w 1 Novel strains of Lactobacillus helveticus The present invention rel ates
t'o novel strains of Lactobacillus hel etlcus well as their uses in the
agri-food field. Mre partlcularly,- present |nvention proposes strains
of Lactobacillus helveticus posseSS|ng a | actose-negative phenotype. The
present invention also relates to a process for obtaining such strains of
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It is known that the two sequences VPP and IPP are present in bovine Beta
casein and that suitable hydrolysis of this casein (or more generally of the milk
which contains it) makes it possible to obtain said tripeptides. Numerous
animal and human studies have shown that the daily ingestion of a few
milligrams of these tripeptides makes it possible to effectively reduce blood
pressure, in particular in hypertensive subjects, reducing all the more the risk
of cardio-vascular accident.
Peptides originating from a milk fermented by Lactobacillus helveticus have
shown their ACE inhibiting (ACEI) effect in vivo and these peptides have been
found in the aortas of rats having participated in the study (Masuda O. et al.,
1996. J. Nutr. 126, 3063-8). Other studies have also shown more specifically
a reduction in blood pressure in hypertensive rats following the ingestion of
peptides originating from a milk fermented by L. helveticus (Yamamoto N. et

al., 1994. Biosci. Biotech. Biochem. 58, 776-8).

In humans, the same fermented milk has also made it possible to reduce
systolic arterial pressure (Hata et al.; 1996. Am. J. Clin. Nutr., 64, 767-71). A
more recent study confirms that the peptides present in the product AMEAL
S® marketed by the company CALPIS significantly reduce blood pressure in



2 subjects having higher than normal bl ood pressure (M zuno et al., 2005.
British Journal of Nutrition; vol 94, issue 1, 84-91). Another recent study
(Jauhi ai nen et al.; 2005. Am J. of Hypertension, 18: 1600-1605) puts
forward the hypothesis that the aboverZntioned action mechani sm (ACE

imhi bition) for explaining the anti hypertensive effect of a mlk fernented
by an L. helveticus could not however be the determ ning action nechanism
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of the st 6é:to(?)lir?é dtor\]/s?n) at organoleptically acceptable pHs (pH > 4), the acidification
continues at a low temperature due to the intrinsic properties of Lactobacillus
helveticus. This leads to a drop in the pH of the product, which also becomes
quite unacceptable for consumption.
In order to avoid post-acidification, it is possible to stop the fermentation at an
acceptable pH by immediately kiling the strain by heat treatment
(pasteurization, thermization): post-acidification is then zero (the acidity of the
product no longer develops during its storage). Unfortunately, the quantity of
tripeptides is reduced due to the early stopping of the fermentation. The
products thus obtained then have only low IPP and VPP contents. It is also
possible to ferment the milk with the same strain until a maximum tripeptide
concentration is obtained. The large quantity of lactic acid generated in
parallel must then be removed by a complex and expensive multi-stage
process. Moreover, the process is not “natural’, as it involves separation
stages. Such a process is thus not suited to an industrial scale.
The present invention proposes solutions to the drawbacks of the state of the

art. In particular, the present invention proposes strains of Lactobacillus



art. In particular, the present invention proposes strains of Lactobacillus
3 helveticus allowi ng the preparation of food products, in particular
fermented dairy products, possessing pnumerous advant ageous properties: -
The dairy products according to the invention have a perfectly controlled
acidity, not only at the end of fernmentation, but also during storage. In
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dairy installations, without significant modification of the equipment.
Moreover, the processes according to the invention are completely
natural.

- Food products, in particular dairy products, according to the invention can
contain very high levels of tripeptides VPP and IPP, with high (IPP+VPP) /
(lactic acid) ratios. These results can be obtained without a prior
purification or concentration stage.

- Food products, in particular dairy products, according to the invention
advantageously contain a significant biomass (i.e a significant
concentration of living micro-organisms).

By strain is meant, within the meaning of the present invention, any culture,

generally pure, of a micro-organism obtained from a single cell or an isolated

colony.

By variant or mutant of a strain X is meant, within the meaning of the present

invention, any strain obtained from a reference strain X. In the present context,

the term “variant” is used more particularly to designate a strain obtained
chiefly by mutation and selection from a reference strain X and the term

“‘mutant” to designate more specifically a strain obtained by random or

directed mutagenesis techniques (for example genetic transformation using

vectors), applied to strain X.



"mutant" to designate nore specifically a strain obtained by random or

di rected nutagenesis techni ques (for exanple genetic transformation using
vectors), applied to strain X. 4 The nmutants or variants of the strains
according to the present invention are# of course covered by the protection
conferred by this patent once they retain the essential aspects of the
invention,_ in particular the | actose-negatiyve phenotype. B
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as main ingredient. Among dairy products, fermented dairy products include
among other things yogurts, fermented milks, cottage cheeses, kefirs,
cheeses, probiotic dairy products and more generally any dairy product which
has undergone at least one fermentation stage. Said milk is generally cow’s
milk, but can also be milk from other mammals, such as goat, ewe, mare,
camel or buffalo.
By food product, within the meaning of the present invention, is meant any
product intended for human or animal nutrition. In particular, the food products
include products intended for feeding infants, children, adolescents and adults.
All or part of the food products according to the invention can contain at least
one fermented dairy product according to the invention. The food products
according to the invention can also contain other ingredients usually used in
the agri-food industry, such as additives, preservatives, fruits or fruit extracts,
flavourings, colourings, texturizing agents, cereals, pieces of chocolate, etc.
By ferment is meant, within the meaning of the present invention, any
composition containing at least one living micro-organism strain capable of
fermenting a given medium. Among the ferments, the lactic ferments are
compositions containing at least one living micro-organism strain capable of
fermenting a dairy medium.



By ferment is neant, wthin the nmeaning of the present invention, any
conposition containing at |east one living mcro-organi smstrain capabl e of
fermenting a given nedium Anong the fernments, the lactic fernents are
conpositions containing at | east one |®ving mcro-organi smstrain capabl e of
fermenting a dairy nmedium 5 According to an enbodi nent, the present
invention relates to a strain of Lactobacillus helveticus not having the
ability to convert lactose into lactic acid. The present invention also
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fermentation is perfectly controlled according to the quantity of glucose
initially (elsotcdlledd hansense cedamnwhidhoconmespands ganetalebumRNA temms he f act

mmnner . 1 HooRE @ he RISl AR GTAG LK. 26 0" Noreover, the use of the
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phenonenon. Thus, thanks to the strains according to the invention, it is
possi bl e thaventhei abilitydd dagrade lactoge (mo eppversian efulagtdse into lactic acid).
In fact, the strains according to the invention have a lactose-negative
phenotype. On the other hand, they are capable of growing in the presence of
glucose as a source of carbon (fermentation of the glucose into lactic acid),
and of metabolizing certain components of the milk, in particular the proteins.
Thus, the strains according to the invention advantageously allow
fermentation at a completely controlled pH: the final pH after fermentation is
perfectly controlled according to the quantity of glucose initially contained in
the fermentation medium. This results from the fact that a given quantity of
glucose results, in a virtually stoichiometric manner, in the same quantity of
lactic acid. Moreover, the use of the strains according to the invention avoids
any post-acidification phenomenon. Thus, thanks to the strains according to
the invention, it is possible to obtain food products which are particularly
satisfactory organoleptically.

Advantageously, according to an embodiment, the strains of Lactobacillus
helveticus according to the invention are such that a dairy medium with 4.0%
total proteins containing 1.0 % (w/w) of glucose fermented by said strains of
Lactobacillus helveticus for a maximum fermentation time of 30 hours, at a



satisfactory organol eptically. Advantageously, according to an enbodi nent,
the strains of Lactobacillus helveticus according to the invention are such
that a dairy mediumwith 4.0% total proteins containing 1.0 % (w w) of

gl ucose fermented by said strains of ®actobacillus helveticus for a maxi mum
fermentation tinme of 30 hours, at a 6 tenperature between 30 and 45C, have
a pH greater than or equal to . preferably greater than or equal to 4.1;
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decoupled: the production of lactic acid is only a function of the quantity of
glucose initially present in the fermentation medium, and no longer a function
of the fermentation time.

A means of expressing the concentration of tripeptides simply is to express it
as a concentration of VPP equivalent [VPPeq].

This is expressed in mg/kg: [VPPeq] = [VPP] + (9/5 x [IPP])

Thus, according to an embodiment, the strains of Lactobacillus helveticus
according to the invention are advantageously capable, by fermentation, of
producing the tripeptides of sequence IPP and/or VPP in a quantity of at least
25 mg, preferably at least 30 mg, preferably at least 35 mg, preferably at least
40 mg, preferably at least 45 mg, preferably at least 50 mg, preferably at least
55 mgq, preferably at least 60 mg, preferably at least 65 mg, preferably at least
70 mgq, preferably at least 75 mg, more preferably at least 80 mg of VPPeq
per kg of fermented product. Such quantities of VPP and/or IPP are generally
obtained by fermentation with a strain according to the invention at a
temperature between 30 and 45°C, preferably between 31 and 44°C,
preferably between 32 and 43°C, preferably between 33 and 42°C, preferably
between 34 and 41°C, preferably between 35 and 40°C, and more preferably



70 ng, preferably at least 75 ng, nore preferably at |east 80 ng of VPPeq
per kg of fernented product. Such quantities of VPP and/or |PP are generally
obtained by fernmentation with a strain_according to the invention at a
tenperature between 30 and 45C, prefer%bly between 31 and 44C, preferably
bet ween 32 and 43C, preferably between 33 and 42C, preferably between 34
and 41 C,@Eref rably hetween 35 and 40C, and _nor
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According to an embodiment, the strain according to the invention is chosen

from:
1-3504 deposited at the CNCM on 14/10/05;
1-3505 deposited at the CNCM on 14/10/05;
[-3508 deposited at the CNCM on 14/10/05;

and the variant or mutant strains derived from these strains.

According to another embodiment, the present invention relates to the use of
a strain of Lactobacillus helveticus according to the invention, for the
preparation of a food or pharmaceutical product, in particular a fermented
dairy product.

Advantageously, according to an aspect of the invention, said food or
pharmaceutical product possesses anti-hypertensive properties.

The present invention also relates to a food product, in particular a fermented
dairy product, comprising at least one strain of Lactobacillus helveticus
according to the invention.

Advantageously, according to an embodiment, said food product contains at
least 10°, preferably at least 107, preferably at least 102 CFU/mL of live
Lactobacillus helveticus bacteria. Thus, the food product according to the
invention contains a significant biomass.



The present invention also relates to a food product, in particular a
fermented dairy product, conprising at |east one strain of Lactobacillus
hel veti cus according to the invention, Advantageously, according to an
enbodi nment, said food product contai nssat | east 106, preferably at |east
107, preferably at least 108 CFU nL of live Lactobacillus helveticus
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containing the peptide sequences | PP and/or VPP. This can for exanple be
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Advantageously according to an embodiment, the food product according to
the invention possesses anti-hypertensive properties.
According to another aspect, the present invention relates to a process for the
preparation of a food product.
According to an embodiment, said process comprises the following stages:
= selecting a raw material containing milk proteins, in particular proteins
containing the peptide sequences IPP and/or VPP. This can for
example be milk containing 2-10% (w/w) total proteins.
= selecting at least one Lactobacillus helveticus strain according to the
invention,
» seeding said raw material with said strain,
= fermenting said raw material in the presence of 1-3% (w/w) glucose
for 12-30 hours at 30-45°C, and in the presence of said strain.
According to an embodiment, the process according to the invention
advantageously has no thermization stage after fermentation. This makes it
possible to retain live bacteria in the (probiotic) food product.

According to an embodiment, the present invention relates to a use of
streptozotocin for obtaining Lactobacillus helveticus strains possessing a
lactose-negative phenotype.



fermenting said raw material in the presence of 1-3% (w w) glucose for
12-30 hours at 30-45C, and in the presence of said strain. According to an
enbodi ment, the process according to the invention advantageously has no
thermization stage after fermentation.9This nakes it possible to retain
live bacteria in the (probiotic) food product. According to an enbodi nent,
the present invention relates to a use of streptozotocin for obtaining

Lact obaci IThgsPresenkinvendontalse wsoyides & proggsa for sbtapingnsyeh strainshehot ype. 9

The prese } O | provi des a process for obtaining such strains of
Lact obaci | ﬁéd%gpygﬁ%@a@%giccor ding to an enbodi nent, said process for

obt ai ni ng Acastdmigicid |ars embbidierttlssadr pratesgoscre sbtainiry | ladtobscinepat i ve
phenot ype, conprising the followng stages: providing at |east one strain
of Lact ob&igivatigys séaing pegsessing ianlfAciesesaedntive PaeRretypaecampaising thecont act

with an ef N ntity of streptozotocin in the presence of | actose;
i sol ati ngf&ﬁ’&&@%gﬁa&%@m col oni es of |actose-negative phenotype. The

popul ation of celrbgidifg dlehatssd siraip diglacesdaoifusrIadicusof surviving in the
presence of streptozotocin is indeed advantageously extremely enriched with

| act ose- negat i véringingsaidaideastrane sirain ir gpoidichwuith amekieciye quantityphg a

colorinetric test or,g a., nedi “21 cont ai nioggqx al. and/ or Sgal and/or any other
conmpound whi ch isgreq 9@88"69 eQ[egszﬁnggt Cd S$ond to gal act ose and whi ch can

be tagged fol Lqubiafing fe BHIBAYI0PGoRINidbEIaBRIZE-MGHNE PHehoRRIedani sm is
added to said procesS for obtaining strains according to t'he invention.

| PTG can Odeapepulatioiioficelis of dectabacilus rhelaticusttapablesof sumviing i theconpound
acts as an _inducer, of the |lactase transporter or as an_ inducer of. the use
of | act os@"8PIGRe0r Shentaerigah isindesd ReyaBiugously exXtrelnly SXYIched Vitth e
carried oyctgSehehhfVScelts.1 st subculture of the starting Lactobacillus

hel veti cus strain§ (m)t%e strains), on neutral MRS (Man Rogosa Shar p)
broth, ovéatogtingato aB- eabodiment, a stage involving a colorimetric test on a

medium containing Xgal and/or Sgal and/or any other compound which is
linked by a B-galactoside bond to galactose and which can be tagged
following the breaking of this bond by the microorganism, is added to said
process for obtaining strains according to the invention. IPTG can be also
added in order to carry out this test since this compound acts as an inducer of
the lactose transporter or as an inducer of the use of lactose by the

microorganism.

By way of example, said process can be carried out as follows:

- 1st subculture of the starting Lactobacillus helveticus strains (mother
strains), on neutral MRS (Man Rogosa Sharp) broth, overnight at 35-
40°C;

- 2nd subculture in neutral MRS.

- Incubation until a sufficient biomass is obtained, for example 10-30
hours at 35-40°C.

- Seeding of MRS containing a concentration of lactose making it
possible to obtain a sufficient biomass, for example 2-7% (w/w);
incubation with monitoring of the OD at 580 nm.

- The streptozotocin is prepared extemporaneously, and is added
during fermentation, in order to have a final concentration which is



- 2nd subculture in neutral MRS. - Incubation until a sufficient biomass is
obt ai ned, for exanple 10-30 hours at 35-40C. - Seeding of MRS containing a
concentration of lactose naking it possible to obtain a sufficient bionass,
for exanple 2-7% (W w); incubation wildh nonitoring of the OD at 580 nm -
The streptozotocin is prepared extenporaneously, and is added during
fermentation, in order to have a final concentration which is 10

bact eri ci dal f orbaghericidalafos tensiraiar eensidened. cldne aancaniration 4s sstrann-
dependent. After ééé%ld?ﬁ{i on at 35-40C, the cultures are washed twice with
tryptone salt. €ts are taken up in tryptone salt, then neutral MRS

broths are re- cAftdruiretibationbatt 36MGEC, 3thed @Uiturest ke tasteed swigeowith of the
strain. Isolations are then carried out on neutral MRS + Xgal + |PTG

fol | owed by i ncup@tesall: 35- 40C under COR. This stage is a colorimetric

| et ose posi (1 ver 15 PPIste o HLED HErVPEreRad R hEA MBSO B %, ng e

| act ose as a souecsylRireg¢ar bon, there is production of a blue substance, the
colony is therefore blue and in the opposite case (|actose-negative
strain), it i-s vpculatiorhat 3H#0eC centl ihere iagrowiivefthewt@in.on neutral MRS and

i ncubated at 35-40C The igvention ks furth sgrdbed i,n fol |l ow ng
exanpl es. i cHSAATORS e THATh criled it b ViSRS S Xala P!
Obt ai ni ng strai nR|IGREEBY| RBuBatici S 85 MBEL inBlePNEOR! YPis Malger isla and
met hods Starting strains (so-called "nother strains") 1-3431 deposited at
t he CNCM on 25/ 0losmetricatest mrddog iitt peissitplet thedatraninenwheltes /a0 bacterial
strain is lactose-positive or lactose-negative: If the strain is capable of
using the lactose as a source of carbon, there is production of a blue
substance, the colony is therefore blue and in the opposite case
(lactose-negative strain), it is white.
- The white colonies are subcultured on neutral MRS and incubated at

35-40°C.

The invention is further described using the following examples,
which are non-limitative.

EMBODIMENT EXAMPLES

EXAMPLE 1: Obtaining strains possessing a lactose-negative phenotype
Material and methods

Starting strains (so-called “mother strains”)

[-3431 deposited at the CNCM on 25/05/05
1-3434 deposited at the CNCM on 25/05/05
1-3435 deposited at the CNCM on 25/05/05

Test for sensitivity to streptozotocin

In a first phase, it is verified that the mother strains are sensitive to the
antibiotic used, streptozotocin. The optical density (OD) at 580 nm is
monitored on cultures at 42°C in neutral MRS (Man Rogosa Sharp) broth.

When the latter reaches 0.1, streptozotocin is added to a tube in order to



1- 3435 deposited at the CNCM on 25/05/05 Test for sensitivity to
streptozotocin In a first phase, it is verified that the nother strains are
sensitive to the antibiotic used, streptozotocin. The optical density (OD)
at 580 nmis nonitored on cultures atl142C in neutral MRS (Man Rogosa Sharp)
broth. When the latter reaches 0.1, streptozotocin is added to a tube in
order to 11 finally have 50 pg/m (for exanpl e 100 of a 5 ng/m _ solution
for 10 m fipally h@uel%ug/séh (et ex3mple ﬂ@@%%&]égaglmles@w@n har ’memlr@i | owi ng
stages ar @%cﬁu;\:)ed out in order to obtain | actose-negative Lactobacillus
hel veti cu - 1st subculture of the starting Lactobacillus

hel vet i cusetddtivnsf |Actosdmegativasttains from wel | s of the working stock, on
neutral MRS nedium overnight at 37C, - 2nd subculture at 1% in neutral MRS
- Incubat iThe followieg hages aare3earried Qé@dﬂngfdﬁf Yo qhtaipf lagtesesnegativen w)

| act ose, .40C with nonitoring of the OD at 580 nm -
The strep?‘gfg)qﬁﬁp s@%&&%%ﬁ& t enpor aneously, and is added after

f er nent at i-g@at éouscu’am@wf melétamrrqir_géto@bcmubwer@tlcug straer(miathéegteaiasy | nal
concentrati on of 50 i ncubation for 7 hours 30 m nutes at 40C,

t he cul turf@n wedis\néﬂlfzaworklmstpm oh neuiel MRS smadium, overmigdlat&7$Car e t aken
up in 2 m %J%Btﬁﬁr}???ﬁsﬁ{ﬂgf‘@l’ﬁ@ raI MRS nedia are seeded at 10% -

Incubatlon th of the strain. - |Isolations are

then carr i.ggcHtiopHon ¢6hoats MRS7°C Xgal + I PTG fol lowed by incubation at
37C under CO2. This stage is a colorinetric test making it possible to

det er m ne -\eedirg oh10mltafMBS att5%i (w/w} laciese; st-156 sindi ineubkationaalt 43°€
ne0at Vo iy RS e R AR 3 19, e Tactose ms a source of
i o) oL SRR, 2 5Aobhatt omBAetRss; e Hcka iei o - The
fermentation for 2 hours 15 minutes or 4 hours, in order to have a final
concentration of 50 pg/ml.
- After incubation for 7 hours 30 minutes at 40°C, the cultures are washed
twice with tryptone salt.
- The pellets are taken up in 2 ml of tryptone salt, then neutral MRS media are
seeded at 10%.
- Incubation at 37°C, until there is growth of the strain.
- Isolations are then carried out on neutral MRS + Xgal + IPTG, followed by
incubation at 37°C under CO,. This stage is a colorimetric test making it
possible to determine whether a bacterial strain is lactose-positive or lactose-
negative: If the strain is capable of using the lactose as a source of carbon,
there is production of a blue substance, the colony is therefore blue and in the
opposite case (lactose-negative strain), it is white.
- The white colonies are subcultured on neutral MRS and incubated at 37°C.
Results
This made it possible to obtain the following strains, possessing a lactose-
negative phenotype which were then the subject of deposits at the CNCM
(Collection Nationale de Cultures de Micro-organismes), 28 rue du Docteur
Roux, 75724 Paris, France, in accordance with the provisions of the Budapest
Treaty:
I-3504 deposited at the CNCM on 14/10/05; originating from the mother
strain 1-3431



Results This nade it possible to obtain the follow ng strains, possessing a

| ‘act ose- negative phenotype which were then the subject of deposits at the
CNCM (Collection Nationale de Cultures de M cro-organisnmes), 28 rue du
Docteur Roux, 75724 Paris, France, irf2accordance with the provisions of the
Budapest Treaty: 1-3504 deposited at the CNCM on 14/10/05; originating from
the nother strain 1-3431 12 1-3505 deposited at the CNCM on 14/ 10/ 05;

ori gi nati ng F3%08 t hdleppsiteq at the GNEM op4BY19/035059talipgfias the mateelcnev on
14/ 10/ 05; orét?éiﬂq_t*?gf fromthe nother strain 1-3435 The | actose-negative
phenot ype of e strains obtained is again confirned on a MRS + Xgal + |IPTG

neutral gel os3508:di wersme@at trﬁedCNMMtoWM/melbﬁbﬁEWiarﬁgg ftoratthe MOANELE 2:
Strai ns possessi nga a | act ose-negative phenotype The strain 1-3504, deposited
on 14/ 10/ 05 $iainh=3488CM (Col | ection Nationale de Cultures de

acoor danad e BRtERa e AtsnoRe"t wecitupd sptlpedis opin S faidh o
Lact obaci Id MR &l Xgili -£ USTEOsG RS i galiodemelfirh b talled ORBIte/bASs” staining
Lact ose-negati ve; Fructose-negative - production of |IPP and VPP. see Figures

4 and 5 fesi}idification properties: see Figure 1 - ACE inhibition: see
Figure 6 The strain 1-3505 deposited on 14/10/05 at the CNCM (Col |l ection
Nationale de Cultures de M cro-organisnmes), 28 rue du Docteur Roux, 75724

Paris, FEXRMPLE22SHAINSPoSsEssing & fadtbsuimdgutivedphénstypedapest Treaty, is
a strain ~OF LCactobacillus helveticus possessing the foll'owi ng properties:
Lact ose- ndduet stvain 1F3504, sleposiedany &4/19/Qat the CNEM) (Eollestiovidationate Fi gure 5

141 101 05 4" BHBURRCHe  Birp3GaN e anare S Bodteli T, A7 PaFE, O
France, in accordance with the provisions of the Budapest Treaty, is a strain
of Lactobacillus helveticus possessing the following properties:

- Lactose-negative; Fructose-negative

- production of IPP and VPP: see Figures 4 and 5

- acidification properties: see Figure 1

- ACE inhibition: see Figure 6
The strain 1-3505 deposited on 14/10/05 at the CNCM (Collection Nationale
de Cultures de Micro-organismes), 28 rue du Docteur Roux, 75724 Paris,
France, in accordance with the provisions of the Budapest Treaty, is a strain
of Lactobacillus helveticus possessing the following properties:

- Lactose-negative; Fructose-negative

- production of IPP and VPP: see Figure 5

- acidification properties: see Figure 2
The strain 1-3508, deposited on 14/10/05 at the CNCM (Collection Nationale
de Cultures de Micro-organismes), 28 rue du Docteur Roux, 75724 Paris,
France, in accordance with the provisions of the Budapest Treaty, is a strain
of Lactobacillus helveticus possessing the following properties:

- Lactose-negative; Fructose-negative

- production of IPP and VPP: see Figure 5

- acidification properties: see Figure 3

1. Measurement of the acidification properties of the different variant
strains



de Cultures de Mcro-organisnes), 28 rue du Docteur Roux, 75724 Paris,
France, in accordance with the provisions of the Budapest Treaty, is a
strain of Lactobacillus helveticus possessing the follow ng properties:

Lact ose-negative; Fructose-negative pgoduction of IPP and VPP: see Figure 5
acidification properties: see Figure 3 1. Measurenent of the acidification
properties of the different variant strains 13 The acidification
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of the not Stralnare own ( 1- Se- posSrtive strain), (see

Fi gure 2) 3Bohodrs3oPdermbetationlist ased foheneasuremepits af nprdactids ofs thewn:
(1-3435, | actose- positive strain), (see Figure 3) The results shown in

Fi gures 1itipeptisiast lﬂ?a andeVEP: as rvelhas dotimeasusemeats ioh AGIEL aativiy et ageous! y
make it possu&né %I nel K/ tlr ol the pH at the end of fernentation
accordi ngr?%u 8 tair?g &po%q B¥se initiall y present in the medium
Mor eover, Hopq-J5g4 "Qrﬁ] ﬂﬂfk BY tHer AictRér Wéiﬁtér\éeal%rsﬁo% (1N aGeees! y | eads
to high pH val ues gi ve organol eptically accept abl'e food
products. pzsutweatmr@;r(aae Elgure]é) production of the tripeptides |IPP and VPP
Materi al ?%Orl II%OQ??he results of the mother strain are also shown (1-3434, lactose-

positive strain), (see Figure 2)

For 1-3508, the results of the mother strain are also shown (I-3435, lactose-

positive strain), (see Figure 3)

The results shown in Figures 1-3 show that the strains according to the

invention advantageously make it possible to finely control the pH at the end

of fermentation according to the quantity of glucose initially present in the

medium. Moreover, the fermentation by lactose-negative strains

advantageously leads to high pH values, which will give organoleptically

acceptable food products.

2. Measurement of the production of the tripeptides IPP and VPP
Material and method

A sample of dairy medium taken at 30 hours of fermentation, as described
previously under point 1 is used in order to carry out this measurement.

The analysis of the peptides content, in particular the content of tripeptides
IPP and VPP, is carried out with an HPLC liquid chromatography method
coupled to an MS/MS type detector as described hereafter:

- Due to the interferences inherent in the analysis of complex samples, the
use of deuterated internal standards added in a known quantity and controlled
at the time of the preparation of the sample is strongly advised.



A sanmpl e of dairy mediumtaken at 30 hours of fernentation, as described
previously under point 1 is used in order to carry out this nmeasurenent. The
anal ysis of the peptides content, in particular the content of tripeptides

| PP and VPP, is carried out with an HPEC | i quid chronat ography met hod
coupled to an M5/ M5 type detector as described hereafter: - Due to the
interferences inherent in the analysis of conplex sanples, the use of
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g/ mol, available from the conpany Bachem Chem cals, France) and 10 ppm of

deut er at edhé EPMpPaitye Baghesy &heaticalsdmanca) aed ¥ Pom (abrdeuterated Pl a H 11 e
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3 (for emsmdHE, W%i%.z\@{_ﬁm,n@véﬂab@f@?&ﬁ@'@d‘mﬁén;ﬁmm@, Gaup e in
1200 ng of water-nethanol-TFA m xture containing the internal standards). -
Thi s di | utSNPEarpue desBoulogne 67 100 Sirasbaurgl 4vance) ina@ rat® of hde &s(forrhe cl ear

Fuper e o e BeseeCRRGFLR) Foal EcRpRbY TRl R e B mo
uat er- et k. MEMARLTA AR SbRRMPRhtdhal sahagemy]  acid. - The

di luted solution thus obtained Is then a I'n an HPL chr omat ogr aphi c
syst em of -Agiis dittited Sadnple e tiierocpatnijugsyl 4400k gHao Sgniesites-Ténecelearl r ue

Gl vani 91745 Mass dex,  France), equipped with a colu suitahle for the
ool ool o SlPRmAtaRL SREmEch! CARNAPEan e, BeRes y BEdUsem ading, theso o
Goyancour {5 TgntdfER 36 Sen YL orEER86Rp D50RIA 2 RRGUERNBAREmetRAEP | oo
are el ut eq50/50s vandenthiming i@t %ovrifldo@acetic aeigli ng gr adi ent of sol vent B

(Acetonitrile + 0.100% of formc acid) in solvent A (Water + 0.106% formc
aci d), overThe pdiluted splutionnithus e ebtained hisuriene ANalyzed of tae BELG ed

chr omat 00T Rbinidghaphit!syBfem BPAGTBRFPFo6 geARofddly Abfertshibhnblogiée
France, 1 rue Galvani 91745 Massy Cédex, France), equipped with a column
suitable for the analysis of the peptides, of Waters Biosuite® type (3 mm 2.1 x
150 mm, C18 PA-A, WAT186002427, Waters France, 5, Rue Jacques Monod,
78280 Guyancourt) at a temperature of 50°C, flow rate of 0.25 ml/min. The
peptides are eluted in standard manner with a increasing gradient of solvent B
(Acetonitrile + 0.100% of formic acid) in solvent A (Water + 0.106% formic
acid), over a period of 35 minutes to 2 hours depending on the desired
chromatographic resolution. The method suitable for the assay of the peptides

IPP and VPP uses the following gradient:



| PP and VPP uses the following gradient: 15 Tine %Buffer A % Buffer B O
100 0 3964 689 11 15 60 40 18 0 100 21 100 O 24 0 100 27.5 100 O
35 100 O The detection is carried out using a specific MS/MS type detector,
for exanple with a device with an iodStrap such as the Esquire 3000+
(Bruker Daltonique, rue de |'Industrie, 67166 W ssenbourg Cedex),

el ectrospray ionization paraneter in positive node, either for the overall
anal ysis of the peptide content (M5-Ms node), or for the precise and

speci fic quantifi catippr—of—aspeptide—f+rom4gt hataecteri stic fragnents (VRM
node). In the case ofﬁm?e a;%@jﬁ?’?‘he p pdé’i%"étgerl P and VPP, but al so of
the internal standarigs TPPd |qpd VPPd, thesg peptides are isolated from
their specific mass |(nbnocharged ions 312.2 Da for VPP; 326.2 Da for |PP;
320.2 Da for VPPd; 33F.3 Da 106 |PPd) and 4uantified ffromthe intensity of
their specific ions |[after {4 j fragments >=185 Da). The
integration of the c|f omat 0g 8Bhi ¢ peaks ofltach of the peptides | PP, VPP

P

and t he conpari son atythepeakssturfacesofithe—+nternall standards of known
t Pt ons| PR s

| PPd and VPPd concen tions en nmakes it ssible to|cal culate, by sinple
| inear regression, thggrnitrap VPP and 1 et ent of fhe sanple (generally
expressed in ng/kg or_ppm. Results 16 VPReq. (nmog/kg off fermented nedium
Cal pis Cv4 51 21 100 0

24 0 100

27.5 100 0

35 100 0

- The detection is carried out using a specific MS/MS type detector, for
example with a device with an ion trap such as the Esquire 3000+ (Bruker
Daltonique, rue de [lIndustrie, 67166 Wissembourg Cédex), electrospray
ionization parameter in positive mode, either for the overall analysis of the
peptide content (MS-MS mode), or for the precise and specific quantification
of a peptide from its characteristic fragments (MRM mode). In the case of the
assay of the peptides IPP and VPP, but also of the internal standards IPPd
and VPPd, these peptides are isolated from their specific mass (monocharged
ions 312.2 Da for VPP; 326.2 Da for IPP; 320.2 Da for VPPd; 337.3 Da for
IPPd) and quantified from the intensity of their specific ions after
fragmentation (fragments >= 85 Da).

The integration of the chromatographic peaks of each of the peptides IPP,
VPP and the comparison at the peak surfaces of the internal standards of
known IPPd and VPPd concentrations then makes it possible to calculate, by
simple linear regression, the initial VPP and IPP content of the sample
(generally expressed in mg/kg or ppm).

Results



CNRzZ 244 57 1-3504 (with 2% (ww) glucose) 80 Figure 4 shows a conpari son
of the production of tripeptides IPP and VPP of the strain 1-3504 (2% (W w)
of glucose are added to the nmedium in relation to two strains of the prior
art. The strain CM4 fromthe conpany ¢BLPIS is described in the patent EP 1
016 709 whilst the strain CRNZ 244 is described in the Patent Application WO
2004/ 060073. It is clear in this figure that the strain 1-3504 (strain
according to the invention) has a productl on of tri peptl des IPP and VPP

nmuch greater t han—that—ef—these—two——p lllg St+aths Aaer £ Ssane
conditions. Figurle 5 shows a conparisop EPU /(‘)‘Qu E’ﬁ tq¢ pepti des | PP
and VPP of the gtrains according to thgddiyf t| on wnth each other. 3.
Measurenent of the ACEI (Angiotensin Cpnverting Enzynme Inhibitjon) activity
Material and net hod A s@apis CM4dai ry fredi um takenStt 30 hours of
fermentation, as dasc;u_bed_?gLe,w-ausJ—)L_under_pm_m—lq_s—used_m order to
carry out this mdasuren€mNRZ1244 present nmethod i sShased on the|nethod of
Cushman and Chen (GJDIIIIU.II et—at—Brothem—Pharnaco—1971+—26 1637),
adapted to make it conpatible with sanples of fernented dairy product type.
1. Preparation off the reaggrpg and sol rltl ons 1.1 Sodium borate buffer 0.1 M
pH 8.3, supplenented with 0.3Mof NaCl 17 Wigh 6.1843 g of HBBO3 (Carlo
Erba ref: 402 764).(wWiihs2%l (Wwéw) glugppebxi mately 8008@1 of deni neralized

wat er, adjust to 'pH-83—wth-aselutiehof NaOH-thenr—add—3120 of NadCl
(final concentration 0.3 M and top up to 1l litre wwth dem nerallzed wat er .

1.2 Prepaf | §MMin
sodi um bora Fét;u?sf ga %p%ﬁ?@ﬁ:gﬁ R&%h%k/lb ;bf%ﬂt@}@l exact I y 32 95 ny
of anhydr dhe stiain I93$04 (B%( (WM pt)gluxcbsdﬁiasé adged to the medlum) in relation to

two strains of the prior ar.

The strain CM4 from the company CALPIS is described in the patent EP 1
016 709 whilst the strain CRNZ 244 is described in the Patent Application WO
2004/060073.

It is clear in this figure that the strain I-3504 (strain according to the invention)
has a production of tripeptides IPP and VPP much greater than that of these
two preceding strains under the same conditions.

Figure 5 shows a comparison of the production of tripeptides IPP and VPP of
the strains according to the invention with each other.

3. Measurement of the ACElI (Angiotensin Converting Enzyme
Inhibition) activity

Material and method

A sample of dairy medium taken at 30 hours of fermentation, as described
previously under point 1 is used in order to carry out this measurement. The
present method is based on the method of Cushman and Cheng (Cushman et
al. Biochem. Pharmacol. 1971. 20: 1637), adapted to make it compatible with
samples of fermented dairy product type.
1. Preparation of the reagents and solutions

1.1 Sodium borate buffer 0.1M pH 8.3, supplemented with 0.3M of

NaCl



Leucine tetrahydrate, nol. wt.: 501.5 g, Sigma-Aldrich ref: 53285-250 ng)
and dissolve in approximately 15 nL of sodium borate buffer 0.1 MpH 8.3
with 0.3Mof NaCl then top up to 20 nL with this same buffer. 1.3
Preparation of the ACE solution at 0.47U/ nL The angi otensin converting
ehzyne in the formof |yophilized powder (origin: rabbit |ungs,
Sigma-Aldrich ref A6778, 0.25 units) is solubilized in 2.5 nL of sodium
bor at e buMeigh®. 18438 of HBQs (Eratier Exba 166t40h766)s Bisadlehiraapwoximitely.  The
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the sanpl %doﬁzbeb”@ﬁl\f&@m(iﬁgbl gbn&é‘mwa?g W) GngoRg thad I hrean € at a

pH conpri sed between 8.0 an .5 1n order to be close to the optimm pH of
the ACE. Teaiheralieed saten. | k is firstly centrifuged, the pH of the

supernatant i DeR At oy RLVRRT SueAle: ich STRDMRHLE R AN o
10, 000 Dalhfih oMk BoPAUAEPOAN pHB. 8T d.MalfNmER! © the [ nterfering

el enent s e proterns, calciumsa e conplete protocol is as
foll ows: Weélighcexagty @2.9%mtragyob arlhydfodseHidint peptidd KNiHippufyd-Histidyd con
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| C50 equi \0uBMraf NaCltthen dop gprtal20pmbadwitt thisigametbufter. i t s super nat ant al one. -
Place a 2.0 nL sarg;l e of supernatant in a test tube and neasure the pH 18
Add t he necessdr§ Ryeparation ofthe ALl salulionat 0J Baki n a pH conpri sed

et e e et BoAFing P, PR Oy Sl AGREP @ibher 1o
starting rébbi@ﬂ@‘iﬁs?[ﬁigm@-mﬂﬁch akt pG7a8C0LPH uﬂﬁs)tig%dﬁmmﬁed/m greemf ofNaCH
added (for exanple: test sanple of supernatant 2 mL + 250 pL NaOH + 1.75
L sodium borate buffer 0.1M pH 8.3 in order to obtain a solution at 0.1 U/mL.

The solution thus prepared must be used, stored at 4°C, after no more than 2

weeks in order to preserve sufficient enzymatic activity.
2. Preparation of the samples of fermented milk

It is necessary to condition the sample at a pH comprised between 8.0 and

8.5 in order to be close to the optimum pH of the ACE. The fermented milk is

firstly centrifuged, the pH of the supernatant is then adjusted between 8.0 and

8.5 (ideally pH 8.3) then ultrafiltered using a Vivaspin filtration unit with a cut-

off threshold of 10,000 Daltons (Vivascience, France) in order to eliminate the

interfering elements (whole proteins, calcium salts).

The complete protocol is as follows:

- Place approximately 6 mL of fermented milk in a 15 mL Falcon tube, after
having previously weighed the empty tube. Weigh the quantity of
fermented milk placed in the tube.

- Centrifuge at 14,000g for 10 minutes at 10°C.

- Recover the supernatant

- Quantify the proportion of pellet/supernatant which makes it possible if
necessary to determine the IC50 equivalent to the original product and not
to its supernatant alone.

- Place a 2.0 mL sample of supernatant in a test tube and measure the pH.



borate buffer) Verify that the final pHis conprised between 8.0 and 8. 5.
Beyond that, start again, adding nore or |ess NaOH A precipitate forns:
this is due to the calciumsalts. Utracentrifuge the sanple at 12,000 g
for 15 minutes at 10C using 10,000 DdBton Vivaspin filtration units
(capacity 4-6 nL) in order to obtain a clear sanple. 3. Measurenent of ACE
inhibition by the sanples of fernented m | ks For each analysis series,
control s (0 Add theoesegsarnyolume ¢f NaG 2pkin prdgsde eftaing pHaamprisesl e, two

noepende AGRBreRS A haaTes e AMUFE PR A, 1

quantity of gghple necessary to reduce the activity of the ACE by 50% For
this purpose: - Place 80 pL of the sanple conditioned at pH 8.3 in the bl ank
tube and i-n Adtédhe eecessarysvelumeaciebamte lbuffer dr drder to ditete thet starting t he 0

T et ChsdphiaPTo e 1nd BBoRlncly PR e blie B Nl addectbe! ot @ o
thermostat i caxanple? Mt Bdrivdleddf %Yéérnél%‘t’": 2L rqeésg MERRIIALLA €75 Ayl librium

- Start the enzymatic reaction by the addition of NL of the ACE sol ution
at 0.1 U niboratebhuafiet)ube, except for the bl ank sanples and 0% control for

20, Y Qorbiohal ing foeF S fodlist deivhih 0Lkt ags SR by o' vee
S0 erone°f oSEH dgdh SAGRE LSS osSAROEY A Bl KOEIRIS gl o 1 e
hydrol ysi s theOtalciant saits. 80 pL of 200 plL of HHL 20 plL of ACE
dem ner al i-zeﬁlt\r/\ell%te%rifugg@t gngér%'pleS%t plé,o86 92 %R Pls Shindias a0 T 0L°C0fusti)nogr ate
10,000 Dalton Vivaspin filtration units (capacity 4-6 mL) in order to obtain a
clear sample.
3. Measurement of ACE inhibition by the samples of fermented milks
For each analysis series, controls (0 and 100% ACE activity) must be
prepared. For each sample, two independent tests and a blank sample are
produced for each dilution. It is in fact necessary to adjust as closely as
possible (by diluting) the quantity of sample necessary to reduce the activity of
the ACE by 50%.
For this purpose:
- Place 80 L of the sample conditioned at pH 8.3 in the blank tube and in
the test tubes
- Place 80 pL of demineralized water in the 0 and 100% control tubes
- Add 200 pl of the solution of 5 mM HHL substrate to all the tubes. Stir.
- Place the tubes in a water bath thermostatically-controlled at 37°C, leave
to reach temperature equilibrium
- Start the enzymatic reaction by the addition of 20 uL of the ACE solution at
0.1 U/mL to each tube, except for the blank samples and 0% control for
which 20 pL of borate buffer pH 8.3 must be introduced.
- Leave to hydrolyze for exactly 1 hour at 37°C.
- Stop the reaction by adding 250 uL of the solution of HCI 1M to each tube.

Summary table of the composition of the different reaction media:
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and its quantification using a spectrophotometer, with the following protocol:
Add 1.7 mL of ethyl acetate to each tube, stir.

Centrifuge at 2000 g for 5 minutes at 10°C

Place exactly 1 mL of the supernatant in an Eppendorf microtube.

Evaporate the ethyl acetate at 120°C for 10 minutes in a heating block

Add exactly 1 mL of demineralized water then stir for 10 seconds in order to
take up the hippuric acid.

Read the absorbance at 228 nm in cells suitable for UV reading.

Expression of the results:

The percentage of ACE inhibition is calculated as follows:
(Abs 100% ctl - Abs 0% ctl) - (Abs sam. - Abs blank sam.) x 100
(Abs 100% ctl - Abs 0% ctl)

With Abs = absorbance at 228 nm after extraction of the hippuric acid
ctl = control
sam. = sample

For a fermented milk, the IC50 is expressed as being the quantity of
supernatant of this fermented milk which inhibits 50% of the enzymatic activity
of the ACE in the reaction medium, i.e. in microlitres of supernatant of
fermented milk per millilitre of reaction medium.

Results

tration,



the strain's ability therefore to inhibit the angiotensin converting enzyne.
EXAMPLE 3: Preparation of a (probiotic) dairy product according to the
invention A fernmented dairy product is obtained as indicated bel ow Bul ked
m | k, previously skinmed, pre- pasteuri29ed and cooled down to 4Cis

standardi zed as regards proteins (4.0%9 with skimmred mlk powder and

gl ucose is_added to it anmounting to 1.8% . The dai r;_/lemedi um t hus

w/
gr epar ed iFé'g'é(ﬂ)jGeﬁ%‘ﬁstQ) Cﬁ_&!ﬁ%_@png‘: theh i@'&@@v}%’ @Cthﬁit_bfu@%st aﬂgi@enéﬁblhi ng
orecent . LoebitfigreHAvina B " ifor 86 Hepdidctofing 6 e REESH ROt 08 hou

the fer mgotgdred wittrothdr stvifias op thépfot artr eached, the curd is renoved from

the fernentation tank in order to undergo a_snoothing process (by passing
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packaged i(rc50)Qs rixphsssedesond the yanes! Fie Aighkethid @odagatratidre the dewet t hus
prepared contains tripeptides of. s_e%uence I'PP/ VPP anobunting to 65 ng/ kg of
VPP equi véln%ﬁtram’meblbg'pi erRiarectorinbifit the angiotepsin gevertinngonzMageous! y

stabl e throughout the Iife of the product. The reduction in pH during
refrigerated storage is advantageously negligible (less than 0.1 unit) and

the popul #XANMPLE BhPréparitivh 6?%0{55%59&1 aé@weaaat actOrdifg ¥'the emai ns
advant ageousTy conpri sed between 107 and 108 Unm. EXAMPLE 4:
| denti fi cAnvemtiot nonsense point nutations in the |actose operon of strains

operons. o Erinetied A bRRE) ¥ SbRell BB EBARIEET o f  om conpank,
ol i gonucl gﬁlké@ﬁliﬂ(?b?éhﬁﬁééély WRINSmMed, P@?é@t‘éuﬁk@@a@@%lé@b@mnﬁﬁp@@ %l to be

the best preserved. These " oligonucleotides made it possible to produce a
"l ong rangddndapdizetdhas regards girataims: (4d9ak vath gkimmede mikkc powdeopandn of

St S ASkSLeR SAgblCio, SR 0T SRS e Bk RBAEAL AL 0L
2?%582“2 f}edrig %??Jﬁ%‘?g}éfﬁéﬁw PaSBOASATSh (B5°8!) @ Mikafes) derd, édcﬁiﬁg'dbv&ﬁ‘e strain
to 37°C the dairy medium is seeded with a strain according to the present
invention amounting to 10’ CFU/mL and maintained at 37°C throughout the
fermentation period. When pH 3.8 is reached, the curd is removed from the
fermentation tank in order to undergo a smoothing process (by passing
through a filter) and cooled down to 10°C in a plate heat exchanger. The
smoothed and cooled curd then has a preparation of fruits (having a pH
between 4 and 4.1) added to it amounting to 15% of the finished product,
packaged in 110 mL bottles and stored at 4°C for 28 days.
The product thus prepared contains tripeptides of sequence IPP/ VPP
amounting to 65 mg/kg of VPP equivalent. The peptides content of the
product is advantageously stable throughout the life of the product. The
reduction in pH during refrigerated storage is advantageously negligible (less
than 0.1 unit) and the population of the strains according to the present

invention, remains advantageously comprised between 10” and 108 CFU/mL.

EXAMPLE 4: Identification of nonsense point mutations in the lactose
operon of strains according to the invention

Starting with the sequences of the lactose operons of the strains DPC4571
and ATCC15009 available from GenBank, oligonucleotides (primers) were



not her strain 1-3431: in the 6-3 direction, a Cytosine base is replaced by a
Thym ne, which causes a stop codon to appear at 1320 base pairs of the
initiation codon of the lacL gene (which rmakes approxi mately 1900 bps)
encodi ng for R-gal actosi dase. Apart fedmthis nutation, the |actose oper ons
of the two strains 1-3431 and |- 3504 are identical. Sequence of the |actose
operon of the strain 1-3431 (franmed nutatio
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acagt at c aagdapatasdtiaatajgeitdatiadigoatigetddgitttagtazgasdtigtay agtiagiatitgatceagigtygggegeadttdtt ggagatt g
ct aat aaat tgapgtartaaaacaaggtgaggcaagtttaagccttggatctttattggaacggtagctagtgccgeattactgctaattctcetttact
at t gggaagatteititcogaiigecraatgagrgigoeticitjtocaaiittaitiotagicatitataticadttttgacoitftiigttectialcagatgggggaacaat t
gcaggat ga gcatggttccagccttaagtgaggattcacacgcacgtggtatttatactgctttggggactttttcaggtgcaattggttggaacggac
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g1 t t at Caagast AR A AR BB b Al coblbA Mo e S HRE G g Caggaaaaa

gat t t gcgt aeRRtcacgatattageatittcaatattatggctttatatgtgceattaattttggcagttttagctattatcattittataagcaaggtaact
ttactttt gthigrmadagadieacnprRedddRgaiyahitaaiaciaoticadrggiagatdagagsastsdt t agcgttga
aaat ggt t algesycaaatttaaagtcgactgccatttatgcacctgcagatggtaaattaatgactatgtctgaagtaatcgatgaaaatggcaaa
at t gggaaaaedttgtgytanamuctigceatcaatacemaedotib tdaatittgacuitmatgytabbatiahdtyaatiggtgataact t t agcc
gt t ggcgt t iapertgrgtifgaaatigtaactgaaaatggtctgcaagttatagttcacgttggtettggcacagttaattigegtggtgaaggatttga

cct t t aacgatsglatiziadigategeseanttaitnaasreagigeantactetiagaatataageigatitagcactarasantgstiateeaay gt t aagt a
t gt t t cacc atacgatagtaatitictatactcaacctggtagagtagaaaaaatgagtaaaatttcggcaggtaaagttgttgaacatggtcaaaa

actttcttc attca

tttctt cgeoeinragipragiiaasiagadenasioaigiragcaiaaitigya dgigiapagagaraieagiitadifat t at t cat

ccagat cga gaglagactttitggtaaagaaaaaatitiataagctitittittaaaaaaagaatgacgtaaataagcectttictttaaatatttatac

taaataqcettagiaaatctaaataaatatitiactagaacaaaaaaaaaigataaa § ]

Lt gat at g S bR b t a0t aaaa
cagtattttatggtataatgagtacatattttattattttattactagt fqtt aftaaatcaatccgttgctgataaattaqgt

gaaaat aaa g TR A AL b G A BRI b e o A MO ANt at gact t

t cat gcaaalaluagcacaacagaatiggatectititgeaatttigtitgtgtigatttacatcgctitigatgtttictattcattatcagat fitcatattg

t gcagagal sl JHIEAINRRHH AR B B AP ARG S AR AR A GRS At CCt at gCg

tcctttt gt igehattattgtigtgccactggttaccggtgtaacttacgcggttactggcaaacacgaagaaggagctectggctggttegectttg

gggaat t t aggedcaaaee@titabidaritogatigaiogaiafataiabidaagdacddchtdtagsttgeé@ccat gttt a
caggact agakcagabavagctttgcgtcaagtatttggtgcgattitccataatgatcaaattttgtggccaagtttagettacttattgtattcacttget
t t gcagat aativtaaetEragggtytityittacatgtamayttglastugtdagtagatgattctogutdatgegagtigcagtaatit t gat ccag
t gt t ggggaatiggtiggtocattagtceatctitcccggtittgaacaaatatattccaagaaaatggttgtttattgcaggccaaacttgtatggtatta

t gat aat actogatalgtcataiifaicita aigic é‘@ﬁ@@@ﬁ@@ﬁ“ﬁé@@%@@a@ etetgitaotage cattact
c'? aatt ct Ctapgtg@qtgatg%?angaga%gﬁ%gacﬁaaga ggtcaaagaaatgaagccgttgtittagetgt c%tccagatga%gattgggﬁg g
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gcatggttc Qe
tggtt ggaa%@ afftgcaattgagccaagcagtggtcaaatttatgcaccatttgatggaacgatcaagtttactttcggtacaaagcatge

taact at cat i e oeease ittt oot gg
t 1 ggt t t gC Ghdchat§atggtcaaacagtgaaaaagggegataaattacttgagtttgategtgatttggetettaacaatggttataaagacacg

ggcggt t at tha@Racathasciatigidbaicasaatiaqadicaiditdgi-aggaact aat gaaaaacat aatt t aat t
agaaat t ct gccaagt

aaaaaacaact tt aggt caagt att t?gggcaat ttcacat aat %at cagattttatagccaagtttggcttattt
gat gt t ct cRimilgdya analyses of sequencings reveal the following mutations in the

a0 9t aat  aqaaa 98Bl AP PLIAHELEL ARG ISRl 2aaceaaat gact tet ggot Lot tog

atcgttttttgcat tawlinqaisosthy 6Aphlisdmafhadainl-aisscaagaaaat ggct at ttatt ggeggt c
aaatttgtatgattttggca

tacgggttgttcattttcggtcgcaataacgtcattttaatggatttagggttagctctatttaatatcaactttg
ctcaattagtaactgtttta




acatt aact gat gccat cgaat at ggt cagct gaaaagt ggt cagagaaat gaagccgt cgttttagct gt t cgac
caat ggt cgat

aaatttaccggt gct attt caaacgcget agt aggat at gt agcaat t gcggcaggcat gact ggt t cagcaact g
cagcagat ag 23

acaagt cacgat attagcattttcaatattatggctttatatgtgccattaattttggecagttttagctattatca
tttttataagcaaggt aact _ _ _

t t at ct gaaHh§HARCk3%@? cARFOAFHPSIHIRRSE TeRIACRT A-a1aNINg haseWhiEhRRAHSESaagat ggca
atttacct :

gcagcaaat mea%%%%%g%? é)(f: a3Pp £° 88 Nedt é_(lzlatsggg 59 aaggtf{oana]ttﬂd%cstt%rtt 8{ (t:qegéaa‘fé't aat cgat g

aaaat ggcagene encoding for betagalactosidase.
acatttcctggtaaa?ggttt caatcgatccaagcag}gggcaaatttttgccacatttgatggtaaaattaagt
ttacctttggt accirain 1-3508 by comparison with strain 1-3435:

agcat 900t | 49a 1.9568 EAARRLINL BAT PPIAGSEH' GEARAL Lo WhARCASARS! 2ot ttacg

gt cat at { ai[EABEReARNBE IS SICPERIAAGDBIGATE RS AOARNT BRIPE! U Hidlgoact aaaa
aat ggt t at aaag _ _

at acgat aggaee encedingfer belagalagipsidasf agaaaaaat gagt aaaat t t cggcaggt aaagt t gt t ga
acat ggt caaaa

ggt ggt t gaagt gaagt t t aagt agaggaaact gat gt aagcat aaat t t aat at t gat t t acat gt at aaaaaag
aatgacttttagtg

ttaagt aaactttttggt aaagaaaaaattttataagccttttttttaaaaaaagaat gacgt aaat aagcctttt
ctttaaatatttatactt

agt aaat agct t agt aaat ct aaat aaat atttt act agaacaaaaaaaaat gat aaat t at t t cgt gt aagcgat
ttct gaaaagga

at ct t gggaggaat t at cat gcat aat cat aaagt t t cggggaaacaaat agt t t cct at gcat catttt gt ct gg
gcaatt t ggggcact
cagcattttatggtgtaatgagtacatattttattatttttattactagtggaatgtttagcggattaaatcaatc
cgttgctgat aaattagta

ggtttaattact ggattaat ggtact agt aagaat t at cgaact agt catt gaccctatttttgcagcattattac
ttattctatttactggtattt
ttggattagcacaacagaattggatcctttttgcaattttgtttgtgttgatttacatcgettttgatgttttcta
ttcattatcagatgtttcatattg

gggcat ggt t ccagct t t gagt gaagat t cacat gaacgt ggt at tt at actt cactt ggt gccttttcaggt act
attggttggaatagttt
gccaattattgttgtgccact ggttaccggt gt aactt acgcggt t act ggcaaacacgaagaaggagct cct gge
tggttcgecttitg
cggccgtaatttcagecttagcaattatttgtgecttgattgtttgettt ggt act aaagaaaagcacaacatt at
t agaaat t cggccaa

acagaaaaccactttgcgt caagtatttggtgcgattttccataatgatcaaattttgtggccaagtttagettac
ttattgtattcacttgct
gttgtaattactaatggtgttttgttctacatgtacaagtttgtaattggcaagccaaatgatttctgggtagtag
gt gt aatt gcaacaat t
attggttgctgcattagtccatctttcccggttttgaacaaat at attccaagaaaat ggttgtttattgcaggec
aaacttgtatggtatta
gcatatgtcctatttatctttggtcgtaacaatgtcttcttaatggatttaggecttagttttattcaatattaact
tcgctctgttggtaactgtttta

actttaact gat gct at t gaat at ggt caact t aagat t ggt caaagaaat gaagccgttgttttagctgttcgtc
caat gat t gat aaat t

tact ggt gct gt t t caaat gcct t agt t ggt t at gt ggcaat t gcagct gggat gact ggat caget act gcageca
gat at gacgagca

aaggt att aacacatttaatattatggctttatatattcctttagctttggcagttttatctattgtagtattttt
gagcaaagt aact t t gagt ga

aaagaaacacgcacaagtt at t gaagaat t gaagagt aaact t gcacaaggcgagat t gaaaagaagact t cagt a
gat acag

gaacaaaagaagt aact at t t at gcacct gct gat ggt gaat t aat gcaaat gt ct t ct gt t gt t gat gaagat gg
taaaccattccct g

gt aaaggat t t gcaat t gagccaagcagt ggt caaat t t at gcaccat t t gat ggaacgat caagtttactttcgg
t acaaagcat gc

att cgagat t gt gt cacaaaat ggact acaagt t gt t gt ccat gt aggat t gggt act gt caat t t acgt ggagaa
ggctttgaaacttt

ct acgat gat ggt caaacagt gaaaaagggcgat aaatt act t gagt t t gat cgt gat t t ggct ct t aacaat ggt
t at aaagacacg

atcgtgat att ct at act caaccaggt agaat t caaaat t ct ggt gct at t caagct ggt aaagat at
Simlarly, analyses of sequencings reveal the followi ng nutations in the



| act ose operon of strains according to the invention: - Strain 1-3505 by
conparison with strain 1-3434: 23 1In strain 1-3505, an adenosi ne base
repl aces a guani ne base which causes the appearance of a stop codon, at
1713 base pairs fromthe start of the2dacL gene encoding for
bet agal act osi dase. - Strain 1-3508 by conparison with strain 1-3435: In
strain 1-3508, an adenosi ne base repl aces a guani ne base which causes the
appearance of a stop codon, at 183 base pairs fromthe start of the |acL
gene encodi ng for betagal act osi dase. 'éﬁ'ﬁ Clains 1. Strain of Lactobacillus
hel veti cus not having the ability to Jert lactose into lactic acid. 2.
Strain of Lactobacillus helveticus according to claim1, possessing at
| east one nutation in the |actose operon. 3. Strain of Lactobacillus
hel vet i cud. acc &teimpft baclobiagilles heketieiss mgt havingdbe ahilitypde neonvertat i on
introducing a iqtvg{? CO(iiOIil i.n th(i | act ose operon. 4. Strain of Lactobacillus
hel veti cus acc g lag of clainms 1-3, such that a dairy nmediumw th
4. 0% total proteins containing 1.0 % (ww) glucose fernented by said strain
of Lactobacillus helveticus for a maxinumfernentation tinme of 30 hours, at
a tenperature Sdtaveoh L’Hz:tolzanﬂluasﬂelvpti&s&aswdmgotﬂt olaimat £rpossessing atjual to
4.0, pref erabl reat er?hhan gh El%g to 4.1. 5. Strain of Lactobacillus
hel veti cus acc l‘?@etrﬂu IPNIRANGACLYSE ARE™PNA capabl e, by fernentation at
a tenperature between 30 and 45C, nore preferably between 32 and 43C and
still nore preferably at 37C of a dairy nmediumcontaining a quantity of
gl ucose grieat etSt[airamfﬂ..ac(tobaa)illushdlmlicm accardinig to otai!hn& possessinggaktat er
than or equal to 2% (w r fer bet ween 2 % (W W), nore
bref erably. pet JEast orepahtmuBOR BT aHiPG AP Sadkti ndfs 44jase P8y, of
producing the tripeptides of sequence IPP and/or VPP in a quantity of at
| east 25 ny, preferably at |east 50 ng, nore preferably at |east 75

4, Strain of Lactobacillus helveticus according to any one of claims 1-3,

such that a dairy medium with 4.0% total proteins containing 1.0 %
(w/w) glucose fermented by said strain of Lactobacillus helveticus for a
maximum fermentation time of 30 hours, at a temperature between 30
and 45°C, possesses a pH greater than or equal to 4.0, preferably
greater than or equal to 4.1.

5. Strain of Lactobacillus helveticus according to any one of claims 1-4,
capable, by fermentation at a temperature between 30 and 45°C, more
preferably between 32 and 43°C and still more preferably at 37°C of a
dairy medium containing a quantity of glucose greater than 3% (w/w)
and with a total proteins content greater than or equal to 2% (w/w),
preferably between 2 and 10% (w/w), more preferably between 2.5 and
6% and still more preferably equal to 4%,
of producing the tripeptides of sequence IPP and/or VPP in a quantity
of at least 25 mg, preferably at least 50 mg, more preferably at least 75
mg of VPPeq per kg of fermented product.

6. Strain of Lactobacillus helveticus according to any one of claims 1-5,

which possesses moreover a fructose-negative phenotype.

7. Strain of Lactobacillus helveticus according to claim 1, chosen from:



ng of VPPeq per kg of fernmented product. 6. Strain of Lactobacillus

hel veti cus according to any one of clains 1-5, which possesses noreover a
fruct ose-negative phenotype. 7. Strain of Lactobacillus helveticus according
to claim1, chosen from 25 1-3504 déposited at the CNCM on 14/ 10/ 05;

1- 3505 dep05| ted at the CNCM on 14/10/05; 1-3508 deposited at the CNCM on
14/ 10/ 05; and the variant or nutant strains derived fromthese strains. 8.

Use of a strai 3604 deposited pt thesCNEIM eni 14/$0/86¢or di ng to any one of clains
1-7, for the p 0 utical product, in particular
of a fernent ed"§§653§985§&%01‘1??"{9 @@g@ﬂgﬁ /gﬁﬁé to claim8, such that said

food or phar ma¢g88b8eRIposE@dtitHe ORENBN t47Y0M6E ensi ve properties. 10. Food
product, in particular fermented dairy product, conprising at |east one

strain of Lact apddhe vasankeormulanistrainsaierived fremdhesestraingi ns 1-7. 11. Food
product according to claim 10, containing at |east 106, preferably at |east
107, preferably at least 106 CFU nL of live Lactobacillus helveticus

bacteria. gl2. Eradoprodiain aﬁq%fbm//m RBlvefitl®s Akc6ididrio ldhyl bnec@nt ai ni ng
at least 25 ng, preferably at |east , hore preferably at |east 75 ny

of VPPeq per kipims tdi mﬁtheoprppatainon.ofla.ocsd)oa pbavvaceutinat produa), o any one
of clains 10-12, al

risi reparations of fruit(s), in particular
fruit pieces aParisy ??'Lf?cfc,ae rmfﬂp&i:g%a/ W?@{?tt according to any one of clains

10-13, possessing a pH greater than or equal to 3.85, preferably greater
than or equal to 4.00, nore preferably greater than or equal to 4.20. 15.
Food prod@ct adiser dicngrdimg atoyctaim 8f stichi that 18aid4fooshior hphassacedical

anti -hypertensiv erties . Process for the preparation of a food

product conpri Q?@“ Sf%t'l'mer@nsé‘{ea%@?e I€Sel ecting a raw materi al

containing mlk proteins, in particular

10.  Food product, in particular fermented dairy product, comprising at least
one strain of Lactobacillus helveticus according to one of claims 1-7.

11.  Food product according to claim 10, containing at least 108, preferably
at least 107, preferably at least 108 CFU/mL of live Lactobacillus
helveticus bacteria.

12.  Food product according to any one of claims 10-11, containing at least
25 mgq, preferably at least 50 mg, more preferably at least 75 mg of
VPPeq per kg of said food product.

13. Food product according to any one of claims 10-12, also comprising
preparations of fruit(s), in particular fruit pieces and/or juices.

14.  Food product according to any one of claims 10-13, possessing a pH
greater than or equal to 3.85, preferably greater than or equal to 4.00,
more preferably greater than or equal to 4.20.

15.  Food product according to any one of claims 10-14, which possesses
anti-hypertensive properties.



proteins containing the peptide sequences | PP and/or VPP. selecting at
|'east one Lactobacillus helveticus strain according to one of clainms 1-7,
seeding said raw material with said strain, fernmenting said raw material in
t he presence of 1-3% (ww) gl ucose f8f 12-30 hours at 30-45C, and in the
presence of said strain. 17. Process accordl ng to claim16, w thout any
thermzatlon stage after fernentati Use of strepto otocin, for

obt ai ni ng1€act Bb&ﬁﬂsl fQg t%lpmaféti%n@? raafor‘?g PredusteMRYSAY) t theg‘éw'f’f@gati ve
phenot ype. 19. gé gess for obtaining Lactobacillus helveticus strains
possessing a F‘a 0Se- negati ve phenotype, conprising the follow ng stages:
providing at |eas¢leotiegsarew miatdrédt cbatainihgsmilkl pedteinss;in Ipartigilag sai d at
| east one strain into contact with an effective guantity of streptozotocin
in the presence Bf0t¢@§t(‘@§‘éam'“igsthﬁﬁqpﬁgetsﬁgu%‘l:%ﬁ’%ﬁn@@réﬁ iRs of

| 2t ose- negat | ve DRENAN iceall onk" PEERBBAGE AR Sl PG TRy o1 "9 2

colorinmetric tes i am contai ni ng and/ or any
ot her conpound whe(dncmmbnnked by a R-gal act osi de bond to gal act ose and
whi ch can be tagged follow ng the breaking of this bond by said strain of
Lact obaci | | us mebedinggaid raw material with said strain,

= fermenting said raw material in the presence of 1-3% (w/w) glucose
for 12-30 hours at 30-45°C, and in the presence of said strain.

17.  Process according to claim 16, without any thermization stage after
fermentation.

18. Use of streptozotocin for obtaining Lactobacillus helveticus strains
possessing a lactose-negative phenotype.

19. Process for obtaining Lactobacillus helveticus strains possessing a
lactose-negative phenotype, comprising the following stages:
= providing at least one strain of Lactobacillus helveticus;
= bringing said at least one strain into contact with an effective quantity
of streptozotocin in the presence of lactose;
= isolating the colony or colonies of lactose-negative phenotype.

20. Process according to claim 19, comprising a colorimetric test stage on
a medium containing Xgal and/or Sgal and/or any other compound
which is linked by a pB-galactoside bond to galactose and which can be
tagged following the breaking of this bond by said strain of
Lactobacillus helveticus.





