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i norganic carrier | dsorption nethod, the net

prati_ged nerely myoxidaskisiyonadh8mical, Tigelil NoAledsaE agqueous enzyngy fHpl ution

- together. This nmethod is nobst convenient and inexpensive, less |ikely to

| ower 40 the ackAminbantigyrint (035% remyeaysshietion) nmobi | i zi ng, and @k8ysl cal |y and
chem cally stable. Wen the process of the present invention is to be
practsi ced bat chviiheee!l §}-2 wierb samopmtphition), using the enzyne i nm®3AMi zed by one

~of the foregoinge %%xu&aqph whmg PgEe and the substrates are
pl aced, for exanpl ayo. trm@r@oawo ﬁ,‘ﬁ sa PhosbRaté B@fdr t he substrates in
ccontact with the engyws, doiaiing 00550 X% THGhH WTOGY St em and/ or wat er - con-

t ai nj,ng organic solwemw@ytem In the case of sem conti nuous ofsthod, the

I mobi | i zed enzy gpa“r’ ed _fromthe 45 resulting reaction mxture in
usual nanner, ?('éfﬁg & E'V"f’Pl"H“éﬁ't 87t centrifugation afBMs used
répéat edly for tmamwhs,gguent reaction cycle. The reaction cg Qﬂrﬁe carried
- Qut under suitable conditions that will not destroy the i mobilized enzyne,
e.g.®wit thhmm °’EY'“p&§%‘FQ‘P me-rsqm-mtvémsm mm-nttnﬂMghpspMeb vifey tpk 1.1

cont actSontpiqin ' & make,s MT‘F A
- separat mmrsﬁéo sz ni % Idﬂ and the
f or egoi dbgo Yt g3 maﬁ%ﬁﬁoﬁ ho rate ﬁct seSi Nt

Pr QC oS SebeérBarte (RADMIn).QGhg MB bufleiOds tmbhlt d soIRiOnE1he Yedthe

f or exanpdedyreliy parixrined gnd the rewe Y inereass Wumib)ab Idaoaﬂhuml the ditferenc® b&tlwgen the
passi ngebpyreratesieftincrease i sbsgrbancecidAfraint =1 idABS Ty AAblga ielowsh05, et canoéntiatiom of the

t her eof“ﬂﬂt‘ﬁgg‘\“ sojutiop is andthe lmodamr repaated untl sajdliffersnce aavoynts 10 0.05 or
col | gctTHg: i S e A il ®ar ating the desired ester fromthe

' react | ON EhX i frivily (OISt i ve of whether the senicontinuous nethod or .
continuous nmethod I's resorted to, the immobilized enzyne can be recovered
easily. This elimnaweinthe gesd to renove therenzyne protein 55 in the
step of purifyi ng-the—dgesi xegd—esker the recovered

-~ enzyfre, hence advaﬁl‘agé’sits A@8li t i onainkyme mf%roﬁvn Mmﬁ met hod invol ves a

reducedltrellh’a’ mtt| ur e, of t tratest I‘II’IQ
reast oo AR e o e e sy

| Kéth Watel! oth ed 304 o horaik Bmu up.d t

obt ap N etbtayed] h&namaﬂatuwwces&.m: &ﬂﬂﬁhﬁl t Jeem-mei. r.eacd td)awmaxwdﬂa a
"~ dsual mebintastivarddtermimation. This lsemple[is aliszgemindnts i @hronlélod (quartz rod with Bllitecgel fused

11/ 10/ Qiereto; prpdxt 993"8\1 sztmw; @qumm mbrpim foi andatrascen Tria10dlatren‘e FiDa—

Wth use of such organic carriers, the adsorption met hOdTﬁaBmT NI

 bat chuijeerogen b °g e éwe Ptatheeﬁpt wnem'eamq&eqv
m Xlgyl! éatimg?pe%? rg: Ex &\ Ig%é’wgu ion mxlure is conveno &ﬂ bw‘g Ny

- sui t ablpgagk0bkyg CBrgani h?gd .f' ylo %rf E%af}

S Wth a%oﬁ&ok stion, dﬁ#ﬂdbﬂ hﬂh@b@MﬂdﬁﬁUhﬂ@Cﬁ ﬁaﬁﬁ uV OURY ErrosSdH e

- sol ventiipid; @and ideesidpey Ainder Tppraleiate shdiions] daisingasepb@tigi bf iueeahsuw lestOX GBI Mo
- by col wnrescthd owhistowesa feig/ . hexane/ether/fdrmic deidi =cS/EL.r It heesabtyaithe dilves-nusabd| e
- for % \Ama'eomm @tfymeto alopinstangs; isrused tor thesepsration of comppnantse Alandevelp ovar'ee

- usual | th b . : "‘"‘“" w o th 'b"ﬂé' éﬁ"'b'é'r'tﬂﬂl ‘éﬁ‘ ‘? lﬂ’
"'ustr.ﬂw o e jiad P e el e e ot i

: t eexanp es are tern unts

- det @6 m neg ﬁﬁht &hd Gidnﬁiﬂlsﬂgmmt RREHviseLdpPABeR), A hedittion was datriedDodtl in &f constant.

pol yvi merhpessta@robmsndintbinadat] I7AE strrioh oPwabactidrl tixtise (v [biflictedRaitb @ résprocaltingl. )

and 2 @ghakbr 20 puh x/3005pm nashjumBiorhaiendedCs.. it mode! BMB-<5—20) endsthe pegradischolvant8 00

. sed t th-meat
M of M?"‘mﬁfsan r—s’darenzym;ng \?sgd 5.8; (C\anrg)éaei\:tylmd%cgas—glepur}veg Inp»sg P(I).I pgglo rﬁ‘v nd ; product of

65 Meito Sangyo Co., Ltd.}. The enzymes used in other examples are given in e respective examplos
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water is added to make a total of 1,000 m] is added 2m1s9;h tI:Iis laged |
and the mxture is enulsified with a honogeni zer. T05 J |on

thus obtained is added 4 m of #3) a buf fer, |ti on
of 1 m of an enzyne 20 solutlctoﬁnyI %R)I?ttlﬁ'EIS stirre V\ntharragnetlc
stirrer at 500 rpmat 37C for 20 m nuﬁmplﬂﬂter 40 m of th aI c hoI ‘%

added, -t hokd tje ekerely. Beicorlaton beuseany thy ¢ fhasie ? ﬁm
amount cﬁ"’f‘ﬁ&"‘@ﬂ! rE 3:’6%?‘  wes o: . g’ J £°?f'ag, . ,ﬁ,g,

m nut e o Fah g%}& Wi o ﬁ.s:hoaﬁ,.mw DBAIGB00 ) Gh ah g

Chol eét emf.? ﬁi{a ﬁnﬁﬂrh){d foY 1 rhb irésuits thus/bbrained bal -asheaabweusmnase i s

the activity Jiberates 1 [err] of cholesterol fromcalf serumin 1
m nute at 37C. It |s determ ned by axigigi 9 the free cholesterol with
chol esterol oxidase using the foll owmg—re=agent and enzynme sol uti ons and

d
Sothomt) ng ! R, PrRauC! oRudl Ogiﬁmﬁe k9 | B eread vswa Ra)oxi dase.

0.6 m Peroxidasg (Sigma Chenicalgg Type Il No. P-8250) 53_5
0.3 mM 4-Am noantipyrin (0.35% aqueous sol ution)
- 0.3 nl, 35 Phegiol (0.2 w w % agggpous sol ution) 77.9
0.3 m Chol esterol oxidase [prepared by diluting Product No. T-04 (Toyo
Jozo Co.,) with §.1 Mphosphate yygfer 0.6 m (pH 7.0,gg9ptaining 0.05 wv
% Triton x 100) to 10 Um] Calf serum (G and Island Biological, US A )
- 0.3 nm Distilledgwater 220 87.7
0.3 m?°40 The sanple enzyme solution is prepared by dissolving the enzyme
in 10 nmM phosphage buffer (pH 7.Fgp containing 0.1% of ag®ugin) to make a
cortentration of about 1 UWnm. A 3-m portion of the above reactant
gonposition is pgaced in a cell 3o colorinmetry and i nc8®aved at [err] for
- 10 mnretes, then 0.05 m of the sanple enzyme solution is added, mxing is
ef fected by gentyy turning the cgpdd upsi de down, and thelabBsorbance is
measured at 493 nmat tined intervals to thereby determ ne the rate of
increase in absogbance ([err] As/@ét). Using the buffer 92¢0dilution in
pl ace @f the sanple enzyne sol ution, the same procedure is perforned and
~the rate of H&Wﬁﬁﬁ%&ﬁﬁﬁi&&ﬁﬁﬁdﬂﬁﬁﬁfﬁﬂtﬁbetmen
the above rflehath Teble 1 GadiGtd Ra N d16E 88d (ol Fbd h¥uT1 L6 Tinléd thd éMount b Weilghtor
i.s bel owchbiddheroll thEdE0 L Eutdr) chblefBryDiledté) Sars B yntheslidyAE ratio biiidt s than bbouT 803& &d
and t he priotredindicsted thatwhert aleic acid is lusatin an dmbom ot 2-e€ waripbUparns (3-8 DodEl per weight
nor e. *Fhesstimginkobcholesterali thetesterification de ranick andh shef arithesjs: rafi: jof thay desited 3stesis
1. Enzyme™¥Mupty (U ng) = 12.0 X 0.5 X 005 X enzyne concentration (ng/m)
The synthesis ratio of the desired estg‘. 5 Fetermned in the follow ng
manner . ThYS sid BeafmpoTiNe Sinudnck bt tle Wardr qnumrw.e iorrPérl b bntithsid Pdio of the
ext racioednirwaszfﬁaﬁ%swm ned JTrRb, hu&.ﬂ:kw Bgdl:a) M@%h&dt! ord), 290 'nfY of
-_ and dehy disigiacid andals au {5001V) dflae aqdebec Wphaed h’ﬁhioﬂtuhdir thmdiesbbnditioad aOlsded NEkamblp 1
- The . whol excepishat 05imist.Qtnl. 2i0m04.0 el. 6:0avher 30,0 md ot weteriwas addadte theaystern i ayrdhesis
(rtiot ri ER¥@ftained injthe ssRective  nuny latier 18 hourphpre shewn inTable 2 at i ve det erni nati on.

This sanple is charged onto a Chromar,i)g! éa a‘,rtz rod with silica gel fused
thereto; product of latron; Chronaro devel oped and submitted to an

| atroscan TH- 10 trongs_ Fl drogen,f oni,zat j on_det,ect The
t hus-determ ni‘éiiég%{- M@M M

repl acgnent sheet, Date; 11/10/97 EP 0 195 311 B2 di v ? by the

t heoreti cal quantﬁty of the ester as cal cul ated based on tHA& quantity of

the charge to gi e the synthesis r@t5o in percentage. Inggx%rrpl es 15-65,

the reaction mxture is converted to a wat er-organi ¢ sol vent two-phase

system the organj c sol vent phase 4 Sp separ at ed and, aftegqagjustnment to an

appr op¥®i at e concéntration, charged onto the above- rrenti oned Chromarod in an

anount correspongi ng to 10-30 [errd @f lipid, and devel oggdaunder

_appropriate con- 5 di tions causi'ng separation of the desi red esterfrom
the unreacted subpstrates (e.g. hexgng/ether/formc acid g5/ 14/0.3).

60

6 6.0 96.9

7 10.0 92.7
65
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| f necesssary, the silver-nitrate" inpregnated Chromarod, for instance, is
used for the separation of conponents. After devel opnent, ‘the Chromarod

i sdri edf orseveral m nutes and bgi i he devel opi ng sol vent-free
state, to latroscan TH10 toéﬂeﬂle*ogs}?gpe;an‘! ne the peak area for the

li qui d coTResatTA Table 2 indicste erat watar skiouid preferabiy be uapd inasmountefjagoyii—3ifpl (about
desi r edo-e3a weightspacalperwveigitdaii st cholesteralhe above area using the equation
given in the correspondi ng exanpl e. é%ﬁﬂ%s In each of the exanples, unless
otherw se specified, the reacti i hhg bFhaRicGBRNeAHYbteMs. THRE, b €
*roorh my gl et v %ﬁ&ﬁfa o o ot rad o aaesiun

- W th a gL ie6ddr 6 sRds VINAKESméutiv of 1iBok1ané) B-0efais or nAmexlane, ascBisstutisedomifevaler, with
Ltd., wﬁa&ﬁw&&rzm Synthekib ea1i0 btrha esteras attainddsn s mannopore ghowmbalows ind@blgidt h
wat er . anples 1-8, the enzyme usedwas Candi da cyli ndracea-deprived

. lipase ("Lipase My"; product -of Meito Sangyo Co., Ltd.). The enzynmes used

—in otfer exanpl es are given in the @gsaﬁcgive exanpl es. 15 Exanple 1 In
this exanple, the correlation bet ate of ester synthesis

(synthesis rati t he gﬁﬁg}'_ ti rati Neh B trates was
investi gat ed b}ﬁééﬁgééting ehe (iE) in(s hed£Frh o ) 100 ng of

chol esterol and a 20 varyi ng amount of oleic acid were used as the sterol
and fatty acid, rebpecti Water afidithought into cont&tt3with each other in

the presence of 0.5 ml (agﬁégigfsggvgggqous solution of |ipase with
~stirring for 1 . T w in Table

1. Péble 1 25 @g . Isooctane7é 1) Run No. Q@gig acid amount (ng)

Synthesis ratio ( 58.5 2

100, §7.9 3 " 129 96.7 83.0 30 .

4 220 87.4 5 , 290 88.6
6" 25 370 4 » 89.7 %) 91449 91.8
35 8 660 92.0 The

~data in Table 1 ingicate that when ol(eigg acid is usgsl.gbout 1-6 tinmes the
~amount by wei ght of cholesterol, the desired ester, cholesteryl oleate, can
. be synthesized in g ratio of net |esq tgf)an about 8098.8Bt is further

i ndicat ed that when ol ei cacidis used in an amount of 2- 6wei ght parts (3-9
"nol es) perweight part (nole)of*chol eqa@ol, the est@Pibication 40 is rapid
and the synthestTS ratio ol the desired ester 1s maxinmum Exanmple 2 In this
~eXanpl e, the influgnce of g+kmcvanher donflent in the 88abti on systemon the
syntfiesis ratio of the desired ester 45 was exam ned. Thus, the reaction
~was carried out us®ng 100 ng of chol dstrol, 220 ny?8floleic acid and 0.5
-m*® (500 U) of an aqueous |ipase solution under the sanme conditions as used
in Exanple 1 excepd that 0.5 n¥, 1.0(n4) 2.0 nl, 4.89eB, 6.0 nl or 10.0 ni
~of water was added to the system The synthesis ratio attained in the
respective runs (Rlter 18 hour¥) are (sldwn in Tabl el13.950

Table 2 Run No. Anmount of water (m) Synthesis ratio (% 1 0
87852 D25 " 97.89 3 8.5.0
97. 4,4 2.0 98.2 Continuation of the Table on the
next page This islBhe replacen®nt shdd®©)12 Date: 11733/ 97
14 n-Hexane ( 1) 76.4
50 15 " ( 2) 68.8
16 » ( 4) 29.6
. . This Sheet Has Been Replace
" N L e sl [T
18 " ( 8) 9.5 T _
19 " (10) 6.6

60

The data in Table 3 indicate that the isooctane-involving systems are at least in enzyme inactivation
among the above systems. Isooctane, when added in an amount of 0.5—3 ™I, markedly increased the
65 Synthesis ratio of the ester. -
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EP 0 195 311 B2 Table 2 (continued) Run No. Anmount of water (ml)
Synthesis ratio (% 5 4.0 97.4-5 .

6 6.0 9GEP 0 195311 B110.0 92.7 The
data in Table 2 indicate that water shqg&d Eieferably be used in an anount

of about 1- Slnq1 Q:?al?r? 3 OFe oWaqu&n oulEE %o&? n:W?iuﬂtLE-i-%‘& .oOf 1 addin
chol est er g 4 ERITEE :éﬂ:' ixturd of F0B b choletlrol, 326 b%omcwgt&&'éﬁ{"sb%z of on
wat er - Conpiedi:d) Solidaadt! iipasedwit 3t vatyisg SiBunt bR Wiater ltither 3386d (hareVd The hus-obtained
carri eds Osynthagisigtioldi Ghaapsiéd €xited laeesthowa belowldd Tamleef ol eic acid, 0.5 ml (500
U) of an aqueous solution of |ipase and a varying anount of isooctane,
n-octane or n-hexane, each saturated daPl@ader, with stirring for 18

hours. The synthesis ratio of the ester as,attained in this manner are
shown bel ow i n Ru Na. TAmpunt of water (ml) Synthesis matien(4)

Solvegpp(n1) , Synthesis ratio (% 1 Wat er (mﬁthput organic
solvent) 87.5 Isooctane ( 1) .2 3 34Q0ct ane (2)
96.7 25 (No addition) | sooct ane (4)
91.4 5 - I sooct ane (6) 83.4 6

| sooct ane (8) 28.8 7 1 | sooct ane (10) 92.767.6 30

8 n-Cct ane (1) 83.5 9 n- Cct ane
(2) 78.1 10 3 &-Cctane (4) 29. 89416

n- Cct ane (6) 13.9 12 n- Cct ane (8) 8.5 35

13 20 4 n-Cctane (10) 4 7.7 14 96.6 n- Hexane
(1) 76.4 15 n- Hexane (2) 68.8 16

n- Hexane (4) $9.6 40 6 17 96.8

n- Nexane (6) 11.0 18 n- Hexane (8) 9.5 19

n- Hexane (10) 6 6.6 The data in’Table 3 indicate that9¢ne

isoocté%e-involving systens are at | east in enzyne inactiygt%on anong t he
45 above systens! |sooctane, when®added in an amount of?0:%-3 ml,

mar kedly increased_the synthesis ragio of the ester. Exa %e 4 Inthis
exanpl e, the reactPon wascarried ouffor 18 hours in the ef-i sooct ane
systieppbyaddi ng2. O, of isooctanggﬁo to a mxture of 10 5 of
chol esterol, 220 of oleic acid d 0.5 mM (500 U of a ggueous sol ution
of lipase with ' :

t hus-obtai ned synthesis ratio of the debismpth Sester are shown below in Table

4. 55 Fhis ilp thinexampp, thoaeastion wistatrieDautin thelshing @riadRer and under the same conditions as in
Example 4 except that the amount of water in the water-isooctane system was constantly 2.0 ml while the

smount of isooctane was varied, and changes in the synthesis ratio of the desired ester were examined.
¢ The resuits obtained are shown below in Table §. :

40 Table 5

hun No. Amount of isooctane added (ml) Synthesis ratio (%)

— g 1 0 87.9
) (No addition)
| 2 0.5 94.9.
50 3 1.0 95.1
4 1.5 | 96. 4
85 3 3.0 94.0
6 4.0 90.4
7 6.0 83.4
60
8 8.0 71.5

The date in Table 5 indicate that the combined use of 2 mi of water and 0.5—3.0 ml {5—30 times as
65 large as the stero!l amount) of isooctane markedly increases the synthesis -stio.

This Sheet Has Been Ren!éce‘




EP 0 195 311 B2 Table 4 Run No. Ampunt of water (nil) j B oy
1 0 73.0 (No addition) 2 ]' ﬂ“ ' |1
92.7 3 _ 2 EP 0195814 81 _

96.6 10 |

7
6
96.8 6 - §6' ,g"'f &

. In this example, the fatty atid was a so d the reaction in water-organic. spivent and the
97.5 8 reaction in water were compared. The reactio éa ied out using 100 mg of cholestbldl, 220 mg of a
95. 5 150k tdiphcid bnd 05 in(550 OXSER aquedus FipsRRABILNIOR WIRBtirfiAg for 88/ haUH. FoPpdroemimg e
manner e deatishein Wwiner-arginic sslvht wo-phasasystamE2.0m | of ndocanne aptl 7t5 Ak oft amerawsrent
of wat efpﬂlm adtied mabe mmmwmmew keyeasefor wonductingsthe neactjorPin@queoupimddivm system,

anoun aem Paimitic acid and wﬂsn@dy&mﬁm&s" pihe wlidy

t he desl'?l "e gf”%t ﬂéﬂ "“?‘H’é’ rQ'GI“I'?' "ﬂé%l the datagbtained by ugjog olpic
Tabl e whie or °mp°"“"°' are alsa givey, Anmount of isooct ane
adQ@gﬂ(rH) Synthe5|s ratlo(°/<) 1 Table 6 0

87.9 (No addition) 2 . syq,@,esis ratio (-9 3

1.0 95.1 30 4 Water-oﬂ'g ic  Aqueou6.4 5

3.0 94.0 6 solvehtd two- medif 4 7

6.0 15 Run8Ro4 35Fatty acid hase sys system

8. 0 R e hofatty 2cid — o-Rhase system o BYElem i use of 2

m of water and 0.5-3.0 ml (5-30 tines as |large as the sterol amount) of
| sooct ane mar kedRy i ncseamaid hecf@nthesis rag. g 40 Exgipbe 6 In this
. exanpd e, the fatty acid was a solid one and the reaction in water-organic
sol vent and the Beacti Oleitc wtd were conpamgd.5 The reacplos was carried
out using 100_nmg of cholesterol ., 220 ng of a solid faty acid and O. 5 m

(200 V) of an aqu ase solutlon W|th stirrin for 18 hours.

port of g Eui iR SRR b i f v S Bt el
m of n- anea e er Vere "FUrther  88%ed to the reaction
system vvhereas for conductl ng the I ekipfey i N aqueous medi um system 2.0
m of watas mmama«adeolsm of & fipdse aONich having latiitryirgodontentratichOist adiBel liRérseion
aC| d wesvsteps@adsistingrf 100 g ®f siudiesterbla220ymag of aleic dtid. 2.0pLbfirsoctame 3nd BO ! vt dratar.c

| ?T“’Tﬁ‘ﬂl corrglatignghipcoatvvesy F’EOQFWM @MH“GDt m"n'éﬂ 'M?"‘!M myomf e!h!: vuw d"“
Whl ch i 8 "' TEY" lﬂ" %h ::{f "ﬂ}" ‘m
Tabl e 6
t wo- phagko H'.E« ] bt "“°? posily ﬁ@ B/ ‘%ﬁﬁ e ,y';,?ﬂ‘
9.0 O3s Tho data in Fig. 1 indlcale that #bout 5,000 LbIARE Mivlﬂﬁ isbsed per 1000 mg of choﬁ&o%l,

51. 6 3 the readlian aan peaceed rapidly and give the desired Bster in higher ratios.
- This is the replacenment sheet
s Example 8
in this example, lipase was used in that amount {sbout 100 U) found in Example 7 to give a synthesis
40 ratio of about 30—40% at the end of 18 hours of reaction, and the enzymatic reaction period was further
extended. In this way, the correlation between the reaction period and the ratio of the ester was studied.
The results thus obtained are shown below in Table 7.

o : Table 7
45 ’
Run No. Reaction period (hrs) Synthesis ratio (%)

1 16 | 45.6
50 2 24 57.7
3 40 - 65.8
55 4 48 70.0
5 64 74.4
s0 6 72 | 74.9
7 96 78.0
8 120 | . 79.8

65
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14 Date: 11/10/97 EP O 195 311 B2 The data in Table 6
indicate that the use of water-organi c solvent two-phase system
significantly increases the sBRt 8498 3%t iBiparticularly when the acid is

stearic acid. Exanple 7 In this exanple, 0.5 m of a |ipase solution having

c'ém'val ingigetathat exep wthe MeARYNY 9 Pt'P on of the reagfions
?Oga:ré"gg 'gﬁlgq haurs.¢ag, resulj 4oy ‘B'P" g;' t’f’d’"’?"’cf 'ﬁfg% Q{’f‘? ne andq*g om

of water, and the correlationship kgl 9the enzyme concentratl on and the
Synt hesi ( wigénampRf edch EorGihdtion VRS stbidY (6 bel ﬂi&ﬂ'ﬁi of 100eng), 236thy 21 aNBTaR ohARRYIRL €
W th shamounnef 0iSmi sbitnibis) s Givenlin Tatsie 8 Wai Gaet Bhibthe béadtichachs asrdied i sachrebttidn 1.

| n Fi gystein givere inc Tableh® with stigringdfoo 8 hhers ge igive lbmoqrspdﬁinmdeﬁrhdz egtecliThadetaand
t he eﬁlzty-ned iarthis men Q'Wfqmm%ﬁehhﬁm ts on the abscissa, the ratios
of the e e;v CSE E%' $ondqtbe mgb'me"énfﬂrrr@'ﬂW%ﬂ‘@dcgmms”(-gf’\9@9"10n U)
beilng * PO |d enzyme amounts. The data in Fig. 1 indicate that
Wnen about 5, 000 U of the enzyne is used per 1000 ng of cholesterol, the
reaction can proceed rapidly and give the desired ester in higher ratios.
15 Ekef(fpl e 81nthis exanple, |ipase was used in that anmount (about 100
U) 4 oung,_j n E‘?gg ofor / O give a synthesis ratio of about 30-40%at the end
of 18 hours 0 reactl on, and the enzymatic reaction period was further

ext ende.2 | n g-Hitdsrevary, the correl ati on between the reaction period and the
ratio of the ester was studied. The results thus obtained are shown 20
bebow i A-Tabl Bigmesteehl ¢ 7 Run No. Reaction period (hrs) Synthesis ratio

(% 25 1 16 45.6 2
24 A4 B-Cholesisnol, 40 65.8 4

A8/ A5  Ergosterd0- 0 5 64 74.4 30

6, oo 74.9 7 96

782D 8 A6  Isocholesteroll 20 79.8 35 The data in Table 7

i ndicate that even when the enzxne anpunt |s 100 U, prolongation of the
reacti orf beri‘e@"WlMdm"Q“%a Kyrawy Co-. 18- )pr oducti on of the desired ester

in a rat U{nu? 4 )i s exanple, each

co’\np.-i natégn ‘?&ﬁ g‘t’%‘{”%( an arr%ﬁntgm'?'ci(%) L{‘ a fatty acid and an
enZzyne (4.4 anLﬁWMH@(M SI0oehikéwy OiflBncOF s €b., Ltd) Tabl e 8 was used and
the reaction was carried out in each reaction systemgiven in Table 8 with

stirringa-imr fiss aoeld800ipgidua of NisseroEnemical intiuptgeriddd red ester. The data
obgalned in this manner are shown also in Table 8. The symbols used in
Tabl e’ﬁ%ﬂ‘ﬂf‘the subsequent tables for sterols, fatty acids, enzynes and
aorgani c épl ve i ndicate the foll ow ng: St erols A-1 Chol esterol 50
A2 [err]- | osterol A-3 Stigmasterol A-4 [err]-Chol estanol 55 A-5
Er gostergp A- paimiue@6iBol est er ol

B-3 Stearic acid
Y, B4  Linoleic acid
* 8-5 a-Hydroxypalmitic acid _
B-6 Lanolin fatty acids {product of Yoshikaws Qil and Fat Co., Ltd.}
s0 8-7 Propionic acid
B-8 Capric acid
B-S Lignoceric acid
% B-10  Succinic acid
B-11  Sebacic acid

60 B-12  Isostearic acid (product of Emery Industries Inc.)

8-13  FAIP {fatty acid of tall oil, main components are oleic acid and linoleic acid, product of Harima
Chemicals, Inc.}

65 B-14  Linolenic acid (Tokyo Kasei Kogyo Co., Ltd.) This Sheet Has Been “fﬂlilced
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This is the replacenment sheet Date: 11/10/97 EP O Tﬂwh&imas&’ée laced
| sotridecyl alcohol (product of Kuraray Co., Ltd.) A-8
(product of New Japan Chen (@P 00195 314 BP A-9 Lan
(progi ,%' Yoshi kawa O| and Fat Co., Ltd.) A-10 Fine oxoc
(procf'% Ni ssan Chem cal Industrles Ltd.) Fatty acids 10 B—l Gelc
aci d B€a  Hapd¥h MYC(CRAdidh dilindradén-derivedipade: 80 Bfihgl prodlict oflMéIfd Singyaici d B- 5
a- Hydroxypalmtic acid 20 B-6 Lanolin fatty acids (product of Yoshi kawa
08l and&-Fat Lliease Ti00 dcoromﬂbcrcrtﬁmmmncdum liggse; 288-LEmg; @agvit of FevodloBdl9
Li gnocer| c acid B 10 Succinic acid 30 B-1 Sebacic acid B-12 |[|sostearic
aci d (fFddu cg""tﬁf ‘PLWW'@%‘ PH'E"?*’SB"“ Bpasg: 4-Nfpo PIRAVG ALIARYP tal |
oil, main cor%gﬂ%cﬁ?"“a?oé‘ eic acid and linoleic acid, product of Harim
eni cals, | dioleseltr 1&1.:%“%9%&&5& Qﬂ%v@%icrmgﬁ% Grmg; Lbrdader EBZY TS
40 &1 Li parmaidéhi(Yersmi)da cyl i ndracea-derived |ipase; 0 U nu; product of
Meito Sangyo) E-2 Lipase T-01 (Chronpbacteriumvi scosum derived | i pase;
280 U reep pr@@!ﬂ@tor@faﬂfowTJbﬂO§ Utrag; prédu@t of Jiogadero! Amano” A (Aspergi | | us

eci es-derived |i roduct of Amano Phar maceuti cal - Ltd )
! O oot Gatmtord sieinet (Chocin suiaree SRR, SRADS (ERR SOHH B
product of MRRBY NNk uhi n) E-5 Cholesterol esterase T-1 8 (105 U ny;
pr oductg.of Tgﬂﬂo WQ)MMU.EdﬁQMMHW lﬁfa“ 10UMRG 2518l k-8 AL Seiyaku)
cylindracea-derived esterase; 20 ng protein; product of Seikagaku Kogyo)
Ezo7 LiEgase LUibake mmzqmmrdwmbademwd'i pmlsa of SOikigehy Kogyooth.idd.Df
. Amano Sei yaku) E-8 Lipase (Rhizopus del ener-derived |ipase; 600 U ny;
pr oduc -%bf S@l%@éﬂ! aﬂmmﬂa-'w'wmvad psterase; 11H(me: Srodug of Qeipiplyeast Co., L1d)
'(pa'nﬁ;g’?ﬁ ‘ger ved esterase; 11 U ny; product of Oriental Yeast Co., Ltd.)
A]¥S THE repl acenent sheet 16 Date: - 11/10/97 EP0195311 B2

Organl &-50! ipotianes- 1  n- Cct ane

S-2 isooctane

a 5-3 Cyclohexane
-/

S-4 n-Hexadecane

. S5 “iP Solvent 1016” (isoparaffinic organic solvent mixture with C, content 63% and C, content

a5 30%: product of kiemitsu Petrochemical)
S48 “isoper E” (isoparaffinic organic solvent mixture with C, content 26—35% and C, content

v 75—80%; product of Exxon Chemicals)

40

—

50

55

80

65
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5 S-2 Isooctane S-3 Cycl ohexane S-4 n-Hexadecane 10 S-5 "I P .Sol vent
1016" (isoparaffinic organic solvent mxture with [err] content 63% and
[err] content 30% product of |dgPted98:3tecBdArical) S-6 "Isopar E'

(i soparaffinic organic solvent mxture w.th % content 25-35%and [err]
content 75-60% product of Exxon 15 a 1 cal s) The exanpl es using

al cohols A7 to A 10 as substrates and enzyne E9 are considered as

conpar ati ve exanpl es. 20

Tabl e 8 RuRvhio. Efrypee (Jterolt erRatty Raidy ac‘r’dt(rml Qrgandicer Ephihesis
Or gani ¢ soNwent Synthesis ratio (ffolassbdsed sterol) solvent ratio

(m) 1 E-1 (690) A1 Bnl sta)xol) ml) 8 (ml) S-1 (M
96.5 25 1 Ze-1 ( 5000 1 (RDD) M (3) B-1 (3B  s-) (2) O 96.5
5t (P o2 (2)E (%508)3 a-3 E-5-0508) te B (@) ess
: <2>§- (500 A% 8% a1 MEL (W AP B §§ )
8 S (g1 (s00) a3 08 By (3)E 1 (509) - 4)
0o (4.513 A<D 4 30 f@o@’

ol 8-27(3) :;1 : ;og;' sl-l (?3 s 1 m gg @,

- (500) A-8 3{( 10
E-1 (500) 9 A-1E-1 (B5Q0}3) A-l 8-3 43) §1 (2)5-1 (2) 98.5906. 5
35 20 110 E-1E{1506D0) A-1 A-1 B-4B{3)(3) '8 §-1 g2) 9% 1
(2) 11  E35. @ 300) A-E-2 (1@36)(3) A1 8 B 653 (2) 35.0 2

- (0) 12 E-2 (5600) 13 A-1  E-B-61@089) A2 B1(3) 55.0
g’ S13 (2)E-2 (1000) ASH.3 14B-1 (3)E-3 (1080) s-2 142) Bes.§3)
2 2s S14 (0.E+3 (1000) ASD-2 15B-1 (3) E4 (0) s-2Y0.5) Bs§.2£3)
8 S$18 (2) -4 é so) a9b.-9 40p-) (3)16 8 E S{50Q) 96 19
B-1(3) 16 -5 % s00) =t (2) B-i (5; 9€ 7 17s-gi g) E- §7($00)

s-95-2)18 gs.3

E-6 (500) 3 By

3) 2 (2) 95. 0
(50} a- 1 83 sz 95.0
19, 1080 1 (3 2
62.\6 45 g( ﬁg (1000} Anf)) ( g‘ (3) g 3 (% %g( )63 °

S-2 (2) “%e-1 (1099 Ex M e 10 edPti cati or® was or?du‘&’ed |89 2
r.eaction s.)Ls.t_e.m_c.n.nsasu_n.g._ni_.chuJ_e.s.t.emL””” A
Tabl e $so (in an anount of 3 noles per nole of sterol) an enzyne (1, 000
given in TabI e 9 and a vvater organlm@nt t wo- phase s ste

i sooct ane/ " cansjsting of °'°?‘ P”d ? id¢id Qiven)
Table 9. 3. % ° 'Pﬁ:s;':‘::,
n'anner‘oa oﬂ |§?¢ﬁ Q‘Ww rﬁu for Bach 9 Fs&ﬁﬂ .ﬁﬁg’mﬁh.ﬁn&%ﬁ shown in

A-2 B- {5( 3 E-5 ¢ sg S\-2

Dat e: EP0195311 B2 nzyrre atty acl
Reactlon perlod (hrs) SyntheS|s ratio (% 1
48 65.4 2 E-1 B- 8 18 94. 3
N

43

50

55

&0
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3 E-1 B-6 , 48 85.5 4 E-1 B-5

72 72.7 5 E-2 B- 6 120. - 74.1
10 4 B8 120

89.4 7 E-2 g EP 01953718 77.0 8 E-2

B- 11 120 4Pa¥18 9 E- 3 B- 10 120
27.0 10 E- 3 B- 8 ___IZ' Reaction SynBReip5 Example 11

The reaction was carried out using a rea yste stl ng of 100 ny
of cholesterol, 220 ng of oleic acid, 838(i%dcs)f |.%§§f§m

| sooct aneﬁQnO§°M prgﬁggébe Nﬁ‘%# gﬁa?) ﬂ,g, /8 M, pgp changes of the

synt hesi sTTarto w remm ned are shown
in Tabl e 10. 1Tabl e 10gBgacti onpgaeri od (hrs) 43 0.5 169.4 1. 2.0 3.0
4 0 25 Synthesis ratio (% 83.7 94.0 97.5 98.0

98.5 Eganple 12 Fn this exgwple, the ngaction vgg, gonducted using 100
ng \T/ chol esterol, 220 ng of oleic acid, 500 U of |ipase MY 30 and organic
sol vent/ 0. 053M phosphat'e buffep{gH 7.0) = 38 /8 M §%r56 hours, and
changes of the chol esteryl oleate synthesis ratio depending on the kind of
osgani ¢ sol vent were eXam ned. BH® results @gRtai ned a72,3hown in Table 11.

Table 11 Run No. Organic solvent Synthesis ratio (%9 35 1 S-2
97.0 2 5 S-3 E-2 B@& 8 3 120 S-4 74.1 96.7 4
S-5 96.0 40 5 S-6

96- 0 Exanpl e613 A nixtlre of 1®-# of chol e3@6rol, 22BDi4ol eic acid, 50 ni
of isooctane and 200 m (50,000 U) of an aqueous solution 45 of |ipase MY
- was stirreda?200 rpnfof 18 houlBs9 Thereafte@?2 et her watdd@ed and the mixture
- was/ washedw t haqueous SOdI um bi carbonate to renove the aqueous | ayer. After
several repeBitions of“this pr&ddure, thel@Pher |aye#2uhs dried on
#hhydrous sodiumsulfate. The ether was then distilled off to give

chol esteryl 8l eate, Whrédh was B-df te seni 1@Pans- par®hiOcrude product, in
96.3%puritg and in a yield of 16.0 g (95.0% . The thus-obtained crude

- product (6 was charged intoBxSilica gel 280! um (Virkoel €200, 160 g,
?rZ}J —000 m of
. benzene to give 5.3 g of choleste L‘QJ' fte. The infrared absorption

Spect I 4Ry febctich wal Rhrribd ButiBingla rescHbA G‘Jrﬂﬂmf 180 md dJt Bhdlashé¥i€ 220 mg of

chr einid seif, pdo/L oflilgese Rl aheisdblans/0.06M pPikosphaté Biffer (PHOY B mMEE ahdicHaRgas!ott €
101 alsmeynthesis thiotwithimaivenedbliomed CtheTbmuits abulined) eleabdwn inl Tablectdt €. Exanpl e 14

. The reaction was effected for 45 hours by stirring a mxture of 1 g of
chol esterol, 2.2 g of isosteari @s1el X@roduct of Enmery Industries), 0.333
'g° (10,000 Uy of lipase MY, 30 ni_ of 1sooctane and 80 mi of 0.05 M phosphate
- buf fer Read@Qomiperbodhdhra)l acdusit sheet 18.5 - 2.0 3.ate4,01/10/97
©P0195311 B2 rpm In the course of the reaction, the reaction m xture was
. sanpl edsphthiesdd irdeioal(&)f or B3I it 00nNITL St h@BsYNt 9S4 98.5

.5 Example 12
In this example, the reaction was conducted using 100 mg of cholesterol, 220 mg of oleic acid, 500 U of
lipase MY and organic solvent/0.05 M phosphate buffer (pH 7.0) = 2 mi/8 mi for 6 hours, and changes of the
cholesteryl oleate synthesis ratio depending on the kind of organic solvent were examined. The results
obtained are shown in Table 11.

s0 ' Table 11

k]

" 60

-Rur; No. Organic solvent Synthesis ratio (%) P
'_ 55 1 5-2 97.0
2 S-3 | 96.8
3 S-4 96.7
4 s-5 96.0
5 S-6 96.0

"This Sheet. Has Been

- T




ratio of the desired ester. The ratio was 28.5%in 3 hours, 85.9%in 23
~hours and 91.0% in 45 hours. The reacti on was di sconti'nued at 45 hours
after starting the reaction, fEPI 0\/&5 5)11e>§1 action wth aqueous nethanol

to renove the unreacted substrate. gucu jation of the isooctane |ayer gave
1.53 g Of MiiurA6H R bSholesidfdl, 223 oIl Bcid. 50/mi%o! iscBciBhe Aridc208 98 (562600 U) of an
| SOSt aRuédus d36lLMorestliipbse MVIGvak Birped811200 Al 103 N8 heisrs.CiheteaftérD@heravds @dad shdasé er
' gave Onigtlugd wet evashadt with awo“éthpdlaamebumdorfawwdrmvbehtﬂ@@%)w layerh \ftbaisevest an
anab y gpastitighsatth nep@my@ mersther {ayer wis drigd ongnbdrousspdiumautiste. The e'hn%vé'&eﬁ lhgn eic
P ed

aci d, diptijed ‘8?'°| g1yl gleats. “6?‘%’&"’3”6‘5‘05"15"5‘?““‘ﬁ“ﬁ‘&é’é"w
for 3 ’HSHQ'%V"

8 USs- "° L (V] rr n h H el C gr y for
the sypldl gsha'rz 2@? @ W’ Kg? 'fgra palinio ¢ bl 1’3@‘%&9.@%@@.@2
V¥Peat e NARrhred Isblsb r%u

Mcﬂ
ecuum (R), (BIBhG Qﬁm@SEﬁér R&akophieRElbon a thin-layer X
100 chromatogragh# J(TUCH plate and Rf value of this product were in complete agreement With frdse of
corrpondntenq:;emmdamewnmt;olaad ester peak area) The above term"first
corrponent nmeans t hat one of the tvvo substrat es charged as the reactlon

ubstr atswhchis np an Ja
[} |o 1 stergl so cr
Fady, sa@t.‘&ﬁﬁ grame:m.froa i grat e a2} B8 e} e
C&Qﬁ }oQ& :hBh&cﬁQPM%&G%B':%ple& Erirhéd
bec 0 me.&e uhenmt.mn ©OWb syHRURI r a1 bR [ sil 6D edress Td fafic wid IBLEY mlamotuermvpf
t he numrtmnmmi anDd 1% inoed rabumappear ed fromthe reaction m xture, inde- 20

perment | Jheofesctipe wasndiscookinuedfat A5 bowrs alier sempo thenteadtions 'gl!@i'qunb\emegsm with t he
~ descri®f P‘M{h "}:Ha'rf‘?f'emfam the ypreacing H'é!ﬂ:&“rt Ristiliption, pthe igepEtane ayes gpyg L3 g of

. ?\E,?CI ;Ef,’%f P??sg glt:t .é:g&chaeﬂer naostoarlcq;gdegsttggs:ég %v%?%&gﬁtpgt h‘ﬁ.& pp ag'nd?tg:g%}ll ?Eg
Uppgr |sooct ane ayer was renoved while | eaving the |nterface portion in
contact with water. To the renmai ndegxswipte ®dded 5 nl of isooctane, the

m xt ur e Aaxtgte af 1AUMa ntchalebewt 220 sigah diendid: ! of iwoctbee 8 mi eivestevand 56 ved,

£ ol | oleepe)Y mes sfrradi tand heyrs.ginen.acsampiewes tslensinam theaunper ioyarand snalyzed forjthe he
i n\tjr BRUBesiIPYe B fhalestetvhente Raid 3to mep aticulated aafaldyysng. After 5 repetitions
of_thi s procedure, 100 ng of chol est 0 oleic acid and 8 ml of
. isooctane were aggaimesdefdiel)o-t he ‘B&?m“aa D.QF.,QL) queoyso ayer, yand the
reaction was carried out for 3 hou(rst chbhpohéhy pédkisrda #as practiced repeatr ng
the above procedure conprising treatDesied éstereati are® f or ef fecting the
reamstion, rermvr ng t he upper, subst rate- and react I on product-containing

i sooct ngq r‘gﬁmﬁeg‘w Means ¥, sem'ce!rrt'a]gl 'H # chatged "0'03 w»%@r

and ;Il% =imﬂ Ez%oeo cg‘%p%é’ &gng?not?' gln ?"5 Q:at:go ua# n he

_ F' 9;0 gas HisSppeNrel M the' ﬁkétﬁn of ﬁmo%nﬁhaetoéﬂimﬂ e @'&2(2"
time (hirged infexcuss.Ib el deeénpmbe nrae &mbwo Nthé wrtt isfrbticsdatd, wme(nzahwvmb)cmcsnpn

the absmdsvadmmlcelgbem vdidoshe abaybiequationdthch run is attained by allow ng

_ he new ¥h ydbp mww t"d"r@'avvdmmﬂéam esuiting ppper Isagciane layesi wep

- prott é'd“%t’ a. 'w.'eo i ‘ r?emg m’y\m’g T the rematnier v oz;b grbv
-t.Dur‘r"n peldimil i E §..£ﬁ ét,t ﬁ;ﬂ&h% 4 :ﬁjJﬁ‘é‘: f oé‘u

i

s u bst Fs%b&indﬂﬁd’read;h s34 ﬁﬁﬁe mﬁ o-eaamaagi\%us leyed, and tﬁeﬁgdcﬁaﬁ Ws J.hats otuher 3
ester nheymt hesis ratio after 130 hours is still not |less than 90% and
acoor di ngymvm'pn tWes Repatigerk repotingnthe qbeseprossdmwvms;ngammb e mivagretioi n
its ré& ctiop. ’fﬂ‘°i‘"éad't'? BPP'r‘qﬂ@ e adJ8 mﬂi‘?q 'P"‘I"tg 'P%°°§’0§ 8kd
t hat piA e, hé,a ng MW P 3. e e 8 d*wawb@"r
proce ur

Wi sHo' n i 294 ¢ P§ t“]wntﬂegg rftﬁa&rlﬂe em%; ik ﬁ tN@S
rgposafm .@Qﬁmnotma BfdrRfalt'dkhe r%om xgi firgl Qh GzeAHotlr) iso atsc.hﬁ.oms bstBe, 8
m of sywafieais ratiodn B&B rivh i Aflsined ty)allowing ithpaely\diargéd fubseaies hSadﬁb‘n&i dacttlothérdor
shown 3hourkbejng Fotted aghiastsbetimenstiwhich thessubstrals spbsRutiohvas conduted AuFingthe deriodt | s
seen fA@ithy etpeagq'-og@d At tossubstrate P@P’E&'ﬁ%é"% eeﬂroedmmrmm"pep@m dend

h
gagggg: ?%&%aﬁ%&?{:’{ ﬁfh tﬁa m es:rrgv ? DUTS IS t¥l| not?&szi ?{é 5%% c 'd"l? i on
' [
ot hepa sy Sl zmsa.on {“’Di JE Xbdfr € of 100 Ny

chol esterol and 220 ng of ol eic aci vvas treat for 18 hours vmth 0.5 m

of an aqueous solution of 500 U of #xemaeaéMy with water added to the system

i N san antharprocgfurg oEExpmp® Yhiwas Agllomed pxgppt thajithe rpactioh mif! jexns cempesedak! 08 dibe d
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to the reaction mxture and the resulting m xture was aIIowed to stand.




The upper isooctane |ayer, except the interface portion, was renoved, 100
nmg of chol esterol and 220 ng of oleic acid 55 wer e new yaddedt ot he
| ower enzynesol ution | ayer, andEFhEo nos:simnailasconduct edf or 18 hours.

eatosBL g “ﬂi;é%% i Scut o e 86 G58040 iy b7
l IU

re,

EP 0 195 QJn % 3. %g §yr{ isq" secured in each rod)oated Rﬂﬂuh@acﬂon
Amount rGf uMbsdut FSbCHRrs( Adriely the lsyritRebte restition .r,easa tdcdQ@boutTBdinies aﬁiiHonb ntyme
0 5 losses due to subsﬁt?ntc&n of the organiBeclB@ent phase. 87.0 2 .5
97.6 97 3 97.4 3 1.0 97 4
97. 4 Example 17
08. A miyg f 100 mg of ch?I’_stgf and 220 mg of oleic ac wps treated for 18 hours ml of an
97. 0 aqueous sé iC 500 U of se wléh ater addod tot e syst amount o 0 ml

\ After r é;sooctane was added reaction mmggnzgx; the resultin
96. \Q/7 allowed to stand Thmp r isooctane layer, excépt ‘the interface was remove

I Nt hi $he¥seFpl and 220vag bEGIGE i Wwile Rewitd ﬁ-aadado héllowe? eRIYmMaGLIHOISIaveY Sn@! me f
t he sysisekovdusted for\iehberd. The sboveyirateduOvasrepadied tBise tiewws mall. aft er

separ at i ofhepfesulfa@btained ate, oivenibeiomein Tebled2ed i n an aqueous system The data
showt above in Table 12 clearly indicate that even when the anount of water
in the reaction systemis large, the @able bt2um of reaction shifts in the
direction toward synthesis, that the enzyne can be separated with ease by
converting t hBusy¥doam tAmeuntatef - or gani ¢ Symwthesisorphiec (&)stem after
reacdi on, and further tWweter hmddéds- dsgarated eagne can Bedused repeat- 20
~edly without losses in itémbktivity. réactdmve resctional seactdiorat e t hat
even when chol esterol remains partly undissolved in the system the

symt hesi s reactidn can procked to a saBi’ flactory 8&t8nt. Ex&8Wpllk 18 25

The Jreactlon was carried out in a reaction systemconposed of 100 ng of
chol®@sterol, 2202my of one ®fSvarious ®3t6 aci ds?7530 U of 9%.fase MY and
10 M of isooctane. Thereafter, 3 m of water was added and the m xture was
stirred, followed by phase Jse(bar ation 89«8 wat er-9%eo8ct ane ®o-dhase

' system The isooctane | ayer, except the interface ortlon was renoved, a
~supstrate solutidn conposed® @ 100 my &8 -chol est e?BF0 220 m§7%f the fatty
acid and 10 ml of isooctane was added newWy to the remsu ni n% aqueous enzyne
sol ution and the3reaction vhs? conduct e(? f°d¥ 18 ho?fs0 e above
procedure was repeated three tines in The re S obta| ned are shown
bel o i n Tabl e 1%. Table 1¥3#in No. F t‘t')p acid §§ %he3|s P%ti% (%9 35

1st reaction 2ng reactio 3rd reac -
98. 6 98.7 2 &0 9933'-37 %g.-é %%'298. 8 3

B-3- 98.5 98. 0 98.4 40 In this exanple, the reaction
was gerformed Th a water-contarning organic solvent systemand, then, the

ENZYMe Waf 15 Hdhipies the fakfidn Wit LY Fiod bGtin bPaqled@ sG] a1 .ﬁ@d.wam cohViied i ©
Sy st emwai-isobetarecsstemnsnd) shebieparktion bMAE ey MéSthisiviasiré-ussddR bR bQs¥dus Kiatend. TRe
react i oatasbown shaue lny’dpn otdajlydwdibathbatmmhm therarobunt hbvatgrdt theredctiaar system is

react i dnmge. s-eaqvmr&m nshifts 'vmimn synphasis th hmmvm@ ean bofsemm
r esutt é""f‘ P'Ht‘? bYY“’WH’ '“ét%h‘g} ‘G\QY"EEE g‘ mo
and r e F;:g’“

after ,;,gt,,ﬁg@;m. gg,mas ter e ou%‘? | on o f"%;" ?

Example 18
The reaction was carried out in a reaction system composed of 100 mg of cholesterol, 220 mg of one of
various fatty acids, 500 U of lipase MY and 10 mli of isooctane. Thereafter, 3 ml of water was added and the'
mixture was stirred, foliowed by phase separation as a water-isooctane two-phase system. The isoociane
layer, except the interface portion, was removed, a substrate solution composed of 100 mg of cholesterol,
55 220 mg of the fatty acid and 10 ml of isooctane was added newly to the remaining aqueous enzryme
solution and the reaction was conducted for 18 hours.
The above procedure was repeated three times in all. The resuits obtained are shown below in Table
13.
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- 50 through a 0.45 [err] Teflon[err] nmenbrane filter. The |lipase MY used

(powder) remai ned undi ssol ved, adhering to the reacti on vessel wall or

formi ng bl ocks, but coul d be EROUESEI1ByBashi ng of the reacth Replaced.
with two 10-m portions of isooctape, ,follpowed by filtration. :
recovered, together with the nmenbr r, was transferred

reaction vessel, the sanme supstrate sql uti,on i anpl e 18 was
added, andR¥RmeNPeactAGFX\RE aig rg.ongty&t&eg ggggSUQﬁx
wds repeated three tinmes. The rerﬂagii%l;,t ai

ryealNi s procedure 55
sho | n Tabl e 14.
This is t e ﬁﬁmp 0 195 311

B2 Table 14 n No. Fgity acid Syggthesis ratg % 1st rgaciion 2nd
reaction SrZyreact [ on%f]}/ B_é@.@ 98.9 98.6 98. 59%a. 98.3 2
B2 . 99.0 98, 7. . Q3 Bg 3 9% .3 97.8
98.0-10 In thfs exarrpl%ﬂ %he enzym?é v'v?s separa%sed by using a nmenbrane
~filter and regused. Theg data in Tagegl4 indicggegthat theggengynme in a
L.

di spersed Sta?e can be recavered far e 20 15 To

a,subst i ufwk 1 S QISR IAE Pofdrmbd th SWatef-contimifP 51@bRE solvedt sy¥thnObnd) kifdh e
ac'éd !@Qﬁéﬁ: as%épakmm%m%gmorﬁd@daﬁﬂ&g%ié idiveht -piise sy gd@s and/ve-used.
powd ®font TebI8 133iVén abiéve! i€id Ohdedstoodrdataievdaibe carf resdily Brogendrand thBironyeesion ofdive

M Xt uysteraBercrestion ol g @aten oS Golvpnt tivophds® systpmthypUdiGion of whier eauiiscinieny

sus p@hereciepaationewherely hp eazyme can be respyesedandrpused, nor nat ant was renoved by
détantation, the enzyne particles é/verrnelqut urned to the sanme reaction vessel

. . X, .

as befope fﬁ%n ﬂufixﬁn o o8 QotaA6lshn e iHoi 18 Shed Y iR FdakAih vods tibea SHINSLI fdRionof

sol uliANos Vralbr, IHDEGHCS 105! R TeNGH® BRDIBRY ARECThe Rbdte NP \(BecS JdWASS iréméiReLt | ON

. PFOCRHBIERIVB SadhBriHAb 01k rbitiioR vésséTWall bifofrhing bibbia, But Bble be Bcoatédbywahidgo6% i n

.t e fne @bcion aedseiosith 9. 1Dl prrtidne otiscmtatie nltbvdd BItratioc.he third. This

- exanpl eThe anzythé robovered. togetheravithshermembrianafilten was tspnsirsted ip the same reaction vessel,

wal efhasaneavhiay sol arhpRused nExpmple ew’agi 2 the faactigvap agein gﬁg‘ﬁ?&%&" 1% om

~ the hews: ThitPracedu(s wesfapeatad;threp timat. Tha results phtainec.a(e SNV ThaL The enzyne

syspended in 25 the reaction systepgypd pg recovered for reuse by -

cenyrifugation. Exanple 21 To a substrare sol ution conposed of 100 ng of

chol est er oRun2®e .My pﬁt{frgkiaydroxypag%ﬁﬁssgﬁi datled Ay of isooctane 30

- was added an aqueous sol ution of 1kt000 (33284mg) of lixxese MY in 8 m of
~water, and the reaction was carr ir@hcefon Or ¥eadelvn Afredctimeti on, the
ertll sified upper Tayer portiron of the reactron mxture was firltered
porti onwi se uding a pol®=1propyl end8x8le hydro®805i c por o8B jEnbrane
v Duraguard #2400" (porosity 38% maximum pore size 0.02 x 0.2 [err],

- critical surf@ce tensi @~35 dyne/ c89 0 oduct 098Pl ypl asti%®.%Co.). The
agsleous enzyne solution could not wetthe surface of said nenbrane because
of its higher3surface tBn3ion than9teS criticaP?sbrface t@&ibn of the
above nenbrane and 35 accordingly codl d not pass through the m cropores
‘occur r i inghis mxanhple. thergnremewas separated i osing 8 membeane filter apd revsed ckhetdate in Table
ni;gr dp te thidhe,SNTHEP L2 PisPRISeI PRI ERD RoT9caYared {nr foyss by filtedtiont yrned to t he
_reaction vessel and, after newy aggi“%{ohereto t he sane substrate sol ution
as aboVey s fubRtrkts 351N EoHPOsedRN HOThE 6t cSIFIdTol, 20 mifor BRI atid ahll F0 FY BYidbRStare

- rati Qvas 8ddeaBoR0MET MEIUE lisuae MYl ih powddr fitfn] dridthe\RSctibn wadedhiatctbdfol 18 Wourd) The

Secomehctidambawn wea TehiBitugsd avl@D00 rpm fdMitsminuad eherdby calidethe sliperidbalCinizyrine \Was

c 67 d werticlds torprecipitatee Thenugampantowisremoved iy de¢antation, whe anayrae partities were ctiroed

m x;é% Qﬁ%ﬁ:&ﬁ%aﬁfﬁ §:%HQ'°EP andapiins Rdgiiien pfot vavs Poftiem PLihe sybstratesolution. tee

per he a.Ove § t tion %&Iﬁ\{lﬁnt srsohovtvgd rho%tt‘mtepl%a %%gun hepserIELewéss%%M on

Can Bews AR taaion, 57 S mﬁs&mﬁé’&s«mmﬁh ! e el e by

Utsk | I Z1 Tigls bkWenple, in which the synthesis reaction was conducted in a water-containing organic solvent
system and the enzyme was separated from the reaction mixture by centrifugation and re-used, shows that
the enzyme suspended in the reaction system can be recovered for reuse by centrifugation.

Exampie 21
60 To a substrate solution composed of 100 mg of cholesterol, 200 mg of a-hydroxypaimitic acid and 2 ml
of isooctane was added an aqueous solution of 1,000 U (33.3 mg) of lipase MY in 8 m!| of water, and the
reaction was carried out for 72 hours. After reaction, the emulsified upper layer portion of the reaction
mixture was filtered portionwise using a polypropylene-made hydrophobic porous membrane “Duraguard
#2400" |porosity 38%, maximum pore size 0.02 x 0.2 um, critical surface tension 35 dyne/cm, product of
65 Polyplastics Co.). The aqueous enzyme solution could not wet the surface of sa. ° membrane becsuse of its
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surface tension-based sel ective perneability of the membrane. 45 Exanpl e
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8 S-2(2) 18 ¢able 151Q2) E-1 (500) A-6
- B-d(3) 8 S-2(2) 18 11 E-2
- (1000) Run A-1Enzyme BAlc6lgl Fatty acid B orgaric? (2Time
18°12 No. E-3 (1000) A- I{moles bas&d 1l (3) solvent 8
S-2 (2) (u) 18 13 on miltoh6Dp) ()1 (m1) B-1h8)
8 1 S-ZE ( 500) A-l -3 (3) 8 [ (2) 18
B1 (3) 2 E-1 ( S00) 8 a-1 $-3(43) 8 sd8 {H 18 E1
: (5@%, 3 A-1g-1 (1000)B- 1aL8) B-8 (3) 88 §-234(2) 18
4 E-F- 4dod)0) a-1A1 p-12¢3)B-1 (3 §~2 (2) &5
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8 6 S 6£2) ( 500) a-2 18 18-3 (39 FE1g500)g-2 (A1 18 B-1
E%OO) 7 A 9r:--1 ( s‘bO)B SAZi %1 ®21 (3) a 18 E-zsgg) ('2) 98 E-1
8 A 9g-1-.( 500 : 3-1 (3 §-2 19
520 EaiL éls%é) é 133 (1 %) 5-2 (2) S-2
(2 10 %00) A-6 E'l (%Q Okay A9 s—?tg (1. 2)19
8 S-2 _(_ ) E-1 (g1000) 9 B-13
(1'9) 11 E+2/( O) 2 (a-l (3) % 30 -) 18 £ 1
(1000) 12 E-3 (X 1 (3) 8 S- 2%2 (2)

Saoq 13 EEil (}0) g Bl (g g 8 25 s-2
s-g 42) 34 5 ::1 00) S-g 573 (2) g 3 18 9
g « éf s 2}:1?):(::%%) o 124 3§ § g? E‘g}zgjoom g A

B-1 (1
(1000) 17 A-gE7l ! 5°°’B- 1%'(% 2) 5-8d (2) 18 5
28 E-‘_’L"(l x g’bp 2) % s 21 S 2
(2)o 19 b4 A9 g gIBo A78  S-242 (1 2)
20 o 2:-(12)(1000) A-9 7, 8 s-2 (2)
21 E=1"(1000) A-9 B-1 (. 8 $-2 (2) 5
22 E-1 (1000) A-9 B-13(1. 2) 8 §-2 (2) S
23 E-1 (1000} A-9 B-6 (1.2) 8 s-2 (2) 24
5 24  E-1 (1000) A-8 B-8 (1.2) 8 52 (2) 24
25 E-1 (1000) A-8 B-3 (1.2) 8 s-2 (2) 24
26 E-1 (1000) A-8 B-1 (1.2) 8  5-2 (2) 5
27 E-1 (1000) A-8 B-13(1.2) 8 S-2 (2) 5
60 28 E-1 (1000) A-8 B-6 (1.2) 8 s-2 (2) 24
29 E-1 (1000) A-7 B-3 (1.2) 8 s-2 (2) 72
30 E-1 (1000) A-7 B-1 (1.2) - 8 s-2 (2) 72
31 E-1 (1000) A-7 B-13(1.2) 8  S-2 (2 72
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30 E-1 (1000) A7 B-1 (1.2) \8\F
(2) 72 31 E-1 (1000) A7 B- 13( 1

S-2 (2) 72 4S Tabl e EP 02)953thdB1s ratio (% m‘HasB laced
ond  3rd  4th  5th so m'

98.5 98.4 98.3 98.2 2 Tsble mfs) 96.1 95.7

94.1 94.2 93.8 93.9 4 91. 0 7 .88.4

5 85.5 pyf6-0 80.1 . synthesig Yat§o %) o5 5 051  94.8

Ru
94. 9 «Cont i Rggtion yafg t he Tabl-ﬁ"pn the ngg¢gpage Thigehs the repigcenent
m

Sheet 22 10797 3IT BZ T1apre 15 (2)
(continued) $ynt | ratlo % Run No 2 3rd hg 5th 5
7 69. 3 9.09 §7 (8 92 94r§g 5293 92.5 9
55.3 .56.0 55.84553 g 71l.dn° &‘29
11 ~\85.3 7.09 '47108 .1 12 56.5 _ 6 4 5 55.2 13
97.7 97.9 6.88 ‘653 gO. . 96.7 _96.8 96.8_ 15 96.7
96.8 96.7 6.69 45 9 5 94.8 4'1. 96.5
96.5 96.7 6.6 '635 6 0 : 96. 617 96. 3 1% 096 5 96.4
96.4'%96.5 96.4 25° 86. YL . 87
- 20 84. 3 51 8§. 7 85. 6. 95 5 '9 94 8 22
96.9 095.2 4, 95 529  96. 87. %1 . 89 7.8 8 64.7
65.4 63.4 10 0 70.5° 540, . 83 6 97.9
- 98.22097.0 11 . 85.3 287.0 94 5 .6 7 89. 9
'92.3 90.4 g . ;3?, 29_‘7-3 94.2 56 355 3
29 79.1 78. o« Fo . - . 3
31~ 95.9 144 396.8 96.7 Pk Ua |r1%§b§e 15 i %te t hat ,
“i.n the wat e150rgaﬂﬁc;sol vent9ﬁ-vﬂ) phas gsgls;e theg6 gar atlo reuse of
t he . . .
17 96.0 96 2 96.0 96.1 96 3
. 18 96.5 96.4 96.4 96.5 96.4
19 86.7 87.2 88.4 85.0 87.4
° 20 84.3 85.1 83.7 85.8 84.4
21 96.9 95.0 95.5 94.9 94.8
22 96.9 95.2 94.9 95.9 96.1
- 23 87.9 86.0 89.7 87.8 86.0
35 24 64.7 65.4 63.4 - -
25 97.9 98.2 97.0 - -
. 26 94.5 95.6 97.6 - -
27 89.9 92.3 90.4 - -
40 28 94.2 93.8 94 3 - -
29 79.1 78.2 - -
) 30 94.3 94.2 - - -
" 31 95.9 94.3
45
RS The data in Table 15 indicate that, in the water-organic solvent two-phase system, the separation and

reuse of the enzyme is possible for all the combinations of various alcohols, faty acids, enzymes and
organic solvents as used, with little enzyme losses caused by repeated enzyme use.

Example 23

Using an apparatus for continuous reaction comprising a glass column {G), 2 cm in inside diameter and
2 m in length, a pump (P1) and a receptacle (T1), as shown by the flowchart given in Fig. 4, a portion (G2) of
the column was filled with 600 ml of an aqueous solution of lipase MY in 0.05 M phosphate buffer (pH 7.0)
having an enzyme concentration of 1256 U/ml, and a substrate solution composed of 2,500 mg of
cholesterol, 2,500 mg of oleic acid and 250 mi of isooctane was introduced into the agqueous enzyme
solution layer portion {G2) at a flow rate of 9.5 ml/min by means of the pump (P1) in the form of small oily
droplets through a nozzie (N1) disposed at the bottom of the column (G).

The small droplets introduced rose through the aqueous enzyme solution layer to the force of injection
and the buoyancy while undergoing the reaction and separated as an isooctane layer containing the
reaction product at an upper portion {G1) of the glass column.

This isooctane layer was sllowed to overflow through a nozzie (N2) and again fed to the aqueous -
enzyme solution layer {(G2) through the receptacle (T1) by means of the pump (P1).

In this manner, the reaction was conducted while recycling the substrate solution through the aqueous
enzyme solution repeatedly. The changes of the ester synthesis ratio with time as measured are shown in
Fig. 5.
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~of an aqueous solution of |ipasé& MBPNg an enzymseddmdener aceblukdses?. 5
“U'n._A communicati ng tube connected to said conpartnent was also filled

Wi tvf)he sAYerageePa¥echidee sol ution so that the liquid | evel was higher
by 20 cmthan thd¥mnbrane | evel. TQe48pper cdgfartnend.ds the ab®dwve vessel
was charged with a substrate solution conposed of 20 ng of cholesterol, 44
ng of ol ei dexeilddififfet@nce of isooctane. The whol e vessel was shaken on a

- skakéf at betweahccofmOnicaeing a frequency 50 of 120 cpmto thereby effect
the reacti evbel BAdSHehbesné (ad) 0 abter 18 hoggs of regction was @4.6% The
reaction systemwas not enulsified. No penetration of water into the

substrate ReaceivastoneciNes) Wieqjphe reactipp is efhgeted in t above
manngy by contacting the enzynme and substrates wi th one anot her rough a

~ por ous reag?hg_ﬂ gggbfgggo Kﬂe aqueggs enzyme I+|t|on78vvg| ch has i gh

surface tenSion, canno t he 55 ydroph nor p hr ough

ni cropores rane, hence |s not mxed w th the hydrophob| C sub-
st\-dt es mﬁ'ﬁéiggggqugbﬁ sol uti on. m the corﬂ%y tH@“ﬁydrop digne

subst'f at es—peme , . d-arkebi-e—aanh A nd

cont act wi s absor bed hydr ophobi c
nt er f a%thggr gﬁgh}gfs id oiggf QEMﬁ%W“h ?chtllon Focesds smo. ﬁiév Wﬁh e[y fperpbrane ysad

. the frequency of contact am)ng t he enzyrre and substrat es This is the
~repl @eement sheet 24 Destatriptel 28’ 10/ 97 EP0195311 B2 results
in a shortdbe mwahmm mausﬂr I'rei’efrtme?S wisaisersioxabt thathepitactiainbmbrané biabiwas ,

hol | ow f‘P'ﬁé‘P’ h" 'PR’@' ’s?fﬁﬁ'wf B2 6m° and wpafilladwithamauanes soppion of
~such as g;*’g éd ;éf %" g jgvel ip the comm '?'6'(‘\"‘9 |“|'h9 WEX‘H

rcom m n
26 5 A @Wﬂ%ﬁ@l ch 5:9&111 z:a t 1}?@: -~ a(:p re I o :;g
- the thi chentisne gnadlrevoivedlo Qﬁ%bﬁ)%ﬁﬂl&b ac % constant-
h ydr ophitémpmersteregosre and theoéacton wagsriofriéed ﬁem hadrsS mmshus l&bﬁin%@ %r Wh8elow in
_ DuraguzIPUGQBOO used in Exanple 25. The upper and | ower corrpartrrents
. divided by -said menbrane were charged respectively with the sane substrate
- solutffon and enzyne solution as above. The liquid level in the

.. comuni cating tube was the
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10 same as the nenbrane |level. The reaction was conducted for 18 hours in
the sanme manner as in Exanple 25. The reaction systemwas not enul sified,
~and the synthesis ratio was 92. OBP 0t95381ydBephil i c nenbrane is used as
in this exanple, the aqueous enzyrrq.‘%(ilﬂt-,i on perneates mcropores of the
menbrane and contacts with the subst+etés in the upper part of the nenbrane

~and catal yzes the reaction.,there 1 a e 27. The_procedure of Example 25
was f ol M Qrsi ﬁ&‘f%%s‘% Y giérsmbﬁ&/v;"’l‘n *‘EBFEEZ’LG.% \ﬂfﬂnﬁ%!ﬁ’

~the I 8wer conpartnent was 4 [er FPt&®d ot her reaction conditions weratithe
sanme as_in_Exanpl I I (Mt ained are 20 also shuxw) in T&MI e

16. Table 161Run No. 1 10.0 21 2 2 22.8

3 3 4 25 3 MedBr.ane nateri ad Regengr at ed @& Jaul ose
“Teflom Ntrg-cellulose 5§ N tro-egalful ose Avergge pore sizg ([errljo.s

0. 43 7 0.5 7 0.4577.0 : g 3.0 Level glifferenpes

'Egmﬁ{]cati H t ube and 9rrbrane ( §)°°30 ReaQoi on tinme (iﬂos)
120 ,, 11 A ClBale Al 1T 12 23 SyriHob oot 8.- 200

63. 2 80.7 70. 2 85.4 Emul sification

None The resultblobrained above iNEBxémple 25—28 show that aNenger membrane aredacalicas a larger

t abl e 1Garmeutit otithe sutiatriates fieebes subjdctioi the synshmsis sepctioroaraicthias theftactiveymernbranegrep ys
“menbr aneotesd dhaimpenent tagiers dpdisiveafithmsyathesimuelpgityct | on system Exanpl e 28 40

~ The s8me nenbrane as used in. Exanple %5 vas sed (except that the effective

Menbrane argg Jids mbHibrdng sk used 1 EL%‘ zé&ﬁ? 'mpuwhﬁ ARG nentineSires Wit
and vwas {d4 LY. Feliower toripdRmem nag! ity OF 411 |cHASRd Wis el With 8n s¢Usdus lipsse MY
~cenlrati ggutish id 8 viryldgtoncehtiftidnl TR Ihuidiéadl in the cOMMUAIINNYI1GIE Wilset BIOLIeVE R1 4
- cm hizghenigbdianent the maaibiana nevel, endthe rddttorupgecondanabintinessimevasnnehar ged with a
. Substrate Sihewsyitbesiscratipdate dier3 ht@es arg shdwrebelove int Table| 18. 880 ny of oleic acid
and 40 m of isooctane. A magnetic stirrer was placed on said nmenbrane and
revol ved to thereby stir the substrabgy 45  The whol e vessel was

) acgg in a constant-tenperature room-a-nm reaction was performed for 24
' rs.

The rggyl kg obt ai nedc&ﬁéeﬁ@i‘%(i&?i v L{ﬁ;&ﬁegyu{m‘aé&% No.
2

%0.0

o
- Reattion tine (hrs) Synthesis ratio ction tine

Synthesis ratio (%9 50 1 1jipase solution (U/m1) 10.0 (%)

2 ZZ. 38 3 3 387
4° 38 5112 5 5 600 61.7 64.8 ©
- 6 70.8 7 .7 77.0 8
8 8125 55 9 300 9 6830
10 10 90.0 11 16 95. 4
12 40 24 3 96.2 Thi 20i0s the repl acenment ggeat 25

- Date: 11/10/97 EP 0 195 311 B2 The results obtai ned above in Exanpl e
25-28 show that & |arger nenbrane ared0® | ows a | arger ano@@t, 2of the
. substrates to be subject to the synthesis reaction and that the effective
nerbrane area i sSone of the inportant BactSors deci sive of #6e4synt hesis
- velocity.

-

The data in Table 18 suggest that the enzyme adsorption on the hydrophilic-hydrophobic interface
reaches a saturation at about 200 U/ml.

Exampie 30
Using an agueous lipase MY solution (600) U/ml) and a substrate solution in which an alcohol
component (100 mg) specified in Table 19 was combined with a fatty acid and an organic solvent each

giver{' in Table 19, the reaction was carried out in an appropriate reaction vessel with Dpraguard 2500 used
»5 therein. The results obtained are also shown in Table 19, together with the reaction time data.

60
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5 Exanpl e 29 The sanme nenbrane as used |n Exarrpl e 25 was -H&egﬂ éﬁ%(

that the effective nenbrane area was_ 10. The | ower co ced
capacity of 4.1 cn8 and was i iEPe@ Wsﬁ"én Qﬂqueous I|pase @Iﬂﬁgﬁ
varying concentration. The liqui d#g ﬁ! !é’l t he conmuni cati ng

at a level 41 cm higher than the | evel, and 10 the reactlon was

Shown boltui n TARCONEE TeEpEtls %@ eIt 154 and Z?%égé%%éﬂ ' pase

(ssgl)atlon (Um) (Son heg) S bAl th (ml) (hr) - (¥
65.33 A-1 209-1 3 s-2 (20) 18 652 g7
100 2 A=l 863 43 s32, (20 18 62.97.8
46. 4 20 The data i p-hable 18 guggqsy that sup e pglsorptigg gn the

hydrigphi | ig- hydr opahi ¢ intergage (g3gaches ga $ o,uratlg)n at U 200 U/ .
25 Exanpg e 30 Uspprg an aqueplg I(B ase I\/rg_splm)on (p§0) U and a
substrate gol uti onai-l which ag_g]zqgg)nol cogpanero)( 1004%) spegofaed in
Table 19 vias conbi ped With a gagt Y3pci d agd 2ar(2@)gani g8 sol vengsegch gi ven
in TabI e 1®, the ras@ion wasgedr {3¢d out giip apEPpPropgi ate regcji on vessel
wi th Duraguard 250@-3sed therg+D. {(IJhe resglis @u)ai nepg are al g9, ghown in
Tabl e 19,10 oget her pwigt h the rpagti(3p ti nesd g200abl ead9 Run 9,1 Al cohol
(100 ng) l¥atty achesS( nol es bpspd(3) Organise2sq209nt (y8) Tinss(fr)

Synthesi 22 atio (%p-&n al cohas$13%3) §-2 (20) Asd 71.7 B-1(3)
.S 2 (20) 123 AL® B-07(1.2) s-2 (2%}l 5 $722(3)

S-2 (20) 14 ALS B-97(8.2) s-2 21 5 8533(3)
S-2(20) 15 A:® B-D8(8.2) s-2 (/)1 5 95 48 ( 3)

S; 225( 20) 16 A:® B-DB(D.20 sS-2 H20) 5 A1 95.1 B- 8
(3) 17 B-3 (20) B-6 (1.2)18 8-2 (20)94. R6 87.9A-1

B-12 (3) 18 A-8 S 2 (2B-8 (1.2) 852 (20) 2D.8 7 66.5 A1

" B-6 (3) 19 A-8 S 2 (208-3 (1.2) 882 (20) B65.0 8 97.4 A- 2
B 1,(3) 20 A 8S2 (28-1 (1.2) $82 (20) %%.19 94.7 A-3
CB-1(3) 21 a S-2 (208-13(1.2) 8§82 (20) 6.0 45 90.0 10

A-4 22 B—l B-6 (1.2)2 (SoR (20) 2418 94.3 093.1 11
A5 23 B- 1 B-3 (1.2k-2 §2@) (20) 72 18 78.3 55.8 12
A-6 24 B-1 3) ‘B-1 (1.3)2 (852 (20) 7218 94.2 71.7 13
A- 995 25 B- 8 :72) B-13(1.2)2 (8eR (20) 72 5 94.5 87.2 14
A9 26 B3 I 2) B-1 (3)s.2 (50)3 (200 18 5 96.8 85 3 50
15, g;’ A-9 Bg: 143 s : gg;s-zl]gzm gg 7 5
©.816 35 A% B é% (L2576 (200 132 (2s6.2 )
'87.9 18 39 2" B- 3{1 0) S-1 (20) 3 5> (20)96.4 24
' 66.5 55 19 A8 B.3(1-2) -Se2(20)
_24 97.4 20 B-1 (1.2) S-2 (20)

r?éic&égto Ltﬂ%%% 91%:&0@3!% i@i 5‘3&3&3 u?saig %o;l;mes b\j fgeélpg the

T epT a('s%ﬂﬁ 935( one of the compartmen e while withdrawing the reaction
mixture continuously.

Exampie 31
50 In the first place, lipase MY was immobilized by mixing a resin for immobilization in the manner
mentioned below in (1) or (2).

{1) One gram of ENTP—4000 (product of Kansai Paint Co., Ltd.) was mixed with 10 mg of benzoin sthyl
ether and 40 mg of sorbitan monooleate. The mixture was meited completely by warming at 60°C with
stirring and then cooled to 4°C, 2,000 U of the enzyme in the powder form was added thereto, the resulting

55 Mmixture was well kneaded, then diluted with 2 mi of iscoctane and spread in the sheet form, 7 cm x 10
cm x 0.5 mm in size, and the sheet was covered with a transparent poloyester film and gelled by
illumination {a Toshiba chemical lamp used; 3 minutes). After gelation, the resin was cut to square pieces,
4—5 mm in side length and used as an immobilized enzyme preparation.

{2) The above procedure {1) was followed using benzeneheptane (1:1) in place of isooctane while

so omitting the use of sorbitan monooleate.

To each of the immobilized enzymes obtained above in {1) and (2) was added a substrate solution
composed of 100 mg of cholesterol, 220 mg of oleic acid and 15 m! of isooctane with 3 ml of 0.05 M
phosphate buffer (pH 7.0} thereto, and the reaction was conducted for 3 hours.

After reaction, the reaction mixture was filtered. To the immobilized enzyme thus recovered, there was

&5 newly added the same substrate solution 8s used above, and the reaction war carried out again.
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EP 0 195 311 B2 Table 19 (continued) Run No. Alcohol (100 ng) Fatty acid
(nol es based Organi c solvent (mM) Tine (hE&1 Synthesis ratio (% on
3

al cohol) 5 A— EP 0 195 311 (1.2) S-2 (20)
g 4 %bgvozrgacuon procedur%w? repeated five tmgsgn A(Nz }b& fesults obtained arSe éo&g ?56 in
72 Table 2 3 24 A7 B-1 (1.2) 52 (20)
72 94.2 25 A7 Table ) 13 (1.2) S-2 (20)
72 5 94.5 10 26 Al B-1 (3)
S-3 (20) 18 96. 8 27 Al B-1 (3)
S-4 (20) Run No.l13mmobilized6.7 28 Synthesis\ tatio (%) B-1 (3)

.S-5 (20) lhethod 06. 413% 2nd Jrd 4th 5¢B-1 (3)
S-6 (2,9) 18 96.2 15 30 A-1 B-1
(3) 1S-1 (20) (1) 97.78 94.8 98654 9A. ﬁra@tﬁi & ng the
nmet hod, shown i n Exanpl es 25-30, continuous synthesis is possible by

f eedi ng the substRates (sol ut [2h) 96 .5ne *.Q heS € odpalPhrdnt 95didvi ded by a
menbrane while w thdrawi ng the reaction m xt ure contr nuously. 20 Exarrpl e
31 In *he first place, |ipase MY was |¢mmq 32ze
i mmrobi | i zat FB?PH’ “"HE’%WHEF"%M 189\/"19 'F %i g%%‘ éﬁ’mrﬁﬁ
ENTP- 400(’ gk, gg&? %ap 555;:*' mure w s ma

~benzoin é’f Wikke rs 28h :ﬁﬁwnﬂ%smida enmee meﬂuﬁ&h ¥Rsa
el t eceoC osez{.&t R xmrbucmsa &1 sa&u[aer.bimm bM06 tiglof tilepstendl ahdn 220 re@al obk dciat in 5 mi

[err], 2,00R00dthraf 10 fbofasooptame and X ricof DMK phdsphate baffsr HrttiB o) and directyothesifatio was
resul ti ngerwrmined.c was wel | kneaded, then diluted with 2 m of isooctane and

spread in t Fesresfeptihe cswm'o"r mixtpse wes fijfered "5 henimmobilized enzyee; thus separated, was

'3 cover ed b "ad f"r@ﬁ P98 éét‘&r‘"‘W "Q'e €Gn % third HE BRtsLQAR s(sa,
lmes 8 n i1 -3 - atio
Toshi 54 GheE 3&55%@7?2 ﬁ P Brand Eﬁn&&sr.muvb@,s with U he
to squar QmmoSﬂ:lf'o%r Sd'sLbherat xf3tiag FriXdgéifer WithitheIbdck d6tét. Sdidiyidure
prepar at iveys filté¥ed on the n‘ Xay &1 sabjested o Mﬁoéﬂdf thexsaction poemtiira) i thig manner, the
. benzenehepicaorewed ¢cab)inued td Woddyo The s@olts abtainevhare shomi inthi;@. t he use of
sor.bi t28n nooip. Sathe estgisypthetis oo istan therpesiisiaty ansdhestime aftar peapacating gf the ymokilized
(1)Nend (o2 "Wa%" aucmc'aasmgftr‘am' §dr°rm ofrreecsiop Qlowing: the sybsiipte,feplacement being

chol est e il acfi Q:apﬁe
"t d d Al @;ﬁ%&b RE 12T d Wb fBn iyC
M phOSpth‘gl:‘p'El o{nle §.a) i vﬁ ion y ﬁbﬂﬂmwas Cond&Ct eé
hdéur s.353 ter reactron reaction mxture was filtered. Tothe

i robi lized enzyne thus recovered t hebampis3hewl y added the sane substrate

sol ution as Ausemoawwemunu otqnenwaem c‘mmg feom i;f@bludrﬂ -0 mmp)ioh chofenterplirsiasase
I F| u
~reaction DT,(%C’!@(YG o&lgtw é’éf ”at vszro 3«‘“’“% of chol eesu{res s g'l% e?'c ar}:?d an%r1§
8 e reaclti

- shown bel

' . f out fo I ho Afto reaction, th ixture was filtered
| ””Db'ﬂo Zaﬁ\ég ovorod immob y jﬁ?ﬁﬁ run |2 same 5_ ion m as in
S5th 1 the ﬁrst run. In tHisl anannor the fddet 35(lm95| Il 5Ver &&58. The synthesis ratio in
2. the 26th run(vdds 83.5%. 96.5 97 o 96 3 94. 8 95 4 Exanple 32 1,000 U

of \lLi pase Nwhmomtkeebamnadmmmﬂnwoqmomg de¥ exteby halidaysdend, dsing thofregoyened
‘to t he'rSeb‘y‘"E’aUS%’ pelvllg %reac"er' “E‘H é"tﬁ#%’rf%’ fyAherJi20 days ixithe %&'H g@pctiop jgystem
mi.xt ur e WU faplpcing 'mw st NEMRPEeT da.fh SIS K91 ord Pr-Bhiviag optaiged S
'procedure°l"Z) Sf Ex 5'1 e reachon was carried out for 4 hours using
“the above inmobili zed enzyme prepar at i panspiélag reaction m xture conposed of

a subsfr at eusiap id @roceabreldd @xifipio B32.chovoas trer M) SINChraRbbatteridin vidcosuin-aérived lipesd
m of i satdneand—01'0 prdducifof iTeyroixizalnesscmalded:mihtoadn iniibilikbdéragph atepatbtiéd.er (pH
7.0) and t h&o shmimmahilized ammemwmtoe mﬂrheedetfmer!wmepmﬂphéomemﬂ j0H 300 mg of

mature g i e e Tk i
. . t e(i Lqrﬂ% gﬁ:ﬂo [‘1 '%Ié‘gm ‘as in the first run. The
reaction was repeated !hree umes in this manner. The synthesis ratio in the third run was 87.8%.

Example 35

An immobilized enzyme preparation was prepared by immobilizing lipase MY on ENTP—4000 in a

so propornion of 2,000 U of enzyme per gram of resin by the procedurs (1) of Example 31.

The reaction was carried out using » specified amount of the above immobilized enzyme preparation
and a combination of an alcohol component, fatty acid and organic solvent each specified in Table 21. After
reaction, the reaction mixture was fiitered and the immobilized enzyme thus recovered was repeatedly
used for the raaction, which was carried out in the same reaction system as in the first reaction.

65 The results obtained are shown in Table 21.
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The above reaction procedure was repeated three tines a day. On the third
run, the synthesis ratio alone was determ ned while the reaction m xture
‘was allowed to stand without fiER D198 3WtB% he i mobilized enzyne and

substrates n A { Evid rebdtiohCdySté o
o155 S ienil ok e R R e SR S
mxturebm( M bere dn the next day and subj ect ed to new repetitions of

the reaction procedure. In this manner, the reaction was continued for 10
days. sThe results obtained are sh g 8. In Fig. 8, the ester
synthesis ratio is on the ordi natm time after preparation of the

i obi | ReAd Ewzywe lcoholt heFatityriasdd, tReagtiann Famer & §s°§a£f¢?cu)°n
fol |l ow mg.the substrate repl eesdresnbalsedngsystrn ed agai nst” t

evident from@s d figure thatopadeohwl) mobilized dhzgie lst useandt he 3rd
enzyae AcCTIviTy can be retarned tor .at [east 10 days and the reaction can
be repeaged di nglawy Exanplg-333330 An negelli | | zed enzgage prepasation, o
was prepgred forom 2,006 U (19. @@)(3?f chol esterol esteragg 7T- 18¢( pr odegts
of To'yo 0z0) by the pmocedur e Exanple 31. To«t he ggpbi brzed egzygre
" pr epa athon weye added .10 ng of c,pql:,gster ol ,w 220my ok ol ej¢, pACi ggapd I1dg g
-of isooctane, ,and the reaction grrl ed out for lwhourg /ejteg,,rgactg:prb

the reacfion g xture vvasfllter A3 t he t hus- recovered81556 b Z@ﬂ'J
enzynme wgs used for theg next r he sane, reaction sysdemn assbn th%6 5
firstzoru . In this mann r, thefgg%on was [ epeated,36 t gﬂis i t

12 days. 8The synt hesi & atl ol 6th run,was 93. 3% reaf § tt’& 8
~reacti on®ni xt ur e was APt ered once a day exc,ept hol i days h§
"reedver &8 i nobi | i zedAs#- zyme, The same reagtion wag re ted Sfur

120 dagyslin the sane ®eiction system whi |l e repI aci ng the l}str e’ sol |on
with a h8w one" each d#é A synthesis ratio o't' 95. 0% was o7b‘t§i ned®5? hout% 9
cafter thd sta4Q0Qf redct on on Btk Qi-Rdl 20 " day. E>§anp| 3 Ug?ng t -1
proceduié of Exanple 32,2 000 (B<¥.@.33) of Thr omobact er i8fml  86. 85.3
vi scosubsderived |ipasé@ ("Lipas#1r-@1'2) 25 " product "of S Jo28) 7 waPdrelde
up \i dfolen i nmobilized"enzyme m@-epdflaion. TO the i mfobi 19528 eAdyBe 94.9

- preparalon were added®a substrBt@ Qal2dti on tonpose®4of ®BMey 8P.3 87.9

- chol est g8ol, 220 ng ofa-@l ei c acB€B afld 205 nl ®f i sooct’ane &nd 3 6.5 EBHBI M
" phosphate buffer (pH 7*0), and B+® $le2dti on Nas effected F17 489R0drs.97.4

- Afterssrgactiom the re&ction mpslur@.@s filtered and t hé@4.fnobPRi3ed 94.7
~enzyme ppus recovered was used B<X3fh@)next Teaction ™ un 8h %t heB8a%e 9Y&itlkm
as in the first run. Tle reactip+rg WS 2)epeat®d t hree4t i med.idn t BBs8 nardkar2

- The 30 g2synthesis ratipa9in the gfard.29n was*87. 8% Exanpté: 335 AnR.8 -

- i mobel hged enzyne preparation gap @r.epared dy i mobidizigmg i i pa3e7 MY on-
ENTP- 4098 in a proportison of 2,9003@52) U ofwenzyme per gsam of 9gpesi n by

. the proggduredelgd of Ex gnmpl e 3]a_il'h€,3,r eacti gnawas cargi eyt usghg a 97.2

- speci figd anmount of tha above immbilized egzyme preparatgedi angsagCongy o
nart'qa Qg an al cohol canponent, datty acid gpng organi sae/@Nt 98CH 96.2
specifigg in Table 21. JAfter reaction, the gegction m xt tygeovvasﬁibterggj 2
~and the,fnmobi]ized engyme thus fecovered wggyrepeatedly ggsqd 8§ 3he 96,8

- reactloﬁ which was carried out in the sane reactlon systemas in the first
reacti
the idication "Note 1 " for the reac |on Eéstem means that said reaction

' SySt em Wascéim § ﬁ%ﬁ%ﬁﬁi ;r ng Ma: vnl a}u S §rrp dpof 15 m algct
| So0ct Al pﬁat t-am iﬁof‘é, @?Jn.n.'ﬁﬁm |
No. EnsyeHod 1d hou ffthersion, théChilte Wi ashed mm rhiOdt acetorlé to give
" Synt hesisiianbnuicemé% (m)l es based system
Said silanated Celite (20 g) was immersad in 3 1% aqueous solution of glutaraldehyde and, after
overnight reaction at 4°C, washed well with 0.1 M phosphate buffer {pH 7.0), followed by filtration, which
gave aldehydo-Celite.
To 1 g of said sldehydo-Celite were added 1,500 U of the enzyme and 2 m! of 0. 1 M phosphate bufier,
60 and immobilization was effected at 4°C overnight, followed by filtration, which gave a glutaraldehydo-
Celite-immobilized enzyme.
Separately, 1,500 U of the enzyme, 5 ml of 0.1 M phosphate buffer {pH 7.0) and 50 mg of a carbodiimide
reagent [1-cyclohexyl-3-(morpholinoethyl}-carbodiimide metho-p-toluenesulfonate) were added to 1 g of

the above silanated Celite. Washing with water and filtration after overnight reaction at 4°C gave a
65 carbodiimido-Celite-immobilized enzyme.
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on al cohol) 1st 2nd 3rd so 1 2000 A1 B-1 (3)
Note 1 18 97.7 96.8 97.0 2 2000 A-l B—2 (3)
Note 1 98.7 96EP maqs 311 B1 2000 B-3

(3) more. a porous gla P%i% ave?oBgAm %Zm‘i sizg é pﬁlﬁ' zf&i::b‘ éolgg—égo mesh,
A1 p%dfr i? ronucigonics) ou of Celite ihthe above ed in
2000 the sam nner t ('é Iutaraldohydo—gIamltnﬁ\oi:illzed enzyme 18nd » cat%liﬁvido—&lﬂlsS
95. 3 6 immobilizéd B-12 (3) - Note 1

85. 6 583. Who&izﬂnmulmamum\bf t he Table on the next pa e Th| S is the
repl acemanTo !Mb@! thggmmoblllzed enzqu:ypearmons Epp@r

e dad 10 mg of
(contin '°' is fﬂ?c,’é‘ 8'“‘ WE%' eacnon
Time h’”g “'" &*ﬂ% %&;’2’?’ Jv‘mﬁxé i ""’ ' na c..£$
ve raacno em T

2nd 10 tod galn in ocedure was ropo ﬁlroL umes m all 1&
56. 0 5Zy hes Sbtained in W M[Ad reaction is Shaivn bel sble 22.
18 ~ 95, 94 8 96.2 9 2000 A— B-1 (3)

Note 1 18 68.8 69.5 67.8 10 10 2000 A4
B-1 (3) Note 1 2 94.3 93.8 11 2000
A5 15 B 1 (3) Note 1 Table 222 958 B8 U
2000 som Ned o B nd J,Edo = ( 1 fathesis ratd in ara’dedceidh fu
87.3 87.8 87.1is A9 B-3 (1.2)

Not e z& 1 5 letwh’“@é%"‘é&‘? 15 4000 A9 B-1
(1.2) Note 1 95.5 94.7 95.2 16 4000
A-9 B-13 (1.2) imbilizmbtcezxm 5 95.2 ¥ 94.9 17
4000 A9 B-6 (1.2 Note 1 24 . 87.8 89.3

- 87.9,]8 2 4000Carbodi -Celpte-(1.2) . Note 1 24
65.4° 66.5 65.0 20 19 4000 A-8 B-3 (1.2)

Note 1 24 immoBYlized®n2ym87. 4 20 4000 94.8 A-38 B-1
(1.2) Note 1 5 94.5 94.5 94.7 21 4000

A8 B-13 (3l. 2) Glvtaralddlyido-ylass- 5 89.7 88.9 90.0 22

4000 " A-8 B-6 (1.2) Note 1 24 94.3 93.8
94.'225 23 Mftﬂpﬁd enzymeA- 7 B-3 (1.2) 95.6 Note 1

72 78.3 77.8 - 4000 A7 B-1 (1.2) Not e
1 72 4 9&.&»08@1:21«-@&5- 4000 A7 B-13 (1.2)

Not e 33 72 95.4  93.°9 - 26 2000 A1 B-1 (3)
S-3 18 1%&,,&. 2 27 2000 97.4 A1 B-1 (3)
S-4 +8 o6~ -o—"960—30 28 2000 A- T

"B-1 (3) S-5 18 96.5 95.8 96.2 29 2000
Al ,, B-1(3) S-6 Examct&3? 96.0 95.8 96.2 30
2000 ImMobilized eRzyine(pieparations were obtainedb¥ following the prb8edure of EXSmgie 36 Butdising

96. 8 35 lipasa<Bhpl i@ 1i86 ofdiasé MYNO. 545 (40 g) obtained from Johns Manville

Sal es Co. ) Using teectouw brirecbilized eaxytmemyeparstions. dherseetion wassarriad olitinithe sagne rpaction
hours armistemtfon 48 ihawsr 4ed remiy seshasiscrstin of $24%: BBA%P4.5% and 92.4% were obtained,
“am noﬁrdﬂﬂ’l"?‘t"ﬂé’t hoxysi | ane at 50C for 20 hours. After immersion, the Celite
-was washed with 400 mM of acetone andEH,J,‘;,ggg:d to give silanat ed Celite.

To 75 g of wet Celluofine GC-700-m {product of Chisso Corp.) as obtained after washing with water and
filtration, there were added 21.6 mi! of 1 N aqueous sodium hydroxide and 12 ml of epichiorohydrin. The
50 mixture was gently shaken at 30°C for 4 hours to thereby effect epoxidization of hydrophilic hydroxyl
groups existing on the micropore surface. The epoxidized Cellulofine was washed with 500 mi of distilled
water, reacted with 6.7 ml of ethylenediamine and 1.05 mi of 1 N aqueous sodium hydroxide at 60°C for 2.5
hours, then washed with water and collected by filtration. - To 1 g of the ethylenediamine-coupled
Cellulofine collected by suction filtration were added 10 mi of 0.1 M phosphate buffer (pH 7.0) and 1 ml of
85 25% glutaraidehyde solution, and the mixture was shaken overnight at room temperature, washed with
phosphate buffer and filtered to give an aldehydo-Cellulofine.
The aldehydo-Cellulofine and 1,500 U of lipase MY were reacted overnight in phosphate buffer, giving
a Celiulofine-immobilized lipase preparation.
A substrate solution composed of 100 mg of cholesterol, 220 mg of oleic acid and 2 m! of isooctane and
s0 B8 ml of phosphate buffer were added to the above immobilized enzyme preparation and the reaction was
performed for 18 hours. After reaction, the reaction mixture was filtered, and the same substrate solution
as sbove was added to the immobilized enzyme preparation recovered and the reaction was carried out

again.
The above procedure was repeated three times in all. The synthesis ratio mt_hg_jmm_mamnn_was———
65 94.0%.
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40 Said silanated Celite (20 g ) was imersed in a 1% aqueous sol ution
of gl utaral dehyde and, after overnight reaction at [err], washed well wth
0.1 M phosphate buffer (pH 7.0), folEPvwedg5 311l B8htion, which gave

al dehydo- Cel i te To 1 g of sa| d al dehydo- Oel | te wer e added 1,500 U of the

enzyme and 2 — hat a 4 and 1/ I,,'.,?,%J’)P?( H 5.0). Thereto
ef fected at J %b }‘b,' 1 &a g:'hf gf’i‘:f 'prh,. eg ovgrmgm a8 Cto
glutaral deh){ no ﬁaﬁl%t' clivaing: bﬁﬂﬂaud 259% giiyai@dehyde
5 n of @ JsoMi&h anp Wﬁbﬁ rhbhi:feﬁwa B°Cfoel 16 thikestb effed abiimdb iwithdBe ion exchange
reagent 45 resin. Finallyl®. embmw@pbmﬂrt(mwnphd daded:4rvthe resultimgorixiure wes shaken at 80°C for 10
met ho- p- t ol usinetsstof therabreiemaoue themickssl glutpraldehydd. ﬁtfnewadmnew@r Yva'natﬂme w2t phtained an
Washi ng wit hmMP@F"daﬂ'i'Bl'\‘q prepasdtionn af t er over n| ?ﬁi cti on é} 9@ §of?

|o 0 sed of mg of

n

bod do "l atl '
?gg%bbrqoa\féqg o 2%5 ﬁ}i ?ﬁﬁ V@% i tR J: r 18 hours. Afte

’sama reaction
product of é aQrHJfB HeE rda ﬁsgqﬁﬁ rh&bnltzb@UmeneQﬂle &&)vbﬂdt rahﬂ&ﬁ?was repeated
procedures, wak GeXiva. performed in the same manner to give a
gl ut ar al dehydoAsglaaessit, thersynttiesiz estiodn therthirdireactionoes $ckik.i m do- gl assi nmobi | i zed

enzyne. 563  The enzyne used was |i pase IW To each of the |rrrmb| I | zed
enzynme prepar atlons rep&r eg" n the ab
a

chol est er ol g%j '(if %‘H F% g‘ increased

h cl resut od’ifncatlon of arou wi | roup ere washed well
phosphat e bL&, ﬁ.ﬁjp b{:‘, b{,ﬁﬁq&-\ P08 ?m&} %[J'o(?ﬁl B CQ to?lrlpase MYinb
recction,,t hg Jf@@ﬁ“ %sm BUHSr, WRPwhd dhbfin %‘d ey dnlrlu; raﬁpaﬁﬁi?adsorpuon of the
recover ed asengyrbédito DEMGI-Sephsrb&CAiérQ hobE theesuint waywashsa @lth 1 a1 6f grekphatd Butied) eollected
filter paperby fiwationlaed subargttedn themactiopeat ed again in the above reaction :
sys.t/em 55 Tﬁhsfﬁemwae»rmmmuh@m@wpwteﬁwve@ ex¢apbibaf the tepgtionTime was 16 .

th o d he third ct hown Tabl
e et oS B oeh Bbe BaB reaidr BtgyDesis raR s e G6orpacion S 6%

"Run No. Enzyme used Example a1OYNthesis ratio in 3rd
c;reaction (% 57o1 g of Celite were addéd 2,000 Usbfliipaser¥! 811000161 dnbiRstestBYérbdeZI2Chg and 5 mi of
.ehzyme phosphath. tiufter (pH 7.0 aridaBélinixtirél@sd ihakdnat fdsOBinbéraee fONTIYoGE to cause adsorption.

194.8 3 30 @her Ahabul tieyChtitephadilteied o whsted avitdrizgphe! phosphate buffeg';‘setermd to the reaction
‘Car bodi i m dd’ﬁwa@sﬂhmmﬂt the EEQ! PéPPz né““d as an '"'"‘°b"'9°P 'D° Exa

Lmobi 1 220 SRR TL&U D A e e e e

‘i mmobi |1 2&d enzyne preparati ons e reaction was carri ed out in the sane
reaction systemfor 48 15 hours As a rpaiiplessynthesis ratio of 92.4%
188.9% 94.5% arithB2xdplacthe rebisibashipeby twearsthe syrithesis\raticcolahp steroB8stafand Sheyawfmaterial -

iwet Cel | uof mem@z:ﬂmo' !wab!!%fwelwss@ s@sel W" ﬁsd'vbt ai ned after washin

Wwith wat g Tf“l“l 199 W°‘t‘ pips ffiag ethyl Gleste .
isodi um hydr ',‘ﬁ Q‘fﬁf mgiﬁ :}tﬁm @y %rphlospr:'m .
ishaken at [q ﬁ Eg"fpgfq; o ﬁﬁtxaﬁﬁ ME‘?%%% es e dssolT::

ihydr oxyl  gr GugtioRvessé) ufua w3 a cAfoRtal §IRStoRIeSIErh &aauoa ol i EmBIROITI® cAEIF height, with a screw

3

| ¢
iwere added 10 ml of 0.1 hdb uffer (p
{gl ut ar al dehyde sol uti on, Myﬁ@%ﬁ PP

itenperature, washed W|th phosphate buffer and filtered to give an

CeN-u| of i,ne capdn vesheripies that oG, the Limeihal spphe dnivmatthierwise apdcifidaliy stateds. 7 1l
of et hyl &hedi afhameynthesis tetiof the chplestend oleate (hesinafres. (IGOTI\ad obteindd by 2 hoersrof reacton is -
2:5 hours, t@eR indahietp (71 eash - dhe tatig “Y!'bl"?'@t!!‘&'!i%y“f'?'f"t“f‘%ﬁ eqyationrid): ] g of
t he et hyl ened| am ne-coupl ed Cel |l ul ofi ne col | ?q by, @uct lon filtration

B8 and 1,8 of 25% g

e M Xt ur gco'géekshaake Bndpék Rkt at. room

al dehydo- Cel | ulnche mempldsaha fallolyy criesEottientied staed.amothésiS@0o thiadiation pas pedidémed using

iwere reacted Wﬁmm‘? f?'phosphate buffer, giving a Cellu-
jlofine-igyobilized |ipase preparation. A substrate sol ution conposed of 100

ng of chol esterol, 220 ng of oleic acid and 2 m of isooctane and 8 m of

130 phosphate buffer were added to the above inmobilized enzyne
ipreparation and the reaction was perfornmed for 18

60
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recovered and the reaction wasEPa@ 198 3tt Bain. The abov
repeated three tinmes in all. The an he |s ratio in the th
94.0% 35 Exanpl e 39 Dowex MMA- 3was washed with d| sti'l'l ed wat er
and 1/15 M Mcl | vaine buffer (pH 5 %ﬁ' Thereto was added ﬁ m. (1,500 U -of
an agueous | i pase MY sol ution. THGRRE ,PE MO shaken %VEF F at [err] to
t her®eby cause dsaeption, fol lowed b ad|t| 1m¥ I I vai ne buffer
and 80 [err] i—'ﬁ-ﬁgl ut ass G0 | s shaken
40 at [err] for *10 mnutes to effect C upllng with the IQE chhange resin.
Finally, 0.2 m o 0% sodi um blsulflf‘e was added and the“resulting m xture
was ishaken at [eA&;] for 10 mnutes to,thereby renove the ﬁéc SS
glytar al dehyde ter washing with water, there was obtai hed~an inmobilized
enzyme preparatiop. The above immobi l ¢d enzynme preparatign,was added to a
substrate solutlo conposed of 100 chol esterol, 22 -8 oleic acid
and, 15 m of isoogtane, and the react Q was carried out %9 18 hours.
After reaction, the reaction 45 xture was filtered an the reacti on was
carried out againein the sane reactlop gystem as in the f sk reaction
using the i nmmobil7zed enzyne thus recoVvered. The reaction vvas r epeat ed
we 9. 5% Bxampi & 40 50 Cne gram of G191 - Sephar ose CL 48 {ploduct of
0

Pharmaci a Fine Chem cal s) having incr ed hydrophobi cityqgsqa result of

0 98353
modi fication of agarose with hydrophobic octyl groups Were vvashed well with
Q_1 M phosphate buffer (pH 7.0) and filtered. To this was added a sol ution
-Of 25 000 Theadatd inpiasie a Whdehicyowhrd Micréded in ths Ptseeis it Wit &Rincredsinl MO%hs isdien
‘gentlyraio. [err] for 1 hour to thereby effect adsorption of the enzynme onto
Qctyl - Sepharose. After 1 hour the resin 55 was washed with 1 m of
phosphate buffer, collecte Itr%ff'f"ﬂ'ﬂ‘ﬁnd sy bmtted t o the reactl on.

The esﬁcﬁ’a’ §m§aff§"% it ’:‘E:'}’“é“f'%ﬂ’g%@ ol ., ‘9?3\..
th Lt B%GB hifhe 5% m%’?&& th% large
react i okbess, ﬁmmﬁbs vJaﬁE&l&:litSb % This is tne
repl acenent sheet 30 Date 10/ 97 EP0195311 B2 Exanple 41
To 1 g of Celite were added 2, 000 UCOfmhkpmde MY or 1,000 U of chol esterol

- est 2 ase Fynesnptig (% ‘of—'pf'rUS'pfmr'e—b-uf-f-er—(-p'H'ﬁ"—e')—an-dﬁm m xt ur e@as
shaken at roomtenperat 0 cau sorptl After 1 hour,
the Celite 5 was filte §8‘§‘|’f“ %E@mﬁ-mﬁﬁ%'ﬁ? 8sphate buf f er,
returned to the reaction vessel toget her with the filter paper and used as

an kgmobilized enzyne. The reactll repeated five tines in the sane
manner as in Exanple 39 except that the_reaction tinme was 18 hours. The

synthesis ratio in the fifth r &MU ¥EMB4. 105 when SHBENEMME |ized | i pase

MY was used and 94.5% when the i mobilized ¢ho] est ér of rase was used.

1Q/Exarrpl e 4RuB W@ g exagﬂﬂiwghié‘-’iet vveeﬁi—sy-nt hesis ratio
the sterol esfer. and the raw mat I quantlty ratio strate ratio),

fatty acid ester*to sterol, was stuge‘g Thus, f&oli)rg

chol esterol (herginafter abbreviat edoea€ "cho" and a sp§ﬁ| fyl ed armunt of

nmet hyl ol eate (h&reinafter, MJ') wer sed andasolutl c}f 1,000 U (33.3

ng) sof | i pase MY,in 8 ni of 0.05 M T?fphate buffer (ph ég‘i (hereinafter, .

"PB") was added ?o the reaction syst The above substr wer e di ssol ved

in 3.0 mMl of isopctane, so that the 6e€act|on systemwassa7 ter-organic

sol vént two-phase system The reactioh vessel used was i ndrical glass

botf{d e, 3 cmin Lnsidedi aneterand 5¢ ngrl n height, with %c wcap. In the

exanpl est hat fol | dw, the sane shall apply unl ess otherw sé 20 specifically

hours. After reaction, the reaction mxture was filtered, h !
substrate solution as above was added to the i mmopbilized e m
eE
ir

stat ed. 6 0.4 30.3
s0 0.3 90.2

8 0.2 94.4
9 0.1 | 97.3
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The synthesis ratio of the cholesteryl oleate (hereinafter, "CO') as

obt ai ned by 2 hours of reaction is given in Table 23 for each run. The
rati o was cal cul ated by the foll oﬁhgﬂd@iaS'lan(lZ) Synt hesi s ratio (% =
(CO Peak ar e&zi*

a ea .+, C Jg
ar ea) 25 X 4 at, n@ creu as the
R J*‘E;»&‘f g et

Tabl e 23 ber of moles gives a higher synfRisis Nkio. m)U“ m) eS per

cho) Synthesis ratio (% 1

41.9 2 1.5 Example 44 45.3 3

2.0 in this example, the syntheyisfalip of the desired ester was exagm@od in an aqueous medium system

69 1 35 and in a water-containing organic agivent system.

71.6 6 Thus, the reaction v, l was charged with 100 mg of cho, 230729 ‘af O and 1,000 U of lipase MY,
10 followed by addition of %or isooctane in regpectiv amoum Table 25. Then, the reacuon

6. O was carried out for 4 hours. obtained h te a tendency toward

increase 1n the synthesis ratio with an i ncreaS| ng I\/D’cho nol e rati o.

- Exanpl e 43 The reacti on was conduct t sane manner as i n Exanple 42
except that using 100 ng of cho a ; armunt of MO shown in

Table 28, 2 m of isooctane, f;&qﬁ PB and 500 % MY,and that the
reaction tine was 6 hours. The t&"8ht ai ned e sh H é Bl e 24.

Si nce cho was us ‘|‘ cl)arge excess Pe synt he hs“ratlotﬂ\ﬁ *fal cul ated by
the foll ow ng eqM—éB): Sy t|0(/<)——- S0 peak

area) 2o (3) (CO peak ea + MO pgak area + oleic
- acid peak area) X 10b 50 é 1Y §§§

Table 24 Run No. Andunt of MO (nol ek per nole off cho) Sy®bh8sis ratio (%
1/ 140 2 81.3 2 97.3 0.8
81.13, 0.7 82.2 Continuation of the
Tabl e dn the next pafje This is the r¥placement sHeet Date:9314/10/97
EP0195311 B2 Table 2¢ (continued) Ruy No. Am)unt5 of MO (npgeg per nol e of

- cho) Synthesis ratio (%9 4 0. 87.0
5 - 6 5 5 0. 55 55.4 89. 3
6. ¥ 0y 4 6 90. 3 7 64.3 0.3
90.2 8 0.2 94.4 10
9 $. 1 7 97.3 Unlike T2Brd 23, Table 24

shows that, when chogis used in excegs, the syntlgesis rati®l|pcreases as

" the amo¥int of MO, hgnce the nole ratjo, decreaseé. Consi deég the results
in this exanple an n Exanple 42, i1 may be concl uded that~erther of the
substrates may be iXt excess and thao a greater diofference 2b.d2he nunber of

noles gives a higher 15 synthesis ratio FExanple 44

40

Table 25 indicates that when the total reaction mixture volume is 10 mi, the synthesis ratio is maximal
at an isooctane/PB ratio of about 2 mi/8 mi. in the PB-free system, the desired reaction supposedly takes
. place as a result of expression of the enzyme activity owing to water contained in water-saturated
] isooctane, substrates and enzyme. The synthesis ratio is low in that case presumably becsuse the enzyme
45 remains as a solid in the reaction mixture to form flocs, which make it difficult for the enzyme supposedly
functioning at the water-hydrophobic layer interface t0o have a sufficient contact area and which results in
such small amount of water available for the hydrolysis of the raw fatty acid ester as compared with other

reaction conditions that said hydrolysis reaction is rendered rate-determining.

50 Exampie 45
The reaction was carried out using isooctane snd P8 in amounts shown in Tabie 26 and a 500-mi
Sakaguchi flask as the reaction vessel. The reaction conditions were the same as in Example 44 except that
the Sakaguchi flask was shaken on a shaker {lwashiya Bio-Science Co., Ltd.} at a stroke of 6 cm and »
trequency of 120 cpm. The results obtained are shown in Table 26.
55

&0
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In this exanple, the synthesis ratio of the desired ester was examned in
an aqueous nedium systemand in a 20 wat er - cont ai ni ng organi ¢ sol vent
system Thus, the reaction vesselgpog v#§3394d Bith 100 ng of cho, 230 ng of
MO and 1,000 U of |ipase MY, followed by addition of PB and/or isooctane in
respective anounts given in Table 25'ra]5ﬂen 2& he reaction was carried out
for 4 hours. The resylts 02} d ar§ S 0\@ bIe 5.

Tabl e 25 Run No. |s§ aﬁj %gms E’ ti”&’(’f% 1 0

10 5 59.5 2

3 2 ‘“‘“ 9234 7 93. 4
5 4 78.2 6 5 5 55. 4
7 6 1.4 30 543 354/ 4.4 8

7 3 5.3 9, 8 2 51.2 10

9 o Ay 10372 o 214 5171740 Table
25 |hd|cates t hat V\/nen3the t ot al reactior2/rﬂ xture volu@B.ils 10 m, the
synthesis ratio is naxi,mal at, an i sooc- gq‘e/ PB ratio gf abbout 2m/8m.

In the PB-free system 4the deS| red reacti supposedl|y tdkes pl ace as a

resul t 'f expression ofs the edyne acti vidAl owi ng to whBse® contained in
wat er - sat urat ed i sooct ghe, substrates an lepzyme The nt§1e5|s ratio is
low in that case presunmably because the enzynme renai ns as solid in the
reaction mixture to forfm45 %locs, whi cti’/r%ke it dlffﬁéulﬁ for the enzyne
supposegsll y functioninggat theswat er-hydr gohpbi c | ayer igwtefface to have a
sufficient contact area and which results in such smal [ "anobunt of water
avai | able for the hydr@ ysisl&® the raw Mdtky acid est8d.as conpared with
other, reaction conditihgns that said hydrgpsis reactiogg g rendered
rat e-determ ni ng. Exanmple 45 50 The reactlon was carried out using
i Sooctane and PB in adBunts shown in Tabl% 6 and a 50883 Sakaguchi flask
as the reaction vessehz The reaction condigg ons were tlgg gane as in Exanple
44 except that the Sakaguchl fl ask was shaken on a shaker (Iwashiya
Bi-0- Sci ence Co., Ltd.}3at a 2Qoke of 6 &hknd a frequdfcy of 120 cpm The
resul t 2obt ai ned are 3fgown i Table 26. 3y2rhis is thesgepl acenent sheet 32
Dat e~ 11/ 10/ 97 EP.Q 195 311 B2 Tabl ez({GJ(Run No. T%tzal vol unme (m)

. 1

1 sooct ane/ PB vol unme r o] Synt hesis rati % 5
30 4/ 16 - 5424 £ 89Q 7
3/2 35 30
95.1 4 o 17 300 14 4/ éé P 5 60
4/ 1 68. 1810 - 372 6 35.60
32 88.-39" = 60 2/3 963 2
93.4 o
20 » 1/4 78.1
) o Table 26 shows that this system sxhibits » tendency toward decrease in the synthesis ratio as the total

45 volume of the reaction mixture increases and that the ratio increases with the increase of the proportion of
PB in the reaction system irrespective of the reaction mixture volume.

Example 48
In this example, the reaction was performed in an aqueous medium system {in which PB alone was
so0 used without any organic solvent) using 1,000 U of lipase MY and cho and MO as substrates in amounts
given in Table 27 (the mole ratio cho/MO being constantly 1/2) 1o give the desired CO. The results thus
obtained are shown in Table 27.
. T6 the systems in which PB was used in an amount of 0.5 ml, one glass bead, 12 mm in dtameter was -
placed in the reaction vessel for improving the state of mixing.
55 in Table 27, there are also shown synthesis amounts of CO calculated using an ares-to-weight
conversion table constructed using standard cholesteryl oleate solutions.

60
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8 60 1/ 4 95.7 9 T
41 64.7 15 10 100 fi +t Has Been Replaced
e T
383 12 EP Pi95311 B o1 13 [N

411 40.7 14 T8Ble 27 3/ 2

56. 1 20 5 2/

82.6 16  Run o68° Mo PB 1/?gme Synthesis 7 15';%‘3': 300
AL RO DN (I il

76.2 20 3 1/ 4 78.1 Tab 26 shows
that this s%/stem egﬁhooi ts ﬁs?endelqc; tovvazr3d decregge'al n the synb’gési s ratio
as the tot\?\% vol une ,of the ;eac-tign m xt ur e incregaes_a and t hat tgg ratio

I ncreases th the increase of th '8roporti on of “i'n the reaction 30
system i rrﬁipecti ve ,pf the geact k@non‘i xt ure vol ungg anpl e 46 h 6t hi s
exanple, t reaction was perforfied in an aqueous nedl um system (i n which
PB al one was used w{hout any ,0gani G, sol vent leusd ng 1, 000 f lipase
MY ane cho and MO s&Qubstiﬁzzes iﬂ'grmunts gi ven i)7r?'$abl e 27 (t %arml e
rati o cho/ bei ng st a 1/ 2 0 Qi Vga t he desin CO The ults thus
obt ai ned a?g shown afiﬁpTab %‘£¥7 T(l)"ghe syﬁ ens ingv(\)ﬁf‘gh PB was ggéd in an
anount of 0.5 m, one gl asssbead, 81% mm i di anet g, vas pl acedg'?@ t he
‘reactyh on vegsel for inproving the State of mixing. I'n Table 27, "fhere are
al so shown ?ynt hesi s, anount § of al culated usi Bg gn area-to- ggigght
conversion table 40 constructed using standard cholesteryl ol eate

solkutions. Jable n cho M (nmg) P ) Time )

Synt hesi s r%-ti 0 (é@bd:&IArmDEn)?agf Coﬁ?%)g) 45 BS('rél %ggé 153

0.5 * 923 w 94 8a 20.0 » 141 2g3.3 100 1159153

8.0 23 70.3 : 97 3 " 100 153  20.0
23 16#8-8 1200 1840 128.% = 200 84,8307 0. %412 23

75. 4 210 5 800 1227 0.5 48

130.4 11 892 50 = 20.0 6 = 800gp.7 1227 184Q

48 88. 2 996 7 800. 1227  20.0 48
75.1 12 140886 82147 10@Qo %534 8008 48571

85. 8 1200 9 1000 1534  20.0 48

83. 3, 13 #57 55 = 20.0 10 = 12009.8 1840 18s5Q

48 84.5 1412 11 1200 1840  20.0 48
.80.7 14 16014 pasignuat 8Qo of 36@ Tabl e8a@ 4 he next D8B® This is

the replacenent sheet Date: 11/10/97 33 EP 0 195 311 B2 Table 27
(continued)sRun No. »cho (my) M2o(mg) PB (m) Bidws (hrs) Sdsdesis

rati® (% Amount of CO (ng) 12 1400 2147 8.0 48
80. 8 16 18071 2760 8.0 . 86.9 2196
- 17 - " 20.0 " 91.7 2376
45 .
18 . 2000 3067 8.0 » 84.4 2350
19 " * 20.0 " 83.7. 2330
50
Example 47

In this example, changes in the synthesis ratio depending on the kind of solvent were investigated by
conducti.g-the reaction for 28 hours using a system composed of 100 mg of cho, 230 mg of MO, 500 U of
lipase MY and organic solventyPB = 2 mli/B ml. The organic solvents used and the resuits obtained are

55 shown in Tabie 28.

Table 28

Run No. Organic solvent used Synthesis ratio (M)

1 Isococtane 99.0
2 Cyclohexane 99.5
3 n-Hexadecane 69.5
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; 13 1400 2147 20.0 48 79.8
Wi554 14 1600 2454 8.0 16Q 84. 4

#1580 15 1600 2454 20 05p o1ggga1 B1 93 6

geior 16 1.333 ple 2o Ses in thesyothesis ratio it o ducting the reaction usl,

[ example, ” n L ¥t ° m‘w.r. U Oon ucting the re on u ng

1 g é?g ig a system co E""!ﬂ’ % .goqyof lipase BU" isoocunnIPB8-45 q;vs mito
2350 19 1 ™¥R)m) The results obisined asp s ""Ié'& 83. 7

#2330 Exafple 47 15 In this exanple, changes in the synthesis ratio
#ldependi ng on the kind of solvent ver e Tablet 294iddd by conducting the
greaction for 29 hours using a system conposed of 100 ng of cho, 230 ng of

#gMO, 500 U of |ipase MRagnd orgqg& sol VfﬂbbEEane?IPﬂ/S gynﬁggiq gani c

gsol vent s,pused and t he pgsul ts obtai ned are shown in 2t18-

grabl e 28 Run No. Organic sol yigy¢) used Symilzagi)s ratlo (O/c)(,‘-;

@l sooct ane 99.0 2 Cycronexane

3 n- Hexadecane 3 @ In this gysple, changesll g t he

' syntheS|s ratio with tinme were studied by conducting the reaction using a
system cBrrposed of 100 zy of che, 230 ng of 4yl 1,000 U of hi,gase MY and
i sooctane/PB =5 mM/5mM to 1 mM/9 m. The results obt ai ned are shown in
Table 29. 30 Table 29 (3) Run Ne. Tinme (hr3z7 sooctane/ PB fgig/ nl)

g#Synthesis ratio (% 1 0.5 5/5 1.0 35
P 0.5 46 . 2.6278 0.5 17.0 3/7
$4.6 4 0.5 2/ 8 17.0 5 0.5 1/9 .
47.5 6 1.0 5 5/5 = 1/4. 2 40 47.5%
| 1B 1.0 4/ 6 8.5 8 1.0 3/7
$12.19 , 1.0 6 2/81.0 578.1 10 1.9.2 1/ 9
64. 4 45 11 2.0 5/5
215.9 12 2.0 7 4/ 6w 4/82.5 13 2808
3/7 57.5 14 2.0 2/ 8 65.8 15
$°.0 - 1/9 8 *6.6 50 3/7 12.1 16
§3.0 , * 5/ 5 : 33.1 17 3.0 4/ 6
4707 18 3.0 9  3/7" 2/86.7 19 3301
2/ 8 88.6 55 20 3.0
1/9 95.6 T¥@s is the® repl acenenl/Sheet 34 2 64L4. Dt
JDate: 13610/ 97
' 11 2.0 .. 878 15.9
12 " 4/6 32.5
“© 13 " 3/7 57.5
. 14 » 2/8 65.8
k/.
- 45 15 o 1/9 96.6
) 16 3.0 5/5 33.1
50 17 " 4/6 47.0
18 " 3/7 | 66.7
19 " 2/8 88.6
55
20 " 1/9 95.6
80
. This Sheet Has Been Re
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EP 0 195 311 B2 Table 29 (2) Run No. Time (hr) Isooct ane/ PB ()

Synthesis ratio (% 5 21 Th1 S

54.8 22 4.0 4/ 6GEP 0 195 311 Bi7. 8 23 4 T h“tHaséJe‘?
R R )
4.0 1/ 9 le029(2)

5.0 5/5 90 4/6

89.6 28 5.0 ;“” Timg, , °'I8cobtane/Ep” §§§$h°'i

2/8 8 o¥% 15

1/ 9 S~ thr) o o (ml/ml) X . 92 6 32
6.0 4/ 95.2 3 6.0 s4.8 37

95.6 34 6.0 21 4.9, 5 L 97.2 20

35 6.0 1/ 6.2 36 6.8 5/5
94. 6.3% 16.0 22 41 6 4/6 96.2 38 16. 0

3/ 7 9%23 25 W 39 g3,316.0

2/ 8 é? 3 40 16. 0 377 1/ 9 96.3 The

data in Table 29 iggicate that, even ingiygooctane/ PB sggt@ms in which the
‘reacti’®n velocity i's slow, a synt hesis ratio of 95% can be achi eved by
prolongi ng the reaglgon timw 30 Exanpl q /49 The reacti 9g,gas carried out
using 100 ng of cho, a specified amount (given in Table 30) of a fatty acid
nmethyl ester, an epgyme andgigooctane/ 0gQg M phosphat egigyfsfer (pH 7.0)
(showae"i oc/ PB" in“the tabl e). The reaciion time and 35 results obtained
~are also shown in jable 30. Wwhe synthesiggg ati o was caggylgat ed by the
follow ng equation (4): (sterol ester peak area) Synthesis ratio (%
‘_'-(st/er ol ester pealggarea + cho peak aregpy 100 94.1 (4) The synbols
used i,p Table 30 are either as defined above or as follows: Fatty acid
esters 40 C1 Metlgyl propienate C-2 2ytg hyl caprate9@,& Methyl
stearate G4 Met hyl behenate 45 C5  Mthyl oleate C6 Lanolin fatty
acid nethyl esters3gproduct »f Yoshi kawa /8| and Fat C96.6.td.) C 7

Met hyl isostearate (prepared fromEnery's isostearic acid) C 8 Met hyl
inol@8te CG9 M@yl 12-hgdooxysteara®f/$H0 C 10 DO9@stbhyl succinate
Tabl e . 30 Run No. Enzynme (U) Fatty acid ester (nole ratio to cho) ioc/PB

(m/m) Tinme (hrs)32 Synthests ratio (%4/% 1 95.25-1 (1000)
C.1 (1.2) 2/ 8 120 43.3
3 33 " /7 95.6
. 34 . T 2/8 97.2
35 " 1/9 96.2
. .
36 16.0 5/5 94.6
N\ 37 v 4/6 96.2
45 .
- 38 » 3/77 97.3
39 " 2/8 97.3
80 40 » 1/9 96.3

Tne datain Table 29 indicate that, sven in isooctane/PB systems in which the reaction velocity i; slow, a
synthesis ratio of 95% can be achieved by prolonging the reaction time.

Example 49
The reaction was carried out using 100 mg of cho, a specified amount (givan in Table 30) of a fatty acid
methyl ester, an enzyms and isooctane/0.05 M phosphate buffer (pH 7.0) {shown “ioc/PB” in the table). The
reaction time and results obtained are also shown in Table 30. The synthesis ratio was calculated by the
6o following equation {4):
(sterol ester peak area) _
Synthesis ratio (%) = x 100 (4)
{stero! ester peak area + cho pesak srea) _

65 The symbols used in Table 30 are either as defined above or as follows:
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2 E-1 (1000) : C2 (12 2/ 8 24
'94.7 Continuation of the Table on the next page This is the repl acerrent

sheet Date: 11/10/97 EPO b 30 (conti nyedy—Run—No—EnZyn
(U Fatty acid ester (nole %ﬂ*?@zﬁi)ﬁ. oc/(PB (m/m

1 d
Synt Festyi acidrestere (%) 3 E-1 (1000) . C3( N
2/ 8 C1 Mﬂhvknfovlmto 80.4 5 4 E-1 (1000) ‘ ll |\H“|
(1 2) C-2 Methyl caprat 24 69.4 5

Methyl steara
C,5 (1. 2/ 8 24 97.3 6 E-1 (1000)
c’6 (1. ggm;: :,',';’,’,'"' 2/ 8 48 82.2 7 E-1 (1000)
C- 7 (1.@#Lanolin fatty acid methyl esters (product 8f'Yoshikswa Oil bfid 5&&:0 ud,) E-1 (1000)
C- B (1.Q7} Methyl isostearste (fhéphred from Emeryisostearic acid)92. 7 10 9 E-2
(1000) C-8 Methyl linoleate C- 2 ( 1. 2) 2/ 8 120 78.2 10
cg)%;mhvl 12-hydroxysteargtes (1 2) 2/ 8 48 92.2
Dimethy) gyccinate C 4 (1 2) 2/8 48
74 2 12 E-2 (1000) (2.0) 3/8 21
84.5 15 13 .  E-2 (1000}91_8_3_ C7 (1.2) '~ 2/8
A3 Run 85.Enkdme Faftylhcia ioc/PB Crimel. 2)Synthesis 2/ 8
- 48 No. 92.9 1 éster1(iOle - C9 (1. 2kratio 2/ 8
120 63. qU36 ritfo( £608ho) (ml/ml) (hds)l.2) (&) 2/ 8
4 57 4 17 E-3 (1000) T4 (1.2 2/8
9;;, 1 7B=3 10000) 1¢-1 (1.2)3 (100Q/8 120 C43(2.0)
3’8 2 48 80=2 13.2) E-3 (“L000) 24 94,710 (1.2)
2/ 8 3 120 65C832@1.2) E-7 (10000) 24 8043 (1.2
218, 4 96 75C84211.2) E-7 (10000) 24 69345 (1.2)
- 2/8 5 96" 88C852%1.2) 22 “ E-7 (20000) 97.3 C 6
2.2) 6 -~ Y 2/8 c-6 (122) “0.5 2348  E-7 §20900)
C8 (1.7 " 2/8 €=7 (1.2)20 *  69.7244 76 (350)
G5 (2.08 " 3/8 C=8 (1.2) 2 *  96.8245 9.3 (500)
C—5 (2.9 E-2 (1000%/8 €-2 (1.2) 3 * 97.3200 Exahi2 50 The

rgacti k@ was caried out U8rdgld.2derol rﬂionent gﬂven in9&Re 31 (in an
'am) t ¥ 100 nY), MO (rml%'ﬂatﬂ»ezio cho = 800 U of744£ase MY and
i sooct @/ PB = 2 mv8 m. TReSrédePlon ti m3/hd theilesults% i ned are

al so 333 shown f'n Table 31€=Thélsght hesi szrﬁ io wad8cal cul BB by the

ng | ow equat |"on (5): syﬁr egfsetatio (N, g terol peak area)
X100 21 %4 5) ( T r éSter peak, area 428 er o area) Table
31 40 N03'3 (18 n ) Reaction ti ma; hrs) ;1esi s ratio
(7 1 Chol egterol 24 92.
[err]-Sig osteroL, C-S ‘22 g;: 8?32 3 %masterol
| gz 0 520 dagcoﬁboqd)este %Bgt Ol 72 . 96 93 a’é%a l e 51
R 31 (1.2) . 96 P
w 22 c-6 (1.2) . 72 50.5
23 c-8 (1.2) w 120 69.7
4 24 8-5 ( 350) C-5 (2.0) 3/8 2 96.8
o 25 E-6 ( 500) C-5 (2.0) 2/8 3 97.4
: Example 50
80 The reaction was carried out using a sterol component given in Table 31 {in an amount of 100 mg), MO

{mole ratio to cho = 1.2), 1,000 U of lipase MY and isooctane/PB = 2 mi/8 ml. The reaction time and the
results obtaired are also shown in Table 31. The synthesis ratio was calculated by the following equation
(5):
{sterol ester peak area) :
55 Synthesis ratio (%) = x 100 (5)
(sterol ester peak area + sterol peak area)

.65
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50 The reaction was carried out for 70 hours using 100 n@—ef—c—he—and—zgg—#g

of a starting fatty acid ester [err] shown in Table 32 as.pulsLr tﬁ
together with 1,000 U of I|ipa sgyent of |sooct
m . The synthesis ratio cal cu%el\qﬂl’w?ﬁg sgvrre manner as |
- shown in Table 32. 55 This is tTablepdlcenent sheet 36
Date: 11/10/97 EP O 195 311 B2 Table 32 Run No. Starting fatty acid
~ester Synthesis ratio (% 1 Met hyl palmtate g 2 Et hyl
pal gitate 98.3 3 Isopr&pyctgmﬂa!% Synthg? 3 xatio
| sobut yRuppINO § at&terol cofipohent ~97.6 10
Exanpl €752 The reacti on was conducted for 1.5 hours using, as substrates,
100 ngy of @ho andChodesterol of olive oil 24s specified ?g Fabl e 33,
~together with 500 U of lipase MY, in isooctane/PB = 2 rr1/8 m. In all the
runs./ ol i ve oi | wheSttopitexdly is hydrol ¢fed in 1.5 hoB?s? The results
-obtained are shown in Table 33. The synthesis ratio for_gun Nos. 1 and 2
wer e cal culated aStbguasgerel he equatlonz(‘Z) ment i oned? ébﬁve and those for
run Nos. 3-5 were calculated by the foll ow ng equation é? Synthesis ratio

(ns 4 CO peBxgessexrol X 100 24 (CO peak area
-+ fatty acid peak area) 20 Table 33 Run .. Qive oil é i Synt hesi s
ratio (% B Dihydrocholesterol 72 1 2 g? 96. 6
2 +4d—bs Se—5—3 63 90.3 & 57.2
97.56 5 45. 8 ' 97 5 BQ.WI e 53 The reacti.on was conducted

Usi Ng, aghereébdiioh Ve Sarridd Ut 1dl 70 hourt Osisg 1 TOOWRPSTiche Sl 200Gl 8 saiting fattyiscid@stef at
 gi ven showd ialTable 32 ss subgeméactoguthedwith 10000 ULb! dipasieiM)¥a ins solvent T isooaiersPBonS s/t em
r eagt ingnThei synthesisiratib calculsted inthe o mennes seinfixample;43 agsshownipfabledR. The
syntshe5| s ratio was cal cul ated according to the equation (2). Table 34 Run

No. . Gl or fat (rrg) |oq‘dﬁ‘njjn1) Time (hrs) Synthesfs ratio
(% 40 Castel™orr (24 2/ 8 96
Ei;lld4 2 Ruﬁaﬁber %éaf@ffﬂ fatty acid ciﬁéi!S Synthesi¥ ratioc (¥ 73.6 3

rogenated cast 62.3 4

_Hy@genaled caster OiMetRyY) paladitate 8 A2 Exanpl e 54 The
reaCtion was effected by s |rr|ng for 3 hours a m xture conposed of 100 ngy
- of cho, 123 ng of MO, Bthylopalmitate . 98.3

) 35 3 Isopropyl palmitate 98.7

. 4 Isobutyl palmitate 97.4

o 5 Methyl stearate 97.6

) Example 52
— The reaction was conducted for 1.5 hours using, as substrates, 100 mg of cho and a quantity of olive oll
«5 as specified in Table 33, together with 500 U of lipase MY, in isooctane/PB = 2 mI/8 ml. In all the runs, olive
oil was completely hydrolyzed in 1.5 hours. The results obtained are shown in Table 33. The synthesis ratio
for run Nos. 1 and 2 were calculated according to the equation {2) mentioned above and those for run Nos.
3—5 were calculated by the following equation {8):

50 {CO peak area)
Synthesis ratio (%) = x 100 (6
_ (CO peak area + fatty acid pesk sres) -

55
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i sooctane, 8 ml of PB and 1,000 U of |ipase My. Then, the upper layer was

sanpl ed and assayed for the synthesis ratio of CO Ther eafhigshectiHaeBern
was allowed to stand, the up ' 9@0& eplgayer was renove i
that interface portion with F?edaa ouyl g}er, fol |l oned bycI I“I“ wuim;on _

of 16 ml of isooctane. After stimippeangd standing, 15 nml of the isooctane
layer was renoved to thereby wasfaway thne unreacted substrates and the

reaction piRiiiGio! eMai B1AYel %ﬂlhe(ﬂa%ierfs thesisratioelyepeating the
i ce , of
X

ahove proc cho, ng o and 1 m of 55

| sooct ane werye agai n addeget o the enzyne-cont $6ég aqueous |ayer and the

reaction was perfornmed for 3 hours. The invention was practiced by

repeating 7 tgmes in all 1ijige sabove procedure gofgfising renoving the upper

sub- strate- and reaction product-containing isooctane |ayer after reaction

Wit (& | eavi ng t he aqueouggl igpase-containing | gs3and the interface |ayer,

and then addi ng new portions of substrates and isooctane. This is the

repl acenent sfeet 37 57.2 Dat e: 1940 97 EP 0 195 311 B2 The .

results thus obtained are shown in Table 35. During the period from

assayi ng the ssynthesis rgsi,@ to addition of negsSibstrate portions, the

reaction mxture was naintained in a state in wiich the enzyne and

- substrates™&re tn contact W th one another. 5

Tabl e 35 Repeated reaction run No.gxampletsdesis ratio (9% 1

9%, 0 2 The reaction was conductélusthglés substrates, 100 mg ¢ cho and specified amounts of an oil or fat 3

90. 4gi¥en in Table 34, together with11,0007) of lipase MY. The reaction) Sysfen; reaction time and the resulty) 5 7

~ 89. Golmsingtherechown inTable4cTIRGsynthdsis eatio was seicyisted scaording 9ithe squation,(2b

- syarhesi s reaction does not lead to any loss in enzyne activity at all. 20
Exanpl e 55 The procedure of ExanpPablé 3 repeated using 230 ng of nethyl

ahydroxypalmitate in lieu of [erT]-nydroxypal mitic acid. The synthesis

ratio in the first reaction was 72.5% and that in the second reacti on was

70. 4% ZXpufxanpl o6 dhegaent i nuoutoedPB i on aPimeat uSyithashs t he

fl oncharggeln Fi g. Gg!%p used, the ¢alyml)porti ¢hxrgd2) rdeteof¥as filled
Wt h 5001t of a i pase solutrton in PB, and a substrate

_ solufi on TOoNpous ér cC6LAMP240)0Ct an@/8 30 1, 960 ng/ 1,8404ng/ 600 M was

i ntroduced intothe aqueous enzyne solution layer portion (&) in the form
of oily dgopl ecaster oflle (F40). 52 X0/I% throu§6 the coldad bottom nozzle
(N1 ) by nmeans of the punp (Pl). The reaction product-con- taining

I'Sooct ane3| aye Hyr Aatedl in the P& i.on (GLESof the §Rads col um was

- W t hdrawn contiduagfgoan d238)x of 0.127 M/mn into the reaction m xture
- tdank (T4). The isooctane solution overflowing fromthe receptacle (T1l) was
led to thg nm xHi@yegenated?), wher2043S sol ut #8n was nNP%el with a new
s@bstrate sol uigagstérvold t(23%pne conposition 35 as above as fed at a
rate of 0.127 mi/nin fromthe raw naterial tank (T3) by nmeans of the punp
“(P3). The resulting substrate solution was fed again to the (&) portion of
the—glass colum at a rate of 8. 5%xginplsisda by neans of the punp (P1) through

tdde NOZPHeRedctitn wad tfettbd by sttt ior 3 hits s mbaire 2brepasat ot 100mg/afshe, 48y mp etiMDNt 0
“the aeqi etlsuocn.ﬂ MM cogall std 1LOOOLEgfdinssadMY: Thir, the uppagisvern was sampled and assayed for
the synthesis ratio of LO. .
%nomher. the mixture was sliowed to stand, the upper isooctane lsyer was removed while leaving
' that interface portion with the aqueous layer, followed by fusther addition of 16 ml of isooctane. After
- so stirring and standing, 15 mi of the isooctane layer was removed to thereby wash away the unreacted
substrates and the reaction product remaining in the interface portion. After repeating the above procedure
twice In all, 100 mg of cho, 153 mg of MO and 1 ml of isooctane were again added to the enzyme-containing
aqueous layer and the reaction was performed for 3 hours. '
The invention was practiced by repeating 7 times in all the above procedure comprising removing the
55  upper substrate- and reaction product-containing isooctane layer after reaction while leaving the aqueous
lipase-containing layer and the interface layer, and then adding new portions of substrates and isooctane.
The results thus obtained are shown in Table 35. During the period from assaying the synthesis ratio to
addition of new substrate portions, the reaction mixture was maintained in a state in which the enzyme and
substrates were in contact with one another.
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the reaction m xture at 3-hour intervals using the autosSanpler (A). The

results of assay of the sanples for ester synt hesi s 40 ratlumm“ﬂmmﬁﬂl

~Fig. 9 obtained in the sane rrannFr 9@3 gqytil about 4

start of the reaction, the isooc gn yer in the upper par

colum was in an emulsified state. mablerg phase separation began as the
reacti on proceeded and was conplete at about 64 hours. Fig. 9 shows that
when the above gx%@ezhacﬂ:&dmﬂ Noe desiSyathasis vabiec (¥ntinuously
synt hegi zed usihg € enzyne repeatedly and that the synthesis ratio can be
mai ntai ned at a |l evel not less than 80% w t hout repla Ot 45 or

suppl enentati on of the enzyne for 240 hours or |onger. Exanple 57 A vessel
was divided into two conpa@tnents with Duraguard 2500.9¥hé | over
corrpartrrent (8 cnB in capacity) 50 bel ow sai d menbrane was filled with 8
~ cnBof’®an aqueous 595 U m 3sol ution of lipase M. A co¥nfi cation tube con-
nected thereto was also filled with the sane aqueous enzynme sol ution, so
that the liquid level in sdid tube was 30 cm hi gher th%he ihe merrbrane

| evel . The upper conpartnment of the above vessel was char ed with a
substr@te sol uti on conpose® of 100 ng of cho, 153 ngy 092 and 10 m of

i sooctane. The reaction was carried out for 48 hours whil e shaking the

- whol e vessel on a shaker réciprocating at a stroke of $80eth and a frequency
of 120 cpm As a result, a synthesis ratio of 87.2% was_obhtai ned. The
~reactign systemwas not em? sified. No penetration of 83+6r into the
substrat e phase.was_observed  Thiedus—i-de re-p+-ae-e-nfe-ﬁ-t—s-h-eetﬁ-8—9a-t e:

- 11/10/ 97 EP0195311 B2 Exanpl e 58 Duraguard 2500 was i nmersed i n nethanol
~and/i n wat eThetdatatit Tsbid35 indicaticthatirbpetitiombfithenbovy sunthesis reactiongdoas nat inatl 1o apy loss in
subst i t uenayme@ctivityat sll.cr opore contents with water This hydrophilic

frenbr affe vvas used in pI ace of Duraguar 25 used in Exarrpl e 57. The
upper and J .ﬁ Foxpuirhiliélin'teb 81 o-
- the sane,, xyp§ tlon an gueous ‘enzy SO |on respect Ively. In

~ this exanp m.&hmwmmmmmwmunwmmnmm re&uiDN Was 101%.
rre ramwe | evel, however. The reaction was conducted in the sanme nmanner as

anpl e 57 and vvhen the synt heS| s;;ambbiérrl ved &t 90% or hi gher,

substrate sH ?‘W‘ng’

~way 10 t )
deter njn %o colbrr m%;
figure, Y lagor anm@tcme
anount o*‘ofﬁ@g(ﬁﬂblu wmwnmmumnmmmm.mm
t le aque (T4} Thaispoassrmabistionoverfiowingirern @umwmm@wm

"~ cones mpddwmmwm-mamm

~ react i Ynretesf .12 mimip from the c» Rm; "° "'
suppl ene@' ‘?'@3" pC RN B RRe , ou our's il
and give méﬁ QrEREY: mmmmmmmmmemwwa

 Of\EXaNp lssmpliyRRé RsbtRNTHESFS RG-Houy Mtdvatssing therutossmplsr (A).RNS résuits olhissayd the

The | owe ssropipsfor smert syhthesisratio brershowh rSFig fBobtiihed ingbessmamanter exfig.i%ed out in
the sane naumanm«mmmnmmmmmgmmtamwraorbtﬁdte'éh%q?brm
- beI oW | nwrabtg@&wwmw phase separptinn begen as the reaction procqeded and was

Tert on, wafSRATI A gt B B ...c...aar?fiﬁ%":.‘:::rz

menbr ane t t or supplementation of the enzyme for 240 hours or longer.
Exanpl e 58
: Example §7
A vcsul was divided into two compartments with Duraguard 2500. The lower eompanmem {8 cm?in
55 capacity) below sald membrane was filled with 8 cm?® of an aqueous 595 U/mi solution of lipase MY. A
communication tube connected thereto was also filled with the same dqueous enzyme solution, so that the
liquid leve! in said tube was 30 cm higher than the membrane level.
The upper compartment of the sbove vessel was charged with a substrate solution composed of 100
mg of cho, 163 mg of MO and 10 mi of isooctane. The reaction was carried out for 48 hours while shaking
éo the whole vessel on a shaker reciprocating at a stroke of 6 cm and a frequency of 120 cpm. As a result, »
synthesis ratio of 87.2% was obtained. The reaction system was not emulsified. No penetration of water
into the substrate phase was observed.

Example 58
65 Duraguard 2500 was immeérsed in methanol and in water to thereby re::der the membrane hydrophilic
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Average pore size  0.45 0. 5 0. 45 Thls heetHasB’ée Oﬂ(ﬁmd

0.1 ([err]) Level difference II”I"HI
0

30
0 between 35 t t ube and nmenb
Reaction tine (hrs) 48 EP C&W‘ﬁ W .
48 40 as a thsult bsubstitoticni of u(d%)blcuﬁanébomonu with wat&BTﬁs hydrophiliceribrane was used in
- 92.6 place of Duraguard 2500 psad ini Exanwple 67, The umnond lower compaitmants relative tol\msirt:

No mmbrm sarged Hemmpee!ema

smoo; mVl" % %@W mm-,mm.'\'k' %ct " on
syst em,

| engt hmow&& el ﬁém .f%;e

prepar ed The resuits obtained e 3REwRin mm 1bhﬁ Y fgee) Wﬁbﬁa oﬁdlamm ﬁa&tbntnauahn)
hei ght and tha loedinat@the amourt of COdmght e 50 sol uti on conposed of 1,000 ng of

chq,_,1, 53 ﬁg shawaitot amn I.L!m!rmhﬂbfmﬂmgm in nvdvm 8Qi00unzVmY salimiampgrmestas the

above °3mm 'ma 99" Meswnwawv tosatabyeey
about J ' ‘:5' ’H&”P’bﬂ'é‘@fﬂ‘f?"l’ﬁ@' the
reaction vvas repea e nt hesis ratio

obt a8 ned in each run was converted tgg.ﬁ,msgynt hesi s armunt of CO and the
rel ati on Trelprezedurs of Exampie BTivasidliovieitusingdive kinds df mBmbisiies GiveriiinTiible 361 The 0o t S
obt ai neampanmestibads volunie of 8 cirf. The rééction ves caxried ot inthe serpe Fisgner b in Exainpleis3.

t he refhaiosylsthusabiained e also shown below in Tablsdbe EP 0 195 311 B2 Exanple
61 2,000 U (19.0 ng) of the immobilized chol esterol esterase T-18 were
added 100 nmg of cho, 153 ng of M) and 15 m of isooctane, and the reaction
was carri ed out. The reaction ZaPlec38s filtered once a day except for
hql j days and, using the thus-recovered inmobilized enzyme, the reaction
was r Neel for 79 days in he sane eaction3system as4in the firs3

feattion while replacing the substrate solution with a new one each tine.
The t iMepbranseseatsriake rRegensvatesd TefdoaNitrexy i s ¥itzer | n HydrepBilicTabl e

37 10 cellulose Reaetiimlioss necelivipse SMune ratio
(% 1 29.4 3 72.1 5 81.
84.6 23 91. 7 Exanpl e 62 20 1‘6’ &W“ 38

m‘?ﬁa’blmzeﬁﬂmipnepar ation prepared in the same nmanner as in Exanple 36
were added (@8 ng of cho, 2004%y of MD.52 nl Ok48sooct aBeland 8 nl @1 PB,
~and the reaction was carried out for 24 hours. Thereafter, the reaction

m x; ulevedsdiffearened, t he i nmobilized enzyne thus recovered as a cake was
ret¥r ho&voontmicttbw vessel .together with the filter paper, and the

r eact itvhevwand mapbxane {am)t h@ sane red0ti on syftem as abOve. This pr@®cedure

was repeated three tinmes in all. The synthesis ratio in the third.reaction
i S sh®emcbiom\time This) 38480r each 48zyne p48pa- 25 M8t on. 48
40
Synthesis ratio (%) 90.4 85.6 90.3 92.6 ' 93.2
\_- Bmvlsification None None None None None

45

Table 38 shows that the synthesis reaction proceeds smoothyl with sny of the membranes, without
emulsification of the reaction system.

50 Example 80
A glass column, 2 cm in lnslde dismeter and 46 cm in length, was chlrgod with 900,000 U (30 g) of the
immobilized lipsse MY as prepared in the same manner as in the procedure (2) of Example 31 to a height of
about 38 ém. A substrate solution composed of 1,000 mg of cho, 1,534 mg of MO and 150 mi of isooctane
was circulated through the above column at 8 rate of 6.3 ml/min. When the CO synthesis ratio reached
85 about B0%, the substrate solution was replaced with a new one and the reaction was ropeasted.
As In Example 48 (Table 27), the synthesis ratio obtained in sach run was converted to the synthesis
amount of CO and the relation between said amount and the reaction time was studied. The results
obtained are shown in Fig. 11 in the same manner as Fig. 10.

60 Example 61
To 2,000V (19 0 mg) of the immobilized cholesterol esterase T-18 were added 100 mg of cho, 163mgof .-
MO and 15 mi of isooctane, and the rsaction was carried out. The reaction mixture was filtered once a day’
except for holidays and, using the thus-recovered immobilized enzyme, the reaction was repeated for 79
days in the same reaction system as in the first reaction while replacing the si'bstrate solution with 8 new
s5 one each time. The time course of the reaction on the 80th day is shown in iable 37. -
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Tabl e 38 Run No. Enzyme prepar ation used Synt "~ Synthesi s ratlc-)' I n

3rd reaction (% 30 A ut ar al dehydo- CeITh
enzyme 78.9 2 Car bodigd e frm)bl l'i zed
54.6 3 d ut ar al dehydo- gl ass-i bﬁqggl‘te'ngme :

Car bodi i m do- gl ass-i+mobi |l i zed enzynEaple 37 65. 4 35 Exarrpl e 63 To t he
immobi |l i zed enzynme preparation proddCed 11T the sanme manner as in Exanple 38
‘were added a substr atppe et ER0R isRPASE) Of é%)_trmggﬁ ¢Reio’ 3y of MO and
2 m of,isooctane and—g mror PB, angd the r 40 for 24
hours. After reaction, the regction mxture was filpgrgd, the sane
substrate solution as above was added to the i nmobili zed enzynme preparation
recovered, and the reaction wgs again carried out. fpejabove procedure was
r epeat ed three times. The synfhesis ratio in the third reaction was 95.2%
Exakp) €964 45 Using specific amunts of an enzynme, g gl cohol conmponent and
a fatty acid or fatty acid ester conponent each given in Table 39, the
reaction was carried out in l%ooctane/PB =3 m/8 nge ghe reaction tinme and
-the result obtained are shown in the sane tabl e The synbol s used in Table
39 areseither as defined ab05§ or as follows: Cfilt hy acid esters C11
"Triolein (product of Tokyo KaSei Kogyo Co. Ltd ) 2" Tristearin (product
of Tokyo Kasei Kogyo=Co——tro ) —Ct&—Trrtaurtm (product—of~Tokyo Kasei
Kogyo Co., Ltd.) 55 C- 14 Tributylti E f oduct of Tokyo Kasei Kogyo Co.

o b0 i e BORL G ML ekl

39(1) 5 Theresfiar, the resction nitiau llﬁﬁbﬂllﬁﬂonzym wn
No\/ mumwmmmmmmwmmw pspler; 'and the reaction wbﬂidpm&ﬂinthoumo
abovo.'rnh re was repested threstimes in alf, %. fynthigsif r(tlb()i)&) third
A—? (53?'87‘”"“‘" h'ueizqnzvmmvm
(78.1) 99.3 3 " A-9 (90.5)
94.5 4 "rable 38 A-10(69.7) "
24 99. 3 15 5 P S=——"A-7 (51.8) C-5 (153)
12Q , % 75.4 6 " A-8 (78.1) C 8yhthedis rati rd
- 89.577 Run No. Enzyme preparationdusid) reaction m58-5 3
. 1 Glutaraldehydo-Celite- :
3 immobilized enzyme 78.9
. 2 Carbodiimido-Celite- :
immobilized enzyme 54.6
‘0 3 Glutaraldehydo-glass-
. immobilized enzyme 70.6
~ 4 Carbodiimido-glass-
* immobilized enzyme 65.4
Example 63
50 To the lmmobllbodonzvmopmpanﬁonprodueodlnmcum manner as in Example 38 were added s

substrate soiution composed of 100 mg of cho, 230 mg of MO and 2 mi of isooctane and 8 mi of PB, and the
reaction was conducted for 24 hours. After reaction, the reaction mixture was filtered, the same substrate
soludion as asbove was added to the immobilized enzyme preparation recovered, and the reaction was again
cerried out.

55 The sbove procedure was repeated three times. The synthesis ratio in the third reaction was 95.2%.

Example 64
Using specific amounts of an enzyme, an alcohol component and a fatty acid or fatty acid ester
component each given in Table 39, the reaction was carried out in isooctane/PB = 3 mlI/8 ml. The reaction
so time and the result obtained are shown in the same table.
The symbols used in Table 39 are either as defined above or as follows:

Fatty acid esters
C-11 Triolein {product of Tokyo Kasei Kogyo CO Lid.)

65 C-12 Tristearin {product of Tokyo Kasel Kogyo Co., L1d.)
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9 " A-9 (90.5) C-2 (96.3) 5 85.4 20 .
10 " " C-5 (153) 89.7 11

A-10(69.7) C 3 (15 . 3 This Sheet Has'Been Replaced
SRS BN v |||||mmmmﬂ||
C-11(229) -3 Trilaurih (product o folqo Kdsei Kogyo Co., L1d.) " 1)
3 92. 1€ ¥ributyltin {produdtiof Tokyo Kasel Kogyo Co., Ltd.) " C 13( 165
3 89. g}%ggyb!-mol( 1000)  A-1 (100) ox 14(78 2)
83.6 17  CloTollow C 16(222) C 15 2226) " ?9 9g 0 18
C-
18 Qe 3 95.2 30 20 E-4 (66.7)
" B-1 (147) 3 96.6 21 E-6 ( 6.7)
C-5 (153) 3 94. 6 Table38dd)7)
241 95.4 23 E-6 ( 6.7) " C 18(227) 1
97.5 24 E-4 (66.7) " 3 97.4 25
E-6 ( 6.7) B- 12(.147) 24 86.7 35 26
E-4 (66Run  Enzyme Alcoho! Fatty acid or; Time Synthesis
(1000) Nov10(69. 9 B-6 (159) fatty agid estey) 4 03 ratio
B 124917 @5 aQ 4 " (hrs) A-8 (¥R 1)
. B-6 (159) 40 30 E-7 (1000)
112 1l 7B-1 43000) 8-73151531) (100@)’ (147) - 24 B-16¢447)
40 348 33 E-7 (1 . 9943
73.6 33 ¥-8 (1500) (90 5) B-1%(147). 34 948 0 34
E-6 ( 6. A~10(59.7) " .o 1 24 99 7 P9.3. 4
(66:7) " A-7 (51.8) c-5 (153) 0329 45 75.4 36
E-6 (6. . A-8 (7é~§)( 153)6-2 (96.3y 6.1 . $%.-%-4
{66.7) K " -; ggﬂ 96. 0338 E- agg g 7)
c 18(227) - (66.7 ¢
" 9 99"89469$E5é( 6. ¢)'2 (95% " g B-&-'Q(!M)
24 103 7 4] E4 (66 v €=5 (133) - 9.7,
5011 42 E-6 %0&?9 7) c-3 (154) B-6 € 59) 93 3 o1
94\8/ 551@! s isgthe repl acxe?i lc,’heet 41‘-' 1533/ 10/ 97 EP01998 4882
Tabl e 3% 2) Ru Enﬂ/ 0 ; Fatty aci d 6.4
- Time nt hes s 5 31) 92.2
fatty ?io rati ‘155) 3 (ma) 89.3
() PHI’S) 1-1_(100’(% 43 v 83.6
" . - 88.2 44 @0) A-13 (100) ;f 2
Brla (Zﬁ " LS w932 c-17(224) 3 95.2
20 E-4 (66.7) . B-1 (147) .3 96.6
22 E-4 (66.7) . " 24 95. 4
. 23 E=6 ( 6.7) . c-18(227) 1 $7.5
“~ 24 E-4 (66.7) . " 3 97.4
25 E-6 ( 6.7) “ B-12(147) 24 86.7
26 E-4 (66.7) " . s 90.8
27 E-1 (1000) ' A-10(69.7) B-6 (159) 40 91.4
28 " . B-12(147) 40 90. 4
29 . A-8 (78.1) B-6 (159) 40 96.2
30 E-7 (1000) . .o 112 73.1
31 E-1 (1000) - B-12(147) 40 94.8
32 E-7 (1000) . - 112 73.6
33 E-8 (1000) . B-1 (147) 24 83.0
34 E-6 ( 6.7) . “ 1 99,7
35 E-4 (66.7) . " 1 99.8
36 E-6 ( 6.7) . c-5 (153) 1 96.1
37 E=4 (66.7) " v 1 96.0
38 E-6 ( 6.7) - c-18(227) 1 99.5
39 E-4 (66.7) " . 1 99.8
40 E-6 ( 6.7) " B-12(147) 24 93.7
41 E-4 (66.7) " " 1 96.0
42 E-6 ( 6.7) . B-6 (159) 24 94.8
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45 E-8 (1000) A8 (73. 1) C-18(227) .. 48

93.1 10 46 E-8 . (1000) This Sheet ced
48 86.9 47 E-6 1 )
48 72.8 48 E-9 (13% °1§5<1§31§ gq)l) ”"ﬂ’“ ’ ﬁi" )
94 61.5 49 E-9 (13.9ple 39 (2) B-1 (1.46)
122 64. 4 50 E-6 ( (100)
122 Run “Eniyme AlcoKvl E!'ﬁtt 8cid of Time' Synthesis
C 18224 122 Biesee) ackeumsns A xtu{e;af 0 g
of di hydrochol esw;ol 11 g o(mcgl eic aC| d(m . ng (10 Oapgﬂ of | igggse MY
and 5 o OV A- Wo TTTeo0 E_Syntt S
ratio d 1 npd;}¢ 4 ou f the : thE*fati o was
83.1% i 464 NoRir g'q' f&%‘n react i icti on, ' .
ext kact (ivm *a m@t a,n & re _'g'lgr, i iy : and
oleic a | € e frongtp€ I)ohexane
dIStI||§t8IO % 2 O rg%?’ed di hyar | este [ tLd ester.
30 A%b re‘ rlng _{a sicidet ' .
reaqiln _ass e6 vmhh 2)wal ["€ast oy Fatty aghydyor at
| east o csa ster 'iwn thg preseegfaqi‘,zq,l i pasq ¥ a ch f's%erol
esterase lnj-)n aqueous. nediumor in ' Lc.S ent _fhe
chol esterol esterase being derived from a mcroorgani smof a genus sel ected
~fromthe group consisting of the ge dormnas genus Achr ono- bacter,
gends Fusmum.awW ’9&?&%1 Y BHIpat Y 35 i of
chol es TOoyo Joz process as
- de#+ ned |maymm ﬁ&fﬂﬁrﬁ&ﬂdﬂﬁiﬂﬂ.tﬂomoﬁmww‘lﬂﬂnu

Li pasehovdsi ch is derived froma mcroorganlsm of a genus selected fromthe

' After f the [Teaction) mrixtugewes siiracied
%L??ﬁec"” @m E e ek i o i
T

genus orul opsis, genus Micor, genus

Baci | | @gumgenus Ther monmyces, genus Rhi zopus, genus 45 Pseudomonas and
~geRus Al caliaenes. 3. A process as defined in Claim 2 wherein the |ipase is
derived f1.apracess forpospydey & futty bcid estencoenpaising edseding r om t he group consi sting

- of t he em:g mmmmtm gdmeny WMMW 1640132 derbomstomeers

Rhl zop w r ss s defined Claim 1 wherein the conponent (2)
_ f f
BRI T bl bt R P

f at t y aCI ammw.mmandnmmmwmmmw whith 3¢
car bon dedivedironmis miéropiganiasmof 8 gerils fleqyroupicondining iofthe hemacieivomodactdr?)
i's a ngeausaChrombdasteriak MWOWIWWOWIIM& genus
sy n#th e Cpadige genvs Qenys Leniciiliy Tarylopsfs. 190 f@P‘P{ PPRUSCBAC{uN aenuY 2)

|sagl ng"' y 2 This is the
e\_rac m; peondsﬂngﬂ:tgﬁ %732 t%

444444

. atty
Synwle3| S4.7A process as defined\ia Claim 1 wherein the process is conducted in the presence of a choleityrol
dcid esemse. ratio (U) (o) (rTirJ)
~(hrs) 8. A ,gsdqgmd m{Mot:ncholm:olmmhduMdlr:mlmlmmmhmo
_ a gonus ng monas, genus Achro, us
' 54 5 F;;;aﬂu mNmrdiq, mu%mgon dida and cholesterol estorau?'ﬁ'?pw
" “so of Toyo

8 A proeou as defined in Claim 1 wherein the component {1) is a sterol.
7. A process as defined in Claim 1 wherein the component (1) is 8 branched aliphatic prlmary or
secondary alcohol having 14 to 32 carbon atoms.
- 8. A process as defined in Claim 1 wherein the component (2) is a fatty acid selected from the group
s5 consisting of saturated straight-chain fatty acids, saturated branched fatty acids, unsaturated fatty acids,
hydroxy fatty acids and polycarboxylic acids having up to 32 carbon atoms.
9. A process as defined in Claim 1 wherein the component (2) is a natural oil or fat, synthetic oil or fat,
natural wax or synthetic wax.
10. A process as defined in Claim 1 wherein the component (2) is a glycerin ester of a fatty acid having
so Uup to 32 carbon stoms.
11. A process as defined in Claim 1 wherein the component (2) is an ester of an sliphatic alcohol having
1 to 14 carbon atoms.
12. A process as defined in Claim 1 wherein the reaction is conducted in an aqueous medium.
13. A process as defined in Claim 1 wherein the reaction is conducted in a water-containing organic
65 solvent.




45 E-8 (1000) A-8 (78.1) C 18(227) 48

Zg' A0 86.9 4;16 EEég ((6130(7)?) A-1 (100) " \H%g)@‘
N 2 T &gg;“m‘*m o ”!"'!!"@ﬁ!ﬂﬁqmn

122 64. 4 50 - (100)

%:ZiB > nzz'ylu:%S 1é251cohoi‘ 9

of 8di hgﬁ)nochol es roI 11 9 Glq s ‘ : ase IW

and 5 S o oS S

ratio daterﬂﬁheﬂﬁﬁiﬂér 40 Wour s of t he red‘ctlon was 732!% and t#8.2ati 0 was
83. 1% #A 6B4ufl0003 A-1 AXQD) react Bod 4 (26} eact i onlwidxt ur SIed
extrac#8d W+h €008)s etthabith . b ren6rd8R23}t ed di HﬁdrochoISa‘e.tlerol and
oleic é §i d E-nbb@POdf cycl'ohexarie froﬁr'tlt?e( ) ohexand® ayer .9

d| sti I at i @r‘l'g;a(/esiiMO‘\g'lof”&%l d dBmfdr | est eﬂGI ol ei zad d est er

B &eﬁl bcid
T el ng B e § g;aff;mmm a

with"3 B3, €
Ieast g gai g esl“ér‘ l?M% pres ‘?{% | i pas ra chcaie;‘s%erol
estera ﬁq e eus medium or in a?vaﬁér ﬁalmn rganic ent the
chol ester 01 esterase berng derrved froma m croorgani smor_a genus serected
-~ fromthe group consisting of the genus Pseudononas, genus Achrono- bacter,

glit)ftjz FuEarlum ny cardl aﬁmo%c "E%gﬁ;ﬂ‘ g&rf d:%,%[d

defT nd & Kddrs of M&&M%Qﬁ 1% bl e R{iﬁﬁﬁi‘ﬁﬁsﬁ)fnﬁ

| pasgw,gyhl ch 1s derived rom a mcroorgani smof .a genus selected fromthe
grasup CoAfar Tesctign,Othe tristtige MiStuAC Wi ERIPStddcwith GQuesus Fhethsnad a6 rerhéVel eHdaclANUS

Coryndbwmmdgeﬂ Scid Repmravelnd laype by distliation gave
genus134he elesired,dinydrochojesteral ojejaacidesters Tor ul opsi s, genus Micor, genus

Baci | genusTher nomyces, genus Rhi zopus, genus 45 Pseudorr_onas and
genus Caliaenes. 3. A process as defined in Claim2 wherein the lipase is
der’i ved 1. AProcesiiTor pripea s Aty Abid dstF Bor fromthe group consisting
of the dersl siefdl ObRRehY Aliphatic pEMBHSOr SeRoHddrY blcchol BV 140 B chtborWlorfic; o 3

Rhi zoMuWoofMA process as defined in Claim1 wherein the conponent (2)
is a fati@ mwmmwammfmmml St'P?ﬁ? of saturated
st¥ai "ﬁ‘?’ét'l’y“étr' inpnaqueeys w °Qel-aswmgta¥'mm'°

fatt yﬁ‘%@ W ,ﬁw ﬂ%ﬁ
car boger % grolp
is a @ﬁmunmhmauhnahu igenisey ChryRédacteriin, Qonisd mma 9muu

S yeot helnduwvgmm@!uanrmgm Paniciltkirn, ngaius Toktilapisix imbeﬂm ¢dines Gavijhex) gerius( 2)
i s a Gheymomiyepscgenys ganuy Pemiddmionst MMbonThlswthe

ang gepus
r apl ac rﬁs 1" Ba?'!!‘ In a"{:%?./‘!l'ﬁ'!’? the Ui 1‘9&5?!‘ rganism FF
def i nm @, Qenus Asnaroifiys. genuy
al goh! g Moﬂud gﬁ@ﬁﬁ%m&p&e&wwﬁm mgmm oiPdGlMl
wher eggierh reaction Is conducted I n an aqueous medi um process as
def i ned 8. A ptdcassnas Hefidual e Claink & whéminthe ciivlesterci @8issé Bdetiveddronti micravpginianiofng
or gans gens| ssiscted from the group consisting of the genus Pseudomonas, genus Achromobacter, genus
Fusarium, genus Nocardn. genus Streptomyces snd genus Candida and cholesterol esterase T-18 (product
so of Toyo Jozo).
6. A process as defined in Claim 1 wherein the component {1) is a sterol.
2. # process as defined in Claim 1 wherein the component (1) is a branched aliphatic primary or
secondary aicohol having 14 to 32 carbon atoms.
8. A process as defined in Claim 1 wherein the component (2) is a fatty acid selected from the group
s5 consisting of saturated straight-chain fatty acids, saturated branched fatty acids, unaturated fatty acids,
hydroxy fatty acids and polycarboxylic acids having up to 32 carbon atoms.
9. A process as defined in Claim 1 wherein the component {2} is a natural oll or fat, synthetic oil or m.
natural wax or synthetic wax.
10. A process as defined in CIalm 1 wherein the component (2) is a glycerin esterof 8 fatty acid having
s0 up to 32 carbon atoms.
11. A process as defined in Claim 1 wherein the component (2} is an ester of an aliphatic alcoho! having
1 to 14 carbon atoms. _
12. A process as defined in Claim 1 wherein the reaction is conducted in an aqueous medium,
13. A process as defined in Claim 1 wherein the reaction is conducted in a water-containing organic

i ) i




10 10. A process as defined in Caim9 wherein the wat r ani c
sol vent is a hydrocarbon solvent saturated with water. jgmam:lw ﬂ
defined in Caim9 wherein thegpabeiss@f |§J.ng organi c

the two phases of water and an organi c solvent. 15 12. A process as defi ned

in da '5'498'\% 'p&yémaﬁ ein-the mmfwwnbsmaakeoim@epmapwbmy
%ﬁ%&fﬁﬁ”

phase centrlf atl on omth sul tia reactl on

m xt ur :Cl hargin the. W’P{m 'EW%P 0%
- use@ an 1R WHeRIFRESN3S Bl the

cont aciopumbn tﬂh&tibh Bﬁ&ﬁuﬂgﬁhﬁf%&heﬁiaﬂﬁﬂ raoﬁté"t 9}%‘;3:2%38%6 e mcr F"‘gé'gs
of t he NeVTOA process asidefiAedinClairn 3 wherethal panaus membichre islused whe theicompéifent (1 Eadehed
t he chesmponentol2) atst brought into contect with she lipaselor the U ¢holestordl Seste/asp rthioegls thiss

i f
gg{\lgjeﬂ ?9;’19‘& m%%’% Eblm 1 JVTHD o Iaéﬁ%l agﬁggarqugqﬁgfgocsg?lﬁsli %:e%l in an

phot o- CT s I
carri eam??& bé\mmwpﬁﬁ.%& 'ﬁm ingNa &5&%@‘%&£ ggﬂléfn{%"ﬁ '%Mmase

ort he prepolgrmércsal camrivr.cr ase | s obt ai ned by a coval ent bond net hod usi ng an

i nof‘ganl R00A poocgssiscdefioed inemalne'm wha‘:iin tiie jovmobiiized dipasd &k itheccholedterd! dsterats! is
‘wher eij !'W%W!’PMM "W@wmmwg erz‘a};gchloi&ogqal ned %c/
~an ads n R pasg (oF i YorQ) 108tarpse Bc he
an a0 e %gf’cﬁm epapic,of OBANIS SAIBE s it assend di e

Ursgt zung (1) eines Sterins mt (2) m ndest ens ei ner Fettsaure oder

M ndesph@nampiiens Fet t saureester 40 in Gegenwart einer Lipase oder einer
Chol esterin-Esterase in ei nemwaBri gen Medi um oder in ei nemwasserhaltigen
ongani scHeMO'lwmgsMnﬂ MMHMJ umfsssend) di@diroseteyng vom ei nem

~ Mkjo0 :&nﬂm @mefm gtiattigns 'P&W"@Hss"ﬂ&?h@uﬂﬁé"

gle be ,leb 2o %ombacter Gattung
Chugﬁrelsﬁg?m, 'f,g?‘ béde . éﬁ ukt vgﬁ"ﬂl'oy(gs g';zggw‘ ?%e ?aﬁg

~ fach Anspx védfohbn wezh Ansploch sw&hmdmhﬁagewm ¢insr mpapaaeredwmhgﬁfr@hr t
Wi gy d, weithshonsinemcMikmorgshismee DWms sbmafie MMI@ isttagsdér, Grdpps, diebgstelth| t
rﬁmu deeaﬁpm

i st dder AWe o pi

- Chro T "-
%ae%’ g B e L
Peérysci | Lﬁﬂi&%&lmﬂihooﬁﬁnim ofidf Gb mﬁ%{. diad

Ther rmmjammﬁatmw GAFHRP B, besihi M0der CHIAGTNATIObaEkeRih, GRtling! AspbigiiBes .
3. VerGatung iCandidiunihGetung BhRopusobei di e Li pase von ei nem M kr oor gani snus

ei'ner Gat4 Yerfahrem nach Asspruch)dgwnhell dasi Verfalwen e Gegenyyanc eingi ShojesserinEsterass

der M%obacs er i um ttu ergill us, Gattlun ndi und 55
e , rasg om0 oA
e e et S

geradkg{o\mn?gmmwam Usﬂ,)verzmel tt| gen Fettsau
ungesat t isgVerfahrent riatifAnspiuych il iwebei diel Koenpoagite (v mrstomheet
j lesjill I7;L.V_1!!anl nach Anspruch 1Daobel die Koipogente (1) siPYerr@Bigheitige? aliphatischer priméarer

dro Yo rf‘"&'?ﬂ'%l‘b‘&ﬁ%&ﬁ anpteffatamen isy; 32 Kohl en toffatorren K>
T Ve S wooR Sl Koo L0 Z“§ ooid ;
oder Fé"; : ipAots il It E% x'gﬂ’hes
VGRS 1 ST, vértahréRinbé 402 8in efidchies Ol

: rucief, 18
- d ycermes&temmﬂm Wa;?.i awr.enm.:w.w. g Kohl enst of f - at orren Ist. .
10. Verfahren nach Anspruch 1, wobei die Komponente (2) ein Glycerinester einer-Fettsdure mit bis zu
32 Kohlenstoffatomen ist.
11. Verfzhren nach Anspruch 1, wobei die Komponente {2) ein Ester eines sliphatischen Atkohols mit 1
55 bis 14 Kohlenstoffatomen ist. .
12. Verfahren nach Anspruch 1, wobel die Umsetzung in einem waBrigen Medium durchgefOhrt wird.
13. Verfahren nach Anspruch 1, wobei die Umsetzung in einem wasserhaitigen organischen
Losungsmittel durchgefihrt wird.
14. Verfshren nach Anspruch 13, wobei das wasserhaltige organische Ldsungsmittel ein mit Wasser
so. gesittigtes Kohlenwasserstoff-Ldsungsmittel ist.
15. Verfahren nach Anspruch 13, wobei das wasserhaitige organische Lsungsmittel zwei Phasen sus
Wasser und einem organischen L8sungsmittel umfafit.
18. Verfahren nach Anspruch 1, wobel die Lipase oder Cholesterin-Esterase durch Phasentrennung,
Filtration oder Zentrifugierung vom entstandenen Reaktionsgemisch abgetrennt wird.
65 17. Verfahren nach Anspruch 1, wobei eine pordse Membran verwondet wi:d und die Komponente {1)
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7. Verfahren nach Anspruch 1, wobei die Korrponente (2) e’
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i oM | ?‘E“i‘ﬂﬁ"ForrrverV\ondet werden. 15. Verfahren nach Anspruch 14, wobei
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2, dans Tef]uyg) Silort 1s dichBORCE, dhnk leqeleCoonbtRisstt (SO0 uhCestlt YA aicool
const i talihatique ayant de 1 & 14 atomes de carbone.
12. Un procédé selon la revendication 1, dans lequel la réaction est conduite dans un milleu aqueux.
50 13. Un procédé selori la revendication 1, dans lequel la réaction est conduite dans un solvant organique
contenant de 'eau.
- 14. Un procédé seion la revendication 13, dans loquol le solvant organique contenant de I'eau est un
aolvam iydrocarboné saturé d'sau.
15. Un procédé selon la revendication 13, dans lequel le solvant organique contenant de I'eau
55 comprend les deux phases d'eau et d'un solvant organique.
16. Un procédé seion Is revendication 1, dans lequel la lipese ou la cholestérol estérase ast séparée par
séparation de phases, filtration ou centrifugation 3 partir du mélange de résction résultant.
17. Un procédé seion la revendication 1, dans lequel on utilise une membrane poreuse et ie constituant
{1} st Ia constituant (2) sont mis en contact avec la lipase ou la cholestérol estérase A travers les micropores
so de la membrane. .
18. Un procédé selon la revendication 1, dans lequel la lipase ou la cholestéro! estérase est utilisée
dans une forme immobilisée.
19. Un procédé seion la revendication 18, dans lequel la lipase ou la cholestérol estérase immobilisée
est obtenue par une méthode 3 emprisonnement utilisant un prépolyméro résine photoréticulableouun
65 Prépolymére d’'uréthane comme support.
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.5 . par le genre Chronpbacterium |e genre Aspergillus, |le genre

Candida et | e genre Rhizopus. 4. Un procede solon |la reve "!u E ' u Hﬂ!L
| equel | e constituant (2) est ﬁgo-'gsﬁ.‘asafhoml dans I "ae -
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‘naturelle ou une cire synthetique. 6. Un procd se lon la revendlcatlon 1,
dans |l equel le constituant (2) est un ester de glycerine d un acide gras
avant 15 jusqu' a 32 atones de carbone. 7. Un proced6 selon |la

revendi cation 1, dans loquel |e constituant (2) est un ester d'un al cool
~alipbati que ayant de 1 & 14 atones de carbone. 20 8. Un proced6 selon |la
- revendication 1, dans lequel la reaction est conduite dans un mlieu
aqueux. 9. Un procede selon |a revendication 1, dans |loquel |a reaction est
condui ts dans un sol vant organi que contenant de |'eau. 25 10. Un proced6
sel’dn | a revendication 9, dans | oquel |e solvant organi que contenant de
‘1" eau est un solvant hydrocar- bon6 sature d' eau. 11. Un procede selon |la
revendi cation 9, dans |equel |e solvent organi que contenant de | Peau
conprend | es deux phases d' eau et d'un solvant organique. 30 12. Un procedd
selagn la revendication 1, dans laquel la lipase ou | a chol esterol est6rase
_est separee par separation de phases, filtration ou centrifugation a partir
du nel ange de reaction resultant. 13. Un procede solon |la revendication 1,
dans | equel on utilise une nenbrane poreuse et le constituant (1) et le
- cons- 35 tituant (2) sont ms en contact avec la lipase ou la
éhdfesterol esterase a travers |es m cropores de |l a nenbrane. 14. Un
procede selon | a revendication 1, dans loquel la |lipase ou |l a chol esterol
-.estdrase est utilisee dans une forns inmmobilisee. 40 15. Un procede selon
I'a revendi cation 14, dans loquel la |ipase ou |la chol esterol esterase
o bilisee est obtenue par une nethode & enprisonnenent utilisant un
'prggélynbre r6si ne photoreticul able ou un prepol ynere d' urethane conme
support. 16. Un procede selon |la revendication 14, dans |lequel la lipase ou
| a chol esterol est6rase i mopbilisee eet obtenue par 45 une net hode &
| i @§son coval ente utilisant un support inorgani que ou organi que. 17. Un
" proced6 solon |la revendication 14, dans |lequel la lipase ou |a chol esté6rol
esterase i nmobilisee est obtenue par une nethode a adsorption utilisant un
- sdpport inorgani que ou organi que. 50 55 This is the replacenent sheet Date:
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