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Abstract 

G,&%',#.)%$(13',(&.(4.racSI',),E%&'(1;.#0'018$%F.@8.1,E0$%.O.4)(7.Candida antarctica.@8.%$'%),4,#0',(&.!,'6.R,&81.
@3'0&(0'%.!0$.E%)4()7%F.!,'6.0&.ESR013%.(4.A:".N6,$.011(!%F.,$(10',(&.(4.(3S)SI',),E%&'(1.!,'6.0&.ee.(4.V^.d.
0&F. '6%. #())%$E(&F,&*. (3R)S@3'0&(0'%. !,'6. 0&. ee. (4. VC. d". J&_870',#. 68F)(18$,$. (4. '6%. %$'%). E)(F3#'. *0R%.
(3R)SI',),E%&'(1.!,'6.T:.d.ee..

Keywords:.G,&%',#.)%$(13',(&;.I',),E%&'(1.%&0&',(7%)$;.Candida antarctica.1,E0$%.O;.56,)01.e`D5.

1. Introduction 

I',),E%&'(1;. racS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS(1. KracS1L. ,$. 0. &(R%1. 0&',%E,1%E',#. F)3*.
$')3#'3)0118.3&)%10'%F.'(.0&8.('6%).0&',%E,1%E',#.F)3*$"./'.60$.@%%&.$3**%$'%F.'60'.I',),E%&'(1.,&F3#%F.,&#)%0$%.,&.
*0770. 07,&(. @3'0&(,#. 0#,F. KaO[OL. #(&#%&')0',(&. '6)(3*6. 0'. 1%0$'. '!(. ,&F%E%&F%&'. &%3)(#6%7,#01.
7%#60&,$7$.KN)(-&0).%'.01";.ABBXL".H%#%&'18;.,'.!0$.)%E()'%F.'60'.I',),E%&'(1.0#'$.F,)%#'18.(&.'6%.aO[OO.)%#%E'().
0$.0.E($,',R%.011($'%),#.7(F310'().K?,$#6%).%'.01";.ABBTL"./&.0FF,',(&;.,'$.0&',#(&R31$0&'.E('%&#8.60F.@%%&.E)(R%&.
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,&.F,44%)%&'.'8E%$.(4.0&,701.$%,_3)%$;.0$.!%11.0$.,&.#1,&,#01.'),01$.K56,)(&;.ABBXL".I',),E%&'(1.,$.0.$%#(&F0)8.01#(6(1.
#(&'0,&,&*.(&%.$'%)%(*%&,#.#%&'%)".I(.40);.,'.,$.70)\%'%F.0$.0.)0#%7,#.7,c'3)%;.01@%,';.'6%)%.0)%.70)\%F.F,44%)%&#%$.
,&.E60)70#(\,&%',#$.0&F.0&',%E,1%E',#.E('%&#8.@%'!%%&.'6%.%&0&',(7%)$.KN)(-&0).%'.01";.ABBXL".

/'.,$.!%11.\&(!&.'60'.%&0&',(7%)$.(4.0.)0#%7,#.F)3*.708.60R%.F,44%)%&'.E60)70#(\,&%',#.0&F.E60)70#(F8&07,#.
%44%#'$". N6%. @(F8. !,11. ,&'%)0#'. !,'6. 0&F. 7%'0@(1,$%. %0#6. %&0&',(7%). F,44%)%&'18. '(. E)(F3#%. F,44%)%&'.
E60)70#(1(*,#01.0#',R,',%$".N63$;.(&%.,$(7%).K%3'(7%)L.708.E)(F3#%.'6%.F%$,)%F.'6%)0E%3',#.0#',R,',%$;.!6,1%.'6%.
('6%). KF,$'(7%)L.708. @%. ,&0#',R%. ();. ,&.!()$'. #0$%$;. E)(F3#%. 3&!0&'%F. &%*0',R%. %44%#'$. KI6%1F(&;. =TTWL".QI.
?((F. 0&F. P)3*. OF7,&,$')0',(&. K?POL. #(&$,F%)$. (&%. %&0&',(7%). KF,$'(7%)L. 0$. 0&. ,7E3),'8. (4. '6%. ('6%).
%&0&',(7%).K%3'(7%)L".N6,$.)%h3,)%$.,&F%E%&F%&'.,&R%$',*0',(&$.(4.@('6.%&0&',(7%)$.(4.#6,)01.F)3*$".N6%)%4()%;.
F%R%1(E7%&'.(4.&%!.0&018',#01.0&F.E)%E0)0',R%.'%#6&,h3%$.'(.(@'0,&.E3)%.%&0&',(7%)$.60$.@%#(7%.(4.E0)',#310).
,7E()'0&#%.4().E60)70#%3',#01.,&F3$')8.K5(11,&$.%'.01";.=TTA>.5(11,&$.%'.01";.=TTCL".

H%$(13',(&. ,$. (&%. (4. '6%. 70-(). $')0'%*,%$. 4(). E)(R,F,&*. %&0&',(E3)%. #6,)01. @3,1F,&*. @1(#\$. K5[[i$L. 4(). F)3*.
$8&'6%$,$". J&_87%. #0'018$%F. \,&%',#. )%$(13',(&. ,$. 0. #(77(&.7%'6(F. ,&. ()F%). '(. (@'0,&. 5[[i$". J&_87%$. 0)%.
)%70)\0@1%.#0'018$'$;.#0E0@1%.(4.0##%E',&*.0.!,F%.)0&*%.(4.$3@$')0'%$;.0'.'6%.$07%.',7%.%c6,@,',&*.#6%7(S;.)%*,(S;.
0&F.%&0&',(S$%1%#',R,'8.K?%$$&%).%'.01";.ABBT>.[(770),3$.%'.01";.ABB:L".Z()%(R%);.'6%.0R0,10@,1,'8.0&F.1(!.E),#%.(4.
7($'.#10$$%$.(4.%&_87%$.60R%.$,*&,4,#0&'18.70F%.'6%7.7()%.%#(&(7,#0118.0'')0#',R%.#0'018$'$.4().'6%.E)(F3#',(&.
(4. @,(1(*,#0118. 0#',R%. #(7E(3&F$". e8F)(18',#. %&_87%$;. ,&. E0)',#310). 1,E0$%$;. 0)%. 7($'. #(77(&18. 3$%F. 0$.
@,(#0'018$'$.4().%&_870',#.)%$(13',(&".Z($'. 1,E0$%$.0##%E'.0.@)(0F.)0&*%.(4.&(&S&0'3)01.$3@$')0'%$.0&F.0)%.'63$.
R%)8.R%)$0',1%.4().0EE1,#0',(&$.,&.()*0&,#.$8&'6%$,$".N6%8.F(.&('.)%h3,)%.#(40#'()$.0&F.0)%.#(77%)#,0118.0R0,10@1%.
,&.4)%%.0&F.,77(@,1,$%F.4()7$"./&.70&8.#0$%$;.'6%8.%c6,@,'.*((F.'(.%c#%11%&'.$'%)%($%1%#',R,'8.K[()&$#6%3%).%'.01";.
ABBXL".

2. Experimental 

2.1 General 

O11. $(1R%&'$. 3$%F. !%)%. 0&018',#01. *)0F%. KE"0"L. 0&F. E3)#60$%F. 4)(7. I,*70SO1F),#6. KI'%,&6%,7;. a%)70&8L".
/77(@,1,_%F.Candida antarctica.1,E0$%.[.K<(R(_87.:WX;.0#',R,'8.=B.BBB.`DQ+*;.1('.&(".D5.ABBABXL.!0$.@(3*6'.
4)(7. <(R(_87%$.K[0*$Rj)F;.P%&70)\L".D,E0$%. O. 4)(7.Candida antarctica. ,77(@,1,_%F. (&. /77(@%0F. =XB;.
K0#',R,'8.XBB.Q+*;.1('.&(".=WVV:C=L.!0$.@(3*6'.4)(7.I,*70SO1F),#6".
=eS<ZH. $E%#')0. !%)%. #0)),%F. (3'. (&. 2%(1. XBB. 0&F. [)3\%). :BB. Ze_. $E%#')(E6('(7%'%)$. 3$,&*. NZI. 0$. 0&.
,&'%)&01.$'0&F0)F".56%7,#01.$6,4'.R013%$.0)%.)%#()F%F.,&.EE7.!.$#01%".bE',#01.)('0',(&$.Kf!gPL.!%)%.F%'%)7,&%F.0'.
AB.!. 3$,&*. 0. `%)\,&SJ17%). W:=. ,&$')37%&';. #(&#%&')0',(&$. 0)%. *,R%&. ,&. *+=BB. 7D". O11. 7%1',&*. E(,&'$. 0)%.
3&#())%#'%F. 0&F. 7%0$3)%F. @8. 0&. J1%#')('6%)701. 50E,110)8. 7%1',&*. E(,&'. 0EE0)0'3$". O. /GO. GI. :BBB. $60\%).
,&#3@0'().!0$.3$%F.4().'6%.%&_87%.)%0#',(&$".J&0&',(7%),#.)0',($;.E;.!%)%.#01#310'%F.@0$%F.(&.E,&*SE(&*.@,S@,.
\,&%',#$. 3$,&*. '6%. #(7E3'%). E)(*)07. E & K Calculator. A"=@B. `55. KO&'6(&$%&. %'. 01";. =TT^L. @0$%F. (&. '6%.
#01#310',(&$.(4.56%&.0&F.H0\%1$".K56%&.%'.01";.=TVA>.H0\%1$.%'.01";.=TT:L".

2.2 Chiral chromatography analyses 

O11.#(7E(3&F$.!%)%.$%E0)0'%F.(&.0&.O*,1%&'.==BB.e`D5.$8$'%7.KO*,1%&';.QIOL.!,'6.0.h30'%)&0)8.E37E.0&F.0.
R0),0@1%. !0R%1%&*'6. Q9. F%'%#'(). 0&F. %h3,EE%F. !,'6. 56,)0#%1. bPSe®. #(137&. Kf#%1131($%. '),$. KW;X.
F,7%'681E6%&81#0)@070'%L. #(0'%F. (&. X"7. $,1,#0S*%1g;. ,"F". :"^. 77;. AX. #7;. 4,17. F%&$,'8. X. k7L". &Se%c0&%;.
tertS@3'81.7%'681.%'6%).KZN[JL.0&F.ASE)(E0&(1.KAS`)beL.!%)%.3$%F.0$.%13%&'$;.41(!.)0'%.=.7D.7,&S=".H%'%&',(&.
',7%$U.I',),E%&'(1.@3'0&(0'%.%&0&',(7%)$.K7(@,1%.E60$%.TXUXU=LU.(S)S2U X"B.7,&; (R)S2LU.X":.7,&;.RS.="C^" O1#(6(1.
%&0&',7%)$. $07%. )3&U. (R)S1U AC"T.7,&;. (S)S1U. WB"W.7,&;.RS.="TW".I',),E%&'(1. 0#%'0'%. %&0&',(7%)$. K7(@,1%.E60$%.
TXUXUALU.(S)S3U.:"=X.7,&;.(R)S3U :":X.7,&;.RS ="V".O1#(6(1.%&0&',(7%)$.$07%.)3&U.(R)S1U =C"C.7,&;.(S)S1U =T"B.7,&;.
RS ="XX". I',),E%&'(1. E)(E0&0('%. %&0&',(7%)$. K7(@,1%. E60$%. TXUXU=LU (S)S4U X"A. 7,&;. (R)S4U X"^. 7,&;. RS. A"=:".
O1#(6(1.%&0&',(7%)$.$07%.)3&U.(R)S1U AC"V.7,&;.(S)S1U.WB"=.7,&;.RS.="V:".

2.3 Synthesis of substrates 

A"W"=.racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS(1.K1L.I',),E%&'(1.

N(.0&.,#%.#((1%F;.$',))%F.$(13',(&.(4.KELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS(&%.K=B.*;.B"B:W.
7(1L.,&.7%'60&(1.K=BB.7DL;.<0[e:.K:"T.*;.B"=W.7(1L.!0$.0FF%F.E()',(&.!,$%".N6%.7,c'3)%.!0$.$',))%F.(R%)&,*6'.
0'.07@,%&'.'%7E".4(11(!%F.@8.0FF,',(&.(4.!0'%).0&F.%R0E()0',(&".N6%.)%$,F3%.!0$.F,$$(1R%F.,&.F,%'681.%'6%)+!0'%).
0&F.'6%.()*0&,#.108%).!0$.$%E0)0'%F;.F),%F.K<0AIb:L.0&F.%R0E()0'%F.'(.044()F.=B.*.KTT.dL.(4.#)3F%.racS1.!6,#6.
!0$.)%#)8$'011,$%F.4)(7.ASE)(E0&(1.'(.044()F.V"B.*.KCT.dL.(4.E3)%.racS1.0$.#(1()1%$$.#)8$'01$;.7E.CA. ".K9011%';.!

=TCXL.=eS<ZH.KXBB.Ze_;.5P51WL.B"T:.K$;.Te;.tertS@3'81L;.A"X.K$;.=e;.bHL;.W"VV.KF;.J.l.C"^Xe_;.=e;.CHbeL;.
X"T:.K$;.Ae;.bCH2bL;.^"=.KFF;.J l.=X"W;.C"^X.e_;.=e;.CH l.5e`6L;.^":C.KF;.J l.=X"W.e_;.=e; 5e.l.CH`6L;.^"C:.



!!!"##$%&%'"()*+,-#. . . . . . . . . . . . . . . . . . /&'%)&0',(&01.2(3)&01.(4.56%7,$')8. . . . . . . . . . . . . . . 9(1".:;.<(".=>.?%@)30)8.AB=A.

Published by Canadian Center of Science and Education T

KF;.J l.C"^X.e_;.=e;.eS=L;.^"V.KF;.J l.C"^X.e_;.=e;.eSAL;.^"TA.K$;=e;.eSWL"./H.KG[).E%11%'L.WXX:;.KbeL".

A"W"A.a%&%)01. E)(#%F3)%$. 4(). $8&'6%$,$. (4. )0#%7,#. KELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS(1.
%$'%)$.Krac-2;.rac-3;.0&F.racS4L.

N(.0.$',))%F.$(13',(&.(4.racS1.K="B.*;.B"BB:.7(1L.,&.E8),F,&%.KWB.7DL.!0$.0FF%F.0#%',#.0&68F),F%.K="A.7D;.="W.*;.
B"B=A.7(1L;.E)(E0&(,#.0&68F),F%.K="^A.7D;.="^X.*;.B"B=A.7(1L.().@3'0&(,#.0&68F),F%.K="TX.7D;.="VT.*;.B"B=A.
7(1L". N6%.7,c'3)%.!0$. )%413c%F. (R%)&,*6';. #((1%F;. E(3)%F. (R%).e51. KABB.7D;. =B.d. 0h"L. 0&F. %c')0#'%F.!,'6.
F,%'681.%'6%).KA.c.XB.7DL".N6%.%'6%)%01. 108%).!0$.$%E0)0'%F;.F),%F.K<0AIb:L.0&F.%R0E()0'%F. '(.044()F.="B.*.(4.
#)3F%. racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS81. @3'0&(0'%. KI',),E%&'(1.@3'0&(0'%; rac-2L;.
racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS81. 0#%'0'%. KI',),E%&'(1. 0#%'0'%;. racS3L. 0&F.
racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS81.E)(E0&(0'% KI',),E%&'(1.E)(E0&(0'%;.racS4L".N6%.
#)3F%.%$'%)$.!%)%.E3),4,%F.@8.#(137&.#6)(70'(*)0E68.3$,&*.&%3')01.0137,&0.*)0F%.W.0&F.E%'".%'6%).^BSVBU5e51W.
K=U=L.'(.044()F.B"V.*.K^A.dL.(4.@)(!&.(,1.E3)% rac-2;.B"X.*.K:A.dL.(4.@)(!&.(,1.(4.E3)%.racS3.0&F.B"^.*.K:V.dL.(4.
8%11(!,$6.@)(!&.(,1.(4.E3)%.racS4".

racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS81.@3'0&(0'% KracS2L".=eS<ZH K:BB.Ze_;.5P51WL.
(4.B"T^.K$;.Te;.tS@3'81L;.B"T^.K';.J l.C"T=.e_;.We;.b5b5eA5eACH3L;.="C.K7;.Ae;.b5b5eACH25eWL;.A"B.K';.J l.
C"=^.e_;.Ae;b5bCH25eA5eWL;.X"=W.KF;.J l.C"T=.e_;.=e;.CHb5bL;.X"T:.K$;.Ae;.bCH2bL;.^"B.KFF;.J l.=^"A;.
C"T.e_;.=e;.CHl5eE6L;.^"X.KF;.J l.=^"A.e_;.=e; 5elCHE6L;.^"C:.KF;.J l.C"^X.e_;.=e;.eSO)L;.^"V.KFF;.J l.C"^X;.
="X=.e_;.=e;eSO)L;.^"T.KF;.J l.="X=e_;.=e;eSO)L".

racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS81. 0#%'0'%. KracS3L". K50$0&(R0. %'. 01";. =TCAL.
=eS<ZH.KXBB.Ze_;.5P51WL.B"T:.K$;.Te;.tertS@3'81L;.A"B.K$;.We;.b5bCH3L;.X"=.KF;.J l.C"^Xe_;.=e;.CHb5bL;.
X"TW. K$;Ae;.bCH2bL;. X"T^. KFF;. J l. =^"BX. 0&F. C"^X.e_;. =e;CH l.5e`6L;. ^":T. KF;. J l. =^"BX.e_;. =e; 5e.l.
CH`6L;.^"CW.KF;.J l.C"^X.e_;.=e;.0)(70',#L;.^"CT.KF;.J l.C"^X.e_;.=e;.0)(70',#L;.^"T=.K$;.=e;.0)(70',#L".

racSKELS=SK@%&_(fFgf=;WgF,(c(1SXS81LS:;:SF,7%'681E%&'S=S%&SWS81. E)(E0&(0'%. KracS4L" =eS<ZH. KXBB. Ze_;.
5P51WL.B"T:.K$;.Te;.tertS@3'81L;.="=X.K';.J l.C"^X;.C"^Xe_;.We;.b5b5eACH3L;.A"B.K7;.Ae;.b5bCH25eWL;.X"=W.
KF;.J l.C"^Xe_;.=e;.CHb5bL;.X"TW.K$;.Ae;.bCH2bL;.X"TV.KFF;.J l.=^"BX;.0&F.C"^X.e_;.=e;.CHl5e`6L;.^":T.KF;.
J l.=^"BX.e_;.=e; 5elCHE6L;.^"CW.KF;.J l.C"^X.e_;.=e;.0)(70',#L;.^"V.KF;.J l.C"^X.e_;.=e;.0)(70',#L;.^"T.K$;.=e;.
0)(70',#L".

2.4 Small-scale lipase catalysed reactions 

A":"=.N)0&$%$'%),4,#0',(&.(4.$',),E%&'(1.

H0#%7,#.I',),E%&'(1.KracS1L.K=B.7*;.B"B:A.77(1L;.0#81.F(&().KB"=A.77(1;.W.%h3,R"L.0&F.A"B.7D.&S6%c0&%.!%)%.
0FF%F.0&F.$',))%F.,&.0.:.7D.)%0#',(&.R,01".D,E0$%.O.4)(7.Candida antarctica.K5ODOL.KABB.7*L.!0$.0FF%F.0&F.
'6%.)%0#',(&.7,c'3)%.!0$.'6%)7($'0'%F.0'.WX. ".I07E1%$.K=B.kDL.!%)%.!,'6F)0!&;.4,1'%)%F;.F,13'%F.'(.=.7D.0&F.!

,&-%#'%F. (&. e`D5. #(137&. 0'. $%R%)01. ',7%. ,&'%)R01$". I%R%)01. ('6%). 1,E0$%$. !%)%. 3$%F;. 6(!%R%). (&18. 5ODO.
$6(!%F.%&0&',($%1%#',R,'8".b4.'6%.0#81.F(&()$.3$%F;.K%'6817%'6(c8.0#%'0'%;.,$(E)(E%&81.0#%'0'%;.R,&81.@%&_(0'%;.
R,&81.E)(E0&(0'%.0&F.R,&81.@3'0&(0%L.R,&81.@3'0&(0'%.!0$.#6($%&.0$.'6%.@%$'".

A":"A.N)0&$%$'%),4,#0',(&.(4.$',),E%&'(1.!,6.#(&')(11%F.!0'%).0#',R,'8.

H0#%7,#.I',)E%&'(1.KracS1L. K=B.7*;.B"B:A.77(1L;.R,&81.@3'0&(0'%.KB"=A.77(1;.W.%h3,R"L.0&F.A"B.7D.&S6%c0&%.
!%)%.0FF%F.0&F.$',))%F.,&.0.:.7D.)%0#',(&.R,01".N6%.$01'.68F)0'%$.<0Ae`b:.c.A.68F)0'%.0&F.<0Ae`b:.c.B.68F)0'%.
KB"=C. *. (4. %0#6L. !%)%. 0FF%F. '(. *,R%. '6%. !0'%). 0#',R,'8. K0!L. R013%. B"=V. K0'. WX. L". D,E0$%. O. 4)(7.! Candida 

antarctica. KABB.7*L. !0$. 0FF%F. 0&F. '6%. )%0#',(&.7,c'3)%. !0$. '6%)7($'0'%F. 0'. WX. ". I07E1%$. K=B. kDL. !%)%.!

!,'6F)0!&;.4,1'%)%F;.F,13'%F.'(.=.7D.0&F.,&-%#'%F.(&.e`D5.#(137&.0'.$%R%)01.',7%.,&'%)R01$".

A":"W.e8F)(18$,$.(4.$',),E%&'(1.%$'%)$.

I',),E%&'(1.%$'%)$.racS2;.racS3.0&F.racS4.KB"BCC.77(1L;.$(1R%&'$.K0#%'(&%.().'%')068F)(43)0&%.KNe?L;.B":.0&F.="B.
7D;. )%$E%#',R%18L;. 0&F. E6($E60'%. @344%). K="B.7D;. B"=.Z;. Ee. CL. !%)%. 0FF%F. '(. )%0#',(&. R,01. K:.7DL". D,E0$%.
K5ODO. 0&F. 5OD[;. )%$E%#',R%18L. KABB. 7*L. !0$. 0FF%F. 0&F. '6%. )%0#',(&. 7,c'3)%. !0$. '6%)7($'0'%F. 0'. WX. ".!
I07E1%$. K=B.kDL. (4. '6%. ()*0&,#. 108%).!%)%.!,'6F)0!&. 0'. $%R%)01. ',7%. ,&'%)R01$;. 4,1'%)%F;. F,13'%F. '(. =.7D. 0&F.
,&-%#'%F.(&.e`D5.#(137&".

2.5 Large scale lipase catalysed transesterification of stiripentol 

H0#%7,#.I',),E%&'(1.KracS1L.K=.*;.:.77(1L.!0$.F,$$(1R%F.,&.tertS@3'81.7%'681.%'6%).KZN[JL.KX.7DL.,&.0.XBB.7D.
)(3&F.@(''(7.410$\.0&F.F,13'%F.'(.ABB.7D.3$,&*.&S6%c0&%.4(11(!%F.@8.0FF,',(&.(4.R,&81.@3'0&(0'%.K="^A.7D;.=A.
77(1;. ="::.*;. W. %h"L. 0&F. 0FF,',(&.(4. ,77(@,1,$%F.D,E0$%.O. 4)(7.Candida antarctica KA. *L".N6%.7,c'3)%.!0$.
6%0'%F.'(.WX.!;.$',))%F.0'.WBB.)E7.0&F.7(&,'()%F.@8.e`D5".O4'%).=B^.6;.'6%.)%0#',(&.!0$.$'(EE%F.@8.%&_87%.
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4,1')0',(&.0&F. '6%.$(1R%&'. '(*%'6%).!,'6. '6%.%c#%$$.(4.R,&81.@3'0&(0'%.!%)%.%R0E()0'%F.3&F%). )%F3#%F.E)%$$3)%".
N6%.)%$,F301.(R)S%$'%).0&F.(S)S01#(6(1.7,c'3)%.!0$.$%E0)0'%F.@8.#(137&.#6)(70'(*)0E68.3$,&*.&%3')01.0137,&0.
*)0F%.W.0&F.E%'".%'6%).^BSVBU5e51W.K=U=;.v/vL. '(.044()F.(S)S01#(6(1.K(3S)S1L;. KB":.*;.V^.d.eeL;. f0gP.m.=V"=.K#.=B.
5e51WL.0&F.(R)S@3'0&(0'%.K(3R)S2L;.KB"^.*;.VC.d.eeL".N6%.(R)S@3'0&(0'%.K(3R)S2L.!0$.$3@-%#'.'(.43)'6%).1,E0$%.O.
#0'018$%F.68F)(18$,$.,&.E6($E60'%.@344%).Ee.C"B.'(.044()F.(R)S01#(6(1.K(3R)S1L;.KB"=W.*;.T:.d.eeL;.f0gP.nAW"T.K#.=B.
5e51WL".N6%.)%0#',(&.!0$.)%E%0'%F.0&F.$'(EE%F.04'%).:V.6.'(.044()F.'6%.RSKmLS.@3'0&(0'%.(3R)S2;.KB"W.*;.TA.d.eeL;.
f0gP.m.^V"B.4().TA.d.ee.. /". %". 1(!%). 8,%1F;. 6(!%R%);. 6,*6%). ee;.!6,#6.708. *,R%. 6,*6%). ee. (4. '6%. 01#(6(1. 04'%).
68F)(18$,$".

3. Results and Discussion 

I',),E%&'(1.racS1.!0$.E)%E0)%F.,&.*((F.8,%1F$.4)(7.E,E%)(&01.0&F.E,&0#(1(&%.4(11(!%F.@8.)%F3#',(&.3$,&*.$(F,37.
@()(68F),F%.KI#6%7%.=L".N6%.)0#%7,#.01#(6(1.1.!0$.)%$(1R%F.3$,&*.R,&81.@3'0&(0'%.,&.6%c0&%.0&F.#0'018$%F.@8.
D,E0$%.O. 4)(7.Candida antarctica. K5ODOL. KI#6%7%. AL". I%R%)01. 1,E0$%$. !%)%. '%$'%F. 4(). '6%. )%0#',(&;. @3'. 0$.
%cE%#'%F;. 5ODO.!0$. '6%. @%$'. $3,'%F. #0'018$'. KG,)\. %'. 01";. ABBAL". 5ODO. ,$. ,&. '6%. #(11%#',(&. (4. 1,E0$%$.!6,#6.
%c6,@,'. $')(&*.)%$'),#',(&.(&. '6%.0#,F.E0)'.60R,&*.0.&0))(!.'3&&%1. '(.0##(77(F0'%. '6%.0#81.*)(3E;.@3'.0.!,F%).
01#(6(1.@,&F,&*.$,'%. K<0,\.%'.01";.AB=BL".o%. 60R%. E)%R,(3$18. F%7(&$')0'%F. '60'. $3@$')0'%$. !,'6. @31\8. *)(3E$.
0)(3&F.'6%.$%#(&F0)8.$'%)%(*%&,#.#%&'%).&%%F$.5ODO.4().'6%.F%$,)%F.)%0#',(&.'(.'0\%.E10#%".KH,,$%.Z(%&.%'.01";.
ABBC>.?3*1$%'6.%'.01";.ABB^>.N-($p$.%'.01";.ABBVL.N6%.01'%)&0',R%;.1,E0$%.[;.60$.@%%&.$6(!&.@8.QEE%&@%)*.%'.01".
K=TTXL.'(.60R%.0.$'%)%($E%#,4,#,'8.E(#\%'.,&.'6%.0#',R%.$,'%.(4.1,7,'%F.$,_%".20#(@$%&.%'.01".KABBBL.$6(!%F.'60'.'6%.
70c,737.$,_%.(4.'6%.$7011.*)(3E.!0$.'6)%%.#0)@(&$.#(3&'%F.4)(7.'6%.$'%)%(#%&'%)".N6,$.E(#\%'.0##(77(F0'%$.
'6%.$7011%).(4.'6%.'!(.*)(3E$.0'.$'%)%(*%&,#.#%&'%)".?().')0&$%$'%),4,#0',(&;.4,R%.F,44%)%&'.0#81.F(&()$.60R%.@%%&.
3$%F.4().'6%.5ODO.#0'018$%F.')0&$%$'%),4,#0',(&.(4.)0#%7,#.I',),E%&'(1.KracS1L.,&.&S6%c0&%".9,&81.@3'0&(0'%.*0R%.
$%1%#',R%.)%0#',(&$.!,'6.6,*6.)0'%.4().%$'%).4()70',(&.0&F.!,'6.0&.E-R013%.(4.A:".K?,*3)%.=L./&.()F%).'(.,&#)%0$%.
'6%.ESR013%;.'6%.!0'%).0#',R,'8.!0$.0F-3$'%F.'(.0!.B"=V;.6(!%R%);.'6,$.F,F.&('.,&#)%0$%.'6%.ESR013%".N6%.)%0#',(&.
',7%.!0$.01$(.$1(!%F.F(!&.@8.0FF,',(&.(4.'6%.$01'.68F)0'%.E0,)$".e8F)(18$,$. ,&.E6($E60'%.@344%).0&F.,&.@344%).
0&F. #(S$(1R%&'. KXB.d.Ne?.().WB.d.0#%'(&%L.(4. '6%.@3'0&(0'%. Krac-2L;. 0#%'0'%. Krac-3L. 0&F.E)(E0&(0'%. Krac-4L.
%$'%)$.#0'018$%F.@8.5OD[.F,F.&('.$6(!.0&8.#(&R%)$,(&.04'%).$%R%&.F08$".o,'6.5ODO.0$.'6%.#0'018$'.'6%.)%0#',(&.
!0$. $1(!. 0&F. &(&S$%1%#',R%". o%. 60R%. E)%R,(3$18. (@$%)R%F. '60'. 0#%'(&%. 0$. 0. #(S$(1R%&'. ,&. 68F)(18$,$. (4.
$')0,*6'S#60,&%F. $%#(&F0)8. 01#(6(1$. #0'018$%F. @8. 5OD[. ,&#)%0$%F. '6%. ESR013%. $,*&,4,#0&'18. #(7E0)%F. '(.
68F)(18$,$.,&.@344%).01(&%".N6,$.#(S$(1R%&'.%44%#'.!0$.%cE10,&%F.0$.0&.%&0&',($E%#,4,#.,&6,@,',(&.@8.'6%.1,@%)0'%F.
01#(6(1.F3%.'(.,&#)%0$%F.$(13@,1,'8.(4.'6%.E)(F3#'.KD3&F603*.%'.01";.=TTVL".I,&#%.&(.$%1%#',R,'8.!0$.(@$%)R%F.,&.
$,7,10). 68F)(18$,$. )%0#',(&$. (4. I',),E%&'(1. %$'%)$. @8. 5ODO. %R%&. 04'%). 3$%. (4. #(S$(1R%&'$;. )%$'),#',(&$. F3%. '(.
$(13@,1,'8.E)(@1%7$.(4.()*0&,#.$3@$')0'%.0&F.E)(F3#'$.$6(31F.@%.%c#13F%F".?3)'6%).,&R%$',*0',(&$.0)%.3&F%).!08".

N6%.$%#(&F0)8.01#(6(1.E)(F3#%F.@8.5ODO.#0'018$%F.68F)(18$,$.(4.'6%.E)(F3#%F.@3'0&(0'%.60F.(E',#01.)('0',(&.f0gP.
nAW"T. K#. =B. 5e51WL. 4(). T:. d. ee". e%&#%. '6%. 0@$(13'%. #(&4,*3)0',(&$. (4. '6%. 40$'%). )%0#',&*. %&0&',(7%). !0$.
%$'0@1,$6%F.0$.@%,&*.(R).$,&#%.,'.60$.@%%&.)%E()'%F.'60'.(R)SI',),E%&'(1.60$.$E%#,4,#.(E',#01.)('0',(&.f0gP.nA:"T.K#.
A"^=.Z%beL.Kq60&*.%'.01";.=TT:L".N6%.$1(!%).)%0#',&*.01#(6(1.$6(!%F.f0gP.S=V"=.K#.=B.5e51W.4().V^.d.ee".N6%.
(R)S@3'0&(0'%.%13'%F.0$. '6%.second. ,$(7%). ,&.#6,)01.e`D5.0$.#(7E0)%F. '(. '6%.(R)S01#(6(1;.!6,#6.!0$. '6%. first.
%13'%F.%&0&',(7%).K?,*3)%.AL".O1$(;.,'.$6(!%F.1%R()('0'()8.%44%#'.f0gP.S^V"B.4().TA.d.ee;.!6%)%0$.'6%.(R)S01#(6(1.
60$.0.F%c')()('0'()8.%44%#'".

o%. 60R%. (E',7,$%F. '6%. $,731'0&%(3$. #6,)01. e`D5. $%E0)0',(&. (4. I',),E%&'(1. KracS1L. 0&F. ,'$. 0#%'0'%. KracS3L;.
E)(E0&(0'%. KracS4L.0&F.@3'0&(0'%. KracS2L. ,&.(&%.)3&.!,'6.@0$%1,&%.$%E0)0',(&".&Se%c0&%;.ASE)(E0&(1.KAS`)beL.
0&F+(). ZN[J. 60R%. @%%&. 3$%F. 0$. 0. 7(@,1%. E60$%. #(7E(&%&'. 0'. F,44%)%&'. )0',($. (&. 56,)01#%1. bPSe. #(137&".
Jc07E1%$.(4.$%E0)0',(&.(4.racS1; racS2 0&F racS3.0)%.$6(!&.,&.?,*3)%.A" 

4. Conclusion 

D,E0$%.#0'018$%F.%&0&',($%1%#',R%.)%$(13',(&.(4.I',),E%&'(1.'6)(3*6.')0&$%$'%),4,#0',(&.!0$.E%)4()7%F.3$,&*.1,E0$%.
O.4)(7.Candida antarctica;.R,&81.@3'0&(0'%.0$.0#81.F(&().0&F.&S6%c0&%.0$.)%0#',(&.7%F,37".N6%.ESR013%.(4.'6%.
)%$(13',(&.!0$.A:;.!6,#6.011(!%F.'6%.,$(10',(&.(4.'6%.@3'0&(0'%.(3R)S2.!,'6.0&.%&0&',(7%),#.%c#%$$.(4.VC.d.0&F.
'6%.01#(6(1.(3S)S1.!,'6.V^.d.ee".J&_870',#.68F)(18$,$.(4.'6%.%$'%).E)(F3#'.*0R%.(3R)SI',),E%&'(1.!,'6.T:.d.ee". .
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