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I0[$#!%& A'%& @#3!7:5[0%&  '%& A0;0,!0%& +'%& ()))*&
@56-,/& @-;4563& 5:& >e#60;#[-& <40$"5=1,#;-&
8-0"4#/9%& ";0&@-;0$$7,9#"0&a$5[0"0%&4%&\(F\R'

I#,51534#%&K'%&@#!#%&I'%&I#,0p#.0%&A'%&A37/-!0g0%&
@'% ())C*& B/40/"-.-/;& 5:& & <40$"5=1,#;-&
8-0"4#/9& P1& k-,,573& $5/3& #/&  "#6#"& k-,,#"&
a7$=40;-& a5$7;#5/3%& I16,5.-;0$$7,91, 60%& CRTF
CDG'

I1[0,#/-/%& >'%& I0.0$0#/-/%& @'%& ())T*&
I16,5<5==-,F & K-g& A-"4/5$591& +,567"#/9&
<5==-,& ]#,-";$1& :,5.& <5/"-/;,0;-%&
I16,5.-;0$$7,91%&77%&\CF\T'

^59$-!0,%&  '@'%& @01%&  'A'%& CDRG*& +,567";&
Be"-$$-/"-& A,5794& ]-3#9/& >:& Be=-,#.-/;3%&
<-,-0$&k5563&_5,$6%&&'()'*%&RTGFR\)'

?40p-4%& @'% ())D*& >=;#.#X0;#5/& 5:& .#",5g0[-F
033#3;-6& -e;,0";#5/& =,5"-67,-& :5,& X#/"& 0/6&
"5==-,& 6-;-,.#/0;#5/& #/& :556& 30.=$-3& P1&J5eF
J-4/!-/& 6-3#9/%& ^57,/0$& 5:& k556&<5.=53#;#5/&
0/6& /0$13#3, 22% EQEFEQ\'

?5/#34#%& H'%& A5!734#9-%& @'%&  30#%& a'%& a7X7!#%&
A'%& ())C*& <5==-,& 2-"5[-,1& :,5.& <40$"5=1,#;-&
<5/"-/;,0;-& P1&  "#65=4#$#"& A4-,.5=4#$-&
Acidianus brierleyi& #/& J0;"4& 0/6& <5/;#/7573F
k$5g& a;#,,-6& A0/!& 2-0";5,3%& I16,5.-;0$$7,91%&
59%&(GCF(R('

80X#"%& l'2'%& ())Q*& q]-3#9/& 5:& Be=-,#.-/;3&
#/& <4-.#"0$& B/9#/--,#/9`& _#$-1Fr<I& r-,$09&
m.PIF<5'?m0 %& _-#/4-#.%& MaJKc& EFT(GF
ECCQ(FQ%&CTGFC\('

87%&l'H'%&̂ -::,-1%&@'M'%&80g35/%&k'%&()))*&A4-&B::-";&
5:&<4$5,#6-&M5/3&5/&;4-&]#335$7;#5/&5:&<40$"5=1,#;-&
#/&  "#6#"& a5$7;#5/3%& I16,5.-;0$$7,91%& 56%& CRDF
()('
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@-06%& 2'%& +#!-& ]'^'%& CDGT*&  & J#5.-;,#"3&
M/[#;-6& +0=-,'& & 2-g#-[& 5:& 2-3=5/3-& a7,:0"-&
@-;4565$591& :,5.& 0& J#5.-;,#"& r#-g=5#/;%&
J#5.-;,#"3%&&)(+*%&R)EFRTC'

@540=0;,0%&a'%&+,0640/%&K'%&@540/;1%&a'%&a7!$0%&
8'J'% ())D*&2-"5[-,1&5:&/#"!-$&:,5.&$0;-,#;#"&/#"!-$&
5,-&73#/9&Aspergillus niger 0/6&5=;#.#X0;#5/&5:&
=0,0.-;-,3%&@#/-,0$3&B/9#/--,#/9, 22% ECCFECE'

@5/;95.-,1%& ]'<'%& ())C*& ]-3#9/& 0/6& /0$13#3&
5:& Be=-,#.-/;3%& ^54/& _#$-1& h& a5/3%& M/"'%& T;4&
B6#;#5/%&da %&MaJKc&)FQGCFEC\QDF)'

+,0306%& a'%& +0/6-1%& J']'%& CDDR*&  $;-,/0;#[-&
+,5"-33-3& :5,& A,-0;.-/;& 5:& <40$"5=1,#;-%&
@#/-,0$3&B/9#/--,#/9%&11%&G\EFGRC'

25.-,5%& 2'%& @0X7-$53%&  '%& +0$-/"#0%& M'%&
<0,,0/X0%& k'% ())E*& <5==-,& 2-"5[-,1& :,5.&
<40$"5=1,#;-& <5/"-/;,0;-3& P1& ;4-& J2Ma &
+,5"-33%&I16,5.-;0$$7,91%&70%&()TF(CT'

a40,.0%&a'%&@0$#!%& '%&a0;10%&a'% ())D*& ==$#"0;#5/&
5:& ,-3=5/3-& 37,:0"-& .-;4565$591& L2a@N& :5,&
5=;#.#X0;#5/& 5:& /7;,#-/;& 37==$-.-/;0;#5/& :5,&
<,LrMN& ,-.5[0$& P1&Aspergillus lentulus  @8)T%&
^57,/0$&5:&I0X0,6573&@0;-,#0$3, 164% CCDRFC()Q'

a4-!0,"4#X06-4%& I'%& ?06#[0,%& @'%& m40X#03!0,%&
I'a'%& 2-X010;%& @'% ())D*& >=;#.#X0;#5/& 5:&
-/X1.0;#"&31/;4-3#3&5:&"5"50&P7;;-,&0/0$59&:,5.&
"0.-$& 47.=& :0;& #/& 37=-,",#;#"0$& "0,P5/& 6#5e#6-&
P1&,-3=5/3-&37,:0"-&.-;456&L2a@N%&^57,/0$&5:&
a7=-,",#;#"0$&k$7#63, 49% ()DF(CT'

S010/%& B'%& J01,0.5s$7%& @'%& ()))*& a;0;#3;#"0$&
.56-$#/9&5:& 37$:7,#"& 0"#6& $-0"4#/9&5:&A#>

2
& :,5.&

,-6&.76%&I16,5.-;0$$7,91%&57%&CRCFCR\'

A0/1i$6iXi%& @'a'%& tX-,%& ]'%& B$#P5$%& @'% ())T*&
>=;#.#X0;#5/&5:&uF0.1$03-&=,567";#5/&P1&Bacillus 

3='& 73#/9& ,-3=5/3-& 37,:0"-& .-;4565$591%&
+,5"-33&J#5"4-.#3;,1, 40% ((DCF((D\'

_0$!-,%& <'B'%& +0,!47,3;%& '@'& CDRQ*&2-3=5/3-&
a7,:0"-&  /0$13#3& >:& J0!-F^0P& ]0;0& _#;4&  &
+-,35/-$& <5.=7;-,%& <-,-0$& k5563& _5,$6%&
',()-*%&\\('

_-#%& _'%& l4-/9%& l'%& 8#7%& H'%& l47%& n'% CDDR*&
>=;#.#X#/9& ;4-& <7$;7,-& <5/6#;#5/3& :5,& I#94-,&
M/7$#/03-& +,567";#5/& P1&  !"#$%&'(#)%*+ 3='&
HFRT& 0/6& a"0$#/9Fd=& k-,.-/;0;#5/%& ^57,/0$& 5:&

k-,.-/;0;#5/&0/6&J#5-/9#/--,#/9, 4% EDTFEDD'

n7%& A'^'%& A#/9%& H'+'%& ())Q*& >=;#.#30;#5/& 5/&
P#5$-0"4#/9&5:&#/"#/-,0;5,&v1&034&P1&Aspergillus 

nigerF&73-&5:&"-/;,0$&"5.=53#;-&6-3#9/%&B/X1.-&
0/6&@#",5P#0$&A-"4/5$591%&35%&QQQFQTQ'

l40/9%& l'%& +-/9%& ^'%& a,#/#[030!0//0/%& <'%&
l40/9%&l'%&l40/9%&8'%&k-,/0/6-X%&H'%&@-/-/6-X%&
^' '%& ()C)*& 8-0"4#/9& X#/"& :,5.& 3=-/;& "0;0$13;c&
+,5"-33& 5=;#.#X0;#5/& 73#/9& ,-3=5/3-& 37,:0"-&
.-;4565$591%& ^57,/0$& 5:& I0X0,6573& @0;-,#0$3%&
176%&CCCEFCCCG'


