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PROCESS FOR PREPARATI ON OF | MVOBI LI ZED M CROORGANI SM5 OR ENZYMES FI ELD OF
THE | NVENTION: This invention relates to a process for preparing.an-

. - k"
d mcroorgani smor enzyne. More particularly, the ngentlon ;
a process for entrapping a nicroorgani smor enzymne usi ng ad’
material . DESCRI PTION OF THE!PRI OR ART: An i mobili#t ng net hod
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microorganism or enzyme by using an entrapping material.

DESCRIPTION OF THE PRIOR ART:

An immobilizing method of microorganisms'or eﬂzymes
by entrapping them with an alginate is known. This method
causes little reduction of enzyme activity in the course
of immobilizing operation-as no heating is required and
the gelation can be effected under relatively mild condi-
tions. This method is also safe in terms of food sanita-

tion, and attempts are being made for the application

of this technique to the food and pharmaceutical industfies.

However, the alginate matrix gel is weak in mechani--
cal strength and liable to deform and swell in comparison

with a gel produced by using a polymeric compound such as

. acrylamide or polymethacrylate, so that great difficul-
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ties are involved in use of such alginate matrix gel
in a packed bed type reactor, which is the type generally

used in the fermentation processes.

Methods are also known in which an inorganic
substance, especially silica gel is used as immobilizing

carrier for the gel containing a microorganism or enzyme.
For instance, British Patent No. 1,267,685 discloses a
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fret hod in which hydrochloric acid is added to an aqueous sol ution of sodi um
silicate to prepare a silica sol having a pH of 1.6, then this sol is
‘H_agtyzed to renove sodiumchloride to obtain a stabilized silica sol, and
éf&gyﬁadjusting the-pH to around 5-8,_it is added with a micro- organi sm or
an enzynme and is converted to gel. Tn’the methods disclosed in Japanese

Pat ent Appll i ' (W0 : .q12Q1 an enzyne
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addi tion gbiatsadhnt cfUsBaasmMBANeTH® GBI pried.res@disim ey htiawing he

i ke, and then the gel is subjected to freezing and thawing to obtain a

pul veri zed pamolfi 1i.56d tpeh. tTieseoletiBods alyeeevars denbdiesdd brdw ng

probl enms; much time is required for the preparation of silica sol used as
base; thehdptridepitegobhéinmaoisitisbiiligefgelidtiican)s adperaatd anftear e :
conplicated; in use-of these gels as a bioreactor, since such gels are an
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m croor gani sm ,
sodium carbonate or the like, and then the gel is subjected

to freezing and thawing to obtain a pulverized immobilized gel.
These methods, ﬁowever, had the followipg problems;

much time is reqﬁired for the preparation of silica sol

used as base; the entrapping and immobilizing (geiation)

operations are complicated; in use of these gels as

a bioreacfor, since such géls are an irregular or pulverized

silica gel, no satisfactory packing effect is-  obtained

when such gels are packed in_a'supsfrate reaction vessel,

~ unless the gels are shaped into a form suited for Séid vessel.

It is also known from Biotechnology and Bioengineering,

Vol XXV1, pages 217-220 (1984) to use a solution contéining

sodium alginate and micron-sized silica for entrapment

6f;yeast cells by gel formation. The product of such

"

a process is believed pﬂﬁﬁébe'a'gingle gel matrix structure,
comprising alginate qéi’only;;w1th the silica merely

dispersed in its alginate gel matrix.
S

) ' In order to eliminate_'fhesegydefects of the

prior art the present §hygﬂgqr$”"ve made more extensive
Venta

studies and found that, when immobilizing a microorganism
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+3- or enzyme, the use of a mxture of silica.sol and an al ginate as
entrappi ng material enables pronpt gelation wth an ordinarghgel ling agent

such as cal ciumchloride, alum num.chloride or the like, that the thus. e N

obtai ned gel 5 containing the mcroofgani smor the enzyme'is extrenely hixgh

in mec'ian é&éin?é‘ﬂtﬂ:é‘“@séaéfahsﬂlittrd}@ JeSd 51 PP es@Pahndtan  Swel ling
because o matrix structure-conprising alginate gel and silica

gel, and taflagtma&bté@ ERUFEBpRhgt @ tePil | dHdbDe 81 pE6RHL LReRe ilakes pl ace
10 Ilittle reduction of enzyme activity. The present inven- tion was

achi eved @atrharastdimdryhgetlinhgdagent SUdRY @&Falduh NVRNDEDBene aim
of the present invention is.to provide a process for preparing an

i mobi | | zed upmicnoorafalvsider ot Sthez yrikeyi tihat tleestings aoptaihefageilal
reduction of enzyme activity while maintaining high nmechanical gel strength
by a sBnpkentadrHininthe t hificghrghhiismemy . thecenzimg te ekitsemedgntion
there is provided a process for preparing an inmobilized m croorgani smor:
20 enzynehifsitc i prhanical xFhyengthc o6 Jafi 3 o9 %hr@hgyﬁﬁsﬁﬁgﬁnﬁﬁ
alginate and silica sol in the presence of water to obtain ,a liquid mxture
havi ng a QsaﬂnsﬁtC)Jiﬁw%hhléﬁngﬁﬁﬁpﬁﬁ §§(9|99&¥MQ9¥MWﬁté?ﬁeFFFHﬁtHﬁént
which is in the formof_ an aqueoui sol_ut i TA“% ED DESCRIPTLCN OF
THE | NVENFPORT H/d Niodhy et FtRe Pl B¢ eaaésér% ebhRfF, 1

course of the immobilizing process, there takes place
10 1little reduction of enzyme activity. The present inven- g,

tion was achieved on the basis of these findings,

SUMMARY OF THE INVENTION
One aim of the present 1nventlon is to provide
a process for preparing an immobilized microorganism or
15 enzyme wifhout causing any substantial reduction of
enzyme activity while maintaining high mechanical gel
strength by a.simple operation with high efficiency.
According to this invention, there is provided
a process for preparing an immobilized microorganism or
20 enzyme which comprises mixing a microorganisﬁ or an
enzyme with an alginate and silica sol in the presence
of water to'bbtain a liquid mixture having.a PH of 3 to
10, and contacting said mixture Qith.a gelling agent.

which is in the form of an agueous solution.

25 DETAILED DESCRIPTION OF THE INVENTION |

The invention will be described in more detail
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-4- below. The m croorgani smused in the present invention may be any
speci es of m crooriganism such as bacteria, yeasts, nolds, ray fungi, eto,
Al's0y; enzynmes of every variety cam be used in this invention, the typical
exafptes 5 t her eof "are oxi dareductases such as al cohol dehydrogenase,

gl ucose oxi dase, lactic acid dehydrogenase, etc; transferases such as

D-glutamyl transferase, gl utam ne tTdhsani nase, hexokinase, etc; | yases
such as fuggiase, aspartase, [err]-tyrosinase, etc; isonerases such as
gl ucose 10°¢188nerase, nannose isonerase, etc; and |igases such as

gl ut at hi one synt hetase, NAD synthetase, etc. Said enzynes may be used after
t he insol ubilizThg miercorgénisihusadnin theapmebenftudavieardloncr ossl i nki ng
reagent, or after the adsorption treatnment on an insoluble 15 carrier. For
i nsol ubi-| iBPeng kth ERzynePeFiast anhi micreerganism nepche asdéddteriasol ution
containing tannin in _an anount of 1 to 10 times (ww) the anmount of the
~enzyme andY$25Ef ed MIGS . SERYrifWGHt. pRiteF 8 ARSBel RBZYINRS ePhbleveFrto 7,
20 and t he produced preci itgte may . be separated by using normal separating
means such’ ElﬁéﬁtF?guﬁﬁtGBﬁ ot f HREf a0y Bﬁ198'05¥3iﬁYPHEaﬂn§6PWMlﬁPzed

enzynme, As,tannip, _one . I ¢ _acid, yrogalJ ol tannin such
as nu?galY%?f%%ﬁiﬁrSrofﬁgﬁégguc§5FF8téﬁﬁpn?szglcgﬁ@ &€ i°9eAF%r such
as tannif egpidose oxiqaS¥PS180¢8c(5818°HChyRRLYERRL S bAG! ed from tea,
cacao and e lrke. _
' transferases such as D-glutamyl 'transferase, glutamine
(N transaminase, hexokinase, etc; 1lyases such as fumarase,
aspartase, e-tyrosinase, etc; isomerases such as glucose

10 isomerase, mannose isomerase, etc; and ligases such as

glutathione synthetase, NAD synthetase, etc.

Said enzymes may be used after the insolubilizing
treatment with tannin or a multifunctional crosslinking
reagent, or after the adsorption treatment on an insoluble

15 carrier.

For insolubilizing'an enzyme with tannin, the enzyme
may be added to a solution confaining tannin in an amount
of 1 to 10 times (w/w) the amount of the enzyme and reacted
under stirring at pH of 8 or below; preferably 3 to 7,

20 and the produced precipitate may be separated by using
normal separating means such as centfifugation or filtra-

~tion to obtain the insolubilized enzyme.

As tannin, one may: ﬁﬁ = annic acid, pyrogallol

tannin such as nutgalls4fapg§n }Fthnese gallotannin,

25 and catechol tannin 5uch_fj§§.gfaﬁﬁiferous substance
_ Ce TR .

(catechol polymer) extracted fPom tea, cacao and the like.
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-5- Such tannin used in this invention need not be-refined provided that it
has the required tannic action, and for instance comerciald3ly sold tannin
of persimon can be used. Al so, said tannin substances can be used either-5 -
singly or as a mxture of two or nore of them For insolubizing an enzymsy/
with a multifunctional crosslinking agént, the enzyme may be added to an
agueous sokuthoRagAnhauseagia tRi20¥n{vhvioAf naeduhbitl acte@iakd
crosslinking agent and reacted at 5-40[err]C for 10 m nutes 10 to 16
hours, andprbeipgeddtbhed jptebapi theeragyibedsepanatedchyonsi agda fivar ma
separating nmeans such as centrifugation, filtration, etc., to obtain an

i nsol ubi | i Zzsdtenggneompergindéiydedsd taoojanafepezadmmba ciakebgre suitabl e
for use as the nultifunctional crosslinking agent in 15 _this invention.
Typi cal exdfpfes AR&0di Bp#BhyABRANaPERS§RPEREI Co2RRPENASEENPdENeTUCci ni c

al dehyde, gl utaral dehyde, pinelic dial dehyde, hexanethyl ene isocyanate,
p-tol Byl en&8iRPL¥oLYaft eaaﬂgfoEelP elvey g aWﬁFaeﬁﬁdéhFé'nnst preferred. For
the adsorption treatnment of the enzyme on an 20 i nsol uble carrier, the
foll ow ng net hoeteratasa¥ablialbhg: aanenagmeubliie¢hcar muédt ifluac tdoasgl e an

ordi nary adsorbent such as active carbon, silica gel, acid clay, porous

gl ass, etccrosslianking agehtingthesephyme DERELSephdddx toCENSagvadws
DEAE- cel | ul ose, CM cel |l ul ose, Anberlite 25 | R-45, Dowex-50 ( SEPHADEX,
AVBERL| TE spdubdpExcpatagniegi 4t 5Ped0%r AWéVInPksp mudéifuncdigadlded in a

colum and an agueous sol ution Qf said enz¥ne IS gassed t her et hr ough,
crosslinking agent and reacted at 5-40°C for 10 minutes

10 to 16 hours, and the produced precipitate may be separated
by using a normal separating means such as centrifugation,

filfration, etc., to obtain an insolubilized enzyme.

Polyaldehydes,Iisocyanates and fhe like are suitable
for use as the.multifunctional crosslinking agent in
15 this invention. Typicai examples are dialdehyde starch
glyoxal, malonaldehyde, succinic aldehyde, giutaraldehyde,
pimelic dialdehyde, hexamethylene isoéyanate,.p—toluylene
diiéocyante and the like. Glutaraldehyde is'most preferred.
| - o/
For the adsorption treatment of the enzyme on an
20 insoluble carrier, the following methods are available:
an insoluble carriér, for example an ordinary adsorbent
such as active carbon, silica gel, acid clay, porous
glass, etc., or an ion exéhanger such as DEAE-Sephadex,
CH-Sephadex, DEAE-cellulose, CM-cellulose, Amberlite
25 IR-45, Dowex-50 (SEPHADEX, AMBE?LITE and DOWEX being
Registered Trade MérkS);-etcy, is packed in a column and

an aqueous solution of said ethme is passed therethrough,



-6 1 or said insoluble carrier I’'s mxed with the enzyme solu- tion and the
m xtyre is stirred;to give the enzyne adsorbed on said carrier, said
nixture bei-ng, -if necessary, further guhj ected to a separating treatnent
suc s 5 centrifugation or filtration to separate the liquid portion,

thereby pbtginsagdt hasenupIe adyaiiked DO wakddi wsehubhe eakzier sdifu-
necessary, said enzyne-adsorbed insoluble carrier nmay be further added and
reacted w tBieai dndulthiel misttuarali < ratsiatreki 69 qbest thélenzyme - Sai d
m croorgani sm enzyme, enzynme insolubilized with tannin or a

mul ti funct i adabrbedsshi iskiidg cageriter orsaind ymix thser bedngn af nesessary,
carrier can be used as it is or after suspending it in water, a buffer

sol uti on orfurtherophbiectedgde @ sHparating treatment spcht BS buffer
solution used in the above- nentioned treatment, there can be enployed, for
exanpl e,5 aceenteipugpsionopat fdd tnaticmite separate sbeuliadidphosphat e
buffer solution, tris _buffer solution, Veronal buffer solution and the

li ke. Met hyPOEFLERel therRbY ootadndme the, epzyme) 2efsrbedcepofdishd t he

i ke can be, use t he hydrophil_ic organic solvept in said_treatnment. The
concentraiiﬁms%fugiﬁhcﬁFﬁiﬁFcps5Fv@ﬁ9 %ﬁyaqﬂ%gasegﬁrﬂ?rﬁﬂsﬁ§gﬁ in the

[ b 10 0% (W, ). 25 T '
i croor gani ShELTDL# 298 R ) shomeg. BR Y tHer Faded ang replied BTk
[tif ti .nk< .i t . [ | ubl i er,
or o susperShEn FREFEERALE 1LBRa el G Tag il ] 2N | ool bl e carrier
10 : Said microorganism, enzyme, enzyme insolubilized

/
with tannin or a multifunctional crosslinking agent,
or enzyme absorbed on an insoluble carrier can be used
as it is or after suspending it in water, a buffer
solution or a hydrophiiic organic solvent.

15 | . As the buffer solution used in the above-
mentioned treatment, there can be employed, for example,
acetate bdffer solution, McIlvaine's buffer solution,
phosphate buffer solution, tris buffer solution, Veronal
buffer solution 'and the like. Methyl alcohol, ethyl

20 alcohol, propyl alcohol, écetone and the like can be used -
as the hydrophilic organic solvent in said treatment.
The concentration of such organic solvent_in an aqueéus
solution used in the treatment is usually about 10 to
208 (W/v). |

25 _ Then said microorganism, enzyme, enzyme

insolubilized with t _551’* tifunctional crosslink-

ing agent or enzyme ¥

a suspension thereof :
\EA, e 423 £ o
s BRBAPCAE



7-- hydrophilic organic solvent is mxed with,an al ginate or an aqueous
solution thereof and silica sol used as a entrapping nmater2gl to obtain a
liquid m xture having a pH of 3 to-1@, -preferaby 6 to 8. In the - SR

preparation of 5 said liquid m xture, said mcraqorgani smor enzyne, mhichsx
may have bhgdrbpbiidd asgamitc cuddrebovis miyedewiithst@anaddginatearonl gi ndte
or an aqueous solution thereof, followed by the addition thereto of silica
sol "and mianngguéouse spduddionl theyreahiandi eLdbdFgascdmusede®s/ e nay be 10
first added to silica sol, followed by the addition of an alginate or an
aqueous sotmtiappingrmeterdplndip btakRPtb1GBLA BLXEVTS §iavdng or an
aqueous solution thereof and silica sol singltaneously, foll owed by m xing.
Addition i@ B @fgPnieellr RYSLRFAE &otAtPon 18 the SFERATREIM RF sol s
preferably npde_in sych. a nanner.Lth the final . content of algkggl in the
mi xtur e i sS@%%-%.lg%(uimi“ﬁ‘t&’F&'t f249 FHCPeF Rt EM Pat CHEYE e AT m
silica sol is 0.5-35% (w. v). | es_of. al ginat es _usabl e.as entrappi ng 20
material iBRYhHRRVEn Eﬁ& 55%%%%% %%W%?éi%%?g,e'pg?gsg% ¥ nat e,
ammoni um al gi nat g _‘an e.like. For e siliga, .desin he particle
dianeter(ﬁéﬁ?aigg égl%gﬁénﬁ§%19ﬁ%%éf%%ﬁ?¢%§ ?ﬁgh§é§§e%#%£§§éﬂer, and pH
is 2to 1 There.c u P 281 1REaduC s i :
adding a #%]éf(gﬂ'ggcﬁg gﬁghggglﬁ:f Foc orlgoaéfq,lmg%ri C ac%gfdasnf}l%%uﬁ/c
acid, etc.oetfn@NmagdeeHs sSObH it PimBdrS6KGhhi sl bealed e msy i um
10 first added to silica sol, followed by the addition of
an alginate or an agueous solution thereof; or may be.
added to both of an alginate or an aqﬁeous solution
thereof and silica sol simultaneously, followed by mixing.
Addition of an alginate or an agueous solution |
15 thereof and silica sol is preferably made in such a
manner that the final content of alginate in the mixture
is 0.5-3.5%'(w/v) and the final Sio2 concentration come
from silica sol is 0.5-35% (w/v).
Examples of alginates usable as entrapping
20 material in this inventidn include sodium alginate,
potassium alginate, ammonium alginate and the like. For -
the silida sol, desirably the particle diameter of silica
colloid is 1 nm to 100 nm, the solvent is water, and
pH is 2 to 1ll. There can be used, for example, a
25 product obtained by adding a mineral acid such as
hydrochloric acid, nit;#é'ééid;-éulfuric acid, etc., to
an aqueous solution of?£n3aikéli silicate such as sodium

silicaté,_then'desaltihg%ﬁhé:mixed_éolution by the



sil'icate, then desalting the m xed solution by the -8- 1 dialysis and
adquting the pH, or a product obtained by passing an aqueous sol ution of ha
am alkali silicate through an ion-exchange resin to exchange the cation in

t he lu- tion. Preferred exanpl es of &uth silica sol are, for 5 exanple,

Snowt ex- 20, wex-3 d, Snowt ex- 40 | bei th dycts, b '
Snontox. 20, aSaYLeL Wpeuh US40 (oLl B R0 RG prodioLS .t osan
above: TEnt 6388 O Saddug B 813 10e! naddiad AR Al O
fine- orifigg IE;.%Z & HHgE WP £ & SYERREEE! KRel Eb‘i’:ﬁfo?ir hin El:r%ors%‘_rt%-?' ate
or other suitable nmeans, O0Or sSsal m xture 1S Spraye as atom ze parti cl es

on and cont ggbfd Wplla fldie P! d:dip PO Nbs PyubAl BE13Ba2601T a%e, G erably a
pressure 15 atom zer, to obtain an imobilized m croorgani smor enzyme. As

the gel I$ngergfple,! BRCH @A, SRSt 0L368XARR! Snowb&i-4m Cal10r iKi&in
al um num chl ori de, cal cium acetate, alum num sul fate and the |i ke |r|%he

formof a 2ghaspebiycalzobly Nil¥Ar WhembeBoos, sot.ullgnsib) easdrte
m xture is added dropwi se into the liquid gelling agent under stirring as
t he above- hebhgoadduseldd i darty 40%) resulting i mobilized gel of
m croorgani smor enzynme has an average particle size of 25 1 to 5 mm and
in case said m xture Theat dihez eboretment boned mikthrehwighl i pd agent
e can be obtai ned _
3-10 is added dropwise into a gelling agent in the state
K_/ 10 of an aqueous solution under stirring by using a fine-
orifice nozzle (for example, a syringelike injector),
a porous plate or other suitable means, or said mixture
is sprayed as atomized particles on and contacted with the
gelling agent by using an atomizer, preferably a pressure
15 atomizer, to obtain an immobilized microorganism or
enzyme.

As the gelling agent, there can be used, for
éxample, calcium chloride, aluminum chloride, calcium
acetate, aluminum sulfate and the like in the form of a

- 20 Iusually about 1-10% (w/v)'aqueous solution.

In case the mixture is added dropwise'into the
liquid gelling agent under stirring as the above-
mentioned gelling means, the resulting immobilized gel of
microorganism or enzyme has an average particle size of

25 1 to 5 mm, and in case said mixture is atomized and

contacted with the gelling agent here can be obtained
GO

é» AP icle size,
-noEE!ESé&EBadi 800-900

H 27 apr 1990
[




the fixed gel substantially uniformin particle size, with the average
particle size [err] 800-900 -9- 1 microns. The nore unifform and the
smal l er the particle size is, the hjgher the-efficiency of Teaction.with =~
the substrate becomes. The i nmobilized m croorgani smor enzynme obtai ned 5\1"

accor di 09 £@ckbhs.i NMNY nYrd unveforhi 8Adi Bheeehanicy gl féf@{@i& does™
not -swell easily because of a dual gel matrix structure and i's extrenely

linted insike deGrease hilghr? e aefficigncy offe reastsiowivitie theat nent.
Thus, the process of this invention is of great industrial 10 significance.
The presensubsteatieobewddrneshe described- in nore detail bel ow by way of the
enbodi nents thereof, but the invention is not [imted thereto. Exanple 1 15
200 nml of a nutrient Tinedidmmoldh iz€d mbarapnganism O \©nzyme)l eleosined %
(Wv) of peptone and 1% (w/v) of yeast extract was placed in a 1-liter

fl ask ahd, aafordipgetia ithdis dmventhen ysgaversy highodm meghanical
Saccharonmyces cerevisiae | FO 0224, which was then cultured 20 at 300C for
48 hours. 2®lnstoenghl, réaertPal ewWpddr eagidyl beicansel@®ic@ 1Aad 9edas added
to a mxed solution consisting, of 100 m of Spow ex-40 (produced by N ssan
Cheni cal CB2ETEXJSFrUGtYSLe@ND I5H X Brefetdatlrgited, drodhidectrase

aqueous solytion and 1 of, a 3%
d of enzyme.aCQQVQQy in éig course of the treatment.

Thus, the process of this invention is of great industrial
10 significance. | - | - U
‘The present invention will be described. in |
more detail below by way of the embodimehts thereof, but

.the invention is not limited thereto.

Example 1
15 200 ml of a nutrient medium (pH 5.0) containing
2% (w/v) of glucose, 1% (w/v) of peptone and 1% (w/v) of
yeast_extraét was placed in a l-liter flask and, after
steriiization in the usual way, indculated with
-‘Saccharomyces cereﬁisiae IFO 0224, which was then cultured _
20 at 30°C for 48 hours., 20 ml of the resulting culture .
solution (109 cells/ml) was added ﬁo a mixed solution
- consisting of 100 ml of Snowtex-40 (produced by Nissan
Chemical Co., Ltd.) adjusted to pH 7.0 by adding a
hydrochloric acid aqueous solution and 100 ml of a 3%
25 (w/v) aqueous solution of sodiuﬁ alginate (produced by
Wako Pure_Chemiéal Co., Ltd.), followed by mixing [pH -

of the-mixtuféﬁ - 7.0; SiO2 concentration: 18.0% (w/v);



2%‘ (W v) aqueous sol ution of sodium alginate (produced by Wako Pure

Chenical Co., Ltd.) followed by mxing [pH of the m xture: 7.0; [err] h2
co'EéntratLon:~18.096(m/v); 1 -sodilm=al gi nate concentration: 1.36%
(W wWt. The mxture was added dropwise into a 5% (wv) solution of cal cium

chl ori.de lund@dism rgiqinate congentsatinge (driF6icelwiwhkt erThe miktimeer
dianeter: 20 nm) to obtain a 5 globular _inmobilized yeast (hereinafter
referred toVWAS iaARAAT I9RRY{%2s10EP ExafkpIw/Y). sedulinn L ¢8leiudf said
yeast cultur%&soL ngﬁ#lOQ‘ﬁflls/n1 was .,added to and m xed with 200 m of
a 1.5% (w vf! @ﬁgﬁﬁ; & i D OFLRYPUNP SN A SR (o1 FHECRi xt ure:

7.0; di |_ai_nat tration: . 1.36% (wW d dth | X} dded
G opwi Se | N8RRI v TOb LFISE 3 ABREPG (RPoARe 1 SREHP (R sam
' ' d, t t.al I bul ' i]ized t.
26 "9° 3° GEBLLANET GRRRLLRY Ae] TRREREnal A USA TR FY 88 o of
id i bi L} : [ ' ' di ter: 3 hei ght :
15 cmy " mai nt et A e L REEPE T i o medi um (pH 3.3) contal i ng

10% (W v) of glucose, A% ¥4tWan oioyrggfsggégaacg,e%@c T efre (¥t 2bn

ammoni um sul fate through said col um ays~conti1 nuously by using the

ascendi ng Mgt p3d ce3Y s7md )1 %ad Qdid@Cto ahaNRALxEAr WRRLAI Y mEANGs NBasur i ng
t he al cohol concentration of the fernentation solution. The results are

shown in Tabl8%l.(w/v) aqueous solution of sodium alginate [pH of

.15 the mixture: . 7.0; sodium alginate concentration: l.36§
~ | (w/v)1, and the mixture was added dropwise into a 5% (w/v)
solution of calcium chloride by using the same syringe
as mentioned above to obtain- - a control globular

immobilized yeast.

20 The alcohol productivity was determined by
filling 65 g of said immobilized yeast in a jacketed
column (inner diameter: 3 cm; height: 15 cm)'maintaihed
at 30°C, passing a liquid medium (pH 3.3) containing
10% (w/v) of glucose, 0.1% (w/v) of yeast extract and 0.2%

25 (w/v) of ammonium suifate_through said column for 20 days
continuously by using the ascending method (SV = 0.15)
to effect alcohol fermentation, and measuring the aléohol'

concentration of the fermentation solution. The results

are shown in Table 1.



TFable 1 Imobilized yeast Al cohol con- .Sanple Control of Exanple

1 centration (v/v) 10th day 4. 04 : . 4. 20t h day

4. 47 4.70 As seen from Tabj¢ 1, the immobilized yeast of Exanple, «
1 had very excellent alcohol fernmentability in conparison with the contré;
notw th- standing the long-tinme reieild an. Al so, the gel of the 5

i mobi | i zed yeast of Exanple 1 was small in its degree of swelling, with

t he CQeff'(‘i ent of pypnnci onof the gel in the couse—of—fearmeptati On bei ng
only 130% a npared with 185% f or he controll. Exanple 2 10
100 mM of} a solu formed bé 9@ l#’%[ac elfnyhpil iXedpyedstef by
Si gma Corlp. )aligvlkkoD. 65 ate bu fer o) ovf wasampgdledlt o a nj xed
sol uti on jof ciftratbéna (2P} aqueous sol utijon of sodiun1a|ginate_and
100 m of -+ —N-ssanr—Centca—i5—Co——tt-
adjusted fto a pkifbghhaaﬁddlng a hyd ochy g c acid equgogQ sol uti op and
m xed [pH of the mxture? 8.0; Si2 foncentratilon: 14.3% (w v); sofi um
al ginate fcon- cengali@gy 0.95% (W V)], 4angy the resul tangom xture jas
sprayed by pressure onto a 5% (wv) polution off cal cium - 12-

1 ' As seen from Table 1, the immobilized
yeast of Example 1 had very excellent alcohol - ‘;)
fermentability-in.comparison with the control, notwith-
standing the long-time reteﬁtion. Also, the gel of the
5 immobilized yeast of Example 1 was small in its degree
of swelling, witﬁ the coefficient of expansion of the
gel in the course of fermentation being only 130% as

compared with 185% for the control.

Example 2 _
10 1100 ml of a solution formed by-dissolving_
‘urease (Type IX, produced by Sigma Corp.) in a 0.05M
phosphaté buffer solution was added to a mixed solution of
100 ml1 of a 2%.(w/v) aqueous solution of sodium alginéte
én& 100 ml of a silica sol (Snowﬁex-30 of Nissan Chemigal
15 Co., Ltd.) adjﬁsted to a pH 8.0 by adding a hYdrochloric
acid equeous solution and mixed [pH of the mixture: 8.0;
sioz concentration: 14.3% (w/v); sodium alginate con- o
.Centration: 0.95% (w/v)], and the resulting mixture was

sprayed by pressure onto a 5% (w/v) solution of calcium



1" *chlori de by Wagner Handy -Pai nter W170 (two-fluid type; nozzle orifice 40
dianmeter: 0.7 mm @fd. by Japan Wagner Spraytex Co., Ltd.) under a spray
peessure of- 120 kg/cnferr] G to obtain, an_ i mobilized urease (average
partée€l e 5 diameter: ‘350 microns). Exahple 3 10 g of a | eucine

am nopepgi d eRARAL i ' f I Al16 RS 1d ] us
oryzae F%ngggfﬁﬁgﬂﬁigéggﬁgg$%ﬁ%gﬁﬁytgaghgggiﬁnﬁgﬁLfate ??géﬁpﬁg %bnation
and further npghirfeyicid it fdBohé08r W t b, PEAR, &eld. UsTapsn 4 ved in a
0.05M tris buffer solution (pH 7.0), and the resulting m xed solutiop was
m xed w th spealttiexoComf, Ad. pfutdeni &8 sprdy( predsued hyf Wi Ky dn

Chem cal) in 200 mM of 0.05Mtris buffer solution 15 (pH 7.0) and
centrifugedGi kot bbb tasumlanaymiobibbi 2ed aneaseol(alrelrazed partyirde To thi s

i nsol ubilized enzyne was added 20 ml of a 0.05Mtris buffer solution (pH
7.0) to.5prépametan: nSAlmidrenisknzyne |iquid. Said insolubilized enzyne
liquid was added to 20 a m xed solution of 100 m of a 4% (w v) agueous
solution of sodiumalginate and 80 m of a silica sol (Snowtex- 20 of

Ni ssan Chem cal Co., Ltd.).adjusted to a pH 6.0 by adding a hydrochloric
aci d aqueouBX3BPd€i én, fol lowed by mxing [pH of the mixture: 6.0; [err]
concentration: 25 8.Q% (wv); sodiumalgipate c. . 0%

) n. .2
(wv)], and the resul £ g M&kdirkPYRin e @RLINAPEBRida Sen PE eRaTR AR )

sol ution ofogggghg %L%&J%Fﬂﬁgkﬂcéiééééngbesggkggllus_%%&zae

\_ FERM P-1149 by subjecting it to ammonium sulfate frac-

10 tionation and further purifying the fraction with DEAE-
cellulose was dissolved in a 0.05M tris buffer solution
(pH 7.0), and the resulting mixed solution was mixed
with.a solution of 20 g of tannic acid (produced by Wako
Pure Chemical) ih 200 ml of 0.05M tris buffer-solutioﬁ |

15 (pH 7.0) and centrifuged in the usual way to obtain an

| insolubilized enzyme. To this insolubilized enzyme was
added 20 ml of a 0.05M tris buffer solution (pH 7.0) to.
prepafe an insolubilized enzyme liquid.-

Said insolubilized enzyme liquid was added to

20 a mixed solution of 100 ml of a 4% (w/v) agueous solution

of sodium alginate and 80 ml of a silica sol (Snowtex-

20 of Nissan Chemical Co., Ltd.).adjusted to a pH 6.0 by

adding a hydrochloric acid agueous solution, followed by

mixing [pH of the mixture: 6.0; Sioz concentration:

25 8.0% (w/v); sodium alyginate cgz : 2.0% (w/v)],

and the resulting mixture wagj, {Se into a 5%

! .
(g .
:: . h

(w/v) solution of calcium tirring by using



1 the-sanme syringe as used in Exanple 1 to obtaim a globular inmmbilized
enzyne [l euci ne am nopeptidase activity: 25,000 unitngeIlEﬁ.S g)]. The
enzyme activity of |eucine aninopeptildase 5 was determ ned according to thg «
Nakadai 's met hod [ Tadanobu Nakadai; N ppon Shoyu Kenkyujo Zasshi, 3, 99 \¢
(1977) ]1 bythei agmeesyriags @is Aofd |1 cE%xamplgsir £0e O t® 4 800 n of a
l'iquid medium (pH 7.2) containing 10 12% (w y) of sodium.ch]oride, 3% (w V)
of gIucoseglgb@EﬂFv}mEPbmé%?ééd Welb%éﬂf% SofMIBOREREIGARE . 0. 1% (W V)

of di t hi ogl, | ate and 0.58% (w f ' i d t int
2-I??e?u?}%gkg%ﬁ §?a??§w%g$eﬂq£%§ég?¥é 8r%a§ﬁitﬁsﬁg: mgs? Pﬁochra?eg with
Pedi 15 hal il FERM_P-.6420. th i . d at
S0Lerr1C Tor 24 hour Eher AR AmE, A5 o tHY 1 OF o TEUraRe, bbbt qabel
th | { ; = 1 ' trated
(he ot sy gadccRone LAaGAG A ol JRABAT Pl dise Concentat o6

and 50 m bragaBbphiiaRapdsd ML0GY SROKEREnRENIS BTG PY O

and 50 m I'ca sol ssan m cal Co., Ttd.)

adj usted t 0f 7 1@ ' P PFBARL 1 ¢ GaCiat ainnusa €8] ution [ pH
of the nix?h?g§v}.%? %}?% %gﬁgﬁﬁétuioﬁ?f12.596(m/€); sodi um al gi nate 25

concentration: '1.9% (wv)], and the resulting m xture was added dropw se
into a 5% (wv) solution of calciumchloride under stirring by using the

same syri ngRamplesed
800 ml of a liquid medium (pH 7.2) containipg -

10 12% (w/v) of sodium chloride, 3% (w/v) of glucose, 1%
(w/v) of meat extract, 1% (w/v) of yeast extract, 0.1l%
(w/v) of sodium thioglycolate and 0.58% (w/v) of acetic
acid was put into a l-liter flask and, after steriliza-
tion in the usual way, inoculated with Pediococcus

15 halophilus FERM P-6420, the medium was then cultured at
30°C fbr 24 hours. The resulting culture solution was
centrifuged iﬁ the usual way ané concentrated to 20-fold.

10 ml1 of this concentrated solution (2 x 1010

- cells/ml)
was added to and mixed with a mixed solution consisting
20 of 100 ml of a 3% (w/v) aqueous solution of sodium
- alginate and 50 ml of a silica sol (Snpwtéx-40;of Nissan
Chémical Co., Ltd.) adjusted to a pH of 7.0 by adding a
hydrochloric acid aqueous solution [pH of the mixture:
7.0; Si02_concentration: 12.5% (w/v); sodium alginate
25 concentration: 1.9% (w/v)], and the resultiné mixture

~was added dropwise into a 5% (w/v) solution of calcium

chloride under stirring byLusing.thelsame syringe as used -



12 in Exanple 1 to obtain-a globular i mobilized lactic acid bacteria. 70
.g of said imobilizeéd |actic acid bacteria was packed into a jacketed 4&
colawm (inner dianeter: 3 cm 5 heightyg 15 cn) maintained at 30[err]C, and

a | i d medium (pH 7.2) containing 1% (wv) of neat extract, 1% (wv) of

pol ypeptbneinlikbawpile Qf teaitLid racdloBM4 W yhmebighgedseact it acsdv) of
sodi umt hi ogl ycol ate and 15% (w v) of common salt was passed through said
colum for laad¢berfiatal period of 30 days by using the ascendi ng nmethod (SV

= 0.1) to effect lactic acid fernentation. The results are shown in Table

2. Table 2 1st 5t 70 gl@tth salist him@S il i 36d. badajyc acidapactéamia day

day day Lactic acid concentra- 0. 36 0.78 0.78 0.78 0.80 -0.82
tion % (W Waaspaekadi AokoT&bljacketed ¢odwmn | (inderadinmederd bactosi a

obtai ned in ExanBIe 4 had a very excellent 15 lactic acid fernmentability

not - wi t 5t At ehelBoRP) Madgitadinad &k 30°C, agpd- acLAgNbdimedigmocess

for preparing_ an inmbilized m¢ro- organi smor enzyne which conprises

m xi ng a st éﬂgﬁl_i hg2ki EPBEAIRHGN IS OH: %nEDW‘P?PEneﬁ?Y-ﬁﬁﬁﬁteléndW Wilica sol

of polypeptone, 1% (w/v) of yeast extract, 1% (w/v) of
glucose, 0.1% (w/v) of sodium thioglycolate and 15% (w/v)
of common salt was passéd through said column for a

10 total period of 30 days by using the ascending method

o
(SV = 0.1) to effect lactic acid fermentation. The
results are shown in Table 2.
Table 2
1st 5th 10th 15th | 25th | 30 .h
day day |day |day |day |day
Lactic acid : ' _
concentra- 0.36 0.78 {0.78 {0.78 {0.80 ]0.82
tion % (w/v)
N

As'éeen from Table 2, the immobilized lactic
acid bacteria obtained in Example 4 had.a very excellent
15 lactic acid fermentability not-withstanding the long-

time retention.
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in the presence of water to obtain a liquid nmxture having 5 a pH of 3
to 10, and contacting the mxture with a gelling agent. in%ﬁhe formof an
aqueous solution. 2. The process of claim1l; wherein the starting - ~
‘mi croorganismis a bacterium yeast or nold. 3. .The process of claim1l, &4
wherein the enzyne is 10 an enzynme WH ch, has been insolubilized with
tannin or a multifunctional cross-Ilinking agent or adsorbed on an insoluble
carrier, or is a suspension of suchEﬁﬁEﬁ%&olubilized or adsorbed enzyme in
water, a buffer solution or a hydro- philic organic sol vent.
The process of claim ereLn the tanpin is tannjc.acid ot

15
Sroddl ol
tannin. 5. The prdbeBOTHST | &P PEePRRLPE, At HETARF L FRACERORAT
cross-|i nking AGNt 15 & RO AL HELN I8oRE BeL SREXPRA! & 5 Bar TORGPT OCESS Of

claim 3, el'n theinso ~carrrer Ts ac a car silica
gel, aci dnq'c%o x%@ngéﬁsén?*mé‘nwif’ﬂ_§?§C£'i‘§'gﬁéte7ana-h§ BE9¢EaS s@f any
preceding claim Wwherein the alginate is sodfumalginate, potassium
al ginate Qm AHPPrEESNER NGE Swadr to obt&in ANEigLOGCMExPhranKapiggedi ng

4.

claim ‘wherein .~ - 16 - the alginate concentration in the |liquid mxture
is 0.5 toa3.gHodfVI)to 90 hen@roseeac0ingnyherperedung wiahma ybeneng t he
[err] concentration derived fromthe silica sol in5 the liquid mxture

is 0.5 toatent Wrv)the form of an aqueous solution.

2. The process of claim 1, wherein the sfarting

microorganism is a bacterium, yeast or mold.

3. The process of claim 1, wherein the enzyme is
10 an enzyme which has been insolubilized with tannin or
a multifunctional cross-linking agent or adsorbed on an
insoluble ca;rier, or is @ suspension of such an insolubilized
or adsorbed enzyme in water, a buffer solution or a hydro-
philic organic solvent.
15 | 4. The process of claim 3, wherein the tannin is
tannic acid or pyrogallol tannin.
. | v
5. The process of claim 3, wherein the multifunctional

cross-linking agent is a polyaldehyde or an isocyanate.

6. The process of claim 3, wherein the insoluble
20 carrier is activated carbon, silica gel,-acid élay, porous

glass or an ion exchanger.

7. The process of any preceding claim, wherein
the alginate is sodium alginate, potassium alginate or

ammonium alginate.

25 8. The process of any preceding claim, wherein

. AR Y
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10. The process of any preceding.claim wherein the gelling agent is - ”g
cal cium chl oride, alumnumchloride, calciumacetate or alum num sul fate.
1&. . The process of any. preceding claim wherein 10 contact between the
| i qisid mi xture and the gelling agent is effected by adding the Iiquid
m xture dropwi se into the gelling ageptlgnger stirring or by spraying the
liquid mxture as atom zed particles on"to the gelling agent. 12. The
process of any preceding claim wherein 15 the particle dianeter of
silica col | 6P§ Ploimete coagesdiratdon dm ttheldd awid gdkteme iis Water, and
the pH of the sol lies in the range 2 to 11. 13. A process for preparing an
i mobi | i zed 'R Gro3 6ngﬁrsn1or enzyne usingan alginate and a silica sol 20
and carried out substantially as described in any of the foregoing Exanpl es
1to 4. 14. An immobilized m croorgani smor enzynme obtai ned according to
t he process of afly pfTbeegrogeskaiof any preceding claim, wherein

the SiO2 concentration derived from the silica sol in

5 the liquid mixture is 0.5 to 35% (w/v).

10. The process of any preceding claim, wherein
the gelling agent is calcium chloride, aluminum chloride,

o/ calcium acetate or aluminum sulfate.

11. The process of any preceding claim, wherein
10 contact between the liquid mixture and the gelling agent
is effected by adding'the liquid mixture drépwiée into
the gelling agent under stirring or by spraying the liquid

mixture as atomized particles on to the gelling agent.

12. The process of any preceding claim, wherein
15 the particle diameter of silica colloid in the silica
sol is 1 nm to 100 nm, solvent is water, and the pH of

\g/ the sol lies in the range 2 to 11.

13. A process for preparing an immobilized micro-
organism or enzyme usingan alginate and a silica sol
20 and carried out substantially as described in any of

the foregoing'Examples 1 to 4.

14. An immobilized microorganism or enzyme obtained

according to the process of any preceding claim.
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