WD 96/ 26288 PCT/ GB96/ 00416

A METHOD FOR THE | SOEATHON-AND PURHAEATH-EN—-E———n—-

¥

WO 96/26288 PCT/GBY6/00416

A METHOD FOR THE ISOLATION AND PURIFICATION OF
LIPID CELL-WALL COMPONENTS

SUBSTITUTE SHEET (RULE 26)



LI PI D CELL- WALL COVPONENTS
SUBSTI TUTE SHEET ( RULE-28)—— — ——

WO 96/26288 PCTIGB96/00416

BACKGRO F INVENTION

This invention relates to the isolation and purification of lipid cell-wall
components originating from bacteria assigned to the genera
Mycobacterium, Corynebacterium, Nocardia or Rhodococcus, of which the
most ubiquitous and the most important from a human health point of view

is the genus Mycobacterium.

The genus Mycobacterium comprises a large number of both saprophytic
and pathogenic species. The best known members of the genus, M.
tuberculosis and M. leprae, are the causative agents of tuberculosis and
leprosy, respectively, both among the most serious diseases occurring in
man.
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Tuberculosis: Current status

'Tuberculosis is considered to be the major communicable disease throughout
most of the world. Despite great advances in medical science and a range
of effective drugs, which for some time created the impression that the
disease had been conquered, and despite organised international efforts,
tuberculosis remains a world health problem of staggering proportions:
approximately one third of the worid’s population is infected with M.
tuberculosis (Fauci, 1995), more than 8 million new cases world-wide and
more than 3 million deaths in the year 1990 alone were reported (Snider,
1994). Predictions made by the World Health Organisation indicate that by
the year 2000 the annual figures will grow to 10,2 million new cases and
3,5 million deaths, with Asia and sub-Saharan Africa being the most
affected continents (De Cock et al., 1992; Dolin, Raviglione and Koch1
1994; Raviglione, Snider and Kochi, 1995; Wilkinson and de Cock, 1996).
According to the recently released "WHO Report on the Tuberculosis
Epidemic, 1995" the figures anticipated for the next decade are even more
alarming: 300 million new infections and 30 million deaths (Hdller, 1995).
In effect, tuberculosis was declared in 1993 by WHO to be a global public
health emergency (Bloomfield, 1995; Wilkinson and de Cock, 1996).

The major reasons for this dramatic comeback and the unabated spread of

tuberculosis can be id=ntified as:
D Insufficient protection offered by the world-wide vaccination -

programme based on the use of BCG*)

») BCG: (Bacillus of Calmette and Guerin) Calmette and Guerin attenuated a strain of M.
bovis by passaging it 231 times over a period of 13 years through 2 medium containing
glycerine and oxbile.
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2) Problems associated with the detection of tuberculosis

3) Problems associated with treatment of tuberculosis and the
occurrence of multi-drug resistant strains of M. tuberculosis

4) Interaction with HIV infection

5) Socio-economic aspects

1. Insufficient protection offered by the world-wide vaccination
programme based on BCG

Attempts to prevent the spread of tuberculosis by inducing resistance to the
infection with M. wberculosis were initiated at the beginning of this
century, using vaccination with BCG. On the basis of a number of
controlled studies it was established that the protective efficacy obtained in
vaccination with BCG varied between 0 to 80% (Snider, 1994; Hershfield,
1995) and, on the basis of the analysis of the published literature, the BCG
vaccination was found to be roughly 50% effective (Colditz et al., 1994;
O’Brien, 1995). A number of hypotheses/explanations for this
unsatisfactory situation have been put forward (Fine, 1994). The most

important are:

i) Variations between BCG vaccines, which could be caused
by strains variation or by differences between
manufacturing processes;

i) Differences in pathogenesis of M. tuberculosis;

SUBSTITUTE SHEET (RULE 26)



——

Tuber cul osi s: Current status Tubercul osis is considered to be the
mej or comuni cabl e di sease t hr oughett——————mBst—of—the—wort+d—Dbesptte—
great advances in nedical science and a range of effective drugs,
which for some tine created the inpression that the di sease had

been conquered, and despite organised international efforts,

t uber cul @y Rgains a world health problem of staggeri PgT/ABOGEMALE ONS:
approxi mately one third of the world's population is infected with M
tubercul osis (Fauci, 1995), nore than 8 mllion new cases worl d-w de and
nore than 3 mllion deaths in the year 1990 al one were reported (Snider,
1994). Predictions made by the Wirld Health Organi sation indicate that by
t he year 2000 the annual figures will growto 10,2 mllion new cases and
3,5 mllion deaths, with Asi-a and sub- Saharan Africa being the nost
affected conti nents (De Cock et alL, 1992; Dolin, Raviglione and Kochi,

1994; Ravi gli one, |der mqf Yk B Ofhed , 1996).
According to the re ently re easegl é@losﬁgport gf] t r\&?lg‘grcu 0si s

Elpl deni c, %885 ][lhe fi gmy@b?mmml-pﬂaee:nvironmem? mymbactenﬁdm;yanftl even g’gr)e
aarrn'ng: mllion n e ons il eaths (Holler, 1995).
In effect, tuberculosis %‘ﬁ&@@#‘??é’a s?ﬁgﬁgﬁﬁl% b be a global public
heal t h emergency (Bl oonfi el d 1995; W/ ki nson and de Cock, 1996).

The mmj or reasons for t i c coneback and the unahated spread of
tubercul osis can b¥j denh= gt}ggences beMeenpopuPanon gropps su bb ecteddQf f i ci ent
protection offered by thgc¥pitidh mﬂggc@cm nation

programe based on the use of BCG *) BCG (Bacill us of
Cal nene and CGuerin) Calnette and Guerln attenuated a strain of M
v) Differences in nutrition and exposure to sunlight between

various population groups;
vi) Differences between designs of various studies;

vi)  Inadequacies of the criteria used for the evaluation of
protective action of vaccination with BCG.

2. Problems associated with the detection of tuberculosis

The accurate and timely detection of tuberculosis and related mycobacterial
diseases is one of the important requirements for the development of a more

successful global strategy to combat these diseases.

Traditional laboratory detection methods have major disadvantages of either
not being capable of distinguishing between live and dead bacilli (the quick
and simple Zichl-Neelsen staining) or, if these methods confirm the
presence of the live bacilli (direct cultivation), a number of weeks is
required before the laboratory tests are completed. This in tarn, may delay
the commencement of treatment and may lead to further spread of the
disease.
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Although recently developed molecular approaches to the diagnosis of
tuberculosis (Godfrey-Faussett, 1994; Richeldi, Barnini and Saltini, 1995;
Bloomfield, 1995; Vlaspolder, Singer and Roggeveen, 1995) resulted in the
introduction of these rapid and sensitive detection tools by advanced
laboratories in the developed countries, they are expensive and require
specially trained personnel. For these reasons they are not suitable for
screening/detection of tuberculosis in resource-poor, TB-endemic regions,
already overburdened with the cost of controlling the disease (O’Brien,
1995; Voelker, 1995).

A similar simation exists in the field of rapid drug sensitivity testing
(Schaberg et al., 1995; Pretorius. et al., 1996) and rapid culturing of
Mycobacterium (Bloomfield, 1995). The significant advances in these areas
cannot be utilised, for financial reasons, in the countries most affected by

the tuberculosis pandemic.

3. Problems associated with treatment of tuberculosis and the occurrence
of multi-drug resistant strains of M. tuberculosis

The development of effective chemotherapy for tuberculosis made the
treatment of infected persons possible, thus preventing the full development
of the disease. Although the anti-tuberculosis drugs with proven
bactericidal action (rifampicin, isoniazid and pyrazinamide) as well as the
ones with bacteriostatic or resistance-preventing properties (streptomycin
sulphate, ethambutol and thiacetazone) are available (Weil, 1994), world-
wide success in combating the disease has not been achieved so far due to
two main factors: patients’ non-compliance with the prescribed regimen and
financial limitations existing in developing countries.
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1. I nsufficient protection offered by the worl d-w de vacci nation

programme based on BCG —— —AH-epts—to—prevent - t he—spread—oft———
t ubercul osi s by inducing resistance to the infection with M

tubercul osis were initiated at the beginning of this century, using
vagci nation with BCG On the basis of a nunber of controll ed

studies it was established that the protective efficacy obtained in
vacci nawesenasessh BCG vari ed between 0 to 80% (Sni der, IRSOUCBIGIPAIG{ | o d,
1995) and, on the basis of the analysis of the published literature, the

BCG vacci nation was found to be roughly 50% effective (Colditz et

- al., 1994; O Brien, 1995). A nunber of hypot heses/expl anati ons
for this unsati sfactory situation have been put forward (Fine,
1994) . The nost | mportant ar ey i) Vari ati ons
bet ween BCG vacci nes, which coul d be caused by
strains vargé i igipactobf ¥ :s&hizﬁ&r;&am&uquhmpﬁ on the control of
manuf act uri ng_processes; D'fferences i n pat hogenesi s

of M tuber cihbgesnlosis in developing gougisies & eszwrtam This approach, although
PCT/ GB96/ 0043v§lely practiced in North America, has two major disadvantages. Firstly,

it may have to be given for the duration of the TB sufferers’ life and,
secondly, its cost, i.e. US$18 per patient per 6-month course may be
prohibitive, particularly in the most affected arecas where an amount of
US$4 per patient per year is available for total health care (O’Brien, 1995).

The interrupted and/or uncompleted treatment, apart from the detrimental
effects on the individual concerned, has contributed to the emergence and
-spread of multi-drug resistant strains of M. tuberculosis, which further
cdmplicate the overall situation (Beyers et al., 1996). The recent WHO
estimates indicate that 50 million people worldwide may already be carrying
strains of M. tuberculosis resistant to one or more of the most common anti-
TB drugs. It was established already in 1991, that one third of all TB
patients in New York were resistant 10 at least one drug and almost 20%
were resistant to rifampicin and isoniazid combined (Henderson 1995).

4. Interaction with HIV infection

The close association documented between tuberculosis and HIV infection
as well as the frequently concomitant presence of both these diseases add
gravity to the situation (Torres ez al., 1990; De Cock, 1994; Cantwell and
Binkin, 1994; Murray, 1994; Antonucci ez al.. 1995; Mofeson ef al., 1995;
Davies, Wilkinson and Colvin, 1996; Wilkinson and Moore, 1996). The
number of people who develop tuberculosis in Asia because of the parallel
infection with the HIV is expected to increase seven-fold this decade,
according to the Public Health Reports (1995).
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5 Fil) Differences in the exposure to the
envi ronnent al - : .——nycobact er ika—=—t he envi ronnent al

nycobacteria nay act ant agoni stically or
synergistically with BCG .iv) Genetic differences

bet ween popul ati on groups subjected to vacci nati on
w th BCG WO 9626288 V) Differences in nutrition ameyCéysspodise to
sunl i ght betweén vari ous popul ati on groups;

Vi) Di fferences between designs of various studies; Vii)
1 nadequaci es of the criteria used for the eval uation of

protective action of vaccination with BCG 2. Pr obl ens
associated with the detection of tubercul osis The accurate and
tinmely detection of tuberculosis and rel ated nycobacteri al di seases

is one of the inportant requirenents for 8he devel opnent of a nore
The emergence of multiple-drug resistance among the strains of M.
tuberculosis and other atypical mycobacteria has introduced an additional
dimension to this problem (Blumberg, Miller and Koornhof, 1994; Morse,
1994; Yew and Chau, 1995).

5.  Socio-economic aspects

Other reasons contributing to a further spread of the disease, such as
um:mployment; overcrowding, general lowering of economic conditions,
alcoholism and erosion of the public health infrastructure have been recently
reviewed by Darbyshire (1995), Fauci (1995), Law et al., (1995) and
Mangtani et al., (1995).

The increased influx of immigrants from the endemic areas to countries
where tuberculosis has been well under control, e.g. United States of
America, creates additional problems in comaining the spread of
tuberculosis (Huebner and Castro, 1995). The incidence of tuberculosis
among immigrants to the USA is reported to be 12 times higher than that
observed among the native-born population (Ballew and Becker, 1995).

The trends discussed above place an overwhelming pressure on the
improvement of existing approaches to case-management of TB patients both
in endemic areas and developing countries and on the deveiopment of new
drugs capable of preventing and/or combating tuberculosis (Cole, 1995;
Voelker, 1995). Although cautious optimism can be detected among the
researchers involved in both fields (Mwinga, 1995; Grosset, 1995),
currently prevailing economic restrictions, even in the developed countries,
place serious limitations on funding required to develop new anti-
tuberculosis drugs, the cost of which is estimated at US$150 million for
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Al t hough recently devel oped nol ecul ar approaches to the di agnosis of

t ubercul osi s (CGodfrey-Faussett, 1994; Richeldi, Barnini and Saltini, 1995;
Bl oonfield, 1995; VI aspol der, Singer agd Roggeveen, 1995) resulted in the
I ntroduction of these rapid and sensitTve detection tools by advanced

| aboratories idqj H@w‘éﬁiﬁﬁbﬁﬂe@rﬁﬁwﬁwﬁs’ they are expensive and require

Immunological prospects for prevention and treatment

In view of the seriousness of the problems listed above, the limitations
associated with the existing methods of combating tuberculosis and the high
costs of developing new forms of chemoprophylaxis and chemotherapy,
immunological approaches could provide a relevant and realistic alternative
to finding an effective and economically affordable solution to the control
and treatment of tuberculosis and associated conditions.

Results obtained from a number of trials using treatment with killed cells
of M. vaccae (Stanford and Grange, 1994) suggest that this saprophytic .
microorganism may find application in immunotherapy of tuberculosis either
as a single agent (Bahr er al., 1990a; Bahr er al., 1990b; Stanford er al.,
1990a) or in conjunction with chemotherapy (Stanford ez al., 1990b; Prior
et al., 1995; Onybebujoh et al., 1995).

The modulation of inflammatory processes attributed to the use of
thalidomide has recently been utilised in combating tuberculosis. The
beneficial effects of thalidomide on the clinical manifestation of tuberculosis
reported by Cole (1995) provide grounds for considering the
immunomodulatory properties of this drug in the treatment of the disease.
These effects of thalidomide are attributed to its potent inhibitory action on
tumour necrotic factor, a cytokine involved in the inflammatory processes
accompanying tuberculosis.

The advantages stemming from these two approaches may be extended to
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specially trained personnel. For these reasons they are not suitable for
screeni ng/ detection oftubercul osi s—in resource-poor, TB-endem c regions,
al ready overburdened with the cost of controlling the disease (O Bri en,
1995; Voel ker, 1995). A simlar situation exists in the field of
rapid druy sensitivity testing (Schaberg el al., 1995; Pretorius et
al., 1996) ﬂﬁ?%d cul turing of Mycobact eri um ( Bl geénogiotsae 1995) .
The signifi ances in these areas - cannot be utilised, for
financi al reasons, in the countries nost affected by t he
‘tubercul osi s pandem c. 3. Probl ens associated with treatnent
of tubercul osis and the occurrence of nmulti-drug resistant
strains of M tuberculosis The devel opnent of effective

~chenot herapy for tubercul osis nmade the treatnment of infected
persons possible, thus preventing the fuliodevelopnent of the

di sease. Although_ the | -tubercyl osi s, dru wi t b, proven _
bactericidal acti Hﬁatﬂef]’f 9 Trﬁsz“%g?ﬁn&z?fdmé?fg“%??'a%"qu dafa bays | o t he
ones W th bacteri gedndtep6riéd i i fesPet Erofi @ \tRftiber 8f B9 afider@ken( fl Ir@Pt ONyci n
sul phat e, ethambutol and_thiacetazone) are available (Wil  1994), world-

wi de success in cEFemadiyFarig andSranfords 1092 apd in Kuwait, Rumaniae Yietgam and que t o

two nmain factors: 1pRd (SiMférd mrnﬁgﬁg,)llb?@ge wi th the prescribed reginmen and
financial limtations existing in devel oping countries.:

Immunological targets

Attempts at identification of immunologically active components of M.,
tuberculosis over the last decades focused mainly on proteins (Daniel, 1984,
Chaparas, 1984; Yanez et gql., 1986; Deshpande et al., 1994; Torres et al.,
1994), polysaccharides (Daniel, 1984; Misaki, Azuma and Yamamura,
1987), peptidoglycolipids and phospholipids (Brennan, 1984),
lipopolysaccharides (Hunter, Gaylord and Brennan, 1986), glycolipids
(Brennan, 1984; Mc Neil ef al., 1989) and lipoarabinomannan (Arya, 1993;
Sieling er al., 1995).

Although lipid cell-wall components have been associated with the virulence
of M. rtuberculosis (Collins, 1994), these compounds, being of lipid nature,
i.e. B-hydroxy fatty acids, have been considered not to possess
immunogenic properties. The possibility that mycolic acids might play a
significant role in the complex process of immunological response/s of the
human body to the infection with M. tuberculosis has become apparent only
recently.

A humoral response to a mycolic acids-BSA conjugate was first observed
in 1994 (South African Patent Application No 95/3077 and PCT Patent
Application No. WO 95/28642). At about the same time, a measurable
cellular immune response to mycolic acids was demonstrated by Beckman
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i npact of the isoniazid preventative therapy on the control of

tubercul osis in developing countries is uncertain. This approach, although
wi dely practiced in North America, has two maj or disadvantages. Firstly,

it may h%/e to _be given for the duration of the TB suf fieiacmensdé e and,
secondl Y, ost, i.e. US$18 per patient per 6-nonth course may be

prohi bitive, particularly in the nost affected areas where an anount of
US$4 per patient per year is available for total health care (O Bri en,
©1995). The interrupted and/ or unconpleted treatnent, apart fromthe
detri nent al effects on the individual concerned, has contributed to
t he emergence and spread of nuli#-drug resistant strains of M

" tubercul osis, which further conplicate the overall situation (Beyers
et al., 1996)er alhq198nentTHAHhors discivetdd BachedeCHinfdufids SbulR@ani | 1ion
peopl e worl dwi de_may al ready be carr¥|ng strains of M tuberculosis
resi stant to RREfestionppE afranehsubsess of dwmaon deuhie-negative T-pellsdands. 1t was

establ i shed ajJk&ady 4 , b f %]IES cu Ha%ients i n New
York were regé st ant dtge%t%a eogtsa?a%er?g& ru*g}hé%(wm%éo]- 5 o re
resistant to onprafessionah antigntpresenting clls hksmacrdplagesahedendriticxen; . ' 4.
I nteraction V\thec s Ve} rclzfl?cfdﬁn Beckman er al., 1995; Rosat er al., 1995).

Likewise, prenyl pyrophosphate was also found to be presented by CD1

molecules on antigen-presenting cells (Morita er al., 1995).
Lipid cell-wall components of mycobacteria

The mycobacterial cell wall is considered to be a highly differentiated and
complex structure, characterised by a very high content of lipids, which
constitute about 60% of the cell wall mass (Grange, 1988). Its
diagrammatic presentation is given in Figure 1.
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Fig. 1 Diagrammatic presentation of the mycobacterial cell wall
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as well as the frequently concom tant presence of both these diseases add
gravity to the situation (Torres et al., 1990; De Cock, 1994; Cantwell and
Bi nkin, 1994; Murray, 1994; Antonucci etal.. 1995; Mfeson etal., 1995;
Davi es, W kinson and Colvin, 1996; W/| ki nson and Mbore, 1996). The

nunber of peopl e who devel op tuberculosis in Asia because g ?T ﬂﬁmﬂﬂka||e|

i nfecti on WO v i s expected to increase seven-fold t ecad
according to the Public Health Reports (1995). WO 96/ 26288
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energence of nmultiple-drug resistance anong the strains of M

t ubercul osis and ot her atypical mycobacteria has introduced an additi onal
‘dinension to this problem (Blunberg, MIler and Koornhof, 1994; Morse,
1994; Yew and Chau, 1995). 12 -

Mycolic acids, the major lipids of the cell wall of Mycobacteria (Petit and
Lederer, 1984), are considered to be a2 major component of an outer
permeability barrier (Wheeler er al., 1994) and are responsible for the
"acid-fastness" of this group of microorganisms (Grange, 1988). The
presence of large amounts of mycolic acids associated with different types
of free lipids constitutes the basis of the integrity of the mycobacterial wall
(Besra er al., 1993).

Mycolic acids occur in nature as mixtures of different types. They
frequently form esters with carbohydrates, e.g. with arabinose forming the
main cell wall palisade and with trehalose forming dimycolyl trehalose, the
so called cord factor which is associated with the virulence of M.
tuberculosis. Mycolic acids have been reported in bacterial species other
than Mycobacterium, i.e. in Corynebacterium and Nocardia (Goren, 1972).
Consequently, three major categories of mycolic acids are distinguished
(The Merck Index, 1989), namely:

i) corynomycolic acids ( C,; - Cy acyl chain length)

ii) nocardomycolic acids ( Cy - Cg acyl chain length)

iii) mycobacterial mycolic acids ( Cg - Cy acyl chain length).
Mycolic acids are high molecular weight B—hydroxjr fatty acids which have

moderately long aliphatic chains at the o-position.  The general formula
of these compounds is shown in Figure 2.
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5. Soci o- econom ¢ aspects O her reasons contributing to a
further spread of the disease—such—as Al . A
general |owering of econonm c conditions, al cohol i sm and erosion of
the public health infrastructure have been recently revi ewed by

Dar byshire (1995), Fauci (1995), Law et al., (1995) and Mangt ani et
al ., (1Q93%ne The increased influx of inmm granipgricposmisiee endem c
areas to countries wher e tubercul osis has been well under control,
e.g. United States of Anerica, creates additional problens in
contai ning the spread of t ubercul osi s (Huebner and Castro, 1995).
The i ncidence of tuberculosis anong imm grants to the USA is
reported to be 12 tines higher than that observed anong the
native-born popul ati on (Ball ew and Bggker, 1995). The trends

di scussed above place an overwhel m ng~pressure on the i nprovenent of
exi sting approaches to case-nmanagenent of TB patients both in
endem ¢ areas and devel opi ng countries and on the devel opnent of new
drugs capabl e of preventing and/or conbating tuberculosis (Cole, 1995;
Voel ker, 1995). Although cautious ofim smacan be detected anong the
researchers involved in both fields (Mdvnga, 1995, G osset, 1995),

currently prevailing e om restrjctjons t he devel oped
countries, pl ac 5’*T‘r¢|"\'é i orﬁ” onwl ng required to devel op
new anti - t uber cul 05| s drugs, the cPst of which is estimated at
US$150 million for

(CHz)y

CH;

Fig.2 The general formula of mycolic acids

All known mycolic acids have the basic structure R*CH(OH)CHR'COOH,
where R! is a Cy to C,, linear alkane and R® is a more complex structure
of 30 to 60 carbon atoms that may contain various numbers of carbon-
carbon double bonds and/or cyclopropane rings, methyl branches or oxygen
functions such as C=0, CH;OCH=,COOH (The Merck Index, 1989).
Alth_ough there exists a great variety of mycolic acids, the « branch, except
for length, is essentially invariant/constant in any group of mycolic acids
(Goren, 1972).

Mycolic acids are soluble in a very limited range of solvents, which
complicates their purification (Brennan and Nikaido, 1995) and leads ro
tedious and costly protocols. Beckman et al., (1994), for example, achieved
purification of mycolic acids from M. tuberculosis only after derivatization
with para-bromophenacylbromide, reversed phase HPLC separation,
collection of the mycolic acids peak cluster fraction, resaponification and
extraction. .
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each new conmpound (G osset, 1995). | mmunol ogi cal prospects for
prevention and treatnent In vi ew of the seriousness of the

probl ens l'isted above, the lim gsociated wth the existing

met hods of vgnbﬁw t uber cul osj s an i@i&ﬁﬁ cost seépddRvdal opi ng
i

new forns of ophyl axi s and chBDt py, i nunol ogi cal
approaches could provide a relevant and realistic alternative to
finding an effective and economcally affordable solution to the control
and treatnent of tubercul osis and associ ated conditi ons. Results

obtained froma number of trials using treatnment with killed cells
of M vaccae (Stanford and G ange, 1994) 4ggest that this saprophytic
m croorgani smmay find application in i not herapy of tubercul osis either

as a single agent AGR&BIting! the! potendifOfe WEEN gl Rl-walll&Rhfbnentt 2 et al.,
1990a) or in conjunctlon W|t mhem)t her apy tanford et ‘al., g%PEp Pri or
et al., 1995; Onypaticylatmycoligacids, tawplay mlmmunotherapy and immunoprevention

of tuberculosis and/or its side effects, a new, more efficient method of

purifying large quantities of these components is described in this invention.
Y ION

According to the invention a method of separating and purifying a specific

microbial cell-wall component or a derivative or analogue thereof from an

extracted mixture of the cell-wall component or derivative of analogue

thereof and contaminants or from a synthetic mixture of the cell-wall

component or analogue or derivative thereof and contaminants comprises the

steps of:

dissolving the extracted mixture or synthetic mixture in 2 multi-phasic
solvent to form a solution; and

subjecting the solution to liquid-liquid phase extraction.

The specific cell-wall component or derivative or analogue thereof may be

a lipid or a sugar.

The specific cell-wall component or apalogue or derivative thereof is |
preferably a lipid.

More preferably. the lipid is a fatty acid.

More preferably, the lipid is a mycolic acid.
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The nodul ation of inflammtory processes attributed to the use of
thalidomde has recently been utilised-in.conbating tuberculosis—The
beneficial effects of thalidom de on the clinical manifestation of

t uber cul osi s reported by Cole (1995) provide grounds for
consi dering the | mmunonodul atory properties of this drug in the
treat nent of the di sease. _______‘I_'Jn.es'e—e-f—-f—ecﬁq of t hal ipgeSBoc00a1e
att ri but W9 96/36%% s pot ent i nhi bijpisy SHEET HAR Bk t.mur necrotic
factor, a cytokine involved ih the gaA8BBat ory| processes

_acconpanyi ng tubercul osis. The—advant ages stemming fromthese two
approaches may be extended to WO 96/ 26283
PCT/ GB96/ 00416 10

. treatment of drug-resistant forns of tybercul osis. Encouragi ng data have
been reported in this respect froma nmber of trials undertaken in Iran

More preferably still, the cell-wall component is a group of components or
analogues or derivatives thereof and the group is a mixture of mycolic acids
or derivatives or analogues thereof.

The microbial cell-wall component may be derived from a bacterium, a

fungus or a yeast.

The microbial cell-wall component is preferably derived from a bacterium
which may be selected from Mycobacteria, Corynebacteria, Nocardia,
Rhodococci, Amycolata and other suitable bacterial species.

When the bacterium is selected from Mycobacteria, it may be selected from

the strains of M wuberculosis, M.avium and M.vaccae.

The multi-phasic solvent system preferably comprises chloroform, methanol
and water.

More preferably, the multi-phasic solvent system is a bi-phasic solvent

system.

The bi-phasic solvent system preferably comprises an upper liquid phase and
a lower liquid phase.

The method preferably also comprises the steps of mixing and equilibrating
the upper and lower phases of the solvent system.

Preferably, the composition of the upper phase is 12-18% chioroform, 45-

55% methanol and 25-40% water. More preferably, the composition of the
upper phase is 15% chloroform, 52% methanol and 33% water.
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(Etemadi, Farid and Stanford, 1992) and in Kuwait, Rumania, Vietnam and
India (Stanford and G ange, 1993). | mmunol ogi cal targets
Attenpts at identification of inmunologically active conponents of M

t ubercul osis over the | ast decades focused mainly on proteins (Daniel,

1984, , Chaparas, 1984; Yanez et al., 1986; Deshpande et al., 1994;
Torres et al., 1994), pol ysacchari des (Daniel, 19&%%@?&56 Azuma
and Yamanmu Mg 96/26288 1987), peptidoglycolipids and 5 I'pl ds
(Brennan, 1984), | i popol ysaccharides (Hunter, Gaylord and Brennan,
1986), glycolipids (Brennan, 1984; M Neil et al., 1989) and

" | i poar abi nomannan (Arya, 1993; - Sieling et al., 1995).

Al t hough lipid cell-wall conmponents have been associated with the virul ence

. of M tuberculosis (Collins, 1994), these conpounds, being of l|ipid nature,

i.e. B-hydroxy fatty acids, have been cdfsi dered not to possess

I munogeni ¢ properties. The possibility that nycolic acids mght play a

si gni fi cant r ol &referablye thesiopipesition e%@sﬁow Rbage i 80-88acehlorofarpedde/ s of the

human body to t i X t ' ent only
46%' ikl A 0 48 odrer, NABKHIeREDT, N5 cSHRAMNHINAL

unor a

recently. response t j ugate was
first observed lower phaseis 68 %0chl¢rSfomnl 2% incthanoPandh% watpt.i cati on No 95/ 3077
and PCT Pat ent Application No. WO 95/28642). At about the sane
time, a neasurable cel lul ar i mmune response to nycolic acids was

denonst rat ed by TBetiguidrliquid phase extraction may be a countercurrent extraction or a
multiple extraction of one of the phases.

The purified cell-wall component or analogue or derivative thereof may be
subjected to an acetone extraction to remove impurities.

Preferably, the celi-wall component or analogue or derivative thereof needs
no chemical derivatisation to separate- it from any impurities which may
arise from microbial growth, microbial-growth media or the synthetic

mixture.

The purified cell-wall component or derivative or analogue thereof may be

saponified to reverse any methyl esterification thereof.
F DESC N OF DRAWIN

The invention will now be described in more detail, by way of example
only, with reference to the accompanying drawings in which:

Graph 1a: is an HPLC of a crude M. mberculosis extract
Graph 1b: is an HPLC of a crude reagents extract
Graph 1c: is an HPLC of a crude medium extract
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11 et—ab—(1994) .. The
stinmul at ed proliferation of a rare subset of human doubl e- negative
T-cells and descri bed a new way of antigen presentation by CDl1
nmol ecul es occurring on professional antigen-presenting cells |like
macr ophages and dendritic cells (Beckman et al., 1994; Beckman et
al ., 19%ooRaems et al., 1995). Li kewi se, prenyl PEVIGBIH4hat e was
al so found to be presented by CD nol ecul es on anti gen-presenting
~cells (Mrita et al., 1995). Li pid cell-wall conponents of
mycobacteri a The mycobacterial cell wall is considered to be a
. highly differentiated and conpl ex structure, characterised by a very
. 'high content of |ipids, which gpnstitute about 60% of the cell wall
mass (Grange, 1988). Its di agrammati c presentation is given in
Figure 1. Graph 2a: is an HPLC of an acetone extracted supernatant of

the crude M. tuberculosis extract

Graph 2b: is an HPLC of an acetone extracted supernatant of
the crude reagents extract

Graph 2c¢: is an HPLC of an acetone extracted supernatant of
" the crude medium extract
Graph 3a: is an HPLC of a crude M. ruberculosis extract,

acetone extracted

Graph 3b: is an HPLC of a crude reagents extract, acetone
extracted '

Graph 3c: is an HPLC of a crude medium extract, acetone
extracted

Graph 4a: is an HPLC of countercurrent purified mycolic acids
of M. tuberculosis, from acetone extracted crude
extract

- Graph 4b: is an HPLC of countercurrent purified reagents from

acetone extracted crude extract

Graph 4c: is an HPLC of countercurrent purified medium from
acetone extracted crude extract

Graph 5a: is an HPLC of a countercurrent purified mycolic
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Mycosi de [err]
Mycolic acid
Ar abi nogal act an

o ——————

Pept i dogl ycan Cel |
wal I : Fig. 1 D agranmatic presentation of the nycobacteri al
cell wall WO 96/ 26288 PCT/GBY6/00416

PCT/ GB96/ 00WPP6/26288

Graph 5b:

Graph 5c¢:

Graph 6a:

Graph 6b:

Graph 6c¢:

Graph 7a:

Graph 7b:

18

acids from crude extract of M. tuberculosis, not
extracted with acetone

is an HPLC of a countercurrent purified reagents
from crude reagent extract, not extracted with
acetone

is an HPLC of a countercurrent purified medium
from crude medium extract, not extracted with
acetone

is an HPLC of an acetone supernatant of mycolic
acids from M. tuberculosis, extracted with acetone
after countercurrent purification

is an HPLC of an acetone supernatant of reagents
extracted with acetone after countercurrent

purification

is an HPLC of an acetone supernatant of medium
extracted with acetone after countercurrent
purification

is an HPLC of purified mycolic acids from M.
tuberculosis, extracted with acetone after

countercurrent purification

is an HPLC of purified reagents, extracted with
acetone after countercurrent purification
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12 Mycolic acids, the major lipids of the cell wall of
Micobacteria (Petit and Lederer—1984)—are consi-
maj or component of an outer perneability barrier (Weeler et al.,
1994) and are responsible for the aci d-fastness” of this group of
m c4 oor gani sns (G ange, 1988). The presence of |arge anmpbunts of
mycol i c woskmemssociated with different types SCTIGRE0NG,; (5
constitutes the basis of the integritygof the nycobacterial wall
(Besra et al., 1993). Mycolic acids occur in nature as m xtures
of different tGpah 7cthey is anrm:aqueatﬂunﬁearxﬁe@aﬁeémahvmar bohydrat es,
“e.g. wth arablnoseformngthe n elltyva pali sade and with
trehal ose forming dinmycolyl |a§§’é°°1{nffé°mﬂt purificafion. o | ed cord factor
. Which is associated with the vi rul ence of M tubercul osis. Mycolic
aci ds have been reported I n bacter' speci es ot her t han
Mycobact er i um GraRb 8% Cor ynésparH IrQJﬁfaﬁﬁﬂmﬂBmtaﬁ?WeﬁdC@wZ)
Consequently, three nmjor ca of nycolic acids are distinguished
(The Merck Index, 1989), narre i) corynonycol i c acids
( Jerr] - derr] acyl chain | engt h) 1) nocar donycol i c

acids ( Jerrlgraphd:"] acy! iCRHSY ¢ P& Dic acids from M. vaccae, rinsed

with acetone, after countercurrent purification.

A schematic representation of the various purification procedures performed
on crude extracts of bacterial cell-wall components and the various stages

at which HPLC/s were performed is set out in Figure 3 below:

M.tuberculosis ! Reagents / Medium

/;ud,:m\

HPLC (1.2.3)
Graph } / \
// :=toge‘emc&on
Countercurrent purification Acetone supernatant Precipitate (crude)
; 5
: )
HPLC (1.2.3) ‘wLcqay
Graph 2 Graph 3
Mycolic acids
HPLC (1.2.3)
Graph 5
Acetone extraction Countercurrent purification
Acetone supernatant Prec:pnme (mycolic) Myc‘;lie acids
HAC 23 mcu.z.s) HPLC(123)
Graph 6 Graph 7 Graph 4
Fig. 3 Diagram of purification of mycolic acids from the crude lipid cell-wall exract

eriginating from M. Mberculosis
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iii)

fornmul a

nycobacterial nycolic acids ( (ferr] - Cferr] acyl chain length).
Mycolic acids are high nolecular weight B-hydroxy fatty acids which have
noderately long aliphatic chains at the [err]-position. The general

96/ 26288 -
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[ er

of these conpounds is shown in Figure 2. WO
' PCT/ GB96/ 00416
;
'Lvo 96/26288 PCT/GB96/00416
20
DESC N OF PF DE NT
The Aim of the Invention

The aim of the present invention is to isolate and purify microbial lipid celi-
wall components and derivatives and analogues thereof, particularly mycolic

acids originating from various microbial strains, to be used in:

1. The development of anti-tuberculosis and other anti-mycobacterial
immunoprophylactic preparations, such as vaccines, for human and
veterinary use. Such preparations can be based on mycolic acids
with or without the concomitant presence of other mycobacterial
cellular components and may or may not require the use of
adjuvants of various types, including 'mterleukincs.. The
development of such preparations will include any manipulation
necessary to render mycolic acids or other cell-wall lipid-
components immunogenic (e.g. the preparation of immunogenic

conjugates, subunit vaccines).

2. The development and production of diagnostic tests for the
confirmation of the presence of mycobacterial cells in samples such
as sputum, cerebrospinal fluid, blood, urine, stools etc.

3. The production and commercialisation of individual purified cell-
wall components, for research or other purposes (e.g. to be used
as standards or for the development of diagnostic tests).

4. The immunotherapy of illnesses of mycobacterial and other origin,
including autoimmune side effects.
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Fig.2 The general fornula of mycolic acids Al'l known nycolic acids
have the basic structure Rferr]_CH(-Q#CHR[-e-r—F-]-G%#——— --—where—Rer+1—+s—a—
Clerr] to (Jerr] linear alkane and R err] is a nore corrpl ex structure

of 30 to 60 carbon atons that may contain various nunbers of carbon-

car bon doubl e bonds and/or cycl opropane rings, nethyl branches or oxygen

function a’ s C=O CHerr]OCH=, COCH (The Merck | ndeycriaséineslé
G

Al t hough Xists a great variety of mycolic acids, the a branch,
except for length, is essentially invariant/constant in any group of
nycolic acids (Goren, 1972). Mycolic acids are soluble in a
"very limted range of solvents, which conplicates their purification
(Brennan and N kai do, 1995) and leads to t edi ous and costly
. protocols. Becknman et al., (1994), for,gexanple, achieved purification
of nycolic acids from M tubercul osis o?ﬂey after derivatization W th

par a- br onophenacyl br i d ti col l ection
5 TP 9 {ﬂm@%\é‘?@ﬁf rcﬂ’h %ﬂtlﬂpr{:é:s zgﬁ(i}?]zfr?i Cngﬂ:obactenal

of the nycolic aci ds pea action I on and
extraction. infections.
6. The development of a test (in vitro or in vivo) for determining the

reaction of the humoral or cellular immune system (the degree of
stimulation of humoral or cellular immune system) to either the

immunization or infection process.

7. The development of novel anti-tuberculosis drugs, aimed at the
inhibition of the cell-wall synthesis. '

8. The immune control of neoplastic disorders.
A high degree of purity of mycolic acids is important for the development
of immunoprophylactic preparations, such as vaccines, immunotherapy

and/or for detection methods, and more specifically for:

i) the determination of the solvent system in which the
preparation of conjugates is to take place;

i) the preparation of the conjugates necessary for the
immunization of the experimental animals;

iti) the determination of the efficiency of coupling of
mycolic acids to carrier molecules, i.e. for the

monitoring of the conjugation process;

-iv) the preparation of other conjugates required for
mohitoring of the process of immunization and for
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. sol vent

14 Anticipating the potential role which lipid cell-wall conmponents, and
In particular nycolic_acids, can play in i munatherapy and i mmunoprevention
of tuberculosis and/or its side effects, a new, nore efficient method of
purifying large quantities of these conponents is described in this

I nventi on. SUMVAY OF THE I NVENTION  According to the invention a method

of seperati nﬁ and Puri fying a specific mcrobial cell- walpcfenssnonet of a
i pi d sugarW or a derivative or anal og thereof froman extracted

m xture of the cell-wall conponent or derivative or anal og thereof and
~contam nants or froma synthetic m xture of the cell-wall conponent or
derivative or analog therof and contam nants conprising the steps of:
di ssolving the extracted m xture or synthetic mxture in a bi-phasic

' to forma sol ution; all owi ng the
solution to separate to form an upper pha?@e and a | ower phase;

subj ecting the phases to countergurrent distri ' aration
conprising a required nunber of @?@ﬁvgwms@&&%&nﬂé%ﬁﬁsﬂ’ cell -wal |
conponent or anal og or deriwvative thereof in the upper phase or the |ower

hase; and renovj ng the separated i crobjal- cell-wall
2orrponent or derivativ¥or tﬁe gssessment % specificity otl ?he produce\ga

antibodies and for their characterization;

vi) the development of novel anti-tuberculosis drugs,
aimed at the inhibition of the bacterial cell-wall
synthesis.

The present invention provides a method, using a bi-phasic solvent system
for the simultaneous purification and separation of different classes of
compounds, which may be cell-wall components or derivatives or analogues
thereof which may be extracted from a culture of the relevant cells or which
may be synthesized. In a preferred embodiment of the invention lipid cell-
wall components of microbial origin can be separated from contaminating
material and separated as a group from contaminants. Purified lipid cell-
wall components, e.g. mycolic acids, as well as other lipid cell-wall
components originating from bacterial cell walls of microorganisms such as
Mycobacteria, Corynebacteria, Nocardia and Rhodococci, can be separated
as a group by this method. Although the method is applicable to all
Mycobacteria, Corynebacteria, Nocardia and Rhodococcus strains, the
examples present the experimental details concerning two Mycobacteria
strains.

In essence the method involves subjecting a crude extract of microbial cell-
wall components, dissolved in a unique bi-phasic solvent system, to a
countercurrent liquid/liquid separation to purify a Speciﬁc cell-wall
component on a large scale. In the case of mycolic acids, the method yields
in the order of 3 to 12% of the dry weight of the crude cellular extract, of
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anal og thereof fromthe upper or |ower phase. The specific cell-wall
conponent—orderivati-ve or analogue—t-he~eot—ray—be—a-1 i |4}—9F—a—suga+~w-————
The specific cell-wall conponent or anal ogue or derlvatPVe t hereof is
preferably a |ipid. More preferably, the lipid is a fatty acid. Mor e
preferabky, the lipid is a nycolic acid.

15 More preferably still, the cell-wall conponent is a group of conponents
or anal Qgy6geoss derivatives thereof and the group is a POREBASHOIS mycolic
acids or derivatives or anal ogues thereof.

23

purified mycolic acid.

The method involves harvesting a growth of bacterial, e.g. mycobacterial,
cells followed by saponification and extraction of lipid cell-wall
components. The saponification step. is necessary to release the lipid
component from the rest of the cell skeleton or to release the free fatty acid
salt from any ester form thereof, and the extraction step is necessary to
remove the saponification agents from the cell wall component/reagent

mixture.

The crude cellular extract obtained from the large-scale extraction process
is dissolved in the lower phase of the bi-phasic solvent system and an
amount of the upper phase of the bi-phasic solvent system is added. This
solution is then subjected to countercurrent distribution through a series of
approximately 25 cycles, each cycle comprises a mixing of upper and lower
phases, a separation of the phases and a transfer of the separated phases to

clean upper and lower phases.

Methy! esterification of the purified lipid celi-wall components occurs when
they remain in methanol-containing solvents for extended periods. This is
readily reversed by saponification, i.e. adding Reagent A at room
temperature and re-extracting as described in the Methods.

The various groups of fatty acids from the cell-wall can be identified in the
various tubes by. thejr emulsification patterns in the lower or upper phase.
The mycolic acids fraction, for example, was easily recognised by its
emulsification pattern mainly in the lower phase within the first few tubes.
The countercurrent-separated material is then withdrawn from the tubes.
The mycolic acids fraction, even after being purified by countercurrent
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The m crobial cell-wall conponent may be derived froma bacterium a fungus
or a yeast. The microbial cell-wall conponent.is preferably derived from
a bacteriumwhich may be sel ected from Mycobacteria, Corynebacteria,

Nocar di a, Rhodococci, Anycol ata and ot her suitable bacterial species.

When' the bacteriumis selected from Mycobacteria, it may be selected from
the strains of Mtuberculosis, Maviumand M vaccae. The bi - phasic

sol vent sysmﬁfserabl y conprises chloroform nethanol ajpgriiiosiosis

The bi -phasic sol'vent system preferably conprises an upper |iquid phase and
.a lower liquid phase. The nethod preferably also conprises the steps of

m xi ng and equilibrating the upper and | ower phases of the solvent system

Preferably, the conpositon of the upper phase is 12-18% chloroform 45- 55
-% ment haol and 25-40% water. More preferably, the conposition of the upper

phase is 15% chl oroform 52% net hanol an¥* 33% wat er .

distribution, was still found to contain some contaminating material. An
amount of acetone was added to the purified sample and this was found to
extract these impurities. (It was found that if acetone was added to the
crude extract, some but not all of the impurities, which could stem from the
ingredients of the bacterial culture medium, were extracted.) The purified
mycolic acids were subjected to HPLC analysis to determine their purity,
profile and yield.

The method of the invention was applied to the purification of mycolic acids
from M. tuberculosis, M.avium and M.vaccae and proved to be effective for
all of these strains of mycobacteria. Thus, using the method of the
invention, it has been possible for the first time to separate a relatively large
quantity of mycolic acids or other specific lipid cell-wall components and
to purify them for subsequent use, such as in any one of the applications
listed above.

EXAMPLES

MATERIALS

Cultures

Mycobacterium tuberculosis H3TRv ATCC 27294 - a virulent strain,

originally isolated from an infected human lung, was used in the
experiments.

Mycobacterium vaccae ATCC 15483 - a strain originally isolated from

cow’s milk.

The cultures were purchased in lyophilized form from the American Type
Culture Collection (ATCC), Maryland, USA. '
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Preferably, the conposition of the | ower phase is 50-80% chl oroform 15-
40% net hanol and 2-8% water. Mrre preferably, the conposition of the

| ower phase is 68% chl oroform 27% net hanol and 5% wat er. The

l'i qui d-I{,@%{s&g@?ase extraction nmay be a countercurrent g§rjgHeéndis OF a

mul tiple i on of one of the phases. The purified cell-wall

conponent or anal ogue or derivative thereof may be subj ected to an
_acetone extraction to renove inpurities. Preferably, the cell-wall

conponent or anal ogue or derivative thereof needs no chem cal

derivatisation to separate it fromany inpurities which may arise

- frommcrobial growth, mcrobi al-growtzg, media or the synthetic

Media

The following media were used for the cultivation of M. ruberculosis and

M. vaccae:
Liquid medium: Dubos broth
Solid media: Lowenstein-Jensen (LJ) medium

Middlebrook 7H-10 medium
The media were prepared as recommended by Kent and Kubica (1985) in
a Guide for the Level III Laboratory, Public Health U.S. Department of
Health and Human Services, Atlanta.

Reagents

The following reagents were used in the purification of the extracted

mycolic acids:
Chlorofom (Saarchem, Analytical grade)
Methanol (Merck, Chemically pure)
Acetone (BDH, Analytical grade).
For the preparation of the reagents used for the extraction, derivatization
and High-Performance Liquid Chromatography (HPLC) analysis of mycolic

acids, HPLC Grade methanol and double-distilled deionized water were
used.
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m xt ur e.

anal ogue thereof my he

The purified cell-wall conmponent or derivative or

esterification thereof.

The i nvention will

now be described in nore detail,

saponified to reverse any nethyl
BRI EF DESCRI PTI ON OF THE DRAVWNGS

only, with reference to the acconpanying draw ngs in which:

by way of exanple

G aph

| a: ' 9i’€5 n HPLC of a crude M tubercul osis extracpcricBosmnodis G aph
| b: WO HPLC of a crude reagents extract Graph Ic:
is an HPLC of a crude medi um extract WD 96/ 26288

PCT/ GB96/ 00416

Reagent A:

Reagent B:

Reagent C:

Reagent D:

Reagent E:

HPLC Standard:

26
25% potassium hydroxide (Analytical Grade)
dissolved in methanol-water (1:1): 62,5 g potassium
hydroxide was dissolved in 125 m! water and 125 mi
methanol (BDH, HPLC Grade) was added.

Concentrated hydrochloric acid (BDH, Analytical
Grade) diluted 1:1 with water.

2% potassium bicarbonate (BDH, Analytical Grade)
dissolved in methanol-water (1:1): 10 g potassium
bicarbonate was dissolved in 250 mi water and 250
ml methanol was added.

para-bromophenacylbromide in Crown Ether (Pierce
Chemical Co, Cat. No 48891) was dispensed in
500 ul quantities into small amber-coloured screw
cap vials with Teflon-coated septa. The caps were
tightened and the vials were wrapped with Parafilm.
Reagent D was stored at 4°C.

Reagent E was prepared by mixing reagent B 1:1
with methanol.

¢

High Molecular Weight Internal Standard (C-100) from Ribi ImmunoChem
Research Company, Cat No R-50. The standard, 1 mg, was suspended in
2,0 ml methylene chloride (BDH, HPLC Grade), aliquots of 350 ul were
dispensed into small screw-cap vials with Teflon-coated septa. The vials
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17 ' G aph 2a: Is an HPLC of an acetone extracted

supernatant of +he—c+rude M tuberettos5t-5——
extract G aph 2b: - is an HPLC of an acetone extracted

super nat ant of t he crude reagents extract

G aph 2c:: Is an HPLC of an acetone extracted supernatant of

t he crudw extract G aph 3a: | SpcavcRIRbed1©f a crude
M tuber 0 extract, acetone extracted

G aph 3b: is an HPLC of a crude reagents extract, acetone
extracted G aph 3c: is an HPLC of a crude nedi um

extract, acetone extracted G aph 4a:

is an HPLC of countercurrent purified nmycolic acids
-of M tubercul osis, from acetone extr%t ed crude
extract

were wrapped with Parafilm and stored at 4°C.
Chloroform (Associated Chemical Enterprises, Chemically Pure Grade)
Methylene chloride (BDH, HPLC-Grade)

Reagents A,B, C and E were prepared fresh prior to experiments, taking all
the necessary safety precautions.

Countercurrent distribution apparatus

A countercurrent apparatus produced by H O POST, Instrument Company
Inc., Middle Village, New York was used during the investigations. A
photograph of the apparatus available at the Department of Biochemistry at
the University of Pretoria, is presented in Figure 4. The "trains" in this
model consisted of 2 X 250 inter-connected tubes.

Any other chemically-engineered system of countercurrent distribution may,
of course, be used.

Infra-red spectrometer
Infra-red spectrum analyses of countercurrent-purified mycolic acids were

carried out using a BOMEM Michelson 100 FTIR apparatus and a Hewlett
Packard plotter.
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G aph 4b: I's an HPLC of countercurrent purified reagents from

acetone extracted crude extract Gaph 4c is an HPLC of
countercurrent purified mediumfrom acet one
extracted crude extract G aph 5a: is an HPLC of a
countercurrent purified nycolic WO 96/ 26288

PCT/ GB/ 96/ 00416 PCT/GEYE/00416

aci ds fromWO¥RE288xt r act of M tubercul osis, not

extracted with acetone G aph28b: is an HPLC of a

countercurrent purified reagents

Figure 4. The countercurrent distribution apparatus used for the purification of mycolic acids.
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~fromcrude reagent extract, not extracted with

acetene————c-aph—56: S—aii—HR-C-0f 3. count-ercii+ent

purified nmedi um from crude nmedi um extract, not

extracted with acetone G aph 6a:

is dn HPLEC of an acetone supernatant of mycolic '

acids fr. HPM&H‘berCUl osis, extracted with acetone PCT/GBY6/00416

after counfercurrent purification Graph 6b: is an HPLC

of an acetone supernatant of reagents extracted
.Wwth acetone after countercurrent

purification ' G aph 6c¢: I's an HPLC of an acetone

super nat ant of medi um extracted wth acetone
-after countercurrent 29 purification

G aph 7a: Is an HPLC of purified nycolic acids fromM

tubercul osis, extracted wth acetone after

count ercurre%&y&é&cat i on Graph 7b: is an HPLC of

purified rea . tracted with acetone after

countcurent purification -

The following methods were used in the experimental work:

Cultivation of the bacterial strain
The bacteria were cultivated at 37°C using:

Dubos broth

Liwenstein-Jensen medium (slants), and

Middlebrook 7H-10 agar medium (slants).
The inoculation of the media and the handling of the Mycobacterium
cultures, were carried out according to the procedures recommended by
Kent and Kubica (1985) in a Guide for the Level I Laboratory, Public
Health U.S. Department of Health and Human Services, Atlanta.
Preparation of lipid cell-wall components' from bacterial samples
The preparation of bacterial samples comprised three steps:

harvesting of the Mycobacteria cells;

saponification and
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WD 96/ 26288

PCT/ GB96/ 00416 - — 19 G aph 7c:
is an HPLC of a purified nmedium extracted with
acetone after countercurrent purification G aph 8a: IS
an HPLC of a crude extract from M vaccae, f
resaponi fied G aph 8b: Is an HPLC of ny IcBoEbis rom
M vgccae, WO Rsagss P wi th acetone, i’giJFter £
countercurrent purification. A schematic representation of the
.various purification procedures perforrrgg) on crude extracts of
bacterial cell-wall conponents and the ri ous stages at which

HPLC s were performed ekactidh of ity &tidsi 9ur e 3 bel ow:

[err]

Harvesting was done by scraping the bacterial growth from the surface of -
- media slants. The growth can also be collected from liquid cultures by

centrifugation. Homogenous bacterial suspensions were prepared in
Reagent A, by shaking or vortexing the harvested cells with sterile glass
beads, to a final concentration of approximately 1 x 107 cfu*/ml.

Saponification of the Mycobacteria in Reagent A was carried out in an

autoclave at 121°C, for one hour,

The saponification, extraction and derivatization of fatty acids were
carried out as described by Butler, Jost and Kilburn (1991).

Extraction of lipid cell-wall components

The samples were allowed to cool and 1,5 ml Reagent B was introduced to

each sample. After vortexing, the pH of each sample was checked and if

necessary, adjusted to pH 1 with reagent B.

Subsequently, 2,0 ml chloroform was added to each sample and vortexed

for 30 seconds. The layers were allowed to separate. The bottom layers

were removed with Pasteur pipettes, transferred to WISP vials and

evaporated to dryness at 85°C in a heat block-evaporator under a stream of )

nitrogen. To neutralize traces of acid carried over, 100 ul of reagent C was

added to each sample and the fluid evaporated to dryness at 85°C on a heat

block-evaporator under a stream of nitrogen. The samples were stored in
the dark, under acetone at 4°C until used or analyzed by HPLC.

*cfu = colony forming units
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Fig. 3 Di agram of purification of nycolic acid fromthe crude lipid
cell-wall extract eri-gi nat i rg—F+om
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Derivatization of fatty acids for HPLC analysis

. Extracted and purified farty acids (mycolic acids) were derivatized as
follows:

Acetone was removed form the samples by evaporation on a heat block-
evaporator at 85°C, under a stream of nitrogen. To each cooled sample
2,0 ml Reagent A was added. The samples were vortexed for 30 seconds,
Reagent B (1,5 ml) was introduced, the samples were mixed again and the
'pH adjusted to pH 1,0, if required. Subsequently, chioroform (2,0 ml) was
introduced, followed by the addition of 100 ul of Reagent C. The capped
samples were vortexed for 30 seconds, heated for 5 mimutes at 85°C on a
heat block-evaporator and dried by introducing a stream of nitrogen.

Derivatization was carried out by introducing 1,0 mi chioroform and 100-
150 pl of Reagent D, vortexing the samples for 30 seconds, sealing the vials
containing the samples and placing them on a heat block-evaporator at 85°C
for 20 minutes. Reagent E (1,0 ml) was added after the samples were
cooled. The samples were vortexed again for 30 seconds and the layers
allowed to separate. The bottom layers were removed with Pasteur pipettes
and transferred to WISP-vials. The vials were placed on a heat block-
evaporator and their contents evaporated to dryness at 85°C using a stream

of nitrogen.

The residues were resuspended in 0,212 g (which corresponds to 160 ul)
methylene chloride, capped and vortexed. Each reconstituted sample, into
which 5 xl HPLC internal standard was introduced, was filtered through a
0,45 um membrane filter into an amber-coloured WISP-vial. The recapped
vials were stored at 4°C until ready for HPLC analysis.
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DESCRI PTI ON OF PREFERRED ENMBCDI MENTS The Aim of the Invention
The aim of the present invention is to isolate and purify mcrobial lipid
cel |- . wal | conponents and derivatives and anal ogues t hereof,
particularly nycolic acids originating fromvariou CBICBR!
strains, toWOI6IEBY | n: 1. The devel opnent o?

anti-tubercul osis and other anti-nmnmycobacteri al

I mmunopr ophyl actic preparations, such as vaccines, for human and
“veterinary use. Such preparations can be based on nycolic acids
with or without the concom tant presence of other nmycobacterial
.cellular conponents and nay or may not rgguire t he use of

HPLC analysis and quantification of mycolic acids
For the HPLC analysis 25 ul from each sample (maintained on ice during
handling), was analyzed. Control samples, i.e. 25 pl of filtered methylene
chioride, were run prior to each set of samples analyzed. If a large number
of samples was analyzed, in order to validate the reliability of the HPLC
apparatus, control samples were run after every three or four test samples.
The rcverse-phasé HPLC analyses were carried out using a Waters System
High Performance Liquid Chromatography apparatus (Milford, MA)
consisting of:

System Controller (Waters 600 E);

Detector (Waters 486 Tunalde);

Autosampler (Waters 712 WISP);

Data module (Microsep M 741);

Column Waters (Nova-Pak C18 60 A, 4 um, 3,9 x 150 mm) and an end
connector set for steel cartridge columns;

Guard column (Guard-Pak/Nova-Pak C18).
Running conditions were:
Mobile phase:
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adj uvants of various types, including interleukines. The

developnent of such preparati ons will{nclude—any mani pul ati-on-

necessary to render nycolic acids or other cell-wall lipid

conponent s i nmunogeni ¢ (e.g. the preparation of imunogenic

conj ugat es, subunit vaccines). 2. The devel opment and
product i ey ggmggﬁgnost Ic tests for the cpoOi/casemiosen of the
presence o nyCobacterial cells in sanples such as sputum
cerebrospinal fluid, blood, urine, stools etc. 3. The

production and commercialisation of individual purified cell-

wal | conponents, for research or other purposes (e.g. to be used

as standards or for the devel opnment of diagnostic tests). 4,
The i mmunot herapy of illnesses of nycggacterial and ot her origin,

I ncl udi ng aut oi mune side effects. WD 96/ 26288

PCT/ GB96/ 00416

Solvent A: HPLC Grade Methanol

Solvent B: HPLC Grade Methylene chloride

Flow Rate: 2,5 ml/min

Column temperature:  30°C

The detector was set at 260 nm.
The HPLC gradient initially comprised 98 % (v/v) methanol (Solvent A) and
2% (v/v) methylene chioride (Solvent B). The gradient was increased
linearly to 80% A and 20% B at one minute; 35% A and 65% B at ten
minutes, held for 5 seconds and then decreased over 10 sec back to 98% A
and 2% B. This ratio was maintained for 6 minutes to allow for
stabilization of the system prior to injection of the next sample.
Mathematical quantification of mycolic acids was carried out by comparing

the combined peak areas of the tested samples to the peak area of the
introduced quantity of the High Molecular Weight Internal HPLC Standard.

Purification of mycolic acids and group separation of other fatty acids
A countercurrent distribution train comprising 25 tubes, numbered 0-24,

was used in the experiment. Into a buffer reservoir approximately 900 ml
of the upper phase was introduced.
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21 5. The inmmnotherapy of nulti-drug resistant

mycobact eri al infections. _______ 6. The devel opnent
of atest (invitro or in vivo) for determning the

reaction of the hunoral or cellular inmmne system (the degree of

stimul atjon of hunoral or cellular inmune systen) to either the

| Muni zat | ORe@kréae €Ction process. 7. The JRCEEBAGN4IE Of

novel anti-tubercul osis drugs, ained at the i nhibition of
the cell-wall synthesis. 8. The i mune control of neoplastic
di sorders. A high degree of p¥rity of nmycolic acids is inportant

- for the devel opnent ylactic e at.i on such as
vacci nes, i nmundBRdyegfgrmber 0, asamgg???gﬁcr@ B@ﬁ Fg‘ﬁ Eg{ ?ﬁﬁd mor e

, speci fical | y f olobtained fromalarge-scale extradtibn experiment (30t fnsod@g)eaﬁsdmal on of the
sol vent systemin which B‘r’epar ation of
conjugates is tdndgm ‘ﬁ'l%@‘”‘f phase and 10 mi of the upper; phase was inl

preparation of tphg ww&aﬁg&m%&smuuf&rld R of the lower phase were
I muni zation of the experinental aninals;
introduced. Upper phase, in volumes of 10 ml per cycle, was
automatically dispensed into tube number O, repeatedly over 25 cycles
resulting in approximately 16 hour operation. Thus, twenty five
countercurrent cycles were performed, with each cycle consisting of 20

mixing pendula and 40 minutes phase separation time.
The process is graphically illustrated in Fig. 5.

With each transfer, any solute originating from the sample and present in
the upper phase is carried into the succeeding tube. After the completion
of twenty five transfers, the separated solute fractions should be distributed
along the train of 25 tubes.
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Fig. 5 A schematic representation of countercurrent
distribution system with nine tubes.
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iii)

the determ nation of the efficiency of coupling of

1 1 £ .
my-e-e--e—ae+eds—te—ear+e—ol ec -es—i—e—ko+—the

nonitoring of the conjugation process; i V)
preparation of other conjugates required for

noni‘t ori ng of the process of immunization and for WD 96/ 26288
PCT/ GB96 PCT/GBY6/00a 25

t he devel opment of an ELI SA type i nmunoassay; V)

t he assessnent of the specificity of the produced
_antibodies and for their characterization,

35

To establish the distribution of fatty acids among the twenty five tubes, the
emulsification patterns in upper and lower phases were observed within the
tube train and fractions were determined accordingly.

The countercurrent-separated material was then withdrawn from the tubes
using a 50 ml glass syringe, with a Teflon tubing attached. The material
was pooled into seven fractions, dried individually under vacuum in a Buchi
evaporator at 70°C, the dried material redissolved in either chloroform,
methanol or water (in approximately 5§ ml), transferred into amber WISP-
vials and stored at 4°C until required. '

Acetone extraction

In order to remove any residual impurities still present in the
countercurrent-purified material, an additional extraction with acetone was

carried out as follows:

to a sample of the purified mycolic acids (approximately 5,0 mg)
placed in a WISP vial, an aliquot of acetone (3,0 ml) was
introduced and the sample was mixed by vortexing. After
sedimentation, the acetone was removed by aspiration and the

process repeated two times. The finally purified and extracted '

sample was stored under acetone.
Yield of the mycolic acids purified by countercurrent separation

In order to calculate the approximate yield of purification/separation, the
weighed amount of the mycolic acids present in the samples obtained after
the countercurrent separation/purification was compared to the amount of
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Vi) ' t he devel opnent of novel anti-tubercul osis drugs,

ainmed at the inhibition of the bacterial cell-wall _

synt hesi s. The present invention provides a nethod, using a

bi - phasi ¢ sol vent system for the sinultaneous purification and
separation of different classes of conpounds, which may be
cell-wall conponents or derivatives or anal ogues t heEREBocbde h may
be extract edVPPUM? culture of the relevant cells or which may be
synt hesi zed. In a preferred enbodi nent of the invention lipid cell-

wal | conponents of mcrobial origin can be separated from contam nating
‘'material and separated as a group fromcontam nants. Purified lipid cell-
wal | conponents, e.g. nycolic acids, as well as other lipid cell-wall
-.conponents originating frombacterial cel] walls of m croorgani sns such as
Mycobacteria, Corynebacteria. Nocardia a Rhodococci, can be separated

as a group by thi rreth Altho e th l.icabl e, t | |
Mycobacteri a, Coré'ﬁ ‘g) [ub#hg %@&55&%@‘8%&@0%e
exanpl es present édmmram apm-ahsh obaloalaged &om?:merrelaﬂ;é \paald\/mﬁbaﬁtm:(rji a
strains. [ ssence the ne i nvol ves subjectin crude
extract of m Crobqngq:or]{geqqupeaekclusteraaéma E"BW]:}E‘?]E%? ﬂdf&%ﬂ%@a‘a e uni que

bi - phasi c sol ventmm;tmmg@%ﬁm ofthe cmdgeunﬂﬁr&%&ent l'iquid/liquid
separation to purify a specific cel conmponent on a |arge

scale. In the case of mycolic aC|ds, the met hod vyi el ds in the order

of 3 to 12% of t hﬁgﬂi%,%é pehk 'ahA froidfie TRfcbiit 3EiaS priid Clustel bf the

SUBSTI TUTE SHEET (
HPLC chromatogram of the purified mycolic acids was compared to that

obtained for the crude extract to estimate the yield and purity of the
product.

Infra-red spectrum analysis of the purified mycolic acids

Infra-red spectrum analysis was carried out using a countercurrent-purified
sample (1 mg) extracted from M. tuberculosis. Mycolic acids were
dissolved in 1 ml HPLC grade chloroform and injected into the liguid vial.
As a reference HPLC grade chloroform was used. The absorption of the
reference was subsequently subtracted from the sample profile.

RESULTS
Purification of 'mycolic acids from M. tuberculosis

The material (37,5 mg) extracted from M. tuberculosis H37Rv (ATCC
27294), according to the method proposed by Butler, Jost and Kilburn
(1991} for the isolation of mycolic acids, was found to contain less than
10% mycolic acids after countercurrent extraction of 25 cycles (Fig. 6).
Mycolic acids were identified by HPLC in fractions 1 and 2 only, which
together comprised 9,3% of the dry mass of the crude extract that was
loaded on the countercurrent apparatus. Mycolic acids exhibited a
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purified mycolic acid. The net hod invol ves harvesting a growh of
bacterial, e.g. nycobacterial, - cells foll owed by saponification and
extriaction of lipid cell-wall conmponents. The saponification step is
necessary M‘%ﬂr ease the lipid component from t hpet/eésnedist he cel |
skel eton' el ease the free fatty acid salt fromany ester form
thereof, and the extraction step is necessary to remove the
saponification agents fromthe cell wall conponent/reagent m xture.

"The crude cellular extract obtained fromthe |arge-scale extraction process -
is dissolved in the | ower phase of the bi-phasic solvent system and an
-amount of the upper phase of the bi- sic solvent systemis added. This
solution is then subjected to countercurrent distribution through a series

of apPaisHbIBGE coefBGieftYSE Gly 0508; "whikk laflow&iBsmPIeR Rpitatd'd Of upper
and | ower tghases, a separation of the phases and a transfer of the
®

separ at ed phaffem theshorter saporified fatty 9pids atmdistribukion ¢oeicient of around
1,26 (Fig. 6). The mycolic acid fraction was easily recognised by its
emulsification pattern in the countercurrent tube train in the first few tubes,
followed by 3 tubes which did not contain any significant amount of
material. The saponified short chain fatty acids could be identified in 4
tubes containing emulsion in the lower phase, immediately followed by 8
tubes with emulsion in the upper phase, indicative of the equilibrium
between dissociated (upper phase emulsion) and protonated (lower phase
emulsion) fatty acids during the separation. The remaining fractions 6 and
7 could not be analyzed by HPLC due to the fact that they were not soluble
in chloroform, a property which also excludes the possibility of their
containing any mycolic acids.

The HPLC profiles/chromatograms of the crude extracts originating from
M. wberculosis, the reagents used and the bacterial medium are presented

in Graphs la, 1b and 1c, respectively.

Mycolic acids, purified by countercurrent distribution, still contained some
contaminating material which could be detected on HPLC at a retention time
spanning from 4-6 minutes (Graph 5a). A diagram showing how acetone
was employed to extract these impurities from the samples, is given in
Fig. 3. The diagram represents a systematic investigation on a single large
batch of crude extract originating from M. tuberculosis to allow direct
comparison of HPLC profiles and calculate relative yields.

The contaminating peaks did not arise from the reagents used in the
extraction and purification procedures (Graph 5b), but could stem from the
ingredients of the bacterial culture medium (Graph 5¢). When extraction
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Met hyl esterification of the purified lipid cell-wall conponents occurs

when they remain in nethanal-containing._solvents for extended
periods. This is readily reversed by saponification, i.e. adding
Reagent A at room tenperature and re-extracting as described in the
Met hods. The various groups of fatty acids fromthe cell-wall can
be identifiged i e various tubes by their emul sif pepicaodiokit t € NS
in the | owel< er phase. : The nycolic acids fraction, for
exanple, was easily recognised by its enul sification pattern mainly
in the lower phase within the first few tubes. The

“countercurrent-separated material is then withdrawn fromthe tubes.

The nycolic acids fraction, even after being purified by countercurrent
WD 96/ 26288 38
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purification, some degree of extraction of impurities from bacterial (Graph
2a) and growth medium (Graph 2c) samples was observed, but it did not
suffice to remove all impurities from the final countercurrent-purified
product {(Graph 4a). When the dried, countercurrent-purified mycolic acids
were extracted with acetone, it appeared that the impurities were soluble in
the acetone (Graphs 6a and 6¢). The HPLC analysis of the acetone-rinsed
mycolic acids fraction indicated that this fraction was free from any
impurities (Graph 7a), other than those which were due to the derivatization
reagents and which could be observed in control extracts from purification

- reagents (Graph 7b) and growth media (Graph 7c).

On the basis of these results it is claimed that a crude extract of
Mycobacteria, obtained according to the method of Butler, Jost and Kilburn
(1991) and purified by countercurrent separation as described above
followed by acetone extraction, yieids mycolic acids free from any
impurities detectable by HPLC (Graph 7a).

The purity of mycolic acids was also assessed by comparing the mass of the
countercurrent-purified material with the calculated yield of mycolic acids
based on the surface of the absorbance peaks on the HPLC chromatogram.
Countercurrent-purified mycolic acids before acetone rinsing (Graph 5a; .
0,3 mg) were analyzed by HPLC after derivatization as described above.
When the surface of the absorption peak of the internal standard
(representing 5,01 ug) was compared to that of the mycolic acids, a yield
of 0,27 mg of mycolic acids was calculated, representing 90% of the
weighed material. Taking into consideration that some material is lost by
transfer of phases between vials during the derivatization and extraction
process, and that some contamination is removed by acetone extraction, the
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anount of acetone was added to the purified sanple and this was found to
extract these inpurities ([t i

crude extract, sonme but not all of the inmpurities, which could stemfrom

t he - ingredients of the bacterial culture nmedium were extracted.)
The puri fi ed nycolic acids were subjected to HPLC anal ysis to
determ ne %@ﬁ purity, profile and yield. PCT/GBY®0418t hod of
the i nveh? s applied to the purification of nycolic-acids from

M tuberculosis, M aviumand M vacgge and proved to be effective for
all of these strains of nycobacteria. Thus, using the method of the
i nvention, i pufigsobeenmpadisideids fiation heprésentsd byi sire HRLG ppefilatie a rel atively

| ar ge guangit f colic acids.or er specific lipid cell-wall
: conmponent s a,q;aﬁx%an%yggr%q? tARRIPRS %M'equent use, such as in any one

of the applications | i sted above. EXAMPLES MATERI ALS
Cul tures Mycobact eri um tubercul osis H37Rv ATCC 27294 - a virul ent
s':]ral n, Cougtereyiment | gurification ereldeds imyselicnReids oas HORA 19155, was used in
t he e | tBiaie i v n{\%ﬁ%f@gdmﬂ whléeturtat83 - a strain
originally i ?gﬁg%dggﬁf%srﬁsevxdemfmco s mlk. e}Pﬁﬁegl'he cultures were

pur chased i n puifiedintyicobicl atids efore acetone exmactiona(Figy grand by HPIG| t ure
Col Tection (AT wHah reanoifisiion in Reagent A after purification is omitted
(results not included). The addition of Reagent A restores the free acid and
is required to effect derivatization with para-bromophenacylbromide.

Purification of mycolic acids from M. vaccae

The growth of M. vaccae was extracted and purified in the same way as
that of M. tuberculosis. HPLC analysis of the crude extract (Graph 8a)
‘showed three peak clusters with retention times greater than 5 minutes and
a broad reagents/short chain fatty acids peak cluster at a retention time
shorter than 2 minutes. After countercurrent purification and rinsing with
acetone, two clusters of peaks remained at retention times greater than 5
minutes on the HPLC column (Graph 8b). In addition, the reagents/short
chain fatty acids peak cluster was considerably narrower, leaving no traces
of detectable impurities. On a mass basis, the mycolic acids were purified
to approximately 5% yield, whereas 4,3% yield was calculated by
comparing the areas of the mycolic acids peak clusters of the HPLC
chromatograms of the crude and purified mycolic acids extracts.

Similar results were obtained with countercurrent purified mycolic acids
extracted from M.avium (ATCC 25291).

Besides somewhat lower yields, these results are similar to those found for
the purification of mycolic acids from M. tuberculosis, thus demonstrating
the wider application of the countercurrent purification method of mycolic

acids among species of Mycobacteria.
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a Quide for the Level Ill Laboratory, Public Health U S. Department of

Health and Human Services, Atlanta Reagents The

foll owi ng reagents were used in the purification of the extracted

nycol i ¢ aci ds: Chl or of orm ( Saar chem '
Anal ytical grade) Met hanol (Merck, Chemcally
pure) Acetone (BDH, Analytj,

R -
For the YWP26262%% i on of the reagents used for the extraction, derivatization
and Hi gh- Performance Liquid Chrgmatography (HPLC) analysis of nycolic
acids, HPLC Grade net hanol and double-distilled deionized water were

“used. :
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Reagent A: 25% potassium hydroxide (Analytical G ade)
di ssol ved in nethanol -water (1:1): 62,5 g potassium .
hydr oxi de‘was di ssolved in 125 mM water and 125 m

nmet hanol (BDH, HPLC Grade) was added. Reagent B! per/cBSs00416
Concentr at ea"qﬁf@ﬂﬁ?hl oric acid (BDH, Analytical P

G ade) diluted 1:1 with water. Reagent C: 2% pot assi um

bi carbonate (BDH, Analytical G ade) di ssol ved

in methanol -water (1:1): 10 g potassium

bi carbonate was dissolved in 250 ml water and 250
'm nmet hanol was added. Reagent D

par a- br onophenacyl broni de in Crown Et her 4¢Pierce

Chem cal Co, Cat. No 48891) was dis '
500 [err]1 quantities into small anwm screw
cap vials with Tefl on-coated septa. The caps were

tightened and the vials were wapped with Parafim .
Reagent D was stdntopuegh, &.cH.i Girardi, M.C., Raviglione and G. Ippolito. 1995.

Risk factors for tuberculosis in HIV-infected persons: a prospective cohort
study. JAMA, The Journal of the American Medical Association, 274, 143-148.

Arya, S.C. 1993. Serologic diagnosis of tuberculosis through assays of
lipoarabinomannan antigen or antibody or lysozyme level. J. Clin. Microbiol.,
31, 2836-2837.

Ballew, K.A. and D.M., Becker. 1995. Tuberculosis screening in aduits who
have received bacille Calmette-Guerin vaccine. Southern Med. J., 88, 1025-
1030.

Bahr, G.M., J.L. Stanford, T.D. Chugh et al., 1990a. An investigation of
patients with pulmonary tuberculosis in Kuwait in preparation for studies of
immunotherapy with Mycobacterium vaccae. Tubercle, 71, 77-86.

Bahr, G.M., M.A. Shaaban, M. Gabriel et al., 1990b. Improved
immunotherapy for pulmonary tuberculosis with Mycobacterium vaccae.
Tubercle, 71, 259-266.

Beckman, E.M., S.A. Porcelli, C.T. Morita ez ., 1994. Recognition of a
lipid antigen by CD1-restricted a8* T cells. Nature, 372, 691-694.

Beckman, E.M;, S.A. Porcelli, C.T. Morita, S. Furlong and M.B. Brenner.
1995. DC1 molecules: a third pathway of antigen presentation. In: Proceedings
of the IX-th International Congress of Immunology, San Francisco, 23-29 July,
4190.
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Reagent E:

Reagent E was prepared by m xing reagent B 1:1

wi_t h_net hanol HP| C St-andasd: H-gh Ml eetH-ar—Veétrght— -
Internal Standard (C- 100) from Ri bi | nmunoChem Resear ch Conpany,
No R-50. The standard, 1 ng, was suspended in 2,0 m nethyl ene
chlori del-(l( BDH, HPLC Grade), aliquots of 350 [err]1l were di spensed
Into sma cap vials with Tefl on-coated septa. Th GBY600416

06/ 26283v0 966z P P e
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were wapped with Parafilmand stored at 4[err]C

. (Associ ated Chem cal Enterprises, Chemcally Pure G ade)

43

Berger, F.M., Bona, C., Lechevalier, M.P., 1995. Immunological adjuvant
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Met hyl ene chl oride (BDH, HPLC- G ade) Reagents AB, C and E were
prepared fresh prior to experinents, taking all the necessary safety
precauti ons. Countercurrent distribution apparatus A
countercurrent apparatus produced by H O PCST, Instrunment Conpany

Inc.;, Mddle Village, New York was used during the investigations.

phot ograph of the apparatus avail able at the Departnent of FJFQ E&&&ﬁ Lry at
" I'n

t he Uni vermW’é’P‘ etoria, is presented in Figure 4. The this
nodel consisted of 2 X 250 inter-connected tubes. Any ot her
chem cal | y- engi neered system of countercurrent distribution may, of
course, be used. Infra-red spectroneter Infra-red

spectrum anal yses of countercurrent-purified nycolic acids were
carried out using a BOVEM M chel son 100 FTIR apparatus and a Hew ett
Packard plotter. 44
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METHODS <« The foll ow ng methods were used in the experinental work:
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Cultivation of the bacterial strain The bacteria were cultivated

at 37[err] C using: L ) Dubos broth R
Lowenst ei n-Jensen nedi um (sl ants), and M ddl ebrook 7H 10
agar nmedi um (sl ants). The inocul ation of the nmedia and the handling
of t:-he Mycobacterium cultures, were carried out according to the
procedures recomended by Kent and Kubica (1985) in q,ﬁﬁ%ﬂfm‘{‘w t he
Level 111 LAYQ96a6288y Public Health U.S. Departnment o alth and
Human Servi ces, Atl anta. Preparation of lipid cell-wall conponents
from bacterial sanples The preparation of bacterial sanples
conpri sed three steps: harvesting of the Mycobacteria
cells; -
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extraction of fatty acids. Harvesting was done by scraping the
bacterial growth fromthe surface of medi a sl ants. The growth can
al so be collected fromliquid cultures by centrifugation. '
I—bnogeno‘gég%ﬁyri al suspensions were prepared in pchicBos00816A, by
shaki ng rtexi ng the harvested cells with sterile gl ass beads,

to a final concentration of approximately 1 x 10[err] cfu*/m.

Saponi fication of the Mycobacteria in Reagent A was carried out in an
autocl ave at 121[err]C, for one hour. The saponi fication,
extraction and derivatization of fatty acids were carried out as
descri bed by Butler, Jost and Kil bur n4,; 1991) .
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Extraction of lipid cell-wall conponents The sanples were all owed

to cool and 1,5 m Reagent B was introduced tq ~ each sanple. After
vortexing, the pH of each sanple was checked and if necessary,
adjusted to pH 1 with reagent B. Subsequently, 2,0 ml chloroform
was added to each sanple and vortexed for 30 seconds. The | ayers
were allowed to separate. The bottom | ayers were re l6Jobu1e
Past eur pi petWeg¢ nsferred to WSP vials and evaporated to

dryness at 85[err]C in a heat bl ock-evaporator under a stream of
nitrogen. To neutralize traces of acid carried over, 100 [err]| of reagent

C was added to each sanple and the fluid evaporated to dryness at
85[err] C on a heat bl ock- evaporat or under a stream of nitrogen. The
sanples were stored in t he dark, under acetone at 4[err]C until used
or anal yzed by HPLC. *cfu - cold®y forning units VO
96/ 26288
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31 Derivatization of fatty acids for HPLC anal ysis
Extracted and purified fatty aci-ds—{rycolic—acds—were—der-vattzed—as—

fol |l ows: Acet one was renoved formthe sanples by evaporation on a
heat bl ock- evaporator at 85[err]C, under a stream of nitrogen. To
each cool:ed sanpl e 2,0 M Reagent A was added. The sanples were

vor t exedyhQknsd8s Seconds, Reagent B (1,5 nml) waspthcassuessd, the
sanpl es were mXxed again and the pH adj usted to pH 1,0, if

requi red. Subsequently, chloroform (2,0 m) was I nt roduced,

followed by the addition of 100 [err]| of Reagent C. The capped

sanpl es were vortexed for 30 seconds, heated for 5 mnutes at 85[err]C on a
heat bl ock-evaporator and dried by introducing a stream of nitrogen.
Derivatization was carried out by i nt@oduci ng 1,0 m chl orof orm and 100-
150 [err]l of Reagent D, vortexing the& sanples for 30 seconds seal ing the

vial s [ sem:ﬂ %,@a Eﬁ@;a

bl ock- evaporator ét Bg?gsrrr% eﬁfe ?gr ug mbﬂ%tgéé eagent 1 0 mM) was
added after G:dsmraiaam cBrewention. Preventxonoohedeve]ﬁmanuph@sswe(l.mcebrtexed
again for second t he | all owed to separate. The bottom
| ayers vvere %‘ﬁﬁ’\? Wal?’ﬁ %ﬁi‘b’ét‘?es : and transferred to

W SP-vi als. The vials were pI aced on a heat bl ock- evapor at or and

their contents evaporated to dr ness at 85 err] C using.a stream of
nitrogen. Onybebujoh, P.V.C., T. Al dulmummx, obinson, G.A.W. Rook and
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The resi dues were resuspended in 0,212 g (which corresponds to 160 [err]1)
met hyl ene chl oride, capped and vortexed. Each reconstituted sanple.__into
which 5 [err]l HPLC internal standard was introduced, was filtered through

a 0,45 [err] mnenbrane filter into an anber-col oured WSP-vial. The
recapped - vials were stored at 4[err]C until ready for HPLC

anal ysi s. WO 96/ 26288 6

PCT/ GB96/ 004 M§0 96/26288 ) i

HPLC anal ysis and quantification of nycolic acids For the HPLC
analysis 25 [err]l fromeach sanple (naintained on ice during

handl i ng), was anal yzed. Control sanples, i.e. 25 [err]l of filtered

nmet hyl ene chloride, were run prior to each set of sanpl es anal yzed.
If a | arge nunber of sanpl es was an%Jyzed, in order to validate the
reliability of the HPLC 3
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apparatus, control sanples were run after every three or four test sanples.
The reverse-phase HPLC anal yses were—cai+iee—eut—usi ng

H gh Performance Liquid Chromatography apparatus (MIford, My

consi sting of: System Controller (Waters 600 E);

Det ector «(WAters 486 Tunal de); Aut osanpl er (Waters 712

W SP) ; Data nodul e (M crosep M 741); pcr/cB9snodié Col um

Wat er s PKBM Cl8 60 A, 4 [errlm 3,9 x 150 mm) and an end

connector set for steel cartridge colums; Guard col um
( Guar d- Pak/ Nova- Pak C18). Runni ng conditions were:

Mobi | e phase:

51
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Sol vent A: HPLC Grade Met hano Sol vent B: HPLC G ade

Met hyl ene chl ori de Flow Rate: 2,5 m/mn

Col um tenperature: 30[err]C The detector was set at 260
nm The HPLC gradient initially conprised 98 % (V/ VacyiBhdtnbsib

(Sol vent A) WRAJ6/26288
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2% (v/v) nethylene chloride (Solvent B). The gradient was increased

linearly to 80 % A and 20% B at .one m-Ae—35%-A-and-65%B . attep— e -

m nutes, held for 5 seconds and then decreased over 10 sec back to 98% A
and 2% B. This ratio was maintained for 6 mnutes to allow for

stabi ki zation of the systemprior to injection of the next sanple.

Mat hemat i ﬁgé’ g#}ti fication of mycolic acids was carried gmchutnoaspari ng
t he conbi % areas of the tested sanples to the peak area of the

i ntroduced quantity of the H gh Ml ecular Wight Internal HPLC Standard.
Purification of nycolic acids and group separation of other fatty acids
A countercurrent distribution train conprising 25 tubes, nunbered 0-24,
was used in the experinment. Into a buffer reservoir approximtely 900 m
of- t he upper phase was introduced. 53 WO 96/ 26288
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86, 64"67.
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23, 822-825.

Yew, W.W. and C.H. Chau. 1995. Drug-resistant tuberculosis in the 1990s.
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Into tube nunber 0, a sanple of the crude cellular extract of M

t uber cul osi s ohtained from.a_large-scal e_extraction experinent (30 -
150 ng), dissolved in 10 mM of the |lower phase and 10 nl of the upper
phase was i ntroduced. Into the remai ning 24 tubes aliquots of 10 m
of the | ower phase were I nt roduced. Upper phase, in volunes of 10

m per cycle aut onat i Y to tube npEReBodbod1s
repeatedly o 8%3%y0| es f’gggﬁ, zgig Ww mately 16 hour
operation. Thus, twenty five c0 urrent cycles were perforned
wi th each cycle consi sting of 20 m xi ng pendul a and 40 m nutes phase
separation tine. The process is graphically illustrated in Fig. 5.
Wth each transfer, any solute originating fromthé sanple and present in
t-he upper phase is carried into the succee ng t ube. I tion
of twenty five transfers, the separated s te fractllmmm"mﬂumﬁ

di stri but ed Cﬂ%thetraln of 25 tubes. [err]

1. A method of separating and purifying a specific microbial cell-wall
component or a derivative or analogue thereof from an extracted
mixture of the cell-wall component or derivative or analogue thereof
and contaminants or from a synthetic mixture of the cell-wall
component or analogue or derivative thereof and contaminants
comprising the steps of:

dissolving the extracted mixture or synthetic mixture in
a multi-phasic solvent to form a solution; and

subjecting the solution to liquid-liquid phase extraction.
2. A method according to claim 1, wherein the specific cell-wall
component or derivative or analogue thereof is a compound with

immunoregulatory properties.

3. A method according to claim 1 or claim 2, wherein the specific ceil-

wall component or derivative or analogue thereof is a lipid or a sugar.

4, A method according to claim 3, wherein the specific cell-wall

component is a lipid.

5. A method according to claim 4, wherein the lipid is a fatty acid.
6. A method according to claim 5, wherein the fatty acid is a mycolic
acid. —
\.
This gp, T

SUBSTITUTE SHEET(RULE 26) / ””ﬁ/l”//ﬂ/lﬁiic X



Fig. 5 A schematic representation of countercurrent

di stribution-systemwth nine tubes. WO-96/ 26288

PCT/ GB96/ 00416 _ 35 To
establish the distribution of fatty acids anong the twenty five tubes, the
enul sification patterns in upper and | ower phases were observed within the
t ube trallﬁ]? actions were term ned accordingly. PCT/CBY6/00416
counterc nt-separated mater] aHiSngisERThRAS WEERYr awn from t he tubes

TR RO

55
7. A method according to claim 6 for separating and purifying a mixture
of mycolic acids as a group from an extracted or syathetic mixture of
mycolic acids and contaminants.

8. A method according to any one of claims 1 to 7, wherein the
microbial cell-wall component is derived from a bacterium, a fungus
or a yeast.

9. A method according to claim 8, wherein the microbial cell-wall

component is derived from a bacterium.

10. A method according to claim 9, wherein the bacterium is selected
from Mpycobacteria, Corynebacteria, Nocardia, Rhodococci and

Amycolata.

11. A method according to claim 10, wherein the bacterium is selected
from M tuberculosis, M.avium and M.vaccae.

12. A method according to any one of claims 1 to 11, wherein the multi-

phasic solvent system comprises chioroform, methanol and water.

13. A method according to claim 12, wherein the multi-phasic solvent
system is a bi-phasic solvent system.

14. . A method according to claim 13, wherein the bi-phasic solvent system
comprises an upper liquid phase and a lower liquid phase.

15. A method according to claim 14, wherein the method also comprises
the steps of mixing and equilibrating the upper and lower phases of

Sheet Has Been Replaced

ommresermss NI




using a 50 m glass syringe, with a Teflon tubing attached. The materi al
was pooled into seven_fractions, dried individually under vacuumin a Buchi
evaporator at 70[err]C, the dried material redissolved in either

chl orof orm met hanol or water (in approximately 5 m), transferred

I nto anber W SP- vials and stored at 4[err]C until required.

Acet one extraction I n or m—rﬁmﬂ-e_an.y_resi duapci/éBoddoiee s
still preseWO3638pe count p BekT PASIBEEN material, an additi onal
extraction with acetone was car REGHARED as flol | ows:

to a sanple of the purified nycolic acids (approx+tfately 5,0 ny)

placed in a WSP vial, an aliquot of acetone (3,0 m) was

i ntroduced and the sanple was m xed by vortexing. After

sedi nentation, the acetone was renoved by aspi rat romand the

process repeated two tines. The finally p¥ified an

sanpl e was stored under acetone. Yi el d of tB“mj/ ﬁmﬁﬂumum
purified by countercurFl@rFP‘@E‘p%Pt&Pron In order ¢o wcalsculsate the
approximate yield of purification/separation, the wei ghed armunt of

the nycolic acids present in the sanples obtained after
count ercurrent sHpar at Aonethod acgcprding to slaim 44 oo rlgim 3 WQF'?‘H&‘“MH%‘“@R

of the upper phase is 12-18% chioroform, 45-55% methanol and 25-
40% water.

17. A method according to claim 16, wherein the composition of the
upper phase is 15% chloroform, 52% methanol and 33% water.

18. A method according to any one of claims 14 to 17, wherein the
composition of the lower phase is 50-80% chloroform, 15-40%
methanol and 2-8% water.

19. A method according to claim 18, wherein the composition of the
lower phase is 68% chloroform, 27% methanol and 5% water.

20. A method according to any one of the preceding claims, wherein the
liquid-liquid phase extraction is a countercurrent extraction or a
multiple extraction of one of the bhases.

21. A method according to any one of the preceding claims, which also
comprises the step of subjecting the purified cell-wall component or
analogue or derivative thereof to an acetone extraction to remove

impurities.

22. A method according to any one of the preceding claims, wherein the
cell-wall component or analogue or derivative thereof does not require
any chemical derivatisation to separate it from any impurities.
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t hese conpounds present in the crude cellular extract introduced into the
countercurrent apparatus, calculated fromthe relative peak areas of the
nycofic aeids peak cluster and that fromthe peak area of the standard in

t he chr omat ogr am of ext r FETIGBI6N0416
Al t er nat (W2 ‘f‘ne peak area frOﬂ”t"’ﬁPeSﬁWoHAS BEENds peak cluster of the

HPLC chr omat ogr am of the purified nycHEPLAGED ds wds COW

obtained for the crude extract to estinate the yield and
pr oduct.. Infra-red spectrum anal ysis of the pur lds
Infra-red spectrum anal ysis was carried out using a coun rren wpurl f"l ed

sanple (1 ng) extracted fromM tuberc:#osi s. Mycolic aci ds wer e
dissolved in 1 m HPLC grade chloroforffand injected into the liquid vial.

As a referenc§ HPLC ﬁy suﬁ%%%ﬁel& prI&% aﬁh@t&rﬁ&%& he

ref erence was subsequen rom the sanpl®e profi
comprises the step of saponifying the punfied separated cell-wall

component or derivative or analogue thereof.

24. A method according to claim 1 substantially as herein described with

reference to the illustrative examples.
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RESULTS Purification of nycolic acids fromM tubercul osis
The—material (37 -5 -mg)—extract ed—d+ermM—tdberettost+s H37Rv (ATCE—

27294), according to the nethod proposed by Butler, Jost and Kil burn
(1991) for the isolation of nmycolic acids, was found to contain | ess than
10%-<ycol.i ¢ acids after countercurrent extraction of 25 cycles (Fig. 6).

Mycol i c @@l&‘%ﬁﬁre identified by HPLC in fractions | anBCPGBi0#4I6nWhi ch

t oget her ed 9,3%of the dry msi of the crude extract that was
| oaded on the countercurrent apparatu Mycolic acids exhibited a
WD 96/ 26288

PCT/ GB96/ 00416 37
di stribution coefficient ol;nnl y 0,08, which all owed conpl ete separation

fromthe shorter saponifie &;ty acids at a di stripytion coefficient of

around

N
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Graph 1a: Crude M. tuberculosis extract
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1,26 (Fig. 6). The nycolic acid fraction was easily recognised by its
emulsification pattern in the couhlt-erectH+ert—tube—ttain in the- -H+rst—Few——
t ubes, foll owed by 3 tubes which did not contain any significant
~anount of material. The saponified short chain fatty acids could be
identified in 4 tubes containing emulsion in the | ower phase,
innediatelg foll owed by 8 tubes with enul sion |ircweBIsdMIer phase,

i ndi cat i W8¥#628%,c equi librium 2 2:pet ween di ssoci ated (upper phase

enul sion) and protonated (Il ower phas enul sion) fatty acids during

t he separation. The remaining fractions 6 and 7 could not be

anal yzed by HPLC due to tjfhe fact that they were not sol uble in
chloroform a property whihgh al so excludes the possibility of their
cont ai ni ng any nycolic adqijds. The HPLC profil es/chromatograns of
the crude extracts originﬁting from : M tubercul osis, the reagents
used and the bacterial ngdiumare presented in Gaphs la, Ib and

1c, respectively. Mycolic acids, purified by countercurrent

di stribution, still contdgjfned sone contam nating material which
coul d be detected on HPLG}at a retention tine spanning from 4-6

m nutes (G aph 5a). A di g¢gram showi ng how acet one was enpl oyed to
extract these inpurities|iromthe sanples, is given in Fig. 3. The

di agram represents a syst{gnatic investigation on a single |arge
[
{

batch of crude extract or}ijgi nating fromM tuberculosis to allow direct
conpari son of HPLC profili¢gs and cal cul ate rel ative yi el ds. The
contam nating peaks did ¢t arise fromthe reagents used in the

extraction and purificatifdn procedures (G aph 5b), but could stemfromthe
i ngredients of the bacterffal culture medium (G aph 5c¢c). Wien extraction

)
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Graph 1b: Crude reagents extract
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acetone was carried out on the crude extracts prior to countercurrent
purification, sone degree of extraction of inpurities frombacterial (G aph
2a) and growt h nmedi um (G aph 2c) sanpl es was observed, but it did not
suffice L@?r all inpurities fromthe final countercpgfepdsntditi fied
product ( ggﬁa%g). When the dried, countercurrent-purified nmycolic acids
were extracted with acetone, it appe &Y that the inmpurities were sol uble

in the acetone (G aphs 6a and 6¢). The HPLC anal ysis of the
acetone-rinsed mycol i cids fraction indicated that this fraction
was free from any impyfiiti es (G aph 7a), other than those which were
due to the derivatization reagents and which could be observed in
control extracts from purifi ion reagents (G aph 7b) and growth
nedia (G aph 7c). gl fthe basis of these results it is clained that
a crude extract of \%% acteria, obtained according to the method of
Butler, Jost and Kil burn (1991) and purified by countercurrent
separation as described abov foll owed by acetone extraction, yields
mycolic acids free from any inpurities detectable by HPLC (G aph
7a).
0 ©
A
T &8 8 &
&
S A S

Graph 1c: Crude medium extract
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The purity of nycolic acids was al so assessed by conparing the mass of the

C OtHt-e+etH+ert—putified—rater i al—wth—tho—calculated yi.eld of nycolic acids
based on the surface of the absorbance peaks on the HPLC chromat ogram
Countercurrent-purified mycolic acids before acetone rinsing (G aph 5a;

0.3 mg) were analyzed by HPLC after derivatization as descri bed above.

When t he gy gs“a of the absorption peak of the internal pdtRrEbeoshe
(representlng 01 [err]g) was conpapeg to that of the nycolic acids, a
yield of, 0,27 nmg of nycolic aC| s was cal cul ated, representing 90%
of the melghed material. Taking into consideration that some
material is |ost by transfer of phases between vials during the
derivati zati on and extrgction process, and that sone contam nation
s renoved by acetone eXiraction, the WO 96/ 26288

PCT/ GB96/ 00416 39 purity
of the mycolic acids frg¢tion represented by the HPLC profile in

Graph 7a nmay be regarded{as approachi ng 100% Count er curr ent
purification yielded nygpFPc aci ds as nethyl ester derivatives. This
is evident fromthe infifred spectrum of the countercurrent purified

mycolic acids before acg{pne extraction (Fig. 7) and by HPLC
anal ysi s when resaponifi:Ftion in Reagent A after purification is omtted

i,
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Graph 2a: Acetone supernatant of the
extracted crude M. tuberculosis extract

SUBSTITUTE SHEET (RULE 26)



(results not included). The addition of Reagent A restores the free acid

and

is required to effect derivatizatior—w-th

par a- br onophenacyl br om de.
vaccae
sane way .as

extract i G agh”ﬁ;a

gr eat er

)

nut es and

peak cluster at a retention tine

countercurrent purificati
of peaks remained at rete
HPLC col um (G aph 8b).
aci ds peak cluster was con
detectable inpurities. On
to approximately 5% vyiel d,
ctonparing the areas of the
chromat ograns of the crude
Simlar results were obtai
extracted from M avium (A
yields, these results are
purification of nycolic ac
the wi der application of t
aci ds anong speci es of qu

Purification of nycolic acids fromM

The gromh of M vaccae was extracted and purified in the
that of M tubercul osis.

HPLC anal ysis of the crude

showed three peak clusters w POT/GBS@ENSI60N ti nes

q
3
i

(DN

kon tinmes greater than 5

a g;ﬁad reagent s/ short chain fatty acids
shorter than 2 mnutes. After
and rinsing with acetone, two clusters
m nutes on the
chain fatty
of

ddition, the reagents/short

i derably narrower, |eaving no traces
| mass basis, the nycolic acids were purified
whereas 4,3%yvyield was cal cul ated by
nycolic acids peak clusters of the HPLC
and purified nycolic acids extracts.

ed with countercurrent purified nycolic acids
[C 25291). Besi des sonewhat | ower
imlar to those found for t he

ds fromM tuberculosis, thus denonstrating
e countercurrent purification nethod of mycolic
bacteri a.
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Graph 2b: Acetone supernatant of the

extracted, crude reagents extract
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Graph 6b: Acetone supernatant of reagents
extracted with acetone after
countercurrent purification
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PCT/ GB96/ 0ofticipating the potential role which lipid cefl-wall components, and in particylar mycolic 86,
64-67. acids, can play in immunotherapy and immunoprevention of tuberculosis and/or its side

effects, a new, more efficient method of purifying large quantities of these components
is described in this invention. '

SUMMARY OF THE INVENTION

According to the invention a me%gf ‘geparaung and purifying a spe;:ific microbial cell-
wall component of a lipid or ferbelaydsatynature or a derivative or analog thereof from
an extracted mixture of the cell-wall component or derivative or analog thereof and
contaminants or from a synthetic mixture of the cell-wall component br'deﬁvative_or
analog thereof and contaminants comprising the steps of: |
dissolving the extracted mixture or synthetic mixture in a bi-phasic solvem
to form a solution;

allowing the solution to separate to form an upper phase and a lJower phase;

subjecting the phases to countercurrent distribution (CCD) separation

comprising a required mumber of cycles to scparate the microbial cell-wall

component or analog or derivative thereof in the upper phase or the lower
- phase; and .

removing the separated microbial cell-wall component or derivative or
analog thereof from the upper or lower phase. |
- The specific cell-wall component or derivative or analogue thereof may be a lipid or a |
sugar. _ .

The specific cell-wall component or analogue or derivative thereof is preferably a lipid.
More preferably, the lipid is a fatty scid.

More preferably, the lipid is a mycohc acid.
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CLAI M5 ' 1. A nmet hod of separating and purifying a specific

m crobial cell-wall conponent of a lipid or sugar nature or .... .
a derivative or anal oggi thereof froman extracted m xture

of the cell-wall conponent or derivative or anal ogue thereof

and contanin . r ' } t he
cell -wall co%ﬁg Fﬁferoarbly still, the celﬂGvaﬁ °8§ﬁ’§?%ﬁg§3§egg%d@_e§@| 33’3‘%@8&% REr eof and
cont am nant sagdegues o derivatives thereof and the! gréup isepmixafive of mycolic acids

or derivatives or analogues thereof.

The microbial cell-wall component may be derived from a bacterium, a
fungus or a yeast.

The microbial cell-wall component is preferably derived from a bacterium
which may be selected from Mpycobacteria, Corynebacteria, Nocardia,
Rhodococci, Amycolata and other suitable bacterial species.

When the bacterium is selected from Mycobacteria, it rhay be selected from
the strains of M tuberculosis, M.avium and M.vaccae.

The bi-phasic solvent system preferably comprises chioroform, methanol
and water.

The bi-phasic solvent system preferably comprises an upper liquid phase and
a lower liquid phase.

The method preferably also comprises the steps of mixing and equilibrating
the upper and lower phases of the solvent system.

Preferably, the composition of the upper phase is 12-18% chioroform, 45-
 55% methanol and 25-40% water. More preferably, the composition of the
upper phase is 15% chloroform, 52% methanol and 33% water.
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-di ssol ving the extracted m xture or synthetlc m xture in y: Al ;
a milti- phasi c SQ__Ly_g_ﬂ__,__j.lld_,’——« DR : subj ecti %?5 77
di ssol ved extracted or synthetic - m xture t
liquid-1iquid ph m‘ﬁﬂ“ “m“lmm 2. A met hod according to claim
1, wherein the sﬁ CONPPHISSHERT HAS iBEENI[ve or
anal ogue t her eof s %1 c'brrpound wth | m’rmn(ﬁraa gyory
properties A met hod according to cli

wherein th Lé%§fflc cell- * = wal | conponent or deri vative or

anal ogue theredh meshcal off sepatating andpugifying a specxﬁc mitrobial cen-murmﬂpmemcofor di ng

'lt:)p::ljal m 3, Wnerlellg h§%§l fic ceI I - vapgee; F themﬂgfrg% ongnt |!IsdaI .

?aI ?;t gcﬁgi |ds amrarcyuggl ?12 .the ceu-vhm&iohfyéneacef CeRigative @k isildy tidresfiandt he
contaminants or from 2 synthetic mxxture of the cell-wall component or derivative
or analog thereof and contaminants comprising the steps of:
dissolving the extracted mixture or synthetic mixture in a bi-phasic solvent

to form a solution;

allowing the solution to separate to form an upper phase and a lower pbase;

~ _ .
subjecting the phases to coumtercurrent distribution (CCD) separation
comprising a required number of cycles to separate the microbial cell-wall
component or analog or derivative thereof in the upper phase or the lower
phase; and | |
removing the separated microbial cell-wall component or derivative or
apalog thereof from the upper or lower phase.

2. A method according to claim 1, wherein the specific cell-wall
component or detivative or apalogue thereof is 2 compound with
~ _

immunoregulatory propetties.

3. A method according to claim 1 or claim 2, wherein the specific cell-
wall component or derivative or analogue thereof is a lipid or a sugar.

4. A method according to claim 3, whereln the specific celi-wall
component is a ipid.

5. A method according to claim 4, wherein the lipid is a fatty acid,

6. A method according to claim 5, wherein the fatty acid is a mycolic
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e A nethod according to claim.6 for' «épar ating. and purifyi

mi Xt ure lic aC|tiS asagroup 1e BEE¥D or
syncnet ¢ <o UBIAITINENIN " © =hcofsc et o pabei repant s

8. A nmet hdd &ccbrdt ng td any one of clains 1

m crobial cell-wall conponent is derived froma bact®erium a fungus

or a yeast. 9. A net hogsaccording to claim8, wherein the
m crobial cell-wall conponent is derived froma bacterium
10. A n@&t hod aﬁmthbd’@commgmiohiﬁwﬁmepimﬁnganmpnﬁﬁhgmmimmal ected
from Mycobact eri a é/n.ebacrerl a, Nogcardi a, Rhodococci, and

Anycol at a. olic acids, 25,2, SroNP HORVATFHERCIEY Q}'ISXPWFE?)‘“%%‘ n the
bacteriumis sel e%?ébhc acxds and contaminadt§ ©M M t ubercul osi's, M avium and M
vaccae. A met hod according to any one of claims 1 to 11,
wherein the multi- - phasi ¢ sol vent conprises chloroform

t hanol .
met hano ang. wat erA method according to any one of claims 1_ to 7, wherein the

microbial cell-wall component is derived from a bacterium, a fungus
or a yeast. ' .

9. A method according to claim 8, wherein the microbial cell-wall
component is derived from a bacterium.

10. A method according to claim 9, wherein the bacterium is selected
from Mycobacteria, Corynebacteria, Nocardia, Rhodococci and
Amycolata.

11. A method according to claim 10, wherein the bacterium is selected
from M tuberculosis, M.avium and M.vaccae.

12. A method according to any one of claims 1 to 11, wherein the bi-
phasic solvent system comprises chloroform, methanol and water.

13. A method according to claim 12, wherein the Bi-phasic solvent

s_ystem comprises an upper liquld phase and a lower liquid
phase.
14, A method according to Ciaim 13, wherein the method also

comprises the steps of mixing and equilibrating the upper
and lower phases of the solvent system.
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3., A met hod according to claim12, wherein the nulti-phasic sol vent

i s a bi-phasic solvent system 14. A nmethod according to claim
13, wherein the bi-phasic solvent - 7 .'% .conprises an upper liquid
phase and a | ower |iquid phase. Cor 5. . A mat hod according to

claim 14, wherein the nethod al so conpri ses ot

m xi ng and equilibrating the upper and | ower phases of THIS S Qﬁ%@%ﬁggg&
PCT/ GB96/ 004%\ HEPL

t he sol vent. met hod according to claim 14 or claim 15,

wherein . the c /llrﬂ”/” of t he upper phase is 12-18% "
chl orof orm 455% /l!ll#nd 25- 40% wat er .

~15. A method according to claim 13 or claim 14, wherein the composition
of the upper phase is 12-18% chloroform, 45-55% methanol and 25-
40% water. ‘
16. A method according to claim 15, wherein the 'composition of the
upper phase is 15% chloroform, 52% methanol and 33% water.

17. A method according to any one of claims 13 to 17, wherein the
composition of the lower phase is 50-80% chioroform, 15-40%
methanol and 2-8% water. '

18. A method according to claim 17, wherein the comﬁqsition of the
lower phase is 68% chloroform, 27% methanol and 5% water.

19. A method according to any one of the preceding claims, wherein the
liquid-liquid phase extraction is a countercurrent extraction or a
multiple extraction of one of the phases.

20. A method according to any one of the preceding claims, which also
comprises the step of sﬁbjeéting the puriﬁed cell-wall component or

.....

impurities. . -

21. A method according to any one of the preceding claims, wherein the
cell-wall component or analogue or derivative thereof does not require
any chemical derivatisation to separate it from any impurities.

-
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17.. A net hod according to claim 16, wherein the conposition of the
upper phase is 15% chloreform 52% pet hapol ,and 33% wat er . 18.
A nethod,a,ceefdt’rﬁ;/to an g of cllai mp:14°td 1v, swherein the :

iti \““gse |§,,50.-80/9,cht,qr of,Qrm 15- 40%

cSnmposi ti on m““ :
net hanol ar\q“g‘p | © A net ho %ﬁ% 18,
wherein the 0si ti%on of the %gg, 5 BE&%EN '
chlorof orm 27% net hanol and 5% wat er . EAEESd accr di ng
to any one of the preceding clains, wherein the —
liquid-liquid phase extraction is a c@@ntercurrent extraction or a

mul tiple extraction of any of the phases. 21. A net hod

accordi ng ta@.any ohenethod becopding eoliany ounkafrthe prévedingadlaims which also

conprises the step of subj.ecting the separ at ed, urlfled [ II-
conponent or anal dﬁ’&?’ﬁf”@& %8 (Of\$3PP ti‘? a.l!

extraction to renmy EﬂaFé there A net-hod
according to any one Pgt he prece‘('jél ng c @% Wﬂerel n the
extracted m xture or synthetlc mxture is di ssol ved in the.

nul ti - phasi 53.SO| vept \%ocpgc%to A &cﬁﬁ't"ah'séﬁé’anyas herein described with

reference to the 111ustrative- examples.
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57 -22. A net hod according to any one of the preceding clains which
al,so conprises the step of saponifying the purified, separated
cel | -wal vo 96126288 component or derivative or anal ogue ther B6T/GBI6ABIE A
met hod .according to claim 1l substantially as herein descri bed W th

reference to t—he—l—l—l—usit—r—a{—t—ve—e*anpl es.
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CLAIMS
1. A method of separating and purifying a specific microbial cell-wall

component of a lipid or sugar nature or a derivative or
analogue thereof from an extracted mixture of the cell-wall
component or derivative or analogue thereof and contaminants

or from a synthetic mixture of the cell-wall component or
analogue or derivative thereof and contaminants comprising
the steps of:

dissolving the extracted mixture or synthetic mixwre in

a multi-phasic solvent ; and

subjecting the dissolved extracted or synthetic
mixture to liquid-liquid phase extraction.
2. A method according to claim 1, wherein the specific cell-wall
component or derivative or analogue thereof is a compound with

immunoregulatory properties.

3. A method according to claim 1 or claim 2, wherein the specific cell-

wall component or derivative or analogue thereof is a lipid or a sugar.

4. A method according to claim 3, wherein the specific cell-wall

component is a lipid.

5. A method according to claim 4, wherein the lipid is a fatty acid.
6. A method according to claim 5, wherein the fatty acid is a mycolic
acid.
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A method according to claim 6 for separating and purifying a mixture
of mycolic acids as a group from an extracted or synthetic mixture of
mycolic acids and contaminants.

A method according to any one of claims 1 to 7, wherein the
microbial cell-wall component is derived from a bacterium, a fungus
or a yeast.

A method according to claim 8, wherein the microbial cell-wall

component is derived from a bacterium.

A method according to claim 9, wherein the bacterium is selected

from Mycobacteria, Corynebacteria, Nocardia, Rhodococci and

Amyéolara.

A method according to claim 10, wherein the bacterium is selected

from M tuberculosis, M.aviwm and M.vaccae.

A method according to any one of claims 1 to 11, wherein the multi-

phasic solvent comprises chloroform, methanol and water.

A method according to claim 12, wherein the multi-phasic solvent

is a bi-phasic solvent system.

. A method according to claim 13, wherein the bi-phasic solvent

comprises an upper liquid phase and a lower liquid phase.

A method according to claim 14, wherein the method also comprises

the steps of mixing and equilibrating the upper and lower phases of
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the solvent -
16. A method according to claim 14 or claim 15, wherein the composition
of the upper phase is 12-18% chloroform, 45-55% methanol and 25-
40% water.
17. A method according to claim 16, wherein the composition of the

upper phase is 15% chloroform, 52% methanol and 33% water.

18. A method according to any one of claims 14 to 17, wherein the
composition of the lower phase is 50-80% chioroform, 15-40%

methanol and 2-8% water.’

19. A method according .to claim 18, wherein the composition of the

lower phase is 68% chloroform, 27% methanol and 5% water.

20. A method according to any one of the preceding claims, wherein the
liquid-liquid phase extraction is a countercurrent extraction or a

multiple extraction of any of the phases.

21. A method according to any one of the preceding claims, which also
comprises the step of subjecting the separated, purified cell-wall
camponent or analogue or derivative thereof to an acetone
extraction to remove any residual impurities.

22. A method according to any one of the preceding claims, wherein the
multi-phasic solvent without being derivatised.
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