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':~t9 .QJiJitttiO'tti~-C*"t:~ tJ .. *~tJ:t&jj,: ~Jj G.. *t~m~':~t G-C ~5mlt)

t~~ .. ¥.QpJf':fi:tfi~~.Q*fljffl~lJ~jfi1j~~.Qo ~~~B3*0)-15{ 1) /5J"mM*

-1;x 1) j--i:~ld: .. im~~~a~~H:Pl~~tl.Qx:t:'}M-1;x 'IJ j----e (EC 3.2.1.80) ~~

tJ .. -1;x 1) /5J"TO)~m~*tcNitJ) GJ~fi*7 )v7 ~ - Alfifft"t:-f;1J\tff9.Q 0 ~~5J"m~

~'d: .. 1JJ~-C~'d:x4=-'}M~~ ~': .. X/ ~~-1;x 1) j--~ (EC 3.2.1.7)~Yif1$:~,:m

~a~~H:Pl~9 .QWTmtJ:~~Yif Aspergillus niger No. 12 ~~~J! Gt~o ~*.. X /

~W!-1 ;x 1) T-1tO)f¥1£~'d:*iJ(YifChrysosporium pannorum ~Penicimum

purpurogenum ':¥li1!i~ tl-C 1t).Q O)J}."t:~.Q 0 ~~~~~~'d:.. ~ G':A. niger

No. 12 ~tJ) GX / ~ ~-1 ;x 1) T---effittiO'tm5m~tlt~~~~ A. niger No. 817 ~

~I&1~ G.. -1;x 1) /10) GO)~~X7' J - )vO)~M~PlSJ:ltf~jJ 0 1) -1:t,*f-t~ G

-C0)7)v7 ~-A· ~O'Y~O)i!~~Pl':~fflG.. ll~tJ:~.~1~t~o ::.tlGO)x

/ ~W!-1 ;x 1) j--1t~'d: .. ~im G-C-1 ;x 1) /1*1$0) 7 )v7 ~ 7:; J ~ ~~.g.~-t;J]\tff G..

• .g.~3~50)-1;xO~'IJ~M~~~9.Qolli~ .. -1;x'IJ/~ .. ~Am~~O)~~

O)t!1rett-1 ;x tJ~ 1) :J·M~PlO)1(1iffitJ:J*~~ GLit § ~~~-CIt).Q 0

::.tl*~O)~~~*~.*~-C .. *~~~~ .. *O)~~~*~~~o
1) x/ ~M-1 ;x 1) j----e~~Pl~~~A. niger 817 ~~It)X7' J - )vm-ttt

~:tJ'9M-B]: Saccharomyces cerevisiae 1200 ~{tffl9 .QMzff~~M*~m
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~O)x:$7 .I~Jv~1:.£:Gt::.o

2) A. niger No. 12 f*O)1:.£:-gGX:f'J~-15{1) T~~P- I ~m~G, ~O)

M*f~~~~f1.~JIG':~15- Gt::.IPJI§f*B3*o)X:f'J~-15{ 1) T~~ P- II

clt~~GtGt::.o

3) A. niger No. 12 f*B3*O)X/ ~~-15{ 1) T~i!~C5[i7J<i1J~':.iji~,:m~ G,

72. .I--eJvD7 7-1 /':J::G7JJv~~-12.~7J 'Y 7'1) -1 /!/~-eI!!!l}Ef~G, ~

0)~}Ef~M~,: ":J It)L~f1.~~ Gn\ Gt::. 0

4) ~~~':X/~~-15{ 1) T~~~.£:1:-g GPenicillium sp. TN-88f*~±~

rpn\ G~t::. ':5J"1ft G, ~O)M~f~~~~ttf( CN*)iffiiY 2 J ftt~~U ~~ Gn\

,: G t::.o

5) A. niger No. 12 f*B3*O)X/ ~~-15{ 1) T~i!iI~T~!7 O~=/!7·G, ~

O)JI~fll~~1W~ Gt::.o

liJf~mMi

liJf~~*~ ~ B3 ~ ~ (g~*~.~$WJ~~)

liJf~7J"m~ rp*t~~ (g~*~.~$~f.¥t)

liJf~*I.

~,,*8~J3t 1, 70 O:r-F9
~JJX9iF~ 500:r-F9

~ 2, 2 0 0 TF9

liJf~~*

7 . ~.-6.ti:lr/:J:..• T:r;::;;fK,\~

.Nakamura, T., Ogata, Y., Hamada, S., and Ohta, K.: Ethanol production

from Jerusalem artichoke tubers by Aspergillus niger and Saccharomyces
cerevisiae.
J. Ferment. Bioeng., 81 (6),564-569 (1996).
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$*t~~" rm)ll~tw" 7k7tlE{-" j(EE~& : Aspergillus niger O)1:Pl-g QMB
ij~~I.;f-'J~-1 ~ 1) T~~ (P- I )0)t1j(':--:JV'~-C.

g~:*¥.¥$if~¥&15 .. 43 (2),93-101 (1997).

q:t*~~~ .. HiEE ~ .. ::;t(EE~ ~ : Aspergillus niger 0)1:&:'9 Q*HIJffil7i-I./ ~
~-1 ~ 1) T~i! (P-III)O)l!!!I}E1~ct1j(.

g~*¥.~$~~¥&15 .. 43 (2), 103-109 (1997).

Nakamura, T., Shitara ,A., Matsuda, S., Matsuo, T., Suiko, M., and Ohta,
K.: Production, purification and properties of an endoinulinase of
Penicillium sp. TN-88 that liberates inulotriose.
J. Ferment. Bioeng.,84 (4),313-318 (1997).

-1 . tl IiJi~*
T. Nakamura and K. Ohta: Properties and applications of Aspergillus

niger endoinulinase, Third International Fructan Symposium, ~JJt 8
~ 7 F) 2 2 B.. Logan, Utah, USA.

t~~J~l$ .. ::;t(EE~~ .. q:t*~Il~: Penicillium sp. TN-88 ~E8*O)l!!!I}E1~-1~

1) T--i!':et~-1 ~ O:t 1) :tMO)~~1:Pl .. B*.~1~~~5B*X$*~ ..
~JJX: 8~ 1 0 F) 1 2 B .. g~

t~EE~f1:: .. ::;t(EE~~ .. q:t*~~~: -1 ~ 1) T~i!t@i~Plt1~B4~Aspergillus

niger 817 O)~Pl-g~*JB~~I./~~-1 ~ 1) T~~O)m~fWfJT .. B*.~

f~¥~~B*x$*~ .. ~~8~ 1 0 F) 1 2 B .. g~

t~EE~f1:: .. fj(Jl:~~, ::;t(EE~~, q:t*~~~: *il(lifAspergillus nigerO)~

Pl-g~*HJij~I./~~-1~ 1) T~~':s~t-Q7 AJ'7:¥/*5-@JW]t~*0)~ ...

B*.~1~¥~*~.. ~~9~4F) 2 B .. JRJ?:

~$ ~ .. t~EE~f1:: .. ::;t(EE~~ .. q:t*~~~: Penicillium sp. TN-88 ~O)~
Pl9Q*HIij~~-1~ 1) T~i!O)~t1j( .. B*.~f~~~rMJ~·5B*X$-@J\PJ

:*~ .. ~~9~10F)12B .. ~~

fkJl:~~, fIJ7t:*WJ, t~EE~f1::, ::;t(EE~~, q:t*~~~: Aspergillus niger

I./ ~~-1~ 1) -j-~~ilfli-T0)7 O~=/~~/cm~fJT, B*.~f~~~:*~ ..
~JJX:10~4F)2B .. 1jillM
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liJf~px:*O)fl~

@J5:1"~O)MlfT*l~M'::et fJ'1 ~ 1) /~tT.$-Me GL13fl9Q=t:~'1-tiJ)GI31 /

-)V~~PlGt=.o ~'"9, x.=t:'J~ex./ ~~'1 ~ 1) T---e~1:Pl9Q~a~. niger

817 ~A ~0-A ~~~Wite9Q'1 ~ 1) T---e1:Plffl~#:!fftIB-e 30l:, 120 ~ra~

tjIl!ff~ Gt=.o M{~jffj e GL!ff~~ (68.5 U/ml) ~IR~, ~t=.~d:!ii~~~O)x.:$'

/-)vtt~~~~~~itt=.mM~(3.0 U/ml) ~fflv)t=.o 1:=t:7-1-t~~~ (~M

II: 17.8%) e~rt-tlm~ (~M:JI45.0%) ~~Ke9 Q~-@)~::~d:, ~O) 150 ml ~::

~~M* 0.4 g e 1.6 g ~:1JDjt, x.:$' J - )vjfjj-tttM-BJ: Saccharomyces cerevisiae

1200 ~ 108 /ml etJ:Qet '5 ~::~fjG, 30l:-e~M~itt=.o 1:~J::$' /-)vt»lJ3t~d:,

1:=t:~ '1-t~i!f~iJ) G15 ~ra~1: 10.4% (v/v), ~rttlm~tO)G 72 ~ra~1:15.0% -e

~"?t=.o =t:~-1-t~~*7t* (~MII: 77.4%) ~~i(e9Q~-@)~::~d:, A. niger817

0)~#:!ii~150rnl em-@) G, S. cerevisiae 1200 ~~fj1~, 30l:-e~M~itt=.o 15

set rt24 JJ;¥ra'~M1~~::~ G~:: 30 g e20 g O)=t:~ '1-t~~*Jj*~~j]D G t=.*ff=':,

120 ~ra''"t: 20.1% O)~tI~x.:$' / - )v~1:~Gt=.o =t:7 '1.:c~j:*frjfflj!tJj1:~ fJ,

*1I:.!ff~m.'"t:~Q~c~G,~.~~'1-t~~McG~~~A~O)~Mx.:$'/

- )v1:PlO)Pl~{~iJ1WH~~nQ 0

A. niger No. 12 ~EB*O)*Bl~~x.~'J~'1~ 1) T---eP- I ~DEAE-CellulosejJ

'7 b. ,:: et Q'1 :::t/~it ~ 0 ~ l' ~ '7 7 .{ - set rtSephadex ,:: et Q J;T }villiMI~ 0 ~

~ ~.'7 7.{ -~::et "? LC~i1klJJ~~::lff~~::m~Gt=.o *M*O)5J'-TII:~d:, Sephadex

G-200 7')vl1lii&~ 0 ~ ~ ~ '77 .{ - s etltSDS-~ 1) 7 7 1) )v7 2. ~7')vC~i1klJJ~::

~ fJ, ~n~n72.0 kDAS~lt70.0 kDa c~tl1~n, *M~~d:-t/~-c*~~

nt=.o *M~~j:, '1 ~ 1) /~ 100% j]DJ1<5J'm L" '1 ~ 1) /~::~t9 QfFffl~m~d:, '1

~ 1) /5J'rO) 7 )v~ ~-A*tiffiiiJ) G7 )v~ ~-Alff{ltJ:: single chain mechanism

'"t:fFffl9.Q x.~ 'J ~M~'"t:~ "? t=.o ¥)I pH ~j:4.0, ¥)lU~j:50l: '"t:~"? t=.o ~ t=.,
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pH 4.0 -., 7.0 O)~Im-e:ti:JE~~ t) .. 50t O)~9l1J11!-e~~~~£r&tt~1*fijL"t.::o ~f(~

~tt'::'":Jlt)'"( .. ~itGt.::~* .. -1:X 1) / .. A7 O~A.t3J::vt77-1 /~A~::fFffl L"

t,::1J~ .. vJ\/.t3J::vt~ VT l'~A'::~'1fFfflGt~tJ'~~t.::o *M*O)-1:X 1) /.t3J::ltA

7 o~A '::~f-gQ KmM!~'1 .. 0.4 mM.. 7.14 rnM ~~ L"t.::o ~)ji-1::t /:SJ::ltm~1flJ

O)~":JV)L~j: .. M~1!i1:Jj:Mn2+ -c:llitffi1~~tl .. Ag\ Hg2+-c:~~clvc*~,:1lli.

~~ tl.. Fe3+SJ:: vtp-chloromercuribenzoate-e5i<~Jl~~~~tt.::o EDTA':~;f L"

'"(~j: .. 34%0)1ttr&tt~~ L" t.::o

A. niger No. 12 f*EH*O)*HJJm~X/ ~~-1:X 1) T~~P- rn ~7 ~ / tJvO 77-1

/~: J:: Q 7J Jv~:;-1 ~ ~ 7J 'Y ~ 1) / !17!~ri!lJE1t L" t.::o *M~0)ri!lJE1t$~'185.5% ..

r&ttl&$~'135.5%~~ Gt.::o ~JE1~M*0)¥Ji pH ~'15.2~~ 1.".. ~JE1t':J:: Q ,:~

1~~'1~~~ Gtlt~tJ)~ t.::o ¥~tffii~~'1~JE1~':J:: t) 45ttJ) G40t~{ttr1."t.::o ~JE1~

M*O)pH:ti:JEtt~j: .. fttttllU .. 7 )vjJ 1) llUO)jillj~~~:ti:JE{~~ tl.. Jb <t~ t) .. ~:ti:JE

tt~40ttJ) G50t~J:::n L"t.::o Mn2+~llitr&{~~tl .. Ag\ Hg2+.t3J::vtN-:10b:J

J\:7ftt-1 ~ ~ ':J::~ LIQ1§':~Jl~~tlt.::o Fe3+.t3J::vtp-chloromercuribenzoate'::

J:: Q ~Jl~ ':~f L" Lt!fmtttJ~j:ft* Gt.::o *M* '::J:: Q -1 :x 1) /~~7J"1W~HJ3t~d:4 7.3%-e..

±'~1JDJ1<7J'fWlt~~j:m-@t~ 3 -., 6 0)-1 ~ O::t 1) :JM~~~t.::o ~f~ .. A. niger 817

O)5iJJt~-1:X 1) /7J'fWM~*~frjffl L,,'"( .. -1 ~ 1) /~-B~-gQ.:f:7-1tt~CO)M~

10) GtltrettftdfJ~l~ C L" '"(0)-1 :x o::t 1) ::tmtO)~~~Pl~O)~ffl C t:7 -1 AAIiI'::

J:: Q -1 :x o::t 1) ::tMO)~tR~frjffl ,:: J v) '"(~ G10) ,:-g Q :. C~m-f@ L" LV) Q 0

-1:x 1) T-~l@j~Pltt*~~TN-88 f*~*5J'~O)±*tJ) G5J'M .. ~tH L" .. ~=-~

~9b~c~~1.,,~o *~f*~~~~0)~~Q~~0)~~~~~30t .. 4B~~~

!fi~-g Q C .. -1:x 1) /~~~~c L"t.::jj-g-O)J}.~~~~:-1 :x 1) T~~~~1ffi!71-':~

FE Gt.::o -to)!ii~~MlO)-1:X 1) T~~r&tt~j:9.9 U/rnl.. -1 /~)vY'-itr&tt'::~f-g

Q!t (lIS) ~'111.2 ~'iiJ~t.::o *HJJm~X/~~-1:X 1) T~~~ DEAE- t)v07 7-1
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/ A-500 set <.J.Q- --e 7 7 O~ 7-. HP j:] 7 A 7 O~ l'~7 7 -1 ~,~et tJ .~7JJ<lIJ~

'~!t!~'~~~Gt~o ):1"-T.~J: 68.0 kDa, ltmtt~J: 105 U/mg -r:~--:Jt~o *M~~J:

pH5.2, 50L -r:-Jtl*ffltt~~Gt~o -1 ~ 1) /'~~M'~fPfflG, 7-.70-7-., 77-1

J~A, l/}\/'~~J:fPfflGt~n\--:Jt~o *t~-1 ~ 1) /':~tGl70%0)5J"~.&J3t~~G,

~O)±~tet1J[]*)J"mPE~~J:-1 ~ 0 l' 1) ~- 7-. -r:~ --:J t~o -1 ~ 1) / (~~5J"-TiL

6,100) '~~f9Q Km 1i1!~J: 0.20 mM -r:~ --:J t~o N*)lffiiY 3: J fttN2~Ij~J:

1-DDYRPAFHFC PAENXMNEPN GLIQIXSTXH-30 -r:~--:Jt~o

A. niger No.12 f*EI3*O)~Jm~X/~~-1 ~ 1) T~~~m:~7JJ<lIJ~':!t!~'~~

~Gt~o *M~O)? 3: J *)lffii1617 0 'Y 7 ~nll/~t~t~~, ~~M~~ 1) ~)vX/ ~

~~~~-~, 70A~Y/, X~V8~0~?~--e-r:W~.,~~~~~~~~

1) Y 7 1) )vY 3: ~ JT)v.5[f,J<lIJ'~ ~Gt~ 0 5J"/ft~nt~~~~ ~ ~J: P V D F Bt,~7'0 'Y

~~ /7~G, 6 @j0)~~~ ~ ':":JV)l-i-O)? 3: J ftt£~IJ~7°0~-1 / • ~-7x/

~~-r:~JEGt~o *M~O)pq$Y3: .I fttN2~Ij~~'~-@J~Gt~ 2 fjO):;t 1) =J~ 7 l/:;t

~ ~ ~~7-1~~ c Gl P C R -r:x:/ ~~-1 ~ 1) T~~J!~-TO)~$ (648 bp) ~

m~Gt~o ~v)-r:, JT .IADNA~1f1tl~.&M~EcoRL Xbat *t~~J:HindllI-r:r~1~G,

Y jj 0 ~ 7-. • JT)vC~7JJ<lIJ-r:5J"/ftf~, ~ 0) P C RZE~~~0 ~7'c GL"'"!T-if:/ • }\

-17 1) ~"-1 ~~~ 3 :/~fi--:J t~ C ~ 0, 3 fjO)v)~nO)rJ1f1~~'~ ~ 2 *0)}\-17 1)

~-1~~~3 /. }\/ ~161~~~Gnt~o ~O)~ctJ~G, x:/ ~~-1 ~ 1) T-~J!~

-T~J: A. niger No.12 t*O)JT J AD N Al::': 2 :J I:::~ffff9Q ~ cI61~~~nt~o G

t=.161--:J l, EcoRIEI3*0)3.9 kbpc5.9 kbpO)~h~JT)vn\ Gtmtfj G, ~7A 3: ~

pUC18'~ 7-1 JT-~ 3 :/ GL"fP~Gt~-i-n~n0)7-1771)~ 16\ GX:/ ~~-1 ~ 1)

T-~J!~-T ~!t!/ft G t=.o fffijJ!~-T c ~ Open Reading Frame '~~J:frff£~IJ~J:~~~

Gn~, 2 3 @j0)? 3: J fttl6\ Gt~:Q ~7~T)v~ 7°7-" ~ ~15U516 @j0)? 3: J ftt~:J

~~G~o ~~, *M~J!~-T~~AG~*gMO).EJmflHtfj.-r:-1~UT-~m
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f£161~.g6b GtLt.::o ~ G ,~, .I!!i¥&O)Penicillium purpurogenum ~rmtO)IPJM*C72%

O)f§ 1PJf£ ~7J' G t.::o ~1~, :;:$:-1 ~ 1) j--~)1t~-=f J:tJtt'PJi~O)m~ ~~~9 ~ ;:: C,~

J:: t), m-8-T~m$IJ~t!tM~~610\': Gt.:v)o
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