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ABSTRACT

Water—-insoluble sitosterol was biotransformed to AD(4-androstene-3, 17-dione)and ADD(1, 4-
androstadiene—3, 17-dione) with crosslinked Mycobacteria sp. NRRL B-3683 in microemulsions. The
Mpycobacteria activity depended on the kinds of surfactants and water content. The activity was very
high in cationic microemulsion (CTAB-buthanol-cyclohexane-water) and five times higher than that
of buffer, but it showed a very low activity in anionic microemulsion. The Mycobacteria activity was
increased as increasing weter contents and in the microemulsion containing 20% water was doubled in
the same microemulsion containing 5% water. We suggest that microemulsion 1s effective reaction

medium for Mycobacteria bioconversion.
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3ol ZAe} vlAES A o83t
Axe F45E2 Zvlsia sl dd2e 7| AEA
o] A4Ae)7] W&ol bioconversiong #& F-4%F
A9 AL AL slek(l, 2). 23 TAE 8
A7) 98 v o g §-7]4ufe A4 bioconversion
of thgt A7) AR olrk. 53] Eell 57| o=
(waterimmicible) §-7]8ufolAe] &l 3t o
T7b ofe] whheg A= gk o)A (two-
phase system), anhydrous organic solvent$} &
] FTX microemulsiond steroids, alkaloids,
fatsS3} 722 444 B49] bioconversiond] o]4-
Bt ok, 4, 5, 6, 7). v Adel|A A3} &
49 AFE @ol A= stom AAHoz AY
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7F52 duldoA cholesterol oxidase, alcohol
dehydrogenasest e FAE olgste] WHEL
AT 5+ gl delA AHE, 9, 10). 32E
Au)dojl= g4ole} vl Z7]Ho} HAl 2 v
AZE £91% 5 glow 1o Zo) YHES 44
3 4 9Jek(11). #Ze| Fadnavis: microemul-
sione| 4] baker?] ERA|EE o]4-3}o] acid me-
thyl esterE- enantioselectived}H 7Fpis] st}
(12).

Mycobacteria  sp.(NRRL B-3683)+ 7]z4l
sitosterol 28-8] side chain degradations}ed coti—
costeroid T EE A% 2oREe] F7HEAl ADD
(1,4-androstadiene-3,17—-dione) ¢} AD(androsten
-3,17-dione) & wk=r), #E Mycobacteria S ILA|
Z§HA) ol 323 3314 soybean oil, glycerol, chlor—
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orform3} Z+& fr7]-&wfoll A whg-Al7)= A7} 5
9o PEG, glycerol, dextran®] <=4 o]AMA o) A]
T qHsle 8ARE fAIghe] AU,
14).

B =52 microemulsions o4 Mycobacteria sp.
(NRRL B-3684)% 2443} 2|70 % ol5ig ol43}
o] sitosterol2X€ ADD, ADE 3tAlshe whle
oA st

AHE 5y

Mpycobacteria sp.(NRRL-B-3683)7} o] &3¢
AME-E]9l o, sitosterol, ADD, Triton X-100,
SDS5-& SigmaZHE] F8isted tio|d A}
oty ARR-slelt). CTABE= Fluka® B¥ F4l3to
absolute ethanolell A AZAA3 £ 60°C, AT Abel
oA 24217} o]} AxF F AMEEGLH, o] AY
o AR-gE Aok EF A]efo]n] cyclohexane,
buthanol% §7]4vl= HPLCS 14% 48 A
43}t HPLC(Waters #&)E AR2-sle] C-18,
reverse—phase column(25 cm Merck)& ARM-3l4
ADD, ADS 4% st}

n|ME HHtxA

vj2]&= NH,NO, 1.0g, MgSO, 7H;0 0.5g, K,HO,
0.5g, citric acid 2.0g, ferric ammonium citrate 0.
05g, glycerol 2.0ml& &5~ 1.0Lo] =4 3 40%
KOHZ pH 7.7 254t} o] wj#l& 120CA
208 973k & Mycobacteria sp. NRRL-B-3805%
go] 30ColA 200rpm o2 7 F<k wjokst & A}
S3todch. wiek ¥ centrifugedte] m| &S He|3H
% 0.1M phosphate buffer pH 7.52 5 AW A%
g & glutaldehyde2 =x} A (cell cross—
linking ) 3}¢jc}.

o|429 crosslinking 1173}

Microemulsione] A|E2RE] il Ae 2% 3=
A& Hasslr] 948l os-3 2e] A2E 243}
shgdcth. wiokst Mycobacteria sp.& YAEE 3 F
phosphate buffer2. A A3k &, 10g A|ZZ 100ml,
0.1M phosphat buffere] suspendA|zjt}. Glutald—
ehydeE 0.5%7} =7 detee)] o] Ao} 54|
7hget wxl Agralgr}. Crosslinked cellg thA]
phosphate buffer2 2~3w A3 a}o] whg-3}A] ¢
L glutaldehyde= 25 A A5l
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Microemulsion X =

o] Aol AF£-3 microemulsion-& 37129 oh&
AHGAAA (o], Sol&, ulol)s} &9 S
WA A Az sgich. 24 AE-S Table 104 A
FA % (% weight)ol wpebx] Ao A Al zs}sict.
7} AR &3l £ A stirring3te] wSdch A
4 37] Aol d43te] ARt

Table 1. Composition of the microemulsions used.
The composition of the microemulsion is given
by weight % The microemulsions were
prepared at room temperature by adding the
various constituents with constant stirring,
Buffer was 0.IM phosphate pH 7.5

COSUR~ ORGANIC

TYPE SUFACTANTFACTANT SOLVENT WATER
nBUT- CYCLO -

CTAB HANOL HEXANE BUFFER
C1 14 14 67 5
C2 14 14 62 10
C3 14 14 57 15
CH4 14 14 52 20

SDS
A1 14 14 62 10
TRITON X-100

N-1 14 14 62 10

MicroemulsionOl M Mycobacteria M &4

Mpycobacteria= stiosterol2%-¥] AD&} ADDZ
wk=r), 2.9 bioconversion#HA] T AAEQl AD,
ADDE HPLCe} TLCZ Eelsle] 259 k& §
3led A 3telrt. HPLCE reverse phaseZ&S A}
43}e] 250mmelA] ZAsde). Mobile phases n
-hexane : 1sopropanol(8 . 2)&§-E-0]9 flow rate
= 2ml/mino|git}.

TLC+ toluene : ethanol(85 ; 15)&3HE-& A
L2 Alg-3te] Helgt 3 ADs} ADDE -2
&9 benzenedl] =oj4 250mmell4] AR s}ch.

MO 0jX[= AHEMH S HE

Crosslinked cell 5g& Z7}¢] microemulsion
100mlel] 41& g 7)A &34l sitosterol 3ge =
4c}. £-9.8. 500rpm. 2 & stirringsle] HRE-A]7)
e)e] AZH(6~48A17) F ukg-E9] dHE FH
&3]3 F%¢7](rotary evaporator)& ©]4-3te
AL hAd3 Az F WAES diethyl etherz 3
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23 t}L silica geld E34A1A ARGAAE AA
& % TLCs HPLCZ AD, ADDE %elsiel &
A8 oz FANEE AHsA(9).

Mycobacteria &M% 0l njXl= 22 %42 I
oko]2 microemulsion (CTAB-buthanol-cyclo—
hexane-buffer)el 4] B9 ok 5-20% 712 W3}A|
714 B ofo] FAE v dFS Hsirh
9jo} ke upg o2 microemulsiondl| crosslinked
celle =9l ol sitosterol24E] AD9} ADDE
odo] ¢]e} & wpH o2 Mycobacteria B4=E 2
Aepgch. FollAe AR} viwslr] $istd 1g
sitosterole Tween 80(lg/L)& ¥33 100mle
0.1M phosphare buffer pH 7.5 ¢} & wje
2 g4x 2 AAsch

EREE

28} 1 RES JASo o A S| 8
F5)E ook Akl olgslEE Alwst HE
go] Az ek et diFEe] 7Rdl
steroids, prostanoids, alkanoids, fatst &l 3|
dowvg Eoi wjmd ohHF Al REE
olgste] Yot ARES de dlols dAvte] £A
7} slek. 919 EAES SEa) A @ e
32 ojw]Al(reversed micelle) E+= microemulsion
|4 FAuR-S A %stx glth. Microemulsion&
ARG -H2ADGAA 74l -F2 o] Fo
A glon, §7]8mjol| A AHGAA} B AHE
AR olFelxl wtoz Eexel e B
(water pool) 2 Sojqlt. 2222 22 Euhg ot
o ol AL f718e 2sld wEA He A
& 9% 4 9} HZE] A& Evhe-(waterpool)
& apAe] =7)(<5004)Re R Z oligomeric
enzymes, mitochondria, kidney lysosome, plant
cell, yeastS- & £33 = doH o5 microe-
mulsions| 4] 7.¢] £ 3¢ (native conformation)
2 A% & gek(1l, 12, 16, 17).

Luisil= Rumex obtusifiolus®%¥ plant cell&
Ba)sled AOT-isooctane—water{20% water con—
tent) dn|Ado] Hch. ¥ AEAEE F3H ¥
A% (photosynthetic activity) & 2+& = sl&el &
212t}(11). Fadnavist= CTAB-isooctane—hl-
oroform-water(20% Hujd)e] AR AEE Fo,
6]73& o]4-8} racemic N-acetyl-ammino acid ¢}

163

methyl ester& enantioselectived}] 73l 3}
th(12). o)shdo] FA B ohel AE HA] Hu|A
o &3 © 4 glom ALE Zerh
Mpycobacteria = «#}7}* microemulsionel|A] &
ANEE 714 4= glrh. Fig. 1o A B nje} 7ho] o
o]& microemulsionolA] Mycobacteria A=+ &
o} ofel| wpe}r e} Alck, Fo ool FebA|H 0
€9 77} o ARNBE Axe} F718ue] dEa
£8 1A = k. o)9) o] AT B 4
o] &3k AL alcohol dehydrogenase,
cholesterol oxidase, chymotrypsin, peroxidase%-3
e e 4 b E vebdtR(10, 18, 19,
20, 21). C-4 microemulsion(20% water con—
tent)ol| A} 29 3 sitosterol®] 24%(0.71g)7} AA
E2 g9t o] bufferds Hr} 5wl o]4k &
2 ofolt}. ¢]71-& microemulsions} EellA] 7|H &
el sitosterold] L% zoje] #HA  QUrh
Microemulsion& steroide} 7Z& A4 7149 &
HE2 271412 4 o} Cholesterole Eoll= A
9] %=32] ‘9t o1} microemulsionol| 4= 400mg/ml7}
A =8 4 9lth(15). Hesselinkel]l <J3ld hy-
drophobic cavityE 7HAL AA 7|AEA 9] 43
£2 Z7}147]% cyclodextrin® Mycobacteria 7}
sitosterol28E] AD, ADDE =t= 7A& Zwjsh}
cyclodextring A|E AAollE dgko] $ivky B
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Fig. 1. Effect of water contents in cationic mic-
roemulsions on the bioconversion of sitosterol by
crosslinked Mycobacteria sp NRRL B-3805. The
activity was determined by total of its products,
AD and ADD. NRRL B-3805. Containing waters
in the microemulsion were 5%(C-1 micro—
emulsion : ), 10%(C-2 microe-mulsion : 2), 15
9%(C-3 microemulsion : ¢), 20%(C4 mic-
roemulsion : ®) and buffer (® Xor standard.
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e (22). 28|22 microemulsiono A Myco—
bacteria 9] AT Fvle A4 71AY L
7kl A o 5 <l

Microemulsionel| 4]  Mycobacteria 9]  biocon—
version#E = Fig. 204 B ulo} 7o) A=gd
A E5o wet ge}bAlc). Mycobacteria 3T
+= CTAB, Trition X-1003} 7+& oo]& i n|o]
< microemulsionoll A+ v]iA <kAst SDS9
$-0] microemulsiond| A= 4A w|gA3t =}
A0 e B4 oHxE AHBAAe =
Fol @b D2ch. SDSH AOTSh e ool
ARG A e i As) hgh Agzkgo g hailge
A wEAsE A7ioh wbE okel AW AIAql
CTAB: wlds Aokt 4atgo2 5re o
st A2 4= 9Ju}. Triton, Tween, Brij% vlo]&
ARGAA = B 2245 A7 843 4]
71t} (23, 24, 25, 26).
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Fig. 2. Effect of surfactants of microemulsions on the
bioconversion of sitosterol by crosslinked Myco—
bacteria sp NRRL B-3805. The activity was
determined by total of its products, AD and
ADD. A kind of surfactants and used was CTAB
5%(C-2 microemulsion : ¢), SDS(A-1 microe—
mulsion : ®), Triton X-100(N-1 microe-
mulsion . 0) and buffer (® Xor standard.

Mycobacteria 7} microemulsionol| 4] SAHE7} &
7hehe AL ARGAAZE 1A 29 Alxy P%
= $7H1917] dEd 5 deh(27). Hlo]2 AW
Z43A18] Pluronic F-80-& eukaryotic A|2E ujjoke]|
wol] o845 o]7& mechanical damage3*-E]
o] ¥3+= E& Triton X-100, steroidal glyco—
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side, digitoninX3 FwA|Fe JEHe Zyjx)z)
7] dWE o]uh(27, 28,29). vz} E CTAB
g1 71 E49 AEZEFAHE Fo7|EE 84
55 R 7 doh(30). ¥ isxE ool
microemulsion(CTAB) o)) 4] obAse] ube 5 &g
A AREL oleAWEAAL 44 29 & 5 9
7] &l bioconversion®] ¥he- wjAZ 2} a9l
th(31). SDS& M¥Ee} A3 Azahe-g sl AE
HE A F3ic). SDSE AlEes B ol
A 358 AsiAnt 259 whilA e 414 wjgAs)
=}, Squalene epoxide cyclase®} steroid deh—
ydrogenases= A|E& HE SDS u|Ado) o5} =
FEHAE o] mddA 44 w|@As o
(32, 33). o|9}zte] SDS microemulsionel] Al @&
BAEE vehll= AL AE7} SDSel| 284 sl
=57l g&d 5 ok 9} 7o) microemulsione
B4 WRS-9 viAlZ i B oha} Mycobacteria & o)
43l sitosterol ZHE] AD, ADDE gt o]
% 4 gl oAl whelch,
8 of

Microemulsione]] 32} 3} crosslinking) 7.4 3}
&t Mycobacteria sp(NRRL B-3683)& o|&3}e] 4
T4 7149 sitosterol %8 AD, ADDE 3HAls}
et Mycobacteria bioconversion @A = AH A
Ao} FF E9 ool A&k Mycobacteria =
o}o]& microemulsion(CTAB-buthanol-cyclohexa
-ne-water)ol| 4 714 =& FATE zlow, o)A
& bufferel Bz} 5u) o] 58S 28-S ehi
o} §-°)& microemulsionel| A= ST} wjo- b
t}. ofo]¥ microemulsiono| A FHEL Eo] ofel
weba Wel 2o ool Eohlel webd ket
t} 20% 9 £& ¥3]} microemulsions] A= 5%
°] B¢ £33 microemulsionol| A Bt} oF wjo] &
&3 Zr=r) o)9h7te| microemulsion& w]AJE-g
o83} bioconversiongh$-2] wjAZ 4 FapA S
et

oA

£ ATE BT At Ake) Aol 2sto] o]
o A Ak ofe] thele] 2 AHE =T
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Abbreviation

CTAB : Hexadecyl trimethyl ammonium bromide
SDS : Sodium dodecyl sulfate

ADD : 1,4-Androstadiene-3,17-dione

AD : 4-Androsten—3,17—dione

PEG : Polyethylene glycol



