1 CLAIMS 1. A substantially biologicall pure culture of an alga species
Lobosphaera TM«33 deposited as ATCC 75630 e which is
characterized in having the follow ng cha E; Cjoéi |t h rol yzes
[err]-nrehayose 2,21-di deoxy-[err]- trehalose and ehalose

into thejr onstltutlng sugars, respectively while it does not ac
neotrehagosé, | act ose, maltose, cellobiose and sucrose; (D) Its Oﬁyi mm
pHis 5°#0*6; (c) its optimumtenperature is perr] C; (d) it isliMtdbibery

agai nst -heating up to [err] C; (e) t he nol ecul ar wei ght neasured by a

gel filtration is 400,000 to 500 an i ght of the

subunit as neasured by an SDS- PA 1@8 338”?h6§§g&ggMe () Its

i soel ectric point as BChE faheFATTIRING SuGard (0)
TERMLAGS mat%o% #‘mb

it is a glycoprotein. manuf acturing a trehal ose
conprising contacting the trehal ase ofyCgarfy BNwwide gl ucose. 4. met hod
for manufacturing a trehal ose according to the process of claim3, further
conprising wherein said trehal ase was produced by an al ga species
Lobosphaera BACKSROUNEPOEI THH INVENTIONCC  75630. 2 5. A net hod
for manufacturing 2,2'-di deoxy-[err]-trehal ose conpri sing contactlng t he
trehal ase of claiRi€ldiof theebnyghttose.

The present invention relates to novel enzyme of treha-
lase and also to a method of manufacturing sugars by the
enzyme. Morxe particularly, it relates to a novel trehalase
derivéd from an alga which belongs to Lobosphaera, Chlorel-
laceae and also to a method of manufacturing trehalose,

2,2’ ~dideoxy-o,, .’ -trehalose (hereinafter referred to as
2,2’-dideoxytrehalose) and 2-deoxy-o,a’-~trehalose (hereinaf-

ter referred to as 2-deoxytrehalose) by the enzyme.

2. Description of the Related Art

Trehalose is a kind of nonreducing disaccharides in
which two molecules of D-glucose are bonded with the o,a’-
1,1’ linkage. In insects, it is available in their blood
and lymph and serves as a stored blood sugar for a mobile
energy source. Also, it is said that trehalose exhibits an
effect as an antifreezer and hence, insects control in sone
seasons, its concentration for achieving a resistance
against coldness.

Trehalase is an enzyme which hydrolyzes trehalose into

two glucose molecules. This enzfme distributes among higher



6. A nmethod for manufacturing 2,2'-dideoxy-[err]-trehal ose according to
the process of claimb5, further conprising wherein said trehal ase was
produced by an al ga speci es Lobosphaera TM 33 deposited as ATCC 75630. 7.
A nethod for manufacturing 2'-dideoxy-[err];trehal ose conprising
contacting the trehalase of claim2 with a m xture of 2-deoxyglucose and

gl ucose. 8. amimalfodsMBLlARELEELDE RE FadSox PGS r |21 chal &S or di ng
broduced by ahSLAEHOSBec LS -DobBIFRROTASTHETS AlEharies o Uie mT Ry e gapeard
T the tield 5P BRAFRECaanieRec Witk BRodtll il thol) Btidisg Wicn 88T
ensymatic act yopOREEkLin® §eRhe) Mok Hnl Hnayiltiiay Y FOTEF A2 C096)
anti body for Lpngepeptefiycearaenss idi.dgaea Ml catdgdy 698 146057) -yeasts

Moreover, there is a report on the use for inproving the stability of cells
on storage angu&hr ast 8acktharofyceec gennsand .alpEelon dhum Use(D964 y ehad pse

derivatives as anticancer agents (Japanese Laid Open Publication

62/ 174094). Fbp67tjanphd, filameatoasn fangin sivdi dddgyvmsgil heys ogénast (Jity

of 2-deoxyglucose inhibits the chain formation of glycopro- teins and

gl ycol i pi ds aBaatewiebel/i € 186©63984i,s11883) ,qNesuspora genus (J. Bacteri-
ol., (1973) 115, 582), Humicola (Biochim. Biophys. Acta,
{(1978) 525, 162) or Phycomyces (Biochim. Biophys. Acta,
(1975), 391, 154); and the like have been known. All of
those contéin trehalase either in cells or in spores.
Besides the above, Trichoderma genus (Can. J. Microbiol.,
(1978) 24, 1280) and Chaetomium genus (Examined Japanese
Patent Publication 22917/85) have been reported as microor-
ganisms producing trehalase outside the cells. However,
there has been no report on trehalase derived from Chloro-
phyceae (green algae).

With regard to the use of trehalose, applications as a

sweetening agent causing little dental caries and having
action against dental caries and action of promoting a
promulgation of Bifidus bacteria as a novel material for
food have been proposed {(Japanese Laid Open Publication
63/240758). In addition, there is a report that, when
certain amount of trehalose is added to beverages or food

materials containing water, denaturation of protein in

beverages and food material can be prevented (National



and mannose whereby growth of fibroblast is inhibited and anticancer action
Is resulted: In manufacturing trehal ose, there is a nethod in which

trehal ose is produced in vitro by nmeans of an enzymatic reaction in
addition to a nethod in which trehal ose is accynul ated in and outside the
cells of the
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4 method in ich maltose is treated with maltose phosphory- |ase and

trehal ose phoshleaabynscHieviRiyla@tofads ebfl the drsyheslabéplelcdntibody
(Exam ned Japanese Publication 60998/88). Wth regard to nethods for

manuf act ur i ng £2x2'ladigd eni-od r(@eparsesarith 24 depeny t Pebbication 60Vhdado2).
chem cal synthe- sis (Nouveau Journal De Chime, (1980) 4, 59) and a nethod
by utilizing Mergievexsymidfermmzses xdhaxhion cehetudp opdysivproviag thes4)
803, 284 and Biochinica et Biophysica Acta, (1969) 184, 77) are avail able.
However, in tfEadddidmad 9P o iatesrgemed ferebablibizingcyapeiaes |y

avai l abl e, there, are di sadvant ages . . .
and also on(¥ﬁe use of trehalose derivatives as anticancer

agents (Japanese Laid Open Publication 62/174094). For
example, it has been known that the physiological activity
of 2~deoxyglucose inhibits the chain formation of glycopro-
teins and glycolipids as a metabolic antagonist for glucose
and mannose whereby growth of fibroblast is inhibited and

anticancer action is resulted,

v

In manufacturing trehalose, there is a method in which
trehalose is produced in vitro by means of an enzymatic
reaction in addition to a method in which trehalose is
accumulated in and outside the cells of the microorganisms.
With regard to a production ﬁsing microorganisms, a method
of preparing from baker’s yeast containing trehalose in
large quantities is common. For example, a method in which
a compressed yeast is extracted with 95% (v/v) ethanol to
give trehalose (J. Am. Chem. Soc., (1950) 2059) and that in
which baker’s yeast is extracted with 90% (v/v) ethanol to
give trehalose (Nippon Nogei Kagaku Kaishi, vol.27, (1953)

412) have been known. With regard to an enzymatic method, a



that units produced by the mcroorganismare |ow and that the efficiency in
t he condensation reaction (reverse reac- tion) fromglucose to trehal ose is
extfenely low. Especially in a nethod of preparing trehal ose by ex-
traction of baker's yeast, a |large anobunt of gn organic solvent is

. ca: . 4 .
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he: cont am nabREod 8 WBEHBIROL CARLLACEEPRRGCL FERE BB) tope PRGNy
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the enzynes - nmltose phosphorylase and trehal ose phosphorylase - requires

high cost and manyggihfiregapht t6SmethBhs koranahbiehctRiriad i2) 2Midieoxy~
trehal ose excreted fromcells is purified (Japanese Laid en Publication

5 05/211882) .tiéhEVese andanydebxyieeRalekegda, melthodaby adrentiltaINgGidies s
hi gh and, accordingly, the use is limted. In a nethod of manufacturing

2,2' -di deoxytsiha{Neevaead Jodena)t Dehahdmdéehy (19809 &f, S¥9nmiaswl asymetiiexd s,
there are di sadvantages that the steps are conplicated and the yield is

| ow, while irby weihbdihg metabodismepibenzymest (Biophdmiceh@te Bijaphysica
di sadvant ages that the production is |ow and the purifying steps are

conpl i cat ed. AFRMARKL 284 THBOBNVERH erd Biochimica et Biophysica Acta,

(1969) 184, 77) are available.

However, in the above-mentioned trehalase which is
known or is commercially available, there are disadvantages
that units produced by the microorganism are low and that
the efficiency in the condensation reaction (reverse reac-
tion) from glucose to trehalose is extremely low.

Especially in a method of preparing trehalose by ex-
traction of baker'’'s yeast, a large amount of an organic
solvent is necessary and, in addition, complicated steps are
nécessary for removing the contaminants. In a method of
manufacturing trehalose by treating maltose with maltose
phosphorylase and trehalose phosphorylase which is a well-
known method utilizing enzymes, there are so many disadvan-
tages that the manufacturing steps are complicated and that
the manufacture of the enzymes - maltose phosphorylase and
trehalose phosphorylase - requires high cost and many diffi-
culties.

There is another ﬁethod in which trehalose excreted

from cells is purified (Japanese Laid Open Publication



In order to solve the above-nentioned problens, the present inventors have
wi dely carried out the search for finding m croorgani sns producing

trehal ase in nature and found that a new strain which is considered to
belong to a green al ga of Lobosphaera, Chlorellsaceae, Chl orophyceae,

Chl orophyt a asf)?/?gg_ﬁgggpro%%%eg, g rf RAIAS &l &€ M d BRI s Ml Whehufac-

requirenents. S n further found tHat the resulting enzyme exhibits
hi gher thernal tatablyl icbt! RaNHilkd nmdalases-diiEly hafe ReRD 1£Poiheted.
previously. The trehal ase of the present invention is produced by a green
al gae of Lobosphaer an @hmetdlodaefamantfavtapiye ae, 2 Chl idaphyt reltdtb s@anahé
obtained fromits culture broth and it has the follow ng characteristic

properties: (1R-deokytrehplese dy meanrselvefl adhemitzdll -simidesig ertljere are
-trehal ose and 2-deoxy-[err]-trehal ose into each of their constituting
sugars whil e | digsdyvantages: tihatndder siEps @re aanplicated aand the |[phedde

and sucrose; (2) its optimumpHis 5 to 6 6, (3) its optinmmtenperature
is [err] (4) ii&sidow,amhdlegdinms meddod Py peans s matabelisnm el enaymes,
wei ght nmeas- ured by filtration is 400,0Q0-500,000 and the nol ecul ar

el
wel ght of the SHEHR ATS adTRNTeaas (thAY A PIRIRIGH 4is et T the
electrophoresis.%h%reinafter referred t.q agi S- PAGE) is 180, 000- 250, 000;
(6) its isoel ePHe B’d‘inrgt sﬁ@gsgugd:eofof‘?&&c& $%cf ocusi ng is 2.7; and (7) it
is a glycoprotein. BRI EF DESCRI PTI ON OF THE DRAW NGS

SUMMARY OF THE INVENTION

In orxrder to solve the above-mentioned problems, the
present inventors have widely carried out the search for
finding microorganisms producing trehalase in nature and
found that a new strain which is considered to belong to a
green alga of Lobosphaera, Chlorellaceae, Chlorophyceae,
Chlorophyta as a potent producer of a trehalase which meets
with the requirements. It has been further found that the
resulting enzyme exhibits higher thermal stability than the
trehalases which have been reported previously.

Thé trehalase of the present invention is produced by a
green algae of Lobosphaera, Chlorellaceae, Chlorophyceae,
Chlorophyta and can be obtained from its culture broth and
it has the following characteristic properties: (1) it
hydrolyzes «,a’~trehalose, 2,2’-dideoxy-c,a’-trehalose and
2-~deoxy~c,a’~-trehalose into each of their constituting
sugars while it does not act on neotrehalose, lactose,

maltose, cellobiose and sucrose; (2) its optimum pH is 5 to



Drawi.ngs attached hereto are as follows. Fig. 1 is a schene of the al ga

whi ch produces trehal ase of the present invention under a m croscope; Fig.

2 is-a chart when the trehal ase of the present invention is subjected to an

FPLC, Fig. 3 is a graph showi ng the optinmum tergperature of trehal ase of the
e
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treated with trehal aSe;] Fig. 8 is an Fab-Ms anal ysis spectrum of the
condensa- ti ONw@igHUCHES RAMN subublidPhe sodifunt R JUBAGRIL fdueN | Sollydt By 18-
is a 13C-NWR anal ysis of the condensation pro- duct in Exanple 6 of the
present inventmbde gel7ekegtrbphoresist r(leneislaftmrtefetred to as SDS~
2,2' -dideoxytreha- lose; Fig. 11 is an HPLC chart of 2-deoxytrehal ose
produced by t hBAGEAcHBoA8Ef 020250y @00zodd Jandsylimnssietaith poini-measeed
Fig. 12 is an Fab-Ms anal ysis spectrum of the condensa- :

by isoelectricfocusing is 2.7; and (7) it is a glycoprotein.
BRIEF DESCRIPTION OF THE DRAWINGS

Drawings attached hereto are as follows.

Fig. 1 is a scheme of the alga which produces trehalase
of the present invention under a microscope;

Fig. 2 is a chart when the trehalase of the present
invention is subjected to an FPLC:;

Fig. 3 is a graph showing the optimum temperature of
trehalase of the present invention;

Fig. 4 is a graph showing the stability of trehalase of
the present invention against temperature;

Fig. 5 is a graph showing the optimum pH of trehalase
of the present invention;

Fig. 6 is a graph showing the stability of trehalase of
the present invention against pH;

Fig. 7 is an'HPLc chart of 2,2’-dideoxytrehalose pro-
duced when 2-deoxyglucose is treated with trehalase;

Fig. 8 is an Fab-MS analysis spectrum of the condensa-
tion product shown in Example 6 of ﬁhe present invention;

Fig. 9 is a 13conMr analysis of the condensation pro-

duct in Example 6 of the present invention;



tion product in Exanple 7 of the present invention; Fig. 13 is a 13C NWR
anal ysi s of- the condensation pro- duct in Exanple 7 of the present
invention; and Fig. 14 is a structural fornula of 2-deoxytrehal ose.

DETAI LED DESCRI PTI ON OF THE PREDERRED EMBCODI MENT Since the alga collected
fromthe soil in Yao Cty, Osaka Prefecture exXhibited the follow ng

nmor phol ogi cal and | uryi r i t,EnyentQ ' -
identi- fy it by c%g'drﬁﬁgqﬁffﬁgﬁﬁékgﬁgggbﬁg§ore§£5?$a?hg) %?d%g#fgf%ﬁg
speci es of Chhejsel,l aceae by referring to Konarek, J. and Fott, B.
Chl or ophyceae. I n Huber - Pestal ozzi (ed.) (1983) 1044, etc. As a result,
the alga is sinlarrig.0 lobgspineEd iddSHsos PudedRybPéheXose! proadeeds
the re- ported one and, therefore, we have believed that the alga of the
present invenbyorthes redtiicpef es-deoxydlhycose i &hg §rhoogengith treha-~
Lobosphaera and naned it as Lobosphaera TM 33. This al ga has been deposited
with the ATCCl@Begosit No. 75630; Decenber 21, 1993). The present invention
i ncl udes natural Lobosphaera TM33 and its varieties and those be- |onging
to the same genus Fdndgaiamn BabdfsS mrallyshy spectrug efchheogendensa-
exhi biting the above-nentioned properties. The varieties include those
whi ch are res®O0 BREPIRRY A HrpuiR e/ \PF cHheeresent| thuertigRepar ed by
known nmeans such as,irradjation g dioifotoge fi adi at i.on_wi
518 P

h
U'travion et 11 gnEidnan oo ¥ o ohf i fppenaghestign pro-

duct in Example 7 of the present invention; and

Fig. 14 is a structural formula of 2-deoxytrehalose.

DETAILED DESCRIPTION OF THE PREDERRED EMBODIMENT

Since the alga collected from the soil in Yao City,
Osaka Prefecture exhibited the following morphological and
culturing properties, the present inventors tried to identi-
fy it by comparing with the algae (stored strains) of var-
ious species of Chlorellaceae by referring to Xomarek, J.
and Fott, B.: Chlorophyceae. In Huber - Pestalozzi (ed.)
(1983) 1044, etc. As a result, the alga is similar to
Lobosphaera tirolensis but is not exactly same as the re-
ported one and, therefore, we have believed that the alga of
the present invention is a new species or a new variety
belonging to Loobosphaera and named it as Lobosphaera TM-33.
This.alga has been deposited with the ATCC (Deposit No.
75630; December 21, 1993). The present invention includes
natural Lobosphaera TM~33 and its varieties and those be-

longing to the same genus having an ability of producing the



guanidine) and the like and a treatnment for increasing the enzyne
productivi tty by neans of gene reconbination. (1) Mrphol ogical Properties:
When the alga was cultured on an agar nedi um of Bol d's basal nedi um
(hereinafter referred to as BBM .for two weeks and observed under an
opti:cal nicroscope It had cup- Iike chJoropIagts wi th deep cuttings. Cdear

2noi d d R
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after one day, Eigtléssgggﬁﬁhﬁg dgé““iégﬁtggé;fgéﬁifg@ %anQ¥&£QS§HBe

The al ga of Lo oSphaera orel T aceae or ophyceae, rophyta

produci ng t hethbﬁaajwﬁi%h()fafeh %xﬂfﬁﬁ%}@alw Prd el OISy E¥eSwh "means such
honot rophi cal cultivation but the growng rate is higher and production of

trehal ase is gEBr¢rirBdigitdodr Wit Harhloiddtidpe) | Dicadiadbdhonith QUtraviog
Lobosphaera TM 33: Cul ture of Lobosphaera TM 33 produci ng the trehal ase of

t he present i heenllightyaghemical itarbatmientn @eith dafoe exahmpléae hdtrosbrg
manner, though the present invention is not 9 limted thereto. Preferred
basal medi um gpanidise jcemd itdhes 10K @ind % poteqiopenih fom| becreandngi the
stated, %is given by wyv hereinafter), 0.1% of yeast extract, 0.05% of
magnesi um enzyme productivity by means of gene recombination.

(1) Morphological Properties:

when the alga was cultured on an agar medium of Bold’s
basal medium (hereinafter referred to as BBM) .for two weeks
and observed under an optical microscope, it had cup-like
chloroplasts with deep cuttings. Clear pyrenoid was not
found.

(2) Properties upon Culture:

On a BBM, growth was confirmed from the fourth day. 1In
normal agar medium, growth was confirmed after one day.
Fig. 1 shows the picture of this alga under a microscope.

The alga of Lobosphaera, Chlorellaceae, Chlorophyceae,
Chlorophyta producing the trehalase of the present invention
grows even in homotrophical cultivation but the growing rate
is higher and production of trehalase is more in hetero-

trophical cultivation.

1. Method of Culturing Lobosphaera TM-33:

Culture of Lobosphaera TM-33 producing the trehalase of
the present invention may be carried out in accordance with

the following manner, though the present invention is not



sul f at e heptahydrate, 0.05% of sodium chloride, 0.1% of nonopotassi um
phesphate and 0. 1% of di potassi um phosphate. (1) Influence of Carbon
Source: The above-nenti oned basal nedi um contai ni ng 0.25% of vari ous carbon
sources given in Table 1 was prepared, sterib lized by conventional nmanner
and Lobosphaera TM 33 was inocul ated on this “medi um foll owed by subjecting

to a shake ci&%%&%dggﬂéggdojor'five days in a dark chanber. Table 1.

Activity (unit ative Activity Nothing Added 0.78

24.4 d ucose Preferred baszl 3fbdium (pH: 6.5) 8&m§r£§é§t055(w/v)%

2. 37 74.2 Gal act ose 1.84

57.6 Lactosepolypepton (unless (btiferwise stated, %2is/gbuenobg w/v

0. 69 21.6 Trehal ose 2.81 88.1
d ycerol hereinafter), V1% of yeast extrd®O, 00 (B5%0bEomagnesium

0. 82 25.7 Meli biose 0.79

24.8 Starch sulfate heptahydrates, 0.05% of sodiumighBorideg Pt 1Rsof| ear
fromTable 1 that this alga gives the sane activity as in_ the case_ of
addi ti on of WeBRRIASSIN BheFRhA AL P ntt sREdiRotnaebur Phpgphate:
gal act ose, glycerol, etc. Anong those, glycerol gave the best result.

Preferred (1) Influence of Carbon Source:

The above-mentioned basal medium containing 0.25% of
various carbon sources given in Table 1 was prepared, steri-
lized by conventional manner and Lobosphaera TM-~33 was
inoculated on this medium followed by subjecting to a shake

culture at 27°C for five days in a dark chamber.

Table 1.

Activity (unit/ml) Relative Activity

Nothing Added 0.78 24.4
Glucose 2.80 87.7
Fructose 2.37 74.2
Galactose 1.84 57.6
Lactose' 0.79 24.7
Sucrose 0.69 21.6
Trehalose 2.81 88.1
Glycerxrol 3.19 100.0
Cellobiose 0.82 25.7
Melibiose 0.79 24.8

Starch 0.6 18.8



concentration of glycerol to be added is 0.25%to 1% (2) I|nfluence of

Ni trogen Source: A shake culture was carried out at [err] for five days
using 0. 25% of glycerol, 0.05% of magnesi um sul fate heptahy- drate, 0.05%
of sodium chloride, 0.1% of nnnopotassiunlphoz hate and 0. 1% of di potassi um
phosphate (pH 6.5), as _well_as_varigus.nitr yrce I ven in Table 2
and the enzymatic %%t‘}%i? eﬁﬁsfﬁ%sﬁ?g&? EthggPé:s?I 5 ?ﬁ A &SP §b it
Table 2. Actiyl [ aj.l (QIRVIR AVIN Iy |4f 3 s
e 2 Hridl 4 g%%ygg% ALhyE 6! huhiE10HTRY WEHM)HL in a medium

62.9 Meat Ext&@ftaining such as glucosé,%¥ructose,  galactdbd VeetSE
Li quor .93 g 279 Yeaéthxtract A P

2.31 etc. & 0tﬁ8%¥¢a§ly5érbloga%ewhﬁb best r@silt. Preferred
100.0 0. 2% Meat Ex + 1.0% Pol ypeptone 1.7 50.0 It is clear

from Tabl e 2 ¢dvedenteatitonobf pglypepbantoybesadaed dat 0.258 textitct and
ot her organic nitrogen sources gave trehal ase of high activity. The above
result may give a conclusion that a medi um conposition with high
activity conprises(2)0¥nflupniepeft Bitrogew Soupseest extract, 0.75% of

gl ycerol, 0.05% of magnesi um sul fate heptahydrate, 0.05% of sodi um

chlioride, 0.1% of MoPlapkeassitnrehwaghserrird oubvads 4T Sotfesifive Hiayat e
using 0.25% of glycerol, 0.05% of magnesium sulfate heptahy-

drate, 0.05% of sodium chloride, 0.1% of monopotassium
phosphate and 0.1% of dipotassium phosphate (pH: 6.5) as
well as various nitrogen sources given in Table 2 and the

enzymatic activity was measured. The result is given in

Table 2.
Table 2.
Activity (Unit/ml) Relative Activity

Ammonium Sulfate 0.00 00.0
Polypepton 2.14 62.9
Meat Extract 1.41 44.0
Corn Steep Liquox -0.93 27.9
Yeast Extract 2.31 67.9
0.2% Yeast Ex + 0.2% Meat Ex 3.20 100.0
0.2% Meat Ex + 1.0% Polypeptone 1.70 50.0

It is clear from Table 2 that the use of polypepton,
yeast' extract, meat extract and other organic nitrogen
sources gave trehalase of high activity.

The above result may give a conclusion that a medium



(pH: 6.5), though the present invention is not limted thereto, however, it
i s:possible to use other media in which the constituents which can produce
the desired enzynme fromthe algae in large quantities by referring to the
above-nmen- tioned findings are used. 2. Meth of Manufacturing Trehal ase
or 'the Product contain- ina Trehalase: In thé production of the trehal ase
of the prese ' AN wikPO RIRMAY AL dSmpFOsels af egls 08f ApSEYBEHLENn
medi um and cgﬁ?ggégﬁgg? ?ﬂﬁﬂfo seven days eepﬁhg the pHto 3.%-%&? b !
(preferably D02%- 6 FedsithexitampalratolmsBlo GYptsr4P) eb c088! ¥ ahaghesium
under shaking or aeration. The alga which is collected fromthe culture
brot h obt ai nedlifiatei hepdanykratenyvdntd5half neahicurs uclihl easident 01 L&-ofat i on
contains the trehal ase of the present invention. Exanples of the products
whi ch cont ai honppetaseiam phogphate anidyd g% ok dipotagsunt phesphateed
powders and its freeze-dried cells. It is also possible to use in the state
such as a sufBHpabaR « HHAUGH S RRLIRAL PRI TR 1 h3 BPHalinited

VANTCN: GALL| PRSP AOVeIaE i) onPER i 19 (U rOEhar SHPRLa’ 5, which
b bt ai . ' . non| f t

qui d to anther SRPS LRSI, myikh R ace OIE d0al BB HRELAG, Ebm

acetone, ethgRgl a9gak s 1156ded b tSURR AP e kbl g 35 Enb NEbove-men-

tioned findings are used.

2. Method of nufacturing Trehalase or the Product contain-
ing Trehalase:

In the production of the trehalase of the present
invention, Lobosphaera TM—Bé is inoculated on a selected
medium and cultered for two to seven days keeping the pH to
3.5-7.5 (preferably to 5~7) and the temperature at 20-45°C
(preferably at 25-35°C) under shaking or aeration.

The alga which is collected from the culture broth
obtained hereinabove by conventional means such as centrifu-
gation contains the trehalase of the present invention.
Examples of the products which contains the trehalase are
the alga per se, or its acetone treated powders and its
freeze~dried cells. It is also possible to use in the state
such as a supernatant liquid prepared by subjecting the alga
to disintegration by a French press, an ultrasonic wave
treatment, a MANTON-GAULIN treatment, etc. followed by

centrifuging; a salted-out substance obtained by adding



centrifugation; the dried powder of the precipitate; etc. If necessary, the
enzynme may be further purified. Purification of the supernatant liquid
after disinte- gration of the cells nay be carried out by a suitable conbi-
nation of conventional means such as saltjjg out, ion ex- change resin
treatnment and the |ike. r exanpl.e, . ' syLf gt eal degg to
me ﬁuper namﬁﬁ‘ﬁhi%ﬂd‘% & ei-‘c1°|.5| i esg’g"r?%%l n%g?ﬁe cgﬁigaaﬁé t ee??ggtqi ggs

i ch preci pidsat 50 | ept,e8aQ¥ng a8Btbhbyger. The
Fesul't | ng. prad A e e R e A By P ng ARy aced
in a dialyzigigdndle adne!1:1d by zenle Usaperhitahuf i equilinagdert ghey, the
recovery in this salt- ing out nethod by ammoni um sul fate was 95% Then, in
ac- cordanceaMtidi fudiivaiy | tiel drbédogowden ofir thet pgeappytate;getc.
filtration are carried out using comrerically available resins. Wth regard
to the resi muapstdsmarye tiovenzyme | wagt benfunkhelr puri§liedted from TSK
gel SP Toyopearl 550, TSK gel Super Q Toyopearl 650 and TSK gel Toyopear |
HW manuf act ur ed BuFckicatitoDEAE- SephanpesenatanB, 1ignidppitexedigdntgvy,
Sepharose CL-6B, Sepharose CL-4B, etc. manufac- tured by Farnmacia may_ he
used. Fi nal Iggationipfuithe ¢ells maynhegakrigd etaP¥ed ayléa%%§u a

fast protein |Iiquid chromatogyaph hereinafter referred to,as .FPLQ) (10 X
300 mm  25mRaHRpIRE eC%Y?%gl?‘S# ‘g’ea'ﬁ ?Pﬁ}‘, a0 ARERARE, 9 AP AL e

280 nm by caanxfgé) frgszgt? It:r:eatment and the like. For example, a solid

ammonium sulfate is added to the supernatant liquid after
disintegrating the cells and the fractions which precipitate
at the 85% saturation are collected by a centrifuger. The
resulting precipitate is dissolved in 50mM acetate buffer
(pH: 5.5), placed in a dialyzing tube and well dialyzed
using the buffer. Incidentally, the recovery in this salt-
ing out method by ammonium sulfate was 95%. Then, in ac-
cordance with a conventional method, ion chromatography and
gel filtration are carried out using commerically available
resins. With regard to the resin used for the above, at
least one which is selected from TSK gel SP Toyopearl 550,
TSK gel Super Q-Toyopearl 650 and TSK gel Toyopearl HW
manufactured by Toso and DEAE-Sepharose CL-6B, CM-Sepharose
Fast Flow, Sepharose CL-6B, Sepharose CL-4B, etc. manufac-
tured by Farmacia may be used.

Finally, as shown in Fig. 2, one peak was obtained as a
result of a fast protein liquid chromatography (hereinafter

referred to as FPLC)(10 x 300 mm; 25mM phosphate buffer [pH:



filtration using Superose 12. 3. Properties of Trehal ase: The result of the
studi es using the enzynme which was prepared as above will be given as
follows: (1) Method for Measuring Enzymatic Activity: An enzyne sol ution
(125 [err] was added to 125 [err] of 0.1Mtrehal ose solution, treated at

ot o 784 R oRuRER oY, W B0 0P Sus S IR e B g5
unit of the enfygﬁ%%gi?ﬁéh¥%§éc#ﬁggrg L€ 415S defined as an anount of the

enzyme which pro sugar “¢orresponding to 2 [err] of
gl ucose per mnute. (2) Action: (a) Wen it is nmade acted on a diluted

aqueous sol uti®n popeehabases irkch¥dbgldzes trehal ose into glucose. (b)
When the enzynme i's nade acted on glucose of high concentration (e.g. 50%
W V), it synthesizegher ebsulseoifntheyisthdiels nsity [tHee ek WHidlehsd®se
concentra- tion)/(initial glucose concentration)]. (3) Substrate

Speci ficity: Threpanednesi sbavehwiddybei ghivemcaisf ifimlthowsed, while it

hydrol yzes trehal ose, 2-deoxytrehal ose and 2,2' -dideoxytreh- alose, it
does not hydrolyze nethyl-[err]-glucoside, phenyl-a- glucoside, naltose,

i somal t ose, sucrose110a§?§ gd £er| ¥epsuring) Egzymaddiqatistiith, etc:

An enzyme solution (125 ul) was added to 125 pl of 0.1M

trehalose solutioh, treated at 40°C for ten minutes and the
resulting glucose was determined by a Somogyi-Nelson method
[N. Nelson: J. Biol. Chem., 153, 375 (1944)]. One unit of
the enzymatic activity used here is defined as an amount of
the enzyme which produces the reducing sugar corresbonding

to 2 umole of glucose per minute.

(2) Action:

(a) When it is made acted on a diluted agueous solution
of trehalose, it hydrolyzes trehalose into glucose.

(b) When the enzyme is made acted on glucose of high
concentration (e.g. 50% w/v), it synthesizes trehalose in a
vield of 5-20% [the yield = (tréhalose concentra-~

tion)/(initial glucose concentration)].

(3) Substrate Specificity:

This enzyme is with very high specificity and, while it
hydrolyzes trehalose, 2-deoxytrehalose and 2,2’-dideoxytreh-
alose, it does not hydrolyze methyl-c-glucoside, phenyl-o-

glucoside, maltose, isomaltose, sucrose, lactose, cellobi-



(4) Optimum pH and Stability against pH Activity of the enzyne at various
pH was nmeasured by the above-nentioned nethod for neasuring the enzymatic
activity and the opti mum pH was determ ned. The result is given in Fig. 3
whi ch shows the optinmum pH of this enzygg is 5-6. Further, the residual
activity afterokegpisadudled@Eadrsh 2@twurs at various pH was neasured and
the reuslt is that, as shown in Fi'g. 4, the activity does not change until
pH 9 and, even at pH 10, it exhibits a residual activity of 83% (5)

Opt i mum Tenper at ur e (#dr)d Opttelnun tpH agel r8tabichigey atgainsA@iyity at vari ous
tenperatures was neasured by neans of the above-nentioned nethod for
neasuri ng the enzynm@Gtdvi&y @f \thehensmeoRt Narienp Shiwvae neasured by
determined. The_result is 5 wherefromthe opti mum tenperature

iven in Fig.

of this enzymsthe pROVE-MERHENRLMRtod 19 TRATHHLAT 4G \SRZYRRELF
keeping at pH 5.5 .fqQr _ten mnutes at various tepperature measur and,
it was found tﬁ&g}W%§¥ﬂﬁﬁd?4h?IﬂQflmﬁmt VRS R YSFIRP bra@m%ﬁﬁﬁsﬁggtbs
[err] and, even, [ errl..abo 90,0f 'qﬁg! | V] Yoas . R
Mol ecul ar Wi git: gnn]gllg'uﬁar%\%e#hghﬁﬂ%?ét 'S %%/ﬁr(%av%s d%?@?fngn%‘ggwe 8
means of & gel sl r g Qhdil R AN LIPS OF SHEEE Rbopngnle 98
found to be 400, 000 fo 500, J0O. e:%ubunit no é@%lar meidﬁ? as&neausused
by an SDS- PAGEs@mt pod nefiifrs atlSrarious pH was measured and the reuslt is

that, as shown in Fig. 4, the activity does not change until

PH 9 and, even at pH 10, it exhibits a residual activity of

83%.

. {5) Optimum Temperature and Stability against Temperature:
Activity at various temperatures was measured by means
of the above-mentioned method for measuring the enzymatic
activity and the optimum temperature was determined. The
result is given in Fig. 5 wherefrom the optimum temperature
of this enzyme is 65°C. In the meanwhile, the residual
activity after keeping at pH 5.5 for ten minutes at various
temperatures was measured and, it was found that, as shown
in Fig. 6, the activity did not change up to 65°C and, even

at 70°C, about 70% of residual activity was noted.

(6) Molecular Weight:

The molecular weight of thié enzyme was determined by
means of a gel filtration of FPLC using a column of Superose
12 and was found to be 400,000 to 500,000. The subunit

molecular weight as meausured by an SDS-~-PAGE method was



180, 000- 250, 000. (7) lIsoelectric Point: The isoelectric point as neasured
by a-nmethod of Vest- erberg and Svensson (Acta Chem Scand., (1966) 20,
820) using a colum (110 m) of Anmphorite (Farmacia) (pH 3.5- 10.0) was
2.7. (8) Staining of carbohydrates in the ejgynme protein: This enzynme is a
gl ycoprotein since the enzyne is posi- tive to a staining according to a
met hod by R Misdg@oo+is50 00t dl. (Anal. Biochem, (1960) 30, 148). (9)
I nhibition and Activation: Various salts and reagents were kept at [err]
for one hour at the concentration of 2.5 nMand nade to react with this
enzyne to neasure tH& Jadidogisctoie RPebatt was that, as conpared mﬁth t he
control, the enzymatic activity was inhibited to an extent of 88%
trivalent iron ion &Me tSQALeSERIR RALEDRSMABFRrey 9Y5ﬁwﬂ8FHﬁ¢n9ﬁ1V8ﬁt‘

while it was not inhibited by a divalent | ead ion and sodi et hyl di a-
m net et r aacet atFREAIT AR |13 9%w(4ﬁﬁankﬁm t%%?nﬂagné%?ggb %B'cgag)um

Vanuf act uri ng A 6t %’;e}uw 5 chit Ganth o Lt TrSPRESTRactRltt 305
i nvention acts éﬁ%gm% ope and hydrol yzes it into glucose and, at the

same time, it pro reha]ose in reversed manner in the presence of
16

(8) Staining of carbohydrates in the enzyme protein:
This enzyme is a glycoprotein since the enzyme is posi-
tive to a staining according to a method by R. M. Zacharri-

us, et al. (Anal. Biochem., (1960) 30, 148).

(9) Inhibition and Activation:

Various salts and reagents were kept at 30°C for one
hour at the concentration of 2.5 mM and made to react with
this enzyme to measure the activity. The result was that,
as compared with the control, the enzymatic activity was
inhibited to an extent of 88% by trivalent iron ion and to
an exteht of 50% ox more'by 2.5mM aluminum ion while it was
not inhibited by a divalent lead ion and sodium ethylenedia-
minetetraacetate (EDTA).

It was further found that magnesium and calcium ion had

no effect of increasing the stability of this enzyme.

4. Method of Manufacturing Trehalose by Trehalase:

The trehalase of the present invention acts on treha-

lose and hydrolyzes it into glucose and, at the same time,

it produces trehalose in reversed manner in the presence of



gl ucose of high concentration. Thus, when a treatnment is carried out by
addi ng trehalase to a glucose solution, a condensation reaction takes place
whereby trehal ose is produced in a single step in high yield in econom cal
way starting fromglucose which is availablggin | ow cost. As hereunder,
further illustration will be nmade by referring to specific exanples. The
concentration offlgtosesefubddhi sobhceddirawiwn .or Thwsaf evhedsl \a BT i .
The tenperature during the reac- tion is 20-80C or, preferably, [err]
Preferred pH i scakrhed qutabyeadfing srghajlasendesaingane sphbekn ofat he
enzynme is 0.1-200 units per gram of glucose. Though the reaction ting

vari es dependi n§CREBRSARECENBEACTIRE &kaf RISGE whenebk drehakPse obf t he
f 0.1 to 10Q h . As |t of . h, i mj tion, i} |
bosSibl e to af (BFAGEPEHatBse PYRGIR SteRorn Cishariid dib qeeiieah vy
trati [(initial gl Akl N I t hat
Che enzyme usedeFREFEAE, TElR BLACRRR, it R raniente i SR8 A A8
freeze-dried al ﬂé@euﬁﬁ@ﬁ:?nﬁuﬁ@l’%‘if iqf uﬁ%ﬁi@? ﬁéld?t%gﬁ?q%{%g%dfiﬁﬁntc

will do so far as It contains the tre e. Ina

enzyme may be uggdc@givekkamplielshe case of the inmobilized enzyne, ion
exchange resin or porous ceramc may be used as an inmmobilizing nmaterial

and, for the imobil iphat cORcehtEEATYN BE PLRERNY weed Bs T80T ahbe)yee,

may be used. The reaction solution which is subjected to the above-

ment i oned tr eat prefetably,ng0-604al (0&er) [ hethersawdexrhtgire during the reac-
tion is 20-80°C or, preferably, 40-70°C. Preferred pH is
within a range of 4 to 8. The necessary unit numbers of the
enzyme is 0.1-200 units per gram of glucose. Though the
reaction time varies depending upon the amount the enzyme
used, it is selected from the range of 0.1 to 100 hours. As

; a result of such a simple operation, it is possible to

afford trehalose in a yield of 10-20% [yield = (trehalose
concentration)/(initial glucose concentration)]. It is not
.necessaxry that the enzyme used there is particularly puri-
fied but the algae per se, freeze-dried algae, acetone
powder of the algae or a crude enzyme solution will do so
far as it contains the trehalase, In addition, immobilized
enzyme may be used as well. 1In the case of the immobilized
enzyme, ion exchange resin or porous ceramic may be used as
an immobilizing material and, for the immobilization, a
crosslinking agent such as glutaraldehyde may be used.

The reaction solution which is subjected to the above-

mentioned treatment contains trehalose, the unreacted glu-



17 cose, etc. Though the reaction solution per se, the reac- tion solution
which is concentrated or is evaporated to dryness and a powder prepared by
drying the reaction solu- tion nmay be used as a material containing

trehal ose, the reaction solution may further be highly purified by one of
t he common neans selected fromion exchangé resin treatnent, activated
charcoal chronetvegs aphg, cithonghodhep reactiona-salidriongieny sels drlg geac-
resin, etc., recrystallization and the Iike or a conbination thereof-. 5.
Met hod of Manutberusphygtion' whiighoipt comgleadTating nr P gManaratead:tqhe
same nmethod as_ i n the manufacture of trehal ose from gl ucose using the
trehal ase of tREYPEEEcARd AyvBAWEGK REFPAEFedsdy HardRy the reaction solu-

2,2 - di deoxyt r ghal b factured f 2-d | o A |
Wil be tha {REOBOBENPPEFER 6F 3 BBSRFLa GEOUe YU o0 BoMRIATg: orte

f bly, 50-70% and th ‘at ' f I T
Pl er el S d8LERR, AT A S S e, e e TOE
necessary uni ttﬂ{é "6 hiof! Ezgﬁﬁe%i@%deﬁ e Ci%ﬁle e%!&a%\?]é Zﬂ%ﬂ{“ dfeé‘é‘:ﬁent,
gram of 2-deoxyglucose. ough the reac- tion tinme nmay vary dependi ng upon

the amount of Lhe;GREUAECHASE0a! chyoRRtRIGr@DHY 0 rarf’rdnga'sfgfgbﬂpﬁé 5@4&0

hours. As a result of such a sinple operation, it is p le to afford

2, 2' - di deoxyt r efehssasingaafsekbinlg 25100 [aticrl d redsnaliddviowrand the
2,2" -dideoxytrehal ose)/(initial concentration of
like or a combination thereof.

5. Method of Manufacturing 2,2’'-Dideoxvtrehalose and 2~

Deoxvtrehalose:

The same method as in the manufacture of trehalose from
glucose using the trehalase of the present invention may be
used whereby 2,2’'-dideoxytrehalose can be manufactured from
2-deoxyglucose.

An example will be that the concentration of 2-deoxy-
glucose is 20-~80% (w/w) or, preferably, 50-70% and the
temperature is 20-80°C or, preferably, 40-60°C. The reac-
tion may be carried out at the pH of within a range of 4-8.
The necessary unit numbers of the enzyme in this case are
0.1-200 units per gram of 2-deoxyglucose. Though the reac-
tion time may vary depending upon the amount of the enzyme
used, it is selected from a range of 0.1 to 100 hours. As a
result of such a simple operation, it is possible to affoxrd
2,2’-dideoxytrehalose in a yield of 20-50% [yield = (concen-

tration of 2,2’-dideoxytrehalose)/(initial concentration of



2- deoxygl ucose)]. Further, 2-deoxytrehal ose may be prepared froma m x-
ture of 2-deoxyglucose and glucose in a nolar ratio of 10:1 to 1:1
(preferably fromb5:2 to 10:1; the sugar concentration as a mxture is
10-80% (W w) or, preferably, 50-70% (ww)) B the tenperature of [err]
(prefierably [erdjdexyguprb@fjwithin a'‘range of 4 to 8. The unit of the
enzyne neces- sary therefor may be’ 0.1-200 units per gram of 2-deoxygl u-
cose. Though the reRUFEReYi n2-RROXVEEGhaLBERIMAY BFoRTERE LS fom fHet~
enzyne used, it _is selected fromthe range of 0.1 to 100 hours. As a 1]
of such a sinpl'&%He?ti ﬁ&e‘?’fyﬁgg‘]“ﬁ‘ﬁ?iﬁPg gguﬁf)f"&r d™2 8y & é:r%“(?sé)ﬁ ﬁsoua'l
yield of 10-30%[yjeld, = on tration Q% -d t.r I T
centrations of -dgﬁLyﬁ?ﬁ%ggﬁggﬁg gfégogé ]%oTﬁgﬁéUbS?%hgiﬁ%##(ﬁyéﬁgytfégkon

o00cet 2% 5 6 e B6RARObSIE, ) Rt A ),

met hods and its structure nmay be con anal ysi s.

exanpl e, the repcting PoRPEFAthseNBEC200B0°2 JipReirerally Wd@y deaite PH
an activated charcoal columm chromatogra- phy, gel filtration an

recrystal lization wieghihes sahyecbed4at @oagnol ahel amiweicghithee afigyrre Hedys-a

fast atom bonbardnent mass (hereinafter referred to as Fab-M5) and a

struture anal yssarpytheidfopumnbgabenagte20¢ nadtsapesr (Ydn) of\NRreleoxyglu-~

trehal ase of the present invention and the nethod of manufacturing the sane

will be given aso$er eufbenghEkbhepreattion time may vary depending upon the
amount of the enzyme used, it is selected from the range of
0.1 to 100 hours. As a result of such a simple opertion, it
is possible to afford 2-deoxytrehalose in a yield of 10-30%
{yield = (concentration of 2-deoxytrehalose)/(initial con~
centrations of 2-deoxyglucose and glucose)].

The substance which was produced as a result of the
present reaction may be purified by known methods and its
structure may be confirmed by an instrumental analysis. Fox
example, the reaction product is made into a single sub-
stance by means of an activated charcoal column chromatogra-
phy, gel filtration and recrystallization and then subjected
to a molecular weight measurement by a fast atom bombardment
mass (hereinafter referred to -as Fab-MS) and a struture
analysis by a 13¢ nuclear magnetic resonance (NMR).

Novel trehalase of the present invention and the method

of manufacturing the same will be given as hereunder:

Example 1.



19 Lobosphaera TM 33 was inocul ated on a nutrient agar slant nedium
cultured at [err] for five days, one | oopful of it was inoculated on 500 ni
of aliquid nmedium (pH: 6.5) conprising 0.2% of yeast extract, 1.0% of

pol ypept on, 0.25% of glycerol, 0.05% of m&gnesi um sul fate heptahydrate,

0. 1% of di pot assi m p6psgpRa6rantMO33%wat pabdesdatteddiony dr egar ighds pajie and
subjected to a shake culture in a dark chanber at [err] for five days with
aeration. Afteslanmt mediumat cobturbd ehzPRECI foacifiiviet dawss waes losgpfarld of
found to be about 3 units of trehalase per m of the broth. The culture
broth was centitfugsdingcubatedtOnhéoﬁlg&eOfdéfA@H@ddbymﬁﬂamhggﬁﬂ)ﬁﬁSkﬁ
acetone thereto and dried to give O. of acetaone pomder of the al

Each ngy of thecﬁﬁﬁﬁbﬁléghpb?ﬁeﬁflﬁeEﬁFt§x§Fa§ﬁzy%ap|coébﬂoﬁﬁQPP réh

Lob h T 3 st | at ed t t | d
at 270C for 119 @Lyeerthe Br b émam%ga%%p%a”%ph'se“ i%aﬁsiw%mﬁztog Le
500 mM of a I| p g%t Bﬁg @6 eastdﬁé 0%
of pol ypept on, g g%@pg?S§F§C§¥SFP % fﬁ?% §ﬁ§ﬁ?hte

0. 1% of di pot %.0f |‘Jﬁ%p J8s ighhe

and sﬁakelgalféﬁbgﬁkggg78§@ g“85g$geé5§§ Fﬁgg% a q% er mnth aerati on. t
After the cul tjyaphep, r8pZ¥F%bi Qa QtWKthYa@%ﬁtE%ﬁﬁur%&ﬁ@%jﬂﬂéﬂaﬁﬂﬁldgtiﬁn,

units of trehalase per m of the broth. After the shake culture, the
culture broth yRe efapyhhtigedctoviel! #ak mMe@sured and found to be about 3

units of trehalase per ml of the broth. The culture broth
was centrifuged to collect the algae, defatted by adding 200
ml of acetone thereto and dried to give 0.15 g of acetone
powder of the algae. Each mg of the powder exhibited 10

units of enzymatic activity.

Example 2.

Lobosphaera TM-33 strain was inoculated on a nutrient
agar slant, cultured at 27°C for five days, one platinum
loopful of the algae was inoculated on 500 ml of a liquid
medium (pH: 6.5) comprising 0.2% of yeast extract, 1.0% of
ﬁolypepton, 0.25% of glycerol, 0.05% of magnesium sulfate
heptahydrate, 0.1% of dipotassium phosphate and 0.1% of
potéssium dihydrogen phosphate and shake-cultured at 27°C
for five days in a dark chamber with aeration. After the
cultivation, enzymatic activity was measured and found to be
3 units of trehalase per ml of the broth. After the shake
culture, the culture broth was centrifuged to collect the

algae, the algae was disintegrated by means of a French



al gae, the al gae was disintegrated by nmeans of a French 20 press (1,500
[err] and salted out with 90% saturated amoni um sul fate at room
tenperature. After that, the salted out product was dissolved in 50nV
acetate buffer (pH. 5.5) and dialyzed in 5¢orM acetate buffer using an
acetate dialyzing tube to give 10?n1 of* a solution containing treha- |ase.

The resul ting REeS%e(eP0Pi Baféenf di Ard sadted cytomifthe P Hh Saturatad
oL an s sopBEbans By iBegeb 2ulel s bRpRehbe o ASH e, W o

of B0 uni 1o peraifath SR PYReRE HhETHABRENDEA il SO e rhad Bk AP (Pne
Cautd chronarots Lonad fiLadyzus> 18301 ARCaRE AR Bud ek Metthel Gl ddepice
manuf act ured by;dP§Rin§OtuBB! tolgeia- %;?;i: %&Lfbe/T Wels® ut3%n( \ddﬂﬁajfdig-){éz rtgs]g&a-

1.0 M/mn; tenperature: [err] plnp: 0s0; detector: R -8

Toso) and fountase.cophai fedd¥tingenaimbr ebaueion Homtadardd A G anitoot
was further heated at [err] for ten mnutes to inactivate the enzyne and

subj ected to atrehélaseeperhmicoal col utm chromat ogrphy (10 x 150 cm
wher e- upon trehal ose was adsorbed with the colum. Then the col um was
washed with 60 liters of distilled water to

Example 3.

Glucose (5 kg) was disso}ved in 3 liters of water and
the solution was adjusted to pH 5.5 by adding citric acid
thereto. To this solution was added the enzyme solution
prepared in Example 1 in an amount of 50 units per gram of
glucose and the mixture was stirred at 50°C for 12 hours.
The reaction solution was analyzed by means of a high per-
formance liquid chromatography {(hereinafter referred to as
HPLC; column: Amido-80 manufactured by Toso; solvent: aceto-
nitrile/water 70% (v/v); flow rate: 1.0 ml/min; temperature:
35°C; pump: CCPD of Toso; detector: RI-8012 of Toso) and
found to contain 20% (w/w) of trehalose.

The reaction solution was further heated at 90°C for
ten minutes to inactivate the enzyme and subjected to an
activated charcoal column chromatogrphy (10 x 150 cm) where-
upon trehalose was adsorbed with the column. Then the
column was washed with 60 liters of distilled water to

remove glucose and eluted with 20 liters of 10% ethanol to

give trehalose. The ethanolic fraction was concentrated to



renove glucose and eluted with 20 liters of 10% ethanol to give trehal ose.
The ethanolic fraction was concentrated to 21 give 0.3 kg of trehal ose
of 97%purity. Exanple 4. ducose (5 kg) was dissolved in 4 liters of water
and citric acid was added thereto to adjust2to pH 5.5. To this solution was
added the enzygkveobuBi kg olft arehd loseBoe97& Punitgn anount of 50 units
per gram of glucose and the m xture was nade to react at the sane
tenperature for 12 hours and anal yzed by the sanme HPLC conditions as in
Exanpl e 3 where- up8xampleodt.ai ned 20% (W v) of trehal ose. The reaction
solution was heated at 90 C for ten mnutes to jnactivate the enzyne and
subj ected to an act PLugesEd (h&9Jadasc ALHHP I idt dyrbiRFs 19F xvater apd

wh trehal, .adsorb | th I § t,i vat - | .

Then the col unfiRELVBRAAI At RIATY ASREH A Lrd & iR (Fe Ehis
ted gl d_el ut | L | it % : t

[ ehal ose. “ThoountEanm; e S i Sl MarFed (Hidig i frample 2

t r ehal f 95% ' I ; ' | ' hi 4

enoyme (1 Ko OR 30 GRCERG,CE 20 anief B, Crchf of GATALD Pl (R i eese

M tsubi shi Kasghl WadeditPedact At THAGM diiditude forlepeRéefs ARG
enzynme sol ution (200,000 units) prepared by a

analyzed by the same HPLC conditions as in Example 3 where-
upon it contained 20% (w/v) of trehalose.

The reaction solution was heated at 90°C for ten
minutes to inactivate the enzyme and subjected to an acti-
vated charcaocl column chromatography (10 x 150 cm) whereupon
trehalose was adsorbed with the column of activated char-
coal. Then the column was washed with 40 liters of pure
water to remove the unreacted glucose and eluted with 20
liters of 10% ethanol to elute trehalose. The eluted frac-~
tion was concentrated to give 0.8 kg of trehalose of 95%

purity.

Examplé 5.

A carrier for preparing an immobilized enzyme (1 kg;
VA-~20 which was an anionic exchange resin manufactured by
Mitsubishi Kasei) was dipped in 50 mM acetate buffer, well
deaerated, the enzyme solution (200,000 units) prepared by a
metheod of Example 2 was added and the mixture was allowed to
stand overnight to immobilize the enzyme with the carrier.

The carrier in which the enzyme was immobilized was washed



met hod of Exanple 2 was added and the m xture was allowed to stand
overnight to inmbilize the enzyme with the carrier. The carrier in which
the enzyne was i mmobilized was washed 22 with an acetate buffer, filled
in a colum (6 x 50 cm while water of constzant tenperature was CIrcuI at ed
in a colum | aekéh an amletattlec budifenn tddedatior @ [erldmTheh » 50 omh vhdle
100 cm filled with an activated charcoal was connect- ed after the

i nobi | i zed enwghercofupensfan30%egiperedayes wag qirmslated oin (2 epglumn
distilled water; ww was CIrcuIated into the the lnactlvated char coa
colum at the Bﬁ?geﬁf tgymakeshe iGo lamy henperatang pf) f perthen a column
hour / adsor bent )
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I nactivat- ed by heating at 1000C for five mnutes, a part of the reaction

sol ution was apsizenedanduiitg b aihed rITRALR] Ipe&ﬂl}d:wﬂvau@dmwhy ungea the
same condltlons as in Exanple 3. The result is givenin Fig. 7.
result, trehalose was accumulated in the activated charcoal
column and, when the activated charcoal column was washed
with 10% (w/v) ethanol, trehalose was eluted. When the 10%
ethanolic fraction was concentrated, 1 kg of trehalose of

95% purity was obtained.

Example 6.

2-Deoxyglucose (1.4 g) was dissolved in 0.6 ml of 50mM
acetate buffer (pH: 5.5), 50 ml of the enzyme solution
prepared in Example 1 was added and the mixture was made to
react at 70°C for 48 hours. After the enzyme was inactivat-
ed by heating at 100°C for five minutes, a part of the
reaction solution was analyzed by a high performanbe liguid
chromatography under the same conditions as in Example 3.
The result is given iﬁ Fig. 7.

After completion of the reaction, the solution diluted
with 6 ml of distilled water was subjected to a treatment
with an activated charcoal column (2 x 11 cm) and Bio gel
P-2 (2.5 x 143 cm) of Biorad to give 162 mg of 2,2'-~dideoxy-

trehalose of 99% purity. As shown in Fig. 8, molecular



After conpletion of the reaction, the solution diluted with 6 m of
distilled water was subjected to a treatnent wth an activated char coal
colum (2 x 11 cm) and Bio gel P-2 (2.5 x 143 cnm) of Biorad to give 162 ny
of 2,2'-dideoxy- trehal ose of 99% purity.,4s shown in Fig. 8, nolecular

23 weight of the resulting conpound was neasured by neans of mass spetrum
(Fab- M5) (i nstwdirgiiy of) e e dRQ03Y] caffospacivasmbashrgat biyxX meghyc efol )
and, as a result of 13C nucl ear magnetic resonance (NWVR) (instrunment: JECL
JMX- EX207 68. Snddsr ;spettiammaf Falb-afSipr flinstetwent ¢ 6IBOL4 IMERPX3G3HopRiss cal
rotation (+153.80)), the structure of 2,2'-dideoxytreha- |ose as shgwn in
Fig. 10 was ca@rdegtronetenmatyix o gbyeeypldosnd,5e8 agyresudt20d myCof

gl ucose were dissolved in 1 mM of 50 mM acetate huffer .5), 50 units

of trehal ase PrEthRE% MRINYHLR PFREPBRRSE ﬁﬂgRéd&éﬂsﬁﬁHméggé S§5 UK -EX207
Lort] T 48 Mo aeds Db Sla l S ERRLLED SOLELLE" 49,207 bygd o TEUTS
0 Sl e 3. o s ot % BLIEBAN L lpo epbih R BIP iBchlfrep
TS 1 ol s oo {80 g cEpedzakl ot ¢ (o (el e
Bio gel P-2 (2.5 X dfedng1d $0 give 40
2-Deoxyglucose (500 mg) and 200 mg qf glucose were
dissolved in 1 ml of 50 nmM acetate buffer {(pH: 5.5), 50
units of trehalase produced by Lobosphaeraceae was added and
made to react at 70°C for 48 hours. A part of the reaction
solution was analyzed by means of a high performance liquid
chromatrography under the same conditions as in Example 3.
The result is given in Fig. 11.
After completion of the reaction, the mixture was
treated at 100°C for 5 minutes to inactivate the enzyme,
diluted with 6 ml of distilled water and subjected to a
treatment with an activated charcoal column (2 x 11 cm) and
a gel filtration using Bio gel P~-2 (2.5 x 143 cm) to give 40
mg of 2-deoxytrehalose of 99% purity. Molecular weight of
the resulting compound was measured by a mass spectrum
(Fab~MS) as shown in Fig. 12 and the structure of 2-deoxy-
trehalose as shown in Fig. 14 was confirmed by measuring 13¢
nuclear magnetic resonance (NMR) as shown in Fig. 13 and

optical rotation (+165.20°).

Both substances given in Examples 6 and 7 were reported



ng of 2-deoxytrehal ose of 99% purity. Ml ecular weight of the resulting
conpound was neasured by a mass spectrum (Fab-MS) as shown in Fig. 12 and
the structure of 2-deoxy- trehal ose as shown in Fig. 14 was confirmed by
measuring 13C nucl ear magnetic resonance {NVR) as shown in Fig. 13 and

optical rotation (+165.200). Both substances given in Exanples 6 and 7 were
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45 [err] of the resulting trehal ase (trehal ase enzyne concentration: 1

my/ M ; 50 m\aFei sebudreahliar hd ghciyd edf.f enn( pidditi®n), Wwas ctensliverbdy

heating at [err] for 20 mnutes. After that, 5 [err] of glyco- peptidase F

(0.5 unit/ m pufdfdcationzds needaddederebyhdhieh@maduot dehatighepurictml ase

and nmade to react at [err] for 12 hours to renove sugars. After that,

mol ecul ar wefght bef mMeavfeEteredod madow eesit-ned by an SDS- PAGE of acryl

am de Experimental Example 1. '

Trehalase of the present invention was purified to-a
single substance by means of FPLC and 45 ul of the resulting
trehalase (trehalase enzyme concentration: 1 mg/ml; 50 mM
Tris hydrochloric acid buffer (pH: 8.6)) was denatured by
heating at 100°C for 20 minutes. After that, 5 pul of glyco-
peptidase F (0.5 unit/ml; Takara Shuzo) was added to the
thermally denatured trehalase and made to react at 37°C for
i2 hours to remove éugars. After that, molecular weight of
50,000-60,000 was confirmed by an SDS-PAGE of acryl amide
gradient gel (Multiplate gel 4/15; manufactured by Daiichi
: Kayaku) while that of about 100,000-~120,000. was confirmed by

NATIVE-PAGE measurement. The trehalase which was not treat-
ed with glycopeptidase F, i.e. the control, was confirmed to
be with a molecular weight of 180,000-250,000 as a result of
SDS-PAGE and was dyed in red by staining of carbohydrates in
the enzyme protein.

When trehalose is manufactured using the novel treha-

lase of the present invention, there are advantages, as



gradient gel (Multiplate gel 4/15; manufactured by Daiichi Kayaku) while

t hat of about 100, 000- 120, 000. was confirmed by NATI VE- PAGE neasurenent.
The trehal ase which was not treat- ed with glycopeptidase F, i.e. the
control, was confirned to be with a nnlggular wei ght of 180, 000- 250, 000 as
a result of SDS-PAGE and was dyed in:red by staining of carbohydrates in
the enzyne pioaiRired Wiaih t4 ahatlose of emiwd acing etliwshggeehbesnorether eha-

| ase of the present invention, there are advantages, as 25 conpared with
a met hod of cexittant ibpth vithatte{1l)y wrehdkosel cameberdipecl iyt mappfac—
trehal ose can be direclty manufac- tured from glucose and, therefore, the
reaction is tsings efl'g?nviQ%lw%wfﬁodmrm%bythﬁerﬁ?ﬁﬂbep L8nSHBEPLSEf el y
used as food and (2) trehal ose can be produced in high Xield i ﬁhich t.he
starting nmatEviag AnRYPreAYGe weTRRY | the BERIRCHNFD mﬂ@r@ﬁ?e Ko UEES:
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expected. In addigipheM tErsRaPése t Ras hBroRant #a5UAELOENE, dgainst
undesired effects caused by freezing and drying and an
anticaries action. Moreover, it is useful as a sweetening
agent in food manufacturing area and its use is very broad
such as freeze storing of enzyme, etc. Furthermore, in the
area of pharmaceuticals, trehalose derivatives have been
utilized as anti-cancer drugs, etc. and, therefore, its
practical applications can be expected.

In addition, with regaxrd to the manufacture of 2,2'-
dideoxytrehalose and 2-deoxytrehalose, they can be directly
manufactured from 2-deoxyglucose and a mixture of 2-deoxy-
glucose and glucose, respectively, as compared with a method
by chemical synthesis. Accordingly, the purifying step is
simple and industrial utilization thereof is now possible.

Consequently, trehalase and the methbd of manufacturing

trehalose using the enzyme are quite useful in industry.



di deoxytreh ' ytrehal ose, they can be directly manufactured
from 2- deo*ﬂ”‘ﬂﬁ“@“jﬁﬂﬂigﬂ I Xxture of 2-deoxy- glucose and gl ucose,
respectively, as CcO dswi th a method by chem cal synthesis. Accordingly,
the purifying step is sinple and industrigl utilization thereof is now
possi bl e. Consequengdygihimbal ase and the nethod of manufacturing trehal ose
using the enzyne are quite useful in industry. 26 W Caim 1. Trehal ase
whi ch is characterizedrréhfagsegwhiiehf asl ehargctleaizedeins having Bhe t
hydrol yzes [err]-trehal ose, 2,2'-dideoxy-[err]- trehal ose and

2-deoxy-[err] -fokbowisg chavachkeiristdest:ituting sugars, respectively while
it does not act on neotrehal ose, |actose, nmaltose, cellobiose and sucrose;
(2) its-optimum pH {3)5itohgdredyzess copt’ -rrehad@seratdnd -dd daaxy -4  t

L e Bl ek et Sl SR
D NI 2 TERSHEES BueAR RTRcRACh 00 (00 8 o000 (Sodidien o,
trehal ase 15 OrFEERAPsqm PRSP b0 eanaE beecary rideRe M 1 1 v eh the
{2) its optimum pH is § to 6;
(3) its optimuﬁ temperature is 65°C;
(4) it is stable against heating up to 65°C;
{5) the molecular weight measured by a gel filtration
is 400,000 to 500,000 and the molecular weight of the subu-
nit as measured bf an SDS-PAGE is 180,000 to 250,000;
(6) its iscelectric point as measured by an isoelec-

tricfocusing is 2.7; and

{8) it is a glycoprotein.

2. The trehalase according to claim 1 in which the
trehalase is originated from Lobosphéera, Chlorellaceae,

Chloxophyceae, Chlorophyta.

3. An alga belonging to Lobosphaera, Chlorellaceae,
Chlorophyceae, Chlorophyta having an ability of producing

the trehalase which is given in claim 1.

4. An alga of claim 3 which is Lobosphaera TM~33 depos-
ited as ATCC 75630.

5. A method of manufacturing trehalose, characterized
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Chl or ophyc ta. 3. An alga belonging to Lobosphaera,
Chlprellacggﬂl _ B R , Chl orophyta having an ability of producing
t he trehal ninclaiml. 4. An alga of claim3 which is

Lobosphaera TM 33 depos- ited as ATCC 75639. 5. A nethod of manufacturing
trehal ose, chamaiit zethe t@edhdlasdadf ebheikr ehakageisf mabal golaet in he
made to act in the presence of glucose. 6. A nethod of manufacturing

2, 2" -di deoxy- presanahaof |ghegosdar acteri zed in that, the trehal ase of
claiml or 2 is nmade to act in the presence of 2-deoxyglucose. 7. A nethod
of manufacturing 2-Gedkynéthod -of ohamofacteningcle’ zdddeaxyhat o’ t-fyeha-

trehalase of claiml1l or 2 is nade to act in the presence of 2-dQOX{g|UCOSG
and gl-ucose. 1lose, characterized in that, the trehalase of claim 1 or 2

is made to act in the presence of 2-deoxyglucose.

7. A method of manufacturing 2-deoxy-o,o’-trehalose,
‘characterized in that, the tﬁehalase of claim 1 or 2 is made

to act in the presence of 2-deoxyglucose and glucose.
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