYDNQDKGFPIELPNVDQMPAAFISRRDGLLLKDN
PPKTITFNATPKVLPTASGTKLSRF
SSWGLTADGNIKPDIAAPGQDILSSVANNKYAKLSGTSMSAPLVAGIMGLLQKQ
YETQYPDMTPSERLDLAKKVLMSSA TALYDE DEKAYFS
PRQQGAGAVDAKKAS AATMYVTDKDNT S SKVHLNNVS DKFEVTVTVHNKS
DKPQELYYQVTVQT D K
VDGKHFALAPKALYETSWQKITIPANSSKQVTVPIDASRFSKDLLAQMKNGYFL
EGFVRFKQDPTKEELMSIPYIGFRG
DFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDGLQFYALKNNFTALTTES
NPWTI IKAVKEGVENIEDIESSEIT
ETIFAGTFAKQDDDSHYYIHRHANGKPYAAISPNGDGNRD YVQFQGT
FLRNAKNL VAEVLDKEGNVVWTSEVTEQWKN
YNNDLASTLGSTRFEKTRWDGKDKDGKVVANGTYTYRVRYTPISSGAKEQHTDF
DVIVDNTTPEVATSATFSTEDSRLT
LASKPKTSQPVYRERIAYTYMDEDLPTTEYISPNEDGTFTLPEEAETMEGATVP
LKMSDFTYWEDMAGNITYTPVTKL
LEGHSNKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKT
PQKGQSSRTLEKRSSKRALAT KAST
RDQLPTTNDKDTNRLHLLKLVMTTFFLG GBS276 contains an
N-terminal leader or signal sequence region which is
indicated by the underlined sequence at the beginning
of SEQ ID NO: 4 above. One or more amino acids from
the leader or signal sequence region of GBS276 may be
removed. A n example of such a GBS276 fragment is set
forth below as SEQ ID NO: 14:
QSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADD
ANDLAPQAPAKTADTPATSKATIRD
LNDPSHVKTLQEKAGKGAGTVVAVIDAGFDKNHEAWRLTDKTKARYQSKENLEK
AKKEHGITYGEWVNDKVAYYHDYSK
DGKNAVDQEHGTHVSGILSGNAPSEMKEPYRLEGAMPEAQLLLMR
VEIVNGLADYARNYAQAIRDAVNLGAKVINMS FG
NAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDSSFGGKPRLPLADHPDYGVV
GTPAAADSTLTVASYSPDKQLTETA
TVKTDDHQDKEMPVISTNRFEPNKAYDYAYANRGTKEDDFKDVEGKIALIERGD
IDFKDKIANAKKAGAVGVLIYDNQD
KGFPIELPNVDQMPAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRF
SSWGLTADGNIKPDIAAPGQDILSS
VANNKYAKLSGTSMSAPLVAGIMGLLQKQYETQYPDMTPSERLDLAKKVLMSSA
TALYDEDEKAYFSPRQQGAGAVDAK
KASAATMYVTDKDNTSSKVHLNNVSDKFEVTVTVHNKSDKPQELYYQVTVQTDK
VDGKHFALAPKALYETSWQKITIPA
NSSKQVTVPIDASRFSKDLLAQMKNGYFLEGFVRFKQDPTKEELMSIPYIGFRG
DFGNLSALEKPIYDSKDGSSYYHEA
NSDAKDQLDGDGLQFYALKNNFTALTTESNPWTIIKAVKEGVENIEDIESSEIT
ETIFAGTFAKQDDDSHYYIHRHANG
KPYAAISPNGDGNRDYVQFQGTFLRNAKNLVAEVLDKEGNWWTSEVTEQWKNYN
NDLASTLGSTRFEKTRWDGKDKDGKWANGTYTYRVRYTPISSGAKEQHTDFDVI
VDNTTPEVATSATFSTEDSRLTLASKPKTSQPVYRERIAYT YMDEDL
PTTEYI
SPNEDGTFTLPEEAETMEGATVPLKMSDFTYVVEDMAGNITYTPVTKLLEGHSN
KPEQDGSDQAPDKKPEAKP
EQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSSRTLEKRSSKRALATKAST
RDQLPTTNDKDTNRLHLLKLVMTTF FLG GBS276 contains a
C-terminal transmembrane and/or cytoplasmic region
which is indicated by the underlined sequence near the
end of SEQ ID NO: 4 above. One or more amino acids
from the transmembrane or cytoplasmic regions of
GBS276 may be removed. A n example of such a GBS276
fragment is set forth below as SEQ ID NO: 15:
MRKKQKLPFDKLAIALISTSILLNAQSDIKANTVTEDTPATEQAVEPPQPIAVS
EESRSSKETKTSQTPSDVGETVADD
ANDLAPQAPAKTADTPATSKATIRDLNDPSHVKTLQEKAGKGAGTVVAVIDAGF
DKNHEAWRLTDKTKARYQSKENLEK
AKKEHGITYGEWVNDKVAYYHDYSKDGKNAVDQEHGTHVSGILSGN
PSEMKEPYRLEGAMPEAQLLLMRVEIVNGLAD YARNYAQAIRDA
VNLGAKVINMSFGNAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDSSFGGKP
RLPLADHPDYGW
GTPAAADSTLTVASYSPDKQLTETATVKTDDHQDKEMPVISTNRFEPNKAYDYA
YANRGTKEDDFKDVEGKIALIERGD
IDFKDKIANAKKAGAVGVLIYDNQDKGFPIELPNVDQMPAAFISRRDGLLLKDN
PPKTITFNATPKVLPTASGTKLSRF
SSWGLTADGNIKPDIAAPGQDILSSVANNKYAKLSGTSMSAPLVAGIMGLLQKQ
YETQYPDMTPSERLDLAKKVLMSSA
TALYDEDEKAYFSPRQQGAGAVDAKKASA
TMYVTDKDNTSSKVHLNNVSDKFEVTVTVHNKSDKPQELYYQVTVQTDK
VDGKHFALAPKALYETSWQKITIPANSSKQVTVPIDASRFSKDLLAQMKNGYFL
EGFVRFKQDPTKEELMSIPYIGFRG
DFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDGLQFYALKNNFTALTTES
NPWTIIKA VKEGVENIEDIESSEIT
ETIFAGTFAKQDDDSHYYIHRHANGKPYAAISPNGDGNRDYVQFQGTFLRNAKN
LVAEVLDKEGNVVWTSEVTEQWKN
YNNDLASTLGSTRFEKTRWDGKDKDGKWANGTYTYRVRYTPISSGAKEQHTDFD
VIVDNTTPEVATSATFSTEDSRLT
LASKPKTSQPVYRERIAYTYMDEDLPTTEYISPNEDGTFTLPEEAETMEGATVP
LKMSDFT YVVEDMAGNITYTPVTKL
LEGHSNKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKT
PQKGQSSRTLEKRSSKRALATK One or more amino acids from
the leader or signal sequence region and one or more
amino acids from the transmembrane or cytoplasmic
regions of GBS276 may be removed. A n example of such
a GBS276 fragment is set forth below as SEQ ID NO: 16
:
QSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADD
ANDLAPQAPAKTADTPATSKATIRD
LNDPSHVKTLQEKAGKGAGTWAVIDAGFDKNHEAWRLTDKTKARYQSKENLEKA
KKEHGITYGEWVNDKVAYYHDYSK
DGKNAVDQEHGTHVSGILSGNAPSEMKEPYRLEGAMPEAQLLLMRVEIVNGLAD
YARNYAQAIRDAVNLGAKVINMSFG 



NAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDSSFGGKPRLPLADHPDYGVV
GTPAAADSTLTVASYSPDKQLTETA
TVKTDDHQDKEMPVISTNRFEPNKAYDYAYANRGTKEDDFKDVEGKIALIERGD
IDFKDKIANAKKAGAVGVLIYDNQD
KGFPIELPNVDQMPAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRF
SSWGLTADGNIKPDIAAPGQDILSS
VANNKYAKLSGTSMSAPLVAGIMGLLQKQYETQYPDMTPSERLDLAKKVLMSSA
TALYDEDEKAYFSPRQQGAGAVDAK
KASAATMYVTDKDNTSSKVHLNNVSDKFEVTVTVHNKSDKPQELYYQVTVQTDK
VDGKHFALAPKALYETSWQKITIPA
NSSKQVTVPIDASRFSKDLLAQMKNGYFLEGFVRFKQDPTKEELMSIPYIGFRG
DFGNLSALEKPIYDSKDGSSYYHEA
NSDAKDQLDGDGLQFYALKTSINFTALTTESNPWTIIKAVKEGVENIEDIESSE
ITETIFAGTFAKQDDDSHYYIHRHANG KPYAAISPNGDGNRDYVQFQGT
FLRNAKNLVAEVLDKEGNVVWTSEVTEQVVKNYNNDLASTLGSTRFEKTRWDGK
DKD
GKVVANGTYTYRVRYTPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSRLT
LASKPKTSQPVYRERIAYTYMDEDL
PTTEYISPNEDGTFTLPEEAETMEGATVPLKMSDFTYWEDMAGNITYTPVTKLL
EGHSNKPEQDGSDQAPDKKPEAKP
EQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSSRTLEKRSSKRALATK
GBS322. GBS322 refers to a surface immunogenic
protein, also referred to as 'sip'. Nucleotide and
amino acid sequences of GBS322 sequenced from serotype
V isolated strain 2603 WR are set forth in Ref. 93 as
SEQ ID NOs 8539 & 8540. The amino acid sequence is SEQ
ID NO: 5 herein:
MNKKVLLTSTMAASLLSVASVQAQETDTTWTARTVSEVKA
DLVKQDNKSSYTVKYGDTLSVISEAMSIDMNVLAKINNI ADINLI
YPETTLTVTYDQKSHTATSMKIETPATNAAGQTTATVDLKTNQVSVADQKVSLN
TISEGMTPEAATTIVSPMK
TYSSAPALKSKEVLAQEQAVSQAAANEQVSPAPVKSITSEVPAAKEEVKPTQTS
VSQSTTVSPASVAAETPAPVAKVAP
VRTVAAPRVASVKVVTPKVETGASPEHVSAPAVPVTTTSPATDSKLQATEVKSV
PVAQKAPTATPVAQPASTTNAVAAH
PENAGLQPHVAAYKEKVASTYGVNEFSTYRAGDPGDHGKGLAVDFIVGTNQALG
NKVAQYSTQNMAANNISYVIWQQKF
YSNTNSIYGPANTWNAMPDRGGVTANHYDHVHVSFNK GBS322 contains
a N-terminal leader or signal sequence region which is
indicated by the underlined sequence near the
beginning of SEQ ID NO: 5. One or more amino acids
from the leader or signalsequence region of GBS322 may
be removed. A n example of such a GBS322 fragment is
set forth below as SEQ IDNO: 17: DL
VKQDNKSSYTVKYGDTLSVISEAMSIDMNVLAKINN IADINLI
YPETTLTVTYDQKSHTATSMKIETPATNAAGQTT
ATVDLKTNQVSVADQKVSLNTISEGMTPEAATTIVSPMKTYSSAPALKSKEVLA
QEQAVSQAAANEQVSPAPVKSITSE
VPAAKEEVKPTQTSVSQSTTVSPASVAAETPAPVAKVAPVRTVAAPRVASVKVV
TPKVETGASPEHVSAPAVPVTTTSP
ATDSKLQATEVKSVPVAQKAPTATPVAQPASTTNAVAAHPENAGLQPHVA
YKEKVASTYGVNEFSTYRAGDPGDHGKG
LAVDFIVGTNQALGNKVAQYSTQNMAANNISYVIWQQKFYSNTNSIYGPANTWN
AMPDRGGVTANHYDHVHVSFNK General The term "comprising"
encompasses "including" as well as "consisting" e.g. a
composition "comprising" X may consist exclusively of
X or may include something additional e.g. X + Y. The
term "about" in relation to a numerical value x means,
for example, x+10%. The word "substantially" does not
exclude "completely" e.g. a composition which is
"substantially free" from Y may be completely free
from Y. Where necessary, the word "substantially" may
be omitted from the definition of the invention. Where
the invention provides a process involving multiple
sequential steps, the invention can also provide a
process involving less than the total number of steps.
In the first aspect of the invention, for instance,
the invention provides a process comprising the steps
of: (a) oxidising a GBS capsular saccharide in order
to introduce an aldehyde group into a terminal sialic
acid residue; and (b) subjecting the aldehyde group to
reductive amination. The further steps (c) and (d)
need not be performed in order to fall within the
scope of the invention, as the product of steps (a)
and (b) has utility as an intermediate in conjugate
preparation, and may be used, stored, exported, etc.
for separate and later use e.g. in steps (c) and (d).
Similarly, where a starting saccharide material is
already partially processed then the invention
encompasses processes involving only the later steps
of a method. In the third aspect of the invention, for
instance, the invention encompasses a process
comprising a step of coupling a modified galactose
residue to a carrier molecule, in which the starting
material for the process is a saccharide that was
previously oxidised to introduce an aldehyde group
into a galactose residue. These different steps can be
performed at very different times by different people
in different places {e.g. in different countries). It
will be appreciated that sugar rings can exist in open
and closed form and that, whilst closed forms are
shown in structural formulae herein, open forms are
also encompassed by the invention. Similarly, it will
be appreciated that sugars can exist in pyranose and
furanose forms and that, whilst pyranose forms are
shown in structural formulae herein, furanose forms
are also encompassed. Different anomeric forms of
sugars are also encompassed. A primary amine can be
represented by formula NH2R. The R group will
preferably be electron donating, and includes
Ci-8hydrocarbyl, more preferably Ci-8alkyl, especially
methyl. R is preferably -CH3, -C2H or -C3H7. The
hydrocarbyl may be substituted with one or more
groups, such as:halogen (e.g. Cl, Br, F, I),
trihalomethyl, -NO2, -CN, -SO3H, -SOC1-6alkyl,
-SO2C]-6alkyl, -SO3Ci-6alkyl; -OC(=O)OCi -6alkyl,
-C(=0)H, -C(=O)d -6alkyl, -OC(=O)C 1-6alkyl,
-N(C1-6alkyl)2, Ci-6alkyl, -N(C1-6alkyl)2,
-C(=O)N(Ci-6alkyl)2 -N(Ci-6alkyl)C(=O)O(C 1-6alkyl),
-N(C1-6alkyl)C(=O)N(C1-6alkyl)2, -CO2H,
-OC(=O)N(C1-6alkyl)2, -N(C1-6alkyl)C(=O)C 1-6alkyl,
-N(C1-6alkyl)C(=S)C,-6alkyl,
-N(C1-6alkyl)SO2N(C1-6alkyl)2, -CO2C1-6alkyl, -SO2N(C
1-6alkyl)2, -C(=0)NH 2, -C(=S)N(Ci-6alkyl)2,
-N(C1-6alkyl)SO2C1-6alkyl, -N(C1-6alkyl)C(=S)N(C
1-6alkyl)2, -S-Ci- alkyl or -O-Ci- alkyl. The term
'hydrocarbyP includes linear, branched or cyclic
monovalent groups consisting of carbon and hydrogen.
Hydrocarbyl groups thus include alkyl, alkenyl and
alkynyl groups, cycloalkyl (including polycycloalkyl),
cycloalkenyl and aryl groups and combinations thereof,
e.g. alkylcycloalkyl, alkylpolycycloalkyl, alkylaryl,
alkenylaryl, cycloalkylaryl, cycloalkenylaryl,
cycloalkylalkyl, polycycloalkylalkyl, arylalkyl,
arylalkenyl, arylcycloalkyl and arylcycloalkenyl
groups. Preferred hydrocarbyl are Ci-I4 hydrocarbyl,
more 



preferably C\.% hydrocarbyl. BRIEF DESCRIPTION OF
DRAWINGS Figure 1 shows periodate oxidation of a
terminal sialic acid residue. Figure 2 illustrates the
first and second aspects of the invention. Figure 3
shows the repeating structures of capsular saccharides
in GBS serotypes Ia, Ib, II, III & V. Figure 4 shows
the difference between the repeating structures in GBS
serotypes Ia and III. Figure 5 shows two types of
conjugate that can be prepared. Figure 6 shows a
preferred conjugation reaction using the succinimidyl
diester of adipic acid, according to the first aspect
of the invention. Figure 7 shows a preferred
conjugation reaction using the succinimidyl diester of
adipic acid, according to the second aspect of the
invention. Figures 8 and 9 shows the use of (8)
acryloylation and (9) a haloacylhalide, to prepare
conjugates, after reductive amination of an aldehyde
formed by oxidation of a terminal sialic acid residue.
MODES FOR CARRYING OUT THE INVENTION Conjugate
production and characterisation Capsular saccharide
from GBS serotype Ib was purified as described in
reference 15 and then re-acetylated as described
above. The saccharide was de-N-acetylated to provide
amine groups for linking. These amine groups were used
to covalently conjugate the saccharides to monomeric
tetanus toxoid (TT) either by direct reductive
amination (on C8 of sialic acid, as described in the
prior art) or via a SIDEA spacer (as described for
meningococcal saccharides in ref. 218). Sialic acid
content in the conjugates was determined was performed
according to the colorimetric method of ref. 219. The
total saccharide amount was extrapolated from sialic
acid content (sialic acids are on average 31% by
weight of the polymer). Protein concentration in the
conjugate wasdetermined with the Micro BCA Protein
Assay Kit (Pierce). A polysaccharide :protein weight
ratio of between 1 and 4 was the target, and results
were as follows: To investigate how the cross-linking
ratio of conjugates could be affected, purified GBS Ia
and Ib saccharides were subjected to varying degrees
of oxidation and then conjugated to CRMl 97. Results
were as follows Similar experiments were used to study
different protein carriers. CRMl 97 and tetanus toxoid
were both used as carriers for GBS type III
saccharide, and results were:Three different carriers
were compared for GBS type II and V saccharides:
tetanus toxoid; CRMl 97; and human serum albumin. The
degree of oxidation was 15.3% for the type V
saccharide and 6.9% for the type II saccharide.
Results were: Human serum albumin was separately
tested as a carrier for type Ia (6.7% oxidised), Ib
(8.2% oxidised) and III (4.1% oxidised) saccharides:
Conjugates of type Ia, Ib and III were made using four
different carriers: tetanus toxoid; CRM197; GBS80; and
GBS67. With the tetanus and CRM carriers the %s
oxidation were 9.1% for Ia, 14.2% for Ib and 13% for
III; with the GBS carriers the %s were 8.2%, 9.0% and
7.9%. Animals immunised with the conjugates were then
tested for protection against the respective GBS types
(i.e. homologous challenge), and results were as
follows, expressed as the % of animals surviving
lethal challenge: In parallel experiments, with
challenge by a GBS type V strain but no immunisation
with a type V saccharide, results were as follows:Thus
the GBS carriers were able to provide some protection
against the type V strain, and so the use of GBS
proteins as carriers offers a background level of
protein-mediated protection which can be supplemented
by saccharides conjugated to the protein. The level of
free saccharide was tested for various conjugate lots,
and results were as follows: It will be understood
that the invention has been described by way of
example only and modifications may be made whilst
remaining within the scope and spirit of the
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Scand. 12:547-554.CLAIMS 1. A process for preparing a
conjugate of a Streptococcus agalactiae capsular
saccharide and a carrier molecule, comprising the
steps of: (a) oxidising a S.agalactiae capsular
saccharide in order to introduce an aldehyde group
into at least one terminal sialic acid residue in the
saccharide; (b) subjecting the aldehyde group to
reductive amination with ammonia or a primary amine,
to give a -CH2-linked amine; (c) reacting the
-CH2-linked amine with a bifunctional linker, to give
an activated saccharide; and (d) reacting the
activated saccharide with a carrier molecule, thereby
giving the conjugate. 2. A conjugate, wherein the
conjugate comprises a Streptococcus agalactiae
capsular saccharide moiety joined to a carrier via a
linker moiety, and wherein the linker moiety is
attached to a sialic acid residue in the capsular
saccharide moiety. 3. The conjugate of claim 2,
obtainable by the process of claim 1. 4. The conjugate
or process of any preceding claim, wherein the
saccharide is from one of GBS serotypes Ia, Ib, II,
III or V. 5. The conjugate or process of any preceding
claim, wherein the saccharide has its native form. 6.
The conjugate or process of any one of claims 1 to 4,
wherein the saccharide is shorter than the native
capsular saccharide. 7. The conjugate or process of
any one of claims 1 to 4, wherein the saccharide is
chemically modified relative to the native capsular
saccharide. 8. The conjugate or process of claim 7,
wherein the saccharide is de-O-acetylated (partially
or 



fully). 9. The conjugate or process of claim 7,
wherein the saccharide is de-N-acetylated (partially
or fully). 10. The conjugate or process of any
preceding claim, wherein the carrier is diphtheria
toxoid, tetanus toxoid, CRM197, human serum albumin,
an artificial protein comprising multiple human CD4+ T
cell epitopes from various pathogen-derived antigens,
protein D from H.influenzae, or a S.agalactiae
protein. 11. The conjugate or process of any preceding
claim, wherein the carrier is attached to the
saccharide via a -NH2 group in the carrier. 12. The
conjugate or process of any preceding claim, wherein
the conjugate has a saccharide :protein ratio (w/w) of
between 1:5 and 5:1. 13. The conjugate or process of
any preceding claim, wherein aldehyde groups are
introduced into between 5% and 50% of the total sialic
acid monosaccharide units.14. The process of any
preceding claim, wherein, after conjugation, free and
conjugated saccharides are separated. 15. The process
of any preceding claim, wherein step (a) introduces
the aldehyde chemically. 16. The process of claim 15,
wherein step (a) involves the use of a periodate salt
to oxidise vicinal hydroxides. 17. The process of any
preceding claim, wherein reductive amination involves
either ammonia or a primary amine (NH R). 18. The
process of claim 17, wherein reductive amination
involves an ammonium salt in combination with a
reducing agent. 19. The process of any preceding
claim, wherein the bifunctional linker is
heterobifunctional. 20. The process of any one of
claims 1 to 18, wherein the bifunctional linker is
homobifunctional. 21. The process of claim 20, where
the reactions with both the saccharide and the carrier
involve amines, and wherein the linker has formula
X-L-X, where: the two X groups are the same as each
other and can react with the amines; and L is a
linking moiety in the linker. 22. The process of claim
21, wherein X is N-oxysuccinimide. 23. The process of
claim 22, wherein the linker is adipic acid
N-hydroxysuccinimide diester. 24. The process of any
preceding claim, wherein the saccharide is, if
necessary, substantially totally re-N-acetylated prior
to reductive amination. 25. The process or conjugate
of any preceding claim, wherein an individual
saccharide is attached to multiple carriers. 26. A
process for preparing a conjugate of a Streptococcus
agalactiae capsular saccharide and a carrier molecule,
comprising the steps of: (a) de-N-acetylating the
capsular saccharide, to give a de-N-acetylated
saccharide; (b) reacting the de-N-acetylated
saccharide with a bifunctional linker, to give an
activated saccharide; and (c) reacting the activated
saccharide with a carrier molecule, thereby giving the
conjugate. 27. A process for preparing a conjugate of
a capsular saccharide and a carrier molecule,
comprising the steps of: (a) oxidising a capsular
saccharide in order to introduce an aldehyde group
into at least one galactose residue in the saccharide,
to give a modified galactose residue; and (b) coupling
the modified galactose residue to a carrier molecule. 


