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B Extracellular exopolymer having immunomodulatory properties and as
produced by culturing a bacterial strain of Bifidobacterium infantis lonaum
deposited at the Collection Nationale de Cultures de Microorganismes
(CNCM/Institut Pasteur) under No. 1-885 under anaerobic conditions in a
suitable medium, discarding the microorganisms from the culture medium,
concentrating and then precipitating the exopolymer thus produced by adding
an organic solvent, and finally lyophilizing the product resulting from the
precipation, this exopolymer being characterized by the fact that it is essentially
of polysaccharidic nature and comprises primarily glucose and galactose in the
ratio between 1:1 to 4:1, that it has an apparent molecular weight of 10,000 to
100,000 daltons, that it can form aggregates of molecular weight of about 106
daltons in equilibrium with the units of lower molecular weight, and that it
contains a proteinic fraction at most equal to 30% in weight.

5. Process for preparing the extracellular exopolymer according to claim 1,
characterized by the fact that a bacterial strain of Bifidobacterium infantis longum
deposited at the CNCM under No. 1-885 is cultured under anaerobic conditions
in a suitable medium, that after elimination of the microorganisms from the
culture medium the exopolymer thus produced is isolated, concentrated and
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then precipitated by adding an ‘organic solvent, and finally that the product
resulting from the precipitation is lyophilized.
A Pharmaceutical compositions containing as active principle the
extraceliular exopolymer according to one of claims 1 to 4 in adjunct with
 pharmaceutical carriers and/or excipients.
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The following scatement i¢ a full description of this invention, including the best method of performing it known to :- us
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EXTRACELLULAR EXOPOLYMER, PROCESS FOR ITS PREPARATION AND
PHARHACEUTICAL:COMPOSITIONS CONTAINING THE SAID EXOPOLYMER

The présént 1nvengf0n>refersvtoran extracellular exopolymer produced by.
culturing selected bacterial strains of ‘the genus Bifidobacterium and
endowed with fmmunomodu]atory properties. The present invention also
covers a process for preparing this exopolymer as well as to

- pharmaceuticals coptaining.the satd,exopo]ymer as active principle.

’NumerOus'ailmenterUCh as:aITErgies; autoimmune diseases, certain

infectious diseases and certain cancers have as their common

" denominator a primary br‘éecondéfy disorder of the immune system. While
primary 1mmunodef1c1enc1es are rare and generally have genetic causes,

secondary 1mmunodef1c1encies are more frequent; and their causes are

"~ﬂfmost1y extrinsic and inc1ude for instance recurrent infections, aging,

canceri ma1nutr1t10n, exposgre to 1mmunotox1c substances and stress.

‘Immuﬁotherapy a11ows to palliate symptoms of primary 1mmunodefic1encies

and to restore thé 1mmune status 1n the event of secondary

- 1mmunodeffcienc1es

‘,Many‘ihmunotﬁerApeutic agents héve been de\voloped in the form of either

immunostimulants or immunosuppressants Generally, immunomodulators are
agents that nonspecifical]y improve the host's specific reactivity and
nonspecific effector mechanisms. A distincticnpcan be made between
synthetic immunomodulators and immunomodulators of bfb1ogica1 origin,
The latter are microbfal products and extracts of animal or of even
huiman origin such as for example thymic hormones, dialyzable extracts
of leukocytes, interferons and cytokines.

In fact, the activation of lymphocytes or macrophages and their
intermodulations are significantly modified by exposure to structural
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molecules of microorganisms or to biologically active components
produced by microorganisms. A wide variety of bacteria and bacterial
products have ¢emonstrated their influence on the immune system. This
arsenal of immunomodulatory agents of bacterial origin fncludes
mycobacteria and their products, 1ipopolysaccharides of gram- bacteria,
enterotoxins of Vibrio cholerae, products of Streptococcus,
1ipoproteins and glycoproteins of various gram= bacteria, and
polysaccharides of various origins. Intensive research is currently
under way in this field.

The present invention adds another element to the field of
immunotherapy, since 1t refers to a new extracellular exopolymer
endowed with highly interesting immunomodulatory properties. More
precisely, the present invention covers the said exopolymer produced by
the described process as defined in Claim 1 as well as the process for
obtaining the extracellular exopolymer. Other items of the present
fnvention will be developed hereafter.

The exopolymer, which is the subject of the present invention, has been
produced by culturing selected strains of a newly isolated species
Bifidobacterium infantis lonqum, a gram+ bacterium, which 1is
presenting taxonomic characteristics between Bifidobacterium infantis
and Bifidobacterium lonqum. Possessing immunomodulatory properties
demonstrated experimentally, this exopolymer is thus of real interest
to human and veterinary medicine.

The process covered by the present invention 1§ characterized by the

fact that the bacterfal strain 1BS of Bifidobacterium infantis lonqum
deposited under N° 1-885 at the Institut Pasteur - Collection Nationale
de Culture de Microorganismes (CNCM) on 6th July 1989 - is cultured under
anaerobic conditions in a suitable medium and that after discarding the
microorganisms from the culture medium the exopolymer thus produced is
isolated, concentrated and then precipitated by adding an organic

solvent. Finally, the product resulting from the precipitation is
lyophilized.,
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The strain 1BS can be cultured in any type of suitable medium whose
components have a molecular weight inferior to 10'000 daltons, under
anaerobic conditions, preferably at about 37°C. The detailed
composition of such a medium 1s described below.

The migrdorganfsms arerdisgafdéd from the culture medium preferably by

A centrifqgation,-the exopolymer is isolated, for instance by

ultrafiltration on a calibrated porous membrané with a retention
threshold higher than, or equal ‘to, 10'000 daltons.

The product thus isolated is theh1E0nCentrated, dialyzed, precipitated
by adding an organic solvent, preferably ethanol, and finally

Jyophilized.

The resuiting exopolymer is essentially of polysaccharidic nature,

composed primarily of glucose and galactose in the ratio from 1:1 to
4:]1 and contains a proteinic fraction at most equal to 30% in weight.
Within the polysaccharide‘fraétion, the proportion of glucose and
galactose is in the rdnge from 1:1 to 4:1, preferably about 3:2.

The exopolymer of the present invention has an apparent molecular
weight of 10'000 to 100'000 daltons, preferably 20'000 to 30'000

6
daltons in equilibrium with the units of lower molecular weight. It is
also freg of nucleic acids, 1ipids and corganic acids.

The exopolymer thus isolated and purified has interesting

{mmunomodulatory properties while being nontoxic. Both in-yitro and
in-vivo experiments have shown that the exopsiymer produced from the
strain 1BS behaves 1ike an immunomodulator and that ft enhances the
host's nonspecific resistance. It also has definite antileukemic
(antitumoral) properties whose origin may be l1inked to its
{mmunomodulatory properties described in "Determination of the
immunomodulatory properties of the exopolymer produced by the strain
188",

oS
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Thus, the exopolymer produced by the strain 1BS can be advantageously
used as the active principle of various pharmaceuticals that can be
administered orally, parenterally as well as locally. These
pharmaceuticals can be presented in forms commonly used in human or
veterinary medicine, e.g., in the form of simple or sugar-coated
tableis, capsules, small pills, solutfans, syrups, suppositories,
injectable preparations, pessaries, creams, pomades, lotions, drops and
eye lotions. Thay are all prepared by the usual methods.

The active principle (exopolymer) can be incorporated inte such

pharmaceuticals alone or together with other pharmacologically active

agents. The excipients used for this purpose are common excipients such
as talc, arabic gum, mannig@], starch, magnesium stearate, cocca
butter, aqueous or nonhquequ§~Veh1c1es, greaéy substances of animal or
plant origin, paraffin derivatives, glycols, various wetting,
dispersing or emulsifying agents and preservatives.

In animalrsign1f1cant 1ﬁmun0modutatory effects on mice have been

.observed for doses between 4-400 ug per mouse.

The examples Pfesenteﬁ hereafter intend to illustrate the present
{nvention without Iimitfngjit. They concern more particularly the
preparation of the exopolymer (also named PB3D) and its pharmacological
actions.
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PREPARATION OF THE EXOPOLYMER BY CULTURE OF THE BACTERIAL STRAIN 1BS
OF BIFIDOBACTERIUM INFANTIS LONGUM

Stage A: culture of the strain 18S

The strafn 1BS is cultured under anaerobic conditions at 37°C (the air

being eliminated at the beginning of fermentation) in the following
nutrient med{um: s

Peptone (MW < 10000 da]tons) 5 g/1
NaCl : 3 g/1
Glucose - 10 g/l
Cysteine ' 0.5 g/1
Sodium acetate - 2 g/l
Na,HPO, | 287 gn
KH,PO, 1.12 g/
MgSO4 ‘ 0.09 g/1
NaH2P04 ; 0.15 g/1
?NaHCO3 g » 2.2 g/l
Tween 1 miN
Vitamin solution , 10 M/

A solid support such as CYTODEX® or equivalent can be advantageously
added £0&the cuiture medium to improve the yield. In these conditions,
the strain 1BS produces an éxopoTymer that can be quantified in the
supernatant using an ELISA test method developed for this purpose and
described later.

Example

10 litres of the above-defined culture medium are prepared and placed
in a 12-Titre fermentor for sterilization. The fermentor is then
fnoculated with 1000 m1 of a culture of the 1BS strain cultured in the
same medium for 48 hours. A mixture of 90% N, and 10% CO, is

bubbled for 20 minutes at the rate of 3 litres per minute.
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Incubation is performed at 37°C with stirring at 400 rpm under an
NZICOZ mixture in the usual ratio which is injected into the medium
during the first two hours of fermentation. After 48 hours, upon
completion of the fermentation process, the amount of polysaccharide
produced 1s determined by the ELISA method. The minimum yield is

35 ug/ml.

Stage B: fisolation andjpurificgtion of the exopolymer produced

Upon completion of the fermentation process, the cells are separated by
centrifugation. Once the cells sedimented the supernatant is
ultrafilteredxusing an apparatus of the type Amicon Hallow Fiber HS
P10-43. Only the molecules heavier than 10'000 daltons are retained.

The solution containing the exopolymer produced is concentrated tenfold
and then dialyzed.

The concentrated solution is precipitated with alcohol (ethanol: water;
3:1 v/v).

Finally, the product precipitated with ethanol {is 1yophilized The
product thus obtained is whitish and looks fibrous.

Example

From the above culture, 10 litres of supernatant 1iquid are obtained
and then concentrated to 1 litre by ultrafiltration. The volume is
adjusted to 10 Titres with distilled water and then reduced again by
ultrafiltration to about 1 1itre. This operation is performed twice.
The 1-1itre concentrated solution thus obtaiﬁgd‘is then precipitated
with ethanol (3:1, v/v). The resylting precipitate is lyophilized to
produce about 400 mg of lyophilizate.

JHE ELISA method

The antigen used is a polysaccharide preparation whose purity is
ensured by additional deproteinization with phenol. An fnitial dose of
0,5 mg is injected to a rabbit in two injections = one intraperitoneal
and the other subcutaneous = together with complete Freund's adjuvant.

if e
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The injection is repeated on the 15th day using this time incomplete
Freund's adjuvant. Fifteen days later, the rabbit is bled to obtain an
antiserum with high antibody levels that make it possible, by the ELISA
method, to recognize the exopolymer purified by chromatography on a
SEPHADEX G 200 columi and the exopolymer present in the supernatant of
the cultures of Bifidobacterium after precipitation with ethanol.

The ELISA test is performed in a microplate. The antigen is adsorbed.
Then sites left vacant are filled with serum albumin in the wells. An
incubation is then performed with the specific antibodies obtained from
the rabbit. Then the antibodies directed against the rabbit's
antibodies are added. They are conjugated to alkaline phosphatase.
ana11y, the sulsstrate (orthonitrophenylphosphate) is added. After
fncubation the reaction is stopped using NaOH 3M. Optical density
{absorbance) is measured at 405 nm on an ELISA reader. By this
procedure sufficiently high antibody titres are obtained to permit
positive readings fqr'10-4 diluiions of antiserum for purified
antigens concentrations of 4 ug.

Characterization of the exopolymer produced by the strain 1BS

1) The product obtained'consists‘essentiaYIy of glucides (measured by
the phenol/sulfuric acid method) and proteins (measured by the
Lowry method)'fn,thekratio.551.

The product does not contain any nucleic acids according to the
analytfcal results obtained by fon-exclusion chromatography or by
gas chromatography. In no case does the h&dro1yzate contain any
pentoses. The product 1s free of 1ipids according to the results
obtained by gas chromatography after extraction with n-heptane.
There are no organic acids according to the measurements made by
ion-exclusion chromatogfaphy;
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According to the results obtained by high-performance liquid

chromatography (HPLC) on an RP-8 300 A column, the product is of
glycoproteinic nature,

The glucide part 1s composed of glucese and galactose according to

the analytical proofs obtained by fon-exclusion, thin-layer and
gas chromatography.

Glucose and galactose are present in the ratio 3:2 according to
the results obtained by gas chromatography from the monomers
hydrolyzed by methanolysis and then acetylated by
trifluoroacetylation.

The polysaccharide part is ramified with the linkages 1-2, 1-3,
1-4 and 1-6 according to the chromatogram obtained by gas
chromategraphy from the methylated (by methanolysis) and then
acetylated monomers (by trifluoroacetylation).

The biological activity, which is measured by the ability to
stimulate an increase in the number of plaque-forming cells (PFC),
originates from the glucidic part and is maintained after
treatment with proteinase K damaging the proteinic part.

The approximate molecular weight varies between 20'000 and 30'000
daltons according to the results obtained by chromatography on a
SEPHADEX G 200 (pezk of low molecular weight). ‘

The exopoiymer can form aggregates of molecular weight of about

106 daltons in equilibrium with the units of lower molecular
weight.
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DETERMINATION OF THE IMMUNOMODULATORY PROPERTIES OF THE EXOPOLYMER
PRODUCED BY THE STRAIN 1BS (IN VITRO PROOF)

~ Proliferation of splenocytes

The proliferation of splenocytes in the presence of mitogens can be

-measured by the reduction of MTT (3-(4,5-dimethyl-

ﬁﬁiazel-zyi)-Z,S—dfphenyl tetrazolium bromide) to formazan by the
mitochondrial dehydrogenase. :

©  Example ,
The proliferatiqn (sp1enocytes of mouse C57BL/6) is expressed by
-optical density (absorbance) at 560 i as a function of the
»,concentration of PBBB or ef the LPS serV1ng as a reference

R PB3D T s

| pg/ml 0D at 560 nm pg/ml 0D at 560 nm
N 3#333;,(j, ‘* 1. 483 1 20 1.486
R 1) S 1.593 1 6.77 1.308
b3y v 1.459 2.22 0.964
| 12,3 o 1018 - | 0.74 0.725
’ - 4100 7 0.580 1 o0.25 0.526
4 . 0,427 -y 0.08 0.423
R R & . 0.366
{Control, . 0 ';,93273; + iy Control 0 0.273

7 ;;i;The PB3D 1nduces a proliferation that 1s slight]y lower than that
. Ainduced<by the LPS : ,

5

:DETERMINATION OF THE IHMUNOMODULAI@RY PROPERTIES OF THE EXOPDLYMER
 PRODUCED BY THE STRAIN 1BS (IN VIVO PROSFS)

. Stimufation of the production of antibody-synthesizing cells
'In-ﬁhe,mouse;'the exopolymeér nonspecifically stimulates the production

of antibody-synthesizing cells when administered orally together with
sheep's red blood cells or intraperitoneally without sheep's red blood
cells. The exopolymer aTso~norﬁa1ized this capacity in the mouse
{miunosuppressed with cyclophosphamide.

' . Y
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Example

After a five-day oral administration of PB3D and a booster dose on the
19th and 20th days (organigram A) or without a booster dose (organigram
B), an increase in the number of PFCs is observed in the mouse's
spleen, depending on the doses administered

sRBC . | PFC/10%celts PFC/sp]een |

|Grganigran A: @00 pg [ 100 | 1z6% 136%
‘K(with booster) \“ 11008 | 134%* 145%*
| Cjto0x o 131 143%+
40 pg |100% - | - 11sx 123%*
© o e | azswx 133%*
SERTREEINE 1 I 128%*
Organigram B: - 400 pg | 100% |~ 104 | 108%
R Solaee% 0 Togwr 108%

o x| 101%
SRR 4 i | 11se
P C117%* - | 123%*
: oo o | 113%&

-faur days L 'w\'f* R

Test grddﬁ/édntEOI‘;‘ )

“igxﬁaeuiéﬁéa°§§6du&tx~ 4
" B - ..group: ratio

B — I
PB3D  °

 Controt
| PB3D- g

TP
(3%

S

B F |

0 “‘"‘Qw\:‘ o g
o oW b b

o B e

| o s

L O S*'N,
[ e o |

4.3
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Example ,

The exopolymer administered to mice immunosuppressed with
cyc1ophospham1de makes it possible to observe in the treated mice lower
immunosuppression or faster restoration of ‘the norma] number of PFCs by
comparison w1th the untreated mice

Days after im- Treatment | PFC/spleen prC/108
| munosuppres- Lo R | lymphocytes
| ston N L :
5 1’ ‘?t‘iﬂah +2.25 | 30 & 73
. 471732 | 83+ 146
7. ]ACY""‘ e
SR 1 T 1.7.29 ¢ 6.14 - 81 + 84
Cct0 - ey 187521341 | 46 & 38
ST PB- - |60.,41% 54'4 | 382 £ 508
1 9. Jo |25 xm2 |10 : 9
: Loy PB ‘ 18 75+ 883 | 8 " : 83
AR B | Q%ntroTS's) 9.5 £875 | 58.31% 49.2

- 1) Mice 1mmunosuppressed with cyc]aphosphamidea
.2 Mice immurosuppressed with cyclophosphamide and given PB3D Tater.
‘3) Mice given & saline solution.

7 ‘lnfluebce on_the composition of serum proteins

Various immunomodulators modify the immunoelectrophoretic pattern of
the serum proteins recognized as X, LA and LB. The exopolymer covered
by the present invention causes such a modification.

Example .
The 1ntraper1tonea1 administratfon of 400 pg/mouse of PB3D causes after

24 hours and after four days a modification in the serum proteins
comparable te& that éaused by the 11popo1ysacchar1de of Escherichia
coli (LPS).

e



AT ExamgT o

g T T TR T R S LT T SO e i
LT N .
- 12 -
Example
Likewise, the total administration of 400 pg by oral route and splitted
into Siconsecutive daily dosis of 80 pg causes a modification in the
-proteins pefceptible fiye days after administration of the exopolymer.
‘A,\Colloidal carbon c]earance ~ :
) "*eThe exopoiymer is administered intravenously (2.5 mg/mouse) to Balb/c
’ " mice. After 48 hours 0.2 ml of a suspension of colloidal carbon is
i . inaected intravenousiy The disappearance of carbon in the blood,
:‘:1“,;. . jug‘called clearancepiis expressed by the 1egarithmic slope of the carbon
T o ieve] versus time The exopo]ymer enhances the clearance.
R R | Time f Control ~ Treated
s B e - (nin) H20 NaCl 0 .9% | PB3D 2.5 mg
] o TTe [ 1865 £ 0,087 | 1.815 £ 0,044
5 - 2{",’*‘1*800 i 0 031 11.662 £ 0.037
g R S B #*0.032 | 1.531 + 0.065
k. \ ' e 09 | 1.432 +0.09}
= s 8 8 4] 1.305 + 0.073
10 .. "~ 4 1.207 % 0.105
. : 12 1 079 % 0.154}
.@thf:Z'g‘j' l;;‘ Increase of the nonspecific resistance |
S o Y Inﬂthe,mice immUnosuppressed with cyciophosphamide and exposed to cold,
cuwe. ol ’ .
A:!‘yf ’ ;
6“‘\& o
2 oo
) wg&in

o fpr, immUnosuppression‘“s'cnnferred by intraperitoneal administration of 200
) ) mg/kg af cyciophnsphamide. On the third day, the five-day oral
, treatment With the exopoiymer (80 ug/mouse/day) begins.

o
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The control mice receive an equivalent amount of sajine, A few hours

after the end of treatment, the mice are infected intranasally with a
. strain of Pseudomonas aeruginosa made pathogenic for the mouse. The
survival rate is higher for the treated mice group:

' Experiment. Treatmenf" N 1 Survival (%)
; S - - rate
“ S Control | 8/18 (aa)
H o0 | doopgeei | 11720 (55)
DR B g Contrclx,~i‘34, | 014 (0)
TR | 5 - 400.pg PBID. | 10729 (38)
o el e (e8)
'9/12L (82)

3

\~0n the third day, the
‘“/mouse/day) beg1ns.
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Tests of spontaneous or induced leukemia

The exopolymer covered by the‘present invention is capable of delaying
the appearance of leukemia in the AKR mice (strain of inbred mice
developing spontaneous leukemia very frequently). The exopolymer is
also able to delay in the RF mice the appearance of leukemia induced by
a carcinogenic substance such as methylcholanthrene. (The strain RF is
an inbred strain in which methylcholanthrene causes spontaneous
leukemia to appear rapidly). | '

Example

Two groups of AKR mice were orally given a five-day PB3D therapy every

month, while a third group did not receive the test prqduct and served
as a control group. Of the two treated groups, one was given a total -
monthly dose of 400 pg (BO'ug/mouse/day‘for five consecutive days),

while the other received a total monthly dese of 4 ug (0,8 ug/mouse/day,

for five consecutive days)
!

The results obtained showed a delay in thewappearaﬁcerof leukemia in
the treated mice. This difference was clearly significant in the group

;recefvihg'a'{etaT monihly*dose 6f‘400'ug It was. confirmed by another

experiment dUring which the treated greups received 400 g and 40 pg of
PB3D respect1ve1y

g
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Age (dayé)

| eB3D 400 pg-

Lymphoma incidence (%)

PB3D 4 ug

Controls

1210

225
240

1255 .

270
285

1300 -

315

330 -
s
360

315

390 -
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Experiment 2
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{Age (days) Lymphoma incidence (%)
PB3D 400 pg PB3D 40 pg Controls
168 0 5 5
175 0 10 5
182 5 10 5
196 5 15 5
203 5 15 11
210 10 20 11
217 15 30 1
224 - 15 30 16
231 20 30 26
1238 25 30 . 26
245 25 30 32
252 .25 40 32
259 30 40 42
273 37 45 47
280 42 45 53
287 53 50 53
294 53 55 58
- |301 53 60 58
{308 53 65 58
315 53 65 63
336 60 65 63
343 60 65 68
{350 60 - 70 68
1406 65 70 74
462 65 80 84
518 80 85 95
560 80 85 100
Example

During the two months preceeding the topical administration of
methy}chofanthrene, two groups. of RF mice received two oral ,
‘administrations of PB3D three weeks apart. One of the groups was given
a monthly total dose of 400 pg (80 ug/day/mouse for five consecutive
days), while the athéf feceived a monthly total dose of 4 ug
(0.8 ug/day/modse for five consecutive days). The control group
received no treatment. Leukemia was induced by cutaneous applicatfon on
A properly shaved ares of thefbody. The administration of PB3D delayed
the appeardnce of teukemia. This delay was clearly significant in the

group recefving 400 pg of PB3D.
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Time after Age Lymphoma incidence (%)
treatment with | (days)
methylcholan- PB3D 400 ug PB3D 4 ug Controls
threne (days)
50 170 0 6 14
80 200 10 25 60
110 230 25 , . 44 75
140 260 35 62 83
170 290 55, .69 95
190 310 , 5. . | 69 100
220 340 55 - 81 100
250 370 ' 55 ‘ - 100 100
. 280 400 | 60 | 100 100
290 | 410 | - 65 1 100 : 100

Acute toxicity ‘ |
Acute toxicity tests have been conducted by intraveneous injection of

~ the exopolymer at the following doses: lug, 10 pg, 15 g, 100 pg,

300 pg, 600 ug and 1200 ugfﬁer\mouse inEO‘thé caudal vein of five mice

for each dose. Nq:dosé produced any negative reactions in the mice that
were St111:a1¥Ve,£woimonth§ after the injection.

Description of the strain ~ .

The strafn 1BS of Bifidobacterium infantis Tonqum was deposited on
July 6th, 1989 at‘thé‘“ﬁbliection Nationale de Cultures de
Micfoorganismes" (Inﬁtﬁtutl?asteur; 25 rue du Docteur Roux, 75724
Paris, Cedex, Franée),;It\bears the deposit number I-885.

This strain wésfisofaied from wastewater ‘containing fecal matter of
human\origiﬁ‘and»presenﬁs taxonomic characteristics between
Bifidobacterium infantis and Bifidobacterium lonqum and {s typable

by the profile of the structural components, the profiles of the
fermentation cataboiites of DFglucose, the profile of resistance to
antibiotics and the production of the exopolymer ctovered by the present
{nvention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Extracellular exopolymer havirig immunomodulatory properties and as

produced by culturing a bacterial strain of Bifidobacterium infantis longum

deposited at the Collection Nationale de Cultures de. Microorganismes
(CNCM/Institut Pasteur) under No. I-885 under anaerobic conditions in a
suitable medium, discarding the microorganisms from the culture medium,
concentrating and then precipitating the exopolymer thus produced by adding
an organic solvent, and finally lyophilizing the product resulting from the
precipation, this exé.pdlymer being characterized by the iact that it is essentially
qf polysaccharidic nature and comprises primarily glucose and galactose in the

~ ratio between 1:1 to 4:1, that it has an apparent molecular weight of 10,000 to |

100,000 daltons, that it can form aggregates df molecular weight of about 106
daltons in equmbrium with the units of Ioweir molecular weight, and that it
contains a proteumc fraction at most equal to 30% in weught

2. Exopelymer according to clalm 1, charactenzed by the fact that the
glucose-to-galactose ratio is in the range 3: 2

3. Exopolymer according to claims.1 to 2, characterized by the fact that it has
an apparent molecular weight of 20000 and 30'000 daltons. ard-that-it-ean-ferm-

4.  Exopolymer 'aocordin§ to one of claims 1 to 3, characterized by the fact
that it is free of nucleic acids, lipids and organic acids.

5. Process for preparing the extracellular exopolymer aocordmg to claim 1,
characterized by the fact that a bacterial strain of Bifidob is
deposited at the CNCM under No. 1-885 is cultured under anaerobic conditions

ina suﬂablé MGUIUH‘IA that after elimination of the microorganisms from the
culture medium the exopolymer thus produced is isolated, concentrated and
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then precipitated by adding an organic solvent, and finaily that the product
resuiting from the precipitation is lyophilized.

6. Process according to claim 5, characterized by the fact that the
exopolymer is isolated from the culture medium by ultrafiltration on a calibrated
porous membrane with a retention threshold higher than or equal to 10'000
daltons.

7. Process according to claim 5 or 6, characterized by the fact that the
exopolymer isolated from the culture medium is concentrated by ultrafiltration.

8. Process aoeordihg to one of claims 5 to 7, characterized by the fact that
the exopolymer is precipitated by adding alcohol, preferably ethanol.

9. Pharmaceutical compositions containing as active principle the
extracellular exopolymer according to one of claims 1 to 4 in adjunct with
pharmacaeutical carriers and/or excipients.

10. Pharmaceutical compositions according to claim 9 having
immunomodulatory, anti-infective and/or antitumoral therapeutic activities.

DATED this 17th day of August, 1993.
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