2 7 FEB 2006 WO 03/022068 PCTI EP02/ 10061 1 GLUTAM NASE The present

I nvention relates to a new salt- resistant and thernotol erant giqtpghnﬂmg
fromb5 Lactobacillus and a process for the production of such

salt-resis t thernotol erant gl utam nase from Lactobacillus. Hydrol ysed
protei ns haVe"™¥é¥® known for use as 10 seasonings in t RCHEROPHWH soy
sauce, which traditionally has been prepajed by enzymatic hydrolysis
requiring a long period of tinme for preparation. In producing soy sauce,
protein-containing plant materials are inoculated with Aspergilli and the
solid culture is 15 fernented for 2 days to nmake koji. During this tine,
enzynes are produced which are abl e CBURAIEIBA§Ee -proteins into peptides
and amno acids in the norom stage. The koji is mxed with a solution of
common salt and water to give norom, which is fernmented for 4 20 weeks to

8 nmonths by the acth¥i t¥rebefitCr enQea®RosN® rejelsas thal ephinue Isagtic acid
bacteria and yeasts, and the soya sauce is obtained by renoving the solids
portion from Efeifs&emdint edaidr om thSupptebenent at | glutankams® as T&opy ocess

for produc ng.glutamc..acid-rich_ 25 fl avourd ng f.oods by epzymati.cal
degr adi ng pr ot BT LGRS B n2s REOSEEBerhed dfihi GROUBRESTEr 91 Gt
salt. In thisseaserddiespmsencecRérfetdélésahpt endgliutaminase from

Lactobacillus.

Hydrolysed proteins have been known for use as

10 seasonings 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 wmoromi
stage. The koji is mixed with a solution of common salt

and water to give moromi, which 1is 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 1s 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
cont am nati on. CONFI RVATI ON COPY 2 7 FEB 2006 WD 031022068 PCE/ @%§g2®@61 -
2 (Qutamnase is known as playing- an inportant role in suc roce S,

particularly in the norom stage, to enzymatically con | mne to
gl utam c a¥PBPB5 gl utamat e) by deamination. This enz}ﬁ&}gipgm:ﬂé arded as

a key enzyne that controls the savoury ang 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 reportedly being inhibited by salt concentrations above 10-15%
(wv) which are t ractical con%%%gons for sauce uction,-in the

Toromi stage. 1t i CYTHATHIEER s4Py MY 2 oPLAYIRE. A BT T Ut At Rase

in order to achhewiclefprebebkesl Utgai€i @€l Py OdUCt 108, nidHdntier BREGe,
enzymatic degradation of protein at high_tenperature is very effective for
rai sing the rafe eRzyvapiendilns codyiegdatdion s ehd o ridl Weaidl C aR@ifr é98nti ng

contaninat'ontg% g%&égéQrysggﬁﬁﬁnfﬁbéfghpth@g%gaggz %jqf té%ééf@%geagan be

converted fo eless 'p am ¢ acid un I hcrease ure
condi tions in &hkegbsergmeoftigitit athbaskst BRenee®dSirty aZbd whami taste

thermotolerant ol ulal W% '3 “E2mantsa i

products like soy sauce, for

example. In the traditiomal 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 wvery 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



The main reason for the lower glutamc acid content in the enzymatic
degradation nmethod is that glutam nase is 2 7 FEB 2006 WO 030 (RFI832006

PCT/ EPO2/ 10061 - 3 significantly inhibited by either high salt
concentration or high tenperature. Accordingly it is thus inportant to have
a gl ut am nWOBBhat s salt-resistant and t her not ol er RATEPE A nase
from Candi da famate (Japanese Patent Pubkication NO 38748/ 1994) and from
Cryptococcus al bi dus (Japanese Patent Publication NO 48759/1974) are 10

di scl osed as having salt resistance and thernostability. However the
relative activity in the presence of 18%salt of both enzynmes is as |ow as
about 50 to 69igsIfidemebpect irdhilni0edict i bty ielthwer absbhgh ofsabtt. 15

US 6063409 disclosesta glutanin sehfgon1C%gEtoccus nodaensi s whi ch
exhi bi ts hi gheToR83FE 1 EPantE " HEPPEFtUfferature resistance. 20

Besides the fact that all these glutam nases present nore or |ess the
desired features of salt-resistance and thernotolerance, they all
ori gi nates froheeedbrgby gahi S tiHis geneeutayt ate pavioderg¥wraminase and

are therefore not recoghised as.safe _nar _as_food-grade. The 25 use of
cul tures o% s&ﬁéﬁﬁ%§o§%$séﬁ?§ﬁ§tﬁg iﬁﬁgsgﬁﬁFQ&aﬂ#%ﬁﬁﬁ“extended
purification in order to recover enzynes. These kind of manipul ation are

cunber sone and _ _
Glutaminase from Candida famate (Tapanese 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 ébsence
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



woul d make inpossible the use of the mcro-organism2 7 FEB 2006 WD

03/ 022068 PCT/ EP02/ 10061 - 4 directly, either dead or alive, i,n aﬂ%f%ﬂ
product or at any step of the nmanufacture process of a food ﬁrB . 06
Accor di ngl t he object of the present inventionis to 5 provide a
glutaninaSX&Qﬁ%F”@§hibits salt-resistance and thereto-tdf ¥0INd t hat
cones froma mcro-organism that has a-lsng 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 thernotol erant gl utam nase from

Lact obaci | | us which _has a tenperature dependence such that it retains nore
t han 80% of i 8 rasthly t elidislecdradswy apdivsC, im safpodepapdiiste oSUET t hat

1 2SHULY. Ko e dY SRIGR A0 1SRG, U6 Lr 000 LoER % of

activation is about 80 to 150 kJ.nol-1, preferably 90 to 120 kJ.nol -i,
nore preferably 100 to_ 110 kJ.npol-1. 20 In the drawings : Figure 1 shows
the pH depend@FCOTHIARY gl ranPRaset Wheltdia mrsasent cAnveRtiogefisndq he

rel ative tiwy . Ay Fﬁﬁ e : g _ R ivity
inthe in |ca¥ggxggﬁigﬁggyl |gﬁé§§§ gﬂ%ﬁsQ?ﬁgs?gﬁpgﬁggukggﬂépen ené%ﬁ%f t he
gl ut am nase whdrermidrolestamad ands tdeft neohbe Maloa | ¥emicro-organism

that has a long history of use in food process and that

is therefore food-grade.

10 To this end, 1;he present invention provides a new salt-
resistant and thermotolerant glutaminase from
Lactobacilius 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

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



2 7 FEB 200B WD 03/ 022068 PCTI EPO2/ 10061 - 5 activity (R A) expressed as

percentage of the maxi mum activity in the tenperature rangz?’(ﬁﬁ.‘%5 @'@?ure 3
shows the salt dependence of the glutam nase 5 where the v i S

define the relative activity (R A) expressed as percentage of the nmaxi num
activity ™MWPPHEKC concentration range in percent W\R‘%&@Pi’!ﬂoﬁi gure 4
exhibits the thermal stability of the 10.glutam nase and shows : A - the
change of the residual activity (RA) as a function of incubation tinme t
(mn.) at (+) 45C, (o) 55C, (A) 60C, (N) 65C and (S) 75C 15 B - Arrhenius
plot of the neperian logarithmof rate constant of thermal inactivation k
(mn™'") as a famkcitviony of Rt Ae) r ecigreacald af penpenbhgee ofl/dhe . m20indine
present inventiaon, is descr%ﬁed in nore detail hereafter. The present

sal t - r esi st ant2THEFHof ot RrGie GPUPSHRRHEE YAEFEDE (5dduced by a process
whi ch conprises 25 cultivating a m cro-organi smbel onging to the genus
Lact obaci |l lus, preferably Lactobacillus rhamosus having the ability to
produce the sdligumrsi 8t aftows hehavsallér aldpeldarare nase thwergbyt ambdaseng
the salt 257 ﬁv%?elgglghe%gggggg 68axis define the relative activity
(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
£(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 presenﬁ invention is 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-



PCT/ EPO2/ 10061 - 6 resistant thernotol erant gl utam nase and then

recovering it. A Lactobacillus rhamosus strain having the Lf?urgsd

ability was deposited by way of exanple under the 5 Budape T t%ﬂﬂét t he
Col l ection National de Cultures de M croorgani snes (Cl\l% [ nstitut

Past eur, 2WOO¥B208 Docteur Roux, 75724 Paris Cedex 15, PEFERRIYS, aoril s,
2000 under the reference CNCM 1-2433. 10eUsually, the cultivation process
is advantageously carried out in aliquid mediumin jar, flask or

bi oreactor, for exanple. The tenperature of the nmedium may range from 35C
to 55C, and the cultivation tine %/ be of hours or nore. 15 The culture
medi um may | MEPTHECER car H{}}?%%ﬂg 2®bnos ReSand 8gosaklRBri des
such as gl ucosgeovaRLhgser . dextrines and other carbon source from vegetal
origin such as wheat, CTorn, wheat gluten or soya for exanple. The culture
medi um may i Nl Jeéetabadiibgen r2emmenee shrhideshayeiptg débe pregeinsdand

am no aci ds om ng fromfromvegetal .origin su as wheat, caqrn, eat
gluten or soy%:’gaslakgl Ivf’a?or‘f@&?‘%?%& e g‘lﬁﬁ ufé nEdPBRr-Got BPAET af'%gr
cul tivatign n@ﬂdﬁ%@éstuma%@' HHCh AT ceNIXPR At dttivbrEharet eni saben but

25 may al so be subjected to solid/liquid separation and purification. The
cul ture nedi udendjcabsrgbaistesd (GNGM) a protetntcdassiemimg Ffediwen flor t he

ol utam nase tQ. dgai RaLes Yasadl AT SN Adeds, Houever shnce, tpe

2000 under the reference CNCM I-2433.

10 Usually, the cultivation process is advantageously
carried out in a liquid medium in Jjar, 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, dextrineg 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



salt-resi stant thernotol erant gl utam nase according to 2 7 FEB 2006 WD
03/ 022068 PCT/ EP02/ 10061 - 7 - the present invention is ne ?ng $gmm? a
further step may be necessary to rel ease the enzyne fromt E

order to further characterise it and/or to increase |ts actlyQ] Thus,
convent i orf¥P 0&9E2468e extraction 5 nethods may be appl i ed” CHEF* gﬁpl it is
possible to wuse mechanical grinding and di sruption, sonication or

ul trasonication, use of detergents, lysis of the cells using |ysozynme or
ot her kind of method allow ng release of the enzyne fromthe nenbrane.
Hence, by these 10 techni ques, a crude enzyme solution of the salt-

resi st ant thermm¢Qpeeaantgﬁnwamkdase:haym@mbpamgabemmi anﬂmnﬁhencsm@pain a
nore purified solution, the cru ne preparation ubj e dto a
Sui Lable | ContiAL PBnBEeBRAOHb: Gr SR SRM IR SR (EPOR 139G et fues
using various fhngrQ&ri €8 %ﬁ?ﬁﬂé%”éhafé%teﬁ%@@pig BEAF ogeldd!| Ns@red&AS
cel l ul ose, QAE Sephadex or Hydroxyapatite, ge ltration using Sephadex
or Superdex wh©$eb@0blputyfleﬂheﬁzynwomwepmramﬁdn ez YeE ol aeidl 020

Anot her aspect_of. t res | concerns.the, _use of a ture
cont ai ni ngpa JaFY h?%%l lg?gn & é?\ir?[ﬁém g‘rn%te’é?‘ﬂrf’%ﬁ niie 1fr HRSS sa]rtﬂjé ac? ! | us
in a process i9& ReedusiiRGIa DFDRIORG! ¥Rt edisRast o2l lebniaGuldr 6r
medi um containing the salt-

ultrasonication, use of detergents, lysis of the cells

using lysozyme or other kind of method allowing release
of the enzyme from the membrane. Hence, by these

10 techniques, a c¢rude 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 technigues using various kind of ion exchangers, for
example DEAE cellulose, TEAE cellulose, QAE Sephadex or
Hydroxyapatife, gel filtration wusing 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 DLactobacillus in a
process for producing a biohydrolysate.

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 procegs or



25 resistant thernotol erant gl utam nase according to the present invention
may be added in the step of mxing or in the step of fernentation and/or
ageing of a process for producing biohydrol ysates starting f? gmFER 2006
protei naceoiis material such as soy sauce process or 2 7 FEB 2006 WO

03/ 022068 P¥ePEPE%B10061 - 8 - wheat gl uten hydrol ysat-e. PGUEPIZOIG Ur €
medi um may be the cell-containing nmedium gbtained after cultivation of
Lact obaci | | us rhamosus (CNCM 1-2433). This cell- containing nmedi um or
cell-fractions-containing nediumb5 may al so be concentrated by |iquid-solid
separation neans in order to recover cell-containing residue.

Advant ageousl| yhe&he girtienn hyddodggadleso $ecla muiture madwhincmeahebenzyne

has been relegsed froamthe cells b soni cation, lysis, or any,appropriate
toans. 10’ 1 nEBR. AT A | REd Loy SF AT 2 Fher Pl LT85} BBane.
wheat gl uten,of. g SpdbXELuM WhanRniRl |(¥nefnat Ui esh st areRy makefial s

(rice, wheat, <corn, ...) and after the water content of the mxture is
adj usted to 39oubednangojmedivuhd drs tadiufabetionBoconteindmgy coktivat ed in

SUbj oot edt o TREr ATt 15 SRECHRR T bfel LOPAR-500A Cof SSRPAREISB ng of
a protein-conhabAknNgiABt §Fdat My beecaeeior pBl Usbngathtingr eadegeequs
enzynmes from koji or 20 technical added enzymes in the presence of a
Advantageously, the medium used may also be a mixture
in which the enzyme has been released from the cells by
gonication, 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 i1s then mixed with brine and subjected to
fermentation and ageing. However, the step of
hydrolysing of a protein-containing wmaterial 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-resistant
thermotolerant glutaminase from Lactobacillus in a
process for producing a bichydrolysate. Advantageously,
the biohydrolysate is a soy sauce or wheat dluten

hydrolysate. The salt-resistant thermotolerant



Lactobacillus providing a glutam nase activity, preferably a Lactobacillus
rhammosus, nore preferably Lactobacillus rhamosus (CNCNI1-24§3£ ﬁ% Ether
aspect of the present invention concerns the 25 use of a m x4 Jr 668 200
containing a salt-resistant thernotol erant gl utam nase from Lactobacill us
in a proce¥® %P8 oduci ng a bi ohydrol ysate. Advant ageoB8TAEP2/1Dlse

bi ohydrol ysate is a soy sauce or wheat glgten hydrolysate. The
salt-resistant thernotolerant 2 7 FEB 2006 WO 03/ 022068 PCT/ EP02110061 - 9
gl utam nase according to the present invention nay be wuse at the step of
hydrol ysing and/or at the step of ageing in the biohydrol ysate process
production. Tgduhswivalke rasdécstdingt ker ndtol praaenyl damntdsm Saypiss fi ed

or cell-bound) accqrdj tQ the present . invention, may _th be added in a
process for p%ﬁauéﬁhgéﬂgpgggﬁnPﬁrgﬁ§r83ﬁﬁ¥W%rﬁP éﬁ?iaés /%€e8m9§)
acids as a pagkifly AnTHHY BNCHidAISHdI GORREASNt SrodRcBU6R. @ process
protein materials or protein-containing 10 naterials are hydrolysed with at

| east one prof86l ytiew emalie waskbeprek eolbtgrmatipdgnadont Sitmitegiress i al |
such as ackoji A npl ta it igh.salt-_resjista a
thernDtoIgranégpg%ﬁgé%théﬁirgggﬁtﬁgﬁ?é%g ?gcagéangn t% pE%%esg%%ﬁﬁqﬁﬁ ng
protei n hydr oiygeatdonl mdy ghhdenper akdded and i ghosass €encpriddidien i n

produci ng glutam c acid-rich seasonjng, for exanple, ] .
food and drink containing peptides and/or amino acids
ags 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 procegs 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 efficlently.

20 Glutaminase activity test
Glutaminase activity is tested by determining the
formation of IL-glutamate from L-glutamine using a
colorimetric method (kit Boehringer Mannheim, n°l39
092, Darmstadt, Germany) . The reaction wmixture,

25 containing 0.5 ml of 60 wM 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



foods significantly reinforced with glutamc acid as a tasting conponent

may be obtained efficiently. 20 3 utam nase activity test Cir&tg.gbnase
activity is tested by determning the formation of L-gl utafdt r P

L-glutam ne using a colorinetric nethod (kit Boehringer Mannheim n].39
092, Dar nsweds/022¢8r nany). The reaction m xture, 25 cont BFHERBSE i~ of 60
mM L-glutamne in 50 mM sodi um phosphatggbuffer pH 7.0 is preincubated at
37C for 3 mn and the reaction is started by adding 0.5 m of the enzyne
containing preparation to be tested. The incubation is carried out at.37C
for 20 to 30 min. The 2 7 FEB 200B WO 03/ 022068 - 10 PCT/ EP02/ 10061
reaction is steppetobyligostopyecthdsarpdbinonthecsampéesampuricodf Fheat amat e

produced is subsequentl en ticgally determnped. .One uni.t of
glutaninasezéﬁb%ﬁgy i § deﬂqiﬁ?%ﬂé She %rgﬁBﬁﬁ oflgnzyﬁ§9§é§%??%%¥ates 1
prol of gl ut asmtem@peicall ¢ dadeimihedabove conditions. Measurenent of

pH dependence The pH-dependence of gl utam nase activity was 10 determ ned
over the pH r@mgeudly. (& utefhidseaninaset gctimityedsedafdngd 100 BMebuff er

i ndi cating various p and is illustrated i n_Figure fter incubation of
the enzyie SBIGERbNOR EHEHTE REPCodHEBAAEES dn HIC oI ARHRAMRTS S05FM 1
100 mM buff erp{9r;38eP Phat aBéfe conditions.

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 wM in 100 mM Dbuffer 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
godium phosphate
pH-7 and 7.5 : 100 mM sodium phosphate

20 PH 8 and 9 : 100 mM Tris/ HC1
Each experiment point 1is the average of two
determinations and the activitles 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 1is about pH 7.0. The enzyme 1is
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



15 glutam nase activity was determ ned as described in the section "

gl utam nase activity test >> Buffer used : pH4 to 6.5 : 100 g\/lggbt éﬂat e/
200 mM 20 sodi um phosphate pH 7 and 7.5 : 100 nmM sodi um phosp% t 08 and
9 : 100 MM Tris/ HCl1 Each experinment point is the average of two

det er ni nat iYWRAYXAY8t he activities are expressed as per cCREFERE4006f t he -
maxi mum activity observed in the pH ran 4-9. 25 The optinmum pH val ue for
t he gl utam nase according to the present invention is about pH 7.0. The
enzyne is |ess active at |ower pH values since around 62 % of the

activity is lost at pH about GO On the contrary, the enzynme has greater

activity in albdetause tdiacuacidi engHe® & RB 2000viE,/08£022068mains at
PCT/ EP02110061 - 11 _because about_74 and 69 % of activity still renmains

at pH 8 and PF &pardi Ver§ePeerpeedture dependence 5 The tenperature
dependence of glutam nase activity was determ ned by incubating the enzyme
wth substrate for 30 mn at different tenperatures in the range of 25 to
80C as shown iTempersieule dbpeéadenase activity was determ ned as descri bed
in << glutam nase assays >>. 10, The opti mal tenperature for gl utam nase
activity ig f%e temperature dependence of glutaminase acé%V1ty was

determined by incubating the enzyme with substrate for

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 is
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 1s 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 medium.
Relative activities of the enzyme were calculated and-

20 expressed as percentage of the activity observed
without salt (Fligure 3). Glutaminase activity is
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.
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of NaCl concentrations |lower than 10% in particular 1.8-fold inproved at
2.5%of NaC . Furthernore, in the presence of 15% of salt the 25 enzyne
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PCT/ EP0O2/ 10061 - 12 Thermal stability Thermal stability of gl utam nase was
det er mi ned betTRermal g5ahddi®¥C (Figure 4). Followi ng heat treatnent at
45C, there is no thermal inactivation. Treatnents at T 55C i nduce a
progressive inactivation of the enzyne and the glutam nase is conpletely

i nactivat ed onTheewhdt keabal it{0o5eQ Uteimiakmy Wds et dhinee BArwedhe
apparent inactivation rate constant k for thermal inactivation was plotted
agai nst the retPprBdal56F (HASBIEEt é)t-enperature (Figure 4B). As may be

seen, the Following heat treatment at 45°C, there is no thermal

inactivation. Treatments at T =2 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 4A4).

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
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d ut ami nase- cat al ysed deani nation of glutam ne was tested in 50 mM sodi um
phosphate buffer, pH 7.0, at 2 7 FEB 2006 WO 03/ 022068 PCTI EP02/ 10061 - 13
37C using 12 different concentrations of glutamine ranging fromO0.5 to 80
mM  Substrat e3l7rin busiag was rdif fat@nt f i eadentrdtheogd utcn geutamine
concentration range used. The catal ytic behavi our of_ gl utam nase with

glutanine 5 cAAISETFeLGAH DyEMEhABE- | SUPRERRER Ea%}éb%ﬁozlzwasm@t
catalytic par gighald e LR eggaggﬁt%l\e@ Wikt 08 on | 2EHEESLQRAIS] N

Li neweaver - Bur k™1 nversi on and near regression of I s- Ment en
eqn (2) : 10 Tﬁd(camaﬂysic(bhHWMmumn/emdgﬂuxamlnmaathEthngﬂmﬂammnh

maxi mal v%loc %.?I described by Michaelis-Menten equation (2). The
catalytic parameters were calculated by weighted linear
regression using Lineweaver-Burk inversion and by non-

linear regression of Michaelis-Menten egn (2)

éﬂ

* [S
K, +{S

[ ]

10 v=

(2)

[F

Where v and Vg, are the initial and maximal velocity of
the reaction, [8] is the substrate concentration and K,
is the Michaelis-Menten constant.
15
The resgult 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 hydrolyéafe. The non-linear regression of egn (2)

yielded XK, and Vg, values of 4.8 + 0.4 mM and 101 * 2

U/1, respectively.

So we can conclude that the Xm vwvalue 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.
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hydrol ysate. 2 7 FEB 2006 WD 03/ 022068 - 14 - EXAMPLE | PCTI EP02/ 10061
Cultivation of Lactobacillus A culture of Lactobacillus rhamosus (CNCM
1-2433) 5 containi ng 5.108 cfu/m is grown in a nmediumcontaining 22%
(ww) wheat gF’W FR'orquette Lestern, France), 0.1% alcal ase (Novozynes,

Bagsvaerd, Deaggggratg;gh(wfw)baa@%lm L1000 (Novozynes, Bagsvaerd,
Denmark) and 30 nM sodium acetate buffer pH 5.8 for 12h at 45C. The 10

broth is thenAcoolhidtdume 46fandartmbdicdtlding subpmopets t dCHAM y3i-8243BXAMPLE
H Enzyn‘espreggr %glz.%g_ng 5.10% cfu/ml is grown in a medium containing
22% (w/w) wheat gluten (Roguette, Lestern, France),
0.1% alcalase (Novozymes, Bagsvaerd, Denmark), 4% (w/w)
Flavorzyme L1000 {(Novozymes, Bagsvaerd, Denmark) and 30
M 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 pE 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 lysoz?me for 1h at 37°C. This solution was

stored at 4°C and used for enzyme assays.

EXAMPLE IIX
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 =alt 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



15 After cultivation, the nediumis washed 3 tines with 50 mM sodium
phosphate buffer pH 7.0 and finally reconstituted in the safgnpuffer
containing 10a (wv) sucrose and 1 nM PMSF. Because the gl kEh 805 s
menbr ane- bound, the hydrol ysate was subjected to 1 20 ng/m |ysozyne for ih
at 37C. Thi ¥09P36on was stored at 4C and used for enzywerms®ay®m: EXAMPLE
I'1'l Production of an inproved soy sauce.;25 0.2 kg of Koji mnould was

i noculated into a mxture of 1.2 kg of éefatted and crushed soybeans, 0.3
kg of wheat gluten, 1.2 kg of salt and 3.4 kg of water to forma norom
according to a conventional process for producing soy sauce koji. in a
separ at e st eppedinem?2 obtBER 0 6o AR D3 2260 6 8 xBEHAEPIR2 M) 6dent #5Fugedi um
obt ai ned according to exanple | was centrifuged at 2000xg for 10 min. The
resul ting supefna&0ixaadordi seamied aREet heegeling nsapengteedi dWaswas
added to the L. above. e mxiure thus.obtained was 5 subject to a
traditional n%g/%%gr 3§m%‘n%attﬁgen %?%%é%‘gnt%ﬁ%lﬁ% t ﬁaf%@gy,wat%eagaecg ES

sal t -resi st anthéhemagbalier aliovey! ut ahé nagexacesmuikahgd idsbidbned was
cell-containing ,residue of nediumexanple | deam nates the gl utanmate
present ifA MFBRICEERANGD Fe Erasikigunt eHOESMC Hi et A0 at PEPEEEST y

yield of glutgﬂateiﬁndtﬁgtprQQyPG SndBtL £ 30N SAUGE . thermotolerant

glutaminase accunulated in the cell-containing
residue 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

g0y sauce.



2 7 FEB 2006 -16 CLAIMS 1. A Process for producing a salt-resi zéEaBnt Dﬁr’
t hernot ol erant gl utam nase, which conprises cultivating a miZc f o @Q sm
bel ongi ng to the genus Lactobacill us H ving the ability to produce a
salt-resistant thernotol erant glutam nase, thereby producing the salt-
resi stant thernotol erant glutam nase and then 10 recovering it. 2. A
Process according to claiml1, in which the Lactobacillus is Lactobacillus
rhaznnosus (CNCM | - 2433). 15 3. Use of a mixture containing a
salt-resistant thernotol erant gl utagraaseg obtai ned according to the
process of claim1 in a process for producing a biohydrolysate. 20 4. Use
according to claim3, in which the mxture is a Lactobacillus

cell -containing nmedium or cell-fractions- containing nmedium 25 5. Use
according to claim3, in which the biohydrolysate is a soy sauce or a
wheat gl uterni. hydy ol yaaiasss for producing a salt-resistant

5 thermotolerant glutaminase, which comprises cultivating
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

10 recovering it.

2. A Process according to claim 1, in which the

Lactobacillus i1s Lactobacillus rhaznnosus (CNCM 1~

2433) .

15
3. Use of a mixture containing a salt-resistant
thermotolerant glutaminase obtained according to the
process of claim 1 in a process for producing a
biohydrolysate.

20
4. Use according to claim 3, in which the mixture is a
Lactobacillus cell-containing medium or cell-fractions-
containing medium.

25 5. Use according to claim 3, in which the

bichydrolysate 1s a soy sauce or a wheat gluten

hydrolysate.



