WO 03/ 022068 PCT/ EPO2/ 10061 - 1 GLUTAM NASE The present invention
relates to a new salt- resistant and thernotol erant gl utam nase fromb5

Lact obaciwbuws/oz2a068 a process for the production of such salCrmPeyiI®bENt

t hermot ol erant gl utam nase from Lactobacillus. Hydrol ysed proteins have
been known for use as 10 seasonings in-tHeformof soy sauce, which
traditionally has been prepared by enzymatic hydrolysis requiring a |ong
period of tinme for preparation. In producing soy sauce, protein-containing

plant materials are inoculated with illdmand the solid culture is 15
CafBRg A

fermented for 2 days to make koji. ime, enzynes are produced
which are able to hydrolyse -proteins into peptides and amno acids in the
nmorom  stage. The koji is mixed with a solution of common salt and water
to give norom, wrheh ig-dssment édvieort 420 netkteto &amnahsnby t alt-
activity of micro-organisns such as halophilic lactic acid bacteria and
yeasts, and reséss@nt saucnds obthermetel ax@mli ng FhetamLrgse por thHpm
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case, the preéséence of sa is intended to
Lactobacillus.

Hydrolysed proteins have been known for use as

10 gseasonings in the form of soy sauce, which
traditionally has been prepared by enzymatic hydrolysis
requiring a long period of time for preparation. In
producing soy sauce, protein-containing plant materials

are inoculated with Aspergilli and the solid culture is

15 fermented for 2 days to make koji. During this time,
"enzymes are produced which are able to hydrolyse
proteins into peptides and amino acids in the moromi
stage. The koji is mixed with a solution of common salt

and water to give moromi, which is £fermented for 4

20 weeks to 8 months by the activity of micro-organisms
such as halophilic lactic acid bacteria and yeasts, and

the soya sauce is obtained by removing the solids
portion from the fermented moromi. Such fermentation is
known as a process for producing glutamic acid-rich

25 flavouring foods by enzymatically degrading proteins
materials in the presence of high concentration of
salt. In this case, the presence of salt is intended to
prevent decomposition and putrefaction resulting from

microbial contamination.
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prevent deconposition and putrefaction resulting from mcrobial
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G ut am nawe mBM21soOwWn as playing, an inportant role in sSuPKTHEHPOTE®SES,
particularly in the norom stage, to enzymatically convert glutamne to
glutanmic acid (or 5 glutamate) by deami nation. This enzyne is regarded as

a key enzyne that controls the savoury and umam taste of such kind of
fermented products |i ke soy sauce, for exanple. In the traditional soy
sauce or biohydrolysate mnanufacturing processes, glutam nase conmes from 10
Aspergillus strains inoculated in the koji. However glutam nase fromthese

nmoul ds are report js L Nhibi y I tratis --15%
(wv) which are ?ﬁ%ﬁﬁggg??%%? géﬁ i%?gﬁs orﬁ%%g&ggﬂd%ﬁ nggﬁg?gﬁﬁ,%%ﬁﬂ he
noroni stage.iht sschhysroeesseary partddiseamlgalinr ediest apr@lut FHapse
in order to achieve effjcient glutam c acid production. Furthernore,
enzymati ¢ degf@dERZoMaEiprolyl FEVerghaludmmeine uke od uweayief fedd veoF or

raising the rate of .2 ot ej ns_degradati on_pon the one hand, and
prevent i ngg; co%i’éﬁ?ﬁ?ttiegnp%;?f ﬁecar%%%ggéﬁpsrrs %ﬁltsh@r_iﬁm?_ fénd SIRFREE as
gl utam ne cang bpegonuerifd thd@stehess1PYEnd! lé?a%&rfcaﬁdﬂlﬂﬁém&”%raefééd
tenperature conditions in the absence of glutam nase the necessity
of such kind of fermented products like soy sauce, for
example. In the traditional soy sauce or biohydrolysate
manufacturing processes, glutaminase comes from
10 Aspergillus strains inoculated in the koji. However
glutaminase from these moulds are reportedly being
inhibited by salt concentrations above 10-15% (w/v)
which are the practical conditions for soy sauce
production, in the moromi stage. It is thus necessary

15 to use a salt-resistant glutaminase in order to achieve

efficient glutamic acid production.

Furthermore, enzymatic degradation of protein at high
temperature is very effective for raising the rate of
20 proteins degradation on the one hand, and preventing
contamination by micro-organisms on the other hand.
Since glutamine can be converted to tasteless
pyroglutamic acid under increased temperature
conditions in the absence of glutamiﬁase the necessity

25 of a thermotolerant glutaminase is desirable.

The main reason for the lower glutamic acid content in

the enzymatic degradation method is that glutaminase is



25 of a thernotol erant glutam nase is desirable. The main reason for the

| ower glutamc acid content in the enzymatic degradation nethod is that

gl ut am nawe 2363 03/ 022068 PCT/ EP02/ 10061 3 si gnifi cantPiCy/EPabidst ed by
either high salt concentration or high tenperature Accordingly it is thus
inportant to have a glutanminase 5 that i's3salt-resistant and

t hernotol erant. d utam nase from Candi da famate (Japanese Patent
Publ i cati on NO 38748/ 1994) and fron1C}yptococcus al bi dus (Japanese Pat ent

Publ i cation 48759/ 19 are 1 as hav sal t stanc and
t her nost abi | |'\$ f \#g\?é}ﬂ%e rejrlglf‘iLbé%E%tsl viPY in eh %ﬂfrese f 16%-stal t
of both enzyr@énbén%%é%ﬁsoﬁb?l Hioh @eﬁgeﬁg gg@th respect to 100%
activity in the absence of salt. 715 US 0635 di scl oses a gl ut am nase
from Cryptoccus nodaensis which exhibits higher salt tolerance and better

tenperature resistance. 20 Besides the fact that all these glutam nases
present nor ASFOrEdadlie desilrmedthuat dmerntashl to daceanmcegluhgminase

e pathogen 107 hamut g GP8 SERETorBhe. NBET PRt Seatas caf o nor a5
f ood- grade. The 25 use of cultures of such m cro-organisns is inpossible
Glutaminase from Candida famate (Japanese Patent
Publication N° 38748/1994) and from Cryptococcus
albidus (Japanese Patent Publication N° 48759/1974) are
10 disclosed . as having salt resistance and
thermostability. However the relative activity in the
presence of 18% salt of both enzymes is as low as about
50 to 60 % with respect to 100% activity in the absence
of salt.
15
US 6063409 discloses a glutaminase from Cryptoccus
nodaensis which exhibits higher salt tolerance and

better temperature resistance.

20 Besides the fact that all these glutaminases present
more or less the desired features of salt-resistance
and thermotolerance, they all originates from micro-
organism that generally are pathogen for human and are
therefore not recognised as safe nor as food-grade. The

25 use of cultures of such micro-organisms is impossible
without extended purification in order to recover
enzymes. These kind of manipulation are cumbersome and

would make impossible the use of the micro-organism



wi t hout extended purification in order to recover enzynmes. These kind of
mani pul ati on are cunbersonme and woul d nake i npossible the use of the

m cr o- or ga0i0s/eE 03/ 022068 PCT/ EP02/ 10061 4 directly, ecTrhPo2/dead or
alive, in a food product or at any step %I_the manuf act ure process of a
food product. Accordingly, the object of the present inventionis to 5
provide a glutam nase that exhibits salt-resistance and thernp-tol erance
and that comes froma mcro-organism that has a long history of use in

food processqand s, LEcher are bpodagiade, . 10aTa dd S dudiheypr gsent

invention pro hew sa resis thernDtoIera ut am nase

from Lact obaﬁ ||slt ghb@hthes nirh efdet aker @ﬂﬁf@é@eaﬁeaswbdtﬂsﬂbduct
retains nore t % its activity between 45C and 55C, a salt

dependence such that its activity 15 in the presence of up to 15% Nad is

from80 to 180 % of that wi. t hout , NaCl thermal stability, such that
its energy oAc§é%Qkﬁ9%M'|§j5%d§?3§§ttd) EﬁﬁJﬂﬁﬁS?nt &ﬂﬁ%ﬁ%b Py 9F 1©°120

hons 178 prPEeRERlE8 MY ptahiitod 1Okl Wi 28 KATIde JESMLAGR. & G 1

shows the p péen am nase eret vertlca axi s I ne

the rel ativerpetinditoldbahBeA étnexwmee@@se@erfm age i ci-be orydrilsm
activity
that has a long history of use in food process and that

is therefore food-grade.

10 To this end, the present invention provides a new salt-
resistant and thermotolerant glutaminase from
Lactobacillus which has a temperature dependence such
that it retains more than 80% of its activity between

45°C and 55°C, a salt dependence such that its activity

o\

15 in the presence of up to 15% NaCl is from 80 to 180 %
of that without NaCl and a thermal stability such that
its energy of activation is about 80 to 150 kJ.mol'™",
preferably 90 to 120 kJ.mol™, more preferably 100 to
110 kJ.mol™".

20
In the drawings
Figure 1 shows the pH dependence of the glutaminase
where the wvertical axis define the relative activity
25 (R.A.) expressed as percentage of the maximum activity

in the indicated pH range.

Figure 2 shows the temperature dependence of the

glutaminase where the vertical axis define the relative



in the indicated pH range. Figure 2 shows the tenperature dependence of the
gl utam nase where the vertical axis define the relative WO 03/022068

PCT/ EPO2/WO008/022068 activity (R A) expressed as per cent ag@CafEPOZIE0GBXI Mum
activity in the tenperature range T(CO). gure 3 shows the salt dependence
of the glutamnase 5 where the vertical aXis define the relative activity
(R A') expressed as percentage of the maximumactivity in the Nad
concentration range in percent wv(Nad). Figure 4 exhibits the thermal

stability of tqe @%%ﬂl ase and shows : A - chan g t he residual
activity (R A ‘élE\qu GFRLRIBRT 6% tl?’?r’écefl ‘? at="{&) M23EEMYM)
55C, (A 60C, C(tq) b and + fe) t dpfella A £ hanius of the neperian
Iogarlthnrofaratevcég;tant 0 % ?e tﬁFﬁaot?vgrlon@t§%n1n- ) as a function
of the reciprocal of tenperature (1/K). 20 The present invention is
described in nore detail hereafter. The present salt-resistant

t her not ol er ar]ftlgj-lmaﬁh n%b@WSrrdfyhfbe S@ﬂd‘du@@@eﬁgﬁeﬁ@ﬁ— o&dssthiki @il eoapiness

25 cultivyatin m eIon i ng, t
25 culti vating, a1 qrio: organi sm bel onging Lo, Lhe genus Lpctobaci| sy,
(R.A.) expressed as percentage of the maximum activity

in the NaCl concentration range in percent w/v (NaCl).

Figure 4 exhibits the thermal stability of the
10 glutaminase and shows
A - the change of the residual
activity (R.A.) as a function of incubation time
t(min.) at (+) 45°C, (o) 55°C, (A) 60°C, (M) 65°C and
(@) 75°C
15 B - Arrhenius plot of the
neperian logarithm of —rate constant of thermal
inactivation k (min™?) as a function of the reciprocal

of temperature (1/K).

20 The present invention 1is described in more detail

hereafter.

The present salt-resistant thermotolerant glutaminase
may be produced by a process which comprises
25 cultivating a micro-organism belonging to the genus
Lactobacillus, preferably Lactobacillus rhamnosus
having the ability to produce the salt-resistant

thermotolerant glutaminase thereby producing the salt-



having the ability to produce the salt-resistant thernotolerant

gl utam nase thereby producing the salt WO 03/022068 PCT/ EP02/ 10061 6

resi st antwohamb®l er ant gl ut am nase and then recoveri ngPCI/EPA2/10061

Lact obaci | | us rhamosus strain having the required ability was deposited
by way of exanple under the 5 Budapest Treaty at the Collection National
de Cultures de M croorganisnmes (CNCM, Institut Pasteur, 28 rue du Docteur
Roux, 75724 Paris Cedex 15, France, on April 5, 2000 under the reference

ONOM 1-2433. rd@ileuald v, theerrbELYRLIAN ProcenscLaiadiant aoeus! v oacyied

out inaliquid mediumin jar, flask or bioreactor, exanpl e. _

t enper at ur e nécolvemetd ubt .my range from 35C to 55C, and the cultivation
tinme may be of 6 hours or nore. 15 The cul ture nedi um may include as
carbon sourck, LaghebacdHatides iopPlgosattRan dbevimeh adegl yeoss, red

I , d b h b f t al i gi ch as
Wheat . cor n SRACIEYS! Q0 GICROYACREr  DexaMe. e CLRTHLE HEACHh mhbe
i ncl ude @s @ﬁaa@%%tz%ﬁeél‘c&e_AE‘CEH@G%&%&E%ﬂ %Qﬁﬁgﬁaﬁ%’? apl Q. ACLdS
comng fromfromvegetal origin such as eat, corn, eat gluten or Soya

as wel |, fordexaipmoryendehtas e(ORAMIM abhat hedtafBRsreult, i vad i eparayy be'
used as such for enzynme activity characterisation but
Docteur Roux, 75724 Paris Cedex 15, France, on April 5,

2000 under the reference CNCM I-2433.

10 Usually, the cultivation process is advantageously
carried out in a liquid wmedium in jar, flask or
bioreactor, for example. The temperature of the medium
may range from: 35°C to 55°C, and the cultivation time
may be of 6 hours or more.

15 The culture medium may include as carbon source,
monosaccharides and oligosaccharides such as glucose,
maltose, dextrines and other carbon source from vegetal
origin such as wheat, corn, wheat gluten or soya for
example. The culture medium may include as nitrogen

20 source includes peptides, proteins and amino acids
coming from from wvegetal origin such as wheat, corn,
wheat gluten or soya as well, for example.

The culture medium obtained after cultivation may be
used as such for enzyme activity characterisation but

25 may also be subjected to solid/liquid separation and
purification. The culture medium may also be added into
a protein containing medium for the glutaminase to
deaminates the glutamine contained. However since the

salt-resistant thermotolerant glutaminase according to



25 may al so be subjected to solid/liquid separation and purification. The
cul ture medium may al so be added into a protein containing nediumfor the
gl ut am nawe oBo220aeam nat es t he gl utam ne contai ned. Howeve@cTgiPnzeoshe
salt-resi stant thernotol erant gl utam nase according to WO 03/ 022068

PCT/ EP02/ 10061 7 the present invention-d menbrane-bound a further step
may be necessary to release the enzyme fromthe cells in order to further
characterise it and/or to increase its activity. Thus, convegflonal enzyme
extraction 5 t hods may, be applied. FEor ex le, it is_possible to use
nechani cal grt ﬁiaf%ﬁﬁﬁﬁiéﬂﬁgﬁ% O arfi JBET a@@‘QRQW%EGmﬁﬁ§¢bﬁfHﬁﬁ$Ef
detergents, |ysisS i y r of _.net ho

al | ovmgng rel emaig % I’?Egeﬁzéy ?o%%%égnénb%%e?%ee,fggw hte%% 5 is
techni ques, ainrudelenzyoe fRatthéon chfarddesalibe rasi ghafbrl hes Mpheherand
gl utam nase nmay be prepared. |In order to obtain a nore purified splup!on
t he crude en&éﬁe BCapafBEYeon Mlyse sobhwerdd amah seingamle erbioadatian

on' exchahgerLeCRBRE SARpPE BEEL LR UsTe, STRRE Gl | 1F 046 ROES SopRadex
O YR S LR S SARTAYR B PSR MPL Y B
present invenilorasomcieraisidohe use of detergents, 1lysis of the cells
using lysozyme or other kind of method allowing release
of the enzyme from the membrane. Hence, by these

10 techniques, a crude enzyme solution of the salt-
resistant thermotolerant glutaminase may be prepared.
In order to obtain a more purified solution, the crude
enzyme preparation may be subjected to a suitable
combination of chromatographic adsorption-elution

15 techniques using various kind of ion exchangers, for
example DEAE cellulose, TEAE cellulose, QAE Sephadex or
Hydroxyapatite, gel filtration using Sephadex or
Superdex whereby a purified enzyme preparation may be
obtained.

20 Another aspect of the present invention concerns the
use of a mixture containing a salt-resistant
thermotolerant glutaminase from Lactobacillus in a
process for producing a biochydrolysate.

Specifically, a culture medium containing the salt-

25 resistant thermotolerant glutaminase according to the
present invention may be added in the step of mixing or
in the step of fermentation and/or ageing of a process
for producing _biohydrolysates starting from

proteinaceous material such as soy sauce process or



use of a mxture containing a salt-resistant thernotolerant glutam nase
from Lactobacillus in a process for producing a biohydrolysate.

Speci f i cawby3/oo068il t ure medi um contai ni ng the salt- 25 re®CIEPN2/10061
thernotol erant gl utam nase according to the present invention may be added
inthe step of mixing or in the step of Ternentati on and/ or ageing of a
process for producing biohydrolysates starting from proteinaceous

mat eri al such as soy sauce process or WD 03/022068 PCT/ EP02/ 10061 8 wheat

| _ ! P02/ 10061 8 W
Obi ai ned af PAECUI B bn Y TR RRRc] | THE T natmosie (CRORNT 208% i s

cell- cont a’g?albégcg‘ﬂ!—l&ax?tfaﬁﬁhhgf raeHk QRS - 6BRbAIHHA Y afedi Mo Il at $onbe
concentrated by liquid-solid separation means in order to recover

cel | - cont ai pifngLuesiaheeci ]l Adganthgeacsys HIGNGediTrA432H . neJhabsoceéla
m xture in which the enzynme has been rﬁgeased fromthe cells

soni cat i on, canfRkRing d%?déH%EoBFia?ﬁl §%§C9Epmﬁd€&&t§%ﬂﬁﬂérﬂ?edium
denatur e PhoLel D3RSO, ST lS aRibeatp, MISHaSLUAT sedaatitied
oL e BGRn oT T gefee a8 Xy 20l tblondaidigh ekifmul o
N . ( ated in an usual nmanner to give solid
koj i  whi chaidsrdieageoxed y t bher imedann swg@ciey talso be a mixture
in which the enzyme has been released from the cells by
sonication, lysis, or any appropriate means.

10 Indeed, thermally denatured proteinaceous
materials (soybeans, wheat gluten, ..) are mixed with
thermally denatured starchy materials (rice, wheat,
corn, ..) and after the water content of the mixture is
adjusted to 30-45%, a koji mould is inoculated into it

15 and cultivated in an usual manner to give solid koji
which is then mixed with brine and subjected to
fermentation and ageing. However, the step of
hydrolysing of a protein-containing material may be
performed using either endogenous enzymes from koji or

20 technical added enzymes in the ©presence of a
Lactobacillus providing a glutaminase activity,
preferably a Lactobacillus rhamnosus, more preferably
Lactobacillus rhamnosus (CNCM I-2433).

An other aspect of the present invention concerns the

25 use of a mixture containing a salt-registant
thermotolerant glutaminase from Lactobacillus in a
process for producing a biohydrolysate. Advantageously,
the biohydrolysate is a soy sauce or wheat gluten

hydrolysate. The galt-resistant thermotolerant



fermentation and ageing. However, the step of hydrolysing of a
protein-containing material may be performed using either endogenous
enzynmes fwormkedoss or 20 techni cal added enzymes in the presampe2/ofén

Lactobaci | lus providing a gl utam nase actévity, preferably a Lactobacillus
rhammosus, nore preferably Lactobacillus’ rhamosus (CNCM 1-2433). An ot her
aspect of the present invention concerns the 25 use of a mxture

containing a salt-resistant thernotol erant glutam nase from Lactobacill us

in a process for producin Is d lXﬁﬁ%e Vi ageQuslys ont

bi ohydrolys élt@é’ﬂiﬁl’l%é? S %%Selr?irl \%e{é@ gl'u eﬁr%%y rol %late.a/lr(ﬁ% %y be
sal t-resistaple ther Lol eradyy WO 034828008 iR(g/ BERAY/CO06L theglattam ndse
according to the present invention may be use at the step of hydrolysing
and/ or at thbeesirep dDh thgeilmiphydired ysadisy dpobyesise Qreddssipioducti on. The

new sal t-resistant thernotol t. gl utam 5 i fi -
accordi ng t &@hehe ﬁeé'ﬁentsaf‘h“\%%gil@ %qn Se%oﬁégggaiﬁrfg %ﬁolg'gl%llglfbl%%%d)

pr oduci g f(%’%ffg‘gari r})l% cogéfhni[bsg-glr]gﬁpt [ QEEOM aphNo afd dsprége_@ltpart

or a mejorit “Tasti ng conponen suc a process protein haterials
or protein-GeptPiAg WhyaERlksalise anadbydriol yaeprwddeat florasprodecing

proteolytic enzyme or a proteolytic enzyme-containing nmaterial, such as a
koji for ex@md. aRde dpinfs doghadaling peptides and/or amino acids
as a part or a majority of tasting components. In such
a process protein materials or protein-containing
10 materials are hydrolysed with at least one proteolytic
enzyme or a proteolytic enzyme-containing material,
such as a koji for example. Due to its high salt-
resistance and thermotolerance, when the present enzyme
is used in ‘a process including protein hydrolysis at
15 high temperature and high salt concentration in
producing glutamic acid-rich seasoning, for example,

foods significantly reinforced with glutamic acid as a

tasting component may be obtained efficiently.

20 Glutaminase activity test
Glutaminase activity is tested by determining the
formation of L-glutamate f£rom L-glutamine using a
colorimetric method (kit Boehringer Mannheim, n°139
092, Darmstadt, Germany) . The reaction mixture,

25 containing 0.5 ml of 60 mM L-glutamine in 50 mM sodium
phosphate buffer pH 7.0 is preincubated at 37°C for 3
min and the reaction is started by adding 0.5 ml of the
enzyme containing preparation to be tested. The

incubation is carried out at 37°C for 20 to 30 min. The



resi stance and thernotol erance, when the present enzyme is used in a
process including protein hydrolysis at 15 high tenperature and high salt
concent r aWD®a/022068 pr oduci ng gl utam ¢ acid-rich seasoni ng, PCOrEPEXaWpL €,
foods significantly reinforced with glut c_acid as a tasting conponent
may be obtained efficiently. 20 G utam nase activity test G utan nase
activity is tested by determning the formation of L-glutamate from
L-glutam ne using a colorinetric nmethod (kit Boehringer Mannheim nl139

092, Darnst agégcEaomnys. oF &ackiondy €L hed Lai 0,3.m of 60
1\ L-glutanineafn 50 nw1s§d?§ﬁ§ phogphate u fer%bﬁ&%ﬂ%f%g ggﬁlﬁgﬁbaﬁgﬂaat

37C for 3 mmoand theofeactglmcamastart esirbyuadd ng 955 Mo @hstBgeRNZYME
contai ning preparation to be tested. The incubation is carried out at "37C
for 20 to 3CHFRNEFHEAME Y370 2EEE ST/ EPO2/ 10061 - 10 reaction is

Senent PR AT TS e SR o T 1
ol ut amate per T RRE o P Evme SIRY HRbr FREEE altol chend ot prb BepaiRtence
The pH- depengancendbr0liiampaes ehiyityons 10 deternined over the
pHrange 4-9. d utam nase activity

Measurement of pH-dependence

The PH-dependence of glutaminase activity was

10 determined over the pH-range 4-9. Glutaminase activity
was tested using 100 mM buffer indicating various PHs
and is illustrated in Figure 1. After incubation of the
enzyme solution with a final concentration of glutamine
of 30 mM in 100 mM buffer for 30 min at 37°C,

15 glutaminase activity was determined as described in the
section « glutaminase activity test ».

Buffer used : pH 4 to 6.5 : 100 mM citrate/ 200 mM
sodium phosphate
pH‘7 and 7.5 : 100 mM sodium phosphate

20 PH 8 and 9 : 100 mM Tris/ HC1l
Each experiment point is the average of two
determinations and the activities are expressed as
percentages of the maximum activity observed in the pH
range 4-9.

25 The optimum pH value for the glutaminase according to
the present invention is about pH 7.0. The enzyme isg
less active at lower pH values since around 62 % of the
activity is lost at pH about 6.0. On the contrary, the

enzyme has greater activity in alkaline than acidic PH



was tested using 100 mM buffer indicating various pHs and is illustrated
in Figure 1. After incubation of the enzyne solution with a final

concent r aWpma/ozfosgyl ut ami ne  of 30 nMin 100 nM buffer for PBU/EPIZI@S1 37C; 15
glutam nase activity was determ ned as described in the section <<

gl utam nase activity test” >>. Buffer usedl! pH 4 to 6.5 100 nMcitrate/ 200
nmv sodi um phosphate pH 7 and 7.5 : 100 nmM sodi um phosphate 20 pH 8 and 9
: 100 mM Tris/ HCL Each experinent point is the average of two

determ nations and the activities. are expressed as., percentiages _of. _the

rrﬁxi mljm act i DPERVSI A RBYTI I & h%ngHG%r aﬁg‘ég4-"”§g h%l%ﬁeséﬁtqi 63%1\1/151 Rt or
the gl utam g€ ga gﬂidén dde, sent invention is about pH 7.0. The
enzyme is Péss a%ilve a e%gﬁkr pﬁ#&gfues since around 62 % of the
activity is lost at pH about 6.0. On the contrary, the enzynme has greater

activity in alkaline than acidic pH WD 03/022068 PCT/ EPO2/ 10061 - 11
because abouTe@pesratBbetslependendey still remains at pH 8 and 9

respectively. Tenperature dependence 5 The t d d
Gl ot i nase. HBE K SYPRES LU cARPREABIFS rehD A F TG BreyTee A ahy s

substrate fog. 30808t nY T{£LERLL LGP HRL VSl {8 LEANGR8E rER e Ofor

30 min at different temperatures in the range of 25 to
80°C as shown in Figure 2. Glutaminase activity was
determined as described in « glutaminase assays ».

10 The optimal temperature for glutaminase activity 1is
around 50°C and the enzyme retains more than 90% of its
activity at about 45°C corresponding to the temperature
of the cultivation conditions. It is observed that
about 50% of activity still remains at 70°C.

15
Salt dependence
The salt dependence of glutaminase was determined by
adding 0-20% (w/v) NaCl to the reaction mediun.
Relative activities of the enzyme were calculated and:

20 expressed as percentage of the activity observed
without salt (Figure 3). Glutaminase activity 1is
increased in the presence of NaCl concentrations lower
than 10%, in particular 1.8-fold improved at 2.5% of
NaCl. Furthermore, in the presence of 15% of salt the

25 enzyme activity is about 90% of that without salt.



80C as shown in Figure 2. dutamnase activity was determ ned as descri bed
in << glutam nase assays >>. 10 The optinal tenperature for glutam nase
activity we osaemend 50C and the enzyne retains nore than PO¥EPD2/1G081
activity at about 45C corresponding to the tenperature of the cultivation
conditions. It is observed that about 50%%f-activity still remains at
70C. 15 Salt dependence The salt dependence of gl utam nase was determ ned
by adding 0-20% (W v) NaC to the reaction nmedium Relative activities of
the enzyne were cal cul ated and 20 expressed as percentage of the activity
observed wthout salt (Figure 3). Gutam nase activity is increased in

the presence BhoNagh ggﬂggﬂigg?jons | ower than 10% in particular 1.8-fold
improved at 2.5% of NaCd . Furthernore, in the presence of 15% of salt the

25 enzynme activity is about 90% of that w thout salt. WO 03/022068
PCT/ EP02/ 10061 - 12 Therpal stability Thermal stability of glutam nase
was det er ni nebnpENAderftaEP ALl ENd Of5 Q1T guiaase Wab| deiteyhbaedt bedtwsen

at 45C, there,is n %@gr L _.inactivation. Treatnments at T 55C i nduce a
progressi%e i%%c??@atioﬁgng%HBrgthne and the glutaminase is conpletely

inactivated ofolDEWERlJ CRe8t treatment at 45°C, there is no thermal
inactivation. Treatments at T > 55°C induce a
progressive inactivation of the enzyme and the
glutaminase is completely inactivated on incubation at

10 75°C for about 15 min (Figure 4A).

The apparent inactivation rate constant k for thermal
inactivation was plotted against the reciprocal of
absolute temperature (Figure 4B). As may be seen, the
15 temperature dependence of the inactivation constant
followed the Arrhenius equation. The energy of
activation E, calculated from the slope of the
Arrhenius plot was about 90 to 110 kJ.mol™. It is in
line with those obtained for most thermotolerant

20 enzymes.

The results clearly show that the thermal stability of
glutaminase decreases linearly with increasing
temperature from 55 to 75°C.

25

Catalytic parameters

Glutaminase-catalysed deamination of glutamine was

tested in 50 mM sodium phosphate buffer, pH 7.0, at



10 750C for about 15 mn (Figure 4A). The apparent inactivation rate
constant k for thermal inactivation was plotted against the reciprocal of
absol ut e woersperabsaire (Figure 4B). As may be seen, the 15 PEmEPIAIMGE
dependence of the inactivation constant followed the Arrhenius equation.
The energy of activation Ea cal cul at ed™f+dnit he sl ope of the Arrhenius
pl ot was about 90 to 110 kJ.nol-1. It is in line with those obtained for
nost thernotol erant 20 enzynmes. The results clearly show that the thermal

stability of,-glutam.nase cr |inearly with increasin t erature
From 55 Lo 738 CosOEitRyy L PR RS e e ohaica LERAR , 621 Gadm AR5
of gl utani neraﬁgin;geSEJ@le 0 .30 4BV S6dhm ERRSPHRL LD UHIRIH 1 PELA: Q\zasatné{?
03/ 022068 PCT/ EP02/10061 - 13 37C using 12 different concentrations o
gl utam ne rangiid ifcant 0i% tth80 giMtBubsér atomdaeht batiom wanget used.

significant in the glutam ne concentration range used. The catalytic,
behavi our of TRPutGRF A4YE 1M t REGRGH e OF cahubandes ¢ bad iy glutamine

M chael i s- Me i . | yti t | db
wet gt el | ngan Beeneelrana, R AR Lp AR Bl o ey okt
linear regresgtanyafi M shaallet-Met GaredR{1Hulated by weighted linear

regression using Lineweaver-Burk inversion and by non-

linear regression of Michaelis-Menten egn (2)

10 = max_

Where v and V,.x are the initial and maximal velocity of
the reaction, [S] is the substrate concentration and K,
is the Michaelis-Menten constant.
15
The result are in harmony with Michaelis-Menten
kinetics. From the intercept on the abscissa of
Lineweaver-Burk plot, the K, value for the enzymatic
reaction was estimated to be 5.7 mM and Vg, = 108 U/l
20 of hydrolyéate. The non-linear regression of egn (2)
yielded K, and Vg.x values of 4.8 * 0.4 mM and 101 * 2
U/1l, respectively.
So we can conclude that the Km value for the
glutaminase of the present invention is from about 4 to
25 6 mM and Vm is from about 100 to 110 U/l of
hydrolysate.



~ (2) 10 v=ax+ [I~] K mWere v and Vmax are the initial and naxinal
velocity of the reaction, [S] is the substrate concentration and Km is
the M chawbios/odent en constant. 15 The result are in har moORETEPIZ10061

M chael i s-Menten Kinetics. Fromthe intercept on the abscissa of

Li neweaver-Burk plot, the Kmvalue for‘tﬁ% enzymatic reaction was
estimated to be 5.7 mMand Vmax = 108 W1 20 of hydrol ysate. The non-Iinear
regression of eqn (2) yielded Kmand Vmax values of 4.8 0.4 nMand 101 2
W1, respectively. So we can conclude that the Kmvalue for the

gl utam nase of the present invention is fromabout 4 to 25 6 nMand Vmis

fromabout %@\ gl1® U1l of hydrolysate. WO 03/022068 PCT/ EPO2/10061 14
EXAMPLE | Cultlvgtlon Qf_LactobaciIIqs A cul ture of Lactobacillus. rhamosus
( CNCM 1- 2438l tiabianniofy Imdbtebatdldud s grown in a nedi um cont ai ni ng

2206 (/) uheat gl uten (RaAUGtie okestoile FanGelocul 1YAGR F82433)
5 containing 5.10% cfu/ml is grown in a medium containing

22% (w/w) wheat gluten (Roquette, Lestern, France) ,

0.1% alcalase (Novozymes, Bagsvaerd, Denmark), 4% (w/w)
Flavorzyme L1000 (Novozymes, Bagsvaerd, Denmark) and 30

oM sodium acetate buffer pH 5.8 for 12h at 45°C. The

10 broth is then cooled at 4°C and immediately subjected

to analysis.

EXAMPLE IT
Enzyme preparation
15 After cultivation, the medium is washed 3 times with 50
mM sodium phosphate buffer pH 7.0 and finally
reconstituted in the same buffer containing 10% (w/v)
sucrose and 1 mM PMSF. Because the glutaminase is
membrane-bound, the hydrolysate was subjected to 1
20 mg/ml lysozyme for 1h at 37°C. This solution was

stored at 4°C and used for enzyme assays.

EXAMPLE III
Production of an improved soy sauce.

25 0.2 kg of Koji mould was inoculated into a mixture of
1.2 kg of defatted and crushed soybeans, 0.3 kg of
wheat gluten, 1.2 kg of salt and 3.4 kg of water to
form a moromi according to a conventional process for

producing soy sauce koji. In a separate step, the



Fl avorzyme L1000 (Novozynes, Bagsvaerd, Denmark) and 30 nM sodi um acetate
buffer pH 5.8 for 12h at 45C. The 10 broth is then cooled at 4C and

i mredi at eWQ 0sbjoect ed to anal ysis. EXAMPLE Il Enzyne preparatPoonodb After
cultivation, the nediumis washed 3 tines.with 50 nM sodi um phosphate
buffer pH 7.0 and finally reconstituted in the sanme buffer containing 10%
(wv) sucrose and 1 nmM PVMSF. Because the glutam nase is nenbrane-bound,

t he hydrol ysate was subjected to 1 20 ng/m |ysozyne for |h at 37C. This
sol ution was_.store . n .f z Vg A 44 Fuged

Pr oducti on @?d&ﬁm?ﬁ%?gééggggygggégg%rgg €52¥%%H@?f§oﬁi nnurgbﬁgg}inagulated
into a m xtuge . of - def ed g1 beaerithBakd Ofas
wheat glute%? 1géogéggf%ggltlgndﬂ%ﬁ4 Egﬁgfqag§2? tg@yforgﬁg nor om

accordi ng tgiaGaRyeat berhl tpeoeess f@snt st adug ngesdyusauces kejdded nte
separate step, the WO 03/022068 PCT/ EP02/10061 - 15 nmedi um Qbtaj ned
accor di ng t ahexarpbrominasaleeneri f eel WLXODOXg £8USI0 PRal re¥&@Ft i ng

Che NDr S SMBUECTRG. okt & TAME GRS nab L. o LeTa Ukt Sh Eg 3L ooeEe
traditional moyond, fereptaion Prgeesssalt-resistant thermotolerant
glutaminase accumulated in the cell-containing
regidue of medium-example I deaminates the glutamine
present in Moromi during the time required to achieve a

10 satisfactory yield of glutamate and to produce a mature

soy sauce.



and in that way, the salt-resistant thernotol erant gl utam nase accunul ated
in the cell-containing residue of nediumexanple | deam nates the

gl ut am newompB@g®eg in Morom during the time required to RENTEPOB1@61L0
satisfactory yield of glutanate and to produce a mature soy sauce. WD

03/ 022068 PCT/ EP02/10061 - 16 CLAIMS 17 A salt-resistant thernotolerant
glutam nase froma mcro-organismbelonging to the genus Lactobacillus. 5
2. A salt-resistant thernotol erant glutam nase according claiml1, in which
the Lactobacillus is Lactobacillus rh@ﬁﬂ%igﬁ; 10 3. A salt-resistant

t her not ol erant gl utam nase according t0 I'm 1, in which the

Lact obacillus rhammosus is Lactobacillus rhamosus (CNCM 1-2433). 4. A
salt-resistant thernotol erant gl utam nase 15 according to claim1, which

has a tenperature sdapendestetauch thakmdcdeiving MPIechnana®Ro ef-dnl sa
activity between 45C and 55C, a salt dependence such that its activity in

t he presencenpérop angandsiabeliangingnte0 the I$ntsoladizebart hduts .NaCl
and a thermal 20 stability such that its energy of activation is about 80
to 150 .mol-" . 5. A Process for producing a salt-resistant

2. A salt-resistant thermotolerant glutaminase
according claim 1, in which the Lactobacillus 1is

Lactobacillus rhamnosus.

10 3. A salt-resistant thermotolerant glutaminase
according to claim 1, in which the ILactobacillus

rhamnosus 1is Lactobacillus rhamnosus (CNCM I-2433).

4. A salt-resistant thermotolerant glutaminase
15 according to claim 1, which has a temperature
dependence such that it retains more than 80% of its
activity between 45°C and 55°C, a salt dependence such
that its activity in the presence of up to 15% NaCl is
from 80 to 180 % of that without NaCl and a thermal
20 stability such that its energy of activation is about

80 to 150 kJ.mol™l.

5. A Process for producing a salt-resistant
thermotolerant glutaminase, which comprises cultivating
25 a micro-organism belonging to the genus Lactobacillus
having the ability to produce a salt-resistant
thermotolerant glutaminase, thereby producing the salt-
resistant thermotolerant glutaminase and then

recovering it.



t her not ol erant gl ut am nase, which conprises cultivating 25 a
m cr o- organi sm bel ongi ng to the genus Lactobacillus having the ability to
produce aweaBi2esi st ant t hernotol erant gl utam nase, theremEPOr/O@Eci ng t he
salt- resistant thernotolerant glutaninasg and then recovering it. WO
03/ 022068 PCT/ EP0O2/ 10061 - 17 6. A Proc Zs"according to claimb5, in which
the Lactobacillus is Lactobacillus rhamosus (CNCM |1-2433). 5 7. Use of a
m xture containing a salt-resistant thernotol erant gl utam nase according to
claiml in a process for producing a biohydrolysate. 8. Use according to
claim7, in which the mxture is a 10 Lactobacillus cell-containing medi um
or cell-fracgiong aadaes8ENdaRErEINg. tbe aaeangi ng, toigl alyRilh | MBI ch
the biohydrolysate is a soy sauce or a wheat gluten 15 hydrol ysate.
Lactobacillus is Lactobacillus rhamnosus (CNCM I-2433).

5 7. Use of a mixture containing a salt-resistant
thermotolerant glutaminase according to claim 1 in a

process for producing a biochydrolysate.

8. Use according to claim 7, in which the mixture is a
10 Lactobacillus cell-containing medium or cell-fractions-

containing medium.

9. Use according to claim 7, in which the
biohydrolysate 1is a soy sauce or a wheat gluten

15 hydrolysate.



